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Safety applications quickly and easily implemented

Preliminary Remark

The functional examples dealing with "Safety Integrated” are
fully functional and tested automation configurations based
on A&D standard products for simple, fast and inexpensive im-
plementation of automation tasks in safety engineering. Each
of these functional examples covers a frequently occurring
subtask of a typical customer problem in safety engineering.
Apart from a list of all required hardware and software com-
ponents and a description of the way they are connected to
each other, the functional examples include the tested and
commented code. This ensures that the functionalities de-
scribed here can be reset in a short period of time and thus
also be used as basis for individual expansions.

Safety Integrated

Safety applications quickly
and easily implemented

Note

The Safety Functional Examples are not binding and do not
claim to be complete regarding the circuits shown, equip-
ping and any eventuality. The Functional Examples do not
represent customer-specific solutions. They are only in-
tended to provide support for typical applications. You are
responsible in ensuring that the described products are cor-
rectly used. These Functional Examples do not relieve you of
the responsibility in safely and professionally using, install-
ing, operating and servicing equipment. When using these
Functional Examples, you recognize that Siemens cannot be
made liable for any damage/claims beyond the liability
clause described above. We reserve the right to make
changes to these Functional Examples at any time without
prior notice. If there are any deviations between the recom-
mendations provided in these Functional Examples and
other Siemens publications - e.g. catalogs - then the con-
tents of the other documents have priority.
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Safety-related controls
SIRIUS Safety Integrated

1 Functional examples with
SIRIUS 3TK28 safety relay

1.1 E-Stop with manual start
Category 2 acc. to EN 954-1
with a SIRIUS 3TK28 safety
relay

1.2 E-Stop with monitored start
Category 4 acc. to EN 954-1
with a SIRIUS 3TK28 safety
relay

1.3 Protective door monitoring with
automatic start Category 2 acc.
to EN 954-1 with a SIRIUS
3TK28 safety relay

1.4 Protective door monitoring with
automatic start Category 4 acc.
to EN 954-1 with a SIRIUS
3TK28 safety relay

1.5 E-Stop with monitored start
Category 2 acc. to EN 954-1
with a SIRIUS 3TK28 safety re-
lay with contactor relays

1.6 E-Stop with monitored start
Category 2 acc. to EN 954-1
with/without operational switch-
ing with a SIRIUS 3TK28 safety
relay with contactor relays

1.7 E-Stop with monitored start
Category 4 acc. to EN 954-1
with/without operational switch-
ing with a SIRIUS 3TK28 safety
relay with contactor relays

1.8 Protective door monitoring with
automatic start Category 2 acc.
to EN 954-1 with a SIRIUS
3TK28 safety relay with contac-
tor relays

1.9 Protective door monitoring with
automatic start Category 2 acc.
to EN 954-1 with/without opera-
tional switching with a SIRIUS
3TK28 safety relay with contac-
tor relays

1.10 Protective door monitoring with
automatic start Category 4 acc.
to EN 954-1 with/without opera-
tional switching using a SIRIUS
3TK28 safety relay with contac-
tor relays
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1.11 E-Stop with monitored start,

protective door monitoring with
automatic start and service
mode, Category 2 acc. to EN
954-1 with a SIRIUS 3TK2845
safety relay

1.12 E-Stop with monitored start,

2.1

2.2

2.3

2.4

2.5

2.6

2.7

protective door monitoring with
automatic start and service
mode, Category 4 acc. to EN
954-1 with a SIRIUS 3TK2845
safety relay

Functional examples with
SIRIUS 3RA7 fused load
feeders

E-Stop with monitored start
Category 2 acc. to EN 954-1
with a safety fused load feeder
3RA7

E-Stop with monitored start
Category 2 acc. to EN 954-1
with/without operational switch-
ing with a safety fused load
feeder 3RA7

E-Stop with monitored start
Category 4 acc. to EN 954-1
with/without operational switch-
ing with a safety fused load
feeder 3RA7

Protective door monitoring with
automatic start Category 2 acc.
to EN 954-1 with a safety fused
load feeder 3RA7

Protective door monitoring with
automatic start Category 2 acc.
to EN 954-1 with/without opera-
tional switching with a safety
fused load feeder 3RA7

Protective door monitoring with
automatic start Category 4 acc.
to EN 954-1 with/without opera-
tional switching with a safety
fused load feeder 3RA7

E-Stop with monitored start
Category 2 acc. to EN 954-1
with a safety fuseless load
feeder 3RA7
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2.8

2.9

E-Stop with monitored start
Category 2 acc. to EN 954-1
with/without operational switching
with a safety fuseless load feeder
3RA7

E-Stop with monitored start,
Category 4 acc. to EN 954-1
with/without operational switching
with a safety fuseless load feeder
3RA7

2.10 Protective door monitoring with

automatic start Category 2 acc. to
EN 954-1 with a safety fuseless
load feeder 3RA7

Protective door monitoring with
automatic start Category 2 acc. to
EN 954-1 with/without operational
switching with a safety fuseless
load feeder 3RA7

2.12 Protective door monitoring with

3.1

3.2

3.3

3.4

3.5

automatic start Category 4 acc. to
EN 954-1 with/without operational
switching with a safety fuseless
load feeder 3RA7

Functional examples with
ET 200S Safety Motorstarters

Emergency Stop with monitored

start Category 2 acc. to EN 954-1
with ET200S Safety Motorstarter

Solution Local

Emergency Stop with monitored

start Category 4 acc. to EN 954-1
with ET200S Safety Motorstarter

Solution Local

Protective door monitoring with
automatic start Category 2 acc. to
EN 954-1 with ET200S Safety
Motorstarter Solution Local

Protective door monitoring with
automatic start Category 4 acc. to
EN 954-1 with ET200S Safety
Motorstarter Solution Local

2 safety circuits in a cascade ac-
cording to Category 4 in compli-
ance with EN 954-1 (PM-D F X1
and Failsafe Motor Starter ) with
ET200S Safety Motor Starter Solu-
tion Local

70

78

87

97

107

17

127

141

155

4.1

4.2

4.3

4.4

4.5

4.6

5.1

5.2

5.3

Functional examples with
ASlsafe

Emergency Stop and protective
door monitoring with monitored
start according to Category 2 of
EN 954-1

Emergency stop and protective
door monitoring with monitored

start according to Category 4 of
EN 954-1

Protective door with door inter-
locking via a spring-actuated lock
according to Category 3 of

EN 954-1

Protective door with door inter-
locking via a spring-actuated lock
according to Category 4 of

EN 954-1

Protective door with door inter-
locking via a magnet-field lock
according to Category 3 of

EN 954-1

Protective door with door inter-
locking via a magnet-field lock
according to Category 4 of

EN 954-1

Functional examples with
SIMOCODEpro

SIMOCODE pro direct starters
with safety technology
Emergency stop monitoring with
monitored start Category 4
according to EN 954-1

SIMOCODE pro reversing starters
with safety technology
Emergency stop monitoring with
monitored start Category 4
according to EN 954-1

SIMOCODE pro star-delta starters
with safety technology
Emergency stop monitoring with
monitored start Category 4
according to EN 954-1
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Ex. No.

1.1

E-Stop with manual start Category 2 acc. to EN 954-1

with a SIRIUS 3TK28 safety relay

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and

the environment against potential hazards. Ad

In this Safety Functional Example, the E-Stop command device
is monitored by a positively-driven contact using a safety relay
in accordance with Category 2 to EN 954-1. If the E-Stop but-
ton is pressed, the safety relay opens the contactor via the
safety-related relay output using a positively-driven contact in
accordance with stop Category 0 according to EN 60204-1. In
this particular example, a drive is stopped. Before restarting or
acknowledging the E-Stop shutdown using the start button, a
check is made as to whether the contact of the E-Stop com-
mand device is closed and the contactor is de-energized
(open).

Required components

Hardware components

E-Stop Mushroom head pushbutton, 1 NC, 40 mm, with
yellow upper section without protective collar
Safety relay 3TK2824

Start button Empty housing of a command point
1NO contact for base-mounting

Pushbutton, black with flat actuator,
22 mm nominal diameter

Optional: Inscription plate "Start"

Contactor K1 Contactor, AC-3, 3KW/400V, 1NC, 24V DC, 3-pole,
Size SO0, screw connection

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from this list can be used (e.g. another 3TK28 safety re-
lay). However, in this case, please carefully note that it
may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418
(EN ISO 13850 in draft status).

vantages/customer benefits

Pure hardware engineering without having to config-
urelprogram software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SB3 801-0DG3 1 Siemens AG

3TK2824-1BB40
3SB3 801-0AA3
3SB3 420-0OB
3SB3 000-0AA11

[ e R

3SB3 906-1EL
3RT1015-1BB42 1

Note

Using this circuit example, Category 2 acc. to EN 954-1
can only be fulfilled if, when the actuator fails, an alarm
is automatically put out or the machine control initiates
a safety condition. If this is not the case, a second shut-
down path is required.



Ex. No.

1.1

Structure and wiring

An overview of the hardware structure Wiring of the hardware components

E-Stop i 5
STK28 safety relay
Ki

L +(24V DC)

3TK2824-1BB40

G_FB_XX_002

Functional Example No. CD-FE-1-001-V11-EN




Ex. No.

1.2

E-Stop with monitored start Category 4 acc. to EN 954-1
with a SIRIUS 3TK28 safety relay

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and

the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
is monitored using two positively-driven contacts using a
safety relay in accordance with Category 4 to EN 954-1. If the
E-Stop button is pressed, the safety relay opens the redun-
dantly connected contactors via the safety-related relay out-
puts using positively-driven contacts in accordance with stop
Category 0 according to EN 60204-1. In this particular exam-
ple, a drive is stopped. Before restarting or acknowledging the
E-Stop shutdown using the start button, a check is made as to
whether both contacts of the E-Stop command device are
closed and both contactors are de-energized (open).

Required components

Hardware components

E-Stop

Safety relay
Start button

Contactors K1 / K2

Note

Mushroom head pushbutton, 1 NC, 40 mm, with
yellow upper section without protective collar

1NC contact for base-mounting
3TK2823

Empty housing of a command point
1NO contact for base-mounting

Pushbutton, black with flat actuator,
22 mm nominal diameter

Optional: Inscription plate "Start"

Contactor, AC-3, 3KW/400V, 1NC, 24V DC, 3-pole,
Size SO0, screw connection

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from this list can be used (e.g. another 3TK28 safety re-
lay). However, in this case, please carefully note that it
may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment)

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418
(EN ISO 13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
urelprogram software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SB3 801-0DG3 1 Siemens AG

3SB3 420-0C
3TK2823-1CB30
3SB3 801-0AA3
3SB3 420-08B
3SB3 000-0AA11

[EEELY R Y RS e

3SB3 906-1EL
3RT1015-1BB42 2



Ex. No.

1.2

Structure and wiring

An overview of the hardware structure Wiring of the hardware components

L +(24V DC)

E-stop @-- '7‘_ ----------

K2 3 r

e —

K1 T34

3TK2823-1CB30

G_FB_XX_004




Ex. No.

1.3

Function

Description of the functionality
This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective

equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as

well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not

Size SO0, screw connection

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from this list can be used (e.g. another 3TK28 safety re-
lay). However, in this case, please carefully note that it
may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).

Protective door monitoring with automatic start Category 2
acc. to EN 954-1 with a SIRIUS 3TK28 safety relay

The protective door is monitored using a SIRIUS position
switch with positively-opening contact using a safety relay re-
lay in accordance with Category 2 acc. to EN 954-1. If this pro-
tective door is opened, the safety relay opens the downstream
contactor via the safety-related relay output with positively-
driven contact according to stop Category 0 to EN 60204-1. In
this particular example, a drive is stopped. If the protective
door is closed, after the position switch and downstream con-
tactor have been checked, then the drive automatically starts.

closed.
Note
Position switch with The position switches must be arranged so that they are
separate actuator not damaged when they are approached and passed.
Actuator \ This is the reason that they may not be used as mechan-
AN _ ical endstop.
E
1 Advantages/customer benefits
Pure hardware engineering without having to config-
g urelprogram software
|
5 A low scope of simple wiring
Protective door opened Protective door o Space-saving design using our compact safety relay
Can be simply expanded using expansion devices
Required components
Hardware components
SIRIUS position Position switch with separate actuator 3SE2 243-0XX40 1 Siemens AG
switch
Actuator for position  Radius actuator 3SX3 228 1
switch
Safety relay 3TK2824 3TK2824-1BB40
Contactor K1 / K2 Contactor, AC-3, 3KW/400V, 1NC, 24V DC, 3-pole, 3RT1015-1BB42 2

Note

Using this circuit example, Category 2 acc. to EN 954-1
can only be fulfilled if, when the actuator fails, an alarm
is automatically put out or the machine control initiates
a safety condition. If this is not the case, a second shut-
down path is required.



Ex. No.

1.3

Structure and wiring

An overview of the hardware structure Wiring of the hardware components

SIRIUS
FORA W L +(24V DC)
= |
"“-.,H_‘\“‘ O~ O—O—O—O—0
T8 safery relay ' I
Kl .” OO O=O

3TK2824-1BB40

G_FB_XX_007

Functional Example No. CD-FE-I-003-V11-EN




Ex. No.

1.4

Protective door monitoring with automatic start Category 4
acc. to EN 954-1 with a SIRIUS 3TK28 safety relay

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

Position switch with
separate actuator

Actuator \\

@
@

@l
©

G_FB_XX_008

Protective door opened Protective door

The protective door is monitored using two SIRIUS position
switches with positively-opening contacts using a 3TK28
safety relay in accordance with Category 4 acc. to EN 954-1.

Required components

Hardware components

SIRIUS position
switch

Actuator for position
switch

Position switch with separate actuator
Radius actuator

Safety relay 3TK2822

Contactors K1/ K2
Size SO0, screw connection

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from this list can be used (e.g. another 3TK28 safety re-
lay). However, in this case, please carefully note that it
may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).

Contactor, AC-3, 3KW/400V, 1NC, 24V DC, 3-pole,

If this protective door is opened, the safety relay opens the
downstream redundantly connected contactors via the safety-
related relay outputs with positively-driven contacts according
to stop Category O to EN 60204-1. In this particular example,
adrive is stopped. If the protective door is closed, after the po-
sition switch and downstream contactors have been checked,
then the drive automatically starts.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 2 Siemens AG
3SX3 228 2

3TK2822-1CB30
3RT1015-1BB42 2



Ex. No.

1.4

Structure and wiring

An overview of the hardware structure Wiring of the hardware components

L +(24V DC)

K2 3 r

K1 T

3TK2822-1CB30

G_FB_XX_010

Functional Example No. CD-FE-1-004-V10-EN 11




Ex. No.

1.5

E-Stop with monitored start Category 2 acc. to EN 954-1
with a SIRIUS 3TK28 safety relay with contactor relays

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and
the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
with a positively-opening contact is monitored by a SIRIUS
3TK28 safety relay with contactor relays according to Category
2 in compliance with EN 954-1. If the E-Stop command device
is actuated, the safety relay shuts down via its contactor relays
with positively-opening contacts according to Stop Category O
in compliance with EN 60204-1. Before restarting or acknowl-
edging the E-Stop shutdown using the start button, a check is
made as to whether the E-Stop command device contact is
closed and the contactor relays of the safety relay been de-en-
ergized.

Required components

Hardware components

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418 (EN ISO
13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
urelprogram software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

E-Stop Mushroom head pushbutton, 1 NC, 40 mm, with 3SB3 801-0DG3 1 Siemens AG
yellow upper section without protective collar
Safety relay 3TK28 3TK2850-1BB40 1
with contactor relays
Start button Empty housing of a command point 3SB3 801-0AA3 1
1NO contact for base-mounting 3SB3 420-0B 1
Pushbutton, black with flat actuator, 22 mm nom- 3SB3 000-0AA11 1
inal diameter
Optional: Inscription plate "Start" 3SB3 906-1EL 1

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different 3TK28
safety relay). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).



Ex. No.

1.5

Structure and wiring

An overview of the hardware structure Wiring of the hardware components
L +(24V DC)
I | [ E-stop Start I--\Tr

! K1..K3

@¢-
Iii““"' a
. OO~ OO~ OO~ O~O—O~O—0O—0—0

E-Slop "

o

>

r m

-‘..‘ =

ITK2E safety relay al ;'uu 2
with vontacior reliys e . l.t E g
'""“u-' i

-

G_FB_XX_042




Ex. No.

1.6

E-Stop with monitored start Category 2 acc. to EN 954-1
with/without operational switching with a SIRIUS 3TK28
safety relay with contactor relays

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and
the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
with a positively-opening contact is monitored by a SIRIUS
3TK28 safety relay with contactor relays according to Category
2 in compliance with EN 954-1. If the E-Stop command device
is actuated, the safety relay shuts down via its contactor relays
with positively-opening contacts according to Stop Category O
in compliance with EN 60204-1. Before restarting or acknowl-
edging the E-Stop shutdown using the start button, a check is
made as to whether the E-Stop command device contact is
closed and the contactor relays of the safety relay been de-en-
ergized. It is possible to operationally switch (in/out) the con-
tactors. Either a floating (electrically isolated) contact is con-
nected between terminal 3 and terminal 4 or a non-floating
(non-electrically isolated) output (24 V DC) - e.g. from a stan-

Required components

Hardware components

dard PLC- at terminal 4. The operational switching has a lower
priority than the safety function. If the operational switching
is no longer required, a wire link (jumper) should be con-
nected between terminal 3 and terminal 4 (refer to ,Wiring of
the hardware components” page 15).

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418 (EN ISO
13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

E-Stop Mushroom head pushbutton, 1 NC, 40 mm, with 3SB3 801-0DG3 1 Siemens AG
yellow upper section without protective collar

Safety relay 3TK28 3TK2850-1BB40 1

with contactor relays

Start button Empty housing of a command point 3SB3 801-0AA3 1
1NO contact for base-mounting 3SB3 420-0OB 1
Pushbutton, black with flat actuator, 22 mm nom- 3SB3 000-0AA11 1
inal diameter
Optional: Inscription plate "Start" 3SB3 906-1EL 1

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different 3TK28
safety relay). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).



Ex. No.

1.6

Structure and wiring

An overview of the hardware structure Wiring of the hardware components

L +(24v DC)

E-stop
‘...
E-Stop Star
3
3
©
3
FTKZB safety relay 3
with contacior relays N
S
el

G_FB_XX_044

* If the operational switching function is not required, insert a jumper between terminals 3 and 4




Ex. No.

1.7

E-Stop with monitored start Category 4 acc. to EN 954-1
with/without operational switching with a SIRIUS 3TK28
safety relay with contactor relays

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and
the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
with two positively-opening contacts is monitored by a SIRIUS
3TK28 safety relay with contactor relays according to Category
4 in compliance with EN 954-1. If the E-Stop command device
is actuated, the safety relay shuts down via its contactor relays
with positively-opening contacts according to Stop Category O
in compliance with EN 60204-1. In this particular example, a
drive is stopped. Before restarting or acknowledging the E-
Stop shutdown using the start button, a check is made as to
whether the contacts of the E-Stop command device are
closed and the contactors of the safety relay have dropped-
out. It is possible to operationally switch (in/out) the contac-
tors. Either a floating (electrically isolated) contact is con-
nected between terminal 3 and terminal 4 or a non-floating

Required components

Hardware components

(non-electrically isolated) output (24 V DC) - e.g. from a stan-
dard PLC - at terminal 4. The operational switching has a lower
priority than the safety function. If the operational switching
is no longer required, a wire link (jumper) should be con-
nected between terminal 3 and terminal 4 (refer to ,Wiring of
the hardware components” page 17).

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418 (EN ISO
13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

E-Stop Mushroom head pushbutton, 1 NC, 40 mm, with 3SB3 801-0DG3 1 Siemens AG
yellow upper section without protective collar
1NC contact for base-mounting 3SB3 420-0C 1
Safety relay 3TK28 3TK2850-1BB40 1
with contactor relays
Start button Empty housing of a command point 3SB3 801-0AA3 1
1NO contact for base-mounting 3SB3 420-0B 1
Pushbutton, black with flat actuator, 22 mm nom- 3SB3 000-0AA11 1
inal diameter
Optional: Inscription plate "Start" 3SB3 906-1EL 1
Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different 3TK28
safety relay). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).



Structure and wiring

An overview of the hardware structure

E-Stop "
e
FTK 2R safety relay ‘;"'; fhea,
with contactor relays = II[‘ .

I.‘..

e

-

Wiring of the hardware components

L +(24V DC)

* If the operational switching function is not required, insert a jumper between terminals 3 and 4

3TK2853-1BB40

G_FB_XX_046

Ex. No.

1.7




Ex. No.

1.8

Protective door monitoring with automatic start Category 2
acc. to EN 954-1 with a SIRIUS 3TK28 safety relay

with contactor relays

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

Position switch with
separated actuator

Actuator \

gl

@l

G_FB_XX_047

Protective door opened Protective door

Required components

Hardware components

SIRIUS Position switch with separate actuator
position switch
Actuator for Radius actuator

position switch

safety relay
with contactor relays

3TK28

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different 3TK28
safety relay). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).

The protective door is monitored by a SIRIUS position switch
with positively-opening contacts using a SIRIUS 3TK28 safety
relay with contactor relays according to Category 2 in compli-
ance with EN 954-1. If this protective door is opened, the
safety relay shuts down via its contactor relays with positively-
opening contacts according to Stop Category O in compliance
with EN 60204-1. If the protective door is closed and after the
position switch and the contactors of the safety relay have
been checked, the drive automatically starts.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
urelprogram software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 1 Siemens AG
3SX3 228 1
3TK2850-1BB40 1



Structure and wiring

An overview of the hardware structure

Posation switch wath
sepmmie i

T—
[
<5

Protective
door

ITR2S safcty relay
with contactor relays

Wiring of the hardware components

L +(24V DC)

[]

A1 A2 Y11Y12Y20Y21Y22Y33 Y34 A1 A2 13 33 43

3TK2850-1BB40

G_FB_XX_049

Ex. No.
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Ex. No.

1.9

Protective door monitoring with automatic start Category 2
acc. to EN 954-1 with/without operational switching
with a SIRIUS 3TK28 safety relay with contactor relays

Function

Description of the functionality

This Safety Functional Example describes a mechanically isolat-
ing protective mechanism in the form of a protective door. The
most frequently used solution for plants and machines to se-
cure hazardous areas is mechanically isolating protective equip-
ment or access hatches. In this case, the function is to monitor
unauthorized entry into plant and system areas as well as to
prevent potentially hazardous machine functions if the protec-
tive equipment - in this case protective door - is not closed.

Position switch with
separated actuator

Actuator \

E

G_FB_XX_047

Protective door opened Protective door

The protective door is monitored by a SIRIUS position switch
with positively-opening contacts using a SIRIUS 3TK28 safety
relay with contactor relays according to Category 2 in compli-
ance with EN 954-1. If this protective door is opened, the
safety relay shuts down via its contactor relays with positively

Required components

Hardware components

SIRIUS Position switch with separate actuator
position switch
Actuator for Radius actuator

position switch

Safety relay
with contactor relays

3TK28

Note

The functionality was tested using the specified hardware
components. Products that are similar but deviate from
the list above can be used (e.g. a different 3TK28 safety
relay). However, in this case, please carefully note that it
may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).

opening contacts according to Stop Category 0 in compliance
with EN 60204-1. If the protective door is closed and after the
position switch and the contactors of the safety relay are
checked, the drive automatically starts. It is possible to opera-
tionally switch (in/out) the contactors. Either a floating (elec-
trically isolated) contact is connected between terminal 3 and
terminal 4 or a non-floating (non-electrically isolated) output
(24 vV DCQ) - e.g. from a standard PLC - at terminal 4. The oper-
ational switching has a lower priority than the safety function.
If the operational switching is no longer required, a wire link
(jumper) should be connected between terminal 3 and termi-
nal 4 (refer to ,Wiring of the hardware components” page 21).

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 1 Siemens AG
35X3 228 1
3TK2850-1BB40 1



Ex. No.

1.9

Structure and wiring

An overview of the hardware structure Wiring of the hardware components

o e Position swilch
=t with scpuruie L +(24V DC)
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s
Protective
door 1
o
a
o
2
8
X
&
ITKIE salety relay
with contacior relays -

G_FB_XX_052

* If the operational switching function is not required, insert a jumper between terminals 3 and 4




Ex. No.

1.10

Protective door monitoring with automatic start Category 4
acc. to EN 954-1 with/without operational switching
using a SIRIUS 3TK28 safety relay with contactor relays

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

Position switch with
separated actuator

Actuator \\

@l
@l

G_FB_XX_053

Protective door opened Protective door

The protective door is monitored by two SIRIUS position
switches with positively-opening contacts using a SIRIUS
3TK28 safety relay with contactor relays according to Category
4 in compliance with EN 954-1. If this protective door is
opened, the safety relay shuts down via its contactor relays

Required components

Hardware components

SIRIUS Position switch with separate actuator
position switch
Actuator for Radius actuator

position switch

Safety relay
with contactor relays

3TK28

Note

The functionality was tested using the specified hardware
components. Products that are similar but deviate from
the list above can be used (e.g. a different 3TK28 safety
relay). However, in this case, please carefully note that it
may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).

with positively-opening contacts according to Stop Category O
in compliance with EN 60204. If the protective door is closed
and after the position switch and the contactors of the safety
relay are checked, the drive automatically starts. It is possible
to operationally switch (infout) the contactors. Either a float-
ing (electrically isolated) contact is connected between termi-
nal 3 and terminal 4 or a non-floating (non-electrically iso-
lated) output (24 V DC) - e.g. from a standard PLC - at terminal
4. The operational switching has a lower priority than the
safety function. If the operational switching is no longer re-
quired, a wire link (jJumper) should be connected between ter-
minal 3 and terminal 4 (refer to ,Wiring of the hardware com-
ponents” page 23).

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 2 Siemens AG
3SX3 228 2
3TK2850-1BB40 1



Structure and wiring

An overview of the hardware structure
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Wiring of the hardware components
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* If the operational switching function is not required, insert a jumper between terminals 3 and 4
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Ex. No.

1.11

E-Stop with monitored start, protective door monitoring
with automatic start and service mode, Category 2
acc. to EN 954-1 with a SIRIUS 3TK2845 safety relay

Function If the "Service mode" key-operated switch is actuated, then
contactor K2 drops-out and the protective door can be opened
without contactor K1 dropping-out. After the "Service mode"
has been completed, when the key-operated switch is reactu-
ated, contactor K2 is automatically closed again. K1 and K2

switch two separate drives.

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. This Safety Functional example describes how an E-Stop

command device and a guard in the form of a protective door
are monitored. The E-Stop command device represents a
widely established component that protects people,
plants/systems and the environment against potential haz-
ards. An additional solution for plants and machines to secure
hazardous areas is mechanically isolating protective equip-
ment (guards) or access hatches. In this case, the function is
to monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is
opened.

Position switch with
separated actuator

\

g

Actuator

@l

G_FB_XX_056

Protective door opened Protective door

In this Safety Functional Example, the E-Stop command device
with a positively-opening contact is monitored by a SIRIUS
3TK2845 safety relay according to Category 2 in compliance
with EN 954-1. If the E-Stop button is pressed, the safety-relay
opens, via safety outputs, the downstream contactors K1 and
K2 with positively driven contacts according to stop Category
0 in compliance with EN 60204-1.

Before powering-up again and acknowledging the E-Stop de-
vice using the start button, a check is made as to whether the
contact of the E-Stop command device is closed and both con-
tactors have been de-energized (i.e. the contactors have
dropped-out).

The protective with a SIRIUS position switch with positively-
opening contact door is also monitored by the 3TK2845 safety
relay according to Category 2 in compliance with EN 954-1. If
this protective door is opened, the safety relay also opens the
downstream contactors K1 and K2 via the positively driven
safety-related outputs according to stop Category O in compli-
ance with EN 60204-1. If the protective door is closed and af-
ter the position switch and downstream contactor have been
checked, then the drive automatically starts.

Relay output
instantaneous
(13/14)

Cascading input
(1)

Electronic output
instantaneous
contactor K1

EMERGENCY
STOP
(Y42)

Relaisausgang
unverzégert
(33/34)

Protective door
(Y42)

Key-operated Relay output
switch "service instantaneous
mode" contactor K2

(Y72/Y82) (44)

Safety logic 3TK2845-1BB40 Stop Category 0

Note

Using this circuit example, Category 2 according to EN
954-1 can only be fulfilled if, when the actuator fails, an
alarm is automatically output or the machine control ini-
tiates a safety condition. If this is not the case, a second
shutdown path is required.

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418
(EN ISO 13850 in draft status).

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

G_FB_XX_057



Ex. No.

1.11

Required components

Hardwarekomponenten

Component Type MRPD / Ordering data (014% Manufacturer
SIRIUS Position switch with separate actuator 3SE2 243-0XX40 1 Siemens AG
position switch
Actuator for Radius actuator 3SX3 228 1
position switch
E-Stop Mushroom head pushbutton, 1 NC, 40 mm, with 3SB3 801-0DG3 1
yellow upper section without protective collar
Start button and Empty enclosure of two command points 3SB3 802-0AA3
el e 1NO contact for base-mounting 3SB3 420-0B 2
Pushbutton, black with flat actuator, 22 mm nom- 3SB3 000-0AA11
inal diameter
Key-operated switch CES 3SB3000-4LDO1 1
Safety relay 3TK2845 3TK2845-1BB40
Contactors K1/ K2 Contactor, AC-3, 3KW/400V, 1NC, 24V DC, 3-pole, 3RT1015-1BB42 2

Size SO0, screw connection

Note

The functionality was tested using the specified hardware
components. Products that are similar but deviate from
the list above can be used (e.g. a different 3TK28 safety
relay). However, in this case, please carefully note that it
may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).

Structure and wiring

An overview of the hardware structure Wiring of the hardware components

pn:.:n'ut-rrfm L 424V DO)

O=0O—0 OO0
A1Y41 Y42Y65Y51Y52 1 Y11 Y12Y35Y21Y22

E-fiop i’

ITKIRAS saiery ey 498

\w

13 14 24 Y72 Y82 A2 33 34 44 Y34 Y64 3
O=0O =) 0 0 0 0

3TK2845-1BB40

G_FB_XX_059




Ex. No.

1.12

E-Stop with monitored start, protective door monitoring
with automatic start and service mode, Category 4
acc. to EN 954-1 with a SIRIUS 3TK2845 safety relay

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment.

This Safety Functional example describes how an E-Stop com-
mand device and a guard in the form of a protective door are
monitored. The E-Stop command device represents a widely
established component that protects people, plants/systems
and the environment against potential hazards. An additional
solution for plants and machines to secure hazardous areas is
mechanically isolating protective equipment (guards) or ac-
cess hatches. In this case, the function is to monitor unautho-
rized entry into plant and system areas as well as to prevent
potentially hazardous machine functions if the protective
equipment - in this case protective door - is opened.

Position switch with
separated actuator

I\

El

Actuator

[ox]]

@l
@l

G_FB_XX_060

Protective door opened Protective door

In this Safety Functional Example, the E-Stop device with two
positively-opening contacts is monitored by a SIRIUS 3TK2845
safety relay according to Category 4 in compliance with

EN 954-1. If the E-Stop button is pressed, the safety-relay
opens, via safety outputs, the downstream contactors K1 and
K2 and K3 and K4 with positively driven contacts according to
stop Category 0 in compliance with EN 60204-1.

Before powering-up again and acknowledging the E-Stop de-
vice using the start button, a check is made as to whether the
contacts of the E-Stop command device are closed and all four
contactors have been de-energized (i.e. the contactors have
dropped-out).

The protective with two SIRIUS position switches with posi-
tively-opening contact door is also monitored by the 3TK2845
safety relay according to Category 4 in compliance with EN
954-1. If this protective door is opened, the safety relay also
opens the downstream contactors K1 and K2 and K3 and K4
via the positively driven safety-related outputs according to
stop Category 0 in compliance with EN 60204-1. If the protec-
tive door is closed and after the position switches and down-

stream contactor have been checked, then the drive automat-
ically starts.

If the "Service mode" key-operated switch is actuated, then
contactors K3 and K4 drop-out and the protective door can be
opened without contactors K1 and K2 dropping-out. After the
"Service mode" has been completed, when the key-operated
switch is re-actuated, contactors K3 and K4 are automatically
closed again. K1, K2 and K3, K4 switch two separate drives.

Relay output

instantaneous

contactor K1
(13/14)

Cascading input
1)

EMERGENCY
STOP
(Y11,Y12/Y21,Y22)

Electronic output
instantaneous
contactor K2

(24)

Relay output
instantaneous
contactor K3
(33/34)

Protective door
(Y41,Y42/Y51,Y52)

Key-operated Electronic output
switch "service instantaneous
mode" contactor K4

(Y72/Y82) (44)

G_FB_XX_061

Sicherheitslogik 3TK2845-1BB40 Stop-Kategorie 0

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418 (EN ISO
13850 in draft status).

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices



Required components

Hardware components

SIRIUS
position switch

Actuator for
position switch

E-Stop

Start button and
service mode

Safety relay

Contactors
K1,K2 / K3,K4

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate

Position switch with separate actuator
Radius actuator

Mushroom head pushbutton, 1 NC, 40 mm, with
yellow upper section without protective collar

1NC contact for base-mounting
Empty enclosure of two command points
1NO contact for base-mounting

Pushbutton, black with flat actuator, 22 mm nom-
inal diameter

Key-actuated switch CES
3TK2845

Contactor, AC-3, 3KW/400V, 1NC, 24V DC, 3-pole,
Size SO0, screw connection

from the list above can be used (e.g. a different 3TK28
safety relay). However, in this case, please carefully note
that it may be necessary to make modifications as to

Structure and wiring

An overview of the hardware structure

E-Srop

FTECIRS wadviy mlay j

RIRILS
l;y— (LU R T ]
Prodective #
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——

N e S

A

K2 /-4~

3SE2 243-0XX40

35X3 228

3SB3 801-0DG3

3SB3 420-0C
3SB3 802-0AA3
3SB3 420-0B
3SB3 000-0AA11

3SB3000-4LDO1
3TK2845-1BB40
3RT1015-1BB42

L +(24V DC)

Service
mode

;'(

2 Siemens AG

_ W . .

how the hardware components are connected-up (e.g.
another connection assignment).

Wiring of the hardware components

OO0 OO0~~~ 0O~0—0O
A1Y41 Y42Y65Y51Y52 1 Y11 Y12Y35Y21Y22

R

[Xt- 13 14 24 Y72 Y82 A2 33 34 44 Y34 Y64 32
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3TK2845-1BB40
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Ex. No.
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Ex. No.

2.1

E-Stop with monitored start Category 2 acc. to EN 954-1
with a safety fused load feeder 3RA7

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and
the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
is monitored by a positively-opening contact using a safety
fused load feeder in accordance with Category 2 to EN 954-1.
If the E-Stop button is pressed, the load feeder safely shuts-
down in accordance with stop Category 0 according to EN
60204-1. In this particular example, a drive is stopped. Before
restarting or acknowledging the E-Stop shutdown using the
start button, a check is made as to whether the contact of the
E-Stop command device is closed and the contactors of the
load feeder have dropped-out (opened).

Required components

Hardware components

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418
(EN ISO 13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
urelprogram software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

E-Stop Mushroom head pushbutton, 1 NC, 40 mm, with 3SB3 801-0DG3 1 Siemens AG
yellow upper section without protective collar
Safety fused load 3RA7 3RA7100-5AA26-0AB4 1
feeder
Start button Empty housing of a command point 3SB3 801-0AA3 1
1NO contact for base-mounting 3SB3 420-0OB 1
Pushbutton, black with flat actuator, 22 mm nom- 3SB3 000-0AA11 1
inal diameter
Optional: Inscription plate "Start" 3SB3 906-1EL 1

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. another safety load
feeder). However, in this case, please carefully note that
it may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).



Ex. No.

Structure and wiring

An overview of the hardware structure Wiring of the hardware components

= L +(24V DC)
E-Stop ng | Str [l E-stop |
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Ex. No.

2.2

E-Stop with monitored start Category 2 acc. to EN 954-1
with/without operational switching with a safety fused load

feeder 3RA7

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and
the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
is monitored by a positively-opening contact using a safety
fused load feeder in accordance with Category 2 to EN 954-1.
If the E-Stop button is pressed, the load feeder is safely shut-
down in accordance with stop Category O to EN 60204-1. In
this particular example, a drive is stopped. Before restarting or
acknowledging the E-Stop shutdown using the start button, a
check is made as to whether the contact of the E-Stop com-
mand device is closed and the contactors of the load feeder
have dropped-out (opened). It is possible to operationally
switch the contactors (open and close them). Either a floating
(electrically isolated) contact is connected between terminals
3 and 4 (refer to ,Wiring of the hardware components” page

Required components

Hardware components

E-Stop

Mushroom head pushbutton, 1 NC, 40 mm, with 3SB3 801-0DG3 1

31) or a non-floating (non electrically-isolated) output

(24 vV DQ) is connected to terminal 4, e.g. from a standard PLC.

The operational switching has a lower priority than the safety

function. If operational switching is not required, then a wire

jumper should be connected between terminals 3 and 4.
Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418
(EN ISO 13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

Siemens AG

yellow upper section without protective collar

Safety fused load 3RA7 3RA7100-5AA26-0AB4 1

feeder

Start button Empty housing of a command point 3SB3 801-0AA3 1
1NO contact for base-mounting 3SB3 420-0OB 1
Pushbutton, black with flat actuator, 22 mm nom- 3SB3 000-0AA11 1
inal diameter
Optional: Inscription plate "Start" 3SB3 906-1EL 1

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. another safety load
feeder). However, in this case, please carefully note that
it may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).



Ex. No.

Structure and wiring

An overview of the hardware structure Wiring of the hardware components

Motor*
on/off
L +(24V DC) _
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fused load 3
feeder =
=
el

B
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* If the operational switching function is not required, insert a jumper between terminals 3 and 4




Ex. No.

2.3

E-Stop with monitored start Category 4 acc. to EN 954-1
with/without operational switching with a safety fused load

feeder 3RA7

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and
the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
is monitored using two positively-opening contacts using a
safety fused load feeder in accordance with Category 4 to
EN 954-1. If the E-Stop button is pressed, the load feeder
safely switches-out the contactors, connected in series, with
positively-driven contacts in accordance with stop Category 0
according to EN 60204-1.

In this particular example, a drive is stopped. Before restarting
oracknowledging the E-Stop shutdown using the start button,
a check is made as to whether the contact of the E-Stop com-
mand device is closed and the contactors of the load feeder
have dropped-out (opened). It is possible to operationally
switch the contactors (open and close them). Either a floating
(electrically isolated) contact is connected between terminals

Required components

Hardware components

E-Stop

Mushroom head pushbutton, 1 NC, 40 mm, with 3SB3 801-0DG3 1

3 and 4 (refer to ,Wiring of the hardware components” page

33) or a non-floating (non electrically-isolated) output

(24 vV DQ) is connected to terminal 4, e.g. from a standard PLC.

The operational switching has a lower priority than the safety

function. If operational switching is not required, then a wire

jumper should be connected between terminals 3 and 4.
Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418 (EN ISO
13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

Siemens AG

yellow upper section without protective collar

1NC contact for base-mounting 3SB3 420-0C 1
Safety fused load 3RA7 3RA7100-5AA26-0AB4 1
feeder
Start button Empty housing of a command point 3SB3 801-0AA3 1
1NO contact for base-mounting 3SB3 420-0B 1
Pushbutton, black with flat actuator, 22 mm nom- 3SB3 000-0AA11 1
inal diameter
Optional: Inscription plate "Start" 3SB3 906-1EL 1
Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. another safety load
feeder). However, in this case, please carefully note that
it may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).



Ex. No.

Structure and wiring

An overview of the hardware structure Wiring of the hardware components
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* If the operational switching function is not required, insert a jumper between terminals 3 and 4




Ex. No.

2.4

Protective door monitoring with automatic start Category 2
acc. to EN 954-1 with a safety fused load feeder 3RA7

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

Position switch with
separated actuator

Actuator \

=

@l

G_FB_XX_017

Protective door opened Protective door

Required components

Hardware components

SIRIUS Position switch with separate actuator
position switch
Actuator Radius actuator

for position switch

Safety load feeder 3RA7

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. another safety load
feeder). However, in this case, please carefully note that
it may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).

The protective door is monitored using a SIRIUS position

switch with a positively-opening contact using a safety fused
load feeder in accordance with Category 2 to EN 954-1. If this
protective door is opened, the load feeder safety shuts-down
in accordance with stop Category 0 according to EN 60204-1.
In this particular example, a drive is stopped. If the protective
door is closed, after checking the position switch and the con-
tactors of the load feeder, the drive is automatically re-started.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 1 Siemens AG
3SX3 228 1
3RA7100-5AA26-0AB4 1



Ex. No.

2.4

Structure and wiring

An overview of the hardware structure Wiring of the hardware components
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i no| Protective door monitoring with automatic start Category 2
acc. to EN 954-1 with/without operational switching
with a safety fused load feeder 3RA7

2.5

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

Position switch with
separate actuator

Actuator \

g

@l

G_FB_XX_020

Protective door opened Protective door

The protective door is monitored using a SIRIUS position

switch with a positively-opening contact using a safety fused
load feeder in accordance with Category 2 to EN 954-1. If this
protective door is opened, the load feeder safety shuts-down
in accordance with stop Category 0 according to EN 60204-1.

Required components

Hardware components

SIRIUS

Position switch with separate actuator
position switch

Actuator Radius actuator

for position switch

Safety load feeder 3RA7

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. another safety load
feeder). However, in this case, please carefully note that
it may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).

In this particular example, a drive is stopped. If the protective
door is closed, after checking the position switch and the con-
tactors of the load feeder, the drive is automatically re-started.
It is possible to operationally switch the contactors (open and
close them). Either a floating (electrically isolated) contact is
connected between terminals 3 and 4 (refer to ,Wiring of the
hardware components” page 37) or a non-floating (non elec-
trically-isolated) output (24 V DC) is connected to terminal 4,
e.g. from a standard PLC. The operational switching has a
lower priority than the safety function. If operational switch-
ing is not required, then a wire jumper should be connected
between terminals 3 and 4.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 1 Siemens AG
3SX3 228 1
3RA7100-5AA26-0AB4 1



Ex. No.

2.5

Structure and wiring

An overview of the hardware structure Wiring of the hardware components
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* If the operational switching function is not required, insert a jumper between terminals 3 and 4
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Ex. No.

2.6

Protective door monitoring with automatic start Category 4
acc. to EN 954-1 with/without operational switching
with a safety fused load feeder 3RA7

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

Position switch with
separated actuator

Actuator

@
@l

G_FB_XX_0023

Protective door opened Protective door

The protective door is monitored using two SIRIUS position

switches with positively-opening contacts using a safety fused
load feeder in accordance with Category 4 acc. to EN 954-1. If
this protective door is opened, the load feeder safety switches-
out the contactors, connected in series, with positively-driven

Required components

Hardware components

SIRIUS
position switch

Position switch with separate actuator

Actuator for Radius actuator
position switch
Safety fused 3RA7
load feeder
Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. another safety load
feeder). However, in this case, please carefully note that
it may be necessary to make modifications as to how the
hardware components are connected-up (e.g. another
connection assignment).

contacts in accordance with stop Category 0 according to

EN 60204. In this particular example, a drive is stopped. If the
protective door is closed, after the position switch and down-
stream contactors have been checked, then the drive auto-
matically starts. It is possible to operationally switch the con-
tactors (open and close them). Either a floating (electrically
isolated) contact is connected between terminals 3 and 4
(refer to ,Wiring of the hardware components” page 39) or a
non-floating (non electrically-isolated) output (24 V DC) is
connected to terminal 4, e.g. from a standard PLC. The opera-
tional switching has a lower priority than the safety function.
If operational switching is not required, then a wire jumper
should be connected between terminals 3 and 4.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 2 Siemens AG
3SX3 228 2
3RA7110-5AA26-0AB4 1



Ex. No.

2.6

Structure and wiring

An overview of the hardware structure Wiring of the hardware components
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* If the operational switching function is not required, insert a jumper between terminals 3 and 4




Ex. No.

2.7

E-Stop with monitored start Category 2 acc. to EN 954-1
with a safety fuseless load feeder 3RA7

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and
the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
is monitored by a positively-driven contact using a safety,
fuseless load feeder in accordance with Category 2 in compli-
ance with EN 954-1. If the E-Stop button is pressed, the load
feeder is safety shutdown according to Stop Category 0 in
compliance with EN 60204-1. In this particular example, a
drive is stopped. Before restarting or acknowledging the E-
STOP shutdown using the start button, a check is made as to
whether the contact of the E-Stop command device is closed
and the contactors of the load feeder have dropped-out.

Required components

Hardware components

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418 (EN ISO
13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
urelprogram software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

E-Stop Mushroom head pushbutton, 1 NC, 40 mm, with 3SB3 801-0DG3 1 Siemens AG
yellow upper section without protective collar

Safety load feeder 3RA7
Start button Empty housing of a command point
1NO contact for base-mounting

Pushbutton, black with flat actuator, 22 mm nom- 3SB3 000-0AA11

inal diameter
Optional: Inscription plate "Start"

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different safety
load feeder). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).

3RA7102-4CA26-0AB4
3SB3 801-0AA3
3SB3 420-0B

= =] =] =

3SB3 906-1EL 1



Ex. No.

2.7

Structure and wiring

An overview of the hardware structure Wiring of the hardware components
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Ex. No.

2.8

E-Stop with monitored start Category 2 acc. to EN 954-1
with/without operational switching with a safety fuseless load

feeder 3RA7

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and
the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
is monitored by a positively-driven contact using a safety,
fuseless load feeder in accordance with Category 2 in compli-
ance with EN 954-1. If the E-Stop button is pressed, the load
feeder is safety shutdown according to Stop Category 0 in
compliance with EN 60204-1. In this particular example, a
drive is stopped. Before restarting or acknowledging the E-
Stop shutdown using the start button, a check is made as to
whether the contact of the E-Stop command device is closed
and the contactors of the load feeder have dropped-out. It is
possible to operationally switch (infout) the contactors. Either
a floating (electrically isolated) contact is connected between
terminal 3 and terminal 4 (refer to ,Wiring of the hardware
components” page 43) or a non-floating (non-electrically iso-

Required components

Hardware components

E-Stop

Mushroom head pushbutton, 1 NC, 40 mm, with

lated) output (24 V DC) - e.g. from a standard PLC - is con-
nected at terminal 4. The operational switching has a lower
priority than the safety function. If the operational switching
is no longer required, a wire link (jumper) should be con-
nected between terminal 3 and terminal 4.

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418
(EN ISO 13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SB3 801-0DG3 1 Siemens AG

yellow upper section without protective collar

Safety load feeder 3RA7

Start button Empty housing of a command point
1NO contact for base-mounting
Pushbutton, black with flat actuator, 22 mm nom-
inal diameter
Optional: Inscription plate "Start"
Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different safety
load feeder). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).

3RA7102-4CA26-0AB4
3SB3 801-0AA3

3SB3 420-0OB

3SB3 000-0AA11

_ a2 o

3SB3 906-1EL 1



Ex. No.

2.8

Structure and wiring

An overview of the hardware structure Wiring of the hardware components
| Motor*
o ;‘ o, From L +(24V DC) on/oft
~Stop B

A1A2 1 2 Y11Y12Y35Y21Y22Y32Y33Y34 3 4 A1 A2 L1 L2 L3

Lis 1>,

Safety fuseless load feeder

3RA7112-4CA26-0AB4

G_FB_XX_029

* If the operational switching function is not required, insert a jumper between terminals 3 and 4




Ex. No.

2.9

E-Stop with monitored start, Category 4 acc. to EN 954-1
with/without operational switching with a safety fuseless load

feeder 3RA7

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The E-Stop command device represents a widely estab-
lished component that protects people, plants/systems and
the environment against potential hazards.

In this Safety Functional Example, the E-Stop command device
is monitored by two positively-driven contacts using a safety,
fuseless load feeder in accordance with Category 4 in compli-
ance with EN 954-1. If the E-Stop command device is actu-
ated, the load feeder safety shuts down (de-activates) the con-
tactors, connected in series with positively-drive contacts
according to stop Category 0 in compliance with EN 60204-1.
In this particular example, a drive is stopped. Before restarting
oracknowledging the E-Stop shutdown using the start button,
a check is made as to whether the contacts of the E-Stop com-
mand device are closed and the contactors of the load feeder
have dropped-out. It is possible to operationally switch
(infout) the contactors. Either a floating (electrically isolated)
contactis connected between terminal 3 and terminal 4 (refer
to ,Wiring of the hardware components” page 45) or a non-

Required components

Hardware components

E-Stop

1NC contact for base-mounting
3RA7

Empty housing of a command point
1NO contact for base-mounting

Safety load feeder
Start button

Pushbutton, black with flat actuator, 22 mm nom-

inal diameter
Optional: Inscription plate "Start"

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different safety
load feeder). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).

Mushroom head pushbutton, 1 NC, 40 mm, with
yellow upper section without protective collar

floating (non-electrically isolated) output (24 V DC) - e.g.
from a standard PLC - is connected at terminal 4. The opera-
tional switching has a lower priority than the safety function.
If the operational switching is no longer required, a wire link
(jumper) should be connected between terminal 3 and termi-
nal 4.

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418
(EN ISO 13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SB3 801-0DG3 1 Siemens AG

3SB3 420-0C
3RA7102-4CA26-0AB4
3SB3 801-0AA3

3SB3 420-0OB

3SB3 000-0AA11

_ A o o

3SB3 906-1EL 1



Ex. No.

2.9

Structure and wiring
An overview of the hardware structure Wiring of the hardware components

*

Motor
on/off

E-Stop "

Salcty fuscless load fecder

3RA7112-4CA26-0AB4

G_FB_XX_031

* If the operational switching function is not required, insert a jumper between terminals 3 and 4




Ex. No.

2.10

Protective door monitoring with automatic start Category 2
acc. to EN 954-1 with a safety fuseless load feeder 3RA7

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

Position switch with
separated actuator

Actuator \

g

@l

Protective door

G_FB_XX_032

Protective door opened

Required components

Hardware components

SIRIUS position
switch

Position switch with separate actuator

Actuator for Radius actuator

position switch

Safety load feeder 3RA7

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different safety
load feeder). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).

The protective door is monitored by a SIRIUS position switch
with positively-opening contacts using a safety fuseless load
feeder according to Category 2 in compliance with EN 954-1.
If this protective door is opened, the load feeder safety shuts
down according to Stop Category 0 in compliance with

EN 60204-1. In this particular example, a drive is stopped. If
the protective door is closed and after the position switch and
the contactors of the load feed are checked, the drive auto-
matically starts.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
urelprogram software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 1 Siemens AG
3SX3 228 1
3RA7102-4CA26-0AB4 1



Structure and wiring

An overview of the hardware structure Wiring of the hardware components
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i no| Protective door monitoring with automatic start Category 2
acc. to EN 954-1 with/without operational switching
with a safety fuseless load feeder 3RA7

2.11

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

Position switch with
separated actuator

Actuator \

E

G_FB_XX_035

Protective door opened Protective door
The protective door is monitored by a SIRIUS position switch
with positively-opening contacts using a safety fuseless load
feeder according to Category 2 in compliance with EN 954-1.
If this protective door is opened, the load feeder safety shuts

Required components

Hardware components

SIRIUS position

Position switch with separate actuator
switch

Actuator for position  Radius actuator

switch

Safety load feeder 3RA7

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different safety
load feeder). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).

down according to Stop Category 0 in compliance with

EN 60204-1. In this particular example, a drive is stopped. If
the protective door is closed and after the position switch and
the contactors of the load feed are checked, the drive auto-
matically starts. It is possible to operationally switch (infout)
the contactors. Either a floating (electrically isolated) contact
is connected between terminal 3 and terminal 4 (refer to ,Wir-
ing of the hardware components” page 49) or a non-floating
(non-electrically isolated) output (24 V DC) - e.g. from a stan-
dard PLC - is connected at terminal 4. The operational switch-
ing has a lower priority than the safety function. If the opera-
tional switching is no longer required, a wire link (jumper)
should be connected between terminal 3 and terminal 4.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 1 Siemens AG
3SX3 228 1
3RA7102-4CA26-0AB4 1



Structure and wiring

An overview of the hardware structure
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* If the operational switching function is not required, insert a jumper between terminals 3 and 4
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Ex. No.

2.12

Protective door monitoring with automatic start Category 4
acc. to EN 954-1 with/without operational switching
with a safety fuseless load feeder 3RA7

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

Position switch with
separated actuator

I\

i

Actuator

@l

@l
o1

G_FB_XX_038

Protective door opened Protective door

The protective door is monitored by two SIRIUS position
switches with positively-opening contacts using a safety fuse-
less load feeder according to Category 4 in compliance with
EN 954-1. If this protective door is opened, the load feeder
safety shuts down (de-activates) the contactors, connected in
series, with its positively-driven contacts according to stop

Required components

Hardware components

SIRIUS Position switch with separate actuator
position switch
Actuator for Radius actuator

position switch

Safety load feeder 3RA7

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from the list above can be used (e.g. a different safety
load feeder). However, in this case, please carefully note
that it may be necessary to make modifications as to
how the hardware components are connected-up (e.g.
another connection assignment).

Category 0 in compliance with EN 60204. In this particular ex-
ample, a drive is stopped. If the protective door is closed and
after the position switch and downstream contactors have
been checked, then the drive automatically starts. It is possi-
ble to operationally switch (in/out) the contactors. Either a
floating (electrically isolated) contact is connected between
terminal 3 and terminal 4 (refer to ,Wiring of the hardware
components” page 51) or a non-floating (non-electrically iso-
lated) output (24 V DC) - e.g. from a standard PLC - is con-
nected at terminal 4. The operational switching has a lower
priority than the safety function. If the operational switching
is no longer required, a wire link (jumper) should be con-
nected between terminal 3 and terminal 4.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software

A low scope of simple wiring
Space-saving design using our compact safety relay
Can be simply expanded using expansion devices

3SE2 243-0XX40 2 Siemens AG
35X3 228 2
3RA7112-4CA26-0AB4 1



Structure and wiring
An overview of the hardware structure Wiring of the hardware components
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* If the operational switching function is not required, insert a jumper between terminals 3 and 4
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Ex. No.

3.1

Emergency Stop with monitored start Category 2
acc. to EN 954-1 with ET200S Safety Motorstarter Solution Local

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The Emergency Stop control device represents a widely
established component that protects man, machine and envi-
ronment against potential hazards. In this Safety Functional
Example, the Emergency Stop control device with positively-
opening contacts is monitored by the PM-D-F 1 safety module.
If the Emergency Stop control device is pressed, the PM-D-F1
safety module shuts down the motor starter assigned to it ac-
cording to Stop Category 0 acc. to EN 60204-1. In this partic-
ular example, a drive is stopped. Before restarting or acknowl-
edging the Emergency Stop shutdown using the start button,
itis checked as to whether the contacts of the Emergency Stop
control device are closed and the motor starter has been shut
down. This example only discusses the safety function. The
motor starter is operationally switched using a standard PLC
and is not considered any further here.

Note

Equipment, functional aspects and design guidelines for
E-Stop command devices are provided in EN 418 (EN ISO
13850 in draft status).

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software for the safety-relevant technology

Extensive Profibus diagnostics of the motor starter and the
PM-D-F1 safety module.

As a result of the lower time/costs involved with materials
and wiring, the mounting space in the cabinet is reduced
and therefore the overall dimensions of the plants/system.

Contactor contacts welded signal

Using this circuit example, Category 2 according to EN 954-1
can only be fulfilled if, when the actuator fails, an alarm is au-
tomatically output or the machine control initiates a safe con-
dition. If this is not the case, a second shutdown path is re-
quired.

This signal can be generated using the process image of the
motor starter.

PAE 0.0 Ready
0.1 Close contactor
0.2 Circuit-breaker
tripped
PAA 0.0 Motor clockwise

0.2 Brake

Network 1:Time delay of the Emergency s

0.0 Ready (automatic)

0.1 Start motor (current
measurement)

0.2 Group fault

0.3 Group alarm

0.4 Input 1

0.5 Input 2

0.6 Input 3

0.7 Input 4

1.0-1.5 Motor current Iyt
1.6 Mode H-V-O

1.7 Ramp mode (only
DSS1e-x)

0.0 Motor clockwise

0.1 Motor counter-clock-
wise

0.2 Release brake
0.3 Trip reset

0.4 Emergency start
0.5 Self-test

top signal

Comments :

T1

&
#Emergency stop

S5T#500MS —

Feedback signal, contactor contacts

SE

TW

welded, standard motor starter

Comments

#Contactor_close—

T1—

#Contactor_welded
&

G_FB_XX_064

Typical block: Signal, contactor contacts welded for motor starter

standard

Using the standard output "contactor

welded" an indicator

light can be controlled. As a result of this signal, a second

shutdown path is no longer required.



Required components

Hardware components

E-Stop

Start button

ET200S station

SIMATIC S7

Note

Mushroom head pushbutton, 1 NC, 40 mm, with
yellow upper section without protective collar

Switching element with a switching contact, NC
contact

Empty housing of a command point
1NO contact for base-mounting

Pushbutton, black with flat actuator, 22 mm nom-
inal diameter

Optional: Inscription plate "Start"
Direct starter, can be expanded 5.5 kW;9.0to 12 A

Terminal module for a direct starter with feeder
cable connection

TM for PM-D F1/2; single or higher-level safety
circuit

TM for connection module

PM-D F1 power module for E-Stop application;
monitored start

Failsafe kit for direct starter

IM 151 Basic to connect ET200S to PROFIBUS DP
Optional: Supply block M45-PEN-F

Power supply PS307 5A

SIMATIC S7-300, CPU 315-2DP

Micro Memory Card MMC 512 kB

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from this list can be used (e.g. another ET200S Motor-

starter).

When the ET200S Motor Starter High Feature is used,
the F-Kit is not required as this is already integrated in

the motor starters.

3SB3 801-0DG3

3SB34 20-0C

3SB3 801-0AA3
3SB3 420-08B
3SB3 000-0AA11

3SB3 906-1EL
3RK1301-1KBO0-0AA2
3RK1903-0AB0O0O

3RK1903-1AA00

3RK1903-1AB0OO
3RK1903-1BA00

3RK1903-1CA00
6ES7151-1CA00-0ABO
3RK1903-2AA00
6ES73071EA00-0AAO
6ES7315-2AG10-0ABO
6ES7953-8LJ10-0AA0

S =] ] ] = =

Siemens AG
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Structure and wiring

An overview of the hardware structure Wiring of the hardware components
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Emergency Stop with monitored start Category 4
acc. to EN 954-1 with ET200S Safety Motorstarter Solution Local | 3,2

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The Emergency Stop control device represents a widely
established component that protects man, machine and envi-
ronment against potential hazards. In this Safety Functional
Example, the Emergency Stop control device is monitored us-
ing two positively-driven contacts using the PM-D-F1 safety
module in accordance with Category 4 acc. to EN 954-1. If the
Emergency Stop control device is pressed, the PM-D-F1 safety
module shuts down the motor starter assigned to it and the
supply contactor according to Stop Category O acc. to EN
60204-1. In this particular example, a drive is stopped. Before
restarting or acknowledging the Emergency Stop shutdown
using the start button, it is checked as to whether the contacts
of the Emergency Stop control device are closed and the mo-
tor starter has been shut down. This example only discusses
the safety function. The motor starter is operationally
switched using a standard PLC and is not considered any fur-
ther here.

Note

Equipment, functional aspects and Design Guidelines
for Emergency Stop control devices are provided in
EN 418 (EN ISO 13850 being prepared).

Advantages/customer benefits

Pure hardware engineering without having to config-
urelprogram software for the safety-relevant technology
Extensive Profibus diagnostics of the motor starter and the
PM-D-F1 safety module.

As a result of the lower time/costs involved with materials
and wiring, the mounting space in the cabinet is reduced

and therefore the overall dimensions of the plants/system.

Ex. No.
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Required components

Hardware components

E-Stop

Start button

ET200S - Station

Supply contactor

SIMATIC S7

Note

Mushroom head pushbutton, 1 NC, 40 mm, with
yellow upper section without protective collar

Switching element with a switching contact, NC
contact

Empty housing of a command point
1NO contact for base-mounting

Pushbutton, black with flat actuator, 22 mm nom-
inal diameter

Optional: Inscription plate "Start"
Direct starter, can be expanded 5.5 kW;9.0to 12 A

Terminal module for a direct starter with feeder
cable connection

TM for PM-D F1/2; single or higher-level safety
circuit

TM for connection module

PM-D F1 power module for Emergency Stop
application; monitored start

Failsafe kit for direct starter

IM 151 Basic to connect ET200S to PROFIBUS DP
Optional: Supply block M45-PEN-F

Supply contactor for max. expansion 40 A
Auxiliary contact for supply contactor
Connecting switch

Power supply PS307 5A

SIMATIC S7-300, CPU 315-2DP

Micro Memory Card MMC 512 kB

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from this list can be used (e.g. another ET200S Motor-

starter).

When the ET200S Motor Starter High Feature is used,
the F-Kit is not required as this is already integrated in

the motor starters.

3SB3 801-0DG3

3SB34 20-0C

3SB3 801-0AA3
3SB3 420-0OB
3SB3 000-0AA11

3SB3 906-1EL
3RK1301-1KBOO-0AA2
3RK1903-0AB0O0O

3RK1903-1AA00

3RK1903-1ABOO
3RK1903-1BA0OO

3RK1903-1CA00
6ES7151-1CA00-0ABO
3RK1903-2AA00
3RT1035-1BB40
3RH1921-1DA11
3RA931-1A
6ES73071EA00-0AAO
6ES7315-2AG10-0ABO
6ES7953-8LJ10-0AA0

Siemens AG
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Structure and wiring

An overview of the hardware structure Wiring of the hardware components
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3.3

Protective door monitoring with automatic start Category 2
acc. to EN 954-1 with ET200S Safety Motorstarter Solution Local

Function

Description of the functionality

This Safety Functional Example describes a mechanically iso-
lating protective mechanism in the form of a protective door.
The most frequently used solution for plants and machines to
secure hazardous areas is mechanically isolating protective
equipment or access hatches. In this case, the function is to
monitor unauthorized entry into plant and system areas as
well as to prevent potentially hazardous machine functions if
the protective equipment - in this case protective door - is not
closed.

The protective door is monitored by a SIRIUS position switch
with positively-opening contacts using a PM-D-F2 safety mod-
ule according to Category 2 in compliance with EN 954-1. If
this protective door is opened, the PM-D-F2 safety module
shuts down the motor starter assigned to it according to Stop
Category 0 acc. to EN 60204-1. In this particular example, a
drive is stopped. If the protective door is closed, after the po-
sition switch is checked, the motor automatically starts.

This example only discusses the safety function. The motor
starter is operationally switched using a standard PLC and is
not considered any further here.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software for the safety-relevant technology

Extensive Profibus diagnostics of the motor starter and the
PM-D-F2 safety module.

As a result of the lower time/costs involved with materials
and wiring, the mounting space in the cabinet is reduced
and therefore the overall dimensions of the plants/system.

Contactor contacts welded signal

Using this circuit example, Category 2 according to EN 954-1
can only be fulfilled if, when the actuator fails, an alarm is au-
tomatically output or the machine control initiates a safe con-
dition. If this is not the case, a second shutdown path is re-
quired.

This signal can be generated using the process image of the
motor starter.

PAE 0.0 Ready

0.1 Close contactor

0.0 Ready (automatic)

0.1 Start motor (current
measurement)

0.2 Group fault

0.3 Group alarm

0.4 Input 1

0.5 Input 2

0.6 Input 3

0.7 Input 4

1.0-1.5 Motor current Iyt
1.6 Mode H-V-O

1.7 Ramp mode (only
DSS1e-x)

0.0 Motor clockwise

0.2 Circuit-breaker
tripped

PAA 0.0 Motor clockwise

0.1 Motor counter-clock-
wise

0.2 Release brake

0.3 Trip reset

0.4 Emergency start

0.5 Self-test

0.2 Brake

Netzwork 1:Time delay of the protective door signal

Comments :

T1

& SE
#Protective door

SS5T#500MS — TW

Feedback signal, contactor contacts welded, standard motor starter

Comments :

#Contactor_welded
&

#Contactor_closed—|

T1—

G_FB_XX_069

Typical block: Signal, contactor contacts welded for motor starter
standard

Using the standard output "contactor welded" an indicator
light can be controlled. As a result of this signal, a second
shutdown path is no longer required.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed.
This is the reason that they may not be used as mechan-
ical endstop.
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Required components

Hardware components

Component Type MRPD / Ordering data (01,47 Manufacturer
Protective door SIRIUS position switch 3SE2 243-0XX40 1 Siemens AG
Radius actuator for position switch 3SX3 228 1
ET200S station Direct starter, can be expanded 5.5 kW; 9.0to 12A 3RK1301-1KB00-0AA2 1
Terminal module for a direct starter with feeder ~ 3RK1903-0AB00 1
cable connection
TM for PM-D F1/2; single or higher-level safety 3RK1903-1AA00 1
circuit
TM for connection module 3RK1903-1AB00 1
PM-D F1 power module for emergency stop 3RK1903-1BA00O 1
application; monitored start
Failsafe kit for direct starter 3RK1903-1CA00 1
IM 151 Basic to connect ET200S to PROFIBUS DP  6ES7151-1CA00-0OABO 1
Optional: Supply block M45-PEN-F 3RK1903-2AA00 1
SIMATIC S7 Power supply PS307 5A 6ES73071EA00-0AAO 1
SIMATIC S7-300, CPU 315-2DP 6ES7315-2AG10-0ABO 1
Micro Memory Card MMC 512 kB 6ES7953-8LJ10-0AA0 1

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from this list can be used (e.g. another ET200S Motor-
starter).

When the ET200S Motor Starter High Feature is used,
the F-Kit is not required as this is already integrated in
the motor starters.
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Structure and wiring

An overview of the hardware structure A1 A2
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Protective door monitoring with automatic start Category 4
acc. to EN 954-1 with ET200S Safety Motorstarter Solution Local | 3.4

Function

Description of the functionality

This Safety Functional Example describes a mechanically isolat-
ing protective mechanism in the form of a protective door. The
most frequently used solution for plants and machines to se-
cure hazardous areas is mechanically isolating protective equip-
ment or access hatches. In this case, the function is to monitor
unauthorized entry into plant and system areas as well as to
prevent potentially hazardous machine functions if the protec-
tive equipment - in this case protective door - is not closed.

The protective door is monitored by two SIRIUS position
switches each with a positively-opening contact using a PM-D-
F2 safety module according to Category 4 in compliance with
EN 954-1. If this protective door is opened, the PM-D-F2 safety
module shuts down the motor starter assigned to it according
to Stop Category 0 acc. to EN 60204-1. In this particular exam-
ple, a drive is stopped. If the protective door is closed, after the
position switch is checked, the motor automatically starts.

Required components

Hardware components

Protective door SIRIUS position switch
Radius actuator for position switch

ET200S station

This example only discusses the safety function. The motor
starter is operationally switched using a standard PLC and is not
considered any further here.

Note

The position switches must be arranged so that they are
not damaged when they are approached and passed. This
is the reason that they may not be used as mechanical end-
stop.

Advantages/customer benefits

Pure hardware engineering without having to config-
ure/program software for the safety-relevant technology

Extensive PROFIBUS diagnostics of the motor starter and
the PM-D-F2 safety module.

As a result of the lower time/costs involved with materials
and wiring, the mounting space in the cabinet is reduced
and therefore the overall dimensions of the plants/system

3SE2 243-0XX40 Siemens AG

Supply contactor

SIMATIC S7

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but deviate
from this list can be used (e.g. another ET200S Motor-

starter).

Direct starter, can be expanded 5.5 kW;9.0to 12 A 3RK1301-1KB0O0-0AA2

Terminal module for a direct starter with feeder
cable connection

TM for PM-D F1/2; single or higher-level safety
circuit

TM for connection module

PM-D F1 power module for emergency stop
application; monitored start

Failsafe kit for direct starter

IM 151 Basic to connect ET200S to PROFIBUS DP
Optional: Supply block M45-PEN-F

Supply contactor for max. expansion 40 A
Auxiliary contact for supply contactor
Connecting switch

Power supply PS307 5A

SIMATIC S7-300, CPU 315-2DP

Micro Memory Card MMC 512 kB

2
3SX3 228 2
1
1

3RK1903-0AB00

3RK1903-1AA00

3RK1903-1AB0OO
3RK1903-1BA0CO

3RK1903-1CA00
6ES7151-1CA00-0ABO
3RK1903-2AA00
3RT1035-1BB40
3RH1921-1DA11
3RA931-1A
6ES73071EAO00-0AAD
6ES7315-2AG10-0ABO
6ES7953-8LJ10-0AA0

SRR S RSN R I RS Qe

When the ET200S Motor Starter High Feature is used,
the F-Kit is not required as this is already integrated in
the motor starters.

Ex. No.
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Structure and wiring

An overview of the hardware structure

Biardam PLC
'

sa8 g bbedorabates will F-Ki

e

Additional motor starters can be inserted before the PM-X
module in an ET 200S Station. These are then also shut down
when the Emergency Stop control device is pressed (group
stop).

Wiring of the hardware components
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2 safety circuits in a cascade according to Category 4 in

compliance with EN 954-1

(PM-D F X1 and Failsafe Motor Starter )
with ET200S Safety Motor Starter Solution Local

Function

Description of the functionality

If people (in production technology) are close to machines,
then they must be protected using the appropriate equip-
ment. The EMERGENCY STOP command device represents a
widely established component that protects man, machine
and environment against potential hazards.

This safety function example will show how a cascaded
EMERGENCY STOP shutdown with 2 motor starter groups can
be implemented in an ET200S station.

A PM-D F X1 safety module can provide a total of 6 safety-
related shutdown groups (refer to the ET200S Motor Starter
Manual) by accessing the SG1 to SG6 buses (safety groups) of
the Failsafe Motor Starter. It routes the safety-related control
voltage of the safety shutdown groups SG1 to SG6 to the SG
rail of the terminal module of the next Failsafe Motor Starter.
The terminal modules of the Failsafe Motor Starter addition-
ally have a coding block. This allows the motor starter to be
assigned one of the six safety-related shutdown groups (refer
to page 67). The shutdown is realized by a safety relay switch-
ing one of the 6 SG buses into a no-voltage condition.

The first two motor starters (refer to page 66) are, in this func-
tion example, connected to SG1 - the others to SG2. The mo-
tor starters can be shutdown in a safety-related fashion by
shutting down an SG.

The EMERGENCY STOP command devices with positively-

opening contacts are monitored by the 3TK2841 safety relays.

If the EMERGENCY STOP of group 1 is actuated, then the
3TK2841 (K1) shuts down its enable circuit according to stop
Category 0 according to EN 60204-1. The SG1 and the
3TK2841 (K2) are shutdown. The 3TK2841 (K2) in turn shuts
down the SG2.

If the EMERGENCY STOP of group 1.1 is actuated, the 3TK2841
(K2) shuts down its enable circuit according to stop Category
0 in compliance with EN 60204-1. SG2 is shutdown.

Drives are stopped in this particular function example. Before
restarting or acknowledging the EMERGENCY STOP shutdown
using the start button, itis checked as to whether the contacts
of the EMERGENCY STOP commanding device are closed.

This functional example only discusses the safety function.
The motor starter is operationally switched using a standard
PLC and is not considered any further here.

Note

Equipment, functional aspects and design guidelines
for EMERGENCY STOP command devices are provided
in EN 418.(EN ISO 13850 in draft status).

Ex. No

3.5
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Advantages/customer benefits

Planning and engineering

- Lower time and costs for engineering and documentation:
Motor starters are re-parameterized and documented us-
ing the standard Step 7 tool.
The PLC can handle all of the control functions of the mo-
tor starter.
Only 2 motor starter versions are required to cover the
power range up to 7.5 kW.

Installation and commissioning

- Fast installation and mounting:
Fast installation system of the ET 200S with self-establish-
ing 50 A power bus
All of the various cable ducts and terminals are eliminated.
All of the load feeders - with the exception of the motor
connection - are completely wired and connected-up
Every power supply voltage is only connected once and is
automatically connected to the next modules
Optimum cabinet design without de-rating up to 60°C

- Low space requirement (either few / smaller electrical
cabinets):
The mounting space in the electrical cabinet is required
due to the fewer materials and wiring - in turn this re-
duces the space required in the plant or system.

- Fast commissioning:
Reduced testing costs as a result of the modular and stan-
dardized plant/system concept - no risk of wiring mis-
takeslerrors.

- Simple acceptance at favorable costs (Machinery Directives):
Motor starters and safety modules have been certified by
the TUV [German Technical Inspectorate]

Failsafe Motor Starters

Operation

- The availability and productivity have been increased:
Faults are detected early on thanks to powerful diagnostic
functions
Motor starter overloads can be simply acknowledged with
a remote reset via PROFIBUS (or PROFINET)
Emergency Start function
Coordination type "2" for 50 kA

Service and maintenance:

- Simple and preventive service and maintenance:
Single diagnostics, overload and short circuit are sepa-
rately detected.

- Short downtimes:
Hot swapping (motor starters can be replaced in just a few
seconds in operation without requiring any tools) - thanks
to the pre-configured wiring
Self-coding motor starters (an incorrect motor starter can-
not be inserted as it is mechanically interlocked)
The master automatically and remotely parameterizes the
devices when replaced under voltage (hot swapping)
Full motor protection thanks to the overload protection -
short circuit protection - dissymmetry - anti-stall protec-
tion - zero current detection, long motor starter lifetimes
up to 10 million switching operations.

- Lower costs when stocking spare parts:
There are only 2 motor versions up to 7.5kW with wide
setting ranges

Upgrades and expansions

Existing plants and systems can be simply and quickly up-
graded/expanded.

A Failsafe Motor Starter comprises a circuit-breaker with shunt
release, a contactor with positively-driven auxiliary contacts
and an electronic evaluation unit for fault detection.

The PM-D F X1 power module disconnects the contactor sup-
ply voltage. If the contactor control (energization) does not
match the switching state of the positively-driven auxiliary
contact, then the evaluation electronics detects a fault and
opens the circuit-breaker.

In this case, the second shutdown element is therefore the cir-

cuit-breaker that is shutdown from a monitored shunt release
when a fault occurs.
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Components required

Hardware component

EMERGENCY STOP Mushroom head pushbutton, 1 NC, 40 mm, with  3SB3 801-0DG3 Siemens AG
yellow upper section without protective collar
Switching element with a switching contact, NC  3SB34 20-0C 2
contact
Start button Empty enclosure of a command point 3SB3 801-0AA3 2
1NO contact for base-mounting 3SB3 420-0B
Pushbutton, black with flat actuator, 22 mm 3SB3 000-0AA11
nominal diameter
Optional: 3SB3 906-1EL 2
Inscription plate "Start"
Safety relay 3TK2841 safety relay 3TK2841-1BB40 2
ET 200S station Failsafe direct starter; 2.4 to 8 A 3RK1301-0BB13-0AA2
Terminal module for a direct starter F with feeder  3RK1903-3AC00 1
cable connection
Terminal module for a direct starter F without 3RK1903-3AC10 3
feeder cable connection
Terminal module for the supply terminal module  3RK1903-3AE00 1
PM-D F X1; supply at the left
PM-D F X1 power module (feed terminal module) 3RK1903-3DA00 1
IM 151 to connect ET200S to PROFIBUS DP 6ES7151-1AA03-0ABO 1
optional Supply block M65-PEN-F 3RK1903-2AC00 1
M65-PEN-S connection block 3RK1903-2AC10 3
SIMATIC S7 Power supply PS307 5A 6ES7307-1EA00-0AAD 1
SIMATIC S7-300, CPU 315-2DP 6ES7315-2AG10-0ABO 1
Micro Memory Card MMC 512 kB 6ES7953-8LJ10-0AA0 1

Note

The functionality was tested using the specified hard-
ware components. Products that are similar but devi-
ate from this list can be used (e.g. another ET200S
Motor Starter).
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Structure and wiring

An overview of the hardware structure

Additional motor starters can be inserted in an ET 200S Sta-
tion. These are assigned to a group and can be shutdown by
actuating the appropriate EMERGENCY STOP command de-
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|—Grcup 11

¢ vice.
se2 sG2 Feeding
PROFIBUS DP
ET200S with PM-D-FX1
and Motorstarter Failsafe
X X
5 5
Start |
Connecting-up the hardware components
|——— Group 1
Group 1.1 —
I_ Fpo 71 A1 &) M1 KT vl 1" K2 vl
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= Make sure the wiring is cross-proof!
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Important hardware component settings

Set the safety-related shutdown group on the terminal mod- Some important settings in the STEP7 hardware configuration
ule of the Failsafe Motor Starter. are shown below as an overview.

ssssssansaEen
"

b i b 544D Fader bt B

Functional Example No. CD-FE-1-029-V10-EN 67
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Note Diagram

LY AT U T O T E——— 5
The safety shutdown group must be set. —pr———]
This number is compared with the safety-related mechanical assign-
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Current limit

Upper current limit:
The mechanical system/equipment is more difficult to move - e.q. if
the bearings are damaged, the mixture being mixed is too viscous

-> current is greater than that set
Lower current limit:

The mechanical system/equipment is easier to move, e.g. the materi-
al being processed in the plant or system is no longer present, drive
belts broken

-> current is less than that set
Protection by evaluating how the current limit is violated
Default: Alarm
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Note Diagram
Overload, thermal motor model EEEEEEIOT T TE—— x

The motor winding temperature is calculated from the measured mo- i e |
tor currents and the device parameters, rated operating current and
shutdown class. It is therefore possible to identify as to whether the
motor is overloaded or is operating in the normal operating range.

Default: Shutdown without restart

The pause time is the time that is specified for cooling-down after op-
erational shutdowns, i.e. not as a result of overload trips. After this
time has expired, the "thermal memory" of the motor starter is

changed to 0 % for motor temperature rise < 50%
reduced to 50 % for motor temperature rise < 50 % - Lottt L=

This means that frequent starting attempts are possible (jog mode). 8 e ek 3 IT:;

Zero current detection OO TEER—— X

Zero current is detected if the motor current in all phases is <18.75 % |t |
of the selected rated operating current. -

Default: Shutdown g : —

A e ey - 'u !
o ey o E ]
Bt [ ,
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-

2l b by e } ]
n“-m o

Dissymmetry I T — X

Three-phase induction motors respond to low levels of dissymmetry e | e |
of the line supply voltage by draining a higher non-symmetrical cur- -

rent. This therefore increases the temperature of the stator and rotor h‘:‘m L=

Windings. Kt e (5w D ) =
The dissymmetry limit value is a percentage value by which the motor B D [ e e
current in the individual phases may deviate. P a

Dissymmetry is present if the difference between the smallest and - et E

the highest phase current is greater than 30 %. #od ey L |

Default: Shutdown + et ._ [
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Emergency Stop and protective door monitoring with
monitored start according to Category 2 of EN 954-1

Automation Function

Scope of Validity of this Functional Example

Persons near machines (e.g. in production engineering) must
be suitably protected by technical equipment.

The EMERGENCY-STOP control unit and protective door moni-
toring are widely used components for protecting persons,
machines and the environment against danger.

A standard AS-i network consists of control/master, power
supply unit, a yellow AS-i cable and various slaves. Only two
further components are necessary for safe usage: A safety
monitor and safe slaves.

Each safe slave is programmed with a factory-default code
table that clearly identifies each slave for the safety monitor.

At each master prompt, correlation is checked between the
code value expected by the comparator (safety monitor) and
the code value actually sent by the slave. In the case of devia-
tions or time-outs, disconnection via 2-channel OSSDs occurs
on the safety monitor.

Functionality of the Functional Example

Problem

Implementation of EMERGENCY-STOP disconnection and pro-
tective door monitoring via ASlsafe. Category 2 of EN 954-1 is
to be attained.

Solution

In this Safety Functional Example, the EMERGENCY-STOP con-
trol unitand a protective door are monitored by a K45F ASlsafe
module according to Category 2 of EN 954-1. When the
EMERGENCY-STOP is activated or the protective door is
opened, the K45F ASIsafe module sends a signal to the safety
monitor. The safety monitor then switches the downstream
contactor with positively-driven contacts via the relay output
according to Stop category O of EN 60204-1.

A drive is shut down in this example. Before renewed switch-
ing-on via the start button, a check is carried out to monitor
whether the contact of the EMERGENCY-STOP control unitand
the protective door are closed and whether the contactor has
switched off.

Advantages / Customer Benefits

Secure and non-secure data on one bus

Simple assembly thanks to standardized AS-i technology
Existing system can be quickly and easily expanded
Integration of safety signals in the system diagnosis
Failsafe PLC or special master not required

Space-saving design thanks to compact safety combination
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Required Components

This chapter contains an overview of the hardware and software components required for the Functional Example.
Hardware components

Power supply PS307 5A 6ES73071EA00-0AAQ Siemens AG

AS-i power supply unit 3 A power supply unit 3RX9501-0BA00 1

DP/ASILINK Advanced IP20 degree of protection, router from 6GK1415-2BA10 1
PROFIBUS DP to AS-Interface

EMERGENCY-STOPstop 40- mm mushroom pushbutton with TNC 3SB3 801-0DG3 1

control unit and yellow top, without protective collar

SIRIUS position switch  Position switch with separate actuator 3SE2 243-0XX40 1

Actuator for position Radius actuator 3SX3 228

switch

Safety monitor Safety monitor with one OSSD 3RK1105-1AE04-0CAO

K45F ASlIsafe module Compact module with two safe inputs 3RK1205-0BQ0O0-0AA3

Mounting plate(for standard mounting rail) 3RK1901-2DA00
Optional: Mounting plate(for wall mount- 3RK1901-2EA00

[ R ) e

ing)

Start button Empty command point enclosure 3SB3 801-0AA3
TNO contact block for base mounting 3SB3 420-OB 1
Black pushbutton with flat button, 22 mm  3SB3 000-0AA11 1
nominal diameter
Optional: "Start" designation plate 3SB3 906-1EL 1

K1 contactor Contactor, AC-3, 3 KW/400 V, INC,DC 24V, 3RT1015-1BB42 1
3-pole, size SO0, screw terminal

Cable loom PC configuration cable 3RK1901-5AA00 1
Transfer cable

AS-i shaped cable Yellow rubberized cable 3RX9010-0AA00 1

Note

Functionality was tested with the hardware compo-

nents listed above. Similar products not found in this
list may also be used. If this is the case, please note

that it may be necessary to change the example code
(e.g. change the settings of other addresses).

Software components

Component Type Order No. / Order Information  Quantity Manufacturer
asimon Safety monitor configuration 3RK1802-2FB06-0GAO 1 Siemens AG
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Assembly and Wiring

Overview of Hardware Setup

AS-i power
supply unit SIRIUS
position switch
Protective
door
Iy PROFIBUS DP '
E | . EMERGENCY
DP/AS-i STOP
LINK Advanced
K45 F
Safety monitor -. ‘ 111213
- Start K1
1 Hl
ll
Hardware Component Wiring
i -
T o o=
- EI |
b | %
By
e Bl
|

Important Hardware Component Settings

DP/AS-i LINK Advanced

Prerequisites:

The DP/AS-INTERFACE LINK Advanced is mounted and con-
nected to the AS-i line.

The AS-i power supply unit is connected to the AS-i line.
The AS-i slaves are not yet connected.

The slaves that are to be connected have default address "0"
delivery status).

Procedure/Working on the DP/AS-INTERFACE LINK Advanced:

Switch on the AS-i power supply unit so that the DP/AS-
INTERFACE LINK Advanced is in operation.

Connect each AS-i slave to the AS-i line and allocate each
the desired slave address (K45F module, address 2).

SYSTEM [l AS-i line 1 : Lifelist o Change address :

Change slave address

Adopt the actual configuration of the slave as the defined
configuration in the DP/AS-INTERFACE LINK Advanced

SYSTEM [ AS-i line 1 5] Lifelist o Actual -> Defined 5]

Actual -> Adopt defined

Result:

All displays for the AS-i line on the DP/AS-INTERFACE LINK
Advanced are off or green, i.e. all slaves have been success-
fully integrated.
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Example Code
This chapter describes which functions are implemented and how the asimon program is structured.
Description of the asimon Program

Description Parameters

After the asimon software has been started, the start assistant is used
to create a new safety monitor configuration.

Enter a name for the configuration in the Information about monitor
tab, select the operating mode and the function range of the AS Inter-
face safety monitor ("Basic" or "Enhanced").

In the Information about bus tab, you must enter the AS-Interface
bus addresses of the standard slaves used and the safety-oriented
AS-Interface slaves in this network.

ChEEnnnnnn
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Description Parameters

In the Diagnosis / Service tab you can adjust the settings for "Diagno-
sis stop" and "Reset of error condition" as well as configure the AS-In-
terface bus diagnosis.

Simulating slaves

If less than 4 safe or standard AS-Interface slaves are connected to the
AS-Interface bus, you must activate the control box Simulate slaves.
At least 4 slave addresses must be activated to ensure that the AS-In-
terface safety monitor functions correctly.

Configuration of an AS-Interface safety monitor with asimon software
is graphic interactive, i.e. you can select and collectively configure the
safe AS-Interface slaves that are to be monitored and further function
devices from a symbol library that is classified according to devices
(left window).

The K45F module is monitored via two channels independently. For
the "double channel independent" monitoring device, each of the two
switching signals of the corresponding safe AS-Interface slaves affects
2 bits of the transfer sequence. Both switching signals are indepen-
dently monitored. There is no synchronization time.
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Description Parameters

The contactor control input of the AS-Interface safety monitor must be  Eeyyrm——grm————— X
active = ON as long as the safety outputs are switched off. After the

safety outputs are switched on (enabled), the contactor control input E
is no longer relevant for the set switching time. Thereafter, the input L R

must be inactive = OFF. The external device monitoring circuit Sustehing tme 00 i I
device is active = ON (switched on). Hel I
After the safety output has been switched off, the external device Lt e bk, {

monitoring circuit device becomes inactive = OFF (switched off) and ’“f‘

the contactor control input is no longer queried for the duration of the i

set switching time. Disgros reies |
Thereafter, the contactor control input is active = ON again. When the o
external device monitoring circuit device is inactive = OFF, the safe-

ty outputs cannot be switched on again until the downstream contac-

tor has reached its resting position.

After switching on the AS-Interface safety monitor, the contactor con-

trol input must be active = ON.

The Monitored start - monitor input device requires activation of the  rErprms—Er———— x|

start input of the corresponding OSSD as an additional start require-
N [T [l

ment. If the AND link of all the monitoring, linking and external device
monitoring circuit devices of an OSSD delivers an ON result, and if the

start requirements have been fulfilled, the monitored start - monitor Curncsl I
input start device relays the enabling request to the output device. Hek: I
D |

E

When the circuit is enabled (ON), the signal output and the output cir- 351 g categueym x|

cuit are simultaneously activated by the Stop category 0 output de-
vice. When the circuit is switched off (OFF), the signal output and the
output circuit are immediately switched off without a delay.

Neww  [ROTCR
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Commissioning the AS Interface Safety Monitor

Transferring a configuration to the AS Interface safety
monitor

Monitor => PG ...
PC -> Monitor ...
Teach safe configuration

Change password .,
Interface ¥

To transfer the current asimon configuration to the connected
AS-Interface safety monitor, select the Monitor menu and
then the PC -> Monitor command.

The configuration is then transferred to the AS-Interface
safety monitor. Transfer takes several seconds.

After successful completion of the data transfer to the
AS-Interface safety monitor, the configuration is saved in the
AS-Interface safety monitor.

After transferring a configuration to a connected AS-Interface
safety monitor, the safe configuration has to be "learned". To
this end, the code tables of the safe AS-Interface slaves that
are to be monitored are read in via the AS-Interface. The code
table of each safe AS-Interface slave that is to be monitored is
stored in the configuration log.

Learning the safe configuration

Before the safe configuration can be learned, the-AS Interface
bus including all safe AS-Interface slaves that are to be moni-
tored must be commissioned, and all safe AS-Interface slaves
that are to be monitored must be switched ON. Only then can
the AS-Interface safety monitor learn the code tables of all the
relevant safe AS-Interface slaves.

To learn the code tables, select the Teach safe configuration
in the Monitor menu and confirm the question "Do you want
to learn the code sequence?" with Yes.

The code tables are then learned by the AS-Interface safety
monitor. Learning takes several seconds. Progress is displayed
in a window.

Once the code tables of all the safe AS-Interface slaves that are
to be monitored have been successfully learned, a provisional
configuration log will be immediately transferred to asimon.

X

The progress of the transfer of the provisional configuration
log is displayed in a window.

An information window will then prompt you to have the con-
figuration checked by the safety appointee responsible for the
application using the configuration log.
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The provisional configuration log is displayed in asimon in its
own window.

To validate a configuration, select the Validate command in
the Monitor menu. A window will appear in which you can
validate a configuration by entering your name and password.

Confirm your entry with the OK button. An information win-
dow will then confirm that the configuration has been suc-
cessfully validated.

The configuration log will then be immediately transferred.
Progress of the transfer of the final configuration log is dis-
played in a window.

The final configuration log is displayed in asimon in its own
window. To illustrate that the configuration has been vali-
dated and to differentiate between a validated and a provi-
sional configuration log, the validation information will be dis-
played in Line 10.

If a valid, validated configuration is available on the AS-Inter-
face safety monitor, you can switch the AS-Interface safety
monitor from configuration mode to protection mode via the
Start command in the Monitor menu. After the protection
mode has been started, the status line will indicate the
change to the new operating mode.
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Emergency stop and protective door monitoring with
monitored start according to Category 4 of EN 954-1

Automation Function

Scope of Validity of this Functional Example

Persons near machines (e.g. in production engineering) must
be suitably protected by technical equipment. The
EMERGENCY-STOP control unit and protective door monitor-
ing are widely used components for protecting persons,
machines and the environment against danger.

A standard AS-i network consists of control/master, power
supply unit, a yellow AS-i cable and various slaves. Only two
further components are necessary for safe usage:

A safety monitor and safe slaves.

Each safe slave is programmed with a factory-default code
table that clearly identifies each slave for the safety monitor.

At each master prompt, correlation is checked between the
code value expected by the comparator (safety monitor) and
the code value actually sent by the slave. In the case of devia-
tions or time-outs, disconnection via 2-channel OSSDs occurs
on the safety monitor.

Functionality of the Functional Example

Problem

Implementation of EMERGENCY-STOP disconnection and pro-
tective door monitoring with monitored start via ASlsafe.
Category 4 of EN 954-1 is to be attained.

Solution

In this Safety Functional Example, the EMERGENCY-STOP con-
trol unitand a protective door are monitored by a K45F ASlsafe
module according to Category 4 of EN 954-1. When the
EMERGENCY-STOP is activated or the protective door is
opened, the K45F ASIsafe module sends a signal to the safety
monitor. The safety monitor then switches the downstream
contactor with positively-driven contacts via the safe relay
output according to Stop category 0 of EN 60204-1.

A drive is shut down in this example. Before renewed switch-
ing-on via the start button, a check is carried out to monitor
whether the contact of the EMERGENCY-STOP control unitand
the protective door are closed and whether the contactors
have switched off.

Advantages / Customer Benefits

Secure and non-secure data on one bus

Simple assembly thanks to standardized AS-i technology
Existing system can be quickly and easily expanded
Integration of safety signals in the system diagnosis
Failsafe PLC or special master not required

Space-saving design thanks to compact safety combination



Required Components

This chapter contains an overview of the hardware and software components required for the Functional Example.

Hardware components

Power supply
AS-i power supply unit
DP/AS-i LINK Advanced

EMERGENCY-STOP

SIRIUS position switch

Actuator for position
switch

Safety monitor
ASi Safe module K45F

Start button

K1 / K2 contactor

Cable loom

AS-i shaped cable

Note

PS307 5A
3 A power supply unit

IP20 degree of protection, router from
PROFIBUS DP to AS-Interface

40-mm mushroom pushbutton with 1NC
and yellow top

TNO contact block
Position switch with separate actuator
Radius actuator

Safety monitor with one OSSD
Compact module with two safe inputs
Mounting plate (for standard mounting rail)

Optional: Mounting plate (for wall mount-
ing)

Empty command point enclosure

1TNO contact block for base mounting

Black pushbutton with flat button, 22 mm
nominal diameter

Optional: "Start" designation plate

Contactor, AC-3, 3 KW/400 V, TNC, DC 24 V,
3-pole, size SO0, screw terminal

PC configuration cable
Transfer cable

Yellow rubberized cable

Functionality was tested with the hardware compo-
nents listed above. Similar products not found in this
list may also be used. If this is the case, please note

that it may be necessary to change the example code
(e.g. change the settings of other addresses).

Software components

asimon

Safety monitor configuration

6ES73071EAQ00-O0AAQ
3RX9501-0BA0OO
6GK1415-2BA10

3SB3 801-0DG3

3SB3 420-0C
3SE2 243-0XX40
3SX3 228

3RK1105-1AE04-0CAQ
3RK1205-0BQO0-0AA3
3RK1901-2DA00
3RK1901-2EAQ0

3SB3 801-0AA3
3SB3 420-0OB
3SB3 000-0AAT1

3SB3 906-1EL
3RT1015-1BB42

3RK1901-5AA00

3RX9010-0AA00

3RK1802-2FB06-0GAO

N NN =

_

Siemens AG

Siemens AG
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Assembly and Wiring

Overview of Hardware Setup Important Hardware Component Settings

DP/AS-i LINK Advanced

Prerequisites:

The DP/AS-INTERFACE LINK Advanced is mounted and con-

AS-i power supply unit nected to the AS-i line.

. SIRIUS . .. -
[jrotective Position switch The AS-i power supply unit is connected to the AS-i line.
oor

ROFIBUS P The AS-i slaves are not yet connected.
| i The slaves that are to be connected have default address "0"

3 ;
EMERGENGY. (delivery status).
STOP
DP/AS-i
LINK Advanced | = |
- K45 F e Procedure/Working on the DP/AS-INTERFACE LINK Advanced:
Safety monior | _ ;:n Kl Switch on the AS-i power supply unit so that the DP/AS-
3 ] INTERFACE LINK Advanced is in operation

K2
I—ﬂ-‘ﬁ Connect each AS-i slave to the AS-i line and allocate each

‘ﬁ the desired slave address (K45F module, address 2).

SYSTEM B AS-i line 1 5] Lifelist o Change address & |

Change slave address

Hardware Component Wirin Adopt the actual configuration of the slave as the defined
P 9 configuration in the DPJAS-INTERFACE LINK Advanced

SYSTEM o As-iline 1= | Lifelist loa Actual -> Defined %

Actual -> Adopt defined

Result:
et All displays for the AS-i line on the DP/AS-INTERFACE LINK Ad-
. vanced are off or green, i.e. all slaves have been successfully
£ e integrated.



Example Code
This chapter describes which functions are implemented and how the asimon program is structured.
Description of the asimon Program

Description Parameters

After the asimon software has been started, the start assistant is used
to create a new safety monitor configuration.

Enter a name for the configuration in the Information about monitor
tab, select the operating mode and the function range of the AS Inter-
face safety monitor ("Basic" or "Enhanced").

In the Information about bus tab, you must enter the AS-Interface bus
addresses of the standard slaves used and the safety-oriented AS-Inter- ™=
face slaves in this network.

|
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In the Diagnosis / Service tab you can adjust the settings for "Diagno-
sis stop" and "Reset of error condition" as well as configure the AS-In-
terface bus diagnosis.

Simulating slaves

If less than 4 safe or standard AS-Interface slaves are connected to the
AS-Interface bus, you must activate the control box Simulate slaves.
At least 4 slave addresses must be activated to ensure that the AS-In-
terface safety monitor functions correctly.

Configuration of an AS-Interface safety monitor with asimon software
is graphic interactive, i.e. you can select and collectively configure the
safe AS-Interface slaves that are to be monitored and further function
devices from a symbol library that is classified according to devices
(left window).

For the double channel forced monitoring device, the switching sig-
nal of the corresponding safe AS-Interface slave affects all 4 bits of the
transfer sequence.

As an option, a start-up test and/or a local acknowledgement can be
carried out. When the control box Always is activated, a local acknowl-
edgement must also always be carried out whenever the AS-Interface
safety monitor is switched on or a communication error (warm restart
of the AS-Interface safety monitor) occurs.

Parameters
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Description Parameters

For the double channel forced monitoring device, each of the two [lsoretyquard x|
switching signals of the corresponding safe AS-Interface slaves affects

2 bits of the transfer sequence. Both switching signals must be re-
ceived within the synchronization time defined by the user. If only one Mame  [Protectve doue
contact opens, the second contact must also open before both con- Tyoe [ndie choeret depeeciert Cancel
tacts can be once again closed. o

As an option, a start-up test and/or a local acknowledgement can be LI
carried out. When the control box Always is activated, a local acknowl- ~ Sttugies [ n

edgement must also always be carried out whenever the AS-Interface
.. ! . Spchirnalon e Moo [01 2
safety monitor is switched on or a communication error (warm restart

of the AS-Interface safety monitor) occurs. Loc achrowhsdosnent £ =
¥ ¥ Standud r r
5 =
& o

The contactor control input of the AS-Interface safety monitor must be L1411 st reral et mant g corul u

active = ON as long as the safety outputs are switched off. After the

safety outputs are switched on (enabled), the contactor control iNput e fi3 S
is no longer relevant for the set switching time. Thereafter, the input Cacui
must be inactive = OFF. The external device monitoring circuit de- Bkt LI

vice is active = ON (switched on). Lindhech e Sock * o

After the safety outputs have been switched off, the external device ~F
monitoring circuit device becomes inactive = OFF (switched off) and

the contactor control input is no longer queried for the duration of the Do rdes |
set switching time. M

Thereafter, the contactor control input is active = ON again. When the
external device monitoring circuit is inactive = OFF, the safety out-
puts cannot be switched on again until the downstream contactor has
reached its resting position.

After switching on the AS-Interface safety monitor, the contactor con-
trol input must be active = ON.

The Monitored start - monitor input device requires activation of the  ym—rprem————— 5 x|

start input of the corresponding OSSD as an additional start require-
Mame  [STARI

ment. If the AND link of all the monitoring, linking and external device
monitoring circuit devices of an OSSD delivers an ON result, and if the

start requirements have been fulfilled, the monitored start - monitor Lo
input start device relays the enabling request to the output device. Hee




Description Parameters

When the circuit is enabled (ON), the signal output and the output
circuit are simultaneously activated by the Stop category 0 output
device. When the circuit is switched off (OFF), the signal output and
the output circuit are immediately switched off without a delay.
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Commissioning the AS Interface Safety Monitor

Transferring a configuration to the AS Interface safety
monitor

Monitor => PC ...

PC -> Mondtor

Teach safe configuration
Configuration log ’

Change password .,

To transfer the current asimon configuration to the connected
AS-Interface safety monitor, select the Monitor menu and
then the PC -> Monitor command.

The configuration is then transferred to the AS-Interface
safety monitor. Transfer takes several seconds.

After successful completion of the data transfer to the
AS-Interface safety monitor, the configuration is saved in the
AS-Interface safety monitor.

After transferring a configuration to a connected AS-Interface
safety monitor, the safe configuration has to be "learned”. To
this end, the code tables of the safe AS-Interface slaves that
are to be monitored are read in via the AS-Interface. The code
table of each safe AS-Interface slave that is to be monitored is
stored in the configuration log.

Ex.- No.

4,2

Learning the safe configuration

Before the safe configuration can be learned, the-AS Interface
bus including all safe AS-Interface slaves that are to be moni-
tored must be commissioned, and all safe AS-Interface slaves
that are to be monitored must be switched ON. Only then can
the AS-Interface safety monitor learn the code tables of all the
relevant safe AS-Interface slaves.

To learn the code tables, select the Teach safe configuration
in the Monitor menu and confirm the question "Do you want
to learn the code sequence?" with Yes.

The code tables are then learned by the AS-Interface safety
monitor. Learning takes several seconds. Progress is displayed
in a window.

Once the code tables of all the safe AS-Interface slaves that are
to be monitored have been successfully learned, a provisional
configuration log will be immediately transferred to asimon.

CETT— X

2 Pl rheck the cnndigranon 1sing the plaindest ing
J-I) senit b the monkoe arvd the Functionalty of the sergars|
il reust than confirm canfiguration valdation)

|| ﬁ‘ ._

The progress of the transfer of the provisional configuration
log is displayed in a window.

An information window will then prompt you to have the con-
figuration checked by the safety appointee responsible for the
application using the configuration log.
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Starting the AS-Interface safety monitor
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The provisional configuration log is displayed in asimon in its
own window.

To validate a configuration, select the Validate command in
the Monitor menu. A window will appear in which you can
validate a configuration by entering your name and password.

Confirm your entry with the OK button. An information win-
dow will then confirm that the configuration has been suc-
cessfully validated.

The configuration log will then be immediately transferred.
Progress of the transfer of the final configuration log is dis-
played in a window.

The final configuration log is displayed in asimon in its own
window. To illustrate that the configuration has been vali-
dated and to differentiate between a validated and a provi-
sional configuration log, the validation information will be dis-
played in Line 10.

If a valid, validated configuration is available on the AS-Inter-
face safety monitor, you can switch the AS-Interface safety
monitor from configuration mode to protection mode via the
Start command in the Monitor menu. After the protection
mode has been started, the status line will indicate the
change to the new operating mode.



Protective door with door interlocking via a spring-actuated
lock according to Category 3 of EN 954-1

Automation Function

Scope of Validity of this Functional Example

Locking mechanisms equipped with a tumbler are mechanical
or electrical mechanisms which only allow a machine to be
operated when the door is closed and locked. The interlocking
remains in place until there is no longer any risk of injury due
to dangerous machine functions or movements. Monitoring is
usually carried out by a speed monitor or a standstill monitor.
In this example, machine movement/standstill is simulated by
the door release button.

A standard AS-i network consists of control/master, power
supply unit, a yellow AS-i cable and various slaves. Only two
further components are necessary for safe usage: A safety
monitor and safe slaves.

Each safe slave is programmed with a factory-default code
table that clearly identifies each slave for the safety monitor.

At each master prompt, correlation is checked between the
code value expected by the comparator (safety monitor) and
the code value actually sent by the slave. In the case of devia-
tions or time-outs, disconnection via 2-channel OSSDs occurs
on the safety monitor.

The protective door is monitored via a SIRIUS position switch
equipped with a spring-actuated lock by an ASIsafe K45F
module according to Category 3 of EN 954-1. When the door
release is activated, the safety monitor switches the down-
stream contactors with positively-driven contacts via the first
OSSD according to Stop category 0 of EN 60204-1. The protec-
tive door interlock is enabled with a delay.

Adrive is shut down in this example. When the protective door
is closed, a manual start is carried out after the position switch
and the downstream contacts have been checked.

Functionality of the Functional Example

Problem

Implementation of a protective door interlock with a spring-
actuated lock via ASlsafe. Category 3 of EN 954-1 is to be
attained.

Solution

In the example presented here, an actuator mounted in the
door moves into a form-fit mounted position switch with a
tumbler. During the potential danger (machine in operation),
the actuator is kept in position (and thus the door also remains
closed) by the power supply being disconnected from a mag-
net in the position switch. This type of interlocking is referred
to as a spring-actuated lock.

Advantages / Customer Benefits

Secure and non-secure data on one bus

Simple assembly thanks to standardized AS-i technology
Existing system can be quickly and easily expanded
Integration of safety signals in the system diagnosis
Failsafe PLC or special master not required

Space-saving design thanks to compact safety combination
Simple configuration via the asimon software

The protective door remains locked even if there is a power
outage.
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Required Components

Hardware components

Power supply

AS-i power supply unit
DP/AS-i LINK Advanced
SIRIUS position switch
Actuator for position
switch

Safety monitor

ASi Safe module K45F

ASi Safe module K45F

Accessories for K45
modules

Door unlocking device

Start button

K1 / K2 contactor

Cable loom

AS-i shaped cable

Note

PS307 5A
3 A power supply unit

IP20 degree of protection, router from
PROFIBUS DP to AS-Interface

Position switch with a spring-actuated lock,
2 NC/2 NC

Radius actuator

Safety monitor with two OSSDs

Compact module with two safe inputs
Compact module with 4 standard inputs
Mounting plate(for standard mounting rail)
Optional: Mounting plate(for wall mount-
ing)

Empty command point enclosure

TNO contact block for base mounting
Toggle switch with 2 switch positions
Empty command point enclosure

TNO contact block for base mounting

Black pushbutton with flat button, 22 mm
nominal diameter

Optional: "Start" designation plate

Contactor, AC-3, 3 KW/400 V, 1NC, DC 24 V,
3-pole, size SO0, screw terminal

PC configuration cable
Transfer cable

Yellow rubberized cable

Functionality was tested with the hardware compo-
nents listed above. Similar products not found in this
list may also be used. If this is the case, please note

that it may be necessary to change the example code
(e.g. change the settings of other addresses).

Software components

asimon

Safety monitor configuration

6ES73071EAQ00-O0AAQ
3RX9501-0BA0OO
6GK1415-2BA10

3SE2840-6XX00
3SX3 228

3RK1105-1BE04-2CAOQ
3RK1205-0BQO0-0AA3
3RK1200-0CQ20-0AA3
3RK1901-2DA00
3RK1901-2EA00

3SB3 801-0AA3
3SB3 420-OB
3SB30 00-2KA11
3SB3 801-0AA3
3SB3 420-OB
3SB3 000-0AA11

3SB3 906-1EL
3RT1015-1BB42

3RK1901-5AA00

3RX9010-0AA00

3RK1802-2FB06-0GAO

N N = —

(SN [REE NS RS S

This chapter contains an overview of the hardware and software components required for the Functional Example.

Siemens AG

Siemens AG



Assembly and Wiring

Overview of Hardware Setup Hardware Component Wiring
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Wiring of the K45 module release
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The actuator must be protected against external acts of violance.

i
Closed Open |
-
|
'::':>=’I' SEIRRIK I
LKL [
[ 0% I
Actuator :
)@ 14 e :- |
|
130 'ﬁ = )
e — < >
E@ — Protective door , 7
g | g o
bz | @ ~==_ FIN1  Terminal 33
£ £ B NP3 Terminal 31
[0 & & pi e, Terminal 11
LD A e B0 rina Terminal 13
— =

=
o

Wiring of the protective door and the safety monitor

Important Hardware Component Settings

DP/AS-i LINK Advanced

Prerequisites:

The DP/AS-INTERFACE LINK Advanced is mounted and con-
nected to the AS-i line.

The AS-i power supply unit is connected to the AS-i line.
The AS-i slaves are not yet connected.

The slaves that are to be connected have defaultaddress "0"
(delivery status).

Rl LS

Procedure/Working on the DP/AS-INTERFACE LINK Advanced:

Switch on the AS-i power supply unit so that the DP/AS-
INTERFACE LINK Advanced is in operation

Connect each AS-i slave to the AS-i line and allocate the
desired slave address (K45F module, address 1/ K45 stan-
dard module, address 2).

SYSTEM B AS-i line 1 5] Lifelist i Change address & |

Change slave address

Adopt the actual configuration of the slave as the defined
configuration in the DP/AS-INTERFACE LINK Advanced

SYSTEM e As-i line 1 5] Lifelist o Actual -> Defined &

Actual -> Adopt defined

Result:

All

displays for the AS-i line on the DP/AS-INTERFACE LINK

Advanced are off or green, i.e. all slaves have been success-

ful

ly integrated.



Example Code

This chapter describes which functions are implemented and how the asimon program is structured.

Description of the asimon Program

Description

After the asimon software has been started, the start assistant is used
to create a new safety monitor configuration.

Enter a name for the configuration in the Information about moni-
tor tab, and select the operating mode and the function range of the
AS Interface safety monitor ("Basic" or "Enhanced").

When the operating mode two dependent OSSDs is selected, the
second OSSD is dependent on the first OSSD.

In the Information about bus tab, you must enter the AS-Interface
bus addresses of the standard slaves used and the safety- oriented
AS-Interface slaves in this network.

Parameters
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Description Parameters

In the Diagnosis / Service tab you can adjust the settings for "Diag-

nosis stop" and "Reset of error condition" as well as configure the AS-
Interface bus diagnosis.

Simulating slaves

If less than 4 safe or standard AS-Interface slaves are connected to the
AS-Interface bus, you must activate the control box Simulate slaves.

At least 4 slave addresses must be activated to ensure that the AS-In-
terface safety monitor functions correctly.

Configuration of an AS-Interface safety monitor with asimon soft-
ware is graphic interactive, i.e. you can select and collectively config-
ure the safe AS-Interface slaves that are to be monitored and further
function devices from a symbol library that is classified according to
devices (left window).

92 Functional Example No. CD-FE-1-032-V10-EN




Description

For the double channel dependent monitoring device, each of the
two switching signals of the corresponding safe AS-Interface slaves
affects 2 bits of the transfer sequence. Both switching signals must be
received within the synchronization time defined by the user. If only
one contact opens, the second contact must also open before both
contacts can be once again closed.

As an option, a start-up test and/or a local acknowledgement can be
carried out. When the control box Always is activated, a local ac-
knowledgement must also always be carried out whenever the
AS-Interface safety monitor is switched on or a communication error
(warm restart of the AS-Interface safety monitor) occurs.

The Standard slave monitoring device is used to integrate a bit (in-
put or output) of a standard AS-Interface slave that is not safety-
oriented as an additional switching signal for standard switching of
the AS-Interface safety monitor relay(s) in an OSSD.

The protective door is unlocked via this device.

The contactor control input of the AS-Interface safety monitor must
be active = ON as long as the safety outputs are switched off. After
the safety outputs are switched on (enabled), the contactor control
input is no longer relevant for the set switching time. Thereafter, the
input must be inactive = OFF. The external device monitoring cir-
cuit device is active = ON (switched on).

After the safety outputs have been switched off, the external device
monitoring circuit device becomes inactive = OFF (switched off) and
the contactor control input is no longer queried for the duration of
the set switching time.

Thereafter, the contactor control input is active = ON again. When the
external device monitoring circuit device is inactive = OFF, the safe-
ty outputs cannot be switched on again until the downstream contac-
tor has reached its resting position.

After switching on the AS-Interface safety monitor, the contactor
control input must be active = ON.

Parameters
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Description Parameters

The external device monitoring circuit for a dependent, second OSSD [y e I e m— """ x|
has the same function as the standard external device monitoring e

ircuit. " [ Ok |

circuit. . foorer e i |
This circuit monitors the second channel, but does not have any Canal !
effect on the enabling of channel 1. Svsichng nme TR

In this example, the magnet contact is monitored by the second Ll s k. =) teb I

external device monitoring circuit.

The Monitored start - monitor input device requires activation of the  reyrmsr——rmrrgp————

start input of the corresponding OSSD as an additional start require- r =
ment. If the AND link of all the monitoring, linking and external device | x|
monitoring circuit devices of an OSSD delivers an ON result, and if the News PMontored i

startrequirements have been fulfilled, the Monitored start - monitor Carece !

input start device relays the enabling request to the output device.

After the first output circuit is switched off, the second output circuit  FEyy—Esrm—————
is switched on after the set delay time elapses. The delay time can
be set between 1 sand 300 s in 1 s increments. The second output
circuit must be switched off before the first output circuit is switched
on.

If the door is enabled, status ON, before the second output circuit is - ’ [ I
switched on, the first output circuit is switched on again and the sec- Urkeching devee: r
ond output circuit remains switched off. | ]

. ] e ~ r
Unlocking function nioe_|
After the first output circuit is switched off via the door release and . | -[ T | -i e
the set delay time has elapsed (or via the standstill monitor), the sec- : r

ond output circuit switches on, so thatin turn the doors are unlocked.
This type of unlocking is not always desired.

By activating the Unlocking device checkbox, a standard slave can

be specified whose status (LOCK signal) determines whether or not I

the interlocking should remain after the delay time has elapsed.

When the machine is switched off, the LOCK signal enables the door

interlock to be switched on or off as desired.




Commissioning the AS Interface Safety Monitor

Transferring a configuration to the AS Interface safety
monitor

Monitor -> PC ..

PC -> Monitor |
Tuadwdewiwm
Configuration log ’

Change password .,

To transfer the current asimon configuration to the connected
AS-Interface safety monitor, select the Monitor menu and
then the PC -> Monitor command.

The configuration is then transferred to the AS-Interface
safety monitor. Transfer takes several seconds.

After successful completion of the data transfer to the AS-In-
terface safety monitor, the configuration is saved in the AS-In-
terface safety monitor.

After transferring a configuration to a connected AS-Interface
safety monitor, the safe configuration has to be "learned”. To
this end, the code tables of the safe AS-Interface slaves that
are to be monitored are read in via the AS-Interface. The code
table of each safe AS-Interface slave that is to be monitored is
stored in the configuration log.

Learning the safe configuration

Before the safe configuration can be learned, the-AS Interface
bus including all safe AS-Interface slaves that are to be moni-
tored must be commissioned, and all safe AS-Interface slaves
that are to be monitored must be switched ON. Only then can
the AS-Interface safety monitor learn the code tables of all the
relevant safe AS-Interface slaves.

To learn the code tables, select the Teach safe configuration
in the Monitor menu and confirm the question "Do you want
to learn the code sequence?" with Yes.

The code tables are then learned by the AS-Interface safety
monitor. Learning takes several seconds. Progress is displayed
in a window.

Once the code tables of all the safe AS-Interface slaves that are
to be monitored have been successfully learned, a provisional
configuration log will be immediately transferred to asimon.

information |

= Please check the configuration using the plainbeodt fog
A sent by the mentee and the Functionalty of the seesorst
Yiou mut then confinm configurstion valdation

o

The progress of the transfer of the provisional configuration
log is displayed in a window.

An information window will then prompt you to have the con-
figuration checked by the safety appointee responsible for the
application using the configuration log.
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Starting the AS-Interface safety monitor
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The provisional configuration log is displayed in asimon in its
own window.

To validate a configuration, select the Validate command in
the Monitor menu. A window will appear in which you can
validate a configuration by entering your name and password.

Confirm your entry with the OK button. An information win-
dow will then confirm that the configuration has been suc-
cessfully validated.

The configuration log will then be immediately transferred.
Progress of the transfer of the final configuration log is dis-
played in a window.

The final configuration log is displayed in asimon in its own
window. To illustrate that the configuration has been vali-
dated and to differentiate between a validated and a provi-
sional configuration log, the validation information will be dis-
played in Line 10.

If a valid, validated configuration is available on the AS-Inter-
face safety monitor, you can switch the AS-Interface safety
monitor from configuration mode to protection mode via the
Start command in the Monitor menu. After the protection
mode has been started, the status line will indicate the
change to the new operating mode.



Protective door with door interlocking via a spring-actuated
lock according to Category 4 of EN 954-1

Automation Function

Scope of Validity of this Functional Example

Locking mechanisms equipped with a tumbler are mechanical
or electrical mechanisms which only allow a machine to be
operated when the door is closed and locked. The interlocking
remains in place until there is no longer any risk of injury due
to dangerous machine functions or movements. Monitoring is
usually carried out by a speed monitor or a standstill monitor.
In this example, machine movement/standstill is simulated by
the door release button.

A standard AS-i network consists of control/master, power
supply unit, a yellow AS-i cable and various slaves. Only two
further components are necessary for safe usage: A safety
monitor and safe slaves.

Each safe slave is programmed with a factory-default code
table that clearly identifies each slave for the safety monitor.

At each master prompt, correlation is checked between the
code value expected by the comparator (safety monitor) and
the code value actually sent by the slave. In the case of devia-
tions or time-outs, disconnection via 2-channel OSSDs occurs
on the safety monitor.

The protective door is monitored via a SIRIUS position switch
equipped with a spring-actuated lock by an ASIsafe K45F mod-
ule according to Category 4 of EN 954-1. When the door
release is activated, the safety monitor switches the down-
stream contactors with positively-driven contacts via the first
OSSD according to Stop category 0 of EN 60204-1. The protec-
tive door interlock is enabled with a delay.

Adrive is shut down in this example. When the protective door
is closed, a manual start is carried out after the position switch
and the downstream contacts have been checked.

Functionality of the Functional Example

Problem

Implementation of a protective door interlock with a spring-
actuated lock via ASlsafe. Category 4 of EN 954-1 is to be
attained.

Solution

In the example presented here, an actuator mounted in the
door moves into a form-fit mounted position switch with a
tumbler. During the potential danger (machine in operation),
the actuator is kept in position (and thus the door also remains
closed) by the power supply being disconnected from a mag-
net in the position switch. This type of interlocking is referred
to as a spring-actuated lock.

Advantages / Customer Benefits

Secure and non-secure data on one bus

Simple assembly thanks to standardized AS-i technology
Existing system can be quickly and easily expanded
Integration of safety signals in the system diagnosis
Failsafe PLC or special master not required

Space-saving design thanks to compact safety combination
Simple configuration via the asimon software

The protective door remains locked even if there is a power
outage.

Ex. No.
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Required Components

This chapter contains an overview of the hardware and software components required for the Functional Example.

Hardware components

Power supply
AS-i power supply unit

DP/AS-i LINK
Advanced

SIRIUS position switch

Actuator for position
switch

Safety monitor
ASi Safe module K45F
ASi Safe module K45F

Accessories for K45
modules

Door unlocking device

Start button

K1 / K2 contactor

Cable loom

AS-i shaped cable

Note

PS307 5A
3 A power supply unit

IP20 degree of protection, router from
PROFIBUS DP to AS-Interface

Position switch with a spring-actuated lock, 2
NC/2 NC

Position switch witha twist lever
Radius actuator

Safety monitor with two OSSDs

Compact module with two safe inputs
Compact module with 4 standard inputs
Mounting plate(for standard mounting rail)
Optional: Mounting plate(for wall mounting)
Empty command point enclosure

1NO contact block for base mounting
Toggle switch with 2 switch positions
Empty command point enclosure

1NO contact block for base mounting

Black pushbutton with flat button, 22 mm
nominal diameter

Optional: "Start" designation plate

Contactor, AC-3, 3 KW/400V, 1NC, DC 24 V,
3-pole, size SO0, screw terminal

PC configuration cable
Transfer cable

Yellow rubberized cable

Functionality was tested with the hardware compo-
nents listed above. Similar products not found in this
list may also be used. If this is the case, please note

that it may be necessary to change the example code
(e.g. change the settings of other addresses).

Software components

asimon

Safety monitor configuration

6ES7307-1EA00-0AAO
3RX9501-0BA0O
6GK1415-2BA10

3SE2840-6XX00

3SE2120-1GW
3SX3 228

3RK1105-1BE04-2CAO0
3RK1205-0BQO0-0AA3
3RK1200-0CQ20-0AA3
3RK1901-2DA00
3RK1901-2EAQ0

3SB3 801-0AA3

3SB3 420-0OB

3SB30 00-2KA11

3SB3 801-0AA3

3SB3 420-0OB

3SB3 000-0AAT1

3SB3 906-1EL
3RT1015-1BB42

3RK1901-5AA00

3RX9010-0AA00

3RK1802-2FB06-0GAO

N N S T NG T S N

Siemens AG

Siemens AG
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Assembly and Wiring

Overview of Hardware Setup Hardware Component Wiring
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Wiring of the K45 module door release

Functional Example No. CD-FE-1-033-V10-EN
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Wiring of the protective door and the safety monitor

Important Hardware Component Settings

DP/AS-i LINK Advanced

Prerequisites:

The DP/AS-INTERFACE LINK Advanced is mounted and con-
nected to the AS-i line.

The AS-i power supply unit is connected to the AS-i line.
The AS-i slaves are not yet connected.

The slaves that are to be connected have defaultaddress "0"
(delivery status).

Procedure/Working on the DP/AS-INTERFACE LINK Advanced:

Switch on the AS-i power supply unit so that the DP/AS-
INTERFACE LINK Advanced is in operation

Connect each AS-i slave to the AS-i line and allocate the
desired slave address (K45F module, address 1/ K45 stan-
dard module, address 2).

SYSTEM i AS-iline 1 : Lifelist ol Change address :

Change slave address

Adopt the actual configuration of the slave as the defined
configuration in the DP/AS-INTERFACE LINK Advanced

SYSTEM e As-i line 1 5] Lifelist o Actual -> Defined &

Actual -> Adopt defined

Result:

All displays for the AS-i line on the DP/AS-INTERFACE LINK Ad-
vanced are off or green, i.e. all slaves have been successfully
integrated.
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Example Code

This chapter describes which functions are implemented and how the asimon program is structured.
Description of the asimon Program

Description Parameters

After the asimon software has been started, the start assistant is used
to create a new safety monitor configuration.

abart As<istant for AS-interfare safety monitor EI
phons

£ Diaansstics
& New corfiguration
" Dpan configuration

e Vil el s line &Sl ol wnl el el

e e

Torkcor mabinan sl mersilor s e B

Enter a name for the configuration in the Information about moni-
tor tab, and select the operating mode and the function range of the

AS Interface safety monitor ("Basic" or "Enhanced"). Srdeamatuor abont ovien | irdgmmaton st s | D 4] m

When the operating mode two dependent OSSDs is selected, the r s

second OSSD is dependent on the first OSSD. ] Mmhr riwriociing va a _,_I"-“'
i i _ b |

 Dpmatirg mode
£ gra 05D
™ by prfepordion (5500
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Description Parameters

In the Diagnosis / Service tab you can adjust the settings for "Diag-
nosis stop" and "Reset of error condition" as well as configure the
AS-Interface bus diagnosis.

Simulating slaves

If less than 4 safe or standard AS-Interface slaves are connected to the
AS-Interface bus, you must activate the control box Simulate slaves.
At least 4 slave addresses must be activated to ensure that the AS-
Interface safety monitor functions correctly.

Configuration of an AS-Interface safety monitor with asimon soft-
ware is graphic interactive, i.e. you can select and collectively config-
ure the safe AS-Interface slaves that are to be monitored and further
function devices from a symbol library that is classified according to
devices (left window).

102 Functional Example No. CD-FE-1-033-V10-EN
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Description Parameters

For the double channel dependent monitoring device, each of the [122) Salnty guand x

two switching signals of the corresponding safe AS-Interface slaves

affects 2 bits of the transfer sequence. Both switching signals must be o | —

received within the synchronization time defined by the user. If only Mo [Profecive

one contact opens, the second contact must also open before both T Totntin chawal depandert Careel I

contacts can be once again closed. A [ = e I

As an option, a start-up test and/or a local acknowledgement can be -

carried out. When the control box Always is activated, a local ac- e |58

knowledgement must also always be carried out whenever the AS- Syprchranmshon s e [0 =

Interface safety monitor is switched on or a communication error Dagramn rdes I

(warm restart of the AS-Interface safety monitor) occurs. Locsl acknoslecipmmmee L -]

r A
-
-

The Standard slave monitoring device is used to integrate a bit (in- ]

put or output) of a standard AS-Interface slave that is not safety-

oriented as an additional switching signal for standard switching of Hims [Frotoctive door rehvase N [——|

the AS-Interface safety monitor relay(s) in an OSSD.

The protective door is unlocked via this device. Swehoe T Emnded C B OB (|
dddme 2 =] meagamer[no =] [ B |
rrwerind r {

A

The contactor control input of the AS-Interface safety monitor must  rerrysr——rgr——— x|

be active = ON as long as the safety outputs are switched off. After z R

the safety outputs are switched on (enabled), the contactor control T

input is no longer relevant for the set switching time. Thereafter, the -

input must be inactive = OFF. The external device monitoring cir- Srdching ime 00 m s l

cuit is active = ON (switched on). Helo I

After the safety outputs have been switched off, the external device Limbst ea b f

monitoring circuit device becomes inactive = OFF (switched off) and ""f

the contactor control input is no longer queried for the duration of

the set switching time. [agro e I
Thereafter, the contactor control input is active = ON again. When the M
external device monitoring circuit is inactive = OFF, the safety out-

puts cannot be switched on again until the downstream contactor

has reached its resting position.

After switching on the AS-Interface safety monitor, the contactor

control input must be active = ON.
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Description Parameters

The external device monitoring circuit for a dependent, second [75] Extarnal devics sallnriog e x|
0OSSD has the same function as the standard external device -
monitoring circuit. " it corts |
This circuit monitors the second channel, but does not have any Canal !
effect on the enabling of channel 1. Svsichng nme TR

In this example, the magnet contact is monitored by the second Ll s k. =) teb I

external device monitoring circuit.

The Monitored start - monitor input device requires activation of the  rErymsrm—prysrm———
start input of the corresponding OSSD as an additional start require- = s
oK |
Nem:  [Mordtored Start L :

ment. If the AND link of all the monitoring, linking and external device
monitoring circuit devices of an OSSD delivers an ON result, and if the
start requirements have been fulfilled, the monitored start - monitor L’
input start device relays the enabling request to the output device.

After the first output circuit is switched off, the second output circuit
is switched on after the set delay time elapses. The delay time can be
set between 1 s and 300 s in 1 s increments. The second output cir-
cuit must be switched off before the first output circuit is switched
on.If the door is enabled, status ON, before the second output circuit
is switched on, the first output circuit is switched on again and the
second output circuit remains switched off.

Unlocking function

After the first output circuit is switched off via the door release and ; :

the set delay time has elapsed (or via the standstill monitor), the sec- - I =Eesn~: = __Dugosvin |
ond output circuit switches on, so thatin turn the doors are unlocked. B
This type of unlocking is not always desired.

By activating the Unlocking device checkbox, a standard slave can
be specified whose status (LOCK signal) determines whether or not
the interlocking should remain after the delay time has elapsed. I
When the machine is switched off, the LOCK signal enables the door
interlock to be switched on or off as desired.

[17] Deor logk by meana ol delny L




Commissioning the AS Interface Safety Monitor

Transferring a configuration to the AS Interface safety
monitor

Monitor -> PC ..

PC -> Monitor |
Tuadwduwiwm
Configuration log ’

Change password .,

To transfer the current asimon configuration to the connected
AS-Interface safety monitor, select the Monitor menu and
then the PC -> Monitor command.

The configuration is then transferred to the AS-Interface
safety monitor. Transfer takes several seconds.

After successful completion of the data transfer to the
AS-Interface safety monitor, the configuration is saved in the
AS-Interface safety monitor.

After transferring a configuration to a connected AS-Interface
safety monitor, the safe configuration has to be "learned”. To
this end, the code tables of the safe AS-Interface slaves that
are to be monitored are read in via the AS-Interface. The code
table of each safe AS-Interface slave that is to be monitored is
stored in the configuration log.

Ex. No.
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Learning the safe configuration

Before the safe configuration can be learned, the AS-Interface
bus including all safe AS-Interface slaves that are to be moni-
tored must be commissioned, and all safe AS-Interface slaves
that are to be monitored must be switched ON. Only then can
the AS-Interface safety monitor learn the code tables of all the
relevant safe AS-Interface slaves.

To learn the code tables, select the Teach safe configuration
in the Monitor menu and confirm the question "Do you want
to learn the code sequence?" with Yes.

The code tables are then learned by the AS-Interface safety
monitor. Learning takes several seconds. Progress is displayed
in a window.

Once the code tables of all the safe AS-Interface slaves that are
to be monitored have been successfully learned, a provisional
configuration log will be immediately transferred to asimon.

information ___— x

= Please check the configuration using the plainbeodt fog
A sent by the mentee and the Functionalty of the seesorst
Yiou mut then confinm configurstion valdation

DK

The progress of the transfer of the provisional configuration
log is displayed in a window.

An information window will then prompt you to have the con-
figuration checked by the safety appointee responsible for the
application using the configuration log.
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Starting the AS-Interface safety monitor

[Thes saf aby morskon be rurning in protecthes operstion

The provisional configuration log is displayed in asimon in its
own window.

To validate a configuration, select the Validate command in
the Monitor menu. A window will appear in which you can
validate a configuration by entering your name and password.

Confirm your entry with the OK button. An information win-
dow will then confirm that the configuration has been suc-
cessfully validated.

The configuration log will then be immediately transferred.
Progress of the transfer of the final configuration log is dis-
played in a window.

The final configuration log is displayed in asimon in its own
window. To illustrate that the configuration has been vali-
dated and to differentiate between a validated and a provi-
sional configuration log, the validation information will be dis-
played in Line 10.

If a valid, validated configuration is available on the AS-Inter-
face safety monitor, you can switch the AS-Interface safety
monitor from configuration mode to protection mode via the
Start command in the Monitor menu. After the protection
mode has been started, the status line will indicate the
change to the new operating mode.



Protective door with door interlocking via a magnet-field
lock according to Category 3 of EN 954-1

Automation Function

Scope of Validity of this Functional Example

Locking mechanisms equipped with a tumbler are mechanical
or electrical mechanisms which only allow a machine to be
operated when the door is closed and locked. The interlock
remains in place until there is no longer any risk of injury due
to dangerous machine functions or movements. Monitoring is
usually carried out by a speed monitor or a standstill monitor.
In this example, machine movement/standstill is simulated by
the door release button.

A standard AS-i network consists of control/master, power
supply unit, a yellow AS-i cable and various slaves. Only two
further components are necessary for safe usage: A safety
monitor and safe slaves.

Each safe slave is programmed with a factory-default code
table that clearly identifies each slave for the safety monitor.

At each master prompt, correlation is checked between the
code value expected by the comparator (safety monitor) and
the code value actually sent by the slave. In the case of devia-
tions or time-outs, disconnection via 2-channel OSSDs occurs
on the safety monitor.

The protective door is monitored via a SIRIUS position switch
equipped with a magnet-field lock by an ASIsafe K45F module
according to Category 3 of EN 954-1. When the door release
is activated, the safety monitor switches the downstream con-
tactors with positively-driven contacts via the first OSSD ac-
cording to Stop category 0 of EN 60204-1. The protective door
interlock is enabled with a delay.

Adrive is shut down in this example. When the protective door
is closed, a manual start is carried out after the position switch
and the downstream contacts have been checked.

Functionality of the Functional Example

Problem

Implementation of a protective door interlock with a magnet-
field lock via ASlIsafe. Category 3 of EN 954-1 is to be attained.

Solution

In the example presented here, an actuator mounted in the
door moves into a form-fit mounted position switch with a
tumbler. During the potential danger (machine in operation),
the actuator is kept in position (and thus the door also remains
closed) by the power supply being supplied to a magnetin the
position switch. This type of interlocking is referred to as a
magnet-field lock.

Advantages / Customer Benefits

Secure and non-secure data on one bus

Simple assembly thanks to standardized AS-i technology
Existing system can be quickly and easily expanded
Integration of safety signals in the system diagnosis
Failsafe PLC or special master not required

Space-saving design thanks to compact safety combination
Simple configuration via the asimon software

The protective door is no longer locked in the case of a
power outage.
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Required Components

This chapter contains an overview of the hardware and software components required for the Functional Example.

Hardware components

Power supply

AS-i power supply unit
DP/AS-i LINK Advanced
SIRIUS position switch
Actuator for position
switch

Safety monitor

ASi Safe module K45F

ASi Safe module K45F

Accessories for K45
modules

Door unlocking device

Start button

K1 / K2 contactor

Cable loom

AS-i shaped cable

Note

PS307 5A
3 A power supply unit

IP20 degree of protection, router from
PROFIBUS DP to AS-Interface

Position switch with a spring-actuated lock,
2 NC/2 NC

Radius actuator

Safety monitor with two OSSDs

Compact module with two safe inputs
Compact module with 4 standard inputs
Mounting plate(for standard mounting rail)
Optional: Mounting plate(for wall mount-
ing)

Empty command point enclosure

1NO contact block for base mounting
Toggle switch with 2 switch positions
Empty command point enclosure

1NO contact block for base mounting

Black pushbutton with flat button, 22 mm
nominal diameter

Optional: "Start" designation plate

Contactor, AC-3, 3 KW/400 V, TNC, DC 24 V,
3-pole, size SO0, screw terminal

PC configuration cable
Transfer cable

Yellow rubberized cable

Functionality was tested with the hardware compo-
nents listed above. Similar products not found in this
list may also be used. If this is the case, please note

that it may be necessary to change the example code
(e.g. change the settings of other addresses).

Software components

asimon

Safety monitor configuration

6ES73071EAO00-OAAO
3RX9501-0BA0OO
6GK1415-2BA10

3SE2 830-6XX00
3SX3 228

3RK1105-1BE04-2CAO
3RK1205-0BQ00-0AA3
3RK1200-0CQ20-0AA3
3RK1901-2DA00
3RK1901-2EAQ0

3SB3 801-0AA3
3SB3 420-0B
3SB30 00-2KA11
3SB3 801-0AA3
3SB3 420-0B
3SB3 000-0AA11

3SB3 906-1EL
3RT1015-1BB42

3RK1901-5AA00

3RX9010-0AA00

3RK1802-2FB06-0GAO

—_

N N = =

= =] =] = = =

Siemens AG

Siemens AG



Assembly and Wiring

Overview of Hardware Setup

AS-i power
supply unit Closed  Open
SIRIUS |
Position switch
with tumbler —
PROFIBUS DP Door release
—
uy |
DP/AS-i L [ |
LINK Advanced *
LN
K45 F modul K45 modul

Safety monitor

Note

The actuator of the SIRIUS position switch must be
protected against external acts of violence.

Hardware Component Wiring

Ll —
] HIFREFHS LWU."A..':'T:I!.ITF
FE —-— - — - — - — %‘J E
o
S
4 2]
' o [ [
INPUT &
= ] = =51 O O o
ASI o | power g e
oL = 7| supply 3 Fg
=gg unit — al

T 5

T DUTPLT

GhD

AS-i power supply unit and DP/AS-i Link wiring

i &

Wiring of the K45 module door release
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The actuator must

be protected against external acts of violance.
Closed Open |

i e B P LT

|
—_— [
|
— \
Actuator ;
B o M |
o |
151 SN i
e - J
e Protective door 7
\I' : ' . _— — =
| g H B === FIN1 Terminal 33

TEOEE P, Terminal 11
B 5 pina Terminal 15

(‘:‘ “FIN 3 Terminal 1
1=}

Wiring of the protective door and the safety monitor

Important Hardware Component Settings

DP/AS-i LINK Advanced

Prerequisites:

The DP/AS-INTERFACE LINK Advanced is mounted and con-
nected to the AS-i line.

The AS-i power supply unit is connected to the AS-i line.
The AS-i slaves are not yet connected.

The slaves that are to be connected have defaultaddress "0"
(delivery status).

Procedure/Working on the DP/AS-INTERFACE LINK Advanced:

Switch on the AS-i power supply unit so that the DP/AS-
INTERFACE LINK Advanced is in operation

Connect each AS-i slave to the AS-i line and allocate the
desired slave address (K45F module, address 1/ K45 stan-
dard module, address 2).

SYSTEM B AS-i line 1 5] Lifelist i Change address & |

Change slave address

Adopt the actual configuration of the slave as the defined
configuration in the DP/AS-INTERFACE LINK Advanced

SYSTEM o AS-iline 1= | Lifelist loa Actual -> Defined %

Actual -> Adopt defined

Result:

All displays for the AS-i line on the DP/AS-INTERFACE LINK Ad-
vanced are off or green, i.e. all slaves have been successfully
integrated.
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Example Code

This chapter describes which functions are implemented and how the asimon program is structured.
Description of the asimon Program

Description Parameters

After the asimon software has been started, the start assistant is used
to create a new safety monitor configuration.

abart As<istant for AS-interfare safety monitor EI
phons

£ Diaansstics
& New corfiguration
" Dpan configuration

e Vil el s line &Sl ol wnl el el

e e

I cormalien alsnsl sl o ard b = 5

Enter a name for the configuration in the Information about moni-
tor tab, and select the operating mode and the function range of the
AS Interface safety monitor (“Basic" or "Enhanced"). rkeumehors sbond vt | uemention sbout s | D41 ¥ m
When the operating mode two dependent OSSDs is selected, the r il

second OSSD is dependent on the first OSSD. Protecties Door seif Door nieriocking vas 8 _,_Ic""

e grert-frkd Lok He I

[

- Dipesatrg mode
g OEED
™ vy i 0550
& voms gpmradern 03500

Furehon wros
™ For oo wwvsry < 20
e 1 [Erhard

In the Information about bus tab, you must enter the AS-Interface = :
i f lad errmal o alamd mondor and b
bus addresses of the standard slaves used and the safety-oriented ' e =l

AS-Interface slaves in this network. m

I
l

1111t Tririasm
T FTET T TR
CHBHYRNENNYESE SR
M 11111131111 K10
o o o o o o |

;
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Description Parameters
it ormaton 2

In the Diagnosis / Service tab you can adjust the settings for "Diag-
nosis stop" and "Reset of error condition" as well as configure the AS-
Interface bus diagnosis.

Simulating slaves

If less than 4 safe or standard AS-Interface slaves are connected to the
AS-Interface bus, you must activate the control box Simulate slaves.
At least 4 slave addresses must be activated to ensure that the AS-
Interface safety monitor functions correctly.

Configuration of an AS-Interface safety monitor with asimon soft-
ware is graphic interactive, i.e. you can select and collectively config-
ure the safe AS-Interface slaves that are to be monitored and further
function devices from a symbol library that is classified according to
devices (left window).

112 Functional Example No. CD-FE-1-034-V10-EN
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Description Parameters

For the double channel dependent monitoring device, each of the [122) Salnty guand x

two switching signals of the corresponding safe AS-Interface slaves

affects 2 bits of the transfer sequence. Both switching signals must be o | —

received within the synchronization time defined by the user. If only Mo [Profecive

one contact opens, the second contact must also open before both T Totntin chawal depandert Careel I

contacts can be once again closed. A [ = e I

As an option, a start-up test and/or a local acknowledgement can be -

carried out. When the control box Always is activated, a local ac- e |58

knowledgement must also always be carried out whenever the AS- Syprchranmshon s e [0 =

Interface safety monitor is switched on or a communication error Dagramn rdes I

(warm restart of the AS-Interface safety monitor) occurs. Locsl acknoslecipmmmee L -]

r A
-
-

The Standard slave monitoring device is used to integrate a bit (in- ]

put or output) of a standard AS-Interface slave that is not safety-

oriented as an additional switching signal for standard switching of Hims [Fratoctive door el ] —

the AS-Interface safety monitor relay(s) in an OSSD.

The protective door is unlocked via this device. Sevhoe T Eeeded C & OB (|
pges |2 =] peadaws[n0 =] | BN |
lererinet I '-:

1
The contactor control input of the AS-Interface safety monitor must  rerryesr——gr———— |

be active = ON as long as the safety outputs are switched off. After

the safety outputs are switched on (enabled), the contactor control = N — o |
input is no longer relevant for the set switching time. Thereafter, the .

input must be inactive = OFF. The external device monitoring cir- Srsiching ime 00 S !
cuit is active = ON (switched on). Heln I
After the safety outputs have been switched off, the external device Limbst e bk f

monitoring circuit device becomes inactive = OFF (switched off) and "'f‘

the contactor control input is no longer queried for the duration of
the set switching time. Dragram rde I

Thereafter, the contactor control input is active = ON again. When the M
external device monitoring circuit is inactive = OFF, the safety out-

puts cannot be switched on again until the downstream contactor

has reached its resting position.After switching on the AS-Interface

safety monitor, the contactor control input must be active = ON.
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Description Parameters

The external device monitoring circuit for a dependent, second (5] Fxtmrnal dervic sl dea x|
OSSD has the same function as the standard external device monitor-

ing circuit. This circuit monitors the second channel, but does not m
have any effect on the enabling of channel 1. L S

In this example, the magnet contact is monitored by the second Evstching tme: [ - o
external device monitoring circuit. [T

Lirvobesf e bk =]

The Monitored start - monitor input device requires activation of the  rmrrsr——Erwm————

start input of the corresponding OSSD as an additional start require-

ment. If the AND link of all the monitoring, linking and external device m
monitoring circuit devices of an OSSD delivers an ON result, and if the RS PAwkored Sim

start requirements have been fulfilled, the monitored start - monitor Cornel I

input start device relays the enabling request to the output device.

When the circuit is enabled (ON), the output circuits (2 relays each)
of both OSSDs are simultaneously activated by the Stop category 1-

L97] Yop calegary | - lwas relay sl gl

two relay outputs output device. N F“""

When the circuit is switched off (OFF), the output circuit of OSSD 1 is Tl I
immediately switched off without a delay. The output circuit of the SushzhoH delar _B0 &

dependent OSSD is switched off after the set switch-off delay has piry I
elapsed. The switch-off delay can be set between 0 s and 300 s in

100 ms increments. It is not possible to switch the system on again an

until both output circuits have switched off.




Commissioning the AS Interface Safety Monitor

Transferring a configuration to the AS Interface safety
monitor

Monitor -> PC ..

PC -> Monitor |
Tuadwduwiwm
Configuration log ’

Change password .,

To transfer the current asimon configuration to the connected
AS-Interface safety monitor, select the Monitor menu and
then the PC -> Monitor command.

The configuration is then transferred to the AS-Interface
safety monitor. Transfer takes several seconds.

After successful completion of the data transfer to the
AS-Interface safety monitor, the configuration is saved in the
AS-Interface safety monitor.

After transferring a configuration to a connected AS-Interface
safety monitor, the safe configuration has to be "learned”. To
this end, the code tables of the safe AS-Interface slaves that
are to be monitored are read in via the AS-Interface. The code
table of each safe AS-Interface slave that is to be monitored is
stored in the configuration log.

Learning the safe configuration

Before the safe configuration can be learned, the-AS Interface
bus including all safe AS-Interface slaves that are to be moni-
tored must be commissioned, and all safe AS-Interface slaves
that are to be monitored must be switched ON. Only then can
the AS-Interface safety monitor learn the code tables of all the
relevant safe AS-Interface slaves.

To learn the code tables, select the Teach safe configuration
in the Monitor menu and confirm the question "Do you want
to learn the code sequence?" with Yes.

The code tables are then learned by the AS-Interface safety
monitor. Learning takes several seconds. Progress is displayed
in a window.

Once the code tables of all the safe AS-Interface slaves that are
to be monitored have been successfully learned, a provisional
configuration log will be immediately transferred to asimon.

information ___— x

= Please check the configuration using the plainbeodt fog
A sent by the mentee and the Functionalty of the seesorst
Yiou mut then confinm configurstion valdation

DK

The progress of the transfer of the provisional configuration
log is displayed in a window.

An information window will then prompt you to have the con-
figuration checked by the safety appointee responsible for the
application using the configuration log.

Ex. No.
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Starting the AS-Interface safety monitor

[The saf aby morskor be rurning in protecths operstion

The provisional configuration log is displayed in asimon in its
own window.

To validate a configuration, select the Validate command in
the Monitor menu. A window will appear in which you can
validate a configuration by entering your name and password.

Confirm your entry with the OK button. An information win-
dow will then confirm that the configuration has been suc-
cessfully validated.

The configuration log will then be immediately transferred.
Progress of the transfer of the final configuration log is dis-
played in a window.

The final configuration log is displayed in asimon in its own
window. To illustrate that the configuration has been vali-
dated and to differentiate between a validated and a provi-
sional configuration log, the validation information will be dis-
played in Line 10.

If a valid, validated configuration is available on the AS-Inter-
face safety monitor, you can switch the AS-Interface safety
monitor from configuration mode to protection mode via the
Start command in the Monitor menu. After the protection
mode has been started, the status line will indicate the
change to the new operating mode.



Protective door with door interlocking via a magnet-field
lock according to Category 4 of EN 954-1

Automation Function

Scope of Validity of this Functional Example

Locking mechanisms equipped with a tumbler are mechanical
or electrical mechanisms which only allow a machine to be op-
erated when the door is closed and locked. The interlocking
remains in place until there is no longer any risk of injury due
to dangerous machine functions or movements. Monitoring is
usually carried out by a speed monitor or a standstill monitor.
In this example, machine movement/standstill is simulated by
the door release button.

A standard AS-i network consists of control/master, power
supply unit, a yellow AS-i cable and various slaves. Only two
further components are necessary for safe usage: A safety
monitor and safe slaves.

Each safe slave is programmed with a factory-default code
table that clearly identifies each slave for the safety monitor.

At each master prompt, correlation is checked between the
code value expected by the comparator (safety monitor) and
the code value actually sent by the slave. In the case of devia-
tions or time-outs, disconnection via 2-channel OSSDs occurs
on the safety monitor.

The protective door is monitored via a SIRIUS position switch
equipped with a magnet-field lock by an ASIsafe K45F module
according to Category 4 of EN 954-1. When the door release
is activated, the safety monitor switches the downstream con-
tactors with positively-driven contacts via the first OSSD ac-
cording to Stop category 0 of EN 60204-1. The protective door
interlock is enabled with a delay.

Adrive is shut down in this example. When the protective door
is closed, a manual start is carried out after the position switch
and the downstream contacts have been checked.

Functionality of the Functional Example

Problem

Implementation of a protective door interlock with a magnet-
field lock via ASlIsafe. Category 4 of EN 954-1 is to be attained.

Solution

In the example presented here, an actuator mounted in the
door moves into a form-fit mounted position switch with a
tumbler. During the potential danger (machine in operation),
the actuator is kept in position (and thus the door also remains
closed) by the power supply being supplied to a magnetin the
position switch. This type of interlocking is referred to as a
magnet-field lock.

Advantages / Customer Benefits

Secure and non-secure data on one bus

Simple assembly thanks to standardized AS-i technology
Existing system can be quickly and easily expanded
Integration of safety signals in the system diagnosis
Failsafe PLC or special master not required

Space-saving design thanks to compact safety combination
Simple configuration via the asimon software

The protective door is no longer locked in the case of a
power outage.
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Required Components

This chapter contains an overview of the hardware and software components required for the Functional Example.

Hardware components

Power supply
AS-i power supply unit
DP/AS-i LINK Advanced

SIRIUS position switch

Actuator for position
switch

Safety monitor
ASi Safe module K45F
ASi Safe module K45F

Accessories for K45
modules

Door unlocking device

Start button

K1 / K2 contactor

Cable loom

AS-i shaped cable

Note

PS307 5A
3 A power supply unit

IP20 degree of protection, router from
PROFIBUS DP to AS-Interface

Position switch with a spring-actuated lock,
2 NC/2 NC

Position switch witha twist lever
Radius actuator

Safety monitor with two OSSDs

Compact module with two safe inputs
Compact module with 4 standard inputs
Mounting plate(for standard mounting rail)
Optional: Mounting plate(for wall mount-
ing)

Empty command point enclosure

TNO contact block for base mounting
Toggle switch with 2 switch positions
Empty command point enclosure

1NO contact block for base mounting

Black pushbutton with flat button, 22 mm
nominal diameter

Optional: "Start" designation plate

Contactor, AC-3, 3 KW/400 V, TNC, DC 24 V,
3-pole, size SO0, screw terminal

PC configuration cable
Transfer cable

Yellow rubberized cable

Functionality was tested with the hardware compo-
nents listed above. Similar products not found in this
list may also be used. If this is the case, please note

that it may be necessary to change the example code
(e.g. change the settings of other addresses).

Software components

asimon

Safety monitor configuration

6ES73071EAO00-OAAO
3RX9501-0BA0OO
6GK1415-2BA10

3SE2 830-6XX00

3SE2120-1GW
3SX3 228

3RK1105-1BE04-2CAO
3RK1205-0BQ00-0AA3
3RK1200-0CQ20-0AA3
3RK1901-2DA00
3RK1901-2EA00

3SB3 801-0AA3
3SB3 420-0B
3SB30 00-2KA11
3SB3 801-0AA3
3SB3 420-0OB
3SB3 000-0AAT1

3SB3 906-1EL
3RT1015-1BB42

3RK1901-5AA00

3RX9010-0AA00

3RK1802-2FB06-0GAO

—_

N N =

_ a2 o

Siemens AG

Siemens AG
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Assembly and Wiring

Overview of Hardware Setup Hardware Component Wiring

L1 .
L ! R
PE L. i oy o]
2 | ]
S
@ (2]
e & @ [
| [
A5 ul_g__u AS-i O O 0O
‘ j power ) T
1 Q |
o] +
i O supply ﬁ-ﬂ

AS-i power supply unit and DP/AS-i Link wiring

AS-i power supply unit and DP/AS-i Link wiring

Functional Example No. CD-FE-1-035-V10-EN 119
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Wiring of the protective door and the safety monitor

Important Hardware Component Settings

DP/AS-i LINK Advanced

Prerequisites:

The DP/AS-INTERFACE LINK Advanced is mounted and con-
nected to the AS-i line.

The AS-i power supply unit is connected to the AS-i line.
The AS-i slaves are not yet connected.

The slaves that are to be connected have defaultaddress "0"
(delivery status).

Procedure/Working on the DP/AS-INTERFACE LINK Advanced:

Switch on the AS-i power supply unit so that the DP/AS-
INTERFACE LINK Advanced is in operation

Connect each AS-i slave to the AS-i line and allocate the
desired slave address (K45F module, address 1/ K45 stan-
dard module, address 2).

SYSTEM Bed AS-i line 1 5] Lifelist B Change address 5]

Change slave address

Adopt the actual configuration of the slave as the defined
configuration in the DP/AS-INTERFACE LINK Advanced

SYSTEM [ AS-iline 1 5] Lifelist o Actual -> Defined %

Actual -> Adopt defined

Result:

All displays for the AS-i line on the DP/AS-INTERFACE LINK Ad-
vanced are off or green, i.e. all slaves have been successfully
integrated.
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Example Code

This chapter describes which functions are implemented and how the asimon program is structured.
Description of the asimon Program

Description Parameters

After the asimon software has been started, the start assistant is used
to create a new safety monitor configuration.

abart As<istant for AS-interfare safety monitor EI
phons

£ Diaansstics
& New corfiguration
" Dpan configuration

e Vil el s line &Sl ol wnl el el

e e

laed cor il oy adsrmell il o sl boes 3 _ﬂ

Enter a name for the configuration in the Information about moni-
tor tab, and select the operating mode and the function range of the
AS-Interface safety monitor ("Basic" or "Enhanced"). Irkesmstuors abend e | |rdommion sbout s | D 4] ¥ m

When the operating mode two dependent OSSDs is selected, the r il
second OSSD is dependent on the first OSSD. Protectres Door st [oor ntenociing v _l:-::i_l

el gregt-fard Lok He I

[ T

- Dipesatrg mode
g 055D
™ vy oo 0550
& poms gpmradern 03500

Furehen wros
I For mories wwvsn < 20
e I [Erhancad

In the Information about bus tab, you must enter the AS-Interface - -
i ] lad rrmal o alamd mondor and b
bus addresses of the standard slaves used and the safety- oriented ' e =l

AS-Interface slaves in this network. m

I
fl

CHBHYRNENNYESESR

GECRIcem—smau
o

1o o |

o
AR RN RN

;
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Description Parameters
it ormaton 2

In the Diagnosis / Service tab you can adjust the settings for "Diag-
nosis stop" and "Reset of error condition" as well as configure the
AS-Interface bus diagnosis.

Simulating slaves

If less than 4 safe or standard AS-Interface slaves are connected to the
AS-Interface bus, you must activate the control box Simulate slaves.
At least 4 slave addresses must be activated to ensure that the AS-
Interface safety monitor functions correctly.

Configuration of an AS-Interface safety monitor with asimon soft-
ware is graphic interactive, i.e. you can select and collectively config-
ure the safe AS-Interface slaves that are to be monitored and further
function devices from a symbol library that is classified according to
devices (left window).

122 Functional Example No. CD-FE-1-035-V10-EN
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Description Parameters

For the double channel dependent monitoring device, each of the [122) Salnty guand x

two switching signals of the corresponding safe AS-Interface slaves

affects 2 bits of the transfer sequence. Both switching signals must be o | —

received within the synchronization time defined by the user. If only Mo [Profecive

one contact opens, the second contact must also open before both T Totntin chawal depandert Careel I

contacts can be once again closed. A [ = e I

As an option, a start-up test and/or a local acknowledgement can be -

carried out. When the control box Always is activated, a local ac- e |58

knowledgement must also always be carried out whenever the AS- Syprchranmshon s e [0 =

Interface safety monitor is switched on or a communication error Dagramn rdes I

(warm restart of the AS-Interface safety monitor) occurs. Locsl acknoslecipmmmee L -]

r A
-
-

The Standard slave monitoring device is used to integrate a bit (in- ]

put or output) of a standard AS-Interface slave that is not safety-

oriented as an additional switching signal for standard switching of Hims [Fratoctive door el ] —

the AS-Interface safety monitor relay(s) in an OSSD.

The protective door is unlocked via this device (door release). Shehoe T Eendwd Cp CB | 7T |
pges |2 =] peadaws[n0 =] | BN |
lererinet I '-:

1
The contactor control input of the AS-Interface safety monitor must  rerryesr——gr———— |

be active = ON as long as the safety outputs are switched off. After

the safety outputs are switched on (enabled), the contactor control = N — o |
input is no longer relevant for the set switching time. Thereafter, the .

input must be inactive = OFF. The external device monitoring cir- Srsiching ime 00 S !
cuit is active = ON (switched on). Heln I
After the safety outputs have been switched off, the external device Limbst e bk f

monitoring circuit device becomes inactive = OFF (switched off) and "'f‘

the contactor control input is no longer queried for the duration of

the set switching time. Disgros rdes_ |
Thereafter, the contactor control input is active = ON again. When the M
external device monitoring circuit is inactive = OFF, the safety out-

puts cannot be switched on again until the downstream contactor

has reached its resting position.

After switching on the AS-Interface safety monitor, the contactor

control input must be active = ON.
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Description Parameters

The external device monitoring circuit for a dependent, second (5] Fxtmrnal dervic sl dea x|
OSSD has the same function as the standard external device monitor-

ing circuit. This circuit monitors the second channel, but does not m
have any effect on the enabling of channel 1. Now: - iy

In this example, the magnet contact is monitored by the second Evstching tme: [ -

external device monitoring circuit.
Lt o bk =

The Monitored start - monitorinput device requires activation of the  rEyre—Er—————

start input of the corresponding OSSD as an additional start require-
Nemw:  [Morsioewd Start m

ment. If the AND link of all the monitoring, linking and external device
monitoring circuit devices of an OSSD delivers an ON result, and if the
startrequirements have been fulfilled, the monitored start - monitor Carsi I
input start device relays the enabling request to the output device.

When the circuit is enabled (ON), the output circuits (2 relays each)
of both OSSDs are simultaneously activated by the Stop category 1-

L97] Yop calegary | - lwas relay sl gl

two relay outputs output device. N F“""

When the circuit is switched off (OFF), the output circuit of OSSD 1 is Tl I
immediately switched off without a delay. The output circuit of the SushzhoH delar _B0 &

dependent OSSD is switched off after the set switch-off delay has piry I
elapsed. The switch-off delay can be set between 0 s and 300 s in

100 ms increments. It is not possible to switch the system on again an

until both output circuits have switched off.




Commissioning the AS Interface Safety Monitor

Transferring a configuration to the AS Interface safety
monitor

Monitor -> PC ..

PC -> Monitor |
Tuadwduwiwm
Configuration log ’

Change password .,

To transfer the current asimon configuration to the connected
AS-Interface safety monitor, select the Monitor menu and
then the PC -> Monitor command.

The configuration is then transferred to the AS-Interface
safety monitor. Transfer takes several seconds.

After successful completion of the data transfer to the
AS-Interface safety monitor, the configuration is saved in the
AS-Interface safety monitor.

After transferring a configuration to a connected AS-Interface
safety monitor, the safe configuration has to be "learned”. To
this end, the code tables of the safe AS-Interface slaves that
are to be monitored are read in via the AS-Interface. The code
table of each safe AS-Interface slave that is to be monitored is
stored in the configuration log.

Learning the safe configuration

Before the safe configuration can be learned, the-AS Interface
bus including all safe AS-Interface slaves that are to be moni-
tored must be commissioned, and all safe AS-Interface slaves
that are to be monitored must be switched ON. Only then can
the AS-Interface safety monitor learn the code tables of all the
relevant safe AS-Interface slaves.

To learn the code tables, select the Teach safe configuration
in the Monitor menu and confirm the question "Do you want
to learn the code sequence?" with Yes.

The code tables are then learned by the AS-Interface safety
monitor. Learning takes several seconds. Progress is displayed
in a window.

Once the code tables of all the safe AS-Interface slaves that are
to be monitored have been successfully learned, a provisional
configuration log will be immediately transferred to asimon.

information ___— x

= Please check the configuration using the plainbeodt fog
A sent by the mentee and the Functionalty of the seesorst
Yiou mut then confinm configurstion valdation

DK

The progress of the transfer of the provisional configuration
log is displayed in a window.

An information window will then prompt you to have the con-
figuration checked by the safety appointee responsible for the
application using the configuration log.

Ex. No.
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Starting the AS-Interface safety monitor

[Thes s.af by s s e i proteckios operston

The provisional configuration log is displayed in asimon in its
own window.

To validate a configuration, select the Validate command in
the Monitor menu. A window will appear in which you can
validate a configuration by entering your name and password.

Confirm your entry with the OK button. An information win-
dow will then confirm that the configuration has been suc-
cessfully validated.

The configuration log will then be immediately transferred.
Progress of the transfer of the final configuration log is dis-
played in a window.

The final configuration log is displayed in asimon in its own
window. To illustrate that the configuration has been vali-
dated and to differentiate between a validated and a provi-
sional configuration log, the validation information will be dis-
played in Line 10.

If a valid, validated configuration is available on the AS-Inter-
face safety monitor, you can switch the AS-Interface safety
monitor from configuration mode to protection mode via the
Start command in the Monitor menu. After the protection
mode has been started, the status line will indicate the
change to the new operating mode.



SIMOCODE pro direct starters with safety technology

Emergency stop monitoring with monitored start
Category 4 according to EN 954-1

Function

Description of the Functionality

Persons near machines (e.g. in production engineering) must
be suitably protected by technical equipment. The
EMERGENCY STOP control unit is a widely used component for
protecting persons, machines and the environment against
danger.

SIMOCODE pro is a flexible, modular motor management sys-
tem for low-voltage motors with constant speeds. It optimizes
the connection between I&C and the motor feeder, increases
plant availability while helping to cut planning and commis-
sioning costs during plant operation and maintenance. Inte-
grated in the low-voltage switchgear, SIMOCODE pro is the in-
telligent connection between the higher-level automation
system and the motor feeder.

In this Safety Functional Example, the EMERGENCY STOP con-
trol unit with positive opening contacts is monitored by a
SIRIUS 3TK2823 safety switching device as per category 4 ac-
cording to EN 954-1. If the EMERGENCY STOP is activated, the
3TK2823 safety switching device switches off its correspond-
ing drive as per Stop Category 0 according to EN 60204-1.

Activation of the EMERGENCY STOP is signaled to the
SIMOCODE pro via the IN4 input. This signal is used to activate
the switching state in SIMOCODE when the EMERGENCY STOP
is activated. If this contact reports "zero", SIMOCODE issues
the OFF command. After the EMERGENCY STOP has been re-
leased and the safety switching device has been acknowl-
edged, the signal at the IN4 input is active and the drive can
be restarted.

A yellow LED on the operator panel will light up if the
3TK2823 trips. The operator can start the drive again as soon
as the LED turns off.

The same signal is sent to the higher-level PLC via the Cyclic
Send 1 function, and can be used here to release the switch-
on function in the remote operating mode.

This example takes the safety function into particular consid-
eration. Operational switching of the motor feeder is via a
standard PLC and is not taken into further consideration here.

Note

Equipment, functional aspects and design guidelines
for EMERGENCY STOP control units can be found in
EN 418 (ISO 73850).

Flow Diagram

The following flow diagram illustrates functional interrelation-
ships (for reasons of clarity, operational stopping has not been
included)

@

Operating voltage no
switched on?
yes
-+ < < 1o Is the motor running?
Hasthe o -
EMERGENCY STOP
pushbutton been released? Lo R N RSN
| 7
! Has the |
= ! yes EMERGENCY STOP |
: pushbution been pressed? }
| |
no
acknowledged? Ly : }
| | 3TK2823 switches off 1
| K1andK2 |
yes 1 |
. \ 1
EMERGENCY STOP | | Drivestops andis |
is acknowledged, || disconnected from I
K1 s activated | the network |
— +_____S‘Ep_m_‘e£°’_y L I |
EMERGENCY STOP
signal to EMERGENCY STOP
SIMOCODE pro signal to SIMOCODE
changes o 1, pro changes activates
SIMOCODE pro the switch-off command
is ready for switch-on
no SIMOCODE pro signals
Start command? EMERGENCY STOP
on the operator panel
and sends the message
via cycl. signal data
yes
SIMOCODE pro 4
starts the motor,
K2 is activated
Drive is running
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Advantages/Customer Benefits

The combination of SIMOCODE pro and 3TK28 safety
switching device provides the customer with a flexible,
modular motor management system and safe switching-
off of the device.

All 3TK28 signal statuses can be sent on to the higher-level
PLC via PROFIBUS.

Comprehensive motor feeder protection thanks to
SIMOCODE's combination of various, multi-level protection
and monitoring functions.

No further auxiliary contacts are required for the contac-
tors, the safety switching device and the EMERGENCY STOP
pushbutton.

All necessary control logic functions are already available
as active logic modules in SIMOCODE.

By using fewer devices and less cabling, the installation
space required in switchgear cabinets and, hence, plant
floor space, is reduced.

Standardized integration of the motor feeder in the auto-
mation system, thanks to the integrated PROFIBUS DP
interface.

Compliance with all relevant safety standards.



Required Components

Hardware components

EMERGENCY STOP  2NC 40-mm mushroom pushbutton with yellow
top, without protective collar

Start button Empty enclosure, one command station
TNO contact block for base mounting

Black pushbutton with flat button,
22-mm nominal diameter

Safety switching 3TK2823
device

Contactor K1 /K2  Contactor, AC-3, 3 KW/400 V, 1NC, DC 24 V,
3-pole, size SO0

Screw terminal

Circuit breakerfor Release 0.35...0.5A
motor protection

SIMOCODE pro SIMOCODE pro C
Basic unit 1

Current measurement module
0.3..3A

Operator panel
0.1-m connection cable
0.5-m connection cable

SIMATIC S7 PS307 5A
power supply

SIMATIC S7-300,
CPU 315-2DP

MMC 512 kB
Micro Memory Card

Note

Functionality has been tested with the hardware
listed. Similar products not found in this list can also
be used. If this is the case, remember that it could be
necessary to modify the example code (e.g. other ad-
dresses) and/or the hardware wiring (e.g. a different
connection assignment).

Configuration software/tools

3SB3 801-0EG3

3SB3 801-0AA3
3SB3 420-OB
3SB3 000-0AA11

3TK2823-2CB30

3RT1015-1BB42

3RV1011-0FA1

3UF7 000-1AB00O-0

3UF7 100-1AA00-0

3UF7 200-1AA00-0
3UF7 931-0AA00-0
3UF7 932-0AA00-0
6ES7307-1EA00-OAAQ

6ES7315-2AG10-0ABO

6ES7953-8LU10-0AAQ

Note

- o o

Siemens AG

This Functional Example has been carried out and
tested with SIMOCODE pro C. It can, of course, be car-

ried out with SIMOCODE pro V.

SIMATIC STEP 7 V5.3 + SP3 6ES7 810-4CC0O7-0YAS
SIMOCODE ES Professional 2004 V1.0 + SP1 + HF2 3751 312-2CC10-0YAO
SIMOCODE ES Graphic 2005 V1.0 3751 312-3CC10-0YAQ

Siemens AG
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Assembly and Wiring

Overview of Hardware Assembly

PLC/control station

Operator panel

SIMOCODE Pro ssssug
LT
B

i
KI g
1
i
1
1
|
1
J

W&

PROFIBUS DP

, —
EMERGENCY '
STOP

Safety switching device
3TK2823




Wiring of Hardware Components
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Important Hardware Component Settings

An overview of important STEP 7 hardware configuration set-
tings follows. These settings can also be found in the STEP 7
project supplied.

Overview illustration

PROTBLSIY P lﬂ_‘l Al

) 7
a8,

CPU 315-2DP settings

The CPU 315-2DP settings can be adopted.

SIMOCODE pro C settings in HW config

To have SIMOCODE available as DP slave in the HW configura-
tor of the SIMATIC manager, the corresponding GSD file must
be installed. The necessary GSD files can be downloaded via
the following link:

http://support.automation.siemens.com/WW/view/de/113630
The following GSD files are available for SIMOCODE pro C:
I SI0180FD.GSG (German)

M SI0180FD.GSE (English)

The following GSD files are available for SIMOCODE pro V:
W SI1180FD.GSG (German)

M SI1180FD.GSE (English)

To install the GSD file, start STEP 7 and select the Extras >
Install new GSD file menu command in HW Config.

Select the GSD file to be installed in the following dialog and
confirm with OK.


http://support.automation.siemens.com/WW/view/de/113630

Ex. No.
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Note Screenshot

SIMOCODE is inserted into the system as a standard slave via the GSD
file. The field device is found in the PROFIBUS DP directory under
Further field devices > Switching devices > SIMOCODE >
SIMOCODE pro, and inserted in PROFIBUS.

The properties can be accessed via a double click on slot 1 in
SIMOCODE. The input and output address is changed here to 16 (for
example).

The PROFIBUS address is set to 5.

The menu for setting the PROFIBUS address can be accessed via
Properties - DP slave via double click on the PROFIBUS button.

Functional Example No. CD-FE-1-037-V10-EN 133
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Parameterizing SIMOCODE pro C in SIMOCODE ES

Parameterization of SIMOCODE with SIMOCODE ES Professional is illustrated in the following.

Application selection

Note Screenshot

The direct starter is selected in the application selection menu.

Device configuration

Note Screenshot

SIMOCODE pro C is selected in the device configuration.

134 Functional Example No. CD-FE-1-037-V10-EN
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Parameter settings

Note Screenshot
Parameterization control stations o T
Deselect the marked defaults of the control station.

i

il

|

—

Jil

Parameterization mode selector

The PROFIBUS DP address is set to 5.
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Example Code

Preliminary remark

Enclosed you will find the SIMOCODE pro and STEP 7 Project
example codes with which you can reconstruct the functional-
ity described here.

The example code is always assigned to the components used
in the Function Examples and functions as necessary. Any fur-
ther problems to be solved must be dealt with individually by
the user. However, the example code can serve as a basis.

Downloading the STEP 7 Project

To access the corresponding project file, open the proffered
"CD-FE-1-037-V10-proC.zip" file and extract this into any direc-
tory.
To download the S7 Project in the CPU you must have a con-
nection between the MPI interface of your PG/PC and the MPI
interface of the CPU.
Please proceed as follows:

First load the hardware configuration in the S7 CPU

Change to SIMATIC Manager

Activate the Module folder

Click the Load button
The assignment of the cyclical control and signal data that has
been exchanged between the DP Master and SIMOCODE once
in each DP mode is listed in the following table. The control
data is sent to SIMOCODE from the DP Master. SIMOCODE an-
swers by sending the signal data to the master module. The
CPU 315-2DP is the master in this example. In the PLC pro-
gram, access to the cyclical data is via the inputs (signal data)
and the outputs (control data).

Note

The program code for creating the control commands
to switch the direct starter on and off must be indi-
vidually created by the user.

The program code for further processing the
"EMERGENCY STOP" signal in the PLC must be individ-
ually created by the user.

The "EMERGENCY STOP" signal is not safety oriented.

Table of controls at the PLC interface

Bit 0.0
Bit 0.1
Bit 0.2
Bit 0.3
Bit 0.4
Bit 0.5
Bit 0.6
Bit 0.7

Not assigned

OFF

ON

Not assigned

Not assigned

REMOTE operating mode
Not assigned

Not assigned

Table of signals at the PLC interface

Bit 0.0
Bit 0.1
Bit 0.2
Bit 0.3
Bit 0.4
Bit 0.5
Bit 0.6
Bit 0.7
Bit 1.0
Bit 1.1
Bit 1.2
Bit 1.3
Bit 1.4
Bit 1.5
Bit 1.6
Bit 1.7

Not assigned

OFF

ON

Pre-warning Overload
Not assigned
REMOTE operating mode
General Fault
General Warning
EMERGENCY STOP
Not assigned

Not assigned

Not assigned

Not assigned

Not assigned

Not assigned

Not assigned



Downloading the SIMOCODE pro project

To access the corresponding project file, copy the proffered
file "CD-FE-1-037-V10-Direkt-NH-Kat4.sdp" into any directory.
Open the project via the Switching devices > Open menu
You can choose between a PROFIBUS DP or an RS232 connec-
tion to download the SIMOCODE pro project into the control
unit.

The following window will open when you activate the Load
in switching device button:

Select the desired interface and confirm with OK.
A PROFIBUS cable is required for the download via

PROFIBUS DP. For downloading via RS232, a PC cable with the
order number 3UF7 940-0AA00-0 is required.

Functional Example No. CD-FE-1-037-V10-EN
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The displayed link is parameterized in the SIMOCODE ES Pro-
fessional software graphic editor to activate the EMERGENCY
STOP function.

A truth table is switched between the "OFF" socket of the con-
trol station and the "OFF" plug of the "protecting/controlling”

function. The "EMERGENCY STOP" signal from BU input 4 is as-
signed to the "E3" plug of the truth table. The truth table wir-
ing is illustrated as follows.

The "Cyclic Send 1" function is used to signal the EMERGENCY
STOP to the higher-level PLC. In this case, the "EMERGENCY
STOP" signal from the BU input is assigned to Bit 0. The yellow
3 LEDis used to visually indicate the EMERGENCY STOP on the
operator panel (see the figure on page 138).

SIMOCODE issues a warning via the External Fault 1 function
whenever the EMERGENCY STOP is activated.

Functional Example No. CD-FE-1-037-V10-EN 139
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Function Test

After the hardware components have been wired and the S7
and SIMOCODE pro projects have been downloaded, the as-
signed inputs and outputs can be checked for functionality.

Assigned inputs and outputs

HW component Terminal Symbol Signal (default
value)

EMERGENCY STOP input EMERGENCY STOP EMERGENCY STOP  SIMO
activated at 0

2 EMERGENCY STOP push- Y11-Y12 1 3TK2823
button contact 1

3 EMERGENCY STOP push- Y21-Y22 1 3TK2823
button contact 2

4 Acknowledge EMERGENCY Y33 -Y34 0 3TK2823
STOP button

5 Contactor K1 14 K1 3TK2823

6 Operational switching OuT3 Output 3 0 Start 3TK28 at 1 SIMO

7 ON button OP buttons ON OP

8 OFF button OP buttons OFF OP

Testing inputs and outputs

I .

Ensure that the EMERGENCY STOP push-  If the EMERGENCY STOP has been activated,

button is released the 3TK28 must be acknowledged.
The contacts K1 and K2 are closed.
2 Press the Acknowledge EMERGENCY STOP ~ Contactor K1 responds and there is voltage ~ 3TK28 is acknowledged and the load
button. on contact 24 of the 3TK28. can be started via SIMOCODE
3 Press the ON button on the SIMOCODE Output OUT3 switches voltage to contactor ~ The motor runs
operator panel K2, this responds
4 Press the EMERGENCY STOP pushbutton.  Contactors K1 and K2 release, activation of ~ The load is stopped safely
the EMERGENCY STOP is signaled to SIMOCODE has activated the
SIMOCODE via contact 24 of the 3TK28. EMERGENCY STOP, no fault is signaled.
SIMOCODE switches output OUT3 to 0.
5 Release the EMERGENCY STOP push- Contacts K1 and K2 are closed
button.
6 Press the Acknowledge EMERGENCY STOP  Contactor K1 responds and there is voltage ~ 3TK28 is acknowledged and the load

button. on contact 24 of the 3TK28. can be started via SIMOCODE




SIMOCODE pro reversing starters with safety technology [e.

Emergency stop monitoring with monitored start 5.2
Category 4 according to EN 954-1

Function

Description of the Functionality Flow Diagram

Persons near machines (e.g. in production engineering) The following flow diagram illustrates functional interrelation-
must be suitably pro-tected by technical equipment. The ships (for reasons of clarity, operational stopping has not been

EMERGENCY STOP control unit is a widely used componentfor  included)
protecting persons, machines and the environment against
danger.

SIMOCODE pro is a flexible, modular motor management
system for low-voltage motors with constant speeds. It opti-
mizes the connection between I&C and the motor feeder,
increases plant availability while helping to cut planning and
commis-sioning costs during plant operation and mainte-
nance. Integrated in the low-voltage switchgear, SIMOCODE
pro is the intelligent connection between the higher-level
automation system and the motor feeder.

In this Safety Functional Example, the EMERGENCY STOP
control unit with positive opening contacts is monitored by
a SIRIUS 3TK2823 safety switching device as per category 4
according to EN 954-1. If the EMERGENCY STOP is activated,
the 3TK2823 safety switching device switches off its
corresponding drive as per Stop Category 0 according to

EN 60204-1.

Operating voltage
switched on?
yes
las the’
EMERGENCY STOP
pushbutton been released?
yes
acknowledged?
yes

EMERGENCY STOP
is acknowledged,
K1 is activated

Is the motor running?

Has the
EMERGENCY STOP
pushbutton been pressed?

off K1, K2 and K3

Drive stops and is
disconnected from

il Stop category 0 |

|
|
|
|
|
|
3TK2823 switches :
|
|
|
|
|
|

Activation of the EMERGENCY STOP is signaled to the Sora 0 SHOCODE E.%%i%gfgﬁéé%gé
SIMOCODE pro via the IN4 input. This signal is used to activate sﬁﬁdg‘?acgﬁeéﬁ;fs SMOCODERL
the switching state in SIMOCODE when the EMERGENCY STOP B i °ﬂ°°T“a”"

is activated. If this contact reports "zero", SIMOCODE issues S
the OFF command. After the EMERGENCY STOP has been re- D
leased and the safety switching device has been acknowl- - PR 2

edged, the signal at the IN4 input is active and the drive can

be restarted. SIMOCODE pro

starts the motor,
K2 or K3 is activated
|

Drive is running

A yellow LED on the operator panel will light up if the
3TK2823 trips. The operator can start the drive again as soon
as the LED turns off.

The same signal is sent to the higher-level PLC via the Cyclic
Send 1 function, and can be used here to release the switch-
on function in the remote operating mode.

This example takes the safety function into particular consid-
eration. Operational switching of the motor feeder is via a
standard PLC and is not taken into further consideration here.

Note

Equipment, functional aspects and design guidelines
for EMERGENCY STOP control units can be found in
EN 418 (ISO 73850).
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Advantages/Customer Benefits

The combination of SIMOCODE pro and 3TK28 safety
switching device provides the customer with a flexible,
modular motor management system and safe switching-
off of the device.

All 3TK28 signal statuses can be sent on to the higher-level
PLC via PROFIBUS.

Comprehensive motor feeder protection thanks to
SIMOCODE's combination of various, multi-level protection
and monitoring functions.

No further auxiliary contacts are required for the contac-
tors, the safety switching device and the EMERGENCY STOP
pushbutton.

All necessary control logic functions are already available
as active logic modules in SIMOCODE.

By using fewer devices and less cabling, the installation
space required in switchgear cabinets and, hence, plant
floor space, is reduced.

Standardized integration of the motor feeder in the auto-
mation system, thanks to the integrated PROFIBUS DP
interface.

Compliance with all relevant safety standards.



Required Components

Hardware components

EMERGENCY STOP

Start button

Safety switching
device

Contactor K1 / K2 /K3

Circuit breaker for
motor protection

SIMOCODE pro

SIMATIC S7

Note

2NC 40-mm mushroom pushbutton with

yellow top, without protective collar

Empty enclosure, one command station
1NO contact block for base mounting

Black pushbutton with flat button,
22-mm nominal diameter

3TK2823

Contactor, AC-3, 3 KW/400V, 1NC, DC 24V,

3-pole, size SO0
Screw terminal

Release 0.35 ... 0.5 A

SIMOCODE pro C
Basic unit 1

Current measurement module
0.3..3A

Operator panel
0.1-m connection cable
0.5-m connection cable

PS307 5A
power supply

SIMATIC S7-300,
CPU 315-2DP

MMC 512 kB
Micro Memory Card

Functionality has been tested with the hardware

listed. Similar products not found in this list can also
be used. If this is the case, remember that it could be
necessary to modify the example code (e.g. other ad-

dresses) and/or the h

ardware wiring (e.g. a different

connection assignment).

Configuration software/tools

SIMATIC STEP 7
SIMOCODE ES Profession

V5.3 + SP3

al 2004 V1.0 + SP1 + HF2

SIMOCODE ES Graphic 2005 V1.0

3SB3 801-0EG3

3SB3 801-0AA3
3SB3 420-0B
3SB3 000-0AA11

3TK2823-2CB30

3RT1015-1BB42

3RV1011-0FA1

3UF7 000-1AB0O0O-0

3UF7 100-1AA00-0

3UF7 200-1AA00-0
3UF7 931-0AA00-0
3UF7 932-0AA00-0
6ES7307-1EA00-OAAQ

6ES7315-2AG10-0ABO

6ES7953-8LJ10-0AA0

Note

- o o

Siemens AG

This Functional Example has been carried out and
tested with SIMOCODE pro C. It can, of course, be car-

ried out with SIMOCODE pro V.

6ES7 810-4CCO7-0YAS
3751 312-2CC10-0YAO
3751 312-3CC10-0YAO

Siemens AG
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Assembly and Wiring

Overview of Hardware Assembly

5K S

Operator panel PLC / control station

pregn L ’

SIMOCODE Pro syusss

PROFIBUS DP

i :

WYS— "W"
1

: - £

I 2

1

EMERGENCY H
STOP

i
Safety switching device
3TK2823




Wiring of Hardware Components
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Important Hardware Component Settings

An overview of important STEP 7 hardware configuration set-
tings follows. These settings can also be found in the STEP 7
project supplied.

Overview illustration

PROTBLSY P lﬂ_‘i Al

)
65

CPU 315-2DP settings

The CPU 315-2DP settings can be adopted.

SIMOCODE pro C settings in HW config

To have SIMOCODE available as DP slave in the HW configura-
tor of the SIMATIC manager, the corresponding GSD file must
be installed. The necessary GSD files can be downloaded via
the following link:

http://support.automation.siemens.com/WW/view/de/113630
The following GSD files are available for SIMOCODE pro C:
I SI0180FD.GSG (German)

M SI0180FD.GSE (English)

The following GSD files are available for SIMOCODE pro V:
W SI1180FD.GSG (German)

M SI1180FD.GSE (English)

To install the GSD file, start STEP 7 and select the Extras > In-
stall new GSD file menu command in HW Config.

Select the GSD file to be installed in the following dialog and
confirm with OK.


http://support.automation.siemens.com/WW/view/de/113630

Ex. No.
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Note Screenshot

SIMOCODE is inserted into the system as a standard slave via the GSD
file. The field device is found in the PROFIBUS DP directory under
Further field devices > Switching devices > SIMOCODE >
SIMOCODE pro, and inserted in PROFIBUS.

The properties can be accessed via a double click on slot 1 in
SIMOCODE. The input and output address is changed here to 16 (for
example).

The PROFIBUS address is set to 5.

The menu for setting the PROFIBUS address can be accessed via
PROFIBUS - DP slave via double click on the PROFIBUS button.

Functional Example No. CD-FE-1-039-V10-EN 147
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Parameterizing SIMOCODE pro C in SIMOCODE ES

Parameterization of SIMOCODE with SIMOCODE ES Professional is illustrated in the following.

Application selection

Note Screenshot

The reversing starter is selected in the application selection menu.

Device configuration

Note Screenshot

SIMOCODE pro C is selected in the device configuration.

148 Functional Example No. CD-FE-1-039-V10-EN
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Parameter settings

Note Screenshot
Parameterization control stations o T
Deselect the marked defaults of the control station.

i

il

|

—

Jil

Parameterization mode selector

The PROFIBUS DP address is set to 5.
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Example Code

Preliminary remark

Enclosed you will find the SIMOCODE pro and STEP 7 Project
example codes with which you can reconstruct the functional-
ity described here.

The example code is always assigned to the components used
in the Function Examples and functions as necessary. Any fur-
ther problems to be solved must be dealt with individually by
the user. However, the example code can serve as a basis.

Downloading the STEP 7 Project

To access the corresponding project file, open the proffered
"CD-FE-1-039-V10-proC.zip" file and extract this into any direc-
tory.

To download the S7 Project in the CPU you must have a con-
nection between the MPI interface of your PG/PC and the MPI
interface of the CPU.

Please proceed as follows:

First load the hardware configuration in the S7 CPU
Change to SIMATIC Manager

Activate the Module folder

Click the Load button

The assignment of the cyclical control and signal data that has
been exchanged between the DP Master and SIMOCODE once
in each DP mode is listed in the following table. The control
data is sent to SIMOCODE from the DP Master. SIMOCODE an-
swers by sending the signal data to the master module. The
CPU 315-2DP is the master in this example. In the PLC pro-
gram, access to the cyclical data is via the inputs (signal data)
and the outputs (control data).

Note

The program code for creating the control commands
to switch the direct starter on and off must be indi-
vidually created by the user.

The program code for further processing the
"EMERGENCY STOP" signal in the PLC must be individ-
ually created by the user.

The "EMERGENCY STOP" signal is not safety oriented.

Table of controls at the PLC interface

Bit 0.0
Bit 0.1
Bit 0.2
Bit 0.3
Bit 0.4
Bit 0.5
Bit 0.6
Bit 0.7

ON<

OFF

ON>

Not assigned
Not assigned
Mode Selector S1
Not assigned
Not assigned

Table of signals at the PLC interface

Bit 0.0
Bit 0.1
Bit 0.2
Bit 0.3
Bit 0.4
Bit 0.5
Bit 0.6
Bit 0.7
Bit 1.0
Bit 1.1
Bit 1.2
Bit 1.3
Bit 1.4
Bit 1.5
Bit 1.6
Bit 1.7

ON<

OFF

ON>

Pre-warning Overload
Interlocking time active
REMOTE operating mode
General Fault

General Warning
EMERGENCY STOP
Actuator failure

Not assigned

Not assigned

Not assigned

Not assigned

Not assigned

Not assigned



Downloading the SIMOCODE pro project

To access the corresponding project file, copy the proffered
file "CD-FE-1-039-V10-Direkt-NH-Kat4.sdp" into any directory.
Open the project via the Switching devices > Open menu
You can choose between a PROFIBUS DP or an RS232 connec-
tion to download the SIMOCODE pro project into the control
unit.

The following window will open when you activate the Load
in switching device button:

Select the desired interface and confirm with OK.
A PROFIBUS cable is required for the download via

PROFIBUS DP. For downloading via RS232, a PC cable with the
order number 3UF7 940-0AA00-0 is required.

Functional Example No. CD-FE-1-039-V10-EN

151

Ex. No.

5.2




ization

SIMOCODE pro C parameteri

Ex. No.

IR 4 i

-
=5
M i=aa (3
L 1
|
e}
A [
="
Lok oty Ametrn) |
[
P
=
- 3 AW R ey . ..“
= [[2F-
B i ...u“u
L ﬂ
= frr
.
o L Wi et
i T
M e 1 1| Sy
] L V8 i - 5
2 UET BT s |- o [ b=
= L 1 il ais (LR =1
[ = s L LE W —f iy J
= il ~{ i i s
" - —jm S ] wme -
r nnd na
Hndm ha L e




Ex. No.

5.2

The displayed link is parameterized in the SIMOCODE ES Pro-
fessional software graphic editor to activate the EMERGENCY
STOP function.

A truth table is switched between the "OFF" socket of the con-
trol station and the "OFF" plug of the "protecting/controlling”

function. The "EMERGENCY STOP" signal from BU input 4 is as-
signed to the "E3" plug of the truth table. The truth table wir-
ing is illustrated as follows.

The "Cyclic Send 1" function is used to signal the EMERGENCY
STOP to the higher-level PLC. In this case, the EMERGENCY
STOP signal from the BU input is assigned to Bit 0. The yellow
3 LEDis used to visually indicate the EMERGENCY STOP on the
operator panel (see the figure on page 152).

SIMOCODE issues a warning via the External Fault 1 function
whenever the EMERGENCY STOP is activated.
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Function Test

After the hardware components have been wired and the S7
and SIMOCODE pro projects have been downloaded, the as-
signed inputs and outputs can be checked for functionality.

Assigned inputs and outputs

HW component Terminal Symbol Signal (default
value)

EMERGENCY STOP input EMERGENCY STOP EMERGENCY STOP  SIMO
activated at 0

2 EMERGENCY STOP push- Y11-Y12 1 3TK2823
button contact 1

3 EMERGENCY STOP push- Y21-Y22 1 3TK2823
button contact 2

4 Acknowledge EMERGENCY Y33 -Y34 0 3TK2823
STOP button

5 Contactor K1 14 K1 3TK2823

6 Operational switching right OUT1 Output 1 0 Start 3TK28 at 1 SIMO

7 Operational switching left ~ OUT2 Output 2 0 Start 3TK28 at 1 SIMO

8 ON> button OP buttons ON> OoP

9 OFF button OP buttons OFF oP

10 ON< button OP buttons ON< OP

Testing inputs and outputs

I I T K S

1 Ensure that the EMERGENCY STOP push-  If the EMERGENCY STOP has been activated,
button is released the 3TK28 must be acknowledged. The con-
tacts K1, K2 and K3 are closed.
2 Press the Acknowledge EMERGENCY STOP ~ Contactor K1responds and there is a voltage = 3TK28 is acknowledged and the load
button. on contact 24 of the 3TK28 can be started via SIMOCODE
3 Press the ON> or ON< button on the Output OUT2 switches voltage to contactor ~ The motor runs
SIMOCODE operator panel K2 or output OUT1 switches voltage to con-
tactor K3.
The contactors respond accordingly.
4 Press the EMERGENCY STOP pushbutton.  Contactors K1, K2 and K3 release, activation =~ The load is stopped safely
of the EMERGENCY STOP is signaled to SIMOCODE has activated the
SIMOCODE via contact 24 of the 3TK28. EMERGENCY STOP, no fault is signaled.
SIMOCODE switches outputs OUT1 and
OUT2t0 0
5 Release the EMERGENCY STOP push- The contacts K1, K2 and K3 are closed
button.
6 Press the Acknowledge EMERGENCY STOP ~ Contactor K1 responds and there is a voltage = 3TK28 is acknowledged and the load

button. on contact 24 of the 3TK28 can be started via SIMOCODE




SIMOCODE pro star-delta starters with safety technology [ene.

Emergency stop monitoring with monitored start
Category 4 according to EN 954-1

Function

Description of the Functionality

Persons near machines (e.g. in production engineering) must
be suitably pro-tected by technical equipment. The
EMERGENCY STOP control unit is a widely used component for
protecting persons, machines and the environment against
danger.

SIMOCODE pro is a flexible, modular motor management sys-
tem for low-voltage motors with constant speeds. It optimizes
the connection between I&C and the motor feeder, increases
plant availability while helping to cut planning and commis-
sioning costs during plant operation and maintenance. Inte-
grated in the low-voltage switchgear, SIMOCODE pro is the in-
telligent connection between the higher-level automation sys-
tem and the motor feeder.

In this Safety Functional Example, the EMERGENCY STOP con-
trol unit with positive opening contacts is monitored by a
SIRIUS 3TK2823 safety switching device as per category 4 ac-
cording to EN 954-1. If the EMERGENCY STOP is activated, the
3TK2823 safety switching device switches off its correspond-
ing drive as per Stop Category 0 according to EN 60204-1.

Activation of the EMERGENCY STOP is signaled to the
SIMOCODE pro via the IN4 input. This signal is used to activate
the switching state in SIMOCODE when the EMERGENCY STOP
is activated. If this contact reports "zero", SIMOCODE issues
the OFF command. After the EMERGENCY STOP has been re-
leased and the safety switching device has been acknowl-
edged, the signal at the IN4 input is active and the drive can
be restarted.

A yellow LED on the operator panel will light up if the
3TK2823 trips. The operator can start the drive again as soon
as the LED turns off.

The same signal is sent to the higher-level PLC via the Cyclic
Send 1 function, and can be used here to release the switch-
on function in the remote operating mode.

This example takes the safety function into particular consid-
eration. Operational switching of the motor feeder is via a
standard PLC and is not taken into further consideration here.

Note

Equipment, functional aspects and design guidelines
for EMERGENCY STOP control units can be found in
EN 418 (ISO 73850).

Flow Diagram

The following flow diagram illustrates functional interrelation-
ships (for reasons of clarity, operational stopping has not been
included)

Operating voltage
switched on?
yes
ias the
EMERGENCY STOP
pushbutton been released?
yes
acknowledged?
yes

EMERGENCY STOP
is acknowledged,
K1 is activated

Is the motor running?

Has the
EMERGENCY STOP
pushbutton been pressed?.

3TK2823 switches
off K1, K2 and K4

Drive stops and is
disconnected from

i Stop category 0 |

EMERGENCY STOP EMERGENCY STOP
i signal to SIMOCODE
signal to SIMOCODE e
pro changes to 1, pr 1o ,
SIMOCODE prois SIMOCODE pro
dy f ‘(ph ; activates the switch-
ready for switch-on A,
SIMOCODE pro signals|
Start command? EMERGENCY STOP
on the operator panel
land sends the message|
yes via cycl. signal data

]

SIMOCODE pro starts
the motor, K2 and K3/K4
are activated

Drive is running
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Advantages/Customer Benefits

The combination of SIMOCODE pro and 3TK28 safety
switching device provides the customer with a flexible,
modular motor management system and safe switching-
off of the device.

All 3TK28 signal statuses can be sent on to the higher-level
PLC via PROFIBUS.

Comprehensive motor feeder protection thanks to
SIMOCODE's combination of various, multi-level protection
and monitoring functions.

No further auxiliary contacts are required for the contac-
tors, the safety switching device and the EMERGENCY STOP
pushbutton.

All necessary control logic functions are already available
as active logic modules in SIMOCODE.

By using fewer devices and less cabling, the installation
space required in switchgear cabinets and, hence, plant
floor space, is reduced.

Standardized integration of the motor feeder in the auto-
mation system, thanks to the integrated PROFIBUS DP
interface.

Compliance with all relevant safety standards.
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Required Components

Hardware components

Component Type Order Nr. / Order Information Quantity Manufacturer
EMERGENCY STOP 2NC 40-mm mushroom pushbutton with yel- ~ 3SB3 801-0EG3 1 Siemens AG
low top, without protective collar
Start button Empty enclosure, one command station 3SB3 801-0AA3 1
TNO contact block for base mounting 3SB3 420-0OB 1
Black pushbutton with flat button, 3SB3 000-0AA11 1
22-mm nominal diameter
Safety switching 3TK2823 3TK2823-2CB30 1
device
Contactor K1 /K2 /K3 Contactor, AC-3, 3 KW/400 V, 1NC, DC 24 V, 3RT1015-1BB42 3

3-pole, size SO0
Screw terminal

Circuit breaker for Release 0.35... 0.5 A 3RV1011-0FA1 1
motor protection
SIMOCODE pro SIMOCODE pro V 3UF7 010-1AB00-0 1
Basic unit 2
Current measurement module 3UF7 100-1AA00-0 1
0.3..3A
Operator panel 3UF7 200-1AAQ00-0 1
0.1-m connection cable 3UF7 931-0AA00-0 1
0.5-m connection cable 3UF7 932-0AA00-0 1
SIMATIC S7 PS307 5A 6ES7307-1EA00-0AAQ 1
power supply
SIMATIC S7-300, 6ES7315-2AG10-0ABO 1
CPU 315-2DP
MMC 512 kB 6ES7953-8LJ10-0AA0 1

Micro Memory Card

Note

Functionality has been tested with the hardware
listed. Similar products not found in this list can also
be used. If this is the case, remember that it could be
necessary to modify the example code (e.g. other ad-
dresses) and/or the hardware wiring (e.g. a different
connection assignment).

Configuration software/tools

Component Type Order Nr. / Order Information Quantity = Manufacturer
SIMATIC STEP 7 V5.3 + SP3 6ES7 810-4CCO7-0YAS 1 Siemens AG
SIMOCODE ES Professional 2004 V1.0 + SP1 + HF2 3751 312-2CC10-0YAO 1

SIMOCODE ES Graphic 2005 V1.0 3751 312-3CC10-0YAO 1
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Assembly and Wiring

Overview of Hardware Assembly

Operator panel PLC / control station

SIMOCODE Pro ssssss

-

PROFIBUS DP

"
d

v wag =
EMERGENCY i h Start
STOP

[
e

Safety switching device
3TK2823
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Wiring of Hardware Components
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Important Hardware Component Settings

An overview of important STEP 7 hardware configuration set-
tings follows. These settings can also be found in the STEP 7
project supplied.

Overview illustration

PROTBLSY P lﬂ_‘i Al
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CPU 315-2DP settings

The CPU 315-2DP settings can be adopted.

SIMOCODE pro C settings in HW config

To have SIMOCODE available as DP slave in the HW configura-
tor of the SIMATIC manager, the corresponding GSD file must
be installed. The necessary GSD files can be downloaded via
the following link:

http://support.automation.siemens.com/WW/view/de/113630
The following GSD files are available for SIMOCODE pro C:
I SI0180FD.GSG (German)

M SI0180FD.GSE (English)

The following GSD files are available for SIMOCODE pro V:
W SI1180FD.GSG (German)

M SI1180FD.GSE (English)

To install the GSD file, start STEP 7 and select the Extras >
Install new GSD file menu command in HW Config.

Select the GSD file to be installed in the following dialog and
confirm with OK.


http://support.automation.siemens.com/WW/view/de/113630

Ex. No.

5.3

Note Screenshot

SIMOCODE is inserted into the system as a standard slave via the GSD
file. The field device is found in the PROFIBUS DP directory under
Further field devices > Switching devices > SIMOCODE >
SIMOCODE pro, and inserted in PROFIBUS.

The properties can be accessed via a double click on slot 1 in
SIMOCODE. The input and output address is changed here to 16 (for
example).

The PROFIBUS address is set to 5.

The menu for setting the PROFIBUS address can be accessed via
PROFIBUS - DP slave via double click on the PROFIBUS button.
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Parameterizing SIMOCODE pro C in SIMOCODE ES

Parameterization of SIMOCODE with SIMOCODE ES Professional is illustrated in the following.

Application selection

Note Screenshot

The reversing starter is selected in the application selection menu.

Device configuration

Note Screenshot

SIMOCODE pro C is selected in the device configuration.

162 Functional Example No. CD-FE-1-042-V10-EN
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Parameter settings

Note Screenshot
Parameterization control stations o T
Deselect the marked defaults of the control station.

i
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Jil

Parameterization mode selector

The PROFIBUS DP address is set to 5.
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Example Code

Preliminary remark

Enclosed you will find the SIMOCODE pro and STEP 7 Project
example codes with which you can reconstruct the functional-
ity described here.

The example code is always assigned to the components used
in the Function Examples and functions as necessary. Any fur-
ther problems to be solved must be dealt with individually by
the user. However, the example code can serve as a basis.

Downloading the STEP 7 Project

To access the corresponding project file, open the proffered
"CD-FE-1-042-V10-proC.zip" file and extract this into any direc-
tory.
To download the S7 Project in the CPU you must have a con-
nection between the MPI interface of your PG/PC and the MPI
interface of the CPU.
Please proceed as follows:

First load the hardware configuration in the S7 CPU

Change to SIMATIC Manager

Activate the Module folder

Click the Load button
The assignment of the cyclical control and signal data that has
been exchanged between the DP Master and SIMOCODE once
in each DP mode is listed in the following table. The control
data is sent to SIMOCODE from the DP Master. SIMOCODE an-
swers by sending the signal data to the master module. The
CPU 315-2DP is the master in this example. In the PLC pro-
gram, access to the cyclical data is via the inputs (signal data)
and the outputs (control data).

Note

The program code for creating the control commands
to switch the direct starter on and off must be indi-
vidually created by the user.

The program code for further processing the
"EMERGENCY STOP" signal in the PLC must be individ-
ually created by the user.

The "EMERGENCY STOP" signal is not safety oriented.

Table of controls at the PLC interface

Bit 0.0
Bit 0.1
Bit 0.2
Bit 0.3
Bit 0.4
Bit 0.5
Bit 0.6
Bit 0.7

Not assigned
OFF

ON

Not assigned
Not assigned
Mode Selector S1
Not assigned
Not assigned

Table of signals at the PLC interface

Bit 0.0
Bit 0.1
Bit 0.2
Bit 0.3
Bit 0.4
Bit 0.5
Bit 0.6
Bit 0.7
Bit 1.0
Bit 1.1
Bit 1.2
Bit 1.3
Bit 1.4
Bit 1.5
Bit 1.6
Bit 1.7

Not assigned

OFF

ON>

Pre-warning Overload
Change-Over Pause active
REMOTE operating mode
General Fault

General Warning
EMERGENCY STOP

Not assigned

Not assigned

Not assigned

Not assigned

Not assigned

Not assigned

Not assigned



Downloading the SIMOCODE pro project

To access the corresponding project file, copy the proffered
file "CD-FE-1-042-SternDrei-NH-Kat4.sdp" into any directory.
Open the project via the Switching devices > Open menu.
You can choose between a PROFIBUS DP or an RS232 connec-
tion to download the SIMOCODE pro project into the control
unit.

The following window will open when you activate the Load
in switching device button:

Select the desired interface and confirm with OK.
A PROFIBUS cable is required for the download via

PROFIBUS DP. For downloading via RS232, a PC cable with the
order number 3UF7 940-0AA00-0 is required.

Functional Example No. CD-FE-1-042-V10-EN
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SIMOCODE pro C parameterization
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The displayed link is parameterized in the SIMOCODE ES Pro-
fessional software graphic editor to activate the EMERGENCY
STOP function.

A truth table is switched between the "OFF" socket of the con-
trol station and the "OFF" plug of the "protecting/controlling”
function. The "EMERGENCY STOP" signal from BU input 4 is as-
signed to the "E3" plug of the truth table.

The truth table wiring is illustrated as follows.

The "Cyclic Send 1" function is used to signal the EMERGENCY
STOP to the higher-level PLC. In this case, the EMERGENCY
STOP signal from the BU input is assigned to Bit 0. The yellow
3 LED is used to visually indicate the EMERGENCY STOP on the
operator panel (see the figure on page 166).

SIMOCODE issues a warning via the External Fault 1 function
whenever the EMERGENCY STOP is activated.

Functional Example No. CD-FE-1-042-V10-EN
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5.3

Function Test

After the hardware components have been wired and the S7
and SIMOCODE pro projects have been downloaded, the as-
signed inputs and outputs can be checked for functionality.

Assigned inputs and outputs

HW component Terminal Symbol Signal (default
value)

O 00 N O U

EMERGENCY STOP input EMERGENCY

STOP
EMERGENCY STOP pushbutton Y11-Y12 1
contact 1
EMERGENCY STOP pushbutton Y21-Y22 1
contact 2
Acknowledge EMERGENCY STOP Y33 -Y34 0
button
Contactor K1 14 K1
Operational switching OUT1 Output 1 0
Operational switching star-delta OUT2 Output 2 0
ON button OP buttons ON
OFF button OP buttons OFF

Testing inputs and outputs

1

Ensure that the EMERGENCY STOP push-
button is released

Press the Acknowledge EMERGENCY STOP
button.

Press the ON> or ON>> button on the
SIMOCODE operator panel

Press the EMERGENCY STOP pushbutton.

Release the EMERGENCY STOP push-
button.

Press the Acknowledge EMERGENCY STOP
button.

If the EMERGENCY STOP has been activated,
the 3TK28 must be acknowledged. The con-
tacts K1, K2 and K4 are closed.

Contactor K1 responds and there is voltage
on contact 24 of the 3TK28.

Output OUT1 switches voltage to contactor
K2, and the outputs OUT2 and OUT3 switch
voltage to the contactors K4 and K3 as per
star-delta switching.The contactors respond
accordingly.

Contactors K1, K2 and K4 release, activation
of the EMERGENCY STOP is signaled to
SIMOCODE via contact 24 of the 3TK28.
SIMOCODE switches outputs OUT1 and
OUT2 to 0.

Contacts K1, K2 and K4 are closed

Contactor K1 responds and there is voltage
on contact 24 of the 3TK28.

EMERGENCY STOP
activated at 0

SIMO

3TK2823

3TK2823

3TK2823

3TK2823
SIMO
SIMO

(0]

op

Start 3TK28 at 1
Start 3TK28 at 1

3TK28 is acknowledged and the load
can be started via SIMOCODE

The motor runs

The load is stopped safely

SIMOCODE has activated the
EMERGENCY STOP, no fault is signaled.

3TK28 is acknowledged and the load
can be started via SIMOCODE



Fail-safe Controllers
SIMATIC Safety Integrated

1. Emergency Stop with Acknowl-
edgement in Category 4 acc. to
EN 954-1

2. Safety Door with Spring-Loaded
Engagement in Category 4 acc. to
EN 954-1

3. Safety Door with Magnetic En-
gagement in Category 4 acc. to
EN 954-1

4. Safety Door without Guard Lock-
ing in Category 4 acc. to EN 954-1

5. Light Curtain in Category 4 with
Muting Function acc. to EN 954-1

6. Two-Hand Control Panel with Inte-
grated Emergency Stop in Cate-
gory 4 acc. to EN 954-1

7. Integration of the Readback Sig-
nal in an Application of Category
4 acc. to EN 954-1

8. Safety Shutdown in the Stop Cate-
gories 0 and 1 in Safety Category
4 according to EN 954-1

. Single and Group Shutdown of
Actuators in Safety Category 4
acc. to EN 954-1

10. Distributed application of laser-
scanner LS4-4 in Category 3 ac-
cording to EN 954-1

11. Passivation and Reintegration of
F-1/0 considering as example the
ET 200S

12. Safe Standstill Detection and
Safely Reduced Speed with
F-CPU and MASTERDRIVES in
Category 3 of EN 954-1 or SIL 2
of IEC 62061

©

Safety Integrated - March 2007



Ex. No.

Emergency Stop with Acknowledgement in Category 4

acc. to EN 954-1

Automation Function

Description of the functionality

If persons (e.g. in manufacturing engineering) work in the vi-
cinity of machines, they have to be adequately protected by
technical devices. Emergency stop is an additional safety
measure in order to protect people and plants from hazards.
Emergency stop must have priority over all other functional-
ities.

Devices, functional aspects and basic design principles of the
emergency stop push button are laid down in EN 418, and ad-
ditionally, EN 60204-1 : 1997 must be observed.

In this example, an actuated emergency stop push button dis-
ables an output of a failsafe digital output module at which
e.g. a hazardous machine is operated. All other outputs of this
output module remain in their current status. Prior to a re-
newed machine start the emergency stop push button must
be reset manually. This requires an acknowledgement signal.
The flowchart below illustrates the relation.

l "Machine" STOP I

N
-
gement

N
Acknowled:
Y

Y
Emergency
stop pressed?

N

-—

l "Machine" ON I

Y Emergency
stop pressed?

G_FB_XX_076

Note

In this example, the hazardous machine is simulated by
an indicator light. When using other actuators than this
indicator light, safe switching-off function of the loads
including signal feedback is to be supplemented.

For calculating the max. reaction time of your F-system please
use the Excel file (Cotia table), which is available for S7 Distrib-
uted Safety V 5.3. This file is available on the internet:
http://support.automation.siemens.com/WW/view/en/
19138505.

Prefabricated blocks and network templates from the Distrib-
uted Safety library were used to implement the emergency
stop functionality. Alternatively, you can also access the re-
spective block from the Distributed Safety library (from Dis-
tributed Safety V5.3) for the realization.

Advantages/customer benefits

B Wiring reduced to a minimum due to use of failsafe S7-CPU
and distributed 1/0. The more safety functions are imple-
mented, the more useful this advantage is.

B Only one S7-CPU is required, since within the CPU failsafe
and standard program parts run on a coexistent basis.

B Programming the failsafe program with STEP 7 engineer-
ing tools.

W Editor user interface within the failsafe program is used as
familiar from STEP 7.


http://support.automation.siemens.com/WW/view/en/19138505

Required components

Hardware components

Component
Power supply

S7-CPU, can be used for safety
applications

Micro Memory Card

Interface module for ET 200M
Digital input module

Safety protector

Digital input module, failsafe
Digital output module, failsafe
Rack

Optional:
Indicator light incl.incandescent
lamp

Emergency stop
Contact (for Emergency stop)
Push button

Note

Type
PS307 5A
CPU 315F-2DP

MMC 512 kB

IM 153-2

SM321 DI16xDC24V
SM326 DI24xDC24V
SM326 DO10xDC24VI2A
482.6 mm

yellow

Mushroom-head pushbutton TNC
TNC, screw-type connection
green, TNO

The functionality was tested with the hardware compo-
nents listed. Similar products not included in the above
list (e.g. a different digital input module) can also be

used. Please note that in this case changes in the sample
code (e.g. different addresses) may become necessary.

Configuration software/tools

Component
SIMATIC STEP 7
SIMATIC Distributed Safety

Type
V5.3 + SP1
V5.3

MRPD / Ordering data
6ES73071EA00-0AAQ
6ES7315-6FFO1-0ABO

6ES7953-81J10-0AA0

6ES7153-2AA02-0XBO
6ES7321-7BH00-0ABO
6ES7195-7KF00-0XA0
6ES7326-1BK00-0ABO
6ES7326-2BF01-0ABO
6ES7390-1AE80-0AAQ
3SB3217-6AA30

3SB3801-0DG3
35B3420-0C
35B3801-0DA3

MRPD / Ordering data
6ES7810-4CC0O7-0YAS
6ES7833-1FC01-0YAS

Qty
1
1

EE NG (R UL () PR PR

Qty
1
1

Manufacturer
Siemens AG

Manufacturer
Siemens AG

Ex. No.




Ex. No.

1 Setup and Wiring

In order to set up and wire the functional example, it is abso-
lutely necessary to consider the following note:

Warning!

In order to meet the requirements of Safety Category
4, it is obligatory to read back the process signal to
the actuator. Read back is not implemented in this
example.

The actuator in this example is an indicator light sim-
ulating a machine. If other actuators are used, read

back has to be ensured by the user. The Safety Inte-
grated Functional Example No. 7 ,Integration of the
Readback Signal in an Application of Category 4 acc.
to EN 954-1" provides a detailed description of "Read
back".

An overview of the hardware structure

The arrangement to implement the emergency stop function-
ality consists of a PROFIBUS configuration. A failsafe S7-CPU is
used as DP master, an ET 200M as DP slave. The ideally used
indicator light simulates the hazardous "machine”. The indica-
tor light can be replaced by actuators in accordance with their
requirements.

PS CPU
307 ) 315F
[ ]
IM Safety DO
153-2) protector = SM326
._I DI DI
SM321)| SM326

Actuator

U DI r ~ 7 7 optional
|
of

| i B

|
| o o |

] | Emer
| P\ Acknowledge - : o7 (@ ) strgp gency
‘ B | ! | = button
__t (N \ NCINC
L .

,Start”
button
(NO)

Wiring of the hardware components

Requirements: The power supplies are supplied with 230V AC.
First check the addresses set at the hardware components

listed below:

Hardware
component

IM 153-2

DI (SM326)

Address
to be set

6
(PROFIBUS
adress)

8

DO (SM326) 24

Note

Note

Can be changed

You can change
the address ar-
eas of the mod-
ule via inputs
(DIL button at
the back of the
module).

Please note the
following:
During safety
operation, input
and output ad-
dress have to be
identical,
divisible by 8
and they must
have a value
between 8 and
8176 (see
screenshot).

You can change
the address ar-
eas of the mod-
ule via inputs
(DIL button at
the back of the
module).

Please note the
following:
During safety
operation, input
and output ad-
dress have to be
identical,
divisible by 8
and they must
have a value
between 8 and
8176 (see
screenshot).

e ]
ek w
Chudguiy

T 0
L& n

Frismrinrs. - D1 | DML T4W T}

The DP interface of the CPU 315F must be connected
with the DP interface of the IM 153-2.
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PS 307 / CPU 315F DI SM321 1M 153-2 P or g 1
: e ; F ) - o
i L H H 5 IAcknowledgement
0 : H .
ul e omp
U = " i
—= :
PE o w ER
o i US04
= s 20|y
 —
DI SM326 DO SM326
Tk @ o il 2l
: b S i H
‘I T_"ziz- o
i :
AR .
.- et .
e el u N
2
o\
Note
A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the S7 project into the CPU
315F-2DP.
Function test
After wiring the hardware components, you can check the in-
puts and outputs used with regard to their functionality (after
downloading the S7 project).
Inputs/outputs used
No. Hardware Adress Symbol Signal Note
component (default value)
1 Push button (NO) E0.0 ACK "0" Acknowledgement
2 Push button (NO) EO0.1 START 0" Start
3 Emergency stop E8.0 ESTP " -

push button (NC/NC)
4 Actuator (Indicator light) A 24.0 ACTUATOR "0" "1": "Machine" active




Ex. No.

Testing inputs and outputs
Requirements: The inputs and outputs have the default values
specified under "Inputs/outputs used".

No. Instruction Response Note

A24.0
1 None 0" After start of the S7-CPU
2 Press ACK and re- ‘0" Acknowledgement
lease the button
3 Press START and " "Machine" (here simulated by
release the but- indicator light) runs
ton
4 Press ESTP "0" Emergency stop pressed

Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:

Warning!
The settings shown below contribute to meet the re-

quirements of Safety Category 4. Changes at the set-
tings may cause loss of the safety function.

If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

The safety protector is not listed in the hardware configura-
tion of STEP 7.

Overview picture

RO D i s 11

af 1
12 Rt

| DAk

ety N 50
1 o AR [T .
The PROFIBUS adress at IM 153-2 is set using DIP-switches.




Settings of the CPU 315F-2DP

The settings are displayed after double-clicking "CPU 315F-2
DP" (see "Overview picture").

Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.

Available in the "Protection” tab.

A password has to be allocated in order to be able to set the
parameter "CPU Contains Safety Program". It is only in this
case that all required F blocks for safe operation of the F mod-
ules are generated during compiling the hardware configura-
tion of STEP 7.

Password used here: siemens

Ex. No.

Settings of the failsafe DI (SM 326) 1
The settings are displayed after double-clicking "DI124xDC24V"
(see "Overview picture”).

Setting the monitoring time.
Channels which are not used are to be deactivated.

Settings of the failsafe DO (SM 326)

The settings are displayed after double-clicking
"DO10xDC24VI2A" (see "Overview picture").

Setting the monitoring time.
Channels which are not used are to be deactivated.

Functional Example No. AS-FE-1-001-V10-EN
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Basic Performance Data

Load and main memory (without program code)

Load memory

Main memory

Total S7 standard  F blocks (failsafe)
blocks

approx. approx. 0,2k  approx. 37,3 k
37,5

,

approx. approx. 0,08 k approx. 28,1 k
28,2

’

Load and main memory (with program code)

Load memory

Main memory

Cycle time

Total cycle time
(typical value)

Total S7 standard  F blocks (failsafe)
blocks

approx. approx. 1,1k  approx. 41,8 k
42,9 k

approx. approx. 0,4k  approx. 30,6 k
31,1k

approx. Standard and safety program
5ms

Max. runtime of the 10 ms Calculation with the Cotia ta-

safety program

ble. Page 180 specifies where
to find it.

Sample Code

Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code with
which you can reset the described emergency stop functional-
ity.

The sample code is always assigned to the components used
in the functional example and implements the required func-
tionality. Problems not dealt with in this document are to be
implemented by the user; the sample code may serve as basis.

Password

In all cases, the passwords used for the safety-relevant part is
.siemens”.

Use of the STEP 7 Project

An indicator light (simulates a machine) is switched on via a

push-button (START). The emergency stop button is used for
switching off. Restarting requires an acknowledge signal (ACK
button).

Operation related switching off is not implemented in this ex-
ample, however, on the following pages it will be illustrated
how to include this signal.

Download

The download is available via the following link:
http://support.automation.siemens.com/WW/view/en/
21064024

To call the corresponding project file, open the
"as_fe_i_001_v10_code_estop.zip " file offered as a separate
download and extract it into a user defined directory.

M First load the hardware configuration into the S7-CPU
B Switch to the SIMATIC Manager
W Select the "Blocks" container

B Menu "Options" -> Edit safety program
W Click the "Download" button
M Finally, set the mode switch of the F-CPU from STOP to RUN


http://support.automation.siemens.com/WW/view/en/21064024

The sample code with the given configurations enables the
following:

B Resetting a failsafe digital output after actuating the emer-
gency stop push button

B Renewed setting (= start of the application) of the failsafe
digital output requires the following:

1. User acknowledgement (does not automatically start
the application)

2. Starting the application (only possible in case of previ-
ous acknowledgement)

Program procedure

FC "START_AND_STOP" (FC10)

The (non-failsafe) FC "START_AND_STOP" (FC 10) is called
from OB 1 (see following figure).

"START_AND_STOP"

" GTART " == START COND = "COND"

G_FB_XX_078

"STOP" =={ STOP ENO (= |

Parameter Adress Explanation

START EO.1 Push button (NO) for the start re-
quirement.

STOP M 90.5 Dummy. If the operation related stop
is to be implemented, replace the
memory bit by an input Ex.y.

COND M 90.0 Saves the information start/ stop of

the "machine”.

The information of the memory bit "COND" is read as memory
bit COND1 in the safety program. This allocation occurs in the
cyclic interrupt OB35 for the following reason:

When reading data, which may be changed by the standard
user program or an operation control and monitoring system
during running of an F runtime group, from the standard user
program (memory bits or PAE of standard 1/0), in the safety
program, it is necessary to use separate memory bits (here
COND1). Data from the standard user program have to be
written to these memory bits immediately before calling the F
runtime group. Only these memory bits may then be accessed
in the safety program.

In this example it has already been implemented. Generally,
however, the following applies:

Note

If the above section is not observed the F CPU may go to
STOP mode.

The FC "START_AND_STOP" (FC 10) in the following figure
sets/resets #COND whose signal status ("0" or "1") starts or
stops the "machine” in the failsafe program. #COND can only
become "1" if the emergency stop button has been unlocked
and acknowledged prior to the start (occurs in the safety pro-
gram). This is ensured by the "Instanz_FB1".EN_ESTP bit from
the instance data block DB 1 of FB 1 (from the safety pro-
gram). This bit must have been set for a possible start. If this
bit is "0" the "1" signal lies at the R entry of the flipflop, which
makes the output Q always "0", even if with #START the S en-
try receives the "1" signal (resetting has priority with the used
flipflop).

wpn mSRY
P SR
#START == —s
>=1
#STOP ==
#COND
"INSTANZ = ]
FB1". =0 —1 R Q f— £
EN ESTP e

The failsafe program has the following program sequence:

FB"ESTOP"
(FB1,DB1)

F-Call
(FC1)

FC"COORDINATION"
(FC2)

L —

FC"REINTEGRATION"
(FC3)

4

G_FB_XX_080

Ex. No.

1
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F-CALL (FC1)

F-CALL (FC1) is the F runtime group and is called from the cy-
clic interrupt OB (OB 35). F-CALL calls the F-programe block
(here: FC2).

FC "COORDINATION" (FC2)

For modularity reasons all further failsafe blocks are called
from here.

FB "ESTOP" (FB1, DB1)
The emergency stop is implemented as follows:

#N #EN_ESTP
N SR
#ACK= —s
&

#BSTP =0 R QF— _
#ACTUATOR &
x
= X\
#COND1 — —l 5

The signal status of #COND1 is defined in the user program
(see FC 10 or OB 35). #COND1="1"is the first condition for a
start of the "machine" (#ACTUATOR="1"). The second condi-
tion is the acknowledgement required before the start. The
flipflop is set with #ACK="1" (#EN_ESTP="1"). In the standard
user program (FC 10) the static variable #EN_ESTP is read as
bit of the instance DB of FB1 and ensures, that only after ac-
knowledgment the COND bit (or COND1 in the safety pro-
gram) is set there by the start signal.

n

By pressing the emergency stop button #ESTP becomes ="0

which sets the flipflop of the output Q back to "0" (resetting
has the priority at this flipflop procedure), which makes #AC-
TUATOR also "0". ("machine" is switched off).

FC "REINTEGRATION" (FC3)

This FC ensures the reintegration of the passivated failsafe
modules (F-DI and/or F-DO). For the F-DO a memory bit REINT
is prepared. With a positive flank of REINT the F-DO will be re-
integrated. A passivation is indicated at the failsafe module
via LED. The reintegration of an F module may take approx.
one minute.

Note

In this example, the reintegration of passivated
modules occurs automatically. Use the automatic re-
integration for your application only if it will not
cause any hazards.

Operating instructions

The table below will help you during operation.

No. Instruction Result/Note

1 Press the acknowl- -
edgement push button
ACK and release it.

2 Press the push button
for START instruction
and release it.

Indicator light goes on
("machine" active).

Indicator light goes off. The output of
the failsafe digital output module is
reset.

3 Press the emergency
stop push button.

4 Unlock emergency Perform action 1.

stop push button.



Safety Door with Spring-Loaded Engagement in Category 4
acc. to EN 954-1

Ex. No.

Automation Function The diagram below illustrates the concept of safety door mon- 2
Description of the functionality Itoring:
Interlocking devices with guard locking are mechanical or @
electrical devices which only enable operation of a machine if

the door is closed and guard locked. Interlock and guard lock-
ing is maintained until the risk of injury caused by hazardous stop?
machine functions or motions is excluded. This monitoring is %
usually performed by overspeed trips or standstill monitors. In | F-DO="1" |
this example, motion/stoppage of a machine is simulated by a
NO contact.

In this example, an actuator installed on the door moves form
fit into a safety position switch with locked engagement. Dur-
ing the potential hazard (machine in RUN), the actuator is held
(and thus the door guard locked) by the fact that the voltage
applied to a magnet in the safety position switch is removed.
This type of interlock is referred to as spring-actuated lock.

Monitoring
locking
OK?

If the safety position switch fails, the safety function is main-
tained by the hinge switch (also detects the opened safety
door). This ensures that the requirements of the

EN 954 : 1996 standard (Category 4) are met which pre-
scribes redundant installation of all safety-relevant parts for
position monitoring of the safeguard (here: Safety door).

Position switch:
Door closed?
Y
inge switch>
Door closed?
Y

F-DO="0"

onitoring
unlocking
OK?

Stop request?

"Machine"
sto|

Safety
doot ¢ Hinge swiltch
=T gty

Sately position switch with ko<k

engagament
iIntertocked with spring force)

G_FB_XX_083

Note

In this example, no real machine is controlled; the con-
cept of a safety door monitoring with guard locking (on
sensor side) is shown. If you want to additionally inte-
grate a real machine or other actuators, you can of
course use the parameters described in the correspond-
ing STEP 7 as basis.

The voltage applied to the magnet is removed by resetting a
failsafe digital output channel of the ET 200S; this channel is
linked to the magnet. The other way, the magnet is supplied
with voltage to be able to open the safety door by setting this
output.

Fail-Safe digital

output module Safety position switch with
lock engagement

(interlocked with spring force)

G_FB_XX_084

Magnet
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For calculating the max. reaction time of your F-system please
use the Excel file (Cotia table), which is available for S7 Distrib-
uted Safety V 5.3. This file is available on the internet:
http://support.automation.siemens.com/WW/view/en/
19138505

Advantages/customer benefits

H In case of power failure, the safety door remains inter-
locked

B Wiring reduced to a minimum due to use of failsafe S7-CPU
and distributed 1/0. The more safety functions are imple-
mented, the more useful this advantage is

B Only one CPU is required, since failsafe and standard pro-
gram parts run on a coexistent basis in the CPU

B Programming the failsafe program with STEP 7 engineer-
ing tools


http://support.automation.siemens.com/WW/view/en/19138505

Ex. No.

Required components 2

Hardware components

Component Type MRPD / Ordering data Qty Manufacturer
Power supply PS307 5A 6ES73071EA00-0AAD 1 Siemens AG
S$7-CPU, can be used for safety CPU 315F-2DP 6ES7315-6FF01-0ABO 1
applications
Micro Memory Card MMC 512 kB 6ES7953-8LJ10-0AA0 1
Interface module for ET 200S IM 151 High Feature 6ES7151-1BA00-0ABO 1
Power module for ET 200S PM-E DC24..48V AC24..230V 6ES7138-4CB10-0ABO 2
Electronic module for ET 200S 4DI HF DC24V 6ES7131-4BD00-0ABO 1
Electronic module for ET 200S 4/8 F-DI DC24V 6ES7138-4FA01-0ABO 1
Electronic module for ET 200S 4 F-DO DC24VI2A 6ES7138-4FB01-0ABO 1
Terminal module for ET 200S TM-P15S23-A0 6ES7193-4CD20-0AA0 2
Terminal module for ET 200S TM-E15524-A1 6ES7193-4CA20-0AA0 1
Terminal module for ET 200S TM-E30C46-A1 6ES7193-4CF50-0AA0 2
Profile rail 482.6 mm 6ES7390-1AE80-0AAQ 1
Standard mounting rail 35 mm, length: 483 mm 6ES5710-8MA11 1
Optional: yellow 3SB3217-6AA30 1
Indicator light incl.incandescent
lamp
Safety position switch with locked interlocked with spring force 3SE2840-6XX01 1
engagement
Actuator = 3SX3197 1
SIGUARD hinge switch TNO, 1NC 3SE2200-1GA11 1
Push button green, 1NO 3SB3801-0DA3 2
Push button red, INC 3SB3801-0DB3 1
Note

The functionality was tested with the hardware compo-
nents listed. Similar products not included in the above
list can also be used. Please note that in this case
changes in the sample code (e.g. different addresses)
may become necessary.

Configuration software/tools

Component Type MRPD / Ordering data Qty Manufacturer
SIMATIC STEP 7 V5.3 + SP1 6ES7810-4CC0O7-0YAS 1 Siemens AG
SIMATIC Distributed Safety V5.3 6ES7833-1FC01-0YAS 1




Ex. No.

2 Setup and Wiring

In order to set up and wire the functional example, it is abso-
lutely necessary to consider the following note:

Warning!

In order to meet the requirements of Safety Category
4, it is obligatory to read back the process signal to
the actuator. Read back is not implemented in this
example.

The actuator in this example is an indicator light sim-
ulating a machine. If other actuators are used, read

back has to be ensured by the user. The Safety Inte-
grated Functional Example No. 7 ,Integration of the
Readback Signal in an Application of Category 4 acc.
to EN 954-1" provides a detailed description of "Read
back".

Warning!

A speed or standstill monitor for monitoring hazard-
ous slowing down of a machine is simulated in this
example with a button (NO) which is connected as
single-channel to the failsafe input module (F-DI).
When using real speed or standstill monitors they
must be connected to the F-DI as double-channels
(1002 evaluation).

An overview of the hardware structure

The arrangement to implement the safety door interlock con-
sists of a PROFIBUS configuration. A failsafe S7-CPU is used as
DP master, an ET 200S as DP slave. Below, the wiring of conven-
tional modules is shown only partly to provide greater clarity.

PS CPU PM-E | | PM-E | F-DO
307 ) 315F
IM 151 [ 4DI H
uﬁ HF HF Fol
I 1
\’riiiiiﬁ D
I
i [ H Actuator
| : —d I Monitoring
‘ )
i : : unlocking
\‘::i:::” » 4Dl HF
: ' Be : : Actuator gt
IR A Contact //
I o |
Lostop | ! L1/
P by =3 |
‘ | R | I ' 7 |
() [ : ‘ - | ‘ ‘
[ ] » F-DI w—7 O [ [ S
. I | I ° e |
e D] e T
,,,,,, [ I Iposition’s___of | !
| |Hinge | I switch I
| switch Qi |
— 1

Note

The "high feature" electronic modules can also be re-
placed by standard modules.

Wiring of the hardware components

Requirements: The power supplies are supplied with 230V AC.
First check the addresses set at the hardware components
listed below:

Hardware Adress Note
component to be set

IM 151 High 6 (PROFIBUS ad- Can be changed
Feature dress)

F-DI Switch position:  The PROFIsafe addresses are
1111111110 automatically assigned dur-
_ . .. ing configuring the failsafe
F-DO Jwitch POstion:  modules in STEP 7. The
PROFIsafe addresses 1 to
1022 are permissible. Please
make sure that the setting at
the address switch (DIL
switch) on the side of the
module corresponds to the
PROFIsafe address in the
hardware configuration of
STEP 7.

Note

The DP interface of the CPU 315F must be connected
with the DP interface of the IM 151 HF.

Note

The wiring of the hardware is illustrated below. In the
following table, the hardware components occurring
several times are numbered so they can be allocated in
the subsequent wiring plan.
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Note

A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the S7 project into the

CPU 315F-2DP.
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2 Function test

After wiring the hardware components, you can check the in-
puts and outputs used with regard to their functionality (after
downloading the S7 project).

Inputs/outputs used

The values listed in the "Signal (default value)" column refer to
the following (error-free) state:

B Closed safety door
B Stoppage of a hazardous machine

No. Hardware Adress Symbol Signal Note
component (default value)

1 Monitoring unlocking of E0.0 E_MAGNET "0" "0" signal if U=24V at the mag-
the safety position switch net of the safety position
(NC) switch

2 Push button (NO) E0.1 START "0" -

3 Push button (NC) EO0.2 STOP "" -

4 Actuator contact in the EO0.2 SEP_ACT " Contact picking up the sepa-
safety position switch (NC) rate actuator. "1" signal, if ac-

tuator in the safety position
switch

5 Hinge switch (NC) E2.4 HINGED_SW " "1" signal, if door closed.

6 Push button (NO) E2.1 ACT_PAS "0" Simulates motion of a hazard-
ous machine "0" means stop-
page

7  Magnet in the safety A 8.0 COIL " "1": Door can be opened
position switch

8 Indicator light A8.1 ACTUATOR "0" Simulates hazardous machine

Testing inputs and outputs

Requirements: The inputs and outputs have the default values
specified under "Inputs/outputs used".

No. Instruction Response Note
A8.0 A8.1
1 None " "0"  Safety door can be opened
2 PresseO.1and "0" "1"  Pressing then holding E2.1
release (simulated movement).
Safety door cannot be
opened
3 Presse0.2and "0" "0"  Keep E2.1 pressed (ma-
release chine is switched off, how-

ever hazardous slowing
down), Safety door cannot
be opened

4  Release E 2.1 " "0"  Machine stoppage. Safety
door can be opened




Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:

Warning!
The settings shown below contribute to meet the re-
quirements of Safety Category 4. Changes at the set-

tings may cause loss of safety functions.

If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

Overview picture

ﬁ-l W W

i | I [ [y r—— YT — B dackbrs
1 Pl DR MOUTIN RE ST | R 0ARD

] [l=51] T 1 TARE Sk 3]
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The PROFIBUS adress at IM 151HF is set using DIP-switches.

Settings of the CPU 315F-2DP

The settings are displayed after double-clicking "CPU 315F-2
DP" (see "Overview picture").

Cychcintemet | Duagrosics/Cloc

1 (RN

ERNUAL
T

g
s

Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.
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Available in the "Protection” tab.

A password has to be allocated in order to be able to set the
parameter "CPU Contains Safety Program". It is only in this
case that all required F blocks for safe operation of the F mod-
ules are generated during compiling the hardware configura-
tion of STEP 7.

Password used here: siemens

Mods:
T Procets Mode

i Vet Mlods

Set mode: "Test Mode"

During Process Mode, the test functions such as program sta-
tus or monitor/modify variable are restricted in such a way
that the set permitted increase in scan cycle time is not ex-
ceeded. Testing with stop-points and gradual program execu-
tion cannot be performed.

During Test Mode, all test functions can be used without re-
strictions via PG/PC which can also cause larger extensions of
the cycle time. Important: During test mode of the CPU, you
have to make sure that the CPU or the process can "stand"
large increases in cycle time.
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Settings of the failsafe F-DI

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

= 4 Parameters
=—4 F par smeters

|-[&] F_source_address | 7002: CPUBISF-2 0P

- E] F_dest_adiress 022
(5] 0P peatch st (9. 0 | HII
| ] F merdrig tims (i) [F.]

DIL switch settings
This value has to be set on the module (F-DI).
F monitoring time

It has to be observed that the F monitoring time must be
larger than the call time of OB 35.

= Channel 0, 4 (==
[-[H] Activated [~
|- [8] Evalustion of the sansors | 1001 evalustion
(&) Type of sensor interconn... | 1 channel
{{3] Behawvior at descrepancy
L{H] Descrepancy bime (ms)

-] Actrvated
(5] Evahustion of the sersors
(-] Type of sersor inberconn...
{~[i] Behavior ot decrepancy
(5] Descrepancy tme (ms)
mr_] Channel 2, 6
] Channel 3, 7

Also in the "Parameter" tab.

The safety position switch is assigned to channel 0, the hinge
switch to channel 4 and the simulation of the speed or stand-
still monitor to channel 1. All three sensors are connected as
single-channel. The other channels are deactivated.

Settings of the failsafe F-DO

The settings are displayed after double-clicking "4 F-DO
DC24V/2A" (see "Overview picture").

= 4 Parameten
= F parsmetere
5] F_source_sddress

s

| 2008 CPUSISF-2 00

] F_gest_scidress [ o
) O sech settng (9......0) | 1iI11I1I00
L[] P skt () o]

DIL switch settings
This value has to be set on the module (F-DI).
F monitoring time

It has to be observed that the F monitoring time must be
larger than the call time of OB 35.

=4 DO channel 0
|- (] Activated
{-[E] Read-back time
L [M] Disgnostics: wire break
=129 DO channel |
|-[E] Actrvated
(5] Read-back time
ariostics: wire break,

Activate used channels, deactivate channels which are not
used. The read-back time defines the duration of the switch-
off procedure for the respective channel. If the respective
channel switches high capacity loads, the read back time
should be set sufficiently large. We recommend setting the
read back time as small as possible, however large enough so
that the output channel does not become passive.



Basic Performance Data

Load and main memory (without program code)

Total S7 standard  F blocks (failsafe)
blocks

Load memory approx. approx. 0,2k  approx. 37,3 k
37

,

Main memory approx. approx. 0,09 k approx. 28,1 k
28

’

Load and main memory (with program code)

Total S7 standard  F blocks (failsafe)
blocks
Load memory approx. approx. 1,3k  approx. 43,5 k
44,8 k
Main memory approx. approx. 0,5k  approx. 32,0 k
32,5k
Cycle time
Total cycle time approx.  Standard and safety program
(typical value) 5ms
Max. runtime of the 9 ms Calculation with the Cotia ta-
safety program ble. Page 180 specifies where

to find it.

Ex. No.
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Sample Code

Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code with
which you can reset the described emergency stop functional-
ity.

The sample code is always assigned to the components used
in the functional example and implements the required func-
tionality. Problems not dealt with in this document are to be
implemented by the user; the sample code may serve as a ba-
sis.

Password

In all cases, the passwords used for the safety-relevant part is
.siemens”.

Use of the STEP 7 Project

The STEP 7 project shows the possibility of a safety door lock-
ing in safety category 4. In this example, the hazardous ma-
chine is simulated by an indicator light. The conditions neces-
sary for the actuators to reach safety category 4 (e.g. read
back of actuator signals) are not considered in this example.

Note

With this example, no real machine is controlled. The in-
dicator lights simulate the state of a hazardous machine
activity. The state "Machine in STOP" or "Machine in
RUN" is simulated by a (NO) push button ("0" signal
means: "Machine in STOP").

Download

The download is available via the following link:
http://support.automation.siemens.com/WW/view/en/
21063946

To call the corresponding project file, open the
"as_fe_i_002_v10_code_sdoorspring.zip" file offered as a sep-
arate download (on the HTML page) and extract it into a user
defined directory.

M First load the hardware configuration into the S7-CPU.

B Switch to the SIMATIC Manager.

M Select the "Blocks" container

B Menu "Options" -> Edit safety program.
H Click the "Download" button

The sample code with the given configurations enables the
following:

B A safety door is guard locked until the hazardous action
(example of a "machine” in RUN) is over.

B The safety door can always be opened with the keylock
switch on the safety position switch (e.g. in case of an
emergency).

B Thesafety door isinterlocked/unlocked by resetting/setting
a failsafe module (F-DO) of the ET 200S.

Program procedure

The (non-failsafe) FC "STANDARD" (FC 3) is called from OB 1
(see following figure).

"STANDARD"
. == EN
"START" ={ START

"E_MAGNET" == E_MAGNET COND f= "COND"

"STOP" =={ STOP ENO j=
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Parameter Adress Explanation

START EO.1 Push button (NO) for the start re-
quirement.

E_MAGNET EO0.0 Position monitoring of the unlocking
magnet in the safety position switch.

CONDSTOP EO0.2 Button (NC) for the stop requirement.

COND M90.0  Saves the information start/ stop of

the "machine”.

The information of the memory bit "COND" is read as memory
bit COND1 in the safety program. This allocation occurs in the
cyclic interrupt OB35 for the following reason:

When reading data, which may be changed by the standard
user program or an operation control and monitoring system
during running of an F runtime group, from the standard user
program (memory bits or PAE of standard 1/0), in the safety
program, it is necessary to use separate memory bits (here
COND1). Data from the standard user program have to be
written to these memory bits immediately before calling the F
runtime group. Only these memory bits may then be accessed
in the safety program.

In this example it has already been implemented. Generally,
however, the following applies:


http://support.automation.siemens.com/WW/view/en/21063946

Note

If the above section is not observed the F CPU may go to
STOP mode.

FC "STANDARD" (FC 3)

The FC "STANDARD" (FC 3) in the following figure sets/resets
#COND whose information starts or stops the "machine” in the
failsafe program.

np
P &
#START=| — "SR"
SR
#E_MAGNET =0 —s
e
N >=1
#STOP— e
"INSTANZ_ "COND" %
FB1". = 2
RELEASE =0 —{R Q o

"INSTANZ_FB1".RELEASE is a bit from the instance data block
(DB 1) of the FB 1, which is processed in the safety program.
The static variable "RELEASE" is set or reset. Here in FC 3 the
standard user program will read this information, as the ma-
chine must only be operated with "RELEASE"="1".

The failsafe program has the following program sequence:

FB"F_SFDOOR"
(FB217,DB217)

From the
Distributed
Safety library

F-CALL FB"COORDINATION"
(FC1) (FB1,DB1)

FC"REINTEGRATION"
(FC2)

G_FB_XX_090

F-CALL (FC1)

F-CALL (FC1) is the F runtime group and is called from the cy-
clic interrupt OB (OB35). F-CALL calls the F-programe block
(here the FB 1)

FB "F_SFDOOR" (FB217, DB217)

FB "COORDINATION" (FB1, DB1) is the first to call the FB
"F_SFDOOR" (FB217, DB217). FB 217 is a certified block from
the library of distributed safety, which from version 5.3 on is
available for safety door monitoring.

"INSTANZ_
FB217

"F_SFDOOR"

"SEP_ACT" =i IN1

"HINGED_
SW" = IN2

"F00002
4_8_F _DI_
DC24V" .
QBAD — QBAD_IN1

"F00002
4_8_F_DI_
DC24V" .
QOBAD == QBAD_IN2 QM= #RELEASE

#OPEN_NEC =4 OPEN_NEC ACK_REQ = #ACK_REQ

#ACK_NEC == ACK_NEC DIAG™= ...

#ACK == ACK ENO |=
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The enable signal Q (#RELEASE) decides whether
M the actuator is switched on/off
B whether the safety door must be opened

The inputs of the safety position switch "SEP_ACT" and the
hinge switch are allocated to the inputs IN1T and IN2 of the FB
217. As soon as one of the two inputs IN1 and IN2 has the sig-
nal status "0", itis interpreted as opening the safety door. The
enable signal is thereby reset to '0'.

Ex. No.
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The enable signal can only be reset to 1 if:

M prior to closing the door both inputs IN1 and IN2 have the
signal status O (safety door completely opened). This
uncovers the error of a broken actuator still in the position
switch despite of an opened door.

B subsequently both inputs INT and IN2 take on signal status
1 (safety door closed)

B an acknowledgement is given

The acknowledgement for the enable is given at the input
ACK_NEC depending on the parameters:

B For ACK_NEC = 0 an automatic acknowledgement is given
(as implemented in this example).

B For ACK_NEC = 1 you must first acknowledge ACK at the
input by means of a rising edge.

In order for the F application block to recognize whether the
inputs IN1 and IN2 are only "0" due to a passivation of the re-
spective F-periphery, you must supply the inputs QBAD_IN1
and QBAD_IN2 with the variable QBAD of the respective F pe-
riphery DB. This prevents for example that for a passivation of
the F-periphery the safety door must be completely opened
prior to acknowledgement.

After restarting the F system, the enable signal Q is reset to
"0". The acknowledgement for the enable is given at the input
OPEN_NEC and ACK_NEC depending on the parameters:

B For OPEN_NEC = 0 an automatic acknowledge is given
independent of ACK_NEC, as soon as both inputs IN1 and
IN2 have the signal status 1 for the first time after reinte-
gration of the respective F periphery (safety door is closed).
In this example this variant has not been activated.

B For OPEN_NEC = 1 or if at least one of both inputs IN1 and
IN2 also has the F periphery signal status "0" after reinte-
gration, there will be an automatic acknowledgement
dependent on ACK_NEC or you must acknowledge ACK at
the input by means of a rising edge. Prior to acknowledge-
ment both inputs INT and IN2 must have had the signal sta-
tus O (safety door completely opened) and subsequently
signal status 1 (safety door closed).

Warning!
The parameterization of the variables OPEN_NEC=0

is only permitted, if an automatic restart of the re-
spective process is excluded otherwise.

Warning!
The parameterization of the variables ACK_NEC=0 is

only permitted, if an automatic restart of the respec-
tive process is excluded otherwise.

Should you supplement the example by means of a manual
acknowledgement, please note the following:

Note

For safety door applications, the acknowledge signal
must be read via a failsafe input module (F-DI), if it is an
accessible hazardous area. For a non-accessible hazard-
ous area, the acknowledge signal can also be read via a
standard input module.

The F-application module supports the requirements accord-
ing to EN954-1 and EN 1088.

At the output DIAG a non-failsafe information on occurred er-
rors is provided for service purposes. You can read it out via
HMI systems or if necessary evaluate them in your standard
user program.

Note

The safety program does not allow accessing the output
DIAG!




FB "COORDINATION" (FB1, DB1)
After processing the FB 217, processing is continued in FB 1:
Network 2

@ "E_MAGNET" —

HRELEASE m— #ACTUATOR
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@) #COND1 ——i -

The machine must only start at valid enable from FB 217 (#RE-
LEASE="1") and the start request ("COND1"="1") from the
standard user program. Additionally the tumbler (E_MAGNET)
must be monitored (see "Network 3" below). The "machine"
stops by a failure locking.

Network 3
&
#RELEASE —
>=1
()"COND1" — — "coiLr
"ACT_PAS" — —0 B

The safety door locks ("COIL"="0"), if
B the machine is active or

B a movement of the machine (slowing down movement)
has been detected

Only in case of locked door (COIL="0") E_MAGNET will be "1".
E_MAGNET="1"is necessary for a start of the "machine" (see
"Network 2"). The locking will be active with the start signal.
The start will be active (ACTUATOR="1") one programe cyclus
later as COIL="0".

FC "REINTEGRATION" (FC2)

Network 4 of FB1 calls the FC2, where in case of a passivation
of F-Dl or F-DO the reintegration will be implemented. For the
F-DO a memory bit REINT is prepared. With a positive flank of
REINT the F-DO will be reintegrated.

Warning!

In this example, the reintegration of passivated
modules occurs automatically. Use the automatic re-
integration for your application only if it will not
cause any hazards.

A passivation is indicated via LED "SF" lighting up on the mod-
ule. The reintegration of an F module may take approx. one
minute.

Operating instructions

Result/Note

Safety door is closed (safety position
switch and hinge switch deliver "1"
signal)

No. Instruction

1 Plug the actuator into
the safety position
switch.

2 Check the position of
the hinge switch.

3 Press the START button "Machine" starts (here: indicator light
goes on)

4 Press the and hold the Simulation of machine movement:
ACT_PAS button

5 Press the STOP button Indicator light goes off, however,
safety door cannot be opened (if still

pressing down ACT_PAS).

Simulated machine stoppage. Safety
door can be opened (actuator out-
side positioning switch and hinge
switch turned).

7 Repeatno.1to4 =

Turn the hinge switch
until the "0"signal.

6 Release ACT_PAS

[ee]

Enable signal is reset and machine
stops.

9 Release hinge switch -
and ACT_POS button.

10 Press the START button "Machine" does not start! Safety door
must first be opened completely for
the enable signal to return to "1".

Ex. No.
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2 Timing diagram Time t1 7] t5

Bit
diagram) illustrates the following case: While the hazardous RELEASE Enable  Enable Stays

The timing diagram below (explanation is provided after the

L . . . . iven reset reset
machine is active, the door is opened (by force); during this ST g g
process, the actuator breaks off the door and gets stuck in the régrutest r;?qrutest

f ition switch.
safety position switc SEP_ACT Door Door For
closed open, enable,
REEES howev- the door
er actua- must be
. tor com-
START | breaks pletely
: and opened
: stays in (error
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i i switch
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HINGED_SW | | HINGED_SW Door
i X open,
| ACTUATOR  "Ma- Ma- No start
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i i : ; chine"
ACTPASE ro ACT_PAS Slowing  "Ma-
: : Vo down chine” in
t t +—t move- standstill
colL ! : : : ment
—| | Vo g colL Door locked Door un-
] ] T g é locked
t1 t2 13 % 5 t o .
Alternative

In the case of the principle of interlock by spring force used
here, the safety door remains locked in case of a power fail-
ure. This is the reason why professional associations prefer
spring-actuated lock.

An alternative is the principle according to which the safety
door remains closed due to magnetic force. A voltage must be
applied to the magnet of the safety position switch to keep
the door interlocked. This principle is described in the Safety
Integrated Functional example No. 3 ,Safety Door with Mag-

netic Engagement in Category 4 acc. to EN 954-1".



Safety Door with Magnetic Engagement in Category 4

acc. to EN 954-1

Automation Function

Description of the functionality

Interlocking devices with guard locking are mechanical or
electrical devices which only enable operation of a machine if
the door is closed and guard locked. Interlock and guard lock-
ing is maintained until the risk of injury caused by hazardous
machine functions or motions is excluded. This monitoring is
usually performed by overspeed trips or standstill monitors. In
this example, motion/stoppage of a machine is simulated by a
NO contact.

In this example, an actuator installed on the door moves form
fit into a safety position switch with locked engagement. Dur-
ing the potential hazard (machine in RUN), the actuator is held
(and thus the door guard locked) by the fact that voltage is ap-
plied to a magnet in the safety position switch. This type of in-
terlock is referred to as magnet-field lock.

If the safety position switch fails, the safety function is main-
tained by the hinge switch (also detects the opened safety
door). This ensures that the requirements of the

EN 954 : 1996 standard (Category 4) are met which pre-
scribes redundant installation of all safety-relevant parts for
position monitoring of the safeguard (here: Safety door).

Salety
door __— Hinge switch
i -
Safely position switch with lock f )
SR T
{Interflocked with magnetic force )

-

Agtuator

The voltage is applied to the magnet of the safety position
switch via a failsafe digital output module (F-DO) of the ET
200S.

- Er
:.‘:L-:.;"F.I:I!J: !——-—-ri—l Ty DEUBON TP v Ik
e et

(EEpd So E TE B Sl i

L

The diagram below illustrates the concept of safety door mon-

itoring:

"Machine"
stop?
J

Start request?
J

N
Release?
J
N Position switch:
Door closed?
J
Hinge switch:
Door closed?
J

F-DO="1"

Monitoring
unlocking
OK?

F-DO="1" |

Position switch:
Door closed?
Hinge switch:
Door closed?

Monitoring
locking
OK?

Stop request?

"Machine"
stops
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Note

In this example, no real machine is controlled; the con-
cept of a safety door monitoring with guard locking (on
sensor side) is shown. If you want to additionally inte-
grate a real machine or other actuators, you can of
course use the parameters described in the correspond-
ing STEP 7 as basis.

For calculating the max. reaction time of your F-system please
use the Excel file (Cotia table), which is available for S7 Distrib-
uted Safety V 5.3. This file is available on the internet:
http://support.automation.siemens.com/WW/view/en/

19138505



http://support.automation.siemens.com/WW/view/en/19138505
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3 Advantages/customer benefits

B Wiring reduced to a minimum due to use of failsafe S7-CPU B Programming the failsafe program with STEP 7 engineer-
and distributed 1/0. The more safety functions are imple- ing tools
mented, the more useful this advantage is. B Only one CPU is required, since failsafe and standard pro-
gram parts run on a coexistent basis in the CPU
Required components

Hardware components

Component Type MRPD / Ordering data (0147 Manufacturer
Power supply PS307 5A 6ES73071EA00-0AAD 1 Siemens AG
S7-CPU, can be used for safety CPU 315F-2DP 6ES7315-6FF01-0ABO 1
applications
Micro Memory Card MMC 512 kB 6ES7953-8LJ10-0AA0 1
Interface module for ET 200S IM 151 High Feature 6ES7153-2AA02-0XBO 1
Power module for ET 200S PM-E DC24..48V AC24..230V 6ES7138-4CB10-0ABO 2
Electronic module for ET 200S 4DI HF DC24V 6ES7131-4BD00-0ABO 1
Electronic module for ET 200S 4/8 F-DI DC24V 6ES7138-4FA01-0ABO 1
Electronic module for ET 200S 4 F-DO DC24VI2A 6ES7138-4FB01-0ABO 1
Terminal module for ET 200S TM-P15S23-A0 6ES7193-4CD20-0AA0 2
Terminal module for ET 200S TM-E15524-A1 6ES7193-4CA20-0AA0 1
Terminal module for ET 200S TM-E30C46-A1 6ES7193-4CF50-0AA0 2
Profile rail 482.6 mm 6ES7390-1AE80-0AAQ 1
Standard mounting rail 35 mm, length: 483 mm 6ES5710-8MA11 1
Optional: yellow 3SB3217-6AA30 1
Indicator light incl.incandescent
lamp
Safety position switch with locked interlocked with magnetic force 3SE2830-6XX00 1
engagement
Actuator = 3SX3197 1
SIGUARD hinge switch TNO, 1NC 3SE2200-1GA11 1
Push button green, 1NO 3SB3801-0DA3 2
Push button red, INC 3SB3801-0DB3 1
Note

The functionality was tested with the hardware compo-
nents listed. Similar products not included in the above
list can also be used. Please note that in this case
changes in the sample code (e.g. different addresses)
may become necessary.

Configuration software/tools

Component Type MRPD / Ordering data (0147 Manufacturer
SIMATIC STEP 7 V5.3 + SP1 6ES7810-4CCO7-0YAS 1 Siemens AG
SIMATIC Distributed Safety V5.3 6ES7833-1FCO1-0YAS 1




Setup and Wiring

In order to set up and wire the functional example, it is abso-
lutely necessary to consider the following note:

Warning!

In order to meet the requirements of Safety Category
4, it is obligatory to read back the process signal to
the actuator. Read back is not implemented in this
example.

The actuator in this example is an indicator light sim-
ulating a machine. If other actuators are used, read

back has to be ensured by the user. The Safety Inte-
grated Functional Example AS-FE-1-007-V10-EN pro-
vides a detailed description of "Read back".

Warning!

A speed or standstill monitor for monitoring hazard-
ous slowing down of a machine is simulated in this
example with a button (NO) which is connected as
single-channel to the failsafe input module (F-DI).
When using real speed or standstill monitors they
must be connected to the F-DI as double-channels
(1002 evaluation).

An overview of the hardware structure

The arrangement to implement the safety door interlock con-
sists of a PROFIBUS configuration. A failsafe S7-CPU is used as
DP master, an ET 200S as DP slave. Below, the wiring of con-

ventional modules is shown only partly to provide greater clar-

ity.

PS_ | CPU PM-E| |PM-E| F-DO
307 ) 315F

IM151)|( 4DI )| E.
ﬂﬁ HF e )| PO

I
:‘ [ H Actuaor
r— il Monitoring
| : START il unlocking
I il
FEEEE5 ) 4DI HF
:‘ ° H Actuator gt
R PRl contact
I " I |1/
|| STOP i I J I
iiiiiiiiiiiii | o |
I - | IR | | ' ‘
| L@ [ : ‘ | ‘ ‘
e N » F-DI A W mp!
| Machine | | ‘ ] ‘ i
I runs | ‘ d !  Safety ‘
,,,,,, U i I Iposition’s___of| !

| inge | I switch |

L [enitch S |

L .

Note

The "high feature" electronic modules can also be re-
placed by standard modules.

Wiring of the hardware components

Requirements: The power supplies are supplied with 230V AC.
First check the addresses set at the hardware components
listed below:

Hardware Einzustellende Note
component Adress
IM 151 High 6 (PROFIBUS ad- Can be changed
Feature dress)
F-DI Switch position:  The PROFIsafe addresses are
1111111110 automatically assigned dur-
_ . .. ing configuring the failsafe
RO ?\qV;tf!i]ﬁﬂS(l)t;Ol’]. modules in STEP 7. The
PROFIsafe addresses 1 to
1022 are permissible. Please
make sure that the setting at
the address switch (DIL
switch) on the side of the
module corresponds to the
PROFIsafe address in the
hardware configuration of
STEP 7.
Note

The DP interface of the CPU 315F must be connected
with the DP interface of the IM 151 HF.

Note

The wiring of the hardware is illustrated below. In the
following table, the hardware components occurring
several times are numbered so they can be allocated in
the subsequent wiring plan.

Ex. No.
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PM-E | | PM-E | F-DO \PME/\ \PﬂE/\
AUX1 AUX1
IM151||( 4Dl F-DI 4@ 4@
HF o 79
2] Clom—m2] [
3% %7“3%%7
Q0 o0
AL [Jrs| (A4 [k
@ @ o) ®
= e
PS 307 / CPU 315F ‘G@ 45@ —L
QO 20

QO %1%
A4[][Jrs8 Adl] (e

IM 151 HF
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[
""" e
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19%%.%%%) position switch

leeee
\

2

QO | 0o
3007 [1nO01s

QO
408 |12[J16

(2)%] Q0
A4l [as 2] []Ate|

QO | QO
As[] CJa7 ] [At

o0 ]
3007 [n00ns

4[][e | 12016
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QO | QO
A3[] a7 p] At

Note

A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the S7 project into the

CPU 315F-2DP.

Hinge switch

G_FB_XX_098



Function test

After wiring the hardware components, you can check the in-
puts and outputs used with regard to their functionality (after

downloading the S7 project).

Inputs/outputs used

The values listed in the "Signal (default value)" column refer to

the following (error-free) state:
B Closed safety door

B Stoppage of a hazardous machine

No. Hardware
component

1 Monitoring unlocking of
the safety position switch
(NO)

2 Push button (NO)
3 Push button (NC)
4 Actuator contact in the

safety position switch (NC)

5 Hinge switch (NC)
6  Push button (NO)

7  Magnet in the safety posi-
tion switch

8 Indicator light

Testing inputs and outputs

Adress Symbol
E0.0 E_MAGNET
EO0.1 START
E0.2 STOP
E2.0 SEP_ACT
E2.4 HINGED_SW
E2.1 ACT_PAS
A 8.0 COIL
A8.1 ACTUATOR

Requirements: The inputs and outputs have the default values
specified under "Inputs/outputs used".

No. Instruction Response
A80 A8.1

1 e " 0"

2  PressEO0.1 "1 "1
and release

3  PressEO0.2 "1 "0"
and release

4  ReleaseE 2.1 "0" "0"

Note

Safety door can be opened

Pressing then holding E2.1
(simulated movement).
Safety door cannot be
opened

Keep E2.1 pressed (machine
is switched off, however
hazardous slowing down),
Safety door cannot be
opened

Machine stoppage. Safety
door can be opened

Signa
(default v

"o
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Note

"0" signal if U=0 V at the mag-
net of the safety position
switch

Contact picking up the sepa-
rate actuator. "1" signal, if ac-
tuator in the safety position
switch

"1" signal, if door closed.

Simulates motion of a hazard-
ous machine "0" means stop-

page
"0": Door can be opened

Simulates hazardous machine
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Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:

Warning!

The settings shown below contribute to meet the re-
quirements of Safety Category 4. Changes at the set-
tings may cause loss of safety functions.

Overview picture

FROFILIG T | D st it |1

If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

ot | vt | Oacden |1
1 |

¥ (W%}

] T

1 7 s

5 Eu |

The PROFIBUS adress at IM 15THF is set using DIP-switches.



Settings of the CPU 315F-2DP

The settings are displayed after double-clicking "CPU 315F-2
DP" (see "Overview picture").

Cocte Intemt | Duagrosties/Cloct

]

e}

A8
T

o

Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.

[ Larvel of Probechon

1. Keyswitch Seting
' Fremovable with Pasiword

2 Writs-Prolaction
3 \Write-/Flesd Probachon
Passwond

Iu_u-...

Enter Agair

I._.._

W CPU Conkains S afety
Program

Available in the "Protection” tab.

A password has to be allocated in order to be able to set the
parameter "CPU Contains Safety Program". It is only in this
case that all required F blocks for safe operation of the F mod-
ules are generated during compiling the hardware configura-
tion of STEP 7.

Password used here: siemens

Ex. No.

" Procers Mode

= Tet Mods

Set mode: "Test Mode"

During Process Mode, the test functions such as program sta-
tus or monitor/modify variable are restricted in such a way
that the set permitted increase in scan cycle time is not ex-
ceeded. Testing with stop-points and gradual program execu-
tion cannot be performed.

During Test Mode, all test functions can be used without re-
strictions via PG/PC which can also cause larger extensions of
the cycle time. Important: During test mode of the CPU, you
have to make sure that the CPU or the process can "stand"
large increases in cycle time.




Settings of the failsafe F-DI

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

= "= Parameters i =
=L~ F powr arnasbirs
|- (5] P_source_address | 2002: CPU 215F-2 0F
{-[i] F_dest_scdress 122
| (5] DIP ovitch satting (9.......0) | 1111014110
L[] P moriorng time (ms) (w20

DIL switch settings
This value has to be set on the module (F-DI).
F monitoring time

It has to be observed that the F monitoring time must be
larger than the call time of OB 35.

|- (] Activated

(5] Evalustion of the sensors | 1001 evahuation

{-[&] Type of sensor interconn,.. | 1 channel

K] Behavior &t discrepancy

- [E] Descrepancy tims (ms) |
| L[E] Activated ]

!EI Evalustion of the sensors | 100l evalustion

_l--E Type of sénsor intérconn... | 1 channel

(8] Behavior at discrepancy

.- [E] Descrepancy time (ms)

Also in the "Parameter” tab.
The safety position switch is assigned to channel 0, the hinge

switch to channel 4 and the simulation of the speed or stand-

still monitor to channel 1. All three sensors are connected as
single-channel. The other channels are deactivated.

Settings of the failsafe F-DO

The settings are displayed after double-clicking "4 F-DO
DC24V/2A" (see "Overview picture").

=i Paramsters | i
=) F par amestors
| LiE) F_source_addvess [ 2002 CPU JISF-2
| F_dest_address (1021 ;
-] OiP swtch setting (9......0) | 1111111180
W) F monftorneg tree (ms) 1™

DIL switch settings
This value has to be set on the module (F-DI).
F monitoring time

It has to be observed that the F monitoring time must be
larger than the call time of OB 35.

=1y Module parameters
==y DO channel 0
- [5] Activated
| #] Read-back time
=M Diagnostics: wire break
=3 DO channed |
(] Activated
i [] Read-back time
X gEOstcs: wire braak

Activate used channels, deactivate channels which are not
used.

The read-back time defines the duration of the switch-off pro-
cedure for the respective channel. If the respective channel
switches high capacity loads, the read back time should be set
sufficiently large. We recommend setting the read back time
as small as possible, however large enough so that the output
channel does not become passive.



Basic Performance Data

Load and main memory (without program code)

Total S7 standard  F blocks (failsafe)
blocks

Load memory approx. approx. 0,2k  approx. 37,3 k
37

,

Main memory approx. approx. 0,09 k approx. 28,1 k
28

’

Load and main memory (with program code)

Total S7 standard  F blocks (failsafe)
blocks
Load memory approx. approx. 1,1k  approx. 43,5 k
44,6 k
Main memory approx. approx. 0,5k  approx. 32,0 k
32,5k
Cycle time
Total cycle time approx.  Standard and safety program
(typical value) 5ms
Max. runtime of the 9 ms Calculation with the Cotia ta-
safety program ble. Page 180 specifies where

to find it.

Ex. No.
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Sample Code

Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code with
which you can reset the described emergency stop functional-
ity.

The sample code is always assigned to the components used
in the functional example and implements the required func-
tionality. Problems not dealt with in this document are to be
implemented by the user; the sample code may serve as a ba-
sis.

Password

In all cases, the passwords used for the safety-relevant part is
Lsiemens”.

Use of the STEP 7 Project

The STEP 7 project shows the possibility of a safety door lock-
ing in safety category 4. In this example, the hazardous ma-
chine is simulated by an indicator light. The conditions neces-
sary for the actuators to reach safety category 4 (e.g. read
back of actuator signals) are not considered in this example.

Note

With this example, no real machine is controlled. The in-
dicator lights simulate the state of a hazardous machine
activity. The state "Machine in STOP" or "Machine in
RUN" is simulated by a (NO) push button

("0" signal means: "Machine in STOP").

Download

The download is available via the following link:
http://support.automation.siemens.com/WW/view/en/
21064258

To call the corresponding project file, open the
"as_fe_i_003_v10_code_sdoormag.zip " file offered as a sep-
arate download (on the HTML page) and extract it into a user
defined directory. For downloading the project into the F-CPU
please proceed as follows:

M First load the hardware configuration into the S7-CPU
B Switch to the SIMATIC Manager

B Select the "Blocks" container

B Menu "Options" -> Edit safety program

M Click the "Download" button

The sample code with the given configurations enables the
following:

B A safety door is guard locked until the hazardous action
(example of a "machine” in RUN) is over.

B The safety door is interlocked and unlocked by set-
tinglresetting a failsafe module (F-DO) of the ET 200S.

Program procedure

The (non-failsafe) FC "STANDARD" (FC 3) is called from OB 1
(see following figure).

"STANDARD"
. == EN
"START" == START

"E_MAGNET" == E_MAGNET COND f= "COND"

"STOP" ==f STOP ENO =

G_FB_XX_099

Parameter Adress  Explanation

START EO.1 Push button (NO) for the start re-
quirement.

E_MAGNET E0.0 Position monitoring of the unlocking
magnet in the safety position switch.

STOP EOQ.2 Button (NC) for the stop requirement.

COND M90.0  Saves the information start/ stop of

the "machine”.

The information of the memory bit "COND" is read as memory
bit COND1 in the safety program. This allocation occurs in the
cyclic interrupt OB35 for the following reason:

When reading data, which may be changed by the standard
user program or an operation control and monitoring system
during running of an F runtime group, from the standard user
program (memory bits or PAE of standard 1/0), in the safety
program, it is necessary to use separate memory bits (here
COND1). Data from the standard user program have to be
written to these memory bits immediately before calling the F
runtime group. Only these memory bits may then be accessed
in the safety program.

In this example it has already been implemented. Generally,
however, the following applies:
Note

If the above section is not observed the F CPU may go to
STOP mode.


http://support.automation.siemens.com/WW/view/en/21064258

FC "STANDARD" (FC 3)

The FC "STANDARD" (FC 3) in the following figure sets/resets
#COND whose information starts or stops the "machine” in the
failsafe program.

wpn
P &
#START = — "SR"
SR
#E_MAGNET =0 —s
T
N >=1
#STOP— —
"INSTANZ_ #COND g
FBl". = X
RELEASE =0 R Q pol

"INSTANZ_FB1".RELEASE is a bit from the instance data block
(DB 1) of the FB 1, which is processed in the safety program.
The static variable "RELEASE" is set or reset. Here in FC 3 the
standard user program will read this information, as the ma-
chine must only be operated with "RELEASE"="1".

The failsafe program has the following program sequence:

FB"F_SFDOOR"
(FB217,DB217)

F-CALL FB"COORDINATION"

(FC1) (FB1,DB1) From the

Distributed Safety,
library

FC"REINTEGRATION"
(FC2)

G_FB_XX_102

F-CALL (FC1)
F-CALL (FC1) is the F runtime group and is called from the cy-

clic interrupt OB (OB35). F-CALL calls the F programe block
(here the FB 1).

FB "F_SFDOOR" (FB217, DB217)

FB "COORDINATION" (FB1, DB1) is the first to call the FB
"F_SFDOOR" (FB217, DB217). FB 217 is a certified block from
the library of distributed safety, which from version 5.3 on is
available for safety door monitoring.

"INSTANZ_
FB217"

"F_SFDOOR"

"SEP_ACT" == IN1

"HINGED_SW" =={IN2

"F00002
4_8_F_DI_
DC24v".
OBAD == QBAD_IN1

"F00002
4_8_F DI_
DC24V" .
QBAD == QBAD_IN2 Q= #RELEASE

#OPEN_NEC = OPEN_NEC ACK_REQ = #ACK_REQ

#ACK_NEC == ACK_NEC DIAG™= . ..

#ACK == ACK ENO |=

G_FB_XX_101

The enable signal Q (#RELEASE) decides whether

W the actuator is switched on/off

B whether the safety door must be opened

Enable is given at #RELEASE="1".

The inputs of the safety position switch "SEP_ACT" and the
hinge switch are allocated to the inputs IN1 and IN2 of the FB
217. As soon as one of the two inputs IN1 and IN2 has the sig-

nal status "0", it is interpreted as opening the safety door. The
enable signal is thereby reset to '0'.

The enable signal can only be reset to 1 if:

Bl prior to closing the door both inputs IN1 and IN2 have the
signal status O (safety door completely opened). This
uncovers the error of a broken actuator still in the position
switch despite of an opened door.

B subsequently both inputs INT and IN2 take on signal status
1 (safety door closed)

B an acknowledgement is given
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The acknowledgement for the enable is given at the input
ACK_NEC depending on the parameters:

B For ACK_NEC = 0 an automatic acknowledgement is given
(as implemented in this example).

B For ACK_NEC =1 an enable requires acknowledging ACK at
the input by means of a rising edge.

In order for the F application block to recognize whether the
inputs IN1 and IN2 are only "0" due to a passivation of the re-
spective F-periphery, you must supply the inputs QBAD_IN1
and QBAD_IN2 with the variable QBAD of the respective F pe-
riphery DB. This prevents for example that for a passivation of
the F-periphery the safety door must be completely opened
prior to acknowledgement.

Warning!

The parameterization of the variables ACK_NEC=0 is
only permitted, if an automatic restart of the respec-
tive process is excluded otherwise.

Should you supplement the example by means of a manual
acknowledgement, please note the following:

Note

For safety door applications, the acknowledge signal
must be read via a failsafe input module (F-DI), if it is an
accessible hazardous area. For a non-accessible hazard-
ous area, the acknowledge signal can also be read via a
standard input module.

The F-application module supports the requirements accord-
ing to EN954-1 and EN 1088.

After restarting the F system, the enable signal Q is reset to
"0". The acknowledgement for the enable is given at the input
OPEN_NEC and ACK_NEC depending on the parameters:

B For OPEN_NEC = 0 an automatic acknowledge is given
independent of ACK_NEC, as soon as both inputs IN1 and
IN2 have the signal status 1 for the first time after reinte-
gration of the respective F periphery (safety door is closed).
In this example this variant has not been activated.

B For OPEN_NEC =1 or if at least on of both inputs INT and
IN2 have the signal status "0" even after reintegration of
the respective periphery, an automatic acknowledgement
is given depending on ACK_NEC, or the enable requires
acknowledging ACK at the input by means of a rising edge.
Prior to acknowledgement both inputs IN1 and IN2 must
have had the signal status O (safety door completely
opened) and subsequently signal status 1 (safety door
closed).

Warning!

The parameterization of the variables OPEN_NEC=0
is only permitted, if an automatic restart of the re-
spective process is excluded otherwise.

At the output DIAG a non-failsafe information on occurred er-
rors is provided for service purposes. You can read it out via
HMI systems or if necessary evaluate them in your standard
user program.

Note

The safety program does not allow accessing the output
DIAG!

FB "COORDINATION" (FB1, DB1)
After processing the FB 217, processing is continued in FB 1:
Network 2

@ "E_MAGNET" —

HRELEASE m— #ACTUATOR
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@) #conp1 —

The machine must only start at valid enable from FB 217 (#RE-
LEASE="1") and the start request ("COND1"="1") from the
standard user program. Additionally the tumbler (E_MAGNET)
must be monitored (see "Network 3" below). The "machine"
stops by a failure locking.

Network 3
&
#RELEASE ==
>=1
#COND1 =i —
@ o o
= g:
o
"ACT_PAS" =i - il
(O]




The safety door locks ("COIL"="1"), if
B the machine is active or

B a movement of the machine (slowing down movement)
has been detected.

Only in case of locked door (COIL="1") E_MAGNET will be "1".
E_MAGNET="1"is necessary for a start of the "machine" (see
"Network 2"). The locking will be active with the start signal.
The start will be active (ACTUATOR="1") one programe cyclus
later as COIL="1".

FC "REINTEGRATION" (FC2)

Network 4 of FB1 calls the FC2, where in case of a passivation
of F-Dl or F-DO the reintegration will be implemented. For the
F-DO a memory bit REINT is prepared. With a positive flank of
REINT the F-DO will be reintegrated.

Warning!

In this example, the reintegration of passivated
modules occurs automatically. Use the automatic re-
integration for your application only if it will not
cause any hazards.

A passivation is indicated via LED "SF" lighting up on the mod-
ule. The reintegration of an F module may take approx. one
minute.

Operating instructions

Result/Note

Safety door is closed (safety position
switch and hinge switch deliver "1"
signal)

No. Instruction

1 Plug the actuator into
the safety position
switch.

2 Check the position of
the hinge switch.

3 Press the START button "Machine" starts (here: indicator light
goes on)

4 Press the and hold the Simulation of machine movement:
ACT_PAS button

5 Press the STOP button Indicator light goes off, however,
safety door cannot be opened (if still

pressing down ACT_PAS).

Simulated machine stoppage. Safety
door can be opened (actuator out-
side positioning switch and hinge
switch turned).

6 Release ACT_PAS

7 Repeatno.1to4 =

8 Turn the hinge switch
up to the "0"signal.

Enable signal is reset and machine
stops.

9 Release hinge switch -
and ACT_POS button.

10 Press the START button "Machine" does not start! Safety door
must first be opened completely for
the enable signal to return to "1".

Ex. No.
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3 Timing diagram e t1 2 5
The timing diagram below (explanation is provided after the Bit
diagram) illustrates the following case: RELEASE Enable  Enable Stays re-
- o ) . given reset set
While the hazardous machine is active, the door is opened (by START Start re- SET e
force); during this process, the actuator breaks off the door quest quest
and gets stuck in the safety position switch. SEP_ACT Door Door Door For en-
closed open, closed able, the
howev- door
RELEASE 4 er actua- must be
tor com-
breaks pletely
: > and opened
START I t stays in (error
| the posi- uncov-
|_| | |_| tion ered)
1 > switch
SEP_ACT4 | : : t HINGED_SW Door
| | | open,
: : : > ACTUATOR  "Ma- Machine No start
HINGED_SW4 | ! | t f:t'gse fo- stops ?,\‘;Ig]e
I I chine
i | | ! > ACT_PAS Slowing "Ma-
ACTUATOR | | : : ¢ down chine"in
- move- STOP
I ment
— > colL Door locked Door un-
ACT_PAS [ R ; ! t locked
1 1 1 1
1 1 1 1
: : = > Alternative
COIL 1 | | 1 1 t
] 1 1
I I o s In case of the principle of interlock by magnetic force used
: : : » = here, the safety door remains locked as long as voltage is ap-
" - “ - t & plied to the magnet in the safety position switch.

An alternative is the principle according to which the safety
door remains closed due to spring force. The voltage applied
to the magnet of the safety position switch must drop to zero
to keep the door interlocked. This principle is described in the
Safety Integrated Functional Example No. AS-FE-I-002-V10-
EN.




Safety Door without Guard Locking in Category 4

acc. to EN 954-1

Automation Function

Description of the functionality

In general, two types of safety doors can be used. In case of
the type with guard locking, the door is held in a position
switch during the potential hazard. In case of hazardous ma-
chine motions with short braking times, position switches
without tumbler are often used. The example introduced
here shows how the requirements of Safety Category 4 can be
met with the latter variant according to EN 954 : 1996.

Position switch

Actuator

g

01|
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Protective Door opened Protective door

The requirements of Safety Category 4 are met due to use of

2 SIGUARD position switches (or a magnetic switch) with sep-
arate actuators (redundancy for mechanical parts). The posi-

tion switch is installed form fit at the closing edge on the fixed

part, the actuator is installed at the moving door.

The position switch features positive-opening contacts which
are directly connected to the failsafe digital input module of
the ET 200S I/O system. The commands acquired that way are
evaluated in the safety program of the S7-CPU. The safety pro-
gram of the S7-CPU ensures that:

M prior to each start, acknowledgement is necessary if the
application has been stopped by opening the safety door

H if only one position switch indicates an open safety door, it
must be completely opened prior to a restart (open/close
safety door, acknowledge, start)

B the application can only be started if the safety door is
closed

B the application stops if the safety door is opened during
operation or as soon as a contact of the position switch
responds

In this example, the hazardous machine is simulated by an in-
dicator light which is connected to a failsafe digital output
module of the ET 200S /0 system. In this document, the des-
ignation "machine" refers to this indicator light.

Warning!

When using different actuators, the feedback circuits
have to be integrated and evaluated by the user. You
find more information about the readback signals in
the Safety Functional Example no. AS-FE-1-007-V10-
EN.

For calculating the max. reaction time of your F-system please
use the Excel file (Cotia table), which is available for S7 Distrib-
uted Safety V 5.3. This file is available on the internet:
http://support.automation.siemens.com/WW/view/en/
19138505

The diagram below illustrates the conditions for a start or a
stop of the "machine”.

Button for
"Machine" STOP
pressed?

Actuator
in each position
switch?

Button for
acknowledgement
pressed?

Button for
"Machine" START
pressed?

"Machine" ON?

Y

"Machine" OFF

"Machine" ON
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I Advantages/customer benefits

B Wiring reduced to a minimum due to use of failsafe S7-CPU B Programming the failsafe program with STEP 7 engineer-
and distributed 1/0. The more safety functions are imple- ing tools.
mented, the more useful this advantage is. B Only one CPU is required, since failsafe and standard pro-
gram parts run on a coexistent basis in the CPU
Required components

Hardware components

Component Type MRPD / Ordering data (0147 Manufacturer
Power supply PS307 5A 6ES73071EA00-0AAD 1 Siemens AG
S7-CPU, can be used for safety CPU 315F-2DP 6ES7315-6FF01-0ABO 1
applications
Micro Memory Card MMC 512 kB 6ES7953-8LJ10-0AA0 1
Interface module for ET 200S IM 151 High Feature 6ES7151-1BAO0-0ABO 1
Power module for ET 200S PM-E DC24..48V AC24..230V 6ES7138-4CB10-0ABO 2
Electronic module for ET 200S 2DI HF DC24V 6ES7131-4BBO0-0ABO 1
Electronic module for ET 200S 4/8 F-DI DC24V 6ES7138-4FA01-0ABO 1
Electronic module for ET 200S 4 F-DO DC24VI2A 6ES7138-4FBO1-0ABO 1
Terminal module for ET 200S TM-P15S23-A0 6ES7193-4CD20-0AA0 2
Terminal module for ET 200S TM-E15524-A1 6ES7193-4CA20-0AA0 1
Terminal module for ET 200S TM-E30C46-A1 6ES7193-4CF50-0AA0 2
Profile rail 482.6 mm 6ES7390-1AE80-0AAQ 1
Standard mounting rail 35 mm, length: 483 mm 6ES5710-8MA11 1
Optional: yellow 3SB3217-6AA30 1
Indicator light incl.incandescent
lamp
Position switch metal-enclosed 3SE2120-6XX 2
Actuator = 3SX3197 2
Push button green, 1NO 3SB3801-0DA3 2
Push button red, INC 3SB3801-0DB3 1
Note

The functionality was tested with the hardware compo-
nents listed. Similar products not included in the above
list can also be used. Please note that in this case
changes in the sample code (e.g. different addresses)
may become necessary.

Configuration software/tools

Component Type MRPD / Ordering data (0147 Manufacturer
SIMATIC STEP 7 V5.3 + SP1 6ES7810-4CCO7-0YAS 1 Siemens AG
SIMATIC Distributed Safety V5.3 6ES7833-1FCO1-0YAS 1




Setup and Wiring

In order to set up and wire the functional example, it is abso-
lutely necessary to consider the following note:

Warning!
In order to meet the requirements of Safety Category
4, itis obligatory to read back the process signal to the

actuator. Read back is not implemented in this exam-
ple.

The actuator in this example is an indicator light simu-
lating a machine. If other actuators are used, read back
has to be ensured by the user. The Safety Integrated
Functional Example AS-FE-I-007-V10-EN provides a de-
tailed description of "Read back".

An overview of the hardware structure

The arrangement to implement the safety door consists of a
PROFIBUS configuration. A failsafe S7-CPU is used as DP master,
an ET 200S as DP slave. The yellow indicator light can be re-
placed by actuators in accordance with their requirements.
Below, the wiring of conventional modules is shown only partly
to provide greater clarity.

PS | CPU PM-E| | PM-E | F-DO
307 ) 315F

IM 151 ( 4Dl ||
ﬂﬁ HF ae )| P!

|
\Acknow-}_d
lledgemen

Aktuator

3

| [— H P 201 HF - o
I 0@ I Position Position

:\ 2l b switch <= switch <2
Lostop | ]

| L

Note

The "high feature" electronic modules can also be re-
placed by standard modules.

Wiring of the hardware components

Requirements: The power supplies are supplied with 230V AC.

First check the addresses set at the hardware components

listed below:

Hardware
component

IM 151 High
Feature
F-DI

F-DO

Note

Einzustellende Note

Adress

6 (PROFIBUS ad-
dress)

Switch position:
1111111110

Switch position:
1111111101

Can be changed

The PROFIsafe addresses are
automatically assigned dur-
ing configuring the failsafe
modules in STEP 7. The
PROFIsafe addresses 1 to
1022 are permissible. Please
make sure that the setting at
the address switch (DIL
switch) on the side of the
module corresponds to the
PROFIsafe address in the
hardware configuration of
STEP 7.

The DP interface of the CPU 315F must be connected
with the DP interface of the IM 151 HF.

Note

The wiring of the hardware is illustrated below. In the
following table, the hardware components occurring
several times are numbered so they can be allocated in
the subsequent wiring plan.

Ex. No.

4
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= PM-E | F-DO

IM 151 LZ‘DI A

N
s
1
1

@§-
=

S

T
=
m
T
=
m

) N
AUX1 AUX1
QO QO
2] [Jem—m2[] [
254 wb5
QO “l%]

A [Ons| (A4 [Jrs

@ @ 3

N [

N N
AUX1 AUX1
PS 307 / CPU 315F E
[9)%) QO
M2 Cm—ma] 6
2 20 Q0
3 LKl
84
Al4]| |AI8 A A8
ul| ks @
==
N— 2 IM 151 HF
|_ : v
PE % SRS
=5 E e M
E— L]

F-DI

®®|®®
(1 m|me) (3

Q| oo
m 2] [6)m| 1[0] [1]4

QO

()%
10 [A]5

QO

[ PR—
\ Acknow-
ledgement

=

Position switch1

Q0
1[2] [6

Q0
Al4[Al8

()%
A[13 [Al16]

[@)%]
Al [5]7

()%
Afi1] [Al15)

Position switch2

Qo | oo
10 s

Qo |00
121 [

Q0| 00
Af4][A]8|A[T [Al6

[9)%]
A1) [5]7 |Af1] [Al15]

Note

A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the S7 project into the CPU
315F-2DP.
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Function test

After wiring the hardware components, you can check the in-

puts and outputs used with regard to their functionality (after
downloading the S7 project).

Inputs/outputs used

No. Hardware
component
Push button (NO)
Push button (NC)
3 Position switch

N =

N

Push button (NO)
5  Position switch

6 Indicator light (yellow)

Testing inputs and outputs

Adress Symbol
EO0.0 START
EO0.1 STOP
E2.0 SW1
E2.1 ACK
E2.4 SW2
A 8.0 ACTUATOR

Requirements: The inputs and outputs have the default values
specified under "Inputs/outputs used".

No. Instruction A8.0 Note

1  Pull both actua- "0"
tors from the
position
switches

2 Plug both actu-  "0"
ators into the
position
switch.

3 Press the push "0"

button E2.1
and release it

4 Press the push "
button E0.0
and release it

5  Press the push ‘0"
button EO.1
and release it

6  Press the push "
button EO.0
and release it

7  Pull one actua- "0"
tor from the po-
sition switch

Open the safety Necessary pri-
door or to the first
start.

Close safety door

Acknowledge

"Machine" start

"Machine" stop

"Machine" start

Error case: Door open, an actuator
breaks and gets stuck in the position
switch

Signal

(default value)

"o
"
"

"o
"

No. Instruction

8

10

11

12

Plug the actua-
tor back into
the position
switch

Press the push
button E2.1
and release it
Press the push

button E0.0
and release it

Repeat no. 1 to
4

Press the push
button EO.1
and release it

Ex. No.

Note

"1" signal, if actuator in the po-
sition switch

Acknowledgement

"1"signal, if actuator in the po-
sition switch

Simulates "machine”

A8.0 Note

"o

"o

"o

"o

Close safety door

Acknowledgement obligatory after
opening the safety door

Start not possible, only...

... after completely opening and
closing the safety door and subse-
quent acknowledgement.

"Machine" stop
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Timing diagram

As an illustration, points 1 to 10 from the preceding table are il-
lustrated in the following time diagram. The time axis contains
numbers 1 to 10, which refer to the numbers in the table.

swi1 T_

Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:

Warning!
The settings shown below contribute to meet the re-

quirements of Safety Category 4. Changes at the set-
tings may cause loss of the safety function.

ACK
START

1] :
|
|

STOP A

ACTUATORI

[ I R (N I

fo= T [ [N | [ M ——
] [ SpyE N [ S ——

\ 4
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If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

Overview picture
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The PROFIBUS adress at IM 15THF is set using DIP-switches.



Settings of the CPU 315F-2DP

The settings are displayed after double-clicking "CPU 315F-2
DP" (see "Overview picture").

Cooie Irtoengt | Disgrenica/Cincl

]

®357171718
RkELE!

08.%5

Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.

| Levvel o Prcitechon,

= 1: Kaywwitch S eltrg
 Fiesnor e vl Pasomond

2 Ve Protechon

7 3 Wite- RaeadProtechon
Flas srend

|---n-|-

Enter Agari

¥ CPU Cortern
Program Y

Available in the "Protection” tab.

A password has to be allocated in order to be able to set the
parameter "CPU Contains Safety Program". It is only in this
case that all required F blocks for safe operation of the F mod-
ules are generated during compiling the hardware configura-
tion of STEP 7.

Password used here: siemens

Ex. No.

- Mode
T Procen Mode

= TesiModa

Set mode: "Test Mode"

During Process Mode, the test functions such as program sta-
tus or monitor/modify variable are restricted in such a way
that the set permitted increase in scan cycle time is not ex-
ceeded. Testing with stop-points and gradual program execu-
tion cannot be performed.

During Test Mode, all test functions can be used without re-
strictions via PG/PC which can also cause larger extensions of
the cycle time. Important: During test mode of the CPU, you
have to make sure that the CPU or the process can "stand"
large increases in cycle time.
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Settings of the failsafe F-DI

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

- RO
=+/_y F parameters

|-E] F_source_address | 2002: CPU 315F-2 DP

|-[8] F_dest_address w2z
i El DIP gwitch satting (9. ...... 0} rI_I_lIIIIIII:I
[H] Fmonitaring time (ms) 120

DIL switch settings:
This value has to be set on the module (F-DI).

F monitoring time:
It has to be observed that the F monitoring time must be
larger than the call time of OB 35.

"’qur |
L[H] Activated i)
(W] Evalsation of the sensors 'lenmimn
[M] Type of sensor mterconn. ., [id‘lu'rd
L[] Behavior &t decrepancy
(5] Discrepancy time (ms)
=
(5] Activated | :
(] Evalustion of the sensors | 1001 evaluation
] Type of sensor interconn... | 1 channel
L-[W] Behavior ot decrepancy

[§) Discrepancy time (ms) [

Also in the "Parameter” tab.

The two position switches are transferred to the channels 0
and 4 as single-channel sensors.

The button for acknowledgement is assigned to channel 1 as
single channel sensor.

All other channels: Deactivate

Basic Performance Data

Load and main memory (without program code)

Total S7 standard  F blocks (fail-

blocks safe)
Load memory approx. approx. 0,1 k  approx. 37,3 k
Main memory approx. approx. 0,04 k approx. 28,1 k

’

Settings of the failsafe F-DO

The settings are displayed after double-clicking "4 F-DO
DC24V/2A" (see "Overview picture").

R |7 poraeters |

[#] F_source_address zmz CHJ#IEF EDP
W) F_dest_address (1021

(] DIP switch setting (9.......0) | 1111111101

(@] F monitoring tima (ms) 120

DIL switch settings
This value has to be set on the module (F-DI).

F monitoring time
It has to be observed that the F monitoring time must be

larger than the call time of OB 35.

(=3 Module parameters
= DO channel 0
|-[@] Activatad
|~ ] Read-back time

Activate used channels, deactivate channels which are not
used.

The read-back time defines the duration of the switch-off pro-
cedure for the respective channel. If the respective channel
switches high capacity loads, the read back time should be set
sufficiently large. We recommend setting the read back time
as small as possible, however large enough so that the output
channel does not become passive.

Load and main memory (with program code)

Total S7 standard  F blocks (fail-
blocks safe)

Load memory approx. approx. 1,1k  approx. 43,5 k
Main memory approx. approx. 0,4k  approx. 32,0 k
Cycle time

Total cycle time approx.  Standard and safety program
(typical value) 5ms

Max. runtime of the 9 ms Calculation with the Cotia ta-

safety program ble. Page 180 specifies where

to find it.



Sample Code

Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code with
which you can reset the described emergency stop functional-
ity.

The sample code is always assigned to the components used
in the functional example and implements the required func-
tionality. Problems not dealt with in this document are to be
implemented by the user; the sample code may serve as a ba-
sis.

Password

In all cases, the passwords used for the safety-relevant part is
Lsiemens”.

Use of the STEP 7 Project

The STEP 7 project shows the possibility of a safety door lock-
ing without guard locking in safety category 4. In this exam-

ple, the hazardous machine is simulated by an indicator light.
The conditions necessary for the actuators to reach safety cat-
egory 4 (e.g. read back of actuator signals) are not considered
in this example.

Download

The download is available via the following link:
http://support.automation.siemens.com/WW/view/en/
21331363

To call the corresponding project file, open the
"as_fe_i_004_v10_code_sdoor.zip" file offered as a separate
download (on the HTML page) and extract it into a user de-
fined directory. For downloading the project into the F-CPU
please proceed as follows:

M First load the hardware configuration into the S7-CPU

B Switch to the SIMATIC Manager

M Select the "Blocks" container

B Menu "Options" -> Edit safety program.
W Click the "Download" button

Ex. No.

4

The sample code with the given configurations enables the
following:

B An application (here: Machine simulated by indicator
lights) can only be started if the safety door is closed.

B Opening the safety door during operation of the machine
stops the application

B After each opening, the safety must be acknowledged prior
to a restart.

M If an actuator breaks off during opening the safety door
and gets stuck in the position switch, this error will be cer-
tainly recognized.

Program procedure

The (non-failsafe) FC "STANDARD" (FC 3) is called from OB 1
(see following figure).

"STANDARD"
. == EN
"START" == START COND = "COND" _
"STOP" =={ STOP ENO |= §
o

Parameter Adress  Explanation

START EO.1 Push button (NO) for the start
requirement.

STOP E 0.1 Button (NC) for the stop requirement.

COND M 90.0 Information for the safety program

The information of the memory bit "COND" is read as memory
bit COND1 in the safety program. This allocation occurs in the
cyclic interrupt OB 35 for the following reason:

When reading data, which may be changed by the standard
user program or an operation control and monitoring system
during running of an F runtime group, from the standard user
program (memory bits or PAE of standard 1/0), in the safety
program, it is necessary to use separate memory bits (here
COND1). Data from the standard user program have to be
written to these memory bits immediately before calling the F
runtime group. Only these memory bits may then be accessed
in the safety program.



http://support.automation.siemens.com/WW/view/en/21331363
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4 In this example it has already been implemented. Generally, FB “F_SFDOOR" (FB 217, DB 217)

however, the following applies: FB "COORDINATION" (FB1, DB1) is the first to call the FB
Note "F_SFDOOR" (FB217, DB217). FB 217 is a certified block from
the library of distributed safety, which from version 5.3 on is

If the above section is not observed the F CPU may go to available for safety door monitoring.

STOP mode.
"INSTANZ_
FC "STANDARD" (FC3) FB217
"F_SFDOOR"
R0 "SR"
P SR e
#START=— —S
"SW1" = IN1
g
N >=1 "SW2" = IN2
#STOP = L
" INSTANZ_ #COND £
FB1". l—‘= 2 "F00002
RELEASE =0 —R Q o 4 8 F_DI_
DC24V".
"INSTANZ_FB1".RELEASE is a bit from the instance data block QBAD — QBAD_IN1
(DB 1) of the FB 1, which is processed in the safety program.
The static variable "RELEASE" is set or reset. Here in FC 3 the i 8F|20%0|2
standard user program will read this information, as the ma- “DC2av™
chine must only be operated with "RELEASE"="1". QBAD — QBAD_IN2 Q= #RELEASE
The failsafe program has the following program sequence:
#OPEN_NEC -OOPEN_NEC ACK_REQ = #ACK_REQ
#ACK_NEC -OQACK_NEC DIAG = ... =
FB"F_SFDOOR" §\
(FB217,DB217) #ACK — ACK ENO = i
(O]

F-CALL FB"COORDINATION"

(FC1) (FB1,DB1) From the

Distributed Safety,
library

The enable signal Q (#RELEASE) decides whether the actuator
is switched on/off. Enable is given at #RELEASE="1".

The inputs of the position switch "SW1" and "SW2" are allo-

Y REINTEGRATION" cated to the inputs IN1T and IN2 of the FB 217. As soon as one
\ (FC2) of the two inputs IN1 and IN2 has the signal status "0", it is in-

terpreted as opening the safety door. The enable signal is

e  therebyresetto'0".

i’ The enable signal can only be reset to 1 if:

° H prior to closing the door both inputs IN1 and IN2 have the
signal status O (safety door completely opened). This
uncovers the error of a broken actuator still in the position

F-CALL (FC 1) switch despite of an opened door
F-CALL (FC 1) is the F runtime group and is called from the cy- M subsequently both inputs IN1 and IN2 take on signal status
clic interrupt OB (OB 35). F-CALL calls the F programe block 1 (safety door closed)

(here the FB 1). B an acknowledgement is given




The acknowledgement for the enable is given at the input
ACK_NEC depending on the parameters:

B For ACK_NEC = 0 an automatic acknowledgement is given.

B For enable at ACK_NEC = 1 you must acknowledge ACK at
the input by means of a rising edge (as implemented in
this example).

Note

The acknowledgement signal is in this example read via
a failsafe input module (F-DI). For safety door applica-
tions this becomes necessary if the hazardous area is ac-
cessible. For a non-accessible hazardous area, the ac-
knowledge signal can also be read via a standard input
module.

In order for the F application block to recognize whether the
inputs IN1 and IN2 are only "0" due to a passivation of the re-
spective F-periphery, you must supply the inputs QBAD_IN1
and QBAD_IN2 with the variable QBAD of the respective F pe-
riphery DB. This prevents for example that for a passivation of
the F-periphery the safety door must be completely opened
prior to acknowledgement.

Ex. No.

Warning!

Should you change the example in that OPEN_NEC=0
is set for the parameterization of the FB 217, an au-
tomatic restart of the respective process must be ex-
cluded some other way.

Warning!

Should you change the example in that ACK_NEC=0 is
set for the parameterization of the FB 217, an automatic
restart of the respective process must be excluded some
other way.

The F-application module supports the requirements accord-
ing to EN954-1 and EN 1088.

After restarting the F system, the enable signal Q is reset to
"0". The acknowledgement for the enable is given at the input
OPEN_NEC and ACK_NEC depending on the parameters:

B For OPEN_NEC = 0 an automatic acknowledge is given
independent of ACK_NEC, as soon as both inputs IN1 and
IN2 have the signal status 1 for the first time after reinte-
gration of the respective F periphery (safety door is closed).

B For OPEN_NEC =1 or if at least on of both inputs INT and
IN2 have the signal status "0" even after reintegration of
the respective periphery, an automatic acknowledgement
is given depending on ACK_NEC, or the enable requires
acknowledging ACK at the input by means of a rising edge.
Prior to acknowledgement both inputs IN1T and IN2 must
have had the signal status O (safety door completely
opened) and subsequently signal status 1 (safety door
closed). In this example this variant has not been acti-
vated.

At the output DIAG a non-failsafe information on occurred er-
rors is provided for servicing purposes. You can read it out via
HMI systems or if necessary evaluate them in your standard
user program.

Note

The safety program does not allow accessing the output
DIAG!

FB "COORDINATION" (FB1, DB1)
After processing the FB 217, processing is continued in FB 1:

&

H#RELEASE s
#ACTUATOR

@) #CONDL ——i -

G_FB_XX_115

The machine must only start at valid enable from FB 217 (#RE-
LEASE="1") and the start request ("COND1"="1") from the
standard user program.

FC "REINTEGRATION" (FC2)

Network 3 of FB1 calls the FC2, where in case of a passivation
of F-Dl or F-DO the reintegration will be implemented. For the
F-DO a memory bit REINT is prepared. With a positive flank of
REINT the F-DO will be reintegrated.

Warning!

In this example, the reintegration of passivated
modules occurs automatically. Use the automatic re-
integration for your application only if it will not
cause any hazards.

A passivation is indicated via LED "SF" lighting up on the mod-
ule. The reintegration of an F module may take approx. one
minute.
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I Operating instructions

The table below will help you during operation.

No. Instruction

1 Pull both actuators
from the position
switches

2 Plug both actuators
into the position
switch.

3 Press the push button
E2.1 and release it

4 Press the push button
E0.0 and release it

5  Press the push button
E0.1 and release it

"o

"o

"o

"

"o

A 8.0 Result/Note

Open the Necessary
safety door  prior to the
first start.

Close safety
door

Acknowledge
"Machine" start

"Machine" stop

Now number 4 and 5 can be performed continuously without
having to acknowledge. Acknowledgement will become necessary
if the safety door has been opened once.

6  Press the push button
E0.0 and release it

7  Pull one actuator from
the position switch

8  Plug the actuator back
into the position
switch

9  Press the push button
E2.1 and release it

10 Press the push button
E0.0 and release it

11 Repeatno.1to4

12 Disconnect a connec-
tion between indicator
light and F-DO.

13 Re-connect the con-
nection between indi-
cator light and F-DO.

u

"o

"Machine" start

Error case: Door open, an ac-
tuator breaks and gets stuck
in the position switch

Close safety door

Acknowledgement obligato-
ry after opening the safety
door

Start not possible, only...

... after completely opening
and closing the safety door
and subsequent acknowl-
edgement.

Wire break will be recognized
and F-DO be passivated.

The reintegration of the F-DO
starts automatically. It may
take several minutes.

After reintegration, the actuator is automatically set to "1" (unless
safety door has not been opened). Please note above warning note
under the heading FC "Reintegration” (FC2).

14 Press the push button
EO0.1 and release it

"o

"Machine" stop

Note

In the case of the "machine" simulated by the yellow in-
dicator light, it is assumed that no hazardous slowing
down emanates from the "machine" after a stop request
by the user (or after opening the safety door during op-
eration).

Alternative

In case hazardous slowing down emanates from the machine,
it has to be made sure that the safety door can only be opened
after the slowing down no longer constitutes a hazard. In this
case, e.g. safety position switches with locked engagement
are suitable. The Safety Integrated Functional examples 2
.Safety Door with Spring-Loaded Engagement” and 3 ,Safety
Door with Magnetic Engagement” describe the use of such a
switch in order to meet the requirements of Safety Category 4
according to EN 954-1.



Light Curtain in Category 4 with Muting Function

acc. to EN 954-1

Automation Function

Description of the functionality

Light curtain

SIGUARD light curtains 3RG7844 meet the requirements of
Safety Category 4 according to IEC 61496-1 : 2004 and

EN 61496-1 : 2004 The relevant machine safety regulations ap-
ply for the application, particularly:

B machinery directive 98/37/EC and
W work equipment directive 89/655/EEC

The SIGUARD light curtain used here is mainly used in vertical
arrangement of the danger spot protection (see figure). With
the physical resolution of 30 millimeters, hand/arm are safely
detected in a range from 0.8 to 18 meters.

SIGUARD light curtains 3RG7844 consist of a transmitter and
a receiver (see figure).

Sender Receiver
- -

\MAAAAAAAAAAAAAAAAMAL
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Starting with the first beam (= synchronization beam), the
transmitter quickly pulses beam after beam. The receiver de-
tects the specially formed pulse packets of the send beams
and successively opens the linked receive elements with the
same rhythm. This ensures that a protection field is created
between transmitter and receiver. Transmitter and receiver
are synchronized optically.

Light curtains can only realize their protective effect, if they
are installed with an adequate safety margin. The formulas
used to calculate the safety margin depend on the type of pro-
tection. Mounting situations and calculation formulas are
available in the standard EN 999 ("The positioning of protec-
tive equipment in respect of approach speeds of parts of the
human body"). The formula for the required distance to re-
flecting areas complies with the European Standard for "Active
Opto-Electronic Protective Devices" prEN IEC 61496-2 : 1997.

The transmitter and receiver type used in this example pro-
vides a 12-pin Hirschmann connector (see figure).

The Hirschmann connector uses the following pins:
Transmitter

Pin Input/output Connectedto Note

1 Input +24 V DC Supply

2 Input 0V DC

3 Output Pin 4 No internal jumper set in
4 Input Pin 3 factory

Receiver
Pin Input/output Connectedto Note

1 Input +24 V DC Supply

2 Input 0vDC

3 Output F-DI 0OSSD1

4 Output F-DI 0Ssb2

0OSSD1 and OSSD?2 are the safety-relevant switching outputs
(Output Signal Switching Devices). They are placed on the F-
DI and polled by the F CPU using a 1002 evaluation. "0" signal
means: Light curtain is interrupted. The F program causes the
stop of the hazardous machine.

Warning!
In this example, the hazardous machine is simulated

by an indicator light. When using other actuators than
this indicator light, safe switching-off of the loads in-

cluding signal feedback is to be supplemented.

Ex. No.
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For calculating the max. reaction time of your F-system please
use the Excel file (Cotia table), which is available for S7 Distrib-
uted Safety V 5.3. This file is available on the internet:
http://support.automation.siemens.com/WW/view/en/
19138505

Muting

In this example we show parallel muting. Muting is an in-
tended suppression of the protective function. This is e.g. re-
quired during transporting the material into the danger zone.
Muting is triggered by muting sensors. In this example, FB189
(F_MUTING) is called in the F program (FB 1, DB 1). Among
other things, FB189 as input parameter has the signals of the
four muting sensors (MS_11...MS_22) as well as three param-
eterizable times (DISCTIM1, DISCTIMZ2; TIME_MAX).

MS_11 Sender MS_21
] I:I ]
|:| : Hazardous Area

|

MS_12 Receiver MS_22

] 1] ] 2
|

o\

If the muting sensors MS_11 and MS_12 are activated by the
product within the time DISCTIM1, the muting mode is acti-
vated.

MS_11 Sender MS_21
] I;I ]
‘ ‘ Hazardous Area
MS_12 Receiver MS_22
] ] ] :
:\
Z\

The muting mode remains active as long as MS_11 and
MS_12 are activated by the product. The product may pass the
light curtain without causing a stop of the machine.

MS_11 Sender MS_21
’ ‘ Hazardous Area
MS_12 Receiver MS_22
%
o
| :;‘

Before the muting sensors MS_11 and MS_12 switch inactive,
the muting sensors MS_21 and MS_22 must have been acti-
vated within the time DISCTIM2. This ensures that muting
mode remains active.

MS_11 Sender MS_21
Hazardous Area
MS_12 Receiver MS_22
o
| ;‘

The muting mode is terminated, if one of the muting sensors
MS_21 or MS_22 is switched inactive by the product. The
maximum time for the muting mode to be active is
TIME_MAX.

Note

Muting mode also becomes active if the muting sensors
MS_21 and MS_22 respond first.

Active muting operation is indicated by white indicator lights.
In this example, one indicator light is used to display the mut-
ing mode. The diagram below illustrates the relations during
muting mode with regard to time.

MS_11 —! |
MS_12 —:—| |

1 |
! L
MS_21 —— I
1 : 1 1
| 1 T
MS_22 —i : t ! i
> > |
t<DISCTIM1! t < DISCTIM2 L
;‘ t < TIME_MAX ':
1 | g‘
1 1 §<<‘
1 1 E‘
o
MUTING—I I
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Flow chart 5

The flow chart below shows the relation between hazardous
"machine”, protection field and muting mode.

"Machine" in RUN?

N
Protecti
interrupted? .
Acknowledgement
given?
Was a start
request givem?
Y

|
L |

¥

Protection field can be
interrupted without the
"Machine" stopping

DISCTIM1,
DISCTIM2,
TIME_MAX
exceeded?
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Advantages/customer benefits

B Wiring reduced to a minimum due to use of failsafe S7-CPU M The output signals of the light curtain (OSSD1 and OSSD2

and distributed 1/0. The more safety functions are imple- of the receiver) can be directly transferred to the failsafe /O
mented, the more useful this advantage is. modules (F-DI).

B Programming the failsafe program with STEP 7 engineer- B Use of prefabricated (and certified) failsafe blocks from the
ing tools. Distributed Safety library to implement the muting mode.

B Only one CPU is required, since failsafe and standard pro-
gram parts run on a coexistent basis in the CPU

Required components

Hardware components

Component Type MRPD / Ordering data Qty  Manufacturer
Power supply PS307 5A 6ES73071EA00-0AAQ 2 Siemens AG
S$7-CPU, can be used for safety CPU 315F-2DP 6ES7315-6FF01-0ABO 1

applications

Micro Memory Card MMC 512 kB 6ES7953-81J10-0AA0 1

Interface module for ET 200S IM 151 High Feature 6ES7151-1BA00-0ABO 1

Power module for ET 200S PM-E DC24..48V AC24..230V 6ES7138-4CB10-0ABO 2

Electronic module for ET 200S 2DI HF DC24V 6ES7131-4BB00-0ABO 3

Electronic module for ET 200S 4/8 F-DI DC24V 6ES7138-4FA01-0ABO 1

Electronic module for ET 200S 4 F-DO DC24VI2A 6ES7138-4FB0O1-0ABO 1
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Component

Terminal module for ET 200S
Terminal module for ET 200S
Terminal module for ET 200S
Profile rail

Standard mounting rail

Type

TM-P15523-A0
TM-E15S524-A1
TM-E30C46-A1

482.6 mm

35 mm, length: 483 mm

Indicator light incl. incandescent white
lamp
Optional: Indicator light incl. yellow

incandescent lamp

Optical proximity switch
(as muting sensor)

SIGUARD light curtain Cat. 4

Diffuse sensor (type K80)

Standard TRANSMITTER
resolution 30 mm

Standard RECEIVER
resolution 30 mm

SIGUARD light curtain Cat. 4

Hirschmann contact box
Push button

incl. crimp contacts, even
green, 1NO

Note

The functionality was tested with the hardware compo-
nents listed. Similar products not included in the above
list can also be used. Please note that in this case

Configuration software/tools

Component Type
SIMATIC STEP 7 V5.3 + SP1
SIMATIC Distributed Safety V5.3

Setup and Wiring

In order to set up and wire the functional example, it is abso-
lutely necessary to consider the following note:

Warning!

In order to meet the requirements of Safety Category
4, it is obligatory to read back the process signal to
the actuator. Read back is not implemented in this
example.

The actuator in this example is an indicator light sim-
ulating a machine. If other actuators are used, read

back has to be ensured by the user. The Safety Inte-
grated Functional Example AS-FE-I-007-V10-EN pro-
vides a detailed description of "Read back".

MRPD / Ordering data
6ES7193-4CD20-0AA0 2
6ES7193-4CA20-0AA0 3
6ES7193-4CF50-0AA0 2
1
1
1

Qty  Manufacturer
Siemens AG

6ES7390-1AE80-0AAO
6ES5710-8MA11
3SB3217-6AA60

3SB3217-6AA30 1
3RG7200-6CC0O0 4
3RG7844-25D03-0SS0 1
3RG7844-25D03-0SS1 1
3RG7848-2DA 2
3SB3801-0DA3 2

changes in the sample code (e.g. different addresses)
may become necessary.

MRPD / Ordering data (014 Manufacturer
6ES7810-4CCO7-0YAS 1 Siemens AG
6ES7833-1FCO1-0YAS 1

An overview of the hardware structure

The arrangement to implement the light curtain with muting
function consists of a PROFIBUS configuration. A failsafe S7-
CPU is used as DP master, an ET 200S as DP slave. The yellow
indicator light, which can be used optionally, simulates the
hazardous "machine”, the white indicator light indicates active
muting.

Note

Except for the connected safety components, the Power
supply (for the light curtain) must not supply any addi-

tional parts of the machine with power. Both power sup-
plies require the same ground.

Note

A 4Dl electronic module can also be used instead of two
2Dl electronic modules. The "high feature" electronic
modules can also be replaced by standard modules.
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Wiring of the hardware components

Requirements: The power supplies are supplied with 230V AC.

First check the addresses set at the hardware components

listed below:

Hardware Address

component to be set

IM 151 High 6 (PROFIBUS ad-

Feature dress)

F-DI Switch position:
1111111110

F-DO Switch position:
1111111100

Note

Note
Can be changed

The PROFIsafe addresses are
automatically assigned dur-
ing configuring the failsafe
modules in STEP 7. The
PROFIsafe addresses 1 to
1022 are permissible. Please
make sure that the setting at
the address switch (DIL
switch) on the side of the
module corresponds to the
PROFIsafe address in the
hardware configuration of
STEP 7.

The DP interface of the CPU 315F must be connected
with the DP interface of the IM 151 HF.

Note

The wiring of the hardware is illustrated below. In the
following table, the hardware components occurring
several times are numbered so they can be allocated in

the subsequent wiring plan.

IM 151 2DI _

| —

F-DO

s
g

il

1
QO Q0
2[] DGHZD e
QO Q0
307 s [0
(9]%)] Q0
As[][ns A4 [Jas
® @

2]%] 2 DI HF
A4l ][ a8
2 DI HF nins
QO r@’@i
1[5 2[ ][ 6
QO i‘ QO
2[][s 37
QO QO
307 A4l ][ a8
@)%,
A4l ][ A8
® @
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PS 307 / CPU 315F

PS CPU PS
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00000000

307 ) 315F | 307 |

‘ ‘ PE

il
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Note

A connection between the MPI interface of your PG/PC and
the MPI interface of the CPU 315F-2DP (MPI cable) is re-
quired to download the S7 project into the CPU 315F-2DP.

Note

The ground of the two power supplies (PS) used has to
be identical.



Function test

After wiring the hardware components, you can check the in-
puts and outputs used with regard to their functionality (after
downloading the S7 project).

Inputs/outputs used

No. Hardware

N o oW N -

O

component
Push button (NO)
Push button (NO)

Optical proximity switch
Optical proximity switch
Optical proximity switch
Optical proximity switch

Receiver light curtain

Indicator light (yellow)
Indicator light (white)

Testing inputs and outputs

Adress Symbol
EO0.0 START
EO0.1 ACK
E1.0 MS_11
E1.1 MS_12
E2.0 MS_21
E2.1 MS_22
E4.0 0SSD

A 10.0 ACTUATOR

A 10.1 MLAMP

Requirements: The inputs and outputs have the default values
specified under "Inputs/outputs used".

Note

The times DISCTIM1 and TIME_MAX mentioned in the
following table are parameterized in FB 1 of the program
code.

No. Instruction

Press the push
button E 0.1 and
release it.

Press the push
button E 0.0 and
release it.

Interrupt the pro-
tection field

Repeat No. 1 and
2

SetE1.0="1"

Response
A10.0 A10.1
"o 0"
o "
0" "or
o 0"
o "or

Note

Acknowledgement

Start of the
"machine”

OSSD="0"

Start of the
"machine"

Muting sensor 11
triggers

Signal

(default value)

"o

0
0
0"
0
0
1

"o
"o

No. Instruction

SetE1.1="1"
(this action has to
be performed
within DISCTIM1)

Interrupt the pro-
tection field

Wait until
TIME_MAX has
elapsed

Ex. No.

Note

Muting sensors
"1": sensor detects material

"1" signal in case of free pro-
tection field

Simulated machine

Muting lamp
Response Note
A10.0 A10.1

" " Start muting mode
Protection field not
active!

o TR

"0" 0" Muting not yet com-

pleted and
t>TIME_MAX
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Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:

Warning!
The settings shown below contribute to meet the re-

quirements of Safety Category 4. Changes at the set-
tings may cause loss of safety functions.

If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

Overview picture
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The PROFIBUS adress at IM 15THF is set using DIP-switches.

Settings of the CPU 315F-2DP

The settings are displayed after double-clicking "CPU 315F-2
DP" (see "Overview picture").

Oyl irtemet | Disgrostes/Decd

Pty Enecuton (ma)
{iill [r r T
IH1 Ii I"l':.
r =
e =
i

1t |

oo [N
Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.

~Levelol Protection
% 1. Keyawitch Setting
I Removable wih Password
" 2 Wate Protection

3 Wite /Mead Protects
FPatowoid

qu—u

Erter Again

;-——-

¥ CPU Contans Safety
Piogiam

Available in the "Protection” tab.

A password has to be allocated in order to be able to set the
parameter "CPU Contains Safety Program". It is only in this
case that all required F blocks for safe operation of the F mod-
ules are generated during compiling the hardware configura-
tion of STEP 7.

Password used here: siemens



* Tedt Mode

Set mode: "Test Mode"

During Process Mode, the test functions such as program sta-
tus or monitor/modify variable are restricted in such a way
that the set permitted increase in scan cycle time is not ex-
ceeded. Testing with stop-points and gradual program execu-
tion cannot be performed.

During Test Mode, all test functions can be used without re-
strictions via PG/PC which can also cause larger extensions of
the cycle time. Important: During test mode of the CPU, you
have to make sure that the CPU or the process can "stand"
large increases in cycle time.

Ex. No.

Settings of the failsafe F-DI

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

Genetal | Addrestes Parameter |

Paramater | Value
= 3] Parameters
# F parameters [
ia
L] Input delay 3 [ms]
=] Shert-cucul test

With external sensor supply, the requirements of Cat. 4 ac-
cording to EN 954-1 can be met by using intelligent sensors
which independently monitor the wiring with regard to short-
circuit and wire break. For this application case, the short-cir-
cuit test has to be deactivated in the F-DI.

= o Paramatars |
=y F paramelers .
(-] F_source_address | 2002: CPU 315F-2 DF
|-[H] F_dest_address | 1021
(] DIP switch satting (9.......0) | 1111111101
L8] F mordtoring time (ms) 120

DIL switch settings
This value has to be set on the module (F-DO).

F monitoring time
It has to be observed that the F monitoring time must be

larger than the call time of OB 35.

=4y Channel 0, 4 |
|- [H] Activated
-[£] Evaluation of the sensors | 1002 evaluation
-[H] Type of sensor interconn... | 2 channel equivalent
|- (] Behavior at discrepancy 0 - Supply valus

] Discrepancy time (ms) 10

w1] Channel 1, 5 '

1) Channel 2, 6

@1(_] Channel 3, 7 '

Also in the "Parameter” tab.

The OSSD outputs of the light curtain are evaluated in a 1002
evaluation.

All other channels: Deactivate




Settings of the failsafe F-DO

The settings are displayed after double-clicking "4 F-DO
DC24VI2A" (see "Overview picture").

[ 3§ Parameters
=+_§ F parameters -
|-[E] F_source_address | 2002: CPU 315F-2 DF
(~[H] F_dest_address 1020
(] DIP switch setting (9. ...... o) | 1111111100
L[] F monitoring time (ms) 120

DIL switch settings
This value has to be set on the module (F-DO).

F monitoring time
It has to be observed that the F monitoring time must be

larger than the call time of OB 35.

General | Addresze: Paramata |

Parameter | Value
BIRTFrscretees |
F3§ F parameters |
{E] F_source_address FEBZ_CHJ__ETﬁFDF
[H] F_dest_address 1020

(5] OIP swhch setting (9.......0) | 1111111100

(=] F monkoring time {(ms) | 120
23 Module parameters l
323 DO channel 0 [
(8] Activated I
(i) Read-back time { 100 {ms)
(5] Dlagnostics: wire break [E]
£HEY 0O channel 1 i
E] Actated =
-[E] Read-back tims | 100 (ms)
L[H] Disgnostics: wre break. | [v]
g DO channel 2 |
51 DO channed 3 I
Channel 0:
Actuator connection (in this case: Indicator light)
Channel 1:
Muting lamp

All other channels: deactivate

The read-back time defines the duration of the switch-off pro-
cedure for the respective channel. If the respective channel
switches high capacity loads, the read back time should be set
sufficiently large. We recommend setting the read back time
as small as possible, however large enough so that the output
channel does not become passive.

Basic Performance Data

Load and main memory (without program code)

Total S7 standard  F blocks (failsafe)
blocks
Load memory approx. approx. 0,2k  approx. 37,3 k
Main memory approx. approx. 0,09 k approx. 28,1 k

’

Load and main memory (with program code)

Total S7 standard  F blocks (failsafe)
blocks
Load memory approx. approx. 1,0k  approx. 47,0 k
48,0 k
Main memory  approx. approx. 0,4 k  approx. 34,7 k
35,1
Cycle time
Total cycle time approx.  Standard and safety program

(typical value) 5 ms

Max. runtime of the
safety program

Calculation with the Cotia ta-
ble. Page 180 specifies where
to find it.

10 ms



Sample Code

Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code with
which you can reset the functionality described here.

The sample code is always assigned to the components used
in the functional examples and implements the required func-
tionality. Problems not dealt with in this document are to be
implemented by the user; the sample code may serve as a ba-
sis.

Password

In all cases, the passwords used for the safety-relevant part is
Lsiemens”.

Use of the STEP 7 Project

The STEP 7 project indicates the possibility of operating light

curtain of safety category 4 according to EN 954-1 by means

of a failsafe S7-CPU. In this example, the hazardous machine

is simulated by an indicator light. The conditions necessary for
the actuators to reach safety category 4 (e.g. read back of ac-
tuator signals) are not considered in this example.

After setting up and commissioning the functionality intro-
duced here, the indicator lights used provide the following in-
formation:

lHluminated
indicator lights

Explanation

Yellow Hazardous "machine" running (simulates
the actuator).
White Muting mode

Ex. No.

Download

The download is available via the following link:
http://support.automation.siemens.com/WW/view/en/
21331201

To call the corresponding project file, open the
"as_fe_i_005_v10_code_lcurtain.zip " file offered as a sepa-
rate download (on the HTML page) and extract it into a user
defined directory.

For downloading the project into the F-CPU please proceed as
follows:

M First load the hardware configuration into the S7-CPU
B Switch to the SIMATIC Manager

B Select the "Blocks" container

B Menu "Options" -> Edit safety program

B Click the "Download" button

The sample code with the given configurations enables the
following:

B Connection of a SIGUARD light curtain 3RG7844 to the fail-
safe 1/0 modules of a failsafe SIMATIC S7-CPU for danger
spot protection.

B Muting mode
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5 Program procedure A start in this example shall only be possible if workpieces are

) B ) out of the monitored area of the light curtain
OB 1 defines the start conditions for the hazardous machine (MS_11...MS_22="0").

(here simulated by an indicator light): The information of the memory bit "COND" is read as memory

bit COND1 in the safety program. This allocation occurs in the

"llz" < cyclic interrupt OB 35 for the following reason:
" START "= — When reading data, which may be changed by the standard
user program or an operation control and monitoring system
MS_11" =0 during running of an F runtime group, from the standard user
"MS_12" =0 program (memory bits or PAE of standard 1/0), in the safety
program, it is necessary to use separate memory bits (here
"MS_21" =0 SR COND1). Data from the standard user program have to be
"MS 22" =0 s SR written to these memory bits immediately before calling the F
- runtime group. Only these memory bits may then be accessed
>=1 in the safety program.
"INSTANZ_ . . .
FBL" . FAULT = "COND" In this example it has already been implemented. Generally,
= however, the following applies:
STOP" = —{R Q _I
G_FB_XX_128 N ote
If the above section is not observed the F CPU may go to
Parameter Adress Explanation Sl It
START E 0.0 (NO) Start request
MS_11 E1.0 Optical proximity switch (as muting The failsafe program has the following program sequence:
MS 12 E1.1 sensor) Any type of sensor can be
- : used which need not be failsafe.
MS_21 E2.0 Convention: At the "1" signal the ob- FB"L_CURTAIN"
MS_22 E2.1 ject is recognized. (FB1,DB1) FB“lF_MUTINlG"
— . . " F-Call FC"Safety_Prg" (EB 189,DB/ 189)
INSTANZ_FB1. DB1.DBX4.2 This bit causes a start of the "ma- (FC1) (FC10)
FAULT chine" to only be possible after previ- From the
ous acknowledgement. The signal Distributed Safety
status of this bit is defined in the I [0
safety program (FB 1) and filed in its

respective instance DB (DB1, byte 4, FCREINTECRATION™

2
bit 2) \ (FC2)
STOP M92.3 Dummy bit In this example, no oper-
ational stopping has been imple-

mented. If you wish to extend the
example accordingly, the memory bit
can be replaced by the respective
sensor signal.

G_FB_XX_129

COND M 92.0 Sets or resets the machine (in FB 1 of F-CALL (FC1)
the safety program). ) ) .
F-CALL (FC 1) is the F runtime group and is called from the cy-

clicinterrupt OB (OB 35). F-CALL calls the F-programe block
(here the FC 10).

FC "Safety_Prg" (FC 10)
FC 10 ensures the modular setup of the safety program.




FB "L_CURTAIN" (FB 1, DB 1)
FB 1 has two functions:

1.Call of FB "F_MUTING" (FB 189, DB 189) from the Distrib-
uted Safety library (network 1).

2.Switching the "machine" (here simulated by an indicator
light) on and off (network 2).

Network 1
" INSTANZ_
FB189"
"F_MUTING"
—{EN
#MS_11 —MS_11
#MS_ 12 = MS_12
#MS_21 = MS_21
#MS_22 —IMS_22
. —{STOP
0SSD = FREE
"FO0010_
4 F DO_ Q= #RELEASE
DC24V_
2A" .QBAD— QBAD_MUT MUTING = "MLAMP"
T#2S =] DISCTIM1 ACK_REQ[= #ACK_REQ
T#2S = DISCTIM2 FAULT = #FAULT
T#10S = TIME_MAX DIAGF . .. 8
>
X\
#ACK = ACK ENO j= 5

If the light curtain for example has been interrupted, a restart
of the "machine" (here simulated by an indicator light) re-
quires acknowledgement. This requirement is indicated by
the output parameter ACK_REQ="1 of FB 189.

In OB 1 the static variable #EN_FAULT is read from the in-
stance DB of FB 1 and connected so that a start is only possible
if acknowledged in FB 1.

Network 2

HRELEASE s

#ACTUATOR

@) #coNp1 — -

i XX_132

After successful acknowledgement, an enable (#RELEASE="1")
is given by FB 189. A standard requirement in OB 1 makes
"COND1"="1" and the "machine" is switched on
(#ACTUATOR="1").

If the light curtain, for example, is interrupted, the enable is
reset by FB 189 and the "machine" is switched off.

FB "F_MUTING" (FB 189, DB 189)
FB 189 is a certified block from the Distributed Safety library.

"INSTANZ_
FB189"

"F_MUTING"

.. = EN

#MS_11 mafMS_11
Muting sensors of

non-failsafe input H#MS_12 mef MS_12

modul

EElils 4MS_21 mef MS_21
HMS_22 wel MS_22

Failsafe output signal

for receiver of light L STOP

curtain. Read in via a Enable
failsafeinputmodule./ | FREE
If the light curtain is

interrupted, "F00010_ Display
#0SSD="0", Q=0 and _ 4_F_Dpo_ Qp=#RELEASE [ Muting
ACK_RWQ="1"in- DC24V_ on/off’
dicates that 2A" . QBAD == QBAD_MUT MUTING = "MLAMP"

acknowledgement i Acknowledge-

DISCTIM1 - — .
snecessary. ACK_REQ=#ACK_REQ— nant required
DISCTIM2 FAULT = #FAULT
Common
TIME_MAX DIAG= . .. error
ACK | ENO jm

Acknowledgement

Time monitoring sensor pair 1
Time monitoring sensor pair 2
Maximal mutin time

Monitoring the muting lamp via
the QBAD signal of the F output
module

G_FB_XX_131

FC "REINTEGRATION" (FC 2)

Network 2 of FB 10 calls the FC2, where in case of a passiva-
tion of F-DI or F-DO the reintegration will be implemented. For
the F-DO a memory bit REINT is prepared. With a positive flank
of REINT the F-DO will be reintegrated.

Warning!

In this example, the reintegration of passivated
modules occurs automatically. Use the automatic re-
integration for your application only if it will not
cause any hazards.

A passivation is indicated via LED "SF" lighting up on the mod-
ule. The reintegration of an F module may take approx. one
minute.
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5 Operating instructions

The table below will help you during operation.

Operating instructions 1: Interrupting light curtain

No. Instruction Result/Note
1 Press the acknowledgement Required before starting the
push button ACK "machine". The 4 muting sen-

sors must be on "0" signal.

2 Press the start push button  "Machine" running (simulated
START by yellow indicator lights).

3 Interrupt the light curtain  Yellow indicator light goes off
("machine" stops).

Operating instructions 2: Muting

Note

During performing the following actions, please make

sure that the discrepancy times DISCTIM1 and DISCTIM2
as well as the maximum muting time TIME_MAX are not
exceeded. The allocation of the time values is available
in the F program (FB 1, network 1 when calling FB189).

No. Instruction Result/Note
1 Pressthe acknowledgement Required before starting the
push button ACK. "machine". The 4 muting sen-

sors must be on "0" signal.

2 Press the start push button  "Machine" running (simulated
START. by yellow indicator light).

3 Switch the muting push but- Muting sensor 1 of sensor pair 1
ton MS_11 and keep iton  triggers.
"1" signal.

4 Switch the muting push but- Muting sensor 2 of sensor pair 1
ton MS_12 and keepiton  triggers. The white muting
"1" signal. lamp indicates active muting
function. Interrupting the light
curtain does not cause a stop of
the "machine".

5  Switch the muting push but- Muting sensor 1 of sensor pair 2
ton MS_21 and keep iton  triggers.
"1" signal.

6 Switch the muting push but- Muting sensor 2 of sensor pair 2
ton MS_22 and keepiton  triggers.
"1" signal.

7 Switch the muting push but- Muting sensor 1 of sensor pair 1
ton MS_11 back to "0" signal. is released by the work piece.

8  Switch the muting push but- Muting sensor 2 of sensor pair 1
ton MS_12 back to "0" signal. is released by the work piece.

No. Instruction

9  Switch the muting push but-
ton MS_21 back to "0" sig-
nal.

10 Switch the muting push but-
ton MS_22 back to "0" signal.

Result/Note

Muting sensor 1 of sensor pair 2
is released by the work piece.
Muting is no longer active ->
The white muting lamp goes
off.

Muting sensor 2 of sensor pair 2
is released by the work piece.

Operating instructions 3: Wire break of the muting lamp

No. Instruction

1 Pressthe acknowledgement
push button ACK.

2 Press the start push button
START.

3 Switch the muting push but-
ton MS_11 and keep it on
"1" signal.

4 Switch the muting push but-
ton MS_12 and keep it on
"1" signal.

5 Disconnect the connection
of the muting lamp from the
F-DO.

Result/Note

Required before starting the
"machine". The 4 muting sen-
sors must be on "0" signal.

Required before starting the
"machine". The 4 push buttons
(NC) for muting have to be on
"0" signal.

Muting sensor 1 of sensor pair 1
triggers.

Muting sensor 2 of sensor pair 1
triggers. The white muting
lamp indicates active muting
function. Interrupting the light
curtain does not cause a stop of
the "machine”.

Wire break: "Machine" is
switched off.



Two-Hand Control Panel with Integrated Emergency Stop

in Category 4 acc. to EN 954-1

Automation Function

Description of the functionality

Use and version of the two-hand control panel

Two-hand controls are widely used in the industrial field, e.g.:
H Pressing

B Spot welding

B Punching

B Print finishing or wood working

The SIGUARD two-hand control panels 3SB38 6 are designed
in accordance with the requirements of Category 4 according
to EN 954-1: 1996. The standard equipment of all control
panels features two operator push buttons and one emer-
gency stop mushroom-head pushbutton.

Standards

The relevant standards for the two-hand control panel are
listed below:

Standard Content

DIN 24980 (EN 574)  Safety of machinery -
Two-hand control devices

EN 418 Safety of machinery -
Emergency stop equipment
EN 999: 1998 Approach speeds

EN ISO 12100-1: 2003 Safety of machinery -
General principles of design

Safety of machinery -
Safety-related parts of control systems

Safety of machinery -
Electrical equipment of machines

Low-voltage switching devices -
Positive opening operation

EN 954-1: 1996

EN 60204-1: 1997

EN 60947-5-1: 1991

Function

A characteristic feature of the two-hand control is the fact that
both hands are fixed. The desired actions can only be started
if both push buttons of the two-hand control are pressed. Each
of the two push buttons is an exclusive OR sensor (make con-
tact and break contact).

Two-hand control panel

G_FB_XX_133

Exclusive OR sensor 1 Emergency-stop  Exclusive OR sensor 2

Make contact and break contact of the exclusive OR sensor
have to switch within a discrepancy time when operated. The
length of this discrepancy time is parameterized in the hard-
ware configuration of STEP 7 (max. 500 ms according EN 574).

Aside from the discrepancy time monitoring between make
contact and break contact of an exclusive OR sensor, the
switching times between exclusive OR sensor 1 and 2 are
monitored. This discrepancy time monitoring is parameter-
ized at the F-application block in the safety program of STEP 7.

Actuator used

This document describes the following example: When press-
ing both exclusive OR sensors a "machine" starts which is ac-
tive for 4 seconds. After that period of time (or if at least one
of the exclusive OR sensors is released) the machine automat-
ically shuts down. A restartis only possible by a release of both
exclusive OR sensors and again pressing. In this example, in-
stead of a real machine an indicator light is used for simula-
tion. The designation "machine" refers to this indicator light.

Warning!

In this example the hazardous machine is simulated
by an indicator light. When using other actuators
than this indicator light, safe switching-off of the
loads including signal feedback is to be supple-
mented.

Use the Excel file (Cotia table), which is available for S7 Dis-
tributed Safety V 5.3, for the calculation of the max. reaction
time of your F system. This file is available on the internet:
http://support.automation.siemens.com/WW/view/en/
19138505

Ex. No.
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6 Emergency stop Time Explanation Note

Pressing the emergency stop push button resets the indicator t2  Stop of the "machine” Possible reasons:

light (simulated stop of the "machine"). Prior to a restart of the B End of "machine time"
"machine" start it is required to unlock and acknowledge the M At least one exclusive OR
emergency stop push button. sensor was released

B Emergency stop was actuated

B Passivation of the failsafe

. . input module of ET 200S
The flowchart below once again illustrates the relations. (F-DI)

Flowchart

Exclusive OR
sensor 1 1
Make contact

Exclusive OR —PIAt1I<—
sensor 1 1

Break contact

At3
|—

Exclusive OR
sensor2 1
Make contact

Parametrized in the
hardware configuration of

STEP7 \
Discrepancy time

‘exceeded between make’
contact and break

Exclusive OR
sensor2 1 —> AL «—

Break contact

Programmed in the safety
program of STEP 7

"Machine" 1
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Y

The runtime of the

"machine” is .
simulated bya Advantages/customer benefits
constant time during

which the indicator

onieon B Wiring reduced to a minimum due to use of failsafe S7-CPU
- iachme™s and distributed 1/0. The more safety functions are imple-
g mented, the more useful this advantage is.
E: B Programming the failsafe program with STEP 7 engineering
tools.
B Only one CPU is required since failsafe and standard pro-
Time sequence gram parts run on a coexistent basis in the CPU.
Die in der nachfolgenden Tabelle genannten Zeiten werden B Use of prefabricated (and certified) failsafe blocks from the
im weiteren in einem Zeitdiagramm gezeigt. Distributed Safety library.
- - H Design of the two-hand control with integrated control
Time Explanation Note . . .
: - — devices including emergency stop.
At1  Discrepancy time be- Parameterized in the hardware . .
tween make contactand  configuration of STEP 7. W Additional control devices can be mounted.
Dol o Ll e L B All relevant standards are complied with.
OR sensor 1
At2  Discrepancy time be- B The metal version of the two-hand control is also suitable for
tween make contact and harsh industrial conditions.
break contact at exclusive
OR sensor 2
At3  Discrepancy time be- Programmed in the failsafe F
tween exclusive ORsensor program of STEP 7.
1and 2

t1  Start of the "machine” Simulated by indicator light.




Required components
Hardware components

Component Type
Power supply PS307 5A

S7-CPU, can be used for safety CPU 315F-2DP
applications

Micro Memory Card

Interface modules for ET 200S
Power module for ET 200S
Electronic module for ET 200S
Electronic module for ET 200S
Electronic module for ET 200S
Terminal module for ET 200S
Terminal module for ET 200S
Terminal module for ET 200S

MMC 512 kB
IM 151 High Feature

2DI HF DC24V
4/8 F-DI DC24V

4 F-DO DC24VI2A
TM-P15523-A0
TM-E15524-A1
TM-E30C46-A1

Profile rail 482.6 mm
Standard mounting rail 35 mm, length: 483 mm
Indicator light including yellow

incandescent lamp
Push button
SIGUARD two-hand control panel

green, 1NO
Plastic version

Note

The functionality was tested with the hardware compo-
nents listed. Similar products not included in the above
list can also be used. Please note that in this case
changes in the sample code (e.g. different addresses)
may become necessary.

Configuration software/tools

Component Type
SIMATIC STEP 7 V5.3 + SP1
SIMATIC Distributed Safety V5.3

PM-E DC24..48V AC24..230V

MRPD / Ordering data

6ES73071EA00-0AAO
6ES7315-6FF01-0ABO

6ES7953-81J10-0AA0
6ES7151-1BA00-0ABO
6ES7138-4CB10-0ABO
6ES7131-4BBO0-0ABO
6ES7138-4FA01-0ABO
6ES7138-4FBO1-0ABO
6ES7193-4CD20-0AA0
6ES7193-4CA20-0AA0
6ES7193-4CF50-0AA0
6ES7390-1AE80-0AAQ
6ES5710-8MA11
35B3217-6AA30

3SB3801-0DA3
3SB3863-1BB

MRPD / Ordering data
6ES7810-4CCO7-0YAS
6ES7833-1FCO1-0YAS

Qty

1
1

G NS N NG TR NG R Gy

Qty
1
1

Manufacturer
Siemens AG

Manufacturer
Siemens AG
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6 Setup and Wiring

In order to set up and wire the functional example, it is abso-
lutely necessary to consider the following note:

Warning!

In order to meet the requirements of Safety Category
4, it is obligatory to read back the process signal to
the actuator. Read back is not implemented in this
example.

The actuator in this example is an indicator light sim-
ulating a machine. If other actuators are used, read

back has to be ensured by the user. The Safety Inte-
grated Functional Example No. 7 ,Integration of the
Readback Signal in an Application of Category 4 acc.
to EN 954-1" provides a detailed description of "Read
back".

An overview of the hardware structure

The arrangement to use a two-hand control panel consists of
a PROFIBUS configuration. A failsafe S7-CPU is used as DP mas-
ter, an ET 200S as DP slave. The indicator light simulates the
hazardous "machine”.

RS] CPU H
307 ) 315F PME

‘ ‘ IM 151)|( 20DI
H HF

PM-E | F-DO

Simulated
,machine”
! @
Exclusive OR /—.\ Exclusive OR
sensor 1 sensor 2

Two-hand control panel

Note

The "high feature" electronic modules can also be re-
placed by standard modules.

Wiring of the hardware components

Requirements: The power supplies are supplied with 230V AC.
First check the addresses set at the hardware components
listed below:

Hardware Address Note
component to be set
IM 151 High 6 (PROFIBUS ad-  Can be changed
Feature dress)
F-DI Switch position:  The PROFIsafe addresses are
1111111110 automatically assigned dur-
_ - . ing configuring the failsafe
RO ?%v;t1c:11p10156t;on. modules in STEP 7. The
PROFIsafe addresses 1 to
1022 are permissible. Please
make sure that the setting at
the address switch (DIP
switch) on the side of the
module corresponds to the
PROFIsafe address in the
hardware configuration of
STEP 7.
Note

The DP interface of the CPU 315F must be connected
with the DP interface of the IM 151 HF.

Note

The wiring of the hardware is illustrated below. In the
following table the hardware components which occur
several times are numbered to ensure that they can be
clearly assigned in the subsequent wiring diagram.
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Qo | 0o
3] [07 [nd[s

[9)%) QO
40 0s 12001

Qo [ 0o @
A4[] [Jas 2] []Ate|

Qo [ 0o
A3[] [Ja7 1] [t

G_FB_XX_137




Ex. No.

Note

A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the S7 project into the CPU
315F-2DP.

The following point is taken into account in the wiring: Each
of the two exclusive OR sensors of the two-hand control panel

Function test

After wiring the hardware components, you can check the in-
puts and outputs used with regard to their functionality (after
downloading the S7 project).

Inputs/outputs used

No. Hardware Adress

component
Push button (NO) E0.0

2 Push button 1 two-hand EO.1
control panel (NO/NC)

3 Push button 2 two-hand E1.1
control panel (NO/NC)

4 Emergency stop on two- E1.2
hand control panel
(NCINC)

5 Indicator light (yellow) A7.0

Testing inputs and outputs

Requirements: The inputs and outputs have the default values
specified under "Inputs/outputs used".

No. Instruction Response Note

A7.0
1 Press the push button E "0" Acknowledgement
0.0 and release it. (the negative edge
is evaluated)
2 Press and simultaneously " "Machine" active
keep pressed the push
buttons E 1.0 and E 1.1.
3 Wait 4 seconds "1"->"0" Simulated machine
time
4 Release the push buttons 0" New start is possible
E1.0andE 1.1
5  Press and simultaneously  "1"->"0" "Machine" starts

keep pressed the push and shutdown.
buttons E 1.0 and E 1.1

and release one (or both

of them) after approxi-

mately 1s.

Symbol

ACK
HAND1

HAND2

ESTP

LAMP

has to be connected in such a way that the first contact is a
make contact and the second contact is a break contact. If the
short circuit test of the failsafe input module (F-DI) is acti-
vated, both contacts of the exclusive OR sensor have to be
supplied with voltage via the internal sensor supply VS1.

As soon as a discrepancy between the signals of the two af-
fected input channels is detected, the value "0" is made avail-
able to the safety program in the F CPU (parameterized in the
hardware configuration of STEP 7).

Signal Note
(default value)
"0" Acknowledgement
"0" The make contact is evaluated
"0" The make contact is evaluated
wqn _
"0" Simulates hazardous machine

An acknowledgement is required
B when the "machine” is started for the first time
B after unlocking the emergency stop

W after reintegration (module was passivated) of the failsafe
input module (F-DI) of the ET 200



Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:

Warning!
The settings shown below contribute to meet the re-

quirements of Safety Category 4. Changes of the set-
tings may cause a loss of the safety functions.

If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

Overview picture
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The PROFIBUS adress at IM 15THF is set using DIP-switches.

Settings of the CPU 315F-2DP
The settings are displayed after double-clicking "CPU 315F-2
DP" (see "Overview picture").

Execubon (ma)
[ [
‘ |.'.i.u
{1 !' I|_‘_'1
CEE S [T Jna
1 RE IR [T |20
s E [s0
Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.

~ Lewel ol Protecton
% 1. Egyavaich Scting
W Aemcvable wih Paziword
2 Wle-Piotection
™ 3 Wile-/Read Protection
Parrwoed

Imﬂ-ul

Erter Again.

¥ CPU Contans &
Progiam s

Available in the "Protection” tab.

A password has to be allocated in order to be able to set the
parameter "CPU Contains Safety Program”. It is only in this
case that all required F blocks for safe operation of the F mod-
ules are generated during compiling the hardware configura-
tion of STEP 7.

Password used here: siemens




i Tau Mods

Set mode: "Test Mode"

During Process Mode the test functions such as program status
or monitor/modify variable are restricted in such a way that the
set permitted increase in scan cycle time is not exceeded. Test-
ing with stop-points and gradual program execution cannot be
performed.

During Test Mode all test functions can be used without restric-
tions via PG/PC, which can also cause larger extensions of the
cycle time. Important: During test mode of the CPU you have to
make sure that the CPU or the process can "stand" large in-
creases in cycle time.

Settings of the failsafe F-DI

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

Paiametes Value
= 3 Paramelers
#1 ] F paorameters
=l L
|=TE1 Inout delav 3 Imsl

The two-channel push buttons are supplied with power via
the module. Category 4 is reached due to the fact that a cross-
circuit detection is possible. This requires that the short circuit
test is activated.

= {3 Parameters 1
=29 F parameters
(] F_source_address | 2002: CPU 31SF-2 0P
(1] F_dest_address 1022
-[€] DIP switch setting (S.......0) 1:_unmu
€] F monitoring time (ms) (120

DIL switch settings
This value has to be set on the module (F-DI).

F monitoring time
It has to be observed that the F monitoring time must be

larger than the call time of OB 35.

L3 Charmel0, 4 =
- [E] Activated
(] Evaluation of the sensars 1002 evahuation
-/E] Type of sensor interconn, .. deﬂmmﬂm
\-[E] Behavior at discrepancy | 0~ Supply value
[H] Discrepancy tims (ms) | 100
==y Channel 1, 5
5] Activated =
- 8] Evaluation of the sensors loo2 evaluation
-E] Type of sensor interconn. .. z&mw&n
\-[=] Behavior at discrepancy | 0- Supply value
-[d] Discrepancy time (ms) | 100
:—--_jﬂ'mulz 6 L
—[E] Activated [l
{-[8] Evaluation of the sensors 1oo2 evaluation
/=] Type of sensor interconn... | 2 channel equivalent
(=] Behavior at discrepancy 0 - Supply value

] Discrepancy time (ms) | 10
W AN - B
Also in the "Parameter” tab.
During 1002 evaluation only the first-mentioned channel (0,
1, 2) is used in each case, the channels 4, 5, 6 cannot be ac-
cessed.

Channel 0, 4 and channel 1, 5

Exclusive OR sensor of the two-hand control panel: The dis-
crepancy time between make contact and break contact of an
exclusive OR sensor can be defined here.

Channel 2, 6

Emergency stop

All other channels (3, 7)
deactivate




Settings of the failsafe F-DO

The settings are displayed after double-clicking "4 F-DO
DC24VI2A" (see "Overview picture").

= (o Parameters
=+_3 F parameters
|-[E] F_source_address | 2002: CPU 315F-2 DF
{~H] F_dest_address (o2t
] DIP switch satting (9.......0) | 1111111101
] F monitoring time {ms) [ 120

DIL switch settings
This value has to be set on the module (F-DO).

F monitoring time
It has to be observed that the F monitoring time must be

larger than the call time of OB 35.

[=H_y Module parameters
=} DO channed 0
\-[E] Activated
|~ (] Read-back time
] Diagnostics: wire braak
/H:[bﬁ“_hﬁi
! ":'_I DO ehaninel 2

] DO channel 3

Activate used channels, deactivate channels which are not
used.

The read-back time defines the duration of the switch-off pro-
cess for the respective channel. If the respective channel
switches high capacity loads the read-back time should be set
sufficiently. We recommend to set the read-back time as small
as possible by trying, however large enough to ensure that the
output channel is not passivated.

Basic Performance Data

Load and main memory (without program code)

Total

Load memory  approx.

’

Main memory  approx.

’

S7 standard  F blocks (failsafe)
blocks

approx. 0,2k  approx. 37,3 k

approx. 0,09 k approx. 28,1 k

Load and main memory (with program code)

Total

Load memory  approx.
48,0 k

Main memory approx.

,

Cycle time
Total cycle time
(typical value)

Max. runtime of the
safety program

S7 standard  F blocks (failsafe)
blocks

approx. 0,9k approx. 47,1 k

approx. 0,3 k  approx. 34,5 k

approx.
5 ms

11 ms

Standard and safety program

Calculation with the Cotia ta-
ble. Page 180 specifies where
to find it.
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Sample Code

Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code with
which you can reset the functionality described here.

The sample code is always assigned to the components used
in the functional examples and implements the required func-
tionality. Problems not dealt with in this document are to be
implemented by the user; the sample code may serve as a ba-
sis

Password

In all cases, the passwords used for the safety-relevant part is
.Siemens”.

Use of the STEP 7 Project

With the two-hand control panel a "machine" is started, which
is simulated by an indicator light in this example. As long as
the two push buttons of the two-hand control panel remain
pressed, the "machine” "runs" (indicator lightis on). As soon as
one push button is released or if the simulated "machine time"
has elapsed, the "machine" stops (indicator light goes off).
Furthermore, the "machine" stops if the failsafe input/output
modules of the ET 200S is passivated and if the emergency
stop push button integrated in the two-hand control panel is
actuated.

The conditions necessary for the actuators to meet the re-
quirements of Safety Category 4 (e.g. read back of the actua-
tor signals) are not described in this example.

Download

The download is available via the following link:
http://support.automation.siemens.com/WW/view/en/
21331100

To call the corresponding project file, open the
"as_fe_i_006_v10_code_2hand.zip" file offered as separate
download (on the HTML page) and extract it into a user-de-
fined directory.

To download the project to the F CPU please proceed as follows:
M First load the hardware configuration into the S7-CPU

B Switch to the SIMATIC Manager

W Select the "Blocks" folder

B Menu "Options" -> Edit safety program

H Click the "Download" button

The sample code with the given configurations enables the
following:

B Connecting a SIGUARD two-hand control panel with inte-
grated emergency stop to the failsafe I/O modules (F-DI/F-
DO) and evaluation using a failsafe SIMATIC S7-CPU

Program procedure

The standard user program only consists of a call of FC "F-
CALL" in the cyclic interrupt OB (OB 35). The only nonsafety-
related signal (acknowledgement signal) is evaluated directly
in the safety program.

The failsafe program has the following program sequence:

|
0B35 FC1 (F-CALL) FC2 i FC3
i 2HAND!'
> > —> = EN
! "HELP_DB1
"HAND1" ={ HAND1 Q1 f=.COND1"
"HAND2 " = HAND2 ENO |
FC4
E_STOP'
... = EN
"HELP_DB1
@rack" 4 ack Q2 [=-conp2”
"ESTP" = ESTP ENO |-

FC5
"START"

.. —EN

"HELP_DB1"
.COND1 = COND1

LAMP L »paMpn
"HELP_DB1"
.conp2 =| COND2 ENO |
FC6
"REINTEG
RATION"
- EN ENO [
|l _ _ _ - - - - - - - ____
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F-CALL (FC1)

F-CALL (FC1) is the F runtime group and is called from the cy-
clic interrupt OB (OB35). F-CALL calls the F-programe block
(here the FC 2).

FC "2H_and_ESTP" (FC 2)
FC 2 ensures the modular setup of the safety program.

The "two-hand control" functionality is basically implemented
in the function blocks FC3, FC4 and FC5, FC6 called by FC2.

Block Task

FC "2Hand" (FC 3) Evaluation of the status of the two exclu-
sive OR sensors of the two-hand control
panel.

Evaluation of the status of the emergency
stop mushroom-head push button integrat-
ed in the two-hand control panel.

FC"E_STOP" (FC 4)

Evaluation of the information from FC3 and
FC4 to start the "machine”.

FC "REINTEGRATION"  Reintegration after passivation of F-DI or F-
(FC6) DO.

FC "START" (FC 5)

FC "2Hand" (FC 3)

Input Assignment Function

parameter

HAND1 Exclusive OR  Starting the "machine". To start the

HAND2 sensor of the machine both exclusive OR sensors
two-hand must be pressed simultaneously
control panel and have to remain pressed during

the entire "machine time".

Output Assignment Function

parameter

HELP_DB1.CO Bit from F-DB Storing the result for later evalua-

ND1 tion in FC5

For realisation of the "two-hand control”, FC 3 calls the FB
"F_2H_EN"(FB 211, DB 211). FB 211 is a certified block from
the Distributed Safety library.

"INSTANZ_
FB211"
"F_2H_EN"
. = EN
#HAND1 =] IN1
#HAND2 =i IN2
"HELP_ Q= #01
DB1".

EN_ESTP = ENABLE ACTUATOR [~ 2
o
><'

T#500MS — DISCTIME ENO = E

In #HAND1 and #HAND2 the make contacts are polled by the

exclusive OR sensors of the two-hand control panel.

Both exclusive OR sensors have to be pressed within a time.

This time is indicated on the DISCTIME parameter of FB

"F_2H_EN" (FB 211). The maximum permissible value which

can be parameterized is 500 ms according to EN 574).

Only with "1"-signal at ENABLE, Q can be set. The bit

"HELP_DB1".EN_ESTP is the the emergency stop signal (see FC

4): "HELP_DB1".EN_ESTP will be set, if the emergency stop

button is unlocked and acknowledged. Consider the following

scenario:

B Both exclusive OR sensors are pressed and will be pressed
all along

B The emergency stop is pressed
B The emergency stop is unlocked
B An acknowledgement is done

Even though both exclusive OR sensors have been pressed
during those 4 steps, the "machine" will not turn on (a release
of the both exclusive OR sensors is necessary).

FC "E_STOP" (FC 4)

Input Assignment Function
parameter
ACK Push button  An acknowledgement prior to the

(NO) start of the "machine" is required in
the following cases:

M First start

M After unlocking the
emergency stop

B After the F-DI has come from
passivation (reintegration)

The ACK signal is received by a stan-
dard DI. The signals which are not

failsafe are indicatedjfiléolH in the

F program.
ESTP Emergency  Interruption of the "machine
stop push activity"
button
(NCINC)
Output Assignment Function

parameter

HELP_DB1.COND2 Bit from F-DB Storing the result for later
evaluation in FC5
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FC "START" (FC 5)

Input Assignment Function

parameter

HELP_DB1.CO Bit from F-DB Condition for the start of the "ma-

ND1 chine" from FC3

HELP_DB1.CO Condition for the start of the "ma-

ND2 chine" from FC4

Output Assignment Function

parameter

LAMP Indicator Simulates the "machine" to be start-
light con- ed by the two-hand control.
nected to the
F-DO

To start and operate the "machine” (indicator light ON),
HELP_DB1.COND1 and HELP_DB1.COND2 each have to be on
"1" signal. The "machine" runs for 4 seconds with the default
setting (LAMP="1"). Subsequently the "machine" stops
(LAMP="0"). In order to restart the machine it is necessary to
release the push buttons of the two-hand control once before
restarting.

The machine time is simulated with FB "F_TON" (FB185). FB
"F_TON" (FB185) is a certified block from the Distributed
Safety library.

& #Instanz_F
#COND 1 == B185"
#COND 2= L F_TON "HELP_DB1"
—{ EN .RUNTIME_ B
Qp=1IT
IN
ETfm. ..
T#4S == PT
ENO f=
&
"HELP_DB1" #LAMP 3
.RUNTIME_B = ol
IT =0 o
Note

The bits from DB "HELP_DB1" (DB1) mentioned here and
used in the STEP 7 program are only used for buffering.

FC "REINTEGRATION" (FC 6)

Network 4 of FC 2 calls FC 6 where the reintegration is imple-
mented in case of a passivation of F-DI or F-DO. For the F-DO
a memory bit REINT is prepared. With a positive flank of REINT
the F-DO will be reintegrated.

Warning!

In this example the reintegration of passivated mod-
ules takes place automatically. Only use the auto-
matic reintegration for your applications if it does
not cause hazards.

A passivation is indicated by an illuminated LED "SF" on the
module. The reintegration of an F module may take approx.
one minute.

Operating instructions

Prerequisite:

B Hardware configuration and safety program are in the S7-
CPU

B Emergency stop unlocked
B No passivation of F-DI/F-DO

No. Instruction Result/Note

1 Pressthe acknowledgement Necessary prior to the first start.
push button and release it.

2 Simultaneously press the
exclusive OR sensors of the
two-hand control and keep
them pressed

3 Wait 4 seconds

Start of the "machine" (indicator
light goes on)

Simulated machine time. After 4
seconds the "machine" goes off
(indicator light goes off).

4 Release the exclusive OR You can continue with no. 2.

sensor

Note

An acknowledgement is required after an actuated
emergency stop, discrepancy time exceeding of an ex-
clusive OR sensor or prior to starting the "machine” for
the first time.




Integration of the Readback Signal in an Application

of Category 4 acc. to EN 954-1

Automation Function

Description of the functionality

What is "read back"?

The part of a circuit in which read back is implemented is re-
ferred to as feedback circuit. In this circuit the status of the
contactor auxiliary contacts are evaluated; it is required to use
positively driven contacts. Starting a safety application is only
possible in a closed feedback circuit. If, for instance, a main
contact or a release contact welds at a contactor reactivating
the safety circuit is not possible.

Read back is thus used for monitoring the load to prevent a re-
activation in case of a fault. This also applies to the use of
valves and it is already required from Safety Category 2.

Functional example

In the functional example described here a motor is started
and stopped. Using this example it will be shown

B how the feedback circuit is integrated in the circuit design
and

M how it is evaluated using STEP 7

According to the machinery directive each machine has to be
equipped with one or several emergency stop control devices.
This is the reason why an emergency stop functionality is in-

tegrated in this example; however, this functionality is not de-
scribed in detail. Explanations on the subject emergency stop
are available in "Safety Integrated Functional Example" 1.

Safety Category 4

In order to meet the requirements of Safety Category 4 it is
obligatory to read back the process signal to the actuator. This
example complies with the requirements of Safety Category 4.

Reaction times

Use the Excel file, which is available for S7 Distributed Safety
V 5.3, for the calculation of the max. reaction time of your

F system. This file is available on the internet:
http://support.automation.siemens.com/WW/view/en/
19138505

Flowchart

The flowchart shown below illustrates the function process of
the example. The acknowledgement in the flowchart is re-
quired

H prior to starting the motor for the first time
M prior to a start after activating the emergency stop

H after reintegration (end of a passivation) of the failsafe
input module of the ET 200S

Emergency stop
pressed?

Acknowledgement
required?

N

Y |-
Motor ON
I

Advantages/customer benefits

Readback error?

Stop command?
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Motor OFF

B Wiring reduced to a minimum due to use of failsafe S7-CPU
and distributed 1/0. Dieser Vorteil kommt um so mehr zum
Tragen, je mehr Sicherheitsfunktionen realisiert werden

B Programming the failsafe program with STEP 7 engineer-
ing tools

B Only one CPU is required, since failsafe and standard pro-
gram parts run on a coexistent basis in the CPU

Ex. No.
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7 Required components

Hardware components

Component Type MRPD / Ordering data Qty  Manufacturer

Power supply PS307 5A 6ES73071EA00-0AAO 1 Siemens AG

S7-CPU, can be used for safety CPU 315F-2DP 6ES7315-6FFO01-0ABO 1

applications

Micro Memory Card MMC 512 kB 6ES7953-8LJ10-0AA0 1

Interface module for ET 200S IM 151 High Feature 6ES7151-1BA00-0ABO 1

Power module for ET 200S PM-E DC24..48V AC24..230V 6ES7138-4CB10-0ABO 2

Electronic module for ET 200S 2Dl HF DC24V 6ES7131-4BB00-0ABO 3

Electronic module for ET 200S 4/8 F-DI DC24V 6ES7138-4FA01-0ABO 1

Electronic module for ET 200S 4 F-DO DC24VI2A 6ES7138-4FB0O1-0ABO 1

Terminal module for ET 200S TM-P15523-A0 6ES7193-4CD20-0AA0 2

Terminal module for ET 200S TM-E15S524-A1 6ES7193-4CA20-0AA0 3

Terminal module for ET 200S TM-E30C46-A1 6ES7193-4CF50-0AA0 2

Profile rail 482.6 mm 6ES7390-1AE80-0AAO 1

Standard mounting rail 35 mm, length: 483 mm 6ES5710-8MA11 1

Emergency stop Push button, TNC 3SB3801-0DG3 1

Contact (for Emergency stop) TNC, screw-type connection 3SB3420-0C 1

Push button green, 1NO 3SB3801-0DA3 2

Push button red, INC 3SB3801-0DB3 1

Contactor AC-3, 3KW/400V, 1NC, DC 24V, 3RT1015-2BB42 2

Excess voltage limiter for plugging RC element AC 24...48V, DC 3RT1916-1CB0O0 2

onto contactor 24...70V

Motor Low-voltage motor 0.12kW 1LA7060-4AB10 1

sircuit breaker for motor protec- 0.35...0.5A 3RV1011-0FA1 1

ion

Note Warning!
The functionality was tested with the hardware compo- Always check whether contactors and circuit break-
nents listed. Similar products not included in the above ers are suitable for the used motor with regard to the
list can also be used. Please note that in this case performance data. Furthermore, ensure safe opera-
changes in the sample code (e.g. different addresses) tion on the net by using appropriate fuses.

may become necessary.

Configuration software/tools

Component Type MRPD / Ordering data Qty Manufacturer
SIMATIC STEP 7 V5.3 + SP1 6ES7810-4CC0O7-0YAS 1 Siemens AG
SIMATIC Distributed Safety V5.3 6ES7833-1FCO1-0YAS 1




Setup and Wiring
In order to set up and wire the functional example, it is abso-
lutely necessary to consider the following note:

Note

In order to meet the requirements of Safety Category 4, it is
obligatory to read back the process signal to the actuator.

An overview of the hardware structure

Overall arrangement

The arrangement used to demonstrate the signal feedback
consists of a PROFIBUS configuration. A failsafe S7-CPU is used
as DP master, an ET 200S as DP slave.

Note

One 4Dl electronic module can be used instead of two
2Dl electronic modules. The "high feature" electronic
modules can also be replaced by standard modules.

Readback signal

The readback signals are connected to the hardware via the
auxiliary contacts (NC) of the contactors. The auxiliary con-
tacts of the contactors are connected to the standard input
channel of the ET 200S. There are 2 options:

Option 1
As described in this example:

2DI HF 2DIHF

Contactor K1 Contactor K2

PS CPU
307 ) 315F

L
]
L]

[MI

N T
|PM-E| |[PM-E| F-DO

fnnEn
iim::.
T

—
mergency
stop

el

Contactor
Readback ..
signals

|
Contac

Three-phase alternating
current motor

Option 2
Could also be done as shown below:

2Dl HF

Read back signal

Contactor K1 Contactor K2

The signals are read back individually via one input each. This provides The signals are read back via a total of one input.

better diagnostic functions.

Note

The reason that two input modules are shown under
"Option 1" is due to the division of the signals in the re-

tor

! Load

: circuit

Circuit
breaker

spective example program. In general, the two required
inputs can also be located on one input module.
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Wiring of the hardware components
Note

The DP interface of the CPU 315F must be connected
with the DP interface of the IM 151 HF.

Requirements: The power supplies are supplied with 230V AC.
First check the addresses set at the hardware components

listed below:

Hardware Einzustellende Note Note

component Adress

IM 151 High 6 (PROFIBUS ad-  Can be changed The wiring of the hardware is illustrated below. In the

Feature dress) following table the hardware components which occur

E-DI Switch position: ~ The PROFlsafe addresses are several times are numbered to ensure that they can be
1111111110 automatically assigned dur- clearly assigned in the subsequent wiring diagram.

F-DO Switch position: ing configuring the failsafe

modules in STEP 7. The
PROFIsafe addresses 1 to
1022 are permissible. Please
make sure that the setting at

1111111101

the address switch (DIP PM E F-DO N N
switch) on the side of the AUXT AUXT
module corresponds to the E-DI 4|:|1E|§ 4D@
PROFIsafe address in the HF 20 20
hardware configuration of 2] Clom—m2[] [
STEP 7. 00 20
£l I:I7J—L3EI [
Q0 Q0
m Ad]0ns|  |a4] s
O) @ @ @

2DIHF
QO

F-pDo 1] [ 2DIHF
%)%)

M 151|200 ) .y 2 O A%

HF LBIED
%)%)

L Q0 A%

oo | |00 HEEE

[2)%) %]

D ML A wsl ||| sLLF

219,

: A4 ][ I8

® @ ®
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PS 307 / CPU 315F

Note

PM-E PM-E
N N~
AUXT AUXT
[9]%) [9]%)]
G855
A4 A8 A4 A8
1 2 2e 20
A4[] [Jas 21%) O
IM 151 HF. 3 pl e [21%)
@|| [MODw
NSNS @
L M
\EDO Al+
|
Qo | 0o A2-
1] s | o[][13
Qo | 0o
L lwo[[J6 |10[][]14 F-DI
Qo | 0o
3007 [ OO 1% %5 98%13 Al+
Qo | ©o
«00s |00 38, W, "
Qo | 0o :
A4[] []As ja12[] [JAts] 3% %7 11%%15
Qo | 0o
A3[] [Ja7 a1 [JAts] A% %8 12%%16
QQ (@)%
A4[] []As ja12[] [JAts]
A3% %}V Aﬁ%%ﬂs

The load circuit looks as follows:

A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the S7 project to the CPU 315F-

2DP.

L1

L2

L3

Circuit
breaker

Contactor
K1

el

Contactor
K2

I_ Star connection
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7 Function test

After wiring the hardware components you can check the in-
puts and outputs used with regard to their functionality (after
downloading the S7 project).

Inputs/outputs used

No. Hardware Adress Symbol SLE] Note
component (default value)
1 Push button (NO) E0.0 START "0" Start request
2 Push button (NC) E0.1 STOP " Stop request
3 Push button (NO) E1.0 ACK "0" Acknowledgement
4  Contactor auxiliary contact (NC) E1.1 K1_HELP "1 Readback signal
5  Contactor auxiliary contact (NC) E2.0 K2_HELP "
6  Emergency stop push button E3.0 ESTP " -
7  Magnet coil contactor A9.0 K1_K2 "0" -
Testing inputs and outputs
Requirements: The inputs and outputs have the default values
specified under "Inputs/outputs used".
Warning!
The instructions listed in the table below should first
be performed without activated load circuit.
No. Instruction Response Note
A9.0 K1 K2 Motor
1  Press the push button E 1.0 and "0" not activated AUS Acknowledgement
release it.
2 Press the push button E 0.0 and " activated AN Start request
release it.
3 Press the push button E 0.1 and 0" not activated AUS Stop request
release it.
4  Repeatno. 2. " activated AN Start request
5  Press the emergency stop not activated Activate emergency stop
(E 3.0). "0" AUS
6  Unlock the emergency stop. not activated -
7 Repeatno.1and 2. " activated AN Acknowledgement and start request
8  Press the push button E 0.1 and "0" not activated AUS Stop request
release it.

An acknowledgement is required
B when starting for the first time
B after unlocking the emergency stop

W after reintegration (module was passivated) of the failsafe
input module (F-DI) of the ET 200S

after exceeding the read-back time in the feedback circuit
monitoring




Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements) but please consider the following note:

Warning!
The settings shown below contribute to meet the re-

quirements of Safety Category 4. Changes at the set-
tings may cause loss of the safety function.

If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

Overview picture

1 Fa 307 =

2 CF 315F-2 DP PAOFIBUSN DF mader
AT oF

3

1 =

l |
| ) 1511 igh Fastun

Giot | [] Modue | Oiode bumbies | | Adbmns | O Achmna | Dis
i PO E OC2AV/ AL T AWV 57 1 40010 0aBD

2|1 2DIDC20V High Feahse__[6£57 131 4BBO0.0ABD |00 01

3 20 DC24V High Fases __ [EE57 131 4BB00.0AB0 [1.0.1.1

r 204 DC24Y Hgh Feshen 657 13140800080 2021

5 PME DC24V/ ALT 57 1 J4CH100AB0

& 44 FDI DO S71B-GrAm -DARD 11 B 16

T_| | aFO0 DC2evia s?mmmk EN (]

o ] L]

The PROFIBUS adress at IM 15THF is set using DIP-switches.

Settings of the CPU 315F-2DP

The settings are displayed after double-clicking "CPU 315F-2
DP" (see "Overview picture").

Projpes s = LFL 31562 DV = (KD SE)

Gerendl | Stamep | Cpcleifisck Mema
Lythe lrdwiigd Dhsgrnerar s Thae|

Tﬂﬂ-ﬂﬂﬂi
EMREER

&

Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.

Lerenl of Prctacion

1 Kaypamdish Saitreg
M ekl v P o

™ 2 uvilp-Fnletion
% e MRendt Propscres

Available in the "Protection” tab.

A password has to be allocated in order to be able to set the
parameter "CPU Contains Safety Program”. It is only in this
case that all required F blocks for safe operation of the F mod-
ules are generated during compiling the hardware configura-
tion of STEP 7.

Password used here: siemens




I_.

i Tau Mods

Set mode: "Test Mode"

During Process Mode the test functions such as program sta-
tus or monitor/modify variable are restricted in such a way
that the set permitted increase in scan cycle time is not ex-
ceeded. Testing with stop-points and gradual program execu-
tion cannot be performed.

During Test Mode all test functions can be used without re-
strictions via PG/PC, which can also cause larger extensions of
the cycle time. Important: During test mode of the CPU you
have to make sure that the CPU or the process can "stand"
large increases in cycle time.

Settings of the failsafe F-DI

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

Paiametes Vahe
= (=§ Parameters i
«[ ) F parameters
=+ ¢ Moduls paameters
L[] Ingut delay 3 [ms)
(W] Shoit-crcust e cpche

The two-channel emergency stop push button is supplied with
power via the module. Category 4 is reached due to the fact
that a cross-circuit detection is possible. This requires that the
short circuit test is activated.

i= 4 Parameters

L F paramelers .
] F_source_sddress | Z002: CPU BISF-Z DF
] F_dest_address 1022
W] DEP swaitch setting (9. ... ) 1111111210
] F morstoring time (ms) 1m

DIL switch settings
This value has to be set on the module (F-DI).

F monitoring time
It has to be observed that the F monitoring time must be
larger than the call time of OB 35.

5125 Channel 0, 4
/=] Activated ™
(] Evaluation of the sensors | 1002 evaluation
- [H] Type of sensor interconn... | 2 channel equivalen
(&) Behavior at discrepancy ' 0 - Supply value
(%] Discrapancy time (ms) 10

1] Channel 1, 5 '

H_] Channel 2, &

@] Channel 3, 7

Also in the "Parameter” tab.

Channel 0, 4
The two break contacts of the emergency stop push button
are polled in a 1002 evaluation.

All other channels
deactivate
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Settings of the failsafe F-DO Settings for the readback signals 7

The settings are displayed after double-clicking "4 F-DO
DC24VI2A" (see "Overview picture").

= 3 Parameters .
=+ F parameters e

|-[H] F_source_address | 2002: CPU 31SF-2 DF
-[H] F_dest_address L
-] DIP switch setting (9.......0) | 1111111101
L[E] F monitoring time (ms) 120

DIL switch settings

This value has to be set on the module (F-DO).

F monitoring time
It has to be observed that the F monitoring time must be

larger than the call time of OB 35.

The readback signals ("K2_HELP" is shown in the screenshot)
are read in via a standard input module of the ET 200S; they
don't have to be read via a failsafe input module.

=1y Module parameters
(=+_4 DO channel 0
(=] Activated

Activate the used channel 0, deactivate channels (1, 2, 3)
which are not used.

The output of channel O provides the pick-up/drop-out of the
contactor coils of K1 and K2.

The read-back time defines the duration of the switch-off pro-
cess for the respective channel. If the respective channel
switches high capacity loads the read-back time should be set
sufficiently. We recommend to set the read-back time as small
as possible by trying, however large enough to ensure that the
output channel is not passivated.




Ex. No.

7 Basic Performance Data

Load and main memory (without program code)

Load memory

Main memory

Total S7 standard  F blocks (failsafe)
blocks

approx. approx. 0,2k  approx. 37,3 k
37,5k

’

approx. approx. 0,09 k approx. 28,1 k
28,2 k

’

Load and main memory (with program code)

Load memory

Main memory

Cycle time

Total cycle time
(typical value)

Total S7 standard  F blocks (failsafe)
blocks

approx. approx. 1,0k  approx. 45,3 k
46,3 k

approx. approx. 0,4 k  approx. 33,0 k
33,4k

approx.  Standard and safety program
5 ms

Max. runtime of the 8 ms Calculation with the Cotia ta-

safety program

ble. Page 180 specifies where
to find it.



Sample Code

Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code in
which readback is demonstrated.

The sample code is always assigned to the components used
in the functional examples and implements the required func-
tionality. Problems not dealt with in this document are to be
implemented by the user; the sample code may serve as a ba-
sis.

Password

In all cases, the passwords used for the safety-relevant part is
.siemens”.

Use of the STEP 7 Project

A three-phase asynchronous motor is started via a push but-
ton (NO) and stopped via a push button (NC). In case of emer-
gency the motor can also be stopped via an emergency stop
push button.

This functionality is used as a framework to show how the sig-
nals are read back from the actuator and evaluated within the
STEP 7 program.

Download

The download is available via the following link:
http://support.automation.siemens.com/WW/view/en/
21331098

To call the corresponding project file open the

"f07_readback_v10.zip" file offered as separate download (on
the HTML page) and extract it into a user-defined directory.

To download the project to the F CPU please proceed as fol-
lows:

M First load the hardware configuration into the S7-CPU
B Switch to the SIMATIC Manager

B Select the "Blocks" folder

B Menu "Options" -> Edit safety program

Bl Click the "Download" button

The sample code with the given configurations enables the
following:

M Starting and stopping a three-phase asynchronous motor
considering the signals read back from the actuator.

B Emergency stop for shutdown in case of a fault.

Note

The focus of this functional example is to demonstrate
how the readback signal is connected to the hardware
and how it is evaluated using software (STEP 7). Run-
ning the motor is a means to an end. The emergency
stop functionality is used for safety reasons if the exam-
ple is reproduced.

Program procedure

The standard user program basically consists of two networks
in OB1:

Network 1

"K1_HELP" —
"FEEDBACK"

"K2_HELP" m— —

G_FB_XX_147

The auxiliary contacts of K1 and K2 are evaluated under the
memory bit FEEDBACK in the safety program.

Network 2
"FL_P" wgR"
P SR
"START" — —S
>=1
"STOP" =()
"COND"
"INSTANZ_ = ;‘
FB1".EN =( —R Q | Py
(&)

The switch-on condition COND="1" is only possible if the R in-
put of the flip-flop is on "0" signal (if "1" signal at S and R input
the reset function is predominant in this flip-flop).
INSTANZ_FB1.EN characterizes the signal state of a flip-flop in
the safety program (used as static variable in the safety pro-
gram). As long as a necessary acknowledgement has not been
transmitted in the safety program this bit remains on "0" and
it cannot be started.

The information of the flag "COND" is read as flag COND1 in
the safety program. This assignment takes place in the cyclic
interrupt OB 35 for the following reason:

Note

The reason below also applies to the memory bit
FEEDBACK from network 1.
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If you want to read data from the standard user program (flags
or Pll of standard 1/0) in the safety program (here: COND),
which can be changed by the standard user program or an op-
erator control and monitoring system during the runtime of
an F run-time group, it is required to use separate flags (here:
COND1). Data from the standard user program have to be
written to these flags immediately before calling the F run-
time group. Only these flags may then be accessed in the
safety program.

This has already been implemented in this example. In gen-
eral,
however, the following applies

Note

If the above section is not observed the F CPU may go to
STOP mode.

The failsafe program has the following program sequence:

FB"F_FDBACK"
(FB216,DB216)

F-CALL
(FC1)

FB"F_PRG"
(FB1,DB1)

From the
Distributed Safety,
library

FC"REINTEGRATION"
(FC2)

G_FB_XX_149

F-CALL (FC1)

The obligatory F-CALL (FC 1) is called from the cyclic interrupt
OB (OB 35). This OB calls the F runtime group (here FB 1).

FB "F_PRG" (FB 1, DB 1) und FB "F_FDBACK" (FB 216, DB
216)

Network 1

FB"F_PRG" (FB1, DB1) first calls FB "F_FDBACK" (FB216, DB216).
FB 216 is a certified block from the Distributed Safety library; this
block is available from version 5.3.

#N HEN
N SR
@"ACK" s
"INSTANZ_
=1 FB216"
"ESTP" -O "F_FDBACK"
&
#ERROR—| R al —JEN
@ "conpl” — ON
@'FEEDBACK K1' — FEEDBACK
"F00009_
4_F_DO_ Qf-"k1_K2"
DC24V_
2A" .QBAD — QBAD_FIO ERROR|- #ERROR

"ACK_NEC" =] ACK_NEC ACK_REQ[=#ACK_REQ

@FEEK" — ACK DIAGH

4100w —| FDB_TIME ENOf~
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The acknowledgement signal ACK is responsible for the ac-
knowledgement after activating and unlocking the emer-
gency stop as well as after exceeding the feedback time
FDB_TIME (on FB 1). The latter is indicated by #ERROR="1".

The status of the flip-flop is stored in the static variable #EN
and read as switch-on condition in OB 1.

"1" signal on the formal parameter ACK_NEC indicates that a
manual acknowledgement is required to set release (formal
parameter Q). The bit #ACK_NEC s a static variable with initial
value "0".

Output Qis set to 1 as soon as input ON = 1. It is required that
readback input FEEDBACK = 1 and no readback error must be
stored.

Areadback error ERROR = 1 is detected if the signal state of the
readback input FEEDBACK (to output Q) does not follow the
signal state of the input ON within the maximum tolerable
readback time FDB_TIME. K1_K2 is the bit from the F-output
module, which sets the contactors K1 and K2.

To ensure that no readback error is detected and that no ac-

knowledgement is required in a passivation of failsafe the 1/O
modules controlled by output Q you have to supply the input
QBAD_FIO with the variable QBAD of the corresponding fail-

safe I/0 module DB.

Note

Before inserting the F application block F_FDBACK, you
have to copy the F application block F_TOF from the
block container F-Application Blocks\Blocks of the F li-
brary Distributed Safety (V1) into the block container of
your S7 program if it is not available in this container
(has already been done in this example project).



Warning!
When using the F application block F_FDBACK it is re-

quired that the F application block F_TOF has the
number FB 186 and that the number is not changed!

Network 2
FC "REINTEGRATION" (FC 2)

Network 2 of FB 1 calls FC 2 where the reintegration is imple-
mented in case of a passivation of F-DI or F-DO.

Warning!

In this example, the reintegration of passivated
modules takes place automatically. Only use the au-
tomatic reintegration for your applications if it does
not cause hazards.

A passivation is indicated by an illuminated LED "SF" on the
module. The reintegration of an F module may take approx.
one minute.
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Example 7

Contactor K1 welds during shutdown. In the S7 program this
process is detected as follows:

No. Function Comment

1

w

The memory bit "FEEDBACK" does not OB 1, network 1
go to "1" after shutting down so that

the auxiliary contacts of K1 and K2 are

on different signals.

At the input FEEDBACK of FB 216 in FB 216, call in FB 1
the safety program this signal does

now not follow (within the parameter-

izable read-back time FDB_TIME) the

signal of the status of the input ON.

The error bit ERROR is set at FB216.

ACK_REQ="1"is only displayed after
eliminating the welding of the contac-
tor, which indicates that the error has
been corrected and that an acknowl-
edgement can be made.

After the acknowledgement ERROR is
reset and a restart can be performed.
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7 Operating instructions Welding of a contactor
. No. Instruction Result/Note
Prerequisite: - -
1 Ifthe motorisstarted forthe An acknowledgement is re-
B Hardware configuration of STEP 7 and safety program are first time: Press the ac- quired before starting the mo-
in the S7-CPU knowledgement push but-  tor for the first time.

ton

B Emergency stop unlocked If not: No. 2

B No passivation of the F-DI/F-DO 2 Press the push button for ~ Contactors K1 and K2 are acti-
start request and release it.  vated; due to this the motor

starts

Warning!

. . . . . 3 Press the STOP push button Simulated welding of the con-
The instructions listed in the table below should first and keep the coil of contac- tactor.

be performed without activated load circuit. tor K1 or K2activated.

4 Press the push button for F output for K1 and K2 is not
start request and release it.  switched.

Motor ON/OFF

No. Instruction Result/Note

1 Pressthe acknowledgement Necessary before starting the
push button and release it. ~ motor for the first time.

2 Press the push button for Contactors K1 and K2 are acti-
start request and release it.  vated; due to this the motor
starts

3 Press the push button for Contactors K1 and K2 drop out;
stop request and release it.  due to this the motor stops

Emergency stop

No. Instruction Result/Note
1 Ifthe motorisstarted forthe An acknowledgement is re-
first time: Press the ac- quired before starting the motor
knowledgement push but-  for the first time.
ton
If not: No. 2

2 Press the push button for Contactors K1 and K2 are acti-
start request and release it.  vated; due to this the motor
starts

3 Press the emergency stop Contactors K1 and K2 drop out:
push button. The motor stops
4 Unlock the emergency stop
push button
5 Press the push button for Contactors K1 and K2 are not ac-
start request and release it. tivated, the motor does not
start.

Starting the motor is only possi-
ble after an acknowledgement.




Safety Shutdown in the Stop Categories O and 1
in Safety Category 4 according to EN 954-1

Automation Function

Description of the functionality

Classification

Three Stop Categories (Stop Category 0, 1 and 2) are defined
for the safety shutdown of machines. The Stop Category has
to be defined on the basis of the risk assessment of the ma-
chine. The standards and regulations are listed in DIN

EN 60204-1: 1998.

Stop Category O

Stopping by immediate shutdown of the energy supply to the
machine actuators. This stopping is an uncontrolled stop.
Each machine has to be equipped with a stop function of Stop
Category 0. The stop of Category O must have priority. In this
example the shutdown complies with Safety Category 4.

Stop Category 1

Controlled stop during which the energy supply to the ma-
chine actuators is maintained to enable the stopping. The en-
ergy supply is only interrupted when the stop is reached. In
this example the shutdown complies with Safety Category 4.

Stop Category 2

Controlled stop during which the energy supply to the ma-
chine actuators is maintained.

Functional example

In this example, safety shutdown in the Stop Categories 0 and
1is shown. The DS asynchronous motor is hereby switched on
and off via a MICROMASTER frequency converter. Apart form
the operational stop, the motor can be fail-safe stopped as fol-
lows:

Stop Category O

An NC button simulates a safety door contact. If the safety
door is opened during operation ("0" signal of the button) the
drive is immediately electrically isolated from the line supply

Stop Category 1

Stop Category 1 is used for an emergency stop. The motor is
brought to a standstill. After a parameterized time (after
which the motor must be safely in standstill) the motor is
taken off the grid.

Ex. No.

8

In addition the conditions listed below apply to the emergency
stop:
B Precedence over all other functions and operations

H Resetting may not start a restart (acknowledgement
required)

Note

In this example we used a motor holding brake. The pa-
rameters for the MICROMASTER used by us, take this
motor holding brake into consideration. Should you
wish to not use the motor holding break, please change
the parameterization of the MICROMASTERS.

Reaction times

Use the Excel file (Cotia table), which is available for S7 Dis-
tributed Safety V 5.3, for the calculation of the max. reaction
time of your F system. This file is available on the internet:
http://support.automation.siemens.com/WW/view/en/
19138505



http://support.automation.siemens.com/WW/view/en/19138505
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8 Flowchart

The following flow chart shows the correlation (for a better
overview, operational stoppage is not displayed here):

Readback error?

Safety door open?
(simulated
signal)

Emergency stop
pressed?

N
Acknowledged?

MICROMASTER is
supplied with voltage

MICROMASTER sets
motor in stop

MICROMASTER and motor
are electrically isolated
from the line supply

Motor in stop and
electrically isolated
from the line supply

MICROMASTER and motor
are electrically isolated

: from the line supply :

Start command?
Y

MICROMASTER
starts motor

Motor runs

Motor in stop and
electrically isolated
from the line supply

Stop category 1 Stop category 0
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Time sequence for Stop Category 0

The times listed in the following table are also shown in a tim-
ing diagram below. The names of the signals correspond to
the ones of the S7 program code.

Time Explanation

t1  With the acknowledge signal (negative edge) the contactors
K1 and K2 are activated and supply the MICROMASTER with
power. This switches the MICROMASTER on.

t2  With the start signal (positive edge) the output MM of the
standard output module "1" signal switches to the MICRO-
MASTER. This starts the motor according to a ramp parame-
terized in the MICROMASTER.

t3  During operation the safety door is opened (FDOOR="0").
The safety door signal is in this example simulated by an
(NC) button. The contactors K1 and K2 drop out and electri-
cally isolate MICROMASTER and motor from the line supply;
output MM is reset in the program.

Time sequence for Stop Category 1

The times listed in the following table are also shown in a tim-
ing diagram below. The names of the signals correspond to
the ones of the S7 program code.

Time Explanation

t1  With the acknowledge signal (negative edge) the contactors
K1 and K2 are activated and supply the MICROMASTER with
power. This switches the MICROMASTER on.

t2  With the start signal (positive edge) the output MM of the
standard output module "1" signal switches to the MICRO-
MASTER. This starts the motor according to a ramp parame-
terized in the MICROMASTER.

t3  After activating the emergency stop (ESTP=0") the output
MM of the standard output module is reset. This puts MICRO-
MASTER motor to stop.

t4-t3  After this time the motor must be in standstill. This time is
specified in the safety program as input parameter at a certi-
fied function block from the distributed Safety library.

t4 At motor standstill (parameterized time has elapsed) the
contactors K1 and K2 drop out. This isolates the drive from
the supply.

Operational stop

If in this example, the (NC) button for the operational stop is
pressed, the following procedure has been prepared:

The motor is brought to a standstill by the MICROMASTER.
Contactor K1 and K2 continue to supply the MICROMASTER
with power. A motor restart is possible without previous ac-
knowledgement.

ACK

START

FDOOR

MM

K1 K2

—_

G_FB_XX_152

-
a
—-
N
—
w
-

ACK

START

ESTP

MM

K1_K2 . . t

t t2 t3 t4 t
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Advantages/customer benefits

B Wiring reduced to a minimum due to use of fail-safe S7-
CPU and distributed 1/0. The more safety functions are
implemented, the more useful this advantage is.

B Programming the fail-safe program with STEP 7 engineer-
ing tools.

B Only one CPU is required, since fail-safe and standard pro-
gram parts run on a coexistent basis in the CPU

M Use of prefabricated (and certified) fail-safe blocks from the
Distributed Safety library.

Ex. No.
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8 Required components

Hardware components

Component Type MRPD / Ordering data Qty  Manufacturer

Power supply PS307 5A 6ES73071EA00-0AAO 1 Siemens AG,

$7-CPU, can be used for CPU 315F-2DP 6ES7315-6FFO1-0ABO 1

safety applications

Micro Memory Card MMC 512 KByte 6ES7953-8LJ10-0AA0 1

Interface module for ET 200S IM 151 High Feature 6ES7151-1BA00-0ABO 1

Power module for ET 200S PM-E DC24..48V AC24..230V 6ES7138-4CB10-0ABO 2

Electronic module for ET 200S 2Dl HF DC24V HF 6ES7131-4BB00-0ABO 3

Electronic module for ET 200S 2D0O HF DC24V HF 6ES7 132-4BB00-0ABO 1

Electronic module for ET 200S 4/8 F-DI DC24V 6ES7138-4FA01-0ABO 1

Electronic module for ET 200S 4 F-DO DC24VI2A 6ES7138-4FBO1-0ABO 1

Terminal module for ET 200S TM-P15523-A0 6ES7193-4CD20-0AA0 2

Terminal module for ET 200S TM-E15524-A1 6ES7193-4CA20-0AA0 4

Terminal module for ET 200S TM-E30C46-A1 6ES7193-4CF50-0AA0 2

Profile rail 482.6 mm 6ES7390-1AE80-0AA0 1

Standard mounting rail 35 mm, length: 483 mm 6ES5710-8MA11 1

Emergency stop Push button, 1NC 3SB3801-0DG3 1

Contact (for Emergency stop) TNC, screw-type connection 3SB3420-0C 1

Push button Green, 1NO 3SB3801-0DA3 2

Push button Red, 1NC 3SB3801-0DB3 2

Contactor AC-3, 3KW/400V, 1NC, DC 24V 3RT1015-2BB42 2

Contactor AC-3, 3KW/400V, 1NO, DC 24V 3RT1015-2BB41 1

Excess voltage limiter for plugging RC element AC 24...48V, DC 3RT1916-1CB0OO 3

onto contactor 24...70V

Circuit breaker for motor 0.35...0.5A 3RV1011-1JA20 1

protection

Frequency inverter MICROMASTER 410 6SE6410-2BB13-7AA0 1

Operator panel for the frequency MM410 Operator Panel 6SE6400-0SPO0-0AAO 1

inverter

Motor Low-voltage motor 0.18kW 1LA7063-4AB10-Z +Option 26 1
Note Note
In this example we used a motor holding brake. The pa- The functionality was tested with the hardware compo-
rameters for the MICROMASTER used by us, take this nents listed. Similar products not included in the above
motor holding brake into consideration. If you do not list can also be used. Please note that in this case
want to use the motor holding break, the following changes in the sample code (e.g. different addresses)
hardware components are not necessary: Contactor may become necessary.

with auxiliary contact (NO), 1 excess voltage limiter for
plugging onto the contactor, option 26 at the motor.

Configuration software/tools

Component Type MRPD / Ordering data (0147 Manufacturer
SIMATIC STEP 7 V5.3 + SP1 6ES7810-4CCO7-0YAS 1 Siemens AG
SIMATIC Distributed Safety V5.3 6ES7833-1FCO1-0YAS 1




Setup and Wiring

Regarding the use of MICROMASTER 410, please consider the
following safety note:

Warning!

B The MICROMASTER carries hazardous voltages
and controls potentially dangerous rotating
mechanical parts. Non-compliance with warnings
or failure to follow the instructions contained in the
MICROMASTER manual can result in loss of life,
severe personal injury, or serious damage to prop-
erty.

B Only adequately qualified personnel may work at
this equipment. It is required that this personnel is
informed in detail on and familiar with all safety
notices, installation, operation and maintenance
procedures listed in the MICROMASTER manual.
Proper and safe operation of the equipment
requires proper handling, installation, operation
and maintenance.

B Risk of electric shock. The DC link capacitors remain
charged for 5 minutes after power has been
removed. It is thus not permissible to open the
equipment until 5 minutes after the power has
been removed.

B Children and not authorized persons must be pre-
vented from accessing or approaching the equip-
ment!

B The equipment may only be used for the purpose
specified by the manufacturer. Unauthorized mod-
ifications and the use of spare parts and accessories
which are not sold or recommended by the manu-
facturer of the equipment can cause fires, electric
shocks and injuries.
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Overview of the hardware configuration 8

The arrangement for shutdown in the Stop Categories O and 1
consists of a PROFIBUS configuration. A fail-safe S7-CPU is
used as DP master, an ET 200S as DP slave.

Overview control circuit

PS | CPU =) (200) .
307 315F RERE () | e

IM 151 |( 2DI [ F-
HF HF Fpo

Contactor K1

2DO HF
A

I e °
Iy | B B |
: e I N | |
Ak F\u | 7
[ i | | phetetedll |
[ K2
| Co——| :Safety ded | Contactor
(simulated)
Contactor K3 MICRO-
MASTER
Note

In this example we used a motor holding brake. The pa-
rameters for the MICROMASTER used by us, take this
motor holding brake into consideration. If you do not
want to use the motor holding break, the contactor K3
is not necessary.

Note

One 4Dl electronic module can be used instead of two
2Dl electronic modules. The "high feature" electronic
modules can also be replaced by standard modules.
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8 Overview load circuit

- 1‘ Circuit
| breaker

|
Contactor K3

= MICRO-
| MASTER

Rectifier for
motor break

Three-phase motor
with motor break

Note

In this example we used a motor holding brake. The pa-
rameters for the MICROMASTER used by us, take this
motor holding brake into consideration. If you do not
want to use the motor holding break, the contactor K3
is not necessary:

Parameterization of the MICROMASTER 410

The parameterization of MICROMASTER 410 is described in
the respective instruction manual. To provide better under-
standing, some points are emphasized in this document:

B Input of the parameters
B Parameters used

Input of the parameters

The inverter parameters can be accessed with the operator
panel (OP). Below, itis shown how to set the parameter "Func-
tion of digital input 1" (P0701). All other parameters can be
set identically.

At this point, the procedure during parameterization is de-
scribed; the parameters are explained under "Parameters
used".

Requirements: The MICROMASTER is supplied with voltage.

No. Driicken Sie... Note

1 ... to be able to
access the pa-
rameters.

...until PO701 is
displayed.

... to display the
parametervalue
level.

.. to receive the
required value
(here: 1)

... to confirm
and save the
value.

G@I@G
@(D

Note

Alternatively, the MICROMASTER can also be parameter-
ized with the "STARTER" software by Siemens, which can
be downloaded on the Internet (link on page 273) free
of charge.
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Parameters used 8

Below, some characteristic parameters are shown which were
used for this example (with the motor used).

Parameter No. Parameter name Value to be set Note/Explanation

PO700 Selection of command source 2 (connecting terminal plate) There different options of starting or stopping the
motor using the MICROMASTER, e.g. via the key-
board on the OP. In this example, the commands
for starting/stopping the motor come from the
standard output module (2DO HF) of the ET 200S
and are transferred to the terminal connecting
plate of the MICROMASTER.

PO701 Function of digital input 1 1 (ON/OFF1) The commands for starting/stopping are acquired
by digital input 1 on the MICROMASTER. If "1": Mo-
tor starts (ON)

If "0": Motor stops (OFF1)

P0731 Function of digital output 1 52.C (motor holding brake Motor holding brake active (see also P1215)
(MHB) active)

P0971 Transfer data from RAM to EEPROM 1 Start RAM -> EEPROM All values are transferred from RAM to EEPROM.

P1120 Startup time 6 Time value in seconds required by the motor to ac-
celerate from stop to the highest motor frequency.

P1121 Ramp-down time 6 Time value in seconds required by the motor for
delaying the maximum motor frequency until
stop.

P1215 Holding break enable 1: Motor holding brake enabled By the value 52.C in P0731, a relay is switched

at the points 1 and 2 to control the brake. The
relay is located at the terminals 11 and 12 of the
MICROMASTER.

A

Point 1 Point 2

fmin | _ |_ _
(P1080)

Note Warning!
The parameters are stored in the Please note that the parameters stored in the file
"as_fe_i_008_v10_code_pstopcat.zip" file. The "as_fe_i_008_v10_code_pstopcat.zip" refer to the
"STARTER" software by Siemens is required to use this motor with holding break used by us for testing. If
file. Page 273 provides information on where to down- you use a different motor, the parameters have to be
load this software. adapted for the MICROMASTER.

For safety reasons, the motor with the prepared pa-

rameters does not accelerate to maximum speed.
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8 Wiring of the hardware components Note

The DP interface of the CPU 315F must be connected

Requirements: The power supplies are supplied with 230V AC. with the DP interface of the IM 151 HE.

First check the addresses set at the hardware components

listed below: Note

T Einzustellende Note The wiring of the hardware is illustrated below. In.the
component Address following table, the hardware components occurring
IM 151 High 6 (PROFIBUS ad-  Can be changed several times are numbered so they can be allocated in
Feature dress) the subsequent wiring plan.

F-DI Switch position:  The PROFIsafe addresses are

1111111110 automatically assigned dur-
ing configuring the fail-safe

A Switch POsiion:  modules in STEP 7. The
PROFlsafe addresses 1 to PM E 2DO F-D NIME O RPME
1022 are permissible. Please AUXA 20X
make sure that the setting at IM 151 2DI
the address switch (DIL HF 5 HF PM-E | F-DO 4@ 4Dli§
switch) on the side of the QO [2]%)
module corresponds to the 2] Jem—m2[] [
PROFlIsafe address in the QO %)
hardware configuration of 07 [T
STEP 7.
QQ QO
i ” Aa[][Jns 4] [Jns

@ @ @

®

PME 2 F-D
20
3| 7
|M151 2DI F-D0 5
HF HF A4DDA8© [2Y%)
3]
o] 00

2DIHF (] s @
100s —|:
4]
216
[9]%) <
s @ ﬁl
00 2
A [Jre £

Note

In this example we used a motor holding brake (see fol-
lowing page). The parameters for the MICROMASTER
used by us, take this motor holding brake into consider-
ation. If you do not want to use the motor holding break,
the contactor K3 is not necessary.
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AUX1 AUX1
O | | o !
PS 307 / CPU 315F @@ @@ | I--\
—FZD DG!—FZD e [Acknowledgement]
(%)% [9]%)]
3] D7J_L3D 7 >
Q0 []%)]
Ad][as|  |as4] A8 @
QQ
IM 151 HF — O Cre|(@) e
v _| S?fety door|
NN 1005 (simulated)
Jhe [l
Meiat
[9]9)]
307 @
88 m— e
A4 A8 T L
=B A2- 22@ Contactor K3
o . g
[2]%)
oo —lw% %5 9%%13 er gg%”
20 20 | 02 |
00 —me(] (s | 10014 2006 [foJ014
5] 0o | oo Qo
2D DG 3007 | nO0s 35 %7 11%%15
3%%7 4% %8 12%%“5 4[]s [12001e
Q0 QO
o Qo | 0O as[] [as e[ [Jate 1[0 [ha
A4l] [Jas A“g gAa Mzg%’“s 00 20 frequency converter| [EEEEEEEE enegonc]
A3[] a7 p] At AsL] a7 pi[] [ats stop button|
NI
E\
bt

Warning!
The MICROMASTER has to be grounded.

Note

A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the S7 project into the

CPU 315F-2DP.




The load circuit looks as follows:

Contactor K3 is responsible for the power supply of the recti-
fier for the motor brake.

Note

Please note that, in this example, contactor K3 - unlike
K1 and K2 - features a make contact. If you do not want
to use the motor holding break, the contactor K3 is not
necessary.

268 Functional Example No. AS-FE-I1-008-V11-EN




Function test

The inputs and outputs used can be checked with regard to

their functionality, if

B the hardware components are wired

M the S7 project was loaded to the F CPU

B the MICROMASTER was supplied with the respective
parameters.

Inputs/outputs used

No. Hardware Adress

component

1 Push button (NO) E0.0

2 Push button (NC) EO0.1

3 Push button (NO) E1.0

4 Push button (NC) E3.1

5  Contactorauxiliary contact E1.1
(NO)

6  Contactorauxiliary contact E2.0
(NO)

7  Emergency stop push but- E3.0
ton (NC)

8  Micromaster A 0.0

9  Magnet coil contactor A9.0

Testing inputs and outputs

Symbol

START
STOP
ACK
FDOOR
K1_HELP

K2_HELP
ESTP

MM
K1_K2

Requirements: The inputs and outputs have the default values

specified under "Inputs/outputs used".
No. Instruction

Signal
(default value)

=
e
e
e
=

e

e

"o
"o

Response
MICROMASTER

Supplied with voltage via K1 and K2

Ex. No.

Note

Start request

Operational stop
Acknowledgement

Simulated safety door contact
Contactor K1

Contactor K2
Emergency stop

Control MICROMASTER
From A 9.0 to K1 and K2

Motor
In stop
Accelerates
Runs

After stopping the motor, K1 and K2 drop out Decelerates to stop
and the MICROMASTER is electrically isolated

from the line supply (stop category 1).

Supplied with voltage via K1 and K2

Accelerates

By drop-out of K1 and K2, MICROMASTER and
motor are electrically isolated from the line

supply immediately (stop category 0).

A9.0
1 Press the push button E 1.0 and release it. "
2 Press the push button E 0.0 and release it. " ON
3 Wait until the motor has accelerated. " ON
4 Press the emergency stop push button E 3.0 0"
(delayed)
5  Unlock the emergency stop button and re- "
peatno 1 to 3.
6  Press the push button E 3.1 and release it. "0"
Note

After an emergency stop, a signal from the simulated
safety door, and an initial start an acknowledgement is
required before restarting.
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Important hardware component settings Settings of the CPU 315F-2DP

The settings are displayed after double-clicking "CPU 315F-2

Below, several important settings from the hardware configu- DP" (see "Overview picture").

ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It Cipele rteeupt | [
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:

Presiy Ewmcuton [ma)
Warning! [ | o
The settings shown below contribute to meet the re- I | B
quirements of Safety Category 4 in Stop Category 0. o i@
Changes at the settings may cause loss of the safety o ]—
function. =
] I'I I_'_.
If you implement changes (e.g. add an additional module), s
the sample code has to be adapted accordingly. Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.
Overview picture Level of Pistecthon
" 1: Kapewitch Satting
femon ¥ Femovable with Paziword
1 P50 54 - i
5 e PRIOFIEUSN) 0P e ™ 2 Wile Protection
i =l |
. ™ 3 Wrte-/Asad-Piotaction
i = [ E R A
= P
i . fr o
| () 1511 High Fasnan
Sl Mo Circier Wursise | Vi | 0 Ay | Dhangreesi ¥ CPU Contsing Salsty
1_ || Paik DCIRT ALY V3. ACH 1 A Pregism
] 2 01 DES/ High Fastas 711 [N
1 (0 zod mgrm- Ema:-qmm |-|u 11
i_| | 20/ DIV High Feshus 57 191 SBBI0AB]__ |70 21
311 200 DEMYALS I 7132 BIR00 AEG (TECE Available in the "Protection” tab.
§ |1 PHE BCI0W/ACI XTI |EEET 138 ACH1D ARG ;
7_|| VuFMDCIN FRF T T ] A password has to be allocated in order to be able to set the
8 [ SFO0OCanR JEST 18 SR RS0 !5 13 [31 parameter "CPU Contains Safety Program”. It is only in this
The PROFIBUS address at IM 151HF is set using DIP switches. ~ case thatall required F blocks for safe operation of the F mod-

ules are generated during compiling the hardware configura-
tion of STEP 7.
Password used here: siemens



~Mode

™ Process Mode

v Test Mode

Set mode: "Test Mode"

During Process Mode, the test functions such as program sta-
tus or monitor/modify variable are restricted in such a way
that the set permitted increase in scan cycle time is not ex-
ceeded. Testing with stop-points and gradual program execu-
tion cannot be performed.

During Test Mode, all test functions can be used without re-
strictions via PG/PC which can also cause larger extensions of
the cycle time. Important: During test mode of the CPU, you
have to make sure that the CPU or the process can "stand"
large increases in cycle time.

Settings of the fail-safe F-DI

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

Genetal | Addresses Parameter |

Paameter | Value
= =y Parameters
++_] F paramaters
= | _
5] Input delay 3 fms)

- (8] Shoxt-circul test | cychic

The two-channel emergency stop push button is supplied with
power via the module. Category 4 is reached due to the fact
that a cross-circuit detection is possible. This requires that the
short circuit test is activated.

= (4 Porameters
—{_3 F paramaters
|- (] F_source_address | 2002: CPU 3ISF-2 DF
| W] F_dest_sddress 1022
] DIP swich setting (9.......0) | 1111111110
&] F maonitoring time (ms) 120

DIL switch settings

This value has to be set on the module (F-DI).

F monitoring time

It has to be observed that the F monitoring time must be

larger than the call time of OB 35.

=4y Channel 0, 4
|- (=] Activated ¥
{~{E] Evaluation of the sensors 1oaZ evahistion
%] Type of sensor interconn... | 2 channel equivalent
{-{&] Behavior at discrepancy 0 - Supply value
) Discrepancy time (ms) 10
==y Channel 1, 5 :
-5 Adwated [ —
H] Evaluation of the sensors | 100l avaluation
(5] Type of sensor interconn... | 1 channel

&) Bshavior at discrepancy
] Discrepancy time (ms)
+1_7] Channel 2, 6
) Channel 3, 7

Also in the "Parameter” tab.

A two-channel connection of the emergency stop push button
to channel 0 is performed. At channel 1 the simulated safety
contact NCiis read in.

All other channels are to be deactivated.
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Warning!

Monitoring a safety door of safety category 4 is per-
formed with two sensors (see Safety Function Exam-
ples no. 2, 3 and 4). The connected single button
simulates only one signal, which is assigned to a

safety door for better clarity.

Settings of the fail-safe F-DO

The settings are displayed after double-clicking "4 F-DO
DC24V/2A" (see "Overview picture").

[= (L Parametess
=+_3 F parameters
|- [H] F_source_address | 2002: CPU 315F-2 OF
\-[H] F_dest_address 1021
] DIP switch setting (9.......0) | 1111111101
[E] F mondtaring time {ms) 120

DIL switch settings
This value has to be set on the module (F-DO).

F monitoring time
It has to be observed that the F monitoring time must be
larger than the call time of OB 35.

=+_J Module parameters
—4=3 DO channel 0 )

L [&] Activated
i~ [£] Read-back time ' 100 (ms)

‘=] Diagnostics: wire break
#1{_1] DO channel 1 [
1] DO channel 2
#+_] DO channel 3
Activate used channel O for the switching of the line contac-

tors K1 und K2, deactivate channels which are not used.

The read-back time defines the duration of the switch-off pro-
cedure for the respective channel. If the respective channel
switches high capacity loads, the read back time should be set
sufficiently large. We recommend setting the read back time
as small as possible, however large enough so that the output
channel does not become passive.

Basic Performance Data

Load and main memory (without program code)

Total

Load memory  approx.

’

Main memory  approx.

’

S7 standard  F blocks (fail-
blocks safe)

approx. 0,2k  approx. 37,3 k

approx. 0,09 k approx. 28,1 k

Load and main memory (with program code)

Total

Load memory  approx.
47,1k

Main memory  approx.
31,5k

Cycle time

Total cycle time
(typical)

Max. runtime of the
safety program

S7 standard  F blocks (fail-
blocks safe)

approx. 1,0k  approx. 46,1 k

approx. 0,4k  approx. 31,1 k

approx.
4 ms

7 ms

Standard and safety program

Calculation with the Cotia ta-
ble. Page 259 specifies where
to find it.



Sample Code

Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code with
which you can reset the functionality described here.

The sample code is always assigned to the components used
in the functional examples and implements the required func-
tionality. Problems not dealt with in this document are to be
realized by the user; the sample code may serve as a basis.

Password

In all cases, the passwords used for the safety-relevant part is
Lsiemens”.

Use of the STEP 7 Project

Using a MICROMASTER, a motor can be started via a push but-
ton (NO). There are two options of stopping the motor:

1. Operational via a button NC.

2. fail-safe via (NC) button, simulating a safety door contact
(stop category 0)

3. fail-safe via an emergency stop button in stop category 1

Download

The download is available via the following link:
http://support.automation.siemens.com/WW/view/en/
21331097

To call the corresponding project file, open the
"as_fe_i_008_v10_code_cstopcat.zip" file offered as a sepa-
rate download (on the HTML page) and extract it into a user
defined directory.

For downloading the project into the F-CPU please proceed as
follows:

M First load the hardware configuration into the S7-CPU
B Switch to the SIMATIC Manager

H Select the "Blocks" container.

B Menu "Options" -> Edit safety program

M Click the "Download" button

The sample code with the given configurations enables the
following:

B A motor is turned off via a push button (NC) simulating a
safety door contact according to Stop Category O.

B A motor is turned off via an emergency stop push button
(NCINC) according to Stop Category 1

Note

If you want to use the parameter settings used by us for
the MICROMASTER
("as_fe_i_008_v10_code_pstopcat.zip"), you need the

Siemens software "STARTER", which you can download
free of charge via the internet. The link is listed below.

Link: www.siemens.de/automation/service&support

Subsequently click the "Download" link and enter "Starter" as
keyword.

Older projects (*.mcp) can be converted into a current project
and further edited. Select the Starter project in the displayed
window and confirm by clicking OK. The project is converted
and possible errors are displayed in the detail display.

Program procedure

The standard user program consists of two networks of OB 1:
Network 1

"K1_HELP" —
"FEEDBACK"

"K2_HELP " — p—

G_FB_XX_158

The memory bit "FEEDBACK" evaluates the readback signals of
the contactors K1 and K2. "FEEDBACK" is used as input param-
eter of FB "F_FDBACK" in the safety program. FB "F_FDBACK" is
a certified block from the Distributed Safety library for the
monitoring of the readback signals.

The information of the memory bit FEEDBACK is read as mem-
ory bit FEEDBACK1 in the safety program. This allocation oc-
curs in the cyclic interrupt OB 35 for the following reason:

If you want to read data from the standard user program (flags
or Pll of standard 1/0) in the safety program (here: FEEDBACK),
which can be changed by the standard user program or an op-
erator control and monitoring system during the runtime of
an F run-time group, it is required to use separate flags (here:
FEEDBACK1). Data from the standard user program have to be
written to these memory bits immediately before calling the F
runtime group. Only these memory bits may then be accessed
in the safety program.

Ex. No.
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8 In this example it has already been realized. Generally, how-

ever, the following applies:

Note

If the above section is not observed the F-CPU may go to
STOP mode.

Network 2

"p_gT" "GR2 "

SR

T

" START " == — S

"INSTANZ_
FB1" .ERROR==

"STOP" _O

" INSTANZ_
FB1".
EN_ESTP ()

" INSTANZ_ MMt
FBl n =
EN_FDOOR=(]) —{ R Q fed

G_FB_XX_159

The fail-safe program has the following program sequence:

FB"F_TOF"
(FB186,DB3)

F-Call
(FC1)

FB"SAFETY_PRG"
(FB1,DB1)

From the

Distributed
Safety
library

FB"F_FDBACK"
(FB216,DB216)

ZE TN

C"REINTEGRATION"
(FC2)

e

G_FB_XX_160

FB "Safety_PRG" (FB 1, DB 1)

In network 2 the signal for operational starting (START) and
the stopping (Stop) are given. The output of the standard out-
put module MM is set/reset. This output is connected with
the MICROMASTER. With MM="1" the MICROMASTER receives
the request of starting up the motor; with MM="0" the
MICROMASTER sets the motor to standstill.

As long as there is a "1" signal at the R input of the flip-flop,
MM="0" remains true, even if the start button is pressed, as
the reset function at this flip-flop type has priority.

Network 1
#N_ACK #Instanz_
FB186_3"
@ ack” #EN_ESTP F ToF
SR
s .. eEN Q F#0_ESTP
"ESTP" =R Q IN ETh...
THaS ={PT ENO [+
#EN_FDOOR &
SR |
s #Q_FDOOR o3
z @
“FDOOR '=() R Q b

At an acknowledgement (negative edge of ACK) both
#Q_ESTP and #Q_FDOOR remain "1" (precondition: emer-
gency stop button unlocked and simulated safety door con-
tact FDOOR="1"). In network 2 the contactors K1 and K2 are
activated and supply the MICROMASTER with power.

If the safety door is opened during operation (simulated with
FDOOR), then FDOOR becomes 0" and Q_FDOOR="0", which
in network 2 causes an immediate drop-out of contactor K1
and K2. The drive is immediately isolated form the supply
(stop category 0).

If the emergency stop button is pressed during running oper-
ation (ESTP="0"), #Q_ESTP is reset after the time parameter-
ized at PT has elapsed. This time must be set so that afterit has
elapsed, the motor is in standstill. Only then is the drive iso-
lated from the supply in network 2 (stop category 1).



Network 2

FB "Safety_PRG" (FB1, DB1) calls FB "F_FDBACK" (FB216,
DB216). FB 216 is a certified block from the Distributed Safety
library; this block is available from version 5.3.

"INSTANZ
FB216"
) "F_FDBACK"
#Q ESTP= - EN
#Q FDOOR= ON

@"FEEDBACKL" —{ FEEDBACK

"F00009
4 F DO_
DC24V
2A".0BAD ={QBAD_FI0 Qf="K1 _K2"
"E_ ERROR {= #ERROR
GLOBDB".

VKET =—ACK_NEC ACK_REQ|= #ACK_REQ
@rack” —{Ack DIAG = ...
T#200MS —{FDB_TIME  ENO =

G_FB_XX_162

Note

Before inserting the F application block F_FDBACK you
have to copy the F application block F_TOF from the
block container F-Application Blocks\Blocks of the F [i-
brary Distributed Safety (V1) into the block container of
your S7 program, if it is not available in this container
(has already been done in this example project).

Ex. No.

To ensure that no readback error is detected and that no 8
acknowledgement is required in a passivation of the fail-safe

I/0 modules controlled by output Q you have to supply the in-

put QBAD_FIO with the variable QBAD of the corresponding

fail-safe 1/0 module DB.

F_GLOBDB.VKE1 applies a "1" signal at the input ACK_NEC.

This requires acknowledgement at the input ACK in case of an
error (ERROR="1").

Note

The F-Global-DB (F_GLOBDB) provides the variables
"VKEQ" or "VKE1". This can be used in the safety program
for supplying parameters at block calls if the Boolean
constants "0" and "1" are required.

Network 3

FC "REINTEGRATION" (FC 2)

Network 3 of FB 1 calls FC 2 where the reintegration is realized
in case of a passivation of F-DI or F-DO. For R-DO, a REINT

memory bit has been prepared, which reintegrates the mod-
ule with a positive edge.

Warning!

In this example, the reintegration of passivated
modules occurs automatically. Use the automatic re-
integration for your application only if it will not
cause any hazards.

Warning!

When using the F application block F_FDBACK it is re-
quired that the F application block F_TOF has the
number FB 186 and that the number is not changed!

The acknowledgement signal ACK is responsible for the ac-
knowledgement after exceeding the feedback time FDB_TIME
(at FB 216).

Output Qissetto 1 assoon asinput ON = 1. Itis required that
readback input FEEDBACK = 1 and no readback error must be
stored. In this example, this causes contactor K1 and K2 to
pick up, which supplies the MICROMASTER with power.

Areadback error ERROR = 1 is detected if the signal state of the
readback input FEEDBACK (to output Q) does not follow the
signal state of the input ON within the maximum tolerable
readback FDB_TIME time.

A passivation is indicated via LED "SF" lighting up on the mod-
ule. The reintegration of an F module may take approx. one
minute.




Ex. No.

Operating instructions

Prerequisite:

B Hardware configuration and safety program are in the

S7-CPU
B Emergency stop unlocked

B No passivation of the F-DI/F-DO
The tables below demonstrate the function principle:

No. Instruction

Result/Note

1  Pressthe acknowledgement Necessary prior to the first start.

push button (NO) and re-
lease it.

2 Press the start push button
(NO) and release it.

3 Press the button (NC) which
simulates the safety door
contact and release it.

4 Repeat No. 1 and 2

5 Press the emergency stop
push button.

Note

Contactor K1 and K2 pick up and
supply the MICROMASTER with
power.

The output MM of the digital
output module is set. The
MICROMASTER receives the sig-
nal for starting the motor. The
MICROMASTER starts the motor
up according to its parameter-
ization.

Contactors K1 and K2 drop out:
MICROMASTER and motor are
isolated from the supply (stop
category 0).

The output MM of the digital
output module is reset. The
MICROMASTER receives the sig-
nal for stopping the motor. The
MICROMASTER brings the motor
to standstill according to its pa-
rameterization. Contactors K1
and K2 drop out and isolate the
drive from the supply.

After an emergency stop, a signal from the simulated
safety door, and an initial start an acknowledgement is

required before restarting.

Alternative

The Distributed Safety library offers a Stop Category function
block FB "F_ESTOP1" (FB 215). With this block you can realize
an emergency stop in the Stop Categories 0 and 1.



Single and Group Shutdown of Actuators in Safety Category 4

acc. to EN 954-1

Automation Function

Description of the functionality

Single and group shutdown

When using several actuators within a system, the following
behavior is often required: It is to be possible to safely power
an individual actuator down (independent of the other actua-
tors). Additionally it should be possible to safely switch off all
actuators together.

Functional example

This example shows single and group shutdown of actuators.
Two three-phase asynchronous motors which can be started
independently of one another are used. An emergency stop
button is assigned to each motor for safe stopping (single
shutdown). Furthermore, there is an emergency stop button
which safely stops all motors (group shutdown).

Operational stopping of motors has not been included in this
example.

Allocation contactors - motors

Group 1 consists of the motor M1 which is switched via the
contactors K1 and K2.

Group 2 consists of the motor M2 which is switched via the
contactors K3 and K4.

If a readback error is detected in a group, this group is
stopped. Safe operational start and stop of the other group is
still possible.

Safety Category

The actuator shutdown via failsafe outputs of the ET 200S
shown here complies with Safety Category 4 according to
EN 954-1: 1996.

Reaction times

For calculating the max. reaction time of your F-system please
use the Excel file (Cotia table), which is available for S7 Distrib-
uted Safety V 5.3. This file is available on the internet:
http://support.automation.siemens.com/WW/view/en/
19138505

Ex. No.

Failsafe input and output modules

One failsafe input and output module of the ET 200S switch-
ing the following variables is used in each case:

Failsafe... Signals

Input module (F-DI) Emergency stop button for group 1
Emergency stop button for group 2
Emergency stop button for both groups

Output module (F-DO) Switches all contactors (K1, K2, K3, K4).

Standard input modules

The standard input modules read the signals listed below for
each group:

B Start request
B Acknowledgement
B Readback signals of the contactors

In addition, an acknowledgement signal exists with which an
acknowledgement can be transmitted for all groups.

Acknowledgement
An acknowledgement is required
H prior to the first start

W after a readback error (acknowledgement with the
acknowledgement push button assigned to the group or
the acknowledgement push button applying to all groups)

B after activating an emergency stop push button after this
push button was unlocked manually (acknowledgement
either individually for each group with the assigned
acknowledgement push button or with the acknowledge-
ment push button applying to all groups)

B after the reintegration of the passivated F-DI

Recognizing a welding

A readback error occurs, for example, when a contacts welds.
This error is revealed in the program code by the use of a cer-
tified block from the Distributed Safety block library. Starting
the application is only possible if the error was corrected and
if an acknowledgement was transmitted.
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9 Flowchart

START_M1
The following flow chart shows the functionality at the exam- (NO)T |-| |-| .
ple of group 1 (motor M1) and the group shutdown. The same | !
procedure applies to group 2 (motor M2); only M1 and M2 START(N“{')Z)T | |'| |'|
need to be exchanged and K1, K2 be replaced with K3, K4. T I g
1 1
1
el | n:
L |
! 1
1

A
ESTP1
(NC) [ C

4
ESTP2
(NC)

T
1
1
1
1
1
Al
N ESTP_ALL [ 1
(NC) | 1
T

1

1

1

1

1

1

1

1

Common emergency

stop unlocked?

J M2 stops

i

|
- 1 1
N r @ T T t
mergency stop1 | 1 1 1 1
unlocked? X MzT 1 '_7_| ! '—l
o
L 1 1 1
J o : -
2 t3 t4 t5 6 t7 t8 t9 t10 L
N
Readback signal K Readback signal K . .
and K2 OK2 and K2 OK2 Time Explanation
J t1 An acknowledgement is required before starting for the
first time.
i [ wisiops ] t2 Start command for motor M1. Motor M1 starts.
N t3 Start command for motor M2. Motor M2 starts.

t4 Emergency stop triggered for group 1 Motor M1 stops.
t5 Emergency stop triggered for group 2 Motor M2 stops.

tart command M172

J t6 Unlocking both pressed emergency stop buttons.
g t7 Acknowledgement is necessary prior to every restart.
< Z:Z‘ t8 Start command for motor M1. Motor M1 starts.
= t9 Start command for motor M2. Motor M2 starts.

t10 Emergency stop, applying to all groups, is activated and

. . itch Il ff.
Time sequence for single/group shutdown switches all groups o

To illustrate the process, the time sequence during a single Note
and a group shutdown is shown below. The names at the or- Apart from the acknowledge button applying to all
dinates correspond to the names in the program code. groups, each group as a respective acknowledge button

(not displayed in the above time sequence).

Designation  Explanation

START_M1 Start command for motor 1 (group 1). Advantages/customer benefits

START_M2 Start command for motor 2 (group 2).

ACK_ALL Acknowledgement for all groups B Wiring reduced to a minimum due to use of failsafe S7-CPU
ESTP1 Emergency stop for motor M1 (group 1) and distributed 1/O. Dieser Vorteil kommt um so mehr zum
ESTP2 Emergency stop for motor M2 (group 2) Tragen, je mehr Sicherheitsfunktione'n realisiert we‘rden.'
ESTP_ ALL Emergencyetoprorallgrolps | tP(;«(:))i_;]sr-ammlng the failsafe program with STEP 7 engineering
M1 Motor 1 (group 1) B Only one CPU is required, since failsafe and standard pro-
M2 Motor 2 (group 2)

gram parts run on a coexistent basis in the CPU
B Use of prefabricated (and certified) failsafe blocks from the
Distributed Safety library.
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Required components 9
Hardware components
Component Type MRPD / Ordering data Qty  Manufacturer
Power supply PS307 5A 6ES73071EA00-0AAQ 1 Siemens AG
S§7-CPU, can be used for safety CPU 315F-2DP 6ES7315-6FF01-0ABO 1
applications
Micro Memory Card MMC 512 KByte 6ES7953-8LJ10-0AA0 1
Interface module for ET 200S IM 151 High Feature 6ES7151-1BA00-0ABO 1
Power module for ET 200S PM-E DC24..48V AC24..230V 6ES7138-4CB10-0ABO 2
Electronic module for ET 200S 2Dl HF DC24V 6ES7131-4BB00-0ABO 4
Electronic module for ET 200S 4/8 F-DI DC24V 6ES7138-4FA01-0ABO 1
Electronic module for ET 200S 4 F-DO DC24VI2A 6ES7138-4FB01-0ABO 1
Terminal module for ET 200S TM-P15523-A0 6ES7193-4CD20-0AA0 2
Terminal module for ET 200S TM-E15S524-A1 6ES7193-4CA20-0AA0 4
Terminal module for ET 200S TM-E30C46-A1 6ES7193-4CF50-0AA0 2
Profile rail 482.6 mm 6ES7390-1AE80-0AAO 1
Standard mounting rail 35 mm, length: 483 mm 6ES5710-8MA11 1
Emergency stop Push button, TNC 3SB3801-0DG3 3
Contact (for Emergency stop) TNC, screw-type connection 3SB3420-0C 3
Push button green, 1NO 3SB3801-0DA3 5
Contactor AC-3, 3KW/400V, 1NC, DC 24V 3RT1015-2BB42 4
Excess voltage limiter for plugging RC element AC 24...48V, DC 3RT1916-1CB0O0 4
onto contactor 24...70V
Circuit breaker for motor 0.35...0.5A 3RV1011-0FA1 2
protection
Motor Low-voltage motor 0.12kW 1LA7060-4AB10 2
Note

The functionality was tested with the hardware compo-
nents listed. Similar products not included in the above
list can also be used. Please note that in this case
changes in the sample code (e.g. different addresses)
may become necessary.

Configuration software/tools

Component Type MRPD / Ordering data Qty Manufacturer
SIMATIC STEP 7 V5.3 + SP1 6ES7810-4CCO7-0YAS 1 Siemens AG
SIMATIC Distributed Safety V5.3 6ES7833-1FCO1-0YAS 1




Setup and Wiring

In order to set up and wire the functional example, it is abso-
lutely necessary to consider the following note:

An overview of the hardware structure

The arrangement for single or group shutdown consists of a

PROFIBUS configuration. A failsafe S7-CPU is used as DP mas-

ter, an ET 200S as DP slave.

PS | CPU -
‘ IM151) | [ 2DI
HF HF

o
fffffffffffff =

Note

In order to meet the requirements of Safety Category 4, itis
obligatory to read back the process signal to the actuator.

Load circuit 400V

Circuit
breaker

K1 K3

K2 K4

|~ — — — — = | TR || | Emergency

\: N I \ : i [ I stop (1) !/
|

:‘ o o) : | o o :‘ Emergency .

1l ! | stop (2)

| START M1 , START M2

O e o |

:\ ° ° I ‘ | e ° | stop (all) -/

\‘ ® | ‘ ® Il

1 o_.o+51 [ F-5]

| |

Cackal LAk@ L

HE— | ‘

I ® ‘ :

:‘ — '_j I I

|

LA L i

Note

One 4Dl electronic module can be used instead of two
2Dl electronic modules. The "high feature" electronic
modules can also be replaced by standard modules.

Wiring of the hardware components

Requirements: The power supplies are supplied with 230V AC.

First check the addresses set at the hardware components
listed below:

Motor M1

({stitch l
_[TTEE

Motor M2

@/’ Y switch

Hardware Address Note

component to be set

IM 151 High 6 (PROFIBUS ad-  Can be changed

Feature dress)

F-DI Switch position:  The PROFIsafe addresses are
1111111110 automatically assigned dur-

F-DO Switch position: ing configuring the failsafe

modules in STEP 7. The
PROFIsafe addresses 1 to
1022 are permissible. Please
make sure that the setting at
the address switch (DIL
switch) on the side of the
module corresponds to the
PROFIsafe address in the
hardware configuration of
STEP 7.

1111111101
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Note Note
The DP interface of the CPU 315F must be connected The wiring of the hardware is illustrated below. In the
with the DP interface of the IM 151 HF. following table, the hardware components occurring

several times are numbered so they can be allocated in
the subsequent wiring plan.

AUX1 AUX1
LMF151 ﬁE' F-DI 4|:|JEI§3 4EIJE|§

i \ m Al

5)%)] (@]%)]
L1007 sO

QO Q0
As[][Jns A4l [Jns

@ @

S
®
G_FB_XX_165

[9]%)
1[5
[2]%]
2] e
()%} (%)%
A4[] [Jas 3] [7
@ 20
Asl][Jns

()%}
A4[] A8

G_FB_XX_166
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Note

PS 307 / CPU 315F @ ZQjIQ;F = + ment M1 | ¥ =\
i 100s B }
B l--
[2]%)] St
B - QO QO = D6J_ i
, H H { A4 [rs| |A4[][as M% %AS 3% %7
@ 29 | (eoniesgemental]
Al [he
IM 151 HF
Soon ‘ (
™ [ SO "
i " E -
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A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the S7 project to the CPU 315F-

2DP.

G_FB_XX_167



Ex. No.
The terminal markings of the load circuit are as follows: Contactor auxiliary contacts: 9

Load circuit 400V

Standard-DI (2DI HF)

<
Y
<
T

Circuit
breaker

v va

K2 71— K4 7!—
1135 1735 g
K1 K3 oy
Group 1 Group 2 o
2,4,6 2, 4.6
1] 3[ 5 1] 3] 5 Control of the contactor coils:
K2 K4
2| 4|6 2(4(6
F-DO
P M P M
Motor M1 Motor M2 E.
Y switch Y switch
. . . K1| |K2| | K3| |K4| |
The interconnection of the contactor auxiliary contacts and
the control of the contactor coils is shown once again to pro-
vide greater clarity (it is also shown in the wiring diagram). |
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9 Function test

The inputs and outputs used can be checked with regard to
their functionality, if

B the hardware components are wired
M the S7 project was loaded to the F CPU

Inputs/outputs used

No. Hardware Adress Symbol Signal Note
component (default value)
1 Emergency stop push button (NC/ NC) EO0.0 ESTP1 " Emergency stop for group 1
2 Emergency stop push button (NC/ NC) EO.1 ESTP2 " Emergency stop for group 2
3 Emergency stop push button (NC/ NC) EO0.2 ESTP_ALL " Emergency stop for all groups
4 Push button (NO) E6.0 START_M1 "0" Start requirement group 1
5  Push button (NO) E6.1 ACK_M1 "0" Acknowledgement for group 1
6  Contactor auxiliary contact (NC) E7.0 K12_HELP " Readback signal (group 1)
7  Push button (NO) E7.1 START_M2 "0" Start requirement group 2
8  Push button (NO) E 8.0 ACK_M2 "0" Acknowledgement for group 2
9  Contactor auxiliary contact (NC) E 8.1 K34_HELP "1 Readback signal (group 2)
10  Push button (NO) E9.0 ACK_ALL "0" Acknowledgement signal for
groups 1 and 2
11 Magnet coil contactor A16.0 M1 0" For motor M1 (group 1, con-
nection to F-DO)
12 Magnet coil contactor Al16.1 M2 0" For motor M2 (group 2, con-

nection to F-DO)

Testing inputs and outputs

Requirements: The inputs and outputs have the default values Note

specified under "Inputs/outputs used". You can also test the instructions listed in the table be-
low without connected main circuit.

No. Instruction M1 M2 Note

1 Press the push button E 9.0 and release it. "0" "0" Acknowledgement required prior to first start. Instead of
E 10.0, you can also press the two push buttons E 6.1
and E 8.0.

2 Press the push button E 6.0 and release it. " "0" Start request for motor M1.

3 Press the push button E 7.1 and release it. " " Start request for motor M2.

4 Press the emergency stop push button E 0.0 ‘0" " Single shutdown group 1

5  Press the emergency stop push button E 0.1 "0" "0" Single shutdown group 2

6  Unlock the pressed emergency stop buttons. "0" "0" -

7 Repeatno.1to3 " " Start request for motor M1 and M2.

8  Press the emergency stop push button E 0.2 ‘0" "0" Group shutdown

Note

After an emergency stop (and when starting for the first
time), an acknowledgement is required before a restart.




Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:

Warning!!

The settings shown below contribute to meet the re-
quirements of Safety Category 4. Changes at the set-
tings may cause loss of the safety function.

If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

Overview picture

Siot| [] Motis | i Pl Ingdwes | Onddwes | Duagroc sid
1 1Pl E DNV AT 57 13840810/

Fi il an Bkt

F] 3 R ki

[ [N

B (1]

[

T

|

]
B oo EELTIMON0IOMD  E XM i X
The PROFIBUS adress at IM 15THF is set using DIP-switches.

Settings of the CPU 315F-2DP

The settings are displayed after double-clicking "CPU 315F-2
DP" (see "Overview picture")..

Cpcicirtempt | Diagrovies/Dod

ma

ENRAT:
A

E
™

Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.

Level of Prolecton -

@ 1: Kayawitch Setiing
¥ Removatle wih Password

™ 2 Wike-Protection
3 ‘wikeAeadPiotection

Available in the "Protection” tab.

A password has to be allocated in order to be able to set the
parameter "CPU Contains Safety Program". It is only in this
case that all required F blocks for safe operation of the F mod-
ules are generated during compiling the hardware configura-
tion of STEP 7.

Password used here: siemens
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* Test Mode

Set mode: "Test Mode"

During Process Mode, the test functions such as program sta-
tus or monitor/modify variable are restricted in such a way
that the set permitted increase in scan cycle time is not ex-
ceeded. Testing with stop-points and gradual program execu-
tion cannot be performed.

During Test Mode, all test functions can be used without re-
strictions via PG/PC which can also cause larger extensions of
the cycle time. Important: During test mode of the CPU, you
have to make sure that the CPU or the process can "stand"
large increases in cycle time.

Settings of the failsafe F-DI

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

Gerwral | Addrgrzos  Parameter

= () Paametars
aH ] F parameiers
- J..
] Input delay 3 jma)

] Shet-cweu test | eyclie

The two-channel emergency stop push button for shutdown
of the group is supplied with power via the module. Category
4 is reached due to the fact that a cross-circuit detection is
possible. This requires that the short circuit test is activated.

2} 3 F paramsters
|- (3] F_source_address - 2002: CPU 315F-2 DF
{-[W] F_dest_addrass 1022
[E] OIP switch setting (9....... oy [1tin11i110
(8] F monitoring time (ms) 120

DIL switch settings
This value has to be set on the module (F-DI).
F monitoring time

It has to be observed that the F monitoring time must be
larger than the call time of OB 35.

BEy)
5] Actwated |
E| Evslugton of the sersors lond evahton
(8] Type of sensar ntartann,.. | 2 channel equivilent
(] Bohavior ot docesancy | D+ Susoly value
[{] Discrepancy tme (me) |18
HHEg Oenel 1, 5
] Actieatad 4
(W] Evalustion of the sensors | 1002 evaslustion
[E] Type of wermor ntercarn,. ;!ﬂ'-'r-l-!-l'r"*
E] Bohavicr ot dscrapancy | 0 - Suply vake
(i) Dacrepancy tme () [10
BHEg Cannal 2, 6 f
) Actreated

| [W] Evaluisten of tha ssnsors
{={E] Type of sersor nterzonn
(] Bhiice it decrepincy
L] Decepency e (=)

P e T e T

Also in the "Parameter” tab.

For the 1002 evaluation, only the respective initially men-
tioned channel (0,1,2) is used for addressing.

Channel 0: Emergency stop for group 1

Channel 1: Emergency stop for group 2
Channel 3: Emergency stop applying to all groups
Channel 4: deactivated



Settings of the failsafe F-DO

The settings are displayed after double-clicking "4 F-DO
DC24V/2A" (see "Overview picture").

= Z Parameters

) F_source_address | 2002: CPU 315F-2 0

) F_dest_address 1021
[&] DIP switch setting (3....... 0) | insine
] F monitoring time (ms) 120

DIL switch settings
This value has to be set on the module (F-DO).
F monitoring time

It has to be observed that the F monitoring time must be
larger than the call time of OB 35.

=123 Module parameters
=23 DO channel 0 [
(5] Activated [
&) Read-back time ' 100 (ms)

| -[E] Diagnostics: wire break | [v]

=234 DO channel | -

] Activated Iz
=) Read-back time | 100 (ms)

() Disgnostics: wire bresk | [7]
(23] DO channel 2 ’
[+/_) DO channel 3

Channels which are not used (channel 2 and 3): Deactivate

Channel O: For switching the contactors K1 and K2 (group 1
with motor M1).

Channel 1: For switching the contactors K3 and K4 (group 2
with motor M2).

The read-back time defines the duration of the switch-off pro-
cedure for the respective channel. If the respective channel
switches high capacity loads, the read back time should be set
sufficiently large. We recommend setting the read back time
as small as possible, however large enough so that the output
channel does not become passive.

Ex. No.

Basic Performance Data 9

Load and main memory (without program code)

Total S7 standard  F blocks (failsafe)
blocks
Load memory approx. approx. 0,2k  approx. 37,3 k
Main memory approx. approx. 0,09 k approx. 28,1 k

’

Load and main memory (with program code)

Total S7 standard  F blocks (failsafe)
blocks
Load memory approx. approx. 1,0k  approx. 46,7
47,7 k
Main memory  approx. approx. 0,4k  approx. 34,2
Cycle time
Total cycle time approx.  Standard and safety program
(typical value) 5 ms
Max. runtime of the 8 ms Calculation with the Cotia ta-

safety program ble. Page 277 specifies where

to find it.
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Sample Code
Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code with
which you can reset the functionality described here.

The sample code is always assigned to the components used
in the functional examples and implements the required func-
tionality. Problems not dealt with in this document are to be
implemented by the user; the sample code may serve as a ba-
sis.

Password

In all cases, the passwords used for the safety-relevant part is
.Siemens”.

Use of the STEP 7 Project

Two three-phase asynchronous motors can be started inde-
pendently of one another with separate push buttons (NO).
The motors are either safely stopped:

1. individually (respectively one emergency stop button as-
signed to one group) or

2. as group shutdown. An emergency stop button exists that
switches off all groups (stopping all motors).

Download

The download is available via the following link:
http://support.automation.siemens.com/WW/view/en/
21330890

To call the corresponding project file, open the
"as_fe_i_009_v10_code_singlegroup.zip" file offered as a sep-
arate download (on the HTML page) and extract it into a user
defined directory.

For downloading the project into the F-CPU please proceed as
follows:

M First load the hardware configuration into the S7-CPU
B Switch to the SIMATIC Manager

H Select the "Blocks" container

B Menu "Options" -> Edit safety program

H Click the "Download" button

The sample code with the given configurations enables the
following:

B Independent starting of two motors M1 (group 1)and M2
(group 2).

H Safe shutdown of individual groups (motor M1 and/or M2)

M Group shutdown for both motors (M1 and M2)

Note

Operational stopping has not been prepared in this
example.

Program procedure

The standard user program consists of two networks of OB 1.
Network 1
AL "SR1"

P SR
"START_M1 " meee et S

>=1

" INSTANZ_
FB1" .EN1=()

" INSTANZ_ "COND1"

FBl " =
ERROR 1 e b R Qe
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The signal for operational starting (START_M1) for group 1
consisting of motor M1 is given in network 1.

The "INSTANZ_FB1".... ensures that the motor cannot be
started with an acknowledgement transmitted in the safety
program. As long as on of these bits is "0", COND1="0" re-
mains true also if the start button is pressed, since the reset
function has priority in this flip-flop type.

Network 2

" P2 " " SR2 "
P SR
"START M2 " me et S

>=1

" INSTANZ_
FB1".EN2=()

" INSTANZ_ "CONDZ "

FB:L " =
ERROR 2w b R Qe

G_FB_XX_172

Basically the above information on network 1 applies to group
2 with motor M2.

The information of the flags "COND1" and "COND2" from the
networks 1 and 2 is read in the safety program as flag
COND1_F or COND2_F. This allocation occurs in the cyclic in-
terrupt OB 35 for the following reason:

If you want to read data from the standard user program (flags
or Pll of standard 1/0) in the safety program (here: COND1 or


http://support.automation.siemens.com/WW/view/en/21330890
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CONDZ2), which can be changed by the standard user program In this example it has already been implemented. Generally, 9
or an operator control and monitoring system during the runt-  however, the following applies:
ime of an F run-time group, it is required to use separate flags

(here: COND1_F or COND2_F). Data from the standard user Note
program have to be written to these flags immediately before If the above section is not observed the F CPU may go to
calling the F run-time group. Only these flags may then be ac- STOP mode.

cessed in the safety program.

The failsafe program has the follwoing structure:

FB"F_TOF"
(FB186,DB3) \
F-Call FB"SAFETY PRG"
(FC1) (FB1,DB1) Readback monitoring
group 1
(contactors K1 and K2)
F h
FB"F_BACK" > Dli'gt’:t:uteed Safety
(FB216,DB216) library

Readback monitoring
group 2
(contactors K3 and K4}

FC"REINTEGRATION"
(FC2)

Reintegration passivated
F-DI/F-DO modules

G_FB_XX_173




FB"F_PRG" (FB 1, DB 1)
Network 1
This network is assigned to group 1 with motor M1.

FB "Safety_PRG" (FB1, DB1) first calls FB "F_FDBACK" (FB216,
DB216). FB 216 is a certified block from the Distributed Safety
library; this block is available from version 5.3.

"INSTANZ_
FB216_1"
"F_FDBACK"
&
— EN
ON

@) "K12_HELP" — FEEDBACK

#N1
N >=1
@"ACK_ML"
#N2 #EN1
N SR
@"ACK_ALL" —S
>=1
"ESTP1"-0
"ESTP_ALL"-0) —R Q—
@ "coND1_F" —
@ "ACK_M1" —
@ "ACK_ALL" —

If the emergency stop for group 1 (ESTP1) or the emergency
stop button (ESTP_ALL) applying to all groups is pressed, then
ON="0"which makes Q="0". With Q="0" the contactors K1 and
K2 drop out (actual parameter M1).

Forastart (Q="1") it is required that readback input FEEDBACK
=1 and no readback error must be stored. A readback error ER-
ROR = 1 is detected if the signal state of the readback input
FEEDBACK (to output Q) does not follow the signal state of the
input ON within the maximum tolerable readback FDB_TIME
time.

The status of the flip-flop is stored in the static variable #EN1
and read as switch-on condition in OB 1.

"F00016_
4_F_DO_
DC24V_ —
2A" .QBAD —{ QBAD_FIO -
TRy ERROR|- #ERROR1
GLODB" .
VKE1 — ACK_NEC ACK_REQ— #ACK_REQ1
>=1
ACK DIAGL- ..
T4#100MS —| FDB_TIME ENo|- 2
o
o

To ensure that no readback error is detected and that no ac-

knowledgement is required in a passivation of the failsafe I/O
modules controlled by output Q you have to supply the input
QBAD_FIO with the variable QBAD of the corresponding fail-

safe 1/0 module DB.

F_GLOBDB.VKE1 applies a "1" signal at the input ACK_NEC.
This requires acknowledgement at the input ACK in case of an
error (ERROR="1").

Note

The F-Global-DB (F_GLOBDB) provides the variables
“VKEO" or “VKE1”. This can be used in the safety program
for supplying parameters at block calls if the Boolean
constants "0" and "1" are required.



Please consider the following notes on using the FB
"F_FDBACK":

Note

Before inserting the F application block F_FDBACK you
have to copy the F application block F_TOF from the
block container F-Application Blocks\Blocks of the F li-
brary Distributed Safety (V1) into the block container of
your S7 program, if it is not available in this container
(has already been done in this example project).

Warning!

When using the F application block F_FDBACK it is re-
quired that the F application block F_TOF has the
number FB 186 and that the number is not changed!

Network 2
This network is assigned to group 2 with motor M2.

The structure of the program is identical to network 1. The
statements on network 1 thus also apply to network 2.

Network 3

FC ,REINTEGRATION” (FC 2)

Network 3 of FB 1 calls FC 2 where the reintegration is imple-
mented in case of a passivation of F-DI or F-DO. For R-DO, a RE-

INT memory bit has been prepared, which reintegrates the
module with a positive edge.

Warning!

In this example, the reintegration of passivated
modules occurs automatically. Use the automatic
reintegration for your application only if it will not
cause any hazards.

A passivation is indicated via LED "SF" lighting up on the mod-
ule. The reintegration of an F module may take approx. one
minute.
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Operating instructions 9

Prerequisite:

B Hardware configuration and safety program are in the
S7-CPU

B All emergency stop buttons are unlocked
B No passivation of the F-DI/F-DO
The tables below demonstrate the function principle:

No. Instruction Result/Note

1 Pressthe acknowledgement Acknowledgement (here with
push button E 9.0 (NO) and the acknowledgement signal
release it. ACK_ALL applying to all groups)

is required prior to the first start
and after activating the emer-
gency stop. Transmitting the ac-
knowledgement signal for
individual groups is also possible
(push buttons E 6.1 or E 8.0).

2 Press the push button E 6.0 If all conditions for a start of
(NO) and release it. group 1 are met, the contactors
K1 and K2 switch motor M1.

Press the push button E 7.1  If all conditions for a start of
(NO) and release it. group 2 are met, the contactors
K3 and K4 switch motor M2.

4 Press the emergency stop The contactors K1 and K2 drop
push button EO.0. out, due to this motor M1 of
group 1 is shut down.

5  Press the push button E 0.1 Contactors K3 and K4 drop out,
and release it. due to this motor M2 of group 2
is shut down.

6  Unlock the emergency stop Motors M1 and M2 start.
button and repeat no 1 to 3.

7  Press the emergency stop K1 to K4 drop out and shut
push button E 0.2 down groups 1 and 2 (with their
motors M1 and M2).

w

Note

An acknowledgement is required after an actuated
emergency stop or prior to the first start.
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Distributed application of laserscanner LS4-4 in Category 3

according to EN 954-1

Automation Function

Description of the functionality

Application areas

The SIGUARD laser scanner LS4 is mainly used in order to pro-
vide safe operation. At a predominantly horizontal alignment,
the presence of persons within the detection zone is continu-
ously monitored. When using LS4, access to the hazardous lo-
cation must only be possible through the detection zone. A
safe distance must be kept between detection zone and haz-
ardous location. The distance is calculated according to the
formulas in the specific machine related European Cstandards
or in the general B1 standard EN 999: 1998.

Picture of the LS4 laser scanner

Function principle of the LS4 laser scanner

The LS4 is an area scanner. It sends very short laser pulses and
measures the time until the pulse hits an object, as well as its
remission (diffuse reflection of a beam by a non-reflecting
surface) to the receiver in the LS4. The device uses this time
to calculate the distance between object and LS4. The sensor
unit within the LS4 rotates and sends/receives a laser pulse af-
ter respectively 0.36°. A circular sector of up to 190° is
scanned in the center of which the LS4 is located.

Distributed application

In the "PROFIBUS" variant, the LS4 can be operated as safe bus
component together with non-safe standard components at
the same bus (PROFIBUS DP). This is enabled by PROFIsafe, a
functional expansion of PROFIBUS DP. For the user this makes
no difference: You connect the LS4 in the same way to the
PROFIBUS in which you are used to it from other DP slaves.

Communication between fail-safe S7-CPU and the LS4

fail-safe S7-CPU (F-CPU) and LS4 laser scanner communicate
via PROFIBUS. Hereby the LS4 of the S7-CPU provides cyclic in-
put data of 1 byte length. The LS4 in return expects from the
S7-CPU cyclic output data of 1 byte length. These input and
output data can only be processed or evaluated in user pro-
gram and fail-safe STEP 7 program.

Cyclic input and output data

F-CPU

Cyclic
input data

Cyclic
output data

—

DP-Master

LS4

-
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DP-Slave

The name input and output data refer to the view of the DP
master:

B Input data are read from the DP master, hence are output
data from the LS4.

B Output data are written by the DP master, hence are con-
trol signals for the LS4.

The integration of the cyclic input and output data into the
program code can seed in the delivered S7 example project.

Bits of the cyclic input data

Only one bit (Bit 7), which is useful for understanding the
complete functionality, is discussed here.

The bit OSSD (Bit 7) describes the fail-safe output signals of
the LS4. In case of a detection zone violation, this bit changes
from "1"to "0", which in fail-safe programs causes the actuator
to be switched off.



Cyclic
7 input data 0
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OSSD

Warning!

Bits O to 6 must not be used for safety relevant
decisions. The fail-safe S7-CPU only has to evaluate
bit 7 in order to enable the successive actuator if
necessary.

Bits of the cyclic output data

Only individual bits, which are useful for understanding the
complete functionality, are discussed here. Proxy-Enable
(Bit 6):

Setting this bit is important for switching between the detec-
tion zones (further information on detection zones available
at the bottom of this page).

Detection zone number (bits 0, 1, 2):

A detection / warning zone pair in LS4 is selected with this bit.

Cyclic
2 output data 0

H_/

Detection zone number

G_FB_XX_177

Proxy-Enable

Detection and warning zones

When using the LS4 you define detection and warning zones.
A detection zone (SF) and a warning zone (WF) always form a
zone pair. All in all, only 4 zone pairs can be defined, whereas
only one zone pair must be active at a time. Detection zone
numbers (bits 0, 1 and 2 of the cyclic output data) define the
zone pair (1, 2, 3 or 4) to be active. The Proxy-Enable bit of
the cyclic output data must be "0".

Ex. No.

The detection and warning zones are defined with the LS4Soft
software. The PROFIsafe adapter enables correct time behav-
ior when switching the zone pairs.

A violation of detection and warning zones is indicated by
B LEDs at the LS4 and by
Bl the bits of the cyclic input data

Violation of warning zones are not evaluated in the STEP 7 ex-
ample program. A violation of the detection zone turns the
OSSD bit of the cyclic input data to "0", which changes the ac-
tuator used in this example to the fail-safe status.

Example for an active zone pair
The robotic cell displayed below consists of two zone pairs:

Zone pair 1 (SF1, WF1): This zone is active, intrusion into SF1
stops the roboter.

Zone pair 2 (SF2, WF2): At the displayed point in time, the
specified detection and warning zone 2 may be entered.

NSCO0_00646

Example project

The STEP 7 project used as an example in this document con-
sists of

W a fail-safe S7-CPU (DP-Master),
B the LS4 laser scanner for PROFIBUS (DP-Slave) as well as

B standard and fail-safe input and output modules of ET 200S
(DP-Slave)

In this example, the actuator is simulated by an indicator light.
It is switched on and off via a fail-safe output (F-FO or the

ET 200S). If the detection zone of the LS4 is violated while the
output (indicator light ON) is switched (active), the indicator
light is automatically switched off. Restarting is only possible
in case of previous acknowledgement.
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The status of the sensors defines the detection zone numbers
(bits 0-2 of the cyclic output data). This defines which detec-
tion and warning zone is active. Possible activation in this ex-
ample:

B Zzone pair detection zone 1 and warning zone 1 or
B zone pair detection zone 2 and warning zone 2

If you want to expand the example in such a way as to work
with three or (maximum) four zone pairs, you can use the al-
ready prepared program sequences (further information
given on page 311).

The sensors for switching the detection zones are directed to
a fail-safe input module of the ET 200S. In case of a failure at
this input module, switching between the detection zones is
not possible anymore. This error is detected and sets the fail-
safe output module into fail-safe mode (indicator light is
switched off).

Reaction times

For calculating the max. reaction time of your F-system please
use the Excel file (Cotia table), which is available for S7 Distrib-
uted Safety V 5.3. This file is available on the internet:

http://support.automation.siemens.com/WW/view/en/
19138505

Prepared detection and warning zones

Apart from the STEP 7 project, both prepared zone pairs
(SF1-WF1, SF2-WF2) are also available as a separate download
file. Chapter 4 describes how to load these configuration data
into the LS4. The prepared zone pairs are illustrated below for
a first impression of the parameterization software LS4Soft.

Note

The contours of the detection and warning zones used
in the example project are rectangles. The software
LS4Soft also offers the possibility of perameterizing
other contours (e.g. semi circles) as zone delimiters.

.
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Time sequence An explanation of the times is given in the diagram below: 1 O
For a better understanding, the time sequence of the param-

eters used in the sample project is displayed in this sectiqn. 1 Switching the actuator on: Indicator light goes on
The name of the parameters corresponds to the symbols in (ACTUATOR="1").

the STEP 7 project. t2  Switching the actuator off: Indicator light goes on

Variable Input / output Note/Explanation LTG0y

START Input (NO) Start command for switching &) vaci%ﬂl\r%go;i%a“():jcuator o lnidhezlior s sgoss o

the actuator on.

STOP Input (NC) Stop command for switching t I(‘ggsrgieg..r;'.zishzr\f?lat'on of the active detection zone

the actuator off.

ACK Input (NO) Acknowledgement signal t5 i)..lj':\t.r.e.zstart does not cause the indicator light to be switched on,
0SSD Cyclic input date Bit which reads the fail-safe ; ;
$7-CPU of the LS4 via t6 ...t must first be acknowledged. Only ther.l... . .
PROFIBUS. A signal change t7  ...doesarenewed start request cause the indicator light to be
from "1" to "0" indicates a de- switched on.
tection zone violation.
ACTUATOR Output fail-safe output with indicator

light connected to it.

START 1

N 1

STOP 1
(NC)

ACK 1
(NO)

0OSSD 1

Detection zone
violation

0

ACTUATOR 1

0
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Note

Requirement for the above time sequence is an
adjusted, active zone pair.
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1 O Flow chart

The flowchart below once again illustrates the relations.

ACTUATOR

=n{"o

ACTUATOR="0",
because OSSD="0"
or passivation of F-DI?

Stop request?

osso% N

N ~._ Y
OSSD="0"?

N

Start request?

ACTUATOR="1"

ACTUATOR="0"

In this example, an indicator simulates an actuator in order to demonstrate the functionality
of the laser scanner. When replacing the indicator light with an other actuator, you have to

evaluate the read back signals (see also example no. 7)

Standards for the application of area scanners

The relevant regulations of machine safety in Europe apply for
the application of LS4 PROFIBUS are scanners:

B machinery directive 98/37/EC and
B work equipment directive 89/655/EEC

G_FB_XX_179

Standards on PROFlsafe
Relevant standards are:
B IEC61508

B EN954-1:1996
Safety Category

The SIGUARD laser scanner LS4-4 corresponds to safety cate-
gory 3 of EN954-1:1996. The example on hand complies with
the requirements of Safety Category 3.



Advantages/customer benefits

B Four freely programmable detection zone pairs

B Detection zone switching with any sensors without addi-
tional evaluation device

Expanded measuring range of 190°
Low current intake (approx. 300 mA)
Simple connection to PROFIBUS-DP
Comfortable operator software LS4Soft

Required components
Hardware components

Component Type
PS307 5A
CPU 315F-2DP

Power supply

S7-CPU, can be used for safety
applications

Micro Memory Card

Interface module for ET 200S
Power module for ET 200S
Electronic module for ET 200S
Electronic module for ET 200S
Electronic module for ET 200S
Terminal module for ET 200S
Terminal module for ET 200S
Terminal module for ET 200S

MMC 512 KByte
IM 151 High Feature

2Dl HF DC24V
4/8 F-DI DC24V

4 F-DO DC24VI2A
TM-P15523-A0
TM-E15524-A1
TM-E30C46-A1

Profile rail 482.6 mm

Standard mounting rail 35 mm, length: 483 mm
Push button Green, 1NO

Push button Red, 1NC

Position switch
Indicator light with lamp Yellow

SIGUARD laser scanner LS4-4 for PROFIBUS
Optical PC adapter cable -

PROFIBUS M12 connecting plug Pin insert (5 ea)
PROFIBUS M12 connecting plug Connector insert (5 ea)
PROFIBUS M12 connecting plug (5 ea)

Note

The functionality was tested with the hardware compo-
nents listed. Similar products not included in the above
list can also be used. Please note that in this case
changes in the sample code (e.g. different addresses)
may become necessary.

PM-E DC24..48V AC24..230V

Overtravel plunger, 15+10

Wiring reduced to a minimum due to use of fail-safe S7-
CPU and distributed 1/0. The more safety functions are
implemented, the more useful this advantage is.

Programming the fail-safe program with STEP 7 engineer-
ing tools.

Only one CPU is required, since fail-safe and standard pro-
gram parts run on a coexistent basis in the CPU

Use of prefabricated (and certified) fail-safe blocks from
the Distributed Safety library.

MRPD / Ordering data Qty  Manufacturer
6ES73071EA00-0AAQ 1 Siemens AG,
6ES7315-6FF01-0ABO 1 |AsD

6ES7953-8LJ10-0AA0
6ES7151-1BA00-0ABO
6ES7138-4CB10-0ABO
6ES7131-4BB00-0ABO
6ES7138-4FA01-0ABO
6ES7138-4FBO1-0ABO
6ES7193-4CD20-0AA0
6ES7193-4CA20-0AA0
6ES7193-4CF50-0AA0
6ES7390-1AE80-0AAO
6ES5710-8MA11
3SB3801-0DA3
3SB3801-0DB3
3SE2200-1C
3SB3217-6AA30
3SF7834-6PB00
3RG7838-1DC
6GK1905-0EA00
6GK1905-0EBOO
6GK1905-0ECO0

. o A N W s s NN =S s NN s,

Ex. No.




Ex. No.

1 O Configuration software/tools

Component Type
SIMATIC STEP 7 V5.3 + SP1
SIMATIC Distributed Safety V5.3
LS4Soft V1.08

Setup and Wiring

Overview of the hardware configuration

Like the ET 200S, the laser scanner LS4-4 is operated at

PROFIBUS DP as a DP slave. A fail-safe S7-CPU is thereby used as

DP master.

(ps ) cpu g [ 2D
| 307 315F ‘PMEH HF ‘ I~2L

T ‘ IM151‘ zm PME‘

L g

-

Indicator light

F-DO

(4D| HF |
Ly
Fivay

! o [
- X Ey BB
| |
_l o | : et l - -

Laser scanner Button for | START 1" Position button for
LS4-4 restarting the [ H zone pair switching
LS4-4 (NO) s , o (NO

I Q‘.Q "
\: T
|| sToP i
“: e
Ly
[ N
I ACK i |
|

——- Ul

Warning!

In this example, the actuator is simulated by an indicator
light. For reaching safety category 3, the actuator must
be read back via two channels (using two contactors).

Note

One 4Dl electronic module can be used instead of both
2Dl electronic modules. The "high feature" electronic
modules can also be replaced by standard modules.

MRPD / Ordering data (0147 Manufacturer
6ES7810-4CC0O7-0YAS 1 Siemens AG
6ES7833-1FCO1-0YAS 1

Delivered with the LS4 1

Wiring of the hardware components

Requirements: The power supplies are supplied with 230V AC.

First check the addresses set at the hardware components
listed below:

Hardware Address Note
component to be set
IM 151 High 6 (PROFIBUS Can be changed
Feature address)
Laserscanner 4 (PROFIBUS Default setting, can be
LS4-4 address) changed
F-DI Switch position:  The PROFIsafe addresses are
1111111110 automatically assigned dur-
C . ... ing configuring the fail-safe
= ?\qv;t‘;:!l'l1p1015(|)t‘|lon. modules in STEP 7. The
PROFIsafe addresses 1 to
1022 are permissible. Please
make sure that the setting at
the address switch (DIL
switch) on the side of the
module corresponds to the
PROFIsafe address in the
hardware configuration of
STEP 7.
Note

The laser is not illustrated in the figure below. Its con-
nections are discussed separately later on.

Note

The DP interface of the CPU 315F must be connected with
the respective DP interface of the IM 151 HF.

Note

The wiring of the hardware is illustrated below. In the
following table, the hardware components occurring
several times are numbered so they can be allocated in
the subsequent wiring plan.
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PM E 2DI

IM151| 2DI
.

F-DI PM-E PM-E

AUXT AUX1

F-DO olos | | oo
()% QO
2] [Jem—m2[[e

2% b

QO QO
As[][Jms As[][ns

©
®
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2DIHF

PME F-DI s
|M151 2DI ‘L b 20
ME F-DO
7 @ > g4 | (72
e

L 2]

9)%]
A4[][Jns 3% %7

QO
A [Ons

®)
®
G_FB_XX_181
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O]

PS 307 / CPU 315F

4
[
ment
4

QO
o113
QO
1014

QD
][5

QO

00s

Qo | 0o
3007 [ OO
Qo | 0o
4[] [s |12[J1e

[9)%) Q0
A4[] [Jas 2] A6

Qo | 0o
A3[] []a7 1] [JAts]

>
g
>
&
S

Note

A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the S7 project into the

CPU 315F-2DP.

IN)%)
HODDM

(4]%]
1[5

(2)%)
120016

4]
A4[][Jas

(@15
2] [JAte]

QO
As[] a7

(4]%]
1] [JAts]

2 Position switch
(NC) for zone pair 2|

22

Position switc!
(NC) for zone pair 1

G_FB_XX_182



Ex. No.

Connection of the LS4 Externally, the LS4 has five male/female connectors 1 O

Integrating the LS4 into the PROFIBUS network requires the (X1, X2,....X5).
GSD file of the LS4. Itis delivered with the LS4. Install the GSD -
into the hardware configuration of STEP 7 ( Menu Options -> © H ©

Install new GSD). Subsequently, the LS4 is available in the
hardware catalog (within the hardware configuration of

STEP 7, see following figure). R\ @

- 7 R ©.0 O :

# ] berets projekbierte Stationen S ® H
ﬁ CR-Objekt x1 x2 X3 X4

& |—_| DPW‘SH?H Connect these male/female connectors as follows:
= OFMS4 Male/ F ti Note/Expl ti
” I-_.l DP/PA-Link fer?1aﬁe unction ote/Explanation
# (L] ENCODER oty
iy X1 Restart Here you connect a push button (NO)
) ET 2008 button (considered in chapter 3 in the table
B ET 200C "Hardware components"). This button has
- two functions:
f+ | 200ec
:*_ T‘I ET k o B Unlocking the scanner-internal start-
s |___| ET 2005 inglrestarting lockout, if it has been
B ET 200L activated. In this example it has not
i G been activated. However, a restarting
| HIH ’
" _'I EI— lockout has been realized in the fail-
& ET 200R safe S7-program.
L l-__l ET 2005 B Erroracknowledgement, if the LS4 isin
B 2] ET 2000 failure mode.
+ Ir_| ET 200 X2 PR?FIIt?;US g&ge LSt4 isdtht(ejlast dE\I/'icetatt the PROFI-
s outpu , a standards compliant terminating
#-{_] Funktionsbaugruppen resistor should be connected (this was the
@ () IDENT case in our test run).
&-Ga | X3 PROFIBUS -
L :.._I :::_: input
f*' -l X4 Power supply Pin 1:+24V DC
# ] Metzkomponenten Pin 3: OV DC
# |__) Reglar X5 Optical PC Connected to the COM interface of the
= interface PGIPC on which the programming soft-
Bl SGMQHHG (also referred ware LS4Soft has been installed.
# (] Sensonk to as PC
= adapter)
@ (L) SIMADYM
B-{2] SIMATIC
&) SIMODRIVE
# (] SIMDREG
@ ) SIMOVERT
@ ) SIPOS ‘A
=] Weiters FELDGERATE

= ] Algemsn Note

= The cable outlet of the PCadapter at LS4 must pointin the

w direction of the detection zone. The PC adapter should

only be connected in the installation phase or for control
purposes.
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1 O Configuration and diagnosis software LS4Soft

The following example illustrates how to load the example file
as_fe_i_010_v10_code_plscanner.ls to the LS4 using LS4Soft.
The sample file is available as separate download (like as the
respective STEP 7 project).

No. Instruction Note
1 Install the LS4Soft software on your PG/PC. =
2 Switch on the LS4. =
3 Start LS4Soft. =
4 Connect the COM interface of your PG/PC with the LS4 via the The configuration data currently located on the LS4 are now loaded.
HE i [
Dl Forfugurmbonsdaten wenden vom L34 geltaden

5 Register as "authorized customer" and enter the required A query that no individual password has been specified appears.

assword LS4SIG.
Wm TR .................j
i) ke i [52]sapsh rocs e
2 e omed

Bite bkt S iy Bdhemet
=]

Authomby {A.uhm:md s ALY al.

Password —

e | cencal |

6  Wait until the LS4 has determined the status information. -

| asdarg thar | 54 st infermation
T rons
s "
7 Click "Close". -
IR

. | e e
e — Saw——m
3 VP s—
mama N
f o by
(A S — Wt 14 b
st — T mrae Fmrmprte— | P e A B fewe

e R

—

B o I I I e
I g g
) L
e R B e I el
- ——— ‘il —
e, W3 R
s Wt it RN
—— [
e ] -
Lrndm § it i M fs 1 it by sl b [
rm e v my w——

i ;f!'
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10

No. Instruction Note
8 Click "Cancel". No new configuration shall be generated, but the example file

as_fe_1010_v10_code_plscanner. Is be used.

DR R BT P BT § R A e [ EEEe

Do mewrd b e o o i Dot il ey m ol

— .
9  Verify whether the "Display of measurement values" is active. The currently active zone pairs and contours appear.

10 Activate the "LS4 configuration" tab via mouse click and se- -
lect LS4 configuration -> Load configuration data from file
and transfer to LS4 system from the menu

i I el — ]
S reeee——

11 Now search the example file -
as_fe_i_010_v10_code_plscanner.ls
and follow the further instructions

Note

Ensure the COM interface is set correctly. The COM inter-
face settings are available in the menu Settings -> PC
configuration -> Interface
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1 O Changing detection and warning zones

If you wish to change detection and warning zones, mouse-
click the "Definition of detection zone/warning fields" tab. Set
the detection or warning zone to be edited, and select detec-
tion zonelwarning fields->Define->Enter detection
zonelwarning field from the menu.

Fis Pew Seftngs [onfpuraten QESERSUNEIESESENY Sysem data  Spiety  Heln

D ¢ e e — Dot debotonrprang soews
Crangm] detect e o T .
aEd @Rl 4 | DISININ| NS ix]
giam pre guies ||
Chagrege L] Ehplc sone
Lighete Ll T ]

Errt

Ealygonal Sot

Tranaler frim PO b5 SCanSI

Thia tab mu=t bo active

Working with the wizard

A helpful wizard for time efficient scanner configuration exists
for the access "authorized customer” layer. The wizard can be
called up as illustrated below.

Active tab
lcon for the wizard

Fie ‘Yo Seltings Configurabion Emtwermi System data  Sphely Help

Confipagtam
QR ol =8l 4 YR

th'l;p-rrlfqmnﬁinvdhﬁn wnﬂ

Amongst other things, the wizard enables you to set the zone
pairs to be enabled when starting the LS4. In the prepared

example this is zone pair 1 (detection zone 1 and warning
zone 1).

The wizard can also be used to specify which zone pairs can be
switched. In the prepared example, it may be switched from

zone pair 1 to 2 and from zone pair 2 to 1. Zone pairs 3 and 4
have not been prepared in this example.

Admigtible rone pair changeoens
Adrmessible pairs ol rones lor ecsnner statup
EEANE
1 ‘iou rary wentch from 2P 1o 2F2
'_ 1,
u 3 [4 r'ou mey swibch frem 2F2 i 291

‘rou may sta with ZF1 Mo changpircver io othir pone pams e penmssdils

Mo chandpntrnin io othisr Sone peems S penms sl




Function test

After wiring the hardware components, you can check the in-
puts and outputs used with regard to their functionality (after
downloading the S7 project and transferring the
as_fe_i_010_v10_code_plscanner.Is file).

Inputs/outputs used

No. Hardware Adress Symbol
component

1 Push button (NO) E0.0 START

2 Push button (NC) EO0.1 STOP

3 Push button (NO) E1.0 ACK

4 Position switch (NC) E2.0 SEN_FIELD1
5  Position switch (NC) E2.4 SEN_FIELD2
6 Indicator light A 8.0 ACTUATOR

Testing inputs and outputs

Requirements:

B The inputs and outputs have the default values specified
under "Inputs/outputs used".

B The STEP 7 sample project is loaded

B The LS4 has been switched on and has loaded the example
project as_fe_i_010_v10_code_plscanner.ls.

B No objects are currently in the detection zone of the LS4

No. Instruction

Keep E 2.0 on "0" signal

Keep E 2.4 on "1" signal

Press the push button E 1.0 and release it. 0

Press the push button E 0.0 and release it.

Press the push button E 0.1 and release it. 0

Press the push button E 0.0 and release it.

Place an object into the detection zone of LS4 0

Remove the object from the detection zone of LS4 "0
0
0

0
0

1
o

O 0 N O Ul A W N =

Press the push button E 0.0 and release it. !
Press the push button E 1.0 and release it.
Press the push button E 0.0 and release it. "

-
- O

Response!
.0

Ex. No.

Signal Note
(default value)

"0" Switches the indicator light
ON

" Switches the indicator light
OFF

"0" Acknowledgement

" Defining which zone pair is

e active.

0" Actuator (In this case:

Indicator light)

Note

Activating zone pair 1 (detection zone 1 and warning zone 1)

Acknowledgement necessary at initial start.
Start request

Stop request

No acknowledgement required for Start
Violation of the detection zone
Acknowledgement necessary prior to the start.
Acknowledgement

Start possible again
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1 O Testing the LEDs at LS4

The LS4 indicates its current status via five LEDs: Perform the following actions:
LED Color Function/Meaning Pictogram Response
1 Sensor function is active, active ' . -
detection zone is free g ok. E L. G =
E Ol
2 Warning zone occupied ;
Yellow
i
3 0SSD outputs switched off Ensure, that objects

are located neither

in the warning zone, OFF OFF OFF
nor in the detection
=2
Place an object into
4 OSSD outputs switched on — the warning zone of ON OFF OFF
LS4
Eﬂ Place an object into
==l the detection zone OFF ON OFF OFF
5 B Permanent light: Restarting of LS4
lockout
B Slowly blinking (1): Warning Note
Yellow  message (ca. 0.25 Hz) @ In order to remove a failure message of the LS4-4, the

error must be removed and the "1" signal be applied to

the LS4-4 for 0.5 - 3 s using the restart button.
B Blinking fast (((1))): Failure mes-
sage (ca. 4 Hz) @g




Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:

Warning!
The settings shown below contribute to meet the re-

quirements of Safety Category 3. Changes at the set-
tings may cause loss of safety functions.

If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

Overview picture

PROFGEN] [P st sy 1)

BS VT N M|
Ll 3155 -2 OF J
o [

ulnl'\-n.i-l.'ll-l_-h“—-

fn

10 Lil-l-!’-‘

P 1IHIH*E’14
:J
- q[ 61 IMTE1: Hagh Featan

Set | [} woin | Doe v | ot | Oaadwn | Claprostie sidin
1[I0 P DEod/ ACTIG RINT T T MO0 1004 !

| TR JEEST 17 SN
| ]

ma g
e t1

| DL T JEETT 1 71 SBACT Ol
1 PME O/ ACT Sk 57 | A TG
L] 1§ UWFDEDCTN SERTTESTOIOAE I T g %
€_||] ATOODCI/o  jarti a2 1

The PROFIBUS address at IM 151HF is set using DIP-switches.

=1 B b= b

Ex. No.

Settings of the CPU 315F-2DP 1 O

The settings are displayed after double-clicking "CPU 315F-2
DP" (see "Overview picture").

Cpele letempt | Duagrostes/Ood

ma

0E¥E

777778
A

Default value: 100 ms. It has to be observed that the F moni-
toring time must be larger than the call time of OB 35.

~Levelol Protecten

1 Kayawitch Setang
W Flesravabbs vl Paztwend

2 Wike Protection

™ 3 Wis- Flesd Prolecten
Paryword

IPrhIlrrr

Entee Again
—

F CPU Cenlars Saely
Program

Available in the "Protection” tab.

A password has to be allocated in order to be able to set the
parameter "CPU Contains Safety Program". It is only in this
case that all required F blocks for safe operation of the F mod-
ules are generated during compiling the hardware configura-
tion of STEP 7.

Password used here: siemens




i Tau Mods

Set mode: "Test Mode"

During Process Mode, the test functions such as program sta-
tus or monitor/modify variable are restricted in such a way
that the set permitted increase in scan cycle time is not ex-
ceeded. Testing with stop-points and gradual program execu-
tion cannot be performed.

During Test Mode all test functions can be used without re-
strictions via PG/PC, which can also cause larger extensions of
the cycle time. Important: During test mode of the CPU, you
have to make sure that the CPU or the process can "stand"
large increases in cycle time.

Cyclic Intenupl Disgnostics/Clock | Prolection | Comm

Genasal | Stamup | Cycle/Clock Memesy  Retentive Mamory | intan
Retentraty

Number of Memary Bytes Stating wih MBI

Mumbet of 57 Timers Stating wath T

Iﬂ—

A function block "FB LS4" is provided with the LS4, which in
this example is not used (this FB is briefly referred to in the
sample code ). Should you wish to use the "FB LS4" for adjust-
ing the example program to your requirements, you must en-
sure to reserve a retentive memory area of at least 36 bytes.

Mumber of 57 Countarz Siarting with Ciit

Settings of the fail-safe F-DI

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

(=43 Module parameters [
[E] Input delay 3 (ms)
- [&] Short-circuit test cychc

Activate the short circuit test.

= ) Paramaters
=3 F parameters [
[#] F_source_address 2002: CPU 315F-2 OF
[{] F_dast_addrass | 102
(5] DIP switch satting (9.......00 | LLLIT1ALO1
(5] F monitoring time (ms) 120

DIL switch settings
This value has to be set on the module (F-DI).

F monitoring time
It has to be observed that the F monitoring time must be

larger than the call time of OB 35.

(=3 Channel 0, 4
[ Activated =N
(] Evaluation of the sensors | 1001 evaluation
-[E] Type of sensor interconn... | 1 channel

- [Z] Behavior at discrepancy
LE] Discrepancy time (ms)

Also in the "Parameter” tab.

The sensors, which define which zone pair must be active, are
integrated as fail-safe. In this example, two position switches
are connected at channels 0 and 4. The remaining channels
are deactivated.



Settings of the fail-safe F-DO

The settings are displayed after double-clicking "4 F-DO
DC24V/2A" (see "Overview picture").

= S Paramastars
24 F parameters L T
(5] E_source_address 2002; CPU 315F-2 OF
W] F_dest_sddress 1021
[i] DIP switch satting (9........ 0y | Lot
(5] F monitoring time (ms) 120

DIL switch settings
This value has to be set on the module (F-DO).

F monitoring time
It has to be observed that the F monitoring time must be

larger than the call time of OB 35.

[=+/_3 DO channel 0
i-[E] Activated

Activate used channels, deactivate channels which are not
used. The indicator light ACTUATOR has been connected to
channel 0.

The read-back time defines the duration of the switch-off pro-
cedure for the respective channel. If the respective channel
switches high capacity loads, the read back time should be set
sufficiently large. We recommend setting the read back time
as small as possible, however large enough so that the output
channel does not become passive.

Settings of the LS4

Select the LS4 and then double-click the line which appears
(see following figure):

S W D e 5

Mark first...

<

i.—_. ¥
; ...then doubleclick

Il i this line

| e

P pem o e |

Click the PROFIsafe tab.

Addvers /1D | Pavaeveter Avsigrent PROFisole |

F_Dest_Add:
This value always results from the PROPIBUS address (here: 4)
plus 500

F WD Time:

The default value of 10 ms is usually too small.

Avalid current safety frame must be received from the F-CPU
within the watchdog time period. Otherwise, the DP standard
slave goes to the safe state.

The selected watchdog time should be long enough to toler-
ate frame delays in communication, but also short enough for
your process to run without interference.

Ex. No.

10
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1 O Basic Performance Data

Load and main memory (without program code)
Total S7 standard  F blocks (fail-
blocks safe)

Load memory approx. approx. 0.2k  approx. 37.3 k
37.5k

Main memory approx. approx. 0.09 k approx. 28.1 k
28.2 k

Load and main memory (with program code)

Total S7 standard  F blocks (fail-
blocks safe)
Load memory approx. approx. 48.9 k approx. 48.9 k
97.8k
Main memory  approx. approx. 44.9 k approx. 34.7 k
79.6 k
Cycle time
Total cycle time approx.  Standard and safety program
(typical value) 8 ms
Max. runtime of the 14 ms Calculation with the Cotia ta-
safety program ble. Page 294 specifies where
to find it.

Performance data of the LS4

M 4 user programmable contactors up to 4 m

B 4 user programmable warning zones up to 15 m
B Monitored radius up to 190°

B Low power consumption 300 mA

B Weight 2 kg




Sample Code

Preliminary Remarks

Enclosed, we offer you the STEP 7 project as sample code with
which you can reset the functionality described here.

The sample code is always assigned to the components used
in the functional examples and implements the required func-
tionality. Problems not dealt with in this document are to be
realized by the user; the sample code may serve as a basis.

Password

In all cases, the passwords used for the safety-relevant part is
.siemens”.

Use of the STEP 7 project

The STEP 7 project enables you to safely monitor the connec-
tion with the laser scanner LS4. If the LS4 recognizes a safety
zone violation, the fail-safe S7-CPU switches the output chan-
nel at the actuator (here: indicator light) safely off.

Download the STEP 7 project

To call the corresponding project file, open the
"as_fe_i_010_v10_code_clscanner.zip" file offered as a sepa-
rate download (on the HTML page) and extract it into a user
defined directory.

For downloading the project into the F-CPU please proceed as
follows:

M First load the hardware configuration into the S7-CPU
B Switch to the SIMATIC Manager.

B Select the "Blocks" container.

B Menu "Options" -> Edit safety program.

H Click the "Download" button.

The sample code with the given configurations enables the
following:

B Connecting a laser scanner to a fail-safe S7-CPU via
PROFIBUS DP

B Switching between two prepared zone pairs (521/WZ1 and
SZ2IWZz2)

Download of the LS4Soft project

For parameterizing the LS4 project, please load the sample
project as_fe_i_010_v10_code_plscanner.ls to the LS4 (in-
structions are available on page 302 under ,Configuration and
diagnosis software LS4Soft"), which is also available as sepa-
rate download (on the HTM-page)

Ex. No.
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Program procedure

The standard user program consists mainly of three networks
of OB 1:

Network 1
npr "SR
P SR
"START" = —
>=1
STOP" =()
"COND"
"INSTANZ _ = ;.
FB3"EN =) — — e

The signal for an operational start (START) and stop (STOP) re-
quest for the actuator (here simulated by an indicator light) is
given in network 1.

The "INSTANZ_FB3" bit includes the status of an SR flip-flop in
the safety program (FB3, NW1) and in this case prevents the
starting of the actuator (here simulated by an indicator light)
with an acknowledgement transmitted in the safety program.
As long as "INSTANZ_FB3".EN="0", COND="0" remains, also if
the start push button is pressed since the reset function has
priority in this flip-flop type.

The information of the memory bit "COND" from network 1 is
read as memory bit COND1 in the safety program. This alloca-
tion occurs in the cyclic interrupt OB 35 for the following rea-
son:

If you want to read data from the standard user program
(memory bits or PIl of standard 1/0) in the safety program
(here: COND), which can be changed by the standard user
program or an operator control and monitoring system during
the runtime of an F run-time group, it is required to use sepa-
rate memory bits (here: COND1). Data from the standard user
program have to be written to these memory bits immediately
before calling the F runtime group. Only these memory bits
may then be accessed in the safety program.

In this example it has already been realized. Generally, how-
ever, the following applies:
Note

If the above section is not observed the F CPU may go to
STOP mode.

Network 2

In OB 1 the "Proxy-Enable" bit (Bit 6 of the cyclic output data)
is reset as the default value "0".
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1 O Betsor 3

Additionally contained in OB 1 is the "FB LS4", which, how- ACK Acknowledgement signal
ever, is not processed. It only serves as preparation it is to 05SD Safety-relevant output of LS4
be use(j. I?Iease note: Before calling the" F.|.3 LS4" the "Proxy- N Starting condition defined in OB 1 (or OB 35).
Enable" bit must be permanently set to "1". - -
ACTUATOR Indicator light

The "FB LS4" enables automatic parameterization when ex-
changing the LS4.

The fail-safe program has the following structure: Network 2
FB 4, DB 4 is called here:

FB"SET_ACT"
(FB3,DB3)
" INSTANZ_
F-Call FC"FMAIN" FB4"
(FC1) (FC2) "FIELD_PAIR_
SWITCHING"
L . —{EN
FB"FIELD_PATR SWITCHING"
(FB4,DB4) "SEN_ SEN_
& FIELDL" == FIELD1 FIELD| "FIELD
BITO |~ BITO"
"SEN_ |SEN_
FIELD2 " = FIELD2 FIELD| "FIELD
BIT1 = BIT1"
a "SEN_ [SEN_
FIELD3" = FIELD3 FIELD "BTIELD
FC"REINTEGRATION" BIT2 L BT " .
(FC3) @ "SEN_ SEN_ ;:
FIELDA " —i FIELD4 ENO jm= £
(&)
x Inputs: Position switches which define which zone pair is ac-
ol tive. The inputs "SEN_FIELD3" and "SEN_FIELD4" are not used
in this example and are therefore assigned with memory bits
as dummies.
FC "FMAIN" (FC 2) Outputs: Detection zone number (bit 0 to 2) of the cyclic out-
The calls of the F-blocks are coordinated from here. put data.
Network 1
FB 3, DB 3 is called here: Network 3
" INSTANZ_
FB3"
" . "REINTEG
SET_ACT RATION"
e ...o=—EN ENO |- %
@

@[ "ack® —{ACK

Here the FC 3 is called for reintegration of passivated modules

" 1 = OSSD ACTUATOR = "
0SSD ACTUATOR (F-DI | F-DO) and the LS4.

@/conp® —| COND1 ENO |=

G_FB_XX_187




FB "SET_ACT" (FB 3, DB 3)

Network 1
#N #EN
N SR
— LS

EE #RELEASE _
= 2
#0ssD =R Qp— £
(o]

The status of the SR flip-flop (#EN) is evaluated in OB 1 as a
precondition for a start command. In case of a detection zone
violation OSSD becomes "0" and resets the SR flip-flop as well
as the #RELEASE (used in network 2).

Note

For this type of flip-flop it is reset if the S input and the
Rinput are controlled with a "1" signal (resetting has pri-
ority).

Network 2

AAONRA— #ACTUATOR

#RELEASE=—— —

G_FB_XX_190

The actuator (here simulated by an indicator light) only be-
comes active if

B the start condition could be transmitted (see OB 1 or
OB 35) and

B an enable was given (see previous network 1)

FB "FIELD_PAIR_SWITCHING" (FB 4)
The following table describes the parameters.

Parameter Input/ output Convention
SEN_FIELD1 Position switch (NC) "1": Switch not activated
SEN_FIELD2 Position switch (NC) "1": Switch not activated
SEN_FIELD3 Memory bit Dummy

SEN_FIELD4 Memory bit Dummy

FIELD_BITO  Bits of the cyclic output —
FIELD_BIT1 data
FIELD_BIT2

A maximum of four zone pairs (one zone pair consists of a
safety and a warning zone) can be actively switched. How-
ever, only one zone pair must be active at any time. In this ex-
ample zone pair 1 or 2 can be active. Zone pair 3 and 4 are not

Ex. No.

ready. If you also wish to use these zone pairs, replace the

memory bits (in this example the dummys) by sensors (e.g.
further position switches). These zone pairs 3 and/or 4 must
previously have been configured with the LS4Soft software.

In the prepared example, it can be switched from zone pair 1
to 2 and from zone pair 2 to 1. Which zone pair is now active
depends on bits 0, 1, 2 of the cyclic output data (parameter
"FIELD_BITO", "FIELD_BIT1", "FIELD_BIT2").

Note

When switching the zone pairs, the PC adapter must not
be connected (PC adapter must not be connected at the
LS4).

Cyclic
7 output data 0

\— FIELD_BITO

FIELD_BIT1 2
FIELD BIT2 2
L")‘
The following assignments apply:
FIELD_BIT2 FIELD_BIT1 FIELD_BITO Active Note
zone pair
0 0 1 1 -
0 1 0 2 =
0 1 1 3 Not real-
1 0 0 4 ized in the
example

The statuses of these three bits are determined by the status
of the position switches (SEN_FIELD1 and SEN_FIELD2). The
realization in the program code is displayed below.
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1 O Network 1 and Network 2

NW1
&
#SEN_FIELD
1=0
#SEN_FIELD
2
#SEN_FIELD
53— #FIELD_BIT
0
#SEN_FIELD S
], ]
#FIELD_BIT
1
R
#FIELD_BIT
2
R

Network 3 and Network 4

In these networks the zone pairs 3 and 4 can be switched ac-
tive. To do this change the flags (dummies) against their sen-
sors (input parameter in FC2) and parameterize the zone pairs
in LS4-4 with the LS4Soft software. In this example only zone
pair 1 and 2 are considered.

Note
The memory bits (dummys) are default in OB 100.

Network 5 and Network 6

In this example a zone pair always becomes active when the
respective sensor (here NC) switches (i.e. is on "0" signal) AND
the other sensor (NC) or the dummy bits are on "1" signal. Dur-
ing switching (e.g. from zone pair 1 to zone pair 2) this condi-
tion is not true for a certain duration of time. During this time
the last set zone pair remains active!

S

NW2
&
#SEN_FIELD
] e
#SEN_FIELD
2=0
#SEN_FIELD
53— #FIELD_BIT
0
#SEN_FIELD R
], ]
#FIELD_BIT
1
S
#FIELD_BIT
2
R 8
%
o

Bits of cyclic output data

Sensor for zone pair 1 (NC)

Sensor for zone pair 2 (NC)

Sensor for zone pair 3 (NC)
(here: dummy)

Sensor for zone pair 4 (NC)
(here: dummy)

—_

Zone pair 2 active t

Eone pair 1
hctive

]

|

|

|

Switching time

|

G_FB_XX_193

|

This condition can (depending on the application) be a possi-
ble hazard (e.g. if the sensor to be switched does not react) In
this example the status is recorded and compared with a pa-

rameterized time. If this condition continues to be true after

this time has elapsed, this will be interpreted as an error and

the #ERR_SW_TIME bit will be set (see following figure).



#SEN_FIELD
1-0
#SEN_FIELD
2 ]

#SEN_FIELD

3 —

#SEN_FIELD

ppu—

#SEN_FIELD

1 —

#SEN_FIELD
2=Q

#SEN_FIELD

3 —

#SEN_FIELD

4 —

#SEN_FIELD

1 —
#SEN_FIELD
% —
#SEN_FIELD
30
#SEN_FIELD

-

#SEN_FIELD

]
#SEN_FIELD

2 ]
#SEN_FIELD

3 —

#SEN_FIELD
4

Warning!

The time to be parameterized at the parameter PT
depends on the application and can be changed.
Generally, however, it should be as small as possible.
For times larger than 1 sec additional safety mea-
sures should be considered.

For a set #ERR_SW_TIME bit, the bits 0, 1 and 2 of the cyclic
output data (determine which detection zone is active) are
then reset. At the LS4-4, in return, this bit combination causes
the OSSD bit to be reset. In this example, resetting the OSSD
bit causes the indicator light to be switched off (see FB 3 NW

1and 2).

"INSTANZ_F
B185_2"

. == EN

IN

T# 1 S

"F_TON"

E—N

Configurable time

#ERR_SW_TT

ME, s—

#ERR_SW_TI
O ME
ET =
ENO [
#FIELD_BIT
0
R
#FIELD_BIT
1
R
#FIELD_BIT
2
R

G_FB_XX_194
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G_FB_XX_195
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1 O FC "REINTEGRATION" (FC 3)

The reintegration applies for
M the LS4 (network 1)

M the F-DO

B the F-DI

For the F-DO a memory bit REINT is prepared. With a positive
flank of REINT the F-DO will be reintegrated.

Warning!

In this example, the reintegration of passivated
modules occurs automatically. Only use the auto-
matic reintegration for your applications if it does
not cause hazards.

A passivation is indicated via LED "SF" lighting up on the mod-
ule. The reintegration of an F module may take approx. one
minute.

Operating instructions

Prerequisites:

B Hardware configuration of STEP 7 as well as the fail-safe
and user program are located in the S7-CPU

B No objects are currently in the detection zone of the LS4

B Zone pair 1 has been set (via positioning switch)

B The PC adapter has not been connected

B LS4 has been parameterized

M Zone pair 1 is active

Result/Note

1 Pressthe acknowledgement Necessary prior to the first start.
button ACK (E 1.0)

2 Press the start button
START (E 0.0)

3 Place an object into the
detection zone

No. Instruction

Indicator light goes ON

OSSD bit of LS4 becomes "0"
-> Indicator light goes OFF

Necessary in case of error (here:
detection zone interrupted)

Indicator light goes ON

4 Press the acknowledgement
button ACK (E 1.0)

Press the START button
(E0.0)

6  Now use the position
switches to switch from
zone pair 1 to zone pair 2:
FIELD_BITO="0",
FIELD_BIT1="1"

Ul

Zone pair 2 is now active.
Switching must be performed
within the time parameterized
within FB4, NW5.



Passivation and Reintegration of F-1/O considering as example

the ET 200S

Automation Function

Scope of validity of the functional example

The functional example applies for the following framework
conditions:

Hardware:
B CPU 315F-2 DP, with PROFIsafe 1/0O modules ET 200S

Software:
M STEP 7 V5.3 +SP3

W S7 Distributed Safety V5.4, and S7 F Configuration Pack
V5.4 + SP1

Functionality of the functional example

Task

The fail-safe system "S7 Distributed Safety" enables realizing
safety functions at machines. Proper functioning of the "S7
Distributed Safety" system is necessary as human health de-
pends on it and it avoids damage to machines.

In case of an error, the "S7 Distributed Safety" system must be-
have so that the machine remains fail-safe or will be turned
fail-safe. An error at the F-I/O-module for example (e.g. wire
break at actuator or sensor) turns the affected F-1/0-module
fail-safe, i.e. it is "passivated".

This functional example demonstrates "passivation” and "re-
integration" of fail-safe I/O modules in the "S7 Distributed
Safety" system.

Solution

A concrete example from practice illustrates the behavior of
"S7 Distributed Safety" in case of errors at the F-I/O-module:

M Passivation channels due to wire-break at an F DO.
Manual reintegration after error has been removed.

B Passivation entire module due to wire-break at an F DI.
Automatic reintegration after error has been removed.

W Passivation of the F-I/O-module due to disconnecting F-CPU
and distributed station.
Reintegration after error has been removed.

Apart from the practical application, the functional example
provides extensive background knowledge on the topic of
"passivation” and "reintegration”.

Note

In this functional example, the combination of type of
passivation (channels, entire module), type of F-mod-
ule (F-DO, F-DI), and type of reintegration (manual,
automatic) is exemplary. Other combinations can also
be realized.

Advantage / Customer benefits

The "passivation” and "reintegration” functions of "S7 Distrib-
uted Safety" have the following function:

M Errors at the F-1/O-module are turned fail-safe.
B F-modules can be passivated entirely or by channels.

B If an F-module passivates, passivation of further F-modules
can be "forced".

B After the error has been removed, the reintegration occurs
only after acknowledgement by the user. In cases where an
automatic startup of the plantis not possible, reintegration
can also occur automatically.

Ex. No.
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1 1 Required Components

In this chapter you find an overview of hardware and software
components required for the functional example.

Hardware components
Component

Power supply

S7-CPU, can be used for safety
applications

Micro Memory Card

Interface module for ET 200S
Power module for ET 200S
Electronic module for ET 200S
Electronic module for ET 200S
Electronic module for ET 200S
Electronic module for ET 200S
Terminal module for ET 200S
Terminal module for ET 200S
Terminal module for ET 200S
$7-300, mounting rail
Standard mounting rail for ET 200S

Indicator light including incandes-
cent lamp

Indicator light including incandes-
cent lamp

Indicator light including incandes-
cent lamp

Push button
Emergency stop

Note

Type

PS307 5A
CPU 315F-2DP

MMC 512 kB

IM 151 High Feature

PM-E DC24..48V AC24..230V
4 DI, DC 24V, Standard

4 DO, DC 24V/0,5A, Standard
4/8 F-DI, DC 24V, PROFIsafe
4 F-DO, DC24VI2A, PROFIsafe
TM-P15C22-01
TM-E15C23-01
TM-E30C44-01

Length 482.6 mm

35 mm, length: 483 mm
Yellow

Green
White

Green, TNO
Push button, 2NC

The functionality was tested with the listed hardware
components. Similar products not included in the
above list can also be used. Please note that in such a
case changes in the sample code (e.qg. setting different
addresses) may become necessary.

Software components

Component

MLFB / Order information

6ES73071EA00-0AAO
6ES7315-6FF01-0ABO

6ES7953-81J10-0AA0
6ES7151-1BA01-0ABO
6ES7138-4CB10-0ABO
6ES7131-4BDO1-0AAO0
6ES7132-4BD01-0AAO
6ES7138-4FA02-0ABO
6ES7138-4FB02-0ABO
6ES7193-4CE10-0AAQ
6ES7193-4CB10-0AA0
6ES7193-4CG30-0AA0
6ES7390-1AE80-0AAO
6ES5710-8MA11
3SB3217-6AA30

3SB3217-6AA40

3SB3217-6AA60

3SB3801-0DA3
35B3801-0DG3

MLFB / Order information

No. Manufac-
turer
1 Siemens AG
1
1
1
2
1
1
1
1
2
2
2
1
1
2
1
2
3

Manufac-

STEP 7
S7 Distributed Safety
S7 F Configuration Pack

V5.3 + SP3
V5.4
V5.4 + SP1

6ES7810-4CC0O7-0YAS
6ES7833-1FC02-0YAS

turer
Siemens AG
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Setup and Wiring 1 1

This chapter describes hardware setup and wiring of the func-
tional example.

Overview of hardware configuration

The arrangement used to demonstrate passivation and re-
integration consists of a PROFIBUS configuration. A fail-safe
S7-CPU is used as DP master, an ET 200S as DP slave. Passiva-
tion is triggered by means of disconnections (simulated wire-
break) at F-DI, F-DO or DP interface.

P& cru
Gl |0 Supplled by PM-E (1) Supplied by PRVRE (2)
_.-"_';f:t |"_.'|-_\ I'.—.ll-_-|
| wsm;‘]
T = L] PME | 4DI | 4DO | PM-E | ATF.DI | 4F-DO
151 HFE | 1) 12}
START_ACTUATOR
Bufton (MO} .
. Ky
Wir
- TEST

ACK_ESTP_ACTUATOR Light yyellow)

Bugton (NG rf;“
|- I e

ACK_PASS_ACTUATOR Light (ysilow)

Buston (ho) e,
| e

REQ_ACK_PASS_ACTUATOR | | PASSIVATION_ON REQ_ACK_ESTP_ACTUATOR Fwilch (NCHC)

=) = = =

Meanmg of background colors:

Grean: Bultons and indicalor lights for normal operalion

Crange! Bultons and indcater ights for demonsiralion of passivalion and (eintegralion




Ex. No.

1 1 Wiring of hardware components Wiring plan

Please wire the hardware components according to the wiring

This chapter contains information on the setup of hardware L
plan (following figure).

components. It contains the required address settings and the

wiring plan. Please include the following additional wiring settings:
Address settings W Power supply "PS 307" with 230V AC
The following addresses must be set at the DiL-switches of the M Connect the DP interface of the CPU 315F-2 DP with the
Hardware com- Address tobe Note
ponent set at the DIL
switch
IM 151 3 (PROFIBUS ad-  You can change the
HIGHFEATURE dress) PROFIBUS address.
4/8 F-DI 0011001000 The PROFIsafe addresses are
(PROFIsafe ad- automatically assigned when
dress) configuring the fail-safe
4 F-DO 0011000111 modules in STEP 7.

(PROFIsafe ad- Please ensure that the setting

dress) at the address switch of the
F-1/0-module (DIP switch) on
the module side corresponds
to the PROFIsafe address in
the hardware configuration
of STEP7.

Fi 3T =T 18 E am ap
L1 L= LB s [ L -~ 1 i) LT ] 1000y | o)
|

o, WEm [ ———J fl 1 1mo) o0 1men | wpan

by
|
@ PRE 1 . IMERS | 1DCA :r

| E:l"\-'l i D0 GTART AL TRATODR §
S S AW ERTR_ACTUATOS
1 T
(8 o= ] o __I
L Lo=1] g (T
—_ ==l [y} i 1 .
- + - CoPmiy  PASSKVATION ON  [lase
r— h_ht'r..m = ACK_PAES_ADTUATCER ‘&;" i"@"i
o = REC_ACK_EETF_ACTUATOR  REG_ACK_PARN_ACTUATCR
N L1104 "
[ wors-omem | aroo
Sony | wimey nioE ."-j I!IOJP'I SIDDA | mDOaR nooms

L et L] o | TECON | BEOIM | WEGTN | W0

VY i T Cage, e
N el 1" e i
g | MoE | e gy e TENT rescalsr
gl i A
= ey o0

Wil | WD | WA

B p

AT AT TEST

EETR_ACTUATER




Overview of inputs and outputs

Overview of connected push buttons:

No. HW component (type) Address
1 Push button (NO) E0.0
2 Push button (NO) EO0.1
3 Push button(NO EO0.2
4 Emergency stop push but- E1.0

ton at F-DI (NC/NC)

Overview of connected indicator light:

No. HW component (color) Address

5 Indicator light A 0.0
(white)

6 Indicator light A0.1
(white)

7 Indicator light A0.2
(green)

8 Indicator light at F DO A7.0
(yellow)

9 Indicator light at F DO A7.1
(yellow)

Symbolic address
START_ACTUATOR

ACK_ESTP_ACTUATOR

ACK_PASS_ACTUATOR

ESTP_ACTUATOR

Symbolic address
REQ_ACK_ESTP_ACTUATOR

REQ_ACK_PASS_ACTUATOR

PASSIVATION_ON

ACTUATOR

TEST

DISETT

"o

After startup

n

"o

Ex. No.

Function

This button switches on the
ACTUATOR indicator light .

This button acknowledges the
emergency stop circuit.

This button acknowledges the
manual reintegration of the
ACTUATOR indicator light.

This button switches off the
ACTUATOR indicator light .

Meaning

The switched onindicator light
indicates, that the emergency
stop circuit requires acknowl-
edgement.

The switched on indicator light
indicates, that acknowledge-
ment for manual reintegration
of the ACTUATOR indicator
light is necessary.

The switched onindicator light
indicates the current passiva-
tion.

The indicator light simulates
the "hazardous loads".

The switched onindicator light
indicates the "hazardous
loads" being switched on

The indicator light is only used
to demonstrate the passiva-
tion of the entire module. The
indicator light has no other
function.

Normally, TEST is always
switched on. TEST is only
switched off if F-DI is passivat-
ed.
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Function test

After wiring the hardware components and loading the

STEP 7 project into the S7-CPU (see page 327), please test the
inputs (buttons) and the outputs (indicator lights) for correct
functioning.

Action

1 Mode switch of the S7-CPU: Switch from STOP to RUN (startup)
2 Press: ACK_ESTP_ACTUATOR

3 Press: START_ACTUATOR

4 Press: ESTP_ACTUATOR

5  Press: ESTP_ACTUATOR

6  Press: ACK_ESTP_ACTUATOR

Explanations on the table:

(*1): The PASSIVATION_ON indicator light briefly lights up in
step 1, as during startup the F-1/0-modules are passivated
shortly.

(*2): Switched on indicators are marked with "1". To recog-
nize more clearly which bits change during a mode transition,
they are shaded in gray: If a bit is shaded gray, it has changed
compared with its previous state.

Note

A connection between the MPI interface of your PG/PC
and the MPI interface of the CPU 315F-2DP (MPI cable)
is required to download the STEP7 project to the

CPU 315F-2DP.

Please perform the steps of the table below successively. For
each step check whether the indicator light is switched on or
off.

Indicator light (*2)
A: PASSIVATION_ON
B: REQ_ACK_PASS_ACTUATOR
C: REQ_ACK_ESTP-ACTUATOR

D: AKTUATOR
E: TEST
B c D
0(*1 0 1 0 1
0 0 0 0 1
0 0 0 1 1
0 0 0 0 1
0 0 1 0 1
0 0 0 0 1

(*3): One channel of F-DI is constantly set to "1". In the user
program this channel is read in, and it is output at the TEST in-
dicator light.



Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown for your information. In the STEP 7
project (sample code, see page 327) of the functional exam-

ple on hand, these settings have already been made.

Changes at the settings are possible (e.g. due to individual re-
quirements). Should you implement the changes (e.g. add an
additional module), the sample code has to be adapted ac-
cordingly.

Overview of the configuration

PROFIBLISH | DP msstes apsies (1

ﬁ,

- ﬂl I3 W58

ot o | Clocties Piuamben | § Adichinn 0 Al
1 P D200 ALY E'H 13ACE |00l

F] A DLbe &1 JEEST 117-4BDON Dt ool

1 A0 DC2 A58 5T 57 VIT-ABD D a0 ol
A | ] PHE DCIGAME T ALNIIEN ST VIRALE I OAR]

|l ! 48 F 00 DD Ei? R T L& e

(W =000 EST 1R AFRID I [ | [T

T | |

The PROFIBUS address is set at the IM 151 HF component via
DIP switches. In this functional example the address 3.

Setting the CPU 315F 2 DP

You reach the input dialog in the HW configuration of STEP 7
by double-clicking "CPU 315F-2 DP".

Cyche Intenupl |w '

Priority Exscution (ms]
oz [ [foon
vesy, @ ETT
ez BT [loa—
oazz o 500
u): T (T 200
oss fE [sa

"Cyclic Interrupts" tab:
The call time of OB35 is configured with "50ms".
Important:

The monitoring time of the F-I/O-modules must be larger than
the call time of OB35.

Please use the Cotia table for selecting the monitoring time
("min. F monitoring time" sheet). At page 326 you find the link
to the Cotia table.

| Lewed of Protection

% 1: Kepiwitch Selting
¥ Removable wilh Pastword

T 2 White-Protecton

3 Wite-/Aead-Protection
Paswond
[........
Enter Again

luu.u.u

¥ CPU Contains Salety
Program

"Protection" tab:

A "Password" must be allocated in order to be able to set the
parameter "CPU contains safety program". Itis only in this case
that all required F blocks for safe operation of the F-1/0O-mod-
ules are generated during the compilation of the STEP 7 hard-
ware configuration.

Password used this functional example: siemens

Ex. No.
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| & Tl Miode
"Protection" tab:

Mode used here is "Test Mode":
The Mode field is not relevant for safety operation.

Settings of the F-DI

You reach the input dialog in the HW configuration of STEP 7
by double-clicking "4/8 F-DI DC24V" (see Figure ,Overview of
the configuration”).

All input screens are available in the "Parameter” tab.

= I Paramatens
= -
] F_source_sddbess | 2002 CPU ST 0P
W] F_dest_ackivess ]
] T8 weitch sebiing (%.......00 | 211001000
5] Fomonitorireg b (ms} [ 150

"DIP switch setting (9...0)":
The displayed value must be set at the F-DI.

"F-monitoring time (ms)":

"150 ms"

Important: The F-monitoring time must be larger than the call
time of OB35. Please use the Cotia table for selecting the mon-
itoring time ("min. F-monitoring time" sheet). At page 326 you
find the link to the Cotia table.

= " Parametery
+ | Fparmmater

=] Trput delwy 3{ma)
B] Thort-croult best ke
] Beharor after charnel falts Paswvate the entre moduss
+ ) Charnel 0, 4
10 Channel 1, %
4] Chanral 2, &
1) Shanwal 3, 7

"Short-circuit test":

"cyclic"

The two channel emergency stop button contains the power
supply via the module.

"Behavior after channel faults":

"Passivate the entire module"

"Channel 0.4":
"activate”

The two break contacts of the emergency stop push button
are polled with a 1002 evaluation.

"Channel 1.5":
"activate”

"1"is read at channel 1. This directly controls the TEST indica-
tor light.

Unused channels:

"deactivate"
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"Channel 0.4":

"Evaluation of the sensors":

"1002 evaluation”
"Type of sensor interconnection”:

"2 channel equivalent”
"Behavior of discrepancy”:

"0-Supply value"
"Discrepancy time (ms)":

"10 ms"



"Channel 1.5":
"Evaluation of the sensors":

"1001 evaluation”
"Type of sensor interconnection”:

"1 channel"

Settings of the F-DO

You reach the input dialog in the HW configuration of STEP 7
by double-clicking "4 F-DO DC24VI2A" (see Figure ,Overview
of the configuration”). All input screens are available in the
"Parameter" tab.

- T —
= 'y F-paramaters I
E] F_soarce _sddress :ﬂﬂ: CFUNTF-2 08 :
~ ey —
] O potch setong (9. 0) | G0LT006T1E |
] Femondicaineg times (e} | 150
- 3 Modue par ametens '

5] Beburvior after channel fedts
i) DO chstrs ©
+ ] o0 chanraad |
# ) DO channed 2
47 D) channed 3

"DIP switch setting (9...0)":
The displayed value must be set at the F-DO.

"F-monitoring time (ms)":
"150 ms"
Important: The F-monitoring time must be larger than the call

time of OB35. Please use the Cotia table for selecting the mon-

itoring time ("min. F-monitoring time" sheet). In chapter 5 you
find the link to the Cotia table.

"Behavior after channel faults":

"Passivate the channel”
"Channel 0" and "Channel 1":

"activate"

Unused channels:
"deactivate”
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"Channel 0" and "Channel 1":

"Read-back time":

"100 ms"

The read-back time defines the duration of the switch-off pro-
cedure for the channel. If the respective channel switches
high capacity loads, the read back time should be set suffi-
ciently large.

We recommend specific tests for selecting the readback time
settings so that the following criteria are met:

As small as possible, however, large enough so that the output
channel is not passivated.

"Diagnostics: wire break: "activated"”

Ex. No.
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Basic Performance Data

Load memory and main memory

Total SENLET F blocks
blocks (fail-safe)
Load Memory  56.5 KByte 1.2 KByte 55.3 KByte
Main Memory  39.1 KByte 0.5 KByte 38.6 KByte

Determining the memory parameters:

B Open STEP 7 project of the functional example in the
SIMATIC Manager

B Determine load memory and main memory for all blocks in
the block container

Runtimes

Total cycle time (standard minimum 1ms  Read from S7-CPU

program and safety pro-

gram)

Maximum runtime safety program 13ms Calculated with
Cotia table

maximum 12ms

Determining the total cycle time:

M Load STEP 7 project into S7-CPU, set S7-CPU to run, and
operate the functional example.

B Read the measured cycle time in the "Module Information
CPU / Scan Cycle Time" tab

Determine max. runtime of the safety program:

M The value is calculated with the Cotia table for
"S7 Distributed Safety" V5.4.

This file is available on the internet:
http://support.automation.siemens.com/ww/view/en/
21627074



http://support.automation.siemens.com/ww/view/en/21627074

Sample Code

In this chapter you learn how to download the sample code,
which functions are realized, how the STEP 7 program is struc-
tured and how the functions are operated.

The functional example consists of the documentation on
hand and a respective STEP 7 project, the "sample code".
Using the sample code and the setup described in chapter 4,
you can reproduce the functions described here. Fur further
problems you can use the sample code as a basis.

Download sample code

The sample code is available on the HTML-page of this func-
tional example as a ZIP-file. In order to use the sample code,
please proceed as follows:

Load sample code on PC/PG

B Load ZIP-file into any directory on the PC/IPG.
Name of the ZIP-file:
22304119_as_fe_i_011_v10_code_pass.zip

B Open the SIMATIC Manager
H Dearchive the ZIP-file into a STEP 7 project

Load STEP7 project to F-CPU
Activate the "Blocks" folder in the SIMATIC Manager
Load the hardware configuration into F-CPU
Select "Edit safety program" in the "Options" menu

|

|

|

B Press "Download" in the "Safety Program" window

Bl Press "Yes" in the "Cycle program download" window
|

Enter password "siemens" in the "Set Permission for the
Safety Program" window and press "OK"

B Press "Close" in the "Safety Program" window

Note

In all cases, the password used for the safety-relevant
part of the sample code is: siemens

Functions realized in the sample code

In the sample code, a "hazardous load" is simulated via an in-
dicator light. The indicator light can be switched on via a but-
ton and be switched off via an emergency stop button.

For demonstrating the passivation and reintegration of
F-l/O-modules, four scenarios have been realized in the sam-
ple code. The following table gives an initial overview. An
overview of all states and mode transitions is available at
page 334.

Scenario Description

Normal operation In "normal operation” no F-module has been
passivated. An output is switched at an F-DO
via a push button. This output can be switched
off via an emergency stop button connected at

an F-DI.
Manual reintegra- During wire-break at the F-DO only the affected
tion channel of the F-DO is passivated. After repair-

ing the wire break and acknowledgement by
the user via a button, the channel is reintegrat-
ed.

During wire-break at the F-DI, the entire F-DI is
passivated. After repairing the wire-break, the
F-DI is automatically reintegrated.

Automatic reinte-
gration

The connection between F-CPU and the decen-
tralized station is interrupted. Thereafter, the
entire F-1/0 is passivated. After restoring the
connection and acknowledgement by the user
via a button, the entire F-1/O is reintegrated.

F-communication
errors

In the following chapters, the above scenarios are described in
greater detail. For clarification, in the "Overview hardware
configuration" view the respectively affected buttons and in-
dicator lights are marked by a thick frame.

Ex. No.
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1 1 Scenario: Normal operation

The ACTUATOR indicator light is switched on if the
START_ACTUATOR button is pressed and the ESTP_ACTUATOR
emergency stop button is not activated.

The TEST indicator light is always switched on. It is controlled
with "1" via the input of the F-DI constant.

Pressing the ESTP_ACTUATOR emergency stop button
switches the ACTUATOR indicator light off.

After unlocking the ESTP_ACTUATOR emergency stop button
and acknowledgement via the ACK_ESTP_ACTUATOR button,

the ACTUATOR indicator light can be switched on again via the
START_ACTUATOR button.

Overview for hardware setup

PS CPU

307 | 315F
M PM-E |4DI | 4DO | PM-E | 4/8 F-DI | 4 F-DO
151 HF | (1) (2)

START_ACTUATOR
Button (NO)

—

TEST
Light (yellow)

X

ACTUATOR
Light (yellow)

ACK_ESTP_ACTUATOR
Button (NO)

—

ACK_PASS_ACTUATOR
Button (NO) ._@._.

—

‘ ESTP_ACTUATOR
REQ_ACK_PASS_ACTUATOR | | PASSIVATION_ON || REQ_ACK_ESTP_ACTUATOR || Switch (NC/NC)

Light (white) Light (green) Light (white) T
-3 B - i =

Meaning of background colors:
Green: Buttons and indicator lights for normal operation
Orange: Buttons and indicator lights for demonstration of passivation and reintegration




Scenario: Manual reintegration

Disconnecting the F-DO and the switched on ACTUATOR indi-
cator light (simulated wire-break) a channel error, hence pas-
sivation, is triggered. The PASSIVATION_ON indicator light is
switched on.

The F-DO is configured with "Passivate channels", therefore
not the entire F-DO is passivated, but only the affected chan-
nel. This is made clear by the fact that the TEST indicator light
remains switched on.

After restoring the connection, the channel remains passi-
vated, the ACTUATOR indicator light remains switched off.

Overview for hardware setup

An acknowledgement is requested from the user by switching
on the REQ_ACK_PASS_ACTUATOR indicator light.

After the user has acknowledged via the
ACK_PASS_ACTUATOR button, the passivation of the channel
is cancelled. The channel however remains switched off.

The ACTUATOR indicator light is only switched on again after
the user has additionally acknowledged START_ACTUATOR
button.

PS CPU
307 | 315F
M PM-E | 4Dl |4DO | PM-E | 4/8F-DI | 4 F-DO
151 HF | (1) ()
START_ACTUATOR
Button (NO)
_
Wire-break TEST
ACK_ESTP_ACTUATOR Light (yellow)
Button (NO) E—;-,'_-
o
ACTUATOR
ACK_PASS_ACTUATOR Light (yellow)
Button (NO) ._@._.
_
q ESTP_ACTUATOR
REQ_ACK_PASS_ACTUATOR || PASSIVATION_ON || REQ_ACK_ESTP_ACTUATOR | | Switch (NC/NC)
Light (white) Light (green) Light (white) O
= _,ﬁl ‘ﬁJI._‘,
- - - i
Meaning of background colors:
Green: Buttons and indicator lights for normal operation

Orange: Buttons and indicator lights for demonstration of passivation and reintegration

Ex. No.
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1 1 Scenario: Automatic reintegration

Disconnecting an F-DI and the ESTP_ACTUATOR emergency After acknowledging the user via the ACK_ESTP_ACTUATOR
stop button, a channel error, hence passivation, is triggered. button, the ACTUATOR indicator light can be switched on via

The PASSIVATION_ON indicator light is switched on, the the START_ACTUATOR button.

ACTUATOR indicator light is switched off. The F-DI is config-
ured with "Passivate the entire module", which is why the en-
tire F-Dl is passivated. This is made clear by the fact that the
TEST" indicator light is switched off.

Warning!
Automatic reintegration is only permitted if an auto-

matic startup of the plantis not possible after the error
has been removed.

After restoring the connection, the module is automatically
reintegrated, the TEST indicator light is switched on.

Overview for hardware setup

ps | cpu
307 | 315F
IM pM-E [4D1 |4D0 | Pm-E | 4/8 F-DI | 4 F-DO
151 HF | (1) (2)

START_ACTUATOR
Button (NO)
Wire-break TEST
ACK_ESTP_ACTUATOR Light (yellow)
Button (NO) ,_@,_,
——
ACTUATOR
Ligh Il
ACK_PASS_ACTUATOR ight (yellow)
Button (NO) ._@._.
——
. ESTP_ACTUATOR
REQ_ACK_PASS_ACTUATOR || PASSIVATION_ON || REQ_ACK_ESTP_ACTUATOR || Switch (NC/NC)
Light (white) Light (green) Light (white) Ty
= = —
22 Q- So o=
Meaning of background colors:
Green: Buttons and indicator lights for normal operation
Orange: Buttons and indicator lights for demonstration of passivation and reintegration

1) TEST indicator light is controlled with "1" via the input of the
F-DI. Due to passivation of the entire module, the safety pro-
gram now reads "0" at the input instead of "1".




Scenario: F-communication error

Disconnecting the F-CPU and the decentralized station (un-
plugging the PROFIBUS DP cable) causes passivation of the en-
tire F-I/O-modules in the distributed station.

After restoring the connection (plugging the PROFIBUS DP
cable back in) the F-1/O-modules remain passivated. The
switched on PASSIVATION_ON indicator light indicates this.

If the user acknowledges via ACK_PASS_ACTUATOR, the F-1/0
is reintegrated.

Overview for hardware setup

PS CPU

307 315F Power Supply by PM-E (1) Power Supply by PM-E (2)

X K_H K—H

Disconnect cable

151 HF | (1) (2)

IM PM-E | 4 DI 4DO | PM-E | 4/8 F-DI | 4 F-DO

START_ACTUATOR

Button (NO)

—
ACK_ESTP_ACTUATOR

Button (NO)

e
ACK_PASS_ACTUATOR

Button (NO)

—

A

TEST
Light (yellow)
~0—
ACTUATOR
Light (yellow)
X~

REQ_ACK_PASS_ACTUATOR [} PASSIVATION_ON || REQ_ACK_ESTP_ACTUATOR
Light (white) Light (green) Light (white)

ESTP_ACTUATOR
Switch (NC/NC)

Meaning of background colors:
Green: Buttons and indicator lights for normal operation
Orange: Buttons and indicator lights for demonstration of passivation and reintegration

Ex. No.
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1 1 Overview of the scenarios:

At page 334 indicates the states and mode transitions of the The following figure shows you:
sample code following scenarios:

B Startup
B Normal operation

B What effect pressing the button has?
B When do which indicator lights come on?

B Manual reintegration The following figure explains the used representation

B Automatic reintegration method, using the example of the "Startup" scenario.

Startup

ﬁ-{:Fl._! in 'S-T_UF_“ I
|r|u. m:nu]l]‘rgui

| Symbolizes an event which causes one mode transition:

Taitch mode pwilch fiom

=TOP lo RLN The mode switch at the S7-CPU is switched from STOP to RUN by

the user. There is a transition from state (1) to state (2).
ST-CPU in Starmup |2
: |nn Fo lulai'r;

ST-CPUIn RUM (1)
[xes [ra [ura [

[ | | Symbolizes the switch states of the five indicator lights and the
— collective error display on the F-I/O:

All indicator lights are off except PASSIVATION_ON (PO).

Ak h-:-M&dgt
ACK _ESTP_ACTUATOR

All abbreviations are described in the following table.
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Overview of buttons and indicator lights 1 1
Symbol Abbreviations HW component Function
START_ACTUATOR Button Switch on ACTUATOR indicator light
ACK_ESTP_ACTUATOR Button Acknowledge ACTUATOR emergency stop actuator
ACK_PASS_ACTUATOR Button Acknowledge ACTUATOR passivation
ESTP_ACTUATOR Emergency stop push but- ACTUATOR emergency stop

ton at F-DI

REQ_ACK_ESTP_ACTUATOR  REA Indicator light Acknowledge ACTUATOR emergency stop requirement
REQ_ACK_PASS_ACTUATOR  RPA Indicator light Acknowledge ACTUATOR passivation requirement
PASSIVATION_ON PO Indicator light Passivation exists
ACTUATOR A Indicator light at F-DO Simulation of "hazardous load"
TEST T Indicator light at F-DO Only switched off if F-DI passivated.
SF LED on F-module Collective error display

Meaning of background colors

Section Color Meaning
Mode transitions / actions light blue Action by user

light yellow Action by F-system
Overview of indicator light: white Indicator light is switched on

gray Indicator light is switched off
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1 1 Overview of states and mode transitions of the sample code

Unet, Senwiate vire-tanal at 3

gt | |

334  Functional Example No. AS-FE-I1-011-V10-EN




Explanations for the STEP 7 program
Interaction of STEP 7 blocks

The following figure displays the interaction between the
STEP 7 blocks and the connection to the process I/0. The de-
scription of the process signals is available at page 321.

Legend
- Call of TTEPT sk
A o fal-zale signal ifrom § bo piocess; PO

Inguits fom Frocess STEFT-Frogam in &7-CPFY

| Staiidand Progiai Salety Piogian:

Ex. No.

Fail-gafs vignal ifiom | bo procews;
Intgrnal signal imsmony bi, data block

Qutjds o Frooess

om | = oy EMABLE |
-
START_ACTUATOR REC_START
OB 35 FoALL ] FB2 FRss | ) ) )
s o | 5] RIO_ACK_ESTP_ACTUATOR
Pl
R T g -l EE
ACK _EETP ACTLUMATON | L]
AL TLIATOR
ESTF_ACTLIMATON
sy " . TEST
v | TEST_iN {
| FEY
- - REQ_ACH_PASS_AC TUATOR
ACK_PaSS_acTUATON |
= = - FASSIVATION_ONH
Program Block Name Tasks
Standard program OB1 Cyclic program: Call of FB1 (START)
OB35 Periodic call of F-runtime group (FCALL)
FB1 START Operational switching:
Generating the start requirement (REQ_START)
Safety program FCALL FCALL F run-time group (FCALL)
F-PB COORDINATION F-program block:
Calls FB2 and FB3
FB2 MODE Call FB215 (F_ESTOP1):
Controlling ACTUATOR and TEST
FB3 REINTEGRATION Display passivation, automatic F-DI reintegration, manual F-DI
and F-DO reintegration,
FB215 F_ESTOP1 F-block from Distributed Safety library:

"Emergency stop up to stop category 1"
Creating ENABLE for emergency stop circuit
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Description: F-1/0-module data blocks

Function and design of the F-blocks:
B See page 349

The following F-1/0-module data blocks are used in the sample
code:

M DB819: F-I/O-module data block of F-DI
B DB820: F-I/O-module data block of F-DO

Description: OB1

Function of the standard block:
B Cyclic call of FB1 (START)
Parameter of the standard block:
B None

Description: OB35

Function of the standard block:

M Periodic call of F-runtime group (FCALL): The safety pro-
gram is called every 50 msec.

Parameter of the standard block:
Bl None

Description: FB1, DB2 (START)

Function of the standard block:

B Operational switching: Generating the standard require-
ment REQ_START for the ACTUATOR indicator light.

Parameter of the standard block:
Bl None

FB1 / Network 1

P aATER 8
"ETANT_ iR
ACTUATOR® = p—

~ INITANCE_
DE_FRE".
THANLE —3

*FO0007_4 g ]
F_Bo ETANT®
DRV BAS -

— URAD = e [+]
DB820.DBX 2.1 r

Overview of the signals of the network:

Signal Source / Target Meaning

START_ACTUATOR From process (but- Start button for
ton) ACTUATOR

INSTANCE_DB_FB2 From F-block FB215  Enable from emer-

.ENABLE
F00007_4_F DO_

DC24V_2A.QBAD

gency-stop circuit

Display, whether
F-DO has been passi-
vated

From F-1/0-module
data block of F-DO

REQ_START To F-block FB2 Start request for

ACTUATOR
Description of the network function:

The standard requirement REQ_START for the ACTUATOR indi-
cator light is generated if the following conditions are true at
the same time (AND):

B The START_ACTUATOR start button was pressed

B The ENABLE from the emergency-stop circuit (FB215)
exists

B The F-DO is not passivated

The start requirement REQ_START is evaluated in the F-block
FB2. FB215 is a block from the Distributed Safety library.

Description: FCALL

Function of the F-block:

B F run-time group: Call of safety program
Parameter of the F-block:

B None

Description: F-PB (COORDINATION)

Function of the F-block:
M Call of F-block FB2

M Call of F-block FB3
Parameter of the F-block:
B None

Description: FB2, DB3 (MODE)

Function of the F-block:

B Realizing the emergency stop functionality for the
ACTUATOR indicator light

B Controlling both indicator lights, ACTUATOR and TEST
Parameter of the F-block:
B None
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FB2 / Network 1 1 1

" THSTANCE_
DE FEZ15"
“F_E3TOPL"
DB818.DBX 36.44 ot
Ol—fENABLE
"ESTP_
ACTUATOR —|E_STOD O_DELAY| . .

g -'h.__
gA 2 GLODDD™. :
P VEEL —ACK MEL AUK HEY|-
A
) -_ AMH DTAR] .

. =={TINE_DEL ENO |
Overview of the signals of the networks:
Signal Source / Target Meaning
ACK_ESTP_ACTUATOR From process (button) Acknowledgement for emergency-stop circuit
ESTP_ACTUATOR From process (button) Emergency-stop button
F_GLOBDB.VKE1 From F-Global-DB Result of logic operation "1"
ENABLE To FB1 (standard block) Enable for emergency-stop circuit
REQ_ACK_ESTP_ACTUATOR To process (indicator light) Acknowledgement for emergency-stop circuit

requirement

The F-Global-data block (F_GLOBDB) is a fail-safe data block, Description of the network function:

which contains all global data of the safety program as wellas  pjere the emergency stop functionality for the ACTUATOR indi-
additional information for the F-system. cator light is realized The FB215 is called for this. FB215 is an
Amongst other things, VKEO and VKE1 provided there. F-block from the Distributed Safety library.
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1 1 FB2 / Network 2 FB2 / Network 3
i =TEST"
EENAELE = . -3 .
".!.CTUATDR" TIST_IH" — r—i
. =
Overview of the signals of the network
NLE] Source / Target  Meaning
TEST_IN From process (,1“)  Signal from F-DI "1" is
Overview of the signals of the network constantly set at F-DI.
Signal Source / Target Meaning TEST To process (indica-  Only for demonstra-
ENABLE From network 1 Enable from emer- tor light) Egg no other func-
gency-stop circuit :
REQ_START From FB1 (standard  Start requirement Description of the network function:
block) for ACTUATOR . L .
— - TEST is used to demonstrate passivation of the entire module.
ACTUATOR To process (indicator  Representative for a When th . ivati TEST is al itched
light) "hazardous load". en there is no passivation, is always SVYI c ed on, as
TEST_IN at the F Dl is constantly supplied with "1".
Description of the network function: The TEST indicator light is only switched off if F-DI is passi-
The ACTUATOR load is switched on if the ENABLE from the vated.

emergency-stop circuit is pending and the start requirement
REQ_START is given.
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Description: FB3, DB4 (REINTEGRATION) 1 1

Function of the F-block:

M Display of passivation at the PASSIVATION_ON indicator
light

B Automatic reintegration of the F-DI

B Manual reintegration of F-DI/F-DO

Parameter of the F-block:

B None

FB3 / Network 1

ittt (it | #=1
\ F-DO "FOOOOD7_4_ |
1
H F DO,
! | DB820.DBX 8.0 E\Dusz v zar
| QEAD_O_00 -
! 1
! 1
| “FOOOOT7 4 !
. I\ F DO |
! n
| | DB820.DBX 8.1 L pozev_zarT !
R N QEAT:. 00T
‘epl | “rooool_4_ |
: g F DI !
i | DB819.DBX 2.1 I\ DCz&w . |
1
! QEAT -
Overview of the signals of the network:
Signal Source / Target Meaning
FO0007_4 F_DO_DC24V_2A.QBAD_O_00 From F-l/0O-module data block of F-DO If "1": channel F-DO is passivated
FO0007_4_F_DO_DC24V_2A.QBAD_O_01 If "1": channel 1 of F-DO is passivated
FO00001_4 8 F DI_DC24V.QBAD From F-1/0-module data block of F-DI If "1": At least one channel of the F-DlI is pas-
sivated.
PASSIVATION_ON To process (indicator light) If "1": At least one channel of F-DI and/or

F-DO is passivated.
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Description of the network function:

The PASSIVATION_ON indicator light indicates that at least
one channel of F DO and/or F-Dl is passivated. Basically, there
are two different methods to test whether at least one chan-
nel of a module is passivated:

Method Advantage

1  Polling all channels of the F-module: ~ The passivated chan-

« for F-DI: via the "QBAD_|_xx" vari-  nels can be identi-
ables fied individually.
¢ for F-DO: via the "QBAD_O_xx" vari-
ables
2  Polling the entire F-module: Polling only possible
* via the "QBAD" variable. once.

In the sample code both methods are used for demonstration
purposes. "Method 2" can also be used here to detect whether
the F-DO is passivated.

FB3 / Network 2

“FOO00L_4_
DB818.DBX 36.3 8_F DI_ DB819.DBX 01
a DC24vW*.
b ACE NEC
N cromoe-’ .
VEED =— S
Overview of the signals of the network:
Signal Source / Target Meaning
F_GLOBDB.VKEO From F-Global-DB Result of logic operation "0"
F00001_4_8 F DI_DC24V.ACK_NEC To F-1/0-module data block of F-DI F-DI is automatically reintegrated
The F-Global data block (F_GLOBDB) is a fail-safe data block
which contains all global data of the safety program as well as -
additional information for the F-system. Warning

Amongst other things, VKEO and VKE1 provided there.

Description of the network function:

Channel or module errors at the F-DI cause passivation of the
F-DI at the entire module. After removing the error, the F-Dl is
automatically reintegrated.

Automatic reintegration is only permitted if an auto-
matic startup of the plantis not possible after the error
has been removed.




FB3 / Netzwerk 3

a
"FOOOO7 4
DB820.DBX 2.2 F.pa.
DCZ4V_ZR".
BME_FR] —
Overview of the signals of the network:
NLE] Source / Target Meaning
FO0007_4_F_DO_DC24V_2A.ACK_REQ From F-1/0-module data block of F-DO If"1": The error that caused the passivation has
been removed. Acknowledgement for reinte-
gration by the user is now possible.
REQ_ACK_PASS_ACTUATOR To process (indicator light) Indicates to the user, that reintegration re-
quires acknowledgement.
Description of the network function:
A channel error at the F-DO in the sample code causes passi-
vation of the F-DO channels. After removing the error, the F-
DO is manually reintegrated.
The REQ_ACK_PASS_ACTUATOR indicator light shows the user,
that reintegration requires acknowledgement.
FB3 / Network 4
"FOOOO7_4_
F_D0O_
DC2av Za". DB820.DBX 0.2

ACK REI —

"FOODOL 4
Sl DB819.DBX 0.2
Tn 747

ACE DEI —|

Ex. No.
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Overview of the signals of the network:

Signal
ACK_PASS_ACTUTOR

Source / Target

FO0007_4_F_DO_DC24V_2A.ACK_REI

FO0001_4_8 F DI_DC24V.ACK_REI

Description of the network function:

F-DO and F-Dl are reintegrated after acknowledgement by the
user:

B Manual reintegration of the F-DO is necessary in the sam-
ple code after channel or F-communication error.

B Manual reintegration of the F-Dl is necessary in the sample
code only after F-communication error.

Description: FB 215, DB1 (F_ESTOP1)

The block is a TUV certified application block from the Distrib-
uted Safety library.

Function and parameter of the F-blocks:
B See STEP 7 online-help

Operating instruction on the sample code

This chapter describes the operation of the functional exam-
ple.
The operation is divided into different scenarios

Normal operation 343
Manual reintegration after wire-break at F-DO 344
éthlomatic reintegration after wire-break at 345

Reintegration after F-communication error 346

From process (button)

To F-1/0-module data block of F-DO

To F-1/0-module data block of F-DI

Meaning

Acknowledgement by the user for manual rein-
tegration

If"0->1"

F-DO is reintegrated.
If "0->1":

F-DI is reintegrated.

The following prerequisites must be fulfilled in order to oper-
ate the functional example:

B The hardware configuration, the standard program, and
the safety program are located on the F-CPU

B Emergency stop unlocked

As a description, tables with uniform structure are used be-
low. The columns of the table have the following meaning:

Column name Column content

"Step" Number of the operational step

"Action" Action of user

"State" The number marks the state reached after ex-
ecuting the action. An overview of all status is
available at page 334.

"Comment" Comments on the step.

“Indicator Here the switch status of the five indicator

light" lights and the SF LED is depicted which is set
after executing the action. Switched indicator
lights are marked with "1". (*1)

"SF-LED" The column indicates the status of the collec-

tive error display on the F-1/0-module (red
LED). (*1)

(*1): To recognize more clearly which bits change during a
mode transition, they are shaded in gray: If a bit is shaded
gray, it has changed compared with its previous state.
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Operation: Normal operation 1 1

Operation in the following table shows the procedure:
B Start und emergency stop of the load

A more detailed description of the scenario, with overview im-
age on the hardware setup, is available at page 328.

Comment Indicator light / SF-LED
A:REQ_ACK_ESTP_ACTUATOR

B: PASSIVATION_ON
C: REQ_ACK_PASS_ACTUATOR

- D:ACTUATOR

N E:TEST

9 F:SF-LED of the F-modules

i
1 Mode switch at the F-CPU from STOP 3 1 0 0 0 1 0

to RUN.

2 Press ACK_ESTP_ACTUATOR 10  Always after starting the F-CPU 0 0 0 0 1 0
3 Press START_ACTUATOR 11 Switch on load 0 0 0 1 1 0
4 Press ESTP_ACTUATOR 12 Press emergency stop 0 0 0 0 1 0
5  Unlock ESTP_ACTUATOR 13 Unlock emergency stop 1 0 0 0 1 0
6  Press ACK_ESTP_ACTUATOR 10  Acknowledge emergency stop 0 0 0 0 1 0
7  Press START_ACTUATOR 11 Switch load back on 0 0 0 1 1 0

Explanations on the table:
(*1):
At page 334 you find an overview of statuses and mode tran-

sitions of the sample code. The area in the figure marked as
"Normal operation” is relevant here.
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1 1 Operation: Manual reintegration

Operation in the following table shows the procedure:
B Simulation of a wire-break at the load

M Passivating an F-DO channel

B Manual reintegration after removing the wire-break

Please observe the following:

B A wire-break at F-DO is only recognized when the channel
is switched on.

B Reintegration of an F-DO may take several minutes.

A more detailed description of the scenario, with overview im-
age on the hardware setup, is available at page 329.

Action Comment Indicator light / SF-LED
A: REQ_ACK_ESTP_ACTUATOR
B: PASSIVATION_ON
C: REQ_ACK_PASS_ACTUATOR

= D: ACTUATOR
L E: TEST
g F: SF-LED of the F-DO module
&
- 11 Thisis the initial state for the following 0 0 0 1 1 0
operations.
1  Disconnect F-DO ACTUATOR indicator 30  Due to passivation of the channels the 0 1 0 0 1 1
light TEST indicator light remains switched
on.
2 Restoring the connection 30  The state remains until the F-systemrec- 0 1 0 0 1 1
ognizes that the wire-break has been re-
moved.
31  The F-system requests acknowledge- 0 1 1 0 1 0
ment for reintegration.
3 Press ACK_PASS_ACTUATOR 10  After acknowledgement by the user, 0 0 0 0 1 0

the F-DO channel is reintegrated.

Explanations on the table:
(*1):
At page 334 you find an overview of statuses and mode tran-

sitions of the sample code. The area in the figure marked as
"Manual reintegration of F-DO" is relevant here.
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Operation: Automatic reintegration 1 1

Operation in the following table shows the procedure:

B Simulating a wire-break at the emergency stop button.
Bl Passivation of the entire F-DI

B Automatic reintegration after removing the wire-break

A more detailed description of the scenario, with overview im-
age on the hardware setup, is available at page 330.

Action Comment Indicator light / SF-LED
A: REQ_ACK_ESTP_ACTUATOR
B: PASSIVATION_ON
C: REQ_ACK_PASS_ACTUATOR

= D: ACTUATOR
L E: TEST
g F: SF-LED of the F-DI module
&
— 11 Thisis the initial state for the following 0 0 0 1 1 0
operations.
1 Disconnecting F-DI and 20 Due to passivation of entire module, 0 1 0 0 0 1
ESTP_ACTUATOR emergency stop the TEST and ACTUATOR indicator
lights are switched off.
2 Restoring the connection 20  The state remains until the F-system rec- 0 1 0 0 0 1
ognizes that the wire-break has been re-
moved.
13 The F-DI module is reintegrated. 1 0 0 0 1 0

Explanations on the table:
(*1):
At page 334 you find an overview of statuses and mode tran-

sitions of the sample code. The area in the figure marked as
"Automatic reintegration of F-DI" is relevant here.
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Operation: F-communication error

Operating in the following table shows the procedure:
W Pulling the PROFIBUS DP cable from the F-CPU

B Restoring the connection

B Reintegration

A more detailed description of the scenario, with overview im-
age on the hardware setup, is available at page 331.

Action Comment

ustand (*1)

= Z

1 Thisis the initial state for the following
operations.

1 Removing the PROFIBUS DP cable =
2 Restoring the connection -

Press ACK_PASS_ACTUATOR 10  After acknowledgement by the user,
the F-1/0-module is reintegrated.

Explanations on the table:

(*1):

At page 334 you find an overview of statuses and mode tran-
sitions of the sample code.

(*2):

The BF-LED at"IM 151 HF" lights up. The BF-LED at "IM 151 HF"
is blinking.

(*3):

The BF-LEDs are off.

Indicator light / SF-LED

A: REQ_ACK_ESTP_ACTUATOR
B: PASSIVATION_ON

C: REQ_ACK_PASS_ACTUATOR

D: ACTUATOR
E: TEST
F: SF-LED of F-DI and F-DO module

0 0 0 1 1 0
0 0 0 0 0 0(*2)
0 0 0 0 0(*3)
1 0 0 0 1 0
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Background Knowledge on the Functional Example 1 1
This chapter provides background knowledge on "Passivation
and Reintegration” in the "S7 Distributed Safety" system.

All of the information given is taken from the "S7 Distributed
Safety” manuals and the STEP 7 online help.

Note

If already familiar with passivation and reintegration,
you won't need to read this chapter.

This chapter is not necessary for setup and operation
of this functional example.

Use the current "S7 Distributed Safety" manuals for
your current project.

The following topics are described:

Topic Page Content
F-1/0-module 348 What are fail-safe 1/0-modules?

How does the user access inputs and outputs?
F-1/0-module data block 349 What is an F-1/0-module data block

What is an F-1/0-module data block used for?
What is the structure of an F-1/0-module data block?

Passivation 353 What happens during passivation?
(of entire module or channel) What type of passivation exists?
How is the "passivation of channels" realized?
Reintegration 355 What happens during reintegration?
(of entire module or channel) What type of reintegration exists?
Process: channel / module error 358 Description of variants of passivation and reintegration:
(automatic reintegration)
Process: channel / module error 359 What is the principal procedure?
(manual reintegration) Which variables are involved in the F-/0-module data block?
Process: F-communication error 360
Process: safety program 361

Process: group passivation 362
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1 1 F-1/0-module

What are fail-safe I/0-modules?

Fail-safe I/0-modules differ from standard modules mainly by
their internal two channel structure. Two integrated proces-

sors mutually monitor and test the input and output circuits

automatically. The connected sensors and actuators are also
monitored (wire-break, discrepancy, etc.). In case of an error,
the processors turn the F-1/0O-module fail-safe.

The F-CPU communicates with a distributed F-1/O-module via
the fail-safe PROFlIsafe profile. The PROFIsafe profile is inte-
grated in the PROFIBUS and PROFINET telegrams.

How does the user access inputs and outputs?

The inputs and outputs of an F-1/0-module are accessed via
the process image of the F-CPU:

Access to F-1/0-module Process image
Inputs Outputs

In standard program read read

In the safety program read write

The following figure illustrates the relationships.

PROF BUS wih PROF hald
FROF INE T w8l FROF LA

ll"I
1"‘\
ET 2005 \ [ | Fepu
F-l0-module e propen
Standard program
| | [ signat processing | [Pt T

i

Safety program
(raad andwrila)
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F-1/0-module data block 1 1
What is an F-1/0-module data block

For every F-1/0-module one data block is automatically gener-
ated during compilation in the STEP 7 hardware configura-
tion.

The F-1/0O-module data block is the interface between the user
program and the F-system. Control and status information of
the F-1/0-module are exchanged via the interface.

The F-1/0-module data block contains variables which can be
accessed by the safety program as well as the standard pro-
gram. The F-1/O-module data block does not contain any pro-
cess values. The process values are located in the process im-
age of the F-CPU.

Access to the F-1/0-module
data block

In standard program read
In the safety program read and write

The following figure illustrates the relationships.

PR B Wil RO N
FROFIRET =il PROF e
1/

ET 2005 L " [ rcru
Lizér program
VG Standard program
: — - ikl ifnad) i
‘Sansar | Stgnal processing Process image :
At iy Safsty program
iread mnd writa) H
Cparsting system F-oparatng system: ] i
""\'mil
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1 1 What is the F-1/0-module data block used for?

The following functions can be realized with the variables of
the F-1/0-module data block:

B Checking whether current F-1/0-modules or individual
F-1/0-module channels are passivated.

B Manual or automatic reintegration of F-I/O-modules after
error recovery.

Bl Passivation and reintegration of F-1/0-modules via the
safety program.

B Reconfiguration of fail-safe DP-standard slaves.

What is the structure of an F-1/0-module data block?

The two following tables explain the variables of the F-1/0-
module data block. Both tables differ in the type of user access
to the variables:

B Read and write access by the user: page 351
B Read access by the user: page 352

The variables of the F-I/O-module data block can, for example,
be monitored with the variable table in STEP 7. The following
table gives examples:

Operand Symbol Comment
DB819.DBX 0.0 "FO0001_4_8_F_DI_DC24V".PASS_ON Variable "PASS_ON" der F-DI

DB820.DBX 2.1 "FO0007_4_F DO_DC24V_2A".QBAD Variable "QBAD" der F-DO




The user has read and write access to the following variables
in the F-1/0O-module data block.

Variable
(Type)

PASS_ON
(BOOL)

ACK_NEC
(BOOL)

ACK_REI
(BOOL)

IPAR_EN
(BOOL)

Declaration

Address

0.0

0.1

0.2

0.3

;| Default value

0

What reactions can be triggered by the
user?

Passivation and reintegration of F-1/0-mod-
ule via the safety program.

Selecting the type of reintegration:
¢ Manual:

with user acknowledgement
¢ Automatic:

without user acknowledgement

Acknowledgement by the user at manual re-
integration

Ex. No.

Reaction of the F-Systems

"PASS_ON = 1":
The F-1/0-module is reintegrated.
"PASS_ON = 0":

The F-1/0-module is reintegrated. The
passivation was previously triggered with
"PASS_ON = 1".

Comment:

PASS_OUT does not change its value
when writing PASS_ON.

The ACK_NEC and ACK_REI are not rele-
vant here

"ACK_NEC =1":

Reintegration occurs manually.
Reintegration requires user acknowl-

edgement:
Positive edge at ACK_REI
"ACK_NEC = 0":

Reintegration occurs automatically with-
out acknowledgement by the user.

For "F-communication error" automatic
reintegration is not possible!
Comment:

Reintegration is only possible when the
error causing the passivation has been
removed.

ACK_NEC is only relevant for "channel"
and "module" errors.

"ACK_REIl = 0->1" (positive edge):
Reintegration occurs after positive edge.

Comment:

Acknowledgement by the user is only
possible when the error causing the pas-
sivation has been removed.

For "F-communication errors" acknowl-
edgement by the user must always occur
independent of ACK_NEC.

Reconfiguration of fail-safe DP-standard
slaves.
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1 1 The user has only read access to the following variables in the

F-l/O-module data block.
Variable

(Type) 5

Lo

s

L

(%]

@

(=]
PASS_ON ouT
(BOOL)
QBAD ouT
(BOOL)
ACK_REQ ouT
(BOOL)
IPAR_OK ouT
(BOOL)
DIAG ouT
(BYTE)
QBAD_I_xx ouT
(BOOL)
QBAD_O_xx ouT
(BOOL)

) Address

2.1

2.2

2.3

3.0

4.0 bis
7.7

8.0 bis
11.7

Default value

—

1

Which information does the user receive when reading the variables?

"PASS_OUT = 1":
The F-1/0-module is passivated.
Cause of the passivation:

"F-communication error", "module error", "channel error" (see page 354).

"PASS_OUT = 0 UND QBAD = 1":

The F-1/0-module is passivated.

Cause of the passivation:

"PASS_ON = 1" was set in the safety program.

Comment:

Depending on the settings in the hardware configuration of STEP 7 the entire module or
only faulty channels are passivated.

"QBAD = 1":

Currently the substitute value ("0") is used for at least one channel instead of the process
value. Which channels are passivated is indicated via the QBAD_I_xx or QBAD_O_xx vari-
ables (see below).

"ACK_REQ = 1"

The error that caused the passivation has been removed.

Acknowledgement for manual reintegration (ACK_REI) by the user is now possible.
Cause of the passivation:

"F-communication error", "module error", "channel error" (see page 354).

Comment:

If the error causing the passivation has been removed, and this has been recognized by
the F-system, the F-system sets "ACK_REQ = 1".

After acknowledgement by the user, the F-operating system sets "ACK_REQ = 0".
Reconfiguration of fail-safe DP-standard slaves.

Service information

"QBAD_I_xx=1": Comment:

The input channel is passivated with num-  With the variables it can be detected
ber xx. which channels are passivated.

The substitute value ("0") is used at input The channel number xx has the value
"Xx". range: 00 to 31

"QBAD_O_xx=1":

The output channel is passivated with num- ~Example:

ber xx. "QBAD_O_00 = 1" means:

The substitute value ("0") is used at output

Substitute value ("0") is currently output
XX". at output channel.
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Passivation (of entire module or channel) 1 1
What happens during passivation?

The entire F-1/0-module or individual channels of an F-1/0-
module can be passivated by the F-system or the safety pro-
gram. The extent of passivation varies depending on the trig-
ger of the passivation:

Cause of the passivation: Extend of the passivation:

Safety program The passivation affects the entire
F-module.
|.e. all channels of the F-1/0-module
are passivated.

F-System Passivation affects either the entire
F-module, or only the faulty chan-
nels.

The desired behavior can be adjust-
ed via settings in the STEP 7 hard-
ware configuration.

Passivation has the following effect:

Passivation: Effect of passivation:

F-input module (F-DI) The safety program is not provided
with the process values pending at
the input.

The safety program is provided
with the substitute values ("0") in
the process image of the inputs.

F-output module (F-DO) The output values provided by the
safety program in the process im-
age of the outputs are not transmit-
ted to the outputs.

At the outputs the substitute values
("0") are output.

Note

During passivation of F-input modules (F-DI) the pro-
cess image of the respective inputs is only reset when
processing the safety program.
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1 1 What type of passivation exists?

The following table gives an overview of the passivation:

Cause of the passivation Effect of the passivation Reaction in the
F-1/0-module data
block

Safety program Setting "PASS_ON = 1" in the F-1/0-module Passivation of the F-module QBAD =1
data block All channels:
QBAD_| xx =1
QBAD_O_xx =1
F-operating sys- Startup of the F-CPU Passivation of the entire F-I/O QBAD =1
tem Establishing communication between the F- PASS_OUT =1
CPU and the F-1/0 via the safety protocol accord- All channels:
ing to PROFIsafe. QBAD_|_xx = 1
F-communication error Passivation of the F-module QBAD:6_xx -1
Error at fail-safe communication between F-
CPU and F-/O.
F-1/O error Module error Passivation of the F-module
(*1) « Configuration error
¢ Overtemperature
Channel error Configuration: ~ "Passivation of entire
¢ Wire break (*2) module”
¢ Short circuit "Passivation channel" QBAD =1
* Discrepancy PASS_OUT =1
* Overload Only affected chan-
nel:
QBAD_I_xx =1
QBAD_O_xx =1

Explanations on the table:
(*1): "F-1/0 faults" causes the following reaction:

M The error is reported at the F-CPU (as standard reaction):
- The error is reported to the F-CPU via the slave diagnostics.
- OB82 for I/O errors is called in the F-CPU. If it does not
exist, it goes to the F-CPU in STOP.
M Either the entire F-module or only the affected channels
are passivated (F-specific reaction).

(*2): In the hardware configuration of STEP 7 the project set-
tings can be selected: "Passivate the entire module" or "Passi-
vate the channels".




How is the "passivation of channels" realized?

Precondition
Passivation of channels requires:

M S7 Distributed Safety V5.4, and S7 F Configuration Pack

V5.4 + SP1

B "F-modules which support the passivation of channels

Currently, the following F-modules support passivation of

channels:

ET 200 F module

ET 200 S 6ES7138-4FA02-0ABO
6ES7138-4FB02-0ABO
6ES7138-4CF02-0ABO
6ES7138-4CF41-0ABO

ET 200 M 6ES7326-2BF01-0ABO
6ES7326-2BF40-0ABO
6ES7326-1RFO0-0ABO
6ES7336-1HE00-OABO

ET 200 PRO 6ES7148-4FA00-0XBO
6ES7148-4FC00-0XB0O

ET 200 ECO 6ES7148-3FA00-0XB0O

Configuration

Description

4/8 F-DI DC 24 V
PROFlsafe

4 F-DODC24VI2 A
PROFlsafe

PM-E F pm DC 24 V
PROFlsafe

PM-E F pp DC 24 V
PROFlsafe

SM 326F; DO
10xDC 24 VI2 A

SM 326F; DO
8x DC 24 VI2 A PIM

SM 326F; DI 8xNAMUR
SM 336F; Al 6x13Bit

8/16 F-DI DC 24 V
PROFlsafe

4/8 F-DI 4 F-DO
DC 24 V/2 A PROFlsafe

4/8 F-DI DC 24 V
PROFIsafe

In the hardware configuration of STEP 7 the following project

settings options exist:
B "Passivate the entire module”
M "Passivate channel".

The configuration is made in the following tab of the F-1/O-

module:

B "Module parameter" -> "Behavior after channel error"

At page 323 you find two respective examples:

B F-DI with "Passivate the entire module”

B F-DI with "Passivate the channel”

The respective configurations are shaded.

Ex. No.

11

Reintegration (of entire module or channel)
What happens during reintegration?

Reintegration has the following effect:

Reintegration
F-input module (F-DI)

Effect of reintegration:

The safety program is provided
with the process values pending at
the input via the process image of
the inputs.

The output values provided by the
safety program in the process im-

age of the outputs are transmitted
to the outputs.

F-output module (F-DO)

Which types of reintegration exist?

The reintegration of an F-module can occur in two different
ways (see page 356):

B manually:

M automatically:

During manual reintegration, the user must acknowledge in

the safety program for the reintegration of the F-system to be
performed. ACK_REI (see page 351) must be provided with a
positive edge for this.

During automatic reintegration, the F-system integrates the F-
module if the error causing the passivation has been removed.
The user needs not acknowledge in the safety program.

Whether reintegration occurs manually or automatically is
controlled via ACK_NEC (see page351):
B ACK_NEC = 1: Manual

(Default value)

W ACK_NEC = 0: Automatic
(must be set in the safety program by the user)

Warning

Automatic reintegration is only permitted if an auto-
matic startup of the plantis not possible after the error
has been removed.
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1 1 The following table gives an overview of the reintegration.

Manual or automatic | Prerequisite for reinte-
gration

Safety program Setting "PASS_ON = 1" in the F-I/O-module data automatic "PASS_ON = 0"
block
F-operating system Startup of the F-CPU automatic Communication established

Startup of the F-CPU

Establishing communication between the F-CPU
and the F-1/0 via the safety protocol according to

PROFIsafe.
F-communication error manual F-system has recognized
Error at fail-safe communication between F-CPU that the error causing the
and F-1/0. passivation has been re-
. moved. (*1

F-1/O error Module error Depending on ACK_NEC: D

» Configuration error o If"0%

» Overtemperature automatic

T

Channel error
manual

* Wire break (Default value)
* Short circuit

* Discrepancy
* Overload

Explanations on the table:
(*1):
After removing the error, the SF-LED of the affected F-module

and the S7-message system does not indicate an error any-
more.

The passivation of the F-module remains until reintegration
(see page 358 and 359).




Processes during passivation and reintegration

The following chapter describes the processes during passiva-
tion and reintegration. Considered are the following variants:

Variant Page

Channel error and module error: automatic rein- 358
tegration

Channel error and module error: manual reinte- 359
gration

F-communication error: reintegration 360
Safety program 361
Group passivation 362

As a description, tables and figures with uniform structure are
used below. The columns of the table have the following
meaning:

Column name Column content

"State" The numbers correspond to the number of the
state.

"Description In the column the states and events are de-

of status and scribed. Events cause mode transitions. For bet-

events" ter discrimination the events are given in italics.

"F-1/0-mod- The column lists the relevant variable of the

ule dalrlta F-1/0-module data block.

bl?l‘:k The symbols in the columns have the following

¢n meaning:

e "0", "1": Status of the bit
* "0->1": Positive edge

« "x": Status of the bit irrelevant

"SF-LED" The column indicates the status of the collective
(*1) error display on the F-I/O-module (red LED).

(*1): To recognize more clearly which bits change during a
mode transition, they are shaded in gray: If a bit is shaded
gray, it has changed compared with its previous state.

The following background colors are used in the figures:
B Green background: the F-module is not passivated
B Red background: the F-module is passivated

Ex. No.
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Process: Channel / module error Process sequences

If an error is pending at the F-module (channel or module er-
ror), the F-module is passivated by the F-system. If the error
Precondition has been removed and "ACK_NEC = 0", the F-module of the
F-system is automatically reintegrated.

The following figure and table illustrates the process se-
quence.

(automatic reintegration)

The user has set "ACK_NEC = 0" in the safety program.

Error occurs Numbers in brackets indicate the state.

Error removed

Description of status and events F-1/0-module data block / SF-
LED
A: ACK_NEC
B: PASS_OUT
C: QBAD
D: SF-LED
1 F-module is not passivated. 0 0 0 0
Event: error occurs at the F-module.
2 F-module has recognized the error. 0 0 0 1
Event: F-system recognizes the error at the F-module.
3 F-system has passivated F-module. 0 1 1 1
Event: Removing the error at the F-module.
4 F-module has recognized that the error has been removed 0 1 1 0

Event: F-system recognizes that the error at the F-module has been removed.
5 F-system has reintegrated the F-module. 0 0 0 0
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Process: Channel / module error (manual reintegration) 1 1
Precondition F-module is only reintegrated after acknowledgement by the
In the safety program the user acknowledges the reintegra- user.
tion by providing ACK_REI with a positive edge. The following figure and table illustrates the process se-
quence.

Process sequences

If an error is pending at the F-module (channel or module er-
ror), the F-module is passivated by the F-system. If the error
has been removed and "ACK_NEC = 1"(default value), the

l Error occurs

Error removed

User acknowledged

Description of status and events F-1/0-module data block / SF-LED
A: ACK_NEC
B: ACK_REI
C: PASS_OUT
D: QBAD
E: ACK_REQ
F: SF-LED
1 F-module is not passivated. 1 0 0 0 0 0
Event: error occurs at the F-module.
2 F-module has recognized the error. 1 0 0 0 0 1
Event: F-system recognizes the error at the F-module.
3 F-system has passivated the F-module. 1 0 1 1 0 1
Event: Removing the error at the F-module.
4 F-module has recognized that the error has been removed. 1 0 1 1 0 0
Event: F-system recognizes that the error at the F-module has been re-
moved.
5 F-module remains passivated F-system requests user acknowledgement. 1 0 1 1 1 0
Event: User acknowledges (positive edge) 0->1

6 F-system has reintegrated the F-module 1 X 0 0 0 0
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1 1 Process: F-communication error

Note

For "F-communication error" automatic reintegration
is not possible!

Precondition

In the safety program the user acknowledges the reintegra-
tion by providing ACK_REI with a positive edge.

l Error occurs

Error occurs

User acknowledged

Description of status and events

1 F-1/0 is not passivated.
Event: Error occurs.

2 F-module is passivated.
Event: Error removed.

3 F-1/0 has recognized that the error has been removed.
Event: User acknowledges (positive edge).

4 F-system has reintegrated the F-1/0.

Explanations for the table:

(*1): BF-LED at IM 151 HF is on. BF-LED at F-CPU is blinking.

(*2): The BF-LEDs are off.

Process sequences

At F-communication error (e.g. due to disconnecting F-CPU
and ET200) the entire affected F-1/0 is passivated. If the error
has been removed the F-1/O is only reintegrated after acknowl-
edgement by the user. This applies irrespective of the
ACK_NEC value. The following figure and table illustrates the
process sequence.

Numbers in brackets indicate the state.

F-1/0 data block
F-DI and F-DO / SF-LED

A: ACK_NEC
B: ACK_REI
C: PASS_OUT
D: QBAD

E: ACK_REQ
F: SF-LED

X 0 1 1 0 0(*1)

X 0 1 1 1 0(*2)
0->1
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Process sequences 1 1

Precondition The F-module is passivated with "PASS_ON = 1". The F-module
is automatically reintegrated with "PASS_ON = 0".

The user can passivate and automatically reintegrate F-mod- The following figure and table illustrates the process se-

ules via the safety program. The PASS_ON variable is used for quence gng P

this. ’

Process: Safety program

Number in brackets indicates the state.

In the safety program: PASS ON =1

In the safety program: PASS_ON = 0

Description of status and events F-1/0 data block
F-DI and F-DO / SF-LED

A: ACK_NEC
B: ACK_REI
C: PASS_OUT
D: QBAD

E: ACK_REQ
F: SF-LED

Event: User sets "PASS_ON = 1" in the safety program
2 F-system has passivated the F-module.

Event: User sets "PASS_ON = 0" in the safety program.
3 F-system has reintegrated the F-module. 0 0 0 0

A

1 F-module is not passivated. 0 0 0 0
1
1
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Process: Group passivation

What is group passivation?

Group passivation refers to simultaneous passivation of sev-
eral G-modules. The following example explains the applica-
tion of group passivation:

An end-switch has been connected at an F-DI. The end-switch
is used to monitor the position of an axis. The drive of this axis
is controlled via an F-DO. During wire-break at the end-switch,
the drive must be switched off for safety reasons. This can be
realized via the safety program: During passivation of F-DI, the
entire F-Do is passivated at the same time.

How is a group passivation realized?

In the safety program, individual F-modules can be grouped

together. The characteristic of a group is:

M If 1 F-module "x" from this group is passivated, then all
other F-groups from this group are passivated.

B After manual or automatic reintegration of this F-module
"x", the remaining F-modules of the group are automati-
cally reintegrated.

The PASS_OUT and PASS_ON bits of the respective F-1/O data

blocks (page 349) are used for a group passivation:

l Error at F-DI

Passivating the group
A 4

l Remove error at F-D

l Reintegrating the group

Group reintegrated (5)

B All PASS_OUT variables of the F-module of this group must
have a OR logic operation

B The result of the OR logic operation must be assigned to all
PASS_ON variables of the F-modules of this group

In the following example a group is realized. The group con-
sists of an F-DI and an F-DO:

M If the F-Dl is passivated, F-DO should also be passivated at
the same time.

M If the F-Dlis reintegrated, F-DO should also be reintegrated
at the same time.

The example shows:
B What is the process of a group passivation?

B How do the relevant bits in the F-1/O data block of F-DI and
F-DO behave?

B What is the design of the respective safety program?

The following figure and table illustrates the process se-
quence.

The following figure shows the process of a group passivation.

/
"] [Fommemes ] [Foommsmes ]

The number in brackets indicates the state.
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Warning

Automatic reintegration is only permitted if an auto-

matic startup of the plant is not possible after the error
has been removed.

The following table explains the process of a group passiva-
tion.

Description of status and events F-1/0-module data block / SF-LED

A: PASS_OUT

A: PASS_OUT

B: PASS_ON B: PASS_ON
o C: QBAD C: QBAD
s D: SF-LED D: SF-LED
)
1 Group is not passivated. 0 0 0 0 0 0 0 0
Event: F-operating system recognizes the error at the F-DI.
2 F-system has passivated the F-DI. 1 0 1 1 0 0 0 0

Event: Group is passivated via the safety program. _\_\*
3 F-system has also passivated the F-DO. 1 1 1

Event: F-system recognizes that the wire-break at the F-DI has been re-

moved.

4 F-system has reintegrated the F-DI. 0 1 0 0 0 1 1 0
Event: Group is reintegrated via the safety program. —B

5 Group is no longer passivated. 0 0 0 0 T"o_ 0 0

The figure below shows the setup of the safety program:

£ | Pass_out |.
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The above network is not realized in the sample code. It only

serves as an illustration.
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Safe Standstill Detection and Safely Reduced Speed with
F-CPU and MASTERDRIVES in Category 3 of EN 954-1 or

SIL 2 of IEC 62061

Automation Function

Description of the functionality

Introduction

To ensure, that a drive is not causing any hazards, it must be
detected safely when it is in standstill mode (speed n=0). Only
when the state of safe standstill is reached, must actions be

performed, as during normal operation they would otherwise
be detected as hazard and cause the actuator to be switched
off. Such actions may consist of:

B Entering a danger zone

B Opening a safety door

B Enabling further technological processes

Apart from safe standstill and normal operation this exam-
ple also illustrates the "safely reduced speed" (Sicher redu-
zierte Geschwindigkeit = SG) operating mode (in this docu-
ment referred to as "safe speed (SG)").

When does a "safe standstill" take place?
Within an applicative solution a safe standstill is referred to if
B a speed n=0 of the drive is recognized and

M this result is confirmed by a further evaluation of the oper-
ating mode of the drive (independent of the first evalua-
tion).

Functional example

This functional example illustrates two independent methods

of determining drive speed, and safe standstill in comparison

with speed n=0.

DF MaEted

DF Sinve DF Slave
ESims wath SIMOVERT MASTERDRIVES
PCPU [
ET 3008

Lol redule LM

B Method 1: Determining speed via PROFIBUS

B Method 2: Determining speed via standard count module
B The following overall functionalities are prepared:

B Emergency stop

B Simulation of a safety door

B Operating modes normal, "safe speed" (SG) and "drive
standstill"

The actual speed value is determined in two different ways.
The speed values determined this way are checked for plausi-
bility in the operating modes "normal” and "safe speed” (SG).
If one or several errors occur in "safe speed” (SG) mode, the
drive is switched off fail-safe.

The plausibility check includes:
B the actual speed value determined in two different ways

B the comparison of the actual speed value with the N_MAX
speed value, whose value must not be exceeded.

B To illustrate these functionalities, the example consists
mainly of three parts:

B DP master CPU
W DP slave (I-Slave)
B DP slave (MASTERDRIVES)
These three blocks as well as the mentioned functionalities
are described in greater detail below.
Note
The PFH-Calculation is not a part of this example.

DP master CPU

Determining speed with PROFIBUS (method 1)

A CPU S7-400, connected with MASTERDRIVES via PROFIBUS,
is used as DP master. In the master CPU the operation related
switching is realized:

M Start the drive
B Stop the drive
B Acknowledgement (e.g. after an error)

To forward these commands to MASTERDRIVES, the master
CPU describes the bits of the control word.

Bt o PLI

Eiddisaddbbitadadbaddlidl
BLETERDETEE

To detect the state of MASTERDRIVES, the master CPU reads
the bits of the control word.



This communication is realized via PROFIBUS. This enables
H transferring the setpoint speed value to MASTERDRIVES
B detecting the actual speed value of MASTERDRIVES.

DP slave (I-Slave)

An ET 200S with intelligent and fail-safe interface (IM 151-7F-
CPU) is used.
Note

In this example, the IM 151-7F CPU has already been
configured as DP slave. However, if you require infor-
mation for integrating an intelligent IM 151 interface
as DP slave, please refer to the manual "ET 200S - Inter-
face Module IM 151-7 CPU" (Entry-ID: 12714722)

The I-Slave realizes the following functionalities:

Safe drive shut down

The drive is switched off safely for

B Triggered emergency stop

B Opening the safety door in normal operation

M Error during speed monitoring in "safe speed” (SG) mode

If one of these cases occurs, the drive is stopped immediately:
The fail-safe output of the F-DO is connected with the OUT3

contact at MASTERDRIVES. At negative edge, OUT3 switches

off the operation as fast as possible (fast stop).

F-DO MASTERDRIVE

P

auT3

Note

Fast stop is generally no primary safety function.
However it enhances safety and helps reduce kinetic
energy. OUT3 can also be connected to MASTERDRIVES
via a standard module. The reason behind using OUT3
via an F-DO in this example is that otherwise an addi-
tional standard output module for ET 200S would be
required.

Reaching category 3 according to EN 954-1 requires two dif-
ferent methods for safe shut down:

B Option K80 for MASTERDRIVES

B Shutdown by contactor

Option K80 (shut down method 1)

Option K80 for MASTERDRIVES contains a fail-safe relays with

positively driven feedback contact, which shuts down power

supply for controlling the power transistors (IGBTs). Pulse

blocking occurs

M in case of an error with delay after fast stop (OUT3=0) via
the F-DO

Ml in operating mode "safe speed” (SG) and drive standstill.

e L T e = =

Spacial ralay

Feadback contact

Pulse blocking

Shutdown by line contactor (shutdown method 2)

If an error is detected during evaluating the feedback contact
of option K80, the contactor disconnects the drive from the
network. If there is no readback error at option K80, the drive
remains connected to the network; category 3 according to
EN 954-1 remains true.

Ex. No.
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WASTER[IRSE

Attention

When using a contactor, its design must allow for this.
In this example a contactor K2 was used for testing
without connection to a load circuit.

Determining speed with count module (method 2)

ET 200S contains a standard count module which is con-
nected with the SBM2 module (from module identification
Ox95FF | EEPROM version 1.06) of MASTERDRIVES. The
SBM2module evaluates the signals of the optical sin-/cos en-
coders.

[l R _:_B"_

Operating mode "safe speed” (SG)

The operating mode "safe speed" (SG) can only be activated
following drive standstill.

Attention

Depending on danger analysis and risk level assess-
ment of the discussed machine, the drive can, in "safe
speed” (SG) mode, also be operated with an open
safety door.

Further preconditions for the operating mode "safe speed"
(SG):

B Emergency stop button unlocked
B Mode switch set to SG
B DMS (Dead Man Switch) remains continuously pressed.

B Actual speed value of "safe speed" remains below limit
value N_SG

Signals of the mode switch and DMS are read into an F-DI.

12 ——

Emergency stop

Emergency stop is read into the F-DI and when pressed
switches off the drive via the OUT3 parameter of the
MASTERDRIVES (fast stop) and option K80 (pulse blocking).
If a readback error occurs at option K80, the contactor (K2) ad-
ditionally disconnects the drive from the network.

Safety door monitoring

The safety door is always monitored with a two channel safety

door contact to show that

B during normal operation and opening of the safety door
the drive is safely switched off,

M in "safe speed" (5G) mode an opening of the simulated
safety door does not cause the drive to be switched off.

Attention

This example is not a complete solution of a safety
door monitoring. For a respective solution please refer
to Safety Function examples no. 2, 3 and 4.
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DP Slave (MASTERDRIVES) 1 2

The description of MASTERDRIVES here is restricted to infor-
mation on interfaces X101 and SBM2.

Interface X101

Terminals -X101/3 to -X101/6 can be used as digital inputs or
outputs. In this example, contact 5 is configured as OUT3 and
(via contactor K1) connected with the F-DO of the ET 200S.
A "0" signal at OUT3 leads to fast stop of the drive.

Note

Fast stop is generally no primary safety function. How-
ever it enhances safety and helps reduce kinetic en-
ergy. OUT3 can also be connected to MASTERDRIVES
via a standard module. The reason behind using OUT3
via an F-DO in this example is that otherwise an addi-
tional standard output module would be required for
ET 200S.

Interface SBM2 module

The SBM2 module (from module identification 0x95FF /
EEPROM version 1.06) forms a pulse generator imitation from
the speedometer signal of the motor (e.g. sin/cos encoder),
which behaves like an incremental encoder located at the mo-
tor. This information is transmitted to the count module of the
ET 200S which is operated in "speed detection" measuring
mode.

Interface X533 (option K80)
This interface is used for safe shutdown (see page 365).




1 2 Flowchart

The flowchart below illustrates the functional relations.

saa

"Check of plausibility OK?" in the flowchart involves:

B checking whether the actual speed value does not exceed
a fixed speed value N_MAX.

B checking whether the actual speed value determined with
PROFIBUS and the actual speed value determined with the
ET 200S count module are equal.

If both points can be answered with "YES", then the plausibil-
ity check is "OK". For "NO" and "safe speed" mode, the drive is
switched off safely.

Time sequence for different modes

The following time diagrams show the time sequence during:

B Operational start and shutdown of the drive
B Emergency stop
B Operating mode "safe speed” (SG)

Before, the displayed parameters are explained. The names of
the signals correspond to the ones of the S7 program code.

1 T— T R
Bl Pl bliis Seiile

Symbol Function Convention
ACK Acknowledgement Acknowledgement de-
pending on edge eval-
uation
START Start request 1: Start request
STOP Stop request 0: Stop request
ESTP Emergency Stop 0: Activated emergen-
cy stop
SIM_FDOR Simulated safety door 0: Opened safety door
DMS Dead man switch 1: DMS pressed
OouT3 Parameter 0: Fast stop
MASTERDRIVES
K80 Contactor for control-  1: Safety relay of K80
ling the option K80 option is controlled
K2 Line contactor 1: activated
n Speed list value

Operational start and shutdown of the drive

Time Explanation

t1 Acknowledgement required prior to first start obligato-
ry.

t2 Drive is started via START.

t3 Drive is stopped via STOP.

t4 Drive standstill
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Emergency stop

Time Explanation Note

t1 Acknowledgement required prior to first start obligatory Thelabove timelcurvelfor@Un3 K80k k2 and niwould

t2 Drive is started via START. also result if instead of triggering an emergency stop

t3 Activates emergency stop: fast stop is triggered at t3, the safety door (simulated here) would be
(OUT3=0). opened.

t4 Option K80: pulse blocking

t5 Separating drive from network (only for readback error
of option K80).

6 Unlocking the emergency stop button. Note

7 Negative edge of acknowledgement signal: Activates the The drive is only separated from the network, if the
contactor. OUT3 is reset to 1 signal. This is the prerequi- feedback contact of option K80 causes an error (see

site for the drive to be restarted with OUT1=1 (not de-

picted) time value t5).
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1 2 Operating mode "safe speed” (SG)

The signal curves described below require the mode switch to

select "safe speed” (SG) mode. hote

As depicted in the time diagram, the drive is only sep-

arated from the network, f the feedback contact of op-
p tion K80 causes an error (see time value t10).

t1 Acknowledgement required prior to first start obligatory.
t2 Pressing and keeping dead man switch (DMS=1) pressed

switches the safety relay of the K80 option. The drive .

starts with SG. Advantage / Customer benefits
t3 Opening... B No standstill monitor necessary.
t4 ...and closing the (simulated) safety door does not cause . R R

the drive to stop (OUT3=1, n>0). B The used speed values for operating modes "normal” and
5 Releasing the dead man switch (DMS=0)... "safely reduced speed" (SG) can be adjusted easily to the
t6 ...causes a stop and subsequent pulse blocking of the individual requirements.

drive (n=0, K80=0) M Use of prefabricated and certified failsafe blocks from the
t7 Renewed pressing and holding of the dead man switch Distributed Safety library.

(DMS=1) switches the safety relay of the K80 option. The
drive starts with SG.

t8 Activates emergency stop: fast stop is triggered
(OUT3=0).

t9 Pulse blocking through option K80.

t10 Separating drive from network (only for readback error

of option K80).
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Required Components

Hardware components

Components

Power supply

Power supply

CPU S7-400

S7F-CPU

S$7-400 input module
Power module for ET 200S
Count module for ET 200S

Electronic module for
ET 200S

Electronic module for
ET 200S

Micro Memory Card

Terminal module for
ET 200S

Terminal module for
ET 200S

Terminal module for
ET 200S

Terminating module for
ET 200S

Emergency stop

Contact (for emergency
stop)

Position switch
Actuator

Push button
Push button
Control element

Knob switch complete
device

Universal-Rack

Mounting rail

Standard mounting rail
SIMOVERT MASTERDRIVES

Sensor module for encoder
SBM2

Servo motor
Contactor
Contactor

Type

PS 407 10A

PS 307 5A

CPU 412-2

IM 151-7F-CPU

DI 32xDC24V

PM-E DC24..48V AC24..230V
1COUNT 5V/500kHz

4/8 F-DI DC24V

4 F-DO DC24VI2A

MMC 2MB
TM-P15523-A0

TM-E30544-01

TM-E30C46-A1

Push button, TNC
TNC, screw-type connection

Metal enclosed, 2NC

Green, TNO
Red, 1NC

With 2 switching elements (2NC)

0-l snap-in, TNC

UR2

482,6 mm

35 mm, length 483 mm
Demonstration box

Incl. connector and short instruc-

tion

N(nominal)=6000 U/min
2NO +2NC

NC

MLFB / Order information

407-0KA01-0AAO
6ES73071EA00-0AAO
6ES7412-2XG04-0ABO
6ES7151-7FA01-0ABO
6ES7421-1BLO1-0AAQ
6ES7138-4CB10-0ABO
6ES7138-4DE02-0ABO
6ES7138-4FA02-0ABO

6ES7138-4FB02-0ABO

6ES7953-8LL11-0AAQ
6ES7193-4CD20-0AA0

6ES7193-4CG20-0AA0

6ES7193-4CF50-0AA0

6ES7193-4JA00-0AA0

3SB3801-0DG3
35B3420-0C

3SE2120-6XX
35X3197
3SB3801-0DA3
3SB3801-0DB3
3SB3400-0D
35B3202-2HA11

6ES7400-1JA01-0AAO
6ES7390-1AE80-0AAO
6ES5710-8MA11
6SE7011-6EP60-Z
65X7010-0FEQO

1FT6031-4AK7
3RH1122-1BB40
3RT1015-2BB42

No.

= N = =] ] e ] s

| = = | =] =

S W Y

Manufacturer

Siemens AG
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1 2 Overview picture

Note
The functionality was tested with the listed hardware e s
components. Similar products not included in the [ i

above list can also be used. Please note that in this case st '-"']' | :

changes in the sample code (e.g. different addresses) [ | 18 sl .
may become necessary. s | =] H o ’
Configuration software/tools ] caaier O
~E pel ik EEET= [ [
Component Type MLFB / Order No. Manufacturer - (l—— i
information N, fi
SIMATIC V5.3 + 6ES7810- 1 SiemensAG e | =1l
STEP 7 SP3 4CC07-0YAS : :
SIMATIC Dis- V5.4  6ES7- 1 j | L
tributed 8331FC02-0YAS e —emd
Safety
Drive ES V5.3+ 6SW1700- 1
BASIC SP3 5JA00-3AA0
Setup and Wiring Notes on contactors and option K80
R't(ajgar;:ihlng; t|f|1e use of ‘?I[\(/IOVERT MASTERDRIVES, please con- Comp. Function Note
siderthe following satety note: K1 Contactor Auxiliary contact (NO) switches pa-
Warning rameter OUT3.
. K2 Li tact Tested without ted load cur-
The MASTERDRIVE carries hazardous voltages and con- ne contactor r:r?tedr(\?ﬂit.ou connected oad cur
trols poten'gally da.ngerous.rotatlng mechanlcal parts. K80 Contactor Auxiliary contact (NO) controls the
Non-compliance with warnings or failure to follow the safety relay of option K80 (see follow-
instructions contained in the MASTERDRIVE manual ing circuit diagram).
can result in loss of life, severe personal injury, or seri-
ous damage to property.
F-[ HERY v & e e
r || Option KBY
Overview of the hardware configuration f‘l- =]
——1 4
Arrangement of the PROFIBUS configuration: . .
M S7-400 CPU as DP-Master I
B ET 200S with IM157-7F-CPU as DP slave PO, .,

B SIMOVERT MASTERDRIVES as DP slave




Notes on configuring MASTERDRIVES

Note

Configuration of SIMOVERT MASTERDRIVES is in this

example not discussed in detail.

The control signals and the setpoint speed value are for-
warded to MASTERDRIVES using PROFIBUS. Signal OUT3 is
controlled indirectly via the connecting terminal plate of

MASTERDRIVES.

The following table affects the configuration of input OUT3 at

MASTERDRIVES (see contact X101/5 in the circuit diagram).

P.-Nr. Name Parameter value
P558 Q.1AUS3 (SHalt) B14 Dig. Input 3

Wiring of hardware components

Prerequisite: The power supplies are supplied with 230 V AC.

First check the addresses set at the hardware components

listed below:

Hardware com- Address to be set
ponent

Note

IM 151-7F-CPU 6 (PROFIBUS address) Can be changed.

F-DI Switch position:
0011001000
F-DO Switch position:
0011000111
Note

The PROFIsafe address-
es are automatically as-
signed when
configuring the fail-safe
modules in STEP 7. The
PROFlsafe addresses 1
to 1022 are permissible.
Please make sure that
the setting at the ad-
dress switch (DIL
switch) on the side of
the module corre-
sponds to the PROFIsafe
address in the hardware

configuration of STEP 7.

The DP interfaces of S7-400-CPU, IM 151-7F-CPU and
SIMOVERT MASTERDRIVES must be inter-connected.

Note

The safety relay and the feedback contact of option
K80 are displayed separately in the wiring plan (on the

next page) for better clarity.

Note

The wiring of the hardware is illustrated below. In the
following table, the hardware components occurring

several times are numbered so they can be allocated in
the subsequent wiring plan.

IM151 7F CPU PM-E 1COUMT PM-E =31 FDO

{ i | e

(R —
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Note

A connection between the MPI interface of this S7-CPU
and the MPI interface of your PG/PC is required to
download the S7 project to the CPU 412-2.

Function test

The inputs and outputs used can be checked with regard to
their functionality, if

B the hardware components are wired
M the S7 project is located in the DP Master CPU (CPU412-2)

B the S7 project is located in the DP Slave CPU
(IM 151-7F-CPU)

B MASTERDRIVES has been parameterized accordingly

374  Functional Example No. AS-FE-1-012-V10-EN

Attention

When using a contactor the design must provide for
this. In this example a contactor K2 was used for test-
ing without connection to a load circuit.
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Inputs and outputs used for the DP Master CPU 1 2
(CPU412-2)
No. HW component Address Symbol Signal (default Note
value)
Nr. Push button (NO) E0.0 START ‘0 Start request
1 Push button (NO) EO0.1 ACK "0 Acknowledgement
2 Push button (NO) EO0.2 STOP "1 Operational stop
3 Push button (NO) E0.0 START "0 Start request
No. SW component Address Symbol Signal (default Note
value)
4  Software output Output OuUT1 "0 Bit in control word for MASTERDRIVES (for 1: drive starts).
DB2.DBX
3.0

Inputs and outputs used for the DP Slave CPU
(IM 151-7F-CP)

No. HW component Address Symbol Signal (default Note

value)
1 Push button (NC/INC) E 0.0 ESTP " Emergency-stop button
2 Push button (NC/NC) E 0.1 SIM_FDOR ™ Position switch
3 Push button (NC/NC) EO0.2 DMS "0 Dead Man Switch. Must remain pressed permanently in "safe
speed" (SG) mode.
4 Switch engages EO0.3 REQ_SG "0 Mode switch

0: Normal operation
1: "safe speed" (SG)

No. SW component Address Symbol Signal (default Note

value)

5 F-DO A 6.0 OouT3 "0" Connection from F-DO (via K1) to MASTERDRIVES. At signal
change from 1->0 fast stop (immediate stop of the drive) is trig-
gered.

6 F-DO A6.1 K2 0" Contactor (tested without connected load circuit).

7 F-DO A6.2 K80 0" Contactor for switching the safety relay of the K80 option of
MASTERDRIVES.

Testing inputs and outputs

Prerequisite: The inputs and outputs have the default values
specified under "Inputs/outputs used".
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No. Instructions Response
OUT1 OUT3 K2 K80 MASTERDRIVES
1 Press ACK and release 0 1 1 1 Standstill
2 Press START and release 1 1 1 1 Starts (normal operation)
3 Press STOP and release 0 1 1 1 Shuts down (operational stop)
4  Repetition No. 2 1 1 1 1
5 Press ESTP 0 0 1 1 ¢ Shuts down (fast stop)
time delay * Pulse blocking
X 0 e X:K2=1, if no readback error of option K80 (otherwise K2=0)
6  Unlock emergency-stop but- 0 0 1 0
ton
7  Press ACK and release 0 1 1 1 Edge change from 0 to 1 at OUT3 is a prerequisite for OUT1 to be reset.
8  Repetition No. 2 1 1 1 1
9 SIM_FDOR=O: Open saf.ety 0 0 1 1 ¢ Shuts down (fast stop)
dg;rtl(;n;mtcehd) by pulling the time delay « Pulse blocking
P X 0 e X:K2=1, if no readback error of option K80 (otherwise K2=0)
10 SIM_FDOR=1: Close safety 0 0 X 0 Standstill
door
11 Press ACK and release 0 1 1 1 Edge change from 0 to 1 at OUT3 is a prerequisite for OUT1 to be reset.
12 SetREQ_SGto1 0 1 1 1 Operating mode "safe speed" (SG) has been set
13 Press DMS and keep it pressed 1 1 1 1 Operating mode "safe speed" (SG) active
14 SIM_FDOR=0: Open safety 1 1 1 1 In operating mode "safe speed" (SG) the safety door can also be
door (simulated by pulling the opened at active drive.
position switch)
15 Release DMS 0 1 1 0 Shuts down to safe standstill
Attention
Note . .
) ) ) ) The settings shown below contribute to meet the re-
An aclfnowledgement signal is required for starting the quirements of category 3 according to EN 954-1 and
machine: SIL 2 of IEC 62061. Changes at the settings may cause
e Prior to the first start (normal operation) loss of the safety function.

 After triggering emergency stop
* After opening the safety door in normal operation

 Aftererror recognition during plausibility checks for the
speed value

If you implement changes (e.g. add an additional module),
the sample code has to be adapted accordingly.

Important hardware component settings

Below, several important settings from the hardware configu-
ration of STEP 7 are shown to provide you with an overview.
These settings are available in the included STEP 7 project. It
is basically possible to change these settings (e.g. due to indi-
vidual requirements), but please consider the following note:




Overview hardware configuration of DP Master CPU
(CPU412-2)

Overview hardware configuration of the DP Slave

CPU (IM 151-7F-CP)

PROFIBUS{] | DP master spstem (1]
J [ I
irnmrﬂ 1!1 L1m|

e

The view above (double-click ET 200S at the PROFIBUS line)
displays the address area via which the DP Master CPU (CPU
412-2) communicates with the DP Slave CPU (IM 151-7F-CPU)
(see screenshot below). In this example, bytes 14 to 45 are
used for this. The inputs of the DP Master CPU (e.g. E20.1) are
also the outputs of the DP Slave CPU (A20.1) and vice versa.

flanasst | Cirvachon Corfguammn | Covgeston |

RN
g

M W T T TERY
[ FEoT St NEHT 1S

RELYE

Ex. No.
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1 2 Settings of IM 151-7F-CPU Settings of count module "1 COUNT"
The settings are displayed after double-clicking "IM 151-7F- The settings are displayed after double-clicking "IM 151-7F-
CPU" in the hardware configuration of STEP 7 (see "overview CPU" in the hardware configuration of STEP 7 (see "overview
picture"). picture").
| | y P
Default value: 100 ms. It must be ensured o s,
that the F-module monitoring time must e Ve
 urribe 12 .. be larger than the call time of OB 35. -
Senma 'Ihl-.I iﬂ-‘l’.hi-: u h‘ml'fﬂ L]
B Faaction bo CPU-Mute- 510 Tt alf OO
[ . ] Dasgresstics &, [& and B, /B (=
&) Dwwemn irpuat B* mrEa
5 Furctun D0 T
] Substiiude vale 001
] Dwmrantacs £ aft
3] sutwttign vobom [0
me B " ] Deagasitacd Cee? oM
- - e | Heaurng o Enrgersl spesd messrsmens (13001 jmn
Available in the "Protection” tab (Level of i]J Fm’ :':ﬂ Shiem—m—
— protection). . ] Furcton 04 ==
1 seesnpae ity A password has to be allocated in order to E] brewe sl hirdeare gite rorma
¥ Resestshpaesd D€ able to set the parameter "CPU Con- B e b L]
3 Wil mctecian tains Safety Program". It is only in this case | ) Hahleh | TE00000
that all required F blocks for safe opera- . . .
: Wiemel psteiion tion of th.ﬁ'p modules are generate’é dur- For accordingly parameterized measuring mode, the module
e ing compiling the hardware configuration offers the option of speed measurement. This setting is de-
Mg of STEP 7. fault in our example (see figure above).

amm——————— Password used here: siemens

" [T comesrs waney

Set mode: "Test mode”

During Process Mode, the test functions
Mode such as program status or monitor/modify
variable are restricted in such a way that
™ Processmode  the set permitted increase in scan cycle
time is not exceeded. Testing with stop-
points and gradual program execution
cannot be performed.

During Test Mode, all test functions can be
used without restrictions via PG/PC which

* Test mode can also cause larger extensions of the cy-
cle time. Important: During test mode of
the CPU, you have to make sure that the
CPU or the process can "stand" large in-
creases in cycle time.
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Settings of the fail-safe F-DI 1 2

The settings are displayed after double-clicking "4/8 F-DI
DC24V" (see "Overview picture").

Picture Note

DIL switch settings

— This value has to be set on the module (F-DI).
| o — - . . .
e F monitoring time
it ew— P .
v Ll ol It has to be observed that the F monitoring time must be larger than
ﬂ_-'.:-.*hnqh T the call time of OB 35.
TR S 1]

The connected sensors receive the power supply via the module.
In this example, the respective channel is passivated during a

"r“_n._ = channel error (not the entire module).
S i
o Emean Wie el Dememe S P

Channel 0

e Emergency stop push button (ESTP)

] deitieiad
B Evslaen of Pw ey 0 Fuskaten
E] Totw of s wibivnen. 2 wture

| Batpeian gt fnciigerey B upple s
K] Dewrepares v Com] il
Channel 1
- Position switch (SIM_FDOR)
o
K] Dvatammn of tha merss e ]

=] Trow o werwer e I e e
=] Bt e gy - gy v

] Encreparyy e fan 1]
Channel 2
N e 1,4 Dead man switch (DMS) for activating the operating mode “safe
] At = speed" (SG)
] el of e seavy o iwwilh st
&) 1y ol srae wnsr. & P e e
=] Bebaeue o decrwpwrey 0 - Saghe vl
] ey D | ]
Channel 3
- r Mode switch (REQ_SG)
] Actreaeed = 0: Normal operation
i]J mﬂ-— Il:nl L P 1: "safe speed" (SG)
] behwvar & dsommancy Channel 7

b Readback contact of option K80 of MASTERDRIVES
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1 2 Settings of the fail-safe F-DO

The settings are displayed after double-clicking "4 F-DO
DC24V/2A" (see "Overview picture").

Picture Note

DIL switch settings
This value has to be set on the module (F-DO).

I — i . . .
. ._-:_—-- . F monitoring time
- bepeetproeny T It has to be observed that the F monitoring time must be larger than
B s i the call time of OB 35.
Al ¥ g e el L] . .
- i Pk paines Passivation

L R L

Passivation of channels in this example: ("Behavior after channel
faults").

The read-back time defines the duration of the switch-off procedure
for the respective channel. If the respective channel switches high

- _i_l:ﬂ‘:::-': @ capacity loads, the read back time should be set sufficiently large.
ﬁ_ i 100 i We recommend setting the read back time as small as possible,
T T——— H however large enough so that the output channel does not become
7 DO chareed | passive.
4+ 00 charnal 2 Unused channels: Deactivate




Basic Performance Data

DP Master:
Load and main memory (without program code)

Load memory approx. 0.5 k
Main memory approx. 0.4 k

DP Slave (IM 151-7F-CPU):
Load and main memory (without program code)

Total S7 stan- F blocks
dard (fail-safe)
blocks

Load memory approx. approx. approx. 41.5 k

41.6 k 0.1k

Main memory approx. approx. approx. 31.7 k

31.8k 0.05k

DP Master:
Load and main memory (with program code)

Load memory approx. 8.9 k
Main memory approx. 18.4 k

DP Slave (IM 151-7F-CPU):
Load and main memory (with program code)

Total S7 stan- F blocks
dard (fail-safe)
blocks

Load memory approx. approx. approx. 60.4 k

61.7 k 1.3k

Main memory approx. approx. approx. 44.0 k

44.5 k 0.5k
Cycle time (IM 151-7F-CPU)

Total cycle time (typical) approx. 3 ms Standard and
safety program

Max. runtime of the safety 10 ms approx. 0.5 k
program

Ex. No.
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Sample Code

General information

Preliminary Remarks
In the attachment, we offer you the STEP 7 project as sample

code with which you can reset the functionality described
here.

The sample code is always assigned to the components used
in the functional examples and implements the required func-
tionality. Problems not dealt with in this document are to be
realized by the user; the sample code may serve as a basis.

Password

In all cases, the password used for the safety-relevant part is
siemens.

Use of the STEP 7 project

The STEP 7 project shows how using MASTERDRIVES enables
realizing safe standstill monitoring.

Download

To call the corresponding project file, open the
"as_fe_i_012_v10_code_sstill.zip" file offered as a separate
download (on the HTML page) and extract it into a user de-
fined directory.

To download the project to the F-CPUs please proceed as fol-
lows:

1 Load the appropriate hardware configuration into the IM
151-7F-CPU.

Switch to the SIMATIC Manager

Select the "Blocks" folder (DP slave)

Menu "Options" -> Edit safety program

Click the "Download" button.

First load the hardware configuration to the DP-Master.
Switch to the SIMATIC Manager.

Select the "Blocks" folder (DP master)

Menu "Zielsystem" (target system) -> "Laden" (download)

O 0O NOGO UL b WN

The sample code with the given configurations enables the
following:

B Operational start and stop respectively via one button
B Emergency stop

B Simulated safety door (position switch)

B Safe speed (SG)

B Safe standstill detection

Attention

The safety door simulated with the position switch
contains no complete safety door solution for a, but
serves merely as a demonstration of the following be-
havior: In operating mode "safe speed" (SG) the drive
may also be active at opened safety door.

Note

The example is designed for one rotational direction of
the drive and does not take into account a change of
direction.



Program sequence

General overview

The following figure shows the program structure of both
S7-CPUs (S7-400 as DP Master and IM 151-7F-CPU as

DP Slave).

Ex. No.

B 1 - +] - B
DF Mese | + Cparation stopistan Stotage cetpoat valis SArage
7400 v Sdteheon locking T DG S MASTERORIVE
 futbnradsdgemenl RSN
= By an bt (e
0033 ¥ dstection from SBM2
STANDARD wid Mhve coimd modhule
= Call ks group
F-CALL
OF Slave
IMAS1-TF-CPU FC 2
FProgram  COORDINATION FB2 v = Assigned setpoint vakee for S0

—

-

Transfer area in the 1/0 address space

For an intelligent DP Slave (here: IM 151-7F-CPU) the DP Mas-
ter does not access the connected inputs and outputs of the
intelligent DP slaves, but accesses a transfer area in the in-
put/output address space of the "preprocessing CPU". The in-
put addresses of the DP Master CPU (S7-400) are output ad-
dresses of the DP Slave CPU (here: IM 151-7F-CP) and vice
versa.

Note

The configured I/O areas for data exchange between
master and slaves must not be "assigned" by 1/0 mod-
ules.

In this example, a transfer area of 32 bytes was reserved each
for inputs and outputs (from byte 14). You reach the mask be-

STANDSTILL_AMD_SAFETY_V

REINT

= Skarbll detection

= Safe speed i 556

« Emeigency shop of

FB1 *  « unpormitted opening of the satety door
EMSTF_AND_FOOOR o
- « amore during plausiblity check
k * curs i diwol Wop
(via parsneler OUTI of
MAZTERDRIVE  ard zale
EC 10 SRl o of the drilee

" Reelrtegration of F-Di and F-D0
irsing ackrosdedgement tufton

low as follows: In the hardware configuration of STEP 7 you
double-click the intelligent DP slave:

Ganesel | Cornecton | Confgusion | F Coruson |

[ Fow | Mods | Patres 0P 6 | Parws 33 | Localndd | | Coranin
jJ M5 a I o 1 s Lirsd
Note

All variables of the respective example, which are ad-
dressed via the above described transfer area, start
their names with "C_" for "Couple" (e.g. C_OUT1).
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1 2 S7 program of master CPU

DB "ENGINE SPEED" (DB 1)

DB 1 contains the setpoint speed value for normal operation.
This value is not given in 1/min but as follows:

4000 hex (=16384 dec) correspond to 100% of the maximum
speed

DB "PARAM_MDRIVE" (DB 2)
DB 2 contains the parameters of MASTERDRIVES.

OB 1

The S7 program of the master CPU consists mainly of the pro-
gram sequences of OB 1. There the conditions for operational
control of MASTERDRIVES are defined.

Network 1: Status MASTERDRIVES

The status of MASTERDRIVES is stored in the temporary vari-
ables STATUS_MD.

MOVE
EH OUT =gSTATUS_MD

FPEWZESE IN EHD

For NW2 the Bit L25.4 is required.

Network 2: Start and stop requests

“ER_FF_
"P_FLL" oRi"
[] [
=STLRT™ —_—
ol
*C_BEQ_ S0 —
“C_av_
Fein- =)
"FARLN
HELRIVE®.
IMFULAT_
FELEAZE =03
&0 =0
¢ _EERF_
EFTF_TeoR- =() —_— i —
"FARAM
& ERIVE".
*C_EN_SC* = UYL
S, 4 = — |

ooTL®
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Symbol Function Explanation

START Push button (NO) 1: start request

C_REQ_SG Mode switch Switch, which requests "safe speed" (SG) with "1" signal. Normal operation can only be started when
this bit is on "0" signal.

g_SW_FDO Position switch 1: safety door closed

IMPULSE_  Impulse release for See NW3
RELEASE MASTERDRIVES

STOP Push button (NC) 0: stop request
C_NERR_ Error bit for switch-on  This bit represents the status on a flip-flop in the F-program which safely switches MASTERDRIVES off
ESTP_FDOR |ocking in the event of a failure. C_NERR_ESTP_FDOR=0, if at least one of the following events is true:

» Safety door is opened during normal operation
* Emergency stop push button is pressed
 In operating mode "safe speed" (SG) the actual speed value exceeds a comparison value N_SG.

* in "safe speed" (SG) mode, the actual speed value determined with PROFIBUS and the actual speed
value determined with the ET 200S count module are deviating.

 In operating mode "safe speed" (SG) the drive spins (SSTILL=0), even though no start request is
pending (OUT1=0).
* The readback signals from contactor K2 or option K80 are not pending correctly.

C_EN_SG Enable "safe speed"” 1: operating mode "safe speed" (SG) active

(SG)
ouT1 Enable start of Parameter of MASTERDRIVES, controlled by S7-400 (Master-CPU) via PROFIBUS.
MASTERDRIVES) "1" signal means: drive starts.
OUT1=1 for the operating modes
* Normal operation
¢ Safe speed" (SG)
OUT1=1 requires OUT3=1.
Cc_ouT1 Enable start of Information for the F-CPU
MASTERDRIVES

Without the AND logic operation of C_EN_SG with L 254.4
(OUT2) the drive would in operating mode "safe speed” (SG)
not restart after standstill and pulse blocking. Reason: After
pulse blocking MASTERDRIVES resets the Bit OUT2 internally
to "0" signal and goes to "switch-on locking" mode. After
pressing the dead man switch the safety relay of option K80 is
controlled again, which causes MASTERDRIVES to reset the
OUT2 bit to "1" signal. Only now must the start command as-
sign "1" signal to the OUT1 bit.

Note

After unplugging the PROFIBUS connector from
MASTERDRIVES (during runtime) the drives goes to
standstill. Renewed starting requires pressing not only
acknowledgement (ACK) but also the stop button
(STOP) to reset OUT1 in the Master-CPU.
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1 2 Network 3: Acknowledgement

“C_INFO_
ACE_FOR_F_
PRG"
& =
"ACK" =
-
5R
g
ChiP o= a
PEWZ5E ——INl “C_OUT3" =(3
I —INZ “PARAM
MDRIVE®,
CMWP »=| INPULSE _
PEM25E —INL M2E.0 RELEASE
P a
-2 —{INZ — o L 0 —
"PARAM_
MDRIVE".
ACK_ERR
With ACK=1 the following parameters are acknowledged:
Symbol Function Explanation
ACK Push button (NO) Acknowledgement
¢ Necessary prior to the first start.
* After error recovery
C_INFO_ACK_FOR_F_PRG Information exchange from  Acknowledgement signal for F-program
DP master to DP slave.
C_OuT3 Information exchange from  0: Fast stop of drive (e.g. after triggering emergency stop)
DP slave to DP master. After standstill of the drive (determined by both CMP compare blocks) the pulse
blocking at the drive is removed (resetting the SR flip-flop).
IMPULSE_RELEASE Impulse release for 0: Removing the pulse blocking for the drive
MASTERDRIVES
ACK_ERR Acknowledgement Error pending at MASTERDRIVES is acknowledged with ACK=1.
MASTERDRIVES
Note Note
For resetting the pulse blocking of MASTERDRIVES it When determining the standstill, the drive speed
is sufficient to determine the safe standstill via (here: PEW258) is not compared with 0, but with 2
PROFIBUS. Additional standstill detection via the count and -2. This takes into account, that the incremental
module of the ET 200S is not required here. shaft encoder can also detect speeds not equal to 0

due to small movements of the drive. On average,
however, the speeds are 0. The comparison value must
be adjusted to your individual situation.




Network 4: Reading in the readback signals

The opening auxiliary contact of contactor K2 is connected
with the digital input module of the S7-400 (K2_HELP). The
readback signal is evaluated in the F-program. C_K2_HELP
makes the readback signal available to the F-CPU.

"C_KE
HELP"
& =

"EZ HELP" —

Network 5-7: Speeds for MASTERDRIVES

NW Task Note/explanation

5 Conversion of This network determines the actual speed value read
actual speed val- with PROFIBUS and provides this value to the DP slave for
ue in 1/min with standstill evaluation.

PROFIBUS Maximum speed: 6000 1/min
Maximum value of MASTERDRIVES: 4000hex=16384dec

The ratio of both numbers make up a factor which initial-
ly is stored in a temporary variable #TEMP1. Via the PEW
258 the value representing the actual speed value is
read in by MASTERDRIVES. Multiplication of this value
with #TEMP1 results in the actual speed in 1/min. This
value is transmitted to the F-CPU with C_N_ACT.

6 Converting the  The value C_N_SG is provided by the F CPU in 1/min. Af-
setpoint speed  ter conversion (4000hex correspond to 6000 1/min) this
value for the op- value is available in MASTERDRIVES as
erating mode N_SG_FOR_MDRIVE.

"safe speed"”
(SG):

7 Normal opera-
tion or "safe
speed" (SG)

If C_EN_SG=1, the "safe speed" stored in the F-program
is transmitted to MASTERDRIVES (transfer command in
PAW 258). For C_EN_SG=0 the setpoint speed value
stored in DB1 is transferred to MASTERDRIVES for normal
operation.

OB "COMPLETE RESTART" (OB 100)

In OB 100 the values for MASTERDRIVES are default and be-
come active on starting up the S7-CPU.

Code

bDTR

R

nTe

Ex. No.

€. 00000004003
1. 8384000+004

ETEMPL

PEW  ZES

ITERPL

"C_H_ACT"

1. E30600& 004
i, Dei 0 Ca # Coln Y

ETERNFL
"o _m_Ec*

BTERFL

w H_-I:I:__ I'nl_rl:u BITE

A |
[

Tam 1.1
B n
TWE I By m
= ol

“EEIN RERC AR )
“TREGE ST FED_ ISR
[T
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1 2 S7 program of DP Slave

Standard user program of the DP Slave CPU "INSTANZ
(IM 151-7F-CP) FBZ"
OB 1 “ETANDSTILL_AND

SAFETY V™
The networks of OB1 of the F-CPU describe the address trans- x

fer area to provide necessary information to the master CPU. ... =—{EN
Asc W _ACT —N_FB
Timed alarm (OB 35):

; Am samz_
In OB 35 the program for the count module of ET 200S is oo _Iu_comr

called up:

The count module receives pulses from the SBM2 module of “pMS "+ —|DHS
MASTERDRIVES. OB 35 forms the interface for the S7 program

by evaluating these pulses. The variable N_SBM2 delivers the ATC_ACK® —{ACK
actual speed value which in the F-program is used for stand-

still detection of the drive. The speed value determined by the "REQ_sc* —REQ_3C

count module is always displayed as a positive value.
Furthermore, the OB35 calls the F-runtime group (F-CALL).

1000 ——{H_HAX

S00 —H_EG
F-program of the DP Slave (IM 151-7F-CP) -0 —I¥ 36 TOL RS
F-CALL (FC 1) =) FB2v.
The F-runtime group F-CALL (FC 1) is called from the cyclic in- U i STk
terrupt OB (OB 35). From here, the FC"COORDINATION" (FC 2) > —{wo_rtoL N_ERROR—gy znmon
is processed first. -
@sg_ouris —{oUT1 EN_SGgru_sc

FC "COORDINATION" (FC 2)

The FC2 successively processes the following F-blocks:
B FB "STANDSTILL_AND_SAFETY_V" (FB 2, DB 2)

M FB"EMSTP_AND_FDOOR" (FB 1, DB 1)

B FC"REINT" (FC10)

T§ls —DELAY ON ENO —

FB "STANDSTILL_AND_SAFETY_V" (FB 2, DB 2)

Tasks of the FB "STANDSTILL_AND_SAFETY_V" (FB 2, DB 2)
B Standstill detection

B Enable operating mode "safe speed” (SG)

B Perform plausibility check of the determined actual speed
values (via PROFIBUS and count module of the ET 200S).




Variables of FB "STANDSTILL_AND_SAFETY_V" (FB 2, DB 2):

Formal
parameters

N_PB
N_COUNT

DMS

ACK
REQ_SG

N_MAX
N_SG
N_SG_TOL

N_DIFF

NO_TOL

ouT1
DELAY_ON

SSTILL
N_ERROR

EN_SG

Note

Data Type Explanation

INT
INT

BOOL

BOOL
BOOL

INT
INT
INT

INT

INT

BOOL
TIME

BOOL
BOOL

BOOL

Actual speed value (determined via PROFIBUS). Provided by master CPU in 1/min.

Actual speed value (determined via SBM2 module of MASTERDRIVES and count module of the ET 200S). Provided
by OB35 of the F-CPU in 1/min.

"Dead Man Switch": Button (NO) which can start the drive from standstill when "safe speed" (SG) mode is set.
SG remains active as long as

* the button (NO) stays pressed

* the operating mode "safe speed” (SG) is set

* the emergency stop push button is not pressed

* the plausibility checks of the speed is confirmative

* the readback signal of K2 is pending correctly

Occurring errors are acknowledged with the acknowledge signal.

Mode switch
0: normal operation, 1: "safe speed" (SG)

N_ERR1=1 for N_PB>N_MAX or N_COUNT> N_MAX. In operating mode SG this causes safe shutdown of the drive.
Maximum speed value in 1/min for "safe speed” (SG).

Tolerance range for N_SG. The drive is safely shut down in "safe speed" (SG) mode if the actual speed value is
larger than N_SG + N_SG_TOL.

Determined are

e the actual speed value determined via PROFIBUS and

* the actual speed value determined via the count module of ET 200S.

If the differential value of both determined actual speed values exceeds the parameterized value N_DIFF, this is
interpreted as plausibility error. N_ERR2 then becomes 1 and the drive is safely switched off.

When determining the standstill, the drive speed does not become 0, but is compared with the value parameter-
ized at NO_TOL. This takes into account, that the incremental shaft encoder can also detect speeds not equal to 0
due to small movements of the drive. On average, however, the speeds are 0.

OUT1=1: start command for drive.

Switch-on delay. After the time has elapsed, the evaluation of the plausibility check becomes active. The delay is
due to the inertia of the mechanical contacts.

1: drive in standstill

Collective error: is set to 1, if in "safe speed" (SG) mode one of the following errors occurs.
* the actual speed value exceeds a speed value N_MAX (N_ERR1=1)

* the speed determined via PROFIBUS and the speed determined with the ET 200S count module deviate
(N_ERR2=1).

* Thedrive is started in the DP master with OUT1=1. If there is a faulty transmission in the address transfer area
then DP Slave OUT1=0 but the drive remains active (SSTILL=0). If this condition is true, then N_ERR3=1.

* The actual speed value exceeds the set speed value for safe speed (N_ERR4=1).

1: "Safe speed" (SG) is active.

The parameterized count values are sample values and
must be adjusted according to their individual require-

ments.

Ex. No.
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1 2 Network 1 to 4 Network 8

In these networks, the value of the speed determined by In this network it is checked whether the actual speed value
PROFIBUS is formed (N_PB -> N_PB_POS). This value is re- exceeds the limit value N_MAX. In this case N_ERR1=1 which
quired further. The speed value determined via the count in "safe speed" (SG) mode causes a safe drive shutdown.
module of ET 200S is always positive.
CMP #|
Network 5 to 7 #N_PB_POS —IN1
In these networks the plausibility checks whether the actual | . Gl
speed value determined with PROFIBUS and the actual speed - ]
value determined with the ET 200S count module are deviat- Y
ing. First, the difference SUB_RES is formed of both deter- $N COUNT — TH1 EN EERRL
mined values (NW5). This difference is in NW7 compared with B =
the tolerance value N_DIFF. If the difference is outside this #N_MaxX — INZ L —
tolerance value, this is interpreted as error. In this case
N_ERR2=1 which, if "safe speed" (SG) mode is set, causes a
safe drive shutdown. Network 9
Metsumin ¥ Flassshilocy (403 In this network the safe standstill is defined.
of plauniniiony Ravean B_M jarisal spess chasmad sesr PRPTEOEE sad
CFPET imryual spesd shefiad swer ks peaier eebulad,
=N o] | AL e
FE_F_pom —{ 18 07 fpinm EEe —— ¥
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Bl smmik & Flasdibilioy (2003 Telermsts af thes diflarens

r-m—w_ﬁnm-m i=iiring WY,

[ mim | s mims_ Note
mr L 1
I:. When determining the standstill, the drive speed

(here: N_PB_POS and N_COUNT) is not compared
with 0, but with NO_TOL (here: 2). This takes into

Eadawmeh T Fiessibilisy 0000

TS T [ e e—— gy Ty — account, that the incremental shaft encoder can also
- detect speeds not equal to 0 due to small movements
G of the drive. On average, however, the speeds are 0.

BIEE_Rld — I

The comparison value must be adjusted to your indi-
vidual situation.

PN R — :Il:-- ;
ey e The switch-on delay CHECK_TON becomes 1
It THE = | |

M if the drive is not in standstill AND
H the time parameterized at PT has elapsed.

In case of an error at CHECK_TON =1 during plausibility check
in "safe speed" (SG) mode, the drive is switched off safely.
Without the switch-on delay CHECK_TON the drive would stop
after switching on, as due to the inertia of the mechanical
contacts, the plausibility conditions at times t<DELAY_ON are
not fulfilled.




Network 10

In this network, the time delay is assigned to a variable Q1,
which in the last network determines the triggering a collec-
tive error N_ERROR.

BFF QL
iR
$CHECE_TON — 8 #Q1

§DMS OB 0 —

Network 11

#LME — #SSTILL $EN S

$REQ_SC =

Operating mode "safe speed” (SG) active at EN_SG=1. SG is
only possible

B from standstill (#SSTILL=1)

M at set operating mode switch REQ_SG=1

B if dead man switch remains DMS remains pressed

B the plausibility check agrees with the actual speed value
H if contactor K2 reports no readback error

Ex. No.

12

Networks 12-13

The value of the actual speed value (N_PB_POS) determined
with PROFIBUS and the actual speed value determined with
the count module of ET 200S (N_COUNT) must not exceed the
defined speed value f#or safe speed N_SG. A (parameteriz-
able) tolerance value N_SG_TOL is added to the N_SG value
(NW 12). The resulting value MAX_SG switches the drive off
safely when exceeded (N_ERR4 in NW 13).

Nt remyk 17 Tolerance Valus for 3G

Comment |

i
= BN
BN_SC =—{INL OUT =itk 3G

BN_5G_TOL —{INZ §N0 =

Batremrk 19 : Compara n with the tolerance Valus for 56 (MAN_SG)
CaEmant !
Chld x|
o PR POS —{INL

WTEAC BL e TR o

WP |

#N_COUNT —{ IN1 #H_ERRd

FIAY_ 56— IN —

Network 14

The constellation OUT1=0 (is no standard requirement) and
SSTILL=0 (drive spins) can occur in two occasions:

B During operational stop (drive shutdown)
W In case of an error (e.g. load causes spinning movement)

In case of an error a spinning movement of the drive detected
in "safe speed" (SG) mode causes a safe drive shutdown.

$N FOUTL =y $M ERR3

g55TILL

Note

An undesired electrical startup of the drive is in "safe
speed” (SG) mode prevented with the K80 option by
switching off the power supply for controlling the
power transistors (IGBTs) during standstill (pulse block-
ing). More detailed information is available in the de-
scription of the FB1.




Ex. No.

1 2 Network 15 Variables of FB "EMSTP_AND_FDOOR" (FB 1, DB 1):
In this network, a collective error N_ERROR is defined which in
the FB1 causes safe shutdown of the drive. N_ERROR=1 only Formal Data Explanation
occurs in "safe speed” (SG) mode and can be acknowledged LA Type
after error recovery and standstill of the drive.
y ACK BOOL Acknowledgement signal (from the mas-
ter CPU)
snck —| i - ESTP BOOL Emergency stop push button (NC/ NC)
Rt SSTILL BOOL 1: Operating mode "safe speed" (SG) ac-
#SSTILL — — tiVe
e “ ‘ SIM_FDOR BOOL 1: safety door closed.
eor - N_ERROR BOOL Collective error determined in FB2.
EN_SG BOOL 1: "safe speed" active
N_ERR4 —f
- K2_HELP BOOL Readback signal of contactor K2
#N ERR3 — .
- ry REQ_SG BOOL Mode switch:
A3l — N AL | 0: normal operation, 1: "safe speed" (SG)
BREQ_3C — —is L] | DMS BOOL "Dead Man Switch": Button (NO) which
can start the drive from standstill when
"safe speed" (SG) mode is set.
FB "EMSTP_AND_FDOOR" (FB 1, DB 1) ouT3 BOOL MASTERDRIVES evaluates the signal
- - . OUTS3. If it changes its state from "1" to
In case of an error, FB1 causes safe shutdown of the drive. "0" signal, the drive stops (fast stop).
K2 BOOL Line contactor
CINSTAMZ K80 BOOL Contactor whose auxiliary contact (NO)
FBL" controls the safety relay of the K80 op-
“EMETP_AND_FDOOD" tion of MASTERDRIVES.
-l Network 1
j.‘.‘c ACK® —|ACK Mmbure ol Gl (il o sy sate
: = nehmmres vy mrsl s sl s G wl e
Bl et P L e L et e b
"ESTP" —{ESTF
Bt i Uiees ulll_uh\rlm l
“INSTANZ \ - _"‘_:.:_,.
FBZ". L L
83TILL — 9STILL o
Hlllllq L__
"SIM _FDOR" —SIH_FDOR s | [
#N_EDRROR —{N_ERROR i | P
Bl i #e bl Bl 7 i -
EEN_ SG = mﬁ!ﬂ IO T ——————
ma’-—"DUTS“ LR T TRt S R ] B e Pty
'!’;-c_m_ b e T I
HELP"® —KZ HELP KZ—"gz"
"REQ SG" — REQ_BE EBO—'gao"
"DMS" —{DHE ENO Note

For a renewed start (OUT1=1) of the drive, OUT3=1
must be true.




Network 2

With OUT3=0 the drive is brought to standstill with fast stop.
The subsequent safe shutdown becomes active with a time
delay (see figure below). Without time delay, the pulse block-
ing (Option K80) would be active immediately so that a fast
stop (with OUT3) would not be possible any more.

“INSTANZ
FB18G"
“§_TOF"
— EH
Q—¢DELAY 30
ENERE_
ESTP FDOR —IN ET—. ..

‘lndmnH —PFT

ENO—

NERR_ESTP_FDOR receives the state of the SR flip-flop from
NW1, which sets or resets OUT3. If OUT3 is reset, DELAY_80 is
also reset after the time parameterized at PT has elapsed.

Network 3
FB F_FDBACK (FB216) is a certified block from the Distributed
Safety block library.
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Note

Further information on the FB216 is available for ex-
ample by selecting it in the block editor and pressing
B

Ex. No.

12

Network 4
FB F_FDBACK (FB216) is a certified block from the Distributed
Safety block library.
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FC "REINT" (FC 10)

“REINT"

The FC 10 causes the reintegration of F-Dl and F-DO, in order

to depassivate them. This requires that:

M the error that caused the passivation has been removed
and

M a positive edge has been set at the parameter ACK_REI of
the respective F-Periphery DB.
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A passivation is indicated by an illuminated LED "SF" on the
module. The reintegration of an F module may take several

minutes.




Ex. No.
1 2 Operating instruction

Note

The configuration of MASTERDRIVES is not discussed in
this example.

If the S7 projects in the S7-CPUs and MASTERDRIVES have
been parameterized accordingly, you can start the drive. The
following points should be checked before taking the actions
below:

B Emergency stop button unlocked

B Actuator in position switch (simulates closed safety door).
B Neither F-DI nor F-DO are passivated.

B Mode switch in "normal operation” (0-signal).

No. Instructions Result / Note
1 Press the acknowledgement push but- Necessary prior to
ton (NO) and release it. the first start.
2 Press the start push button (NO) and  Drive starts.
release it.
3 Press the Stop button (NC). Drive stops.
Note

An acknowledgement is required:

e Prior to the first start (normal operation)

 After triggering emergency stop

* After opening the safety door in normal operation

 Aftererror recognition during plausibility checks for the
speed value

Note

For further help on commissioning this example please
refer to chapter 4.4 "Function test".




SAFE STANDSTILL Category 3
acc. to EN 954-1 with
SIMOVERT MASTERDRIVES

Safe standstill with interlocked
protective doors, Emergency Stop
implemented using safety combi-
nations

Safe standstill for non-interlocked
protective doors, Emergency Stop
implemented using safety combi-
nations

Safe standstill for non-interlocked
protective doors, implemented
with one safety combination

Safe standstill for non-interlocked
protective doors, implemented
with one safety combination

Safe standstill for interlocked pro-
tective doors, Emergency Stop,
implemented with safety
combinations and standard PLC

Safe standstill for non-interlocked
protective doors, Emergency Stop,
implemented with a safety combi-
nation and standard PLC

Safe standstill for several non-
interlocked protective doors and
several drives, Emergency Stop
implemented using safety
combinations

SAFE STANDSTILL Category 3
acc. to EN 954-1 with
SIMODRIVE 611universal

Safe standstill with interlocked
protective doors, Emergency Stop
implemented using safety
combinations

Safe standstill for non-interlocked
protective doors, Emergency Stop
implemented using safety
combinations

Safe standstill for non-interlocked
protective doors, implemented
with one safety combination

Safe standstill for non-interlocked
protective doors, implemented
with one safety combination

Safe standstill for interlocked pro-
tective doors, Emergency Stop,
implemented with safety
combinations and standard PLC

Safety Drives System

2.6

2.7

3.1

3.2

3.3

=Y

5.1

5.2

Safe standstill for non-interlocked
protective doors, Emergency Stop,
implemented with a safety
combination and standard PLC

Safe standstill for several non-
interlocked protective doors and
several drives, Emergency Stop
implemented using safety
combinations

SAFE STANDSTILL Category 3
acc. to EN 954-1 with
SINAMICS S120

Safe standstill, Safe Stop 1 imple-
mented using safety combination

Safe standstill, implemented with
one safety combination

Safe standstill for interlocked pro-
tective doors, Emergency Stop,
implemented with safety combina-
tion and standard

Safe Monitoring of
Drive Functions
SIMOTION D/ SIMATIC S7-F

SINAMICS G120 -
controlled via PROFIBUS

Safety functions using PROFlsafe,
Category 3 (EN 954-1) or SIL 2
(IEC 61508)

Safety functions via terminals,
Category 3 (EN 954-1) or SIL 2
(IEC 61508)

Safety Integrated - March 2007



SAFE STANDSTILL Category 3 acc. to EN 954-1
with SIMOVERT MASTERDRIVES

Safe standstill with interlocked protective doors, Emergency Stop implemented using safety combinations
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"Safe standstill" with MASTERDRIVES with interlocked protective door with safety combinations, Stop Category 1, Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3 l Switches S4, S5 and S6 are positively opening position
and EN 1037 can be implemented using two SIGUARD safety switches corresponding to EN 1088.

combinations for Emergency Stop and protective doors. The g The drive is shut down using the internal safety relay.

drive is shut down (stopped) according to Stop function Cate- M On circuits of safety combinations AT and A2 monitor

gory 1 according to EN 60204-1. whether line contactor K1 has dropped-out after Emer-

W Safety combipations fqr Emergency Stop and protective gency Stop or whether time relay K2a and contactor K3
door monitoring functions correspond to Category 4 have dropped-out after the protective door circuit has been
(instantaneous enable circuit) or Category 3 (delayed opened (this is necessary in the sense of control Category
enable circuit). 3 according to EN 954-11).

H Circuits for Emergency Stop and protective door monitoring
are monitored through 2 channels in a cross-circuit proof
fashion.



Behavior when Emergency Stop is issued

Button S3 ("Emergency Stop") is used to issue an Emergency
Stop command. This initiates that the drive is shut down ac-
cording to stop Category 1 in compliance with EN 60204-1.

A 0 signal is entered, via the enable contact of safety com-
bination A1, at contact X101.X (OFF3) of the drive. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled. At the same time, the drop-out delay of timer
relay K2a and the delay time of the safety relay A1 are
started; the drive must have come to a standstill before
they expire.

Behavior when the protective doors are opened

Button S1 ("Off") requests that the protective doors are
opened. This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

Contactor K3 is longer energized. A 0 signal is entered, via
its contact (NO contact), at contact X101.X (OFF3) of the
drive. The drive isimmediately braked down to O speed and
the pulses are cancelled. At the same time, the drop-out
delay of time relay K2a is started and before this time has
expired, the drive must have come to a standstill.

After the drop-out delay time of time relay K2a has expired,
the internal safety relay of the drive is no longer energized
(1st shutdown path!). At the same time, the latch (tum-
bler) Y1 of the protective doors is opened.

Powering-up the drive

The drive can be started when the protective doors are closed
and Emergency Stop button S3 is released.

When pressing button S2 ("On"), safety combination A1 is
brought into the operational state. The coil of latch (tum-
bler) Y1 is no longer energized, the protective doors are
interlocked. Safety combination A2 is again in an opera-
tional state. Line contactor K1 is energized..

Contactor K3 is energized and latches and at the same
time, time relay K2a is energized. The integrated safety
relay is energized, a 1 signal is entered at contact X101.X
(OFF3) of the drive. The drive restarts.

The internal safety relay of the drive is no longer energized
after the drop-out delay time of time relay K2a has expired
(1st shutdown path!).

After opening the safely delayed enable contact of safety
combination A1, line contactor K1 is no longer energized
and the drive is electrically isolated from the line supply
(2nd shutdown path!).

The checkback signal from line contactor K1 is monitored in
the on circuit of safety combination A1. If the contactor
does not drop-out due to an erroneous function, a restart
after Emergency Stop is prevented.

When the protective doors are opened the safety monitor-
ing A2 of the safety circuit is interrupted. Before the
selected delay time of safety combination A2 has expired,
the internal safety relay of the drive must have already
dropped-out. Its checkback signal contacts X533.1/2 indi-
cate that the drive is in a safe condition.

After the selected delay time has expired, the safely
delayed enable contacts of the safety combination A2
open.

If the internal safety relay of the drive is functioning cor-
rectly, its checkback signal contact X533.1/2 is closed, line
contactor K1 does not drop-out. If the internal safety relay
does not function correctly, its checkback signal contacts
X533.1/2 are not closed, line contactor K1 drops-out and
isolates the drive from the line supply (2nd shutdown
path!).

Ex. No.

1.1



Safe standstill for non-interlocked protective doors, Emergency

Stop implemented using safety combinations
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"Safe standstill" with MASTERDRIVES for a non-interlocked protective door with safety combinations, stop Category 1, Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3 |
and EN1037 can be implemented using two SIGUARD safety m
combinations for Emergency Stop and protective doors. The

drive is shut down (stopped) according to stop function Cate-

gory 1 according to EN 60204-1.

l Safety combinations for Emergency Stop and protective
door monitoring functions corresponds to Category 4
(instantaneous enable circuit) or Category 3 (delayed
enable circuit).

M Circuits for Emergency Stop and protective door monitoring
are monitored through 2 channels in a cross-circuit proof
fashion.

Il Switches S4 and S5 are positively opening position
switches corresponding to EN 1088.

The drive is shut down using the internal safety relay.

On circuits of safety combinations A1 and A2 monitor
whether line contactor K1 has dropped-out after Emer-
gency Stop or whether time relay K2a and contactor K3
have dropped-out after the protective door circuit has been
opened (this is necessary in the sense of control Category
3 according to EN 954-11).



Behavior when Emergency Stop is issued

Button S3 ("Emergency Stop") is used to initiate an Emergency
Stop command. This initiates that the drive is shut down ac-
cording to stop Category 1 in compliance with EN 60204-1.

A 0 signal is entered, via the enable contact of safety com-
bination A1, at contact X101.X (OFF3) of the drive. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled. At the same time, the drop-out delay of timer
relay K2a and the delay time of the safety relay A1 are
started; the drive must have come to a standstill before
they expire.

Behavior when the protective doors are opened

When the protective doors are opened, it is initiated that the
drive is shut down according to Stop Category 1 in compliance
with EN 60204-1. It must be ensured that potentially hazard-
ous motion must have come to a standstill before a person can
reach the potentially hazardous area!

A O signal is entered, via the enable contact of safety com-
bination A2, at contact X101.X (OFF3) of the drive. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled. At the same time, the drop-out delay time of
time relay K2a is started and before this time has expired,
the drive must have come to a standstill.

The internal safety relay of the drive is no longer energized
after the drop-out delay time of time relay K2a has expired
(1st shutdown path!).

Before the selected delay time of safety combination A2
has expired, the internal safety relay of the drive must have
already dropped-out. Its checkback signal contacts
X533.1/2 indicate that the drive is in a safe condition.

Powering-up and powering-down the drive

The drive can be started or stopped when the protective doors
are closed and Emergency Stop button S3 is released.

When pressing button S2 ("On"), safety combination A1 is
brought into the operational state. Line contactor K1 is
energized.

When pressing button S2 ("On"), contactor K3 is energized
and latches; time relay K2a is simultaneously energized.
The internal safety relay is energized and a 1 signal is
entered at contact X101.X (OFF3) of the drive. The drive
restarts.

The internal safety relay of the drive is no longer energized
after the drop-out delay time of time relay K2a has expired
(1st shutdown path!).

After opening the safely delayed enable contact of safety
combination A1, line contactor K1 is no longer energized
and the drive is electrically isolated from the line supply
(2nd shutdown path!).

The checkback signal from line contactor K1 is monitored in
the on circuit of safety combination A1. If the contactor
does not drop-out due to an erroneous function, a restart
after Emergency Stop is prevented.

After the selected delay time has expired, the safely
delayed enable contacts of the safety combination A2
open.

If the internal safety relay of the drive is functioning cor-
rectly, its checkback signal contact X533.1/2 is closed, line
contactor K1 does not drop-out. If the internal safety relay
does not function correctly, its checkback signal contacts
X533.1/2 are not closed, line contactor K1 drops-out and
isolates the drive from the line supply (2nd shutdown
path!).

When button S1 ("Off") is pressed, contactor K3 is no longer
energized and the drop-out delay of time relay K2a is simul-
taneously started. When contactor K3 drops-out, a O signal
is entered at contact X101.X (OFF3). The drive is immedi-

ately braked down to 0 speed and the pulses are cancelled.
The internal safety relay of the drive is no longer energized
after the drop-out delay time of time relay K2a has expired.
The protective doors can be opened.

Ex. No.

1.2



Safe standstill for non-interlocked protective doors, implemented with one safety combination
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"Safe standstill" with MASTERDRIVES for a non-interlocked protective door with safety combination, stop Category 1, Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3
and EN1037 can be implemented using one SIGUARD safety
combination for the protective door. The drive is shut down
(stopped) according to stop function Category 1 according to
EN 60204-1.

W Safety combination for protective door monitoring func-
tions corresponds to Category 4 (instantaneous enable cir-
cuit) or Category 3 (delayed enable circuit).

M Circuit for protective door monitoring is monitored through
2 channels in a cross-circuit proof fashion.

M Switches S2 and S3 are positively opening position
switches corresponding to EN 1088.

H The drive is shut down via the internal safety relay and the
higher-level line contactor K1.

Bl On circuit of safety combination A1 monitors whether the
line contactor K1 and internal safety relay of the drive have
dropped-out after the protective doors have been opened.
(This is necessary in the sense of control Category 3 in com-
pliance with EN 954-11).



Behavior when the protective doors are opened

When the protective doors are opened, it is initiated that the
drive is shut down according to stop Category 1 in compliance
with EN 60204-1. It must be ensured that potentially hazard-
ous motion must have come to a standstill before a person can
reach the potentially hazardous area!

B A Osignal is entered, via the enable contact of safety com-
bination A1, at contact X101.Y (OFF3) of the drive. The
drive isimmediately braked down to O speed and the pulses
are cancelled. The delay time of safety combination A1 is
simultaneously started and the drive must have come to a
standstill before it expires.

Powering-up the drive

The drive can be restarted (powered-up again) when the pro-

tective doors are closed.

B When pressing button S1 ("On"), safety combination A1 is
brought into an operational state. Contactor K1 and the
internal safety relay are energized. The drive restarts.

H The safely delayed enable contacts of safety combination
A1 open after the selected delay time has expired. This
means that the internal safety relay of the drive (1st shut-
down path!) and line contactor K1 (2nd shutdown path!)
are no longer energized.

M If the internal safety relay functions incorrectly or if line
contactor K1 has not dropped-out, then its checkback sig-
nal contacts X533.1/2 in the on circuit of the safety combi-
nation A1 do not close. The safety combination cannot be
switched-in.

Ex. No.




Safe standstill for non-interlocked protective doors, implemented with one safety combination
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“Safe standstill” with MASTERDRIVES for a non-interlocked protective door with safety combination, stop Category 1,
Category 3 acc. to EN 954-1

402 Functional Example No. MC-FE-I1-001-V11-EN




Function description

A structure in compliance with EN 954-1 control Category 3

and EN1037 can be implemented using one SIGUARD safety
combination for the protective doors. The drive is shut down
(stopped) according to stop function Category 1 according to
EN 60204-1.

Safety combination for protective door monitoring func-
tions corresponds to Category 4 (instantaneous enable cir-
cuit) or Category 3 (delayed enable circuit).

Circuit for protective door monitoring is monitored through
2 channels in a cross-circuit proof fashion.

Behavior when the protective doors are opened

When the protective doors are opened, it is initiated that the
drive is shut down according to stop Category 1 in compliance
with EN 60204-1. It must be ensured that potentially hazard-
ous motion must have come to a standstill before a person can
reach the potentially hazardous area!

A O signal is entered, via the enable contact of safety com-
bination A1, at contact X101.X (OFF3) of the drive. The
drive isimmediately braked down to O speed and the pulses
are cancelled. The delay time of safety combination A1 is
simultaneously started and the drive must have come to a
standstill before it expires.

Powering-up and powering-down the drive

The drive can be started or stopped when the protective doors
are closed.

When the internal safety relay and line contactor K1 are in
the correct state, safety combination A1 is brought into an
operational state.

Line contactor K1 and the internal safety relay of the drive
are energized.

When pressing S2 ("On"), contactor K2 is energized and
latches. A 1 signal is entered at contact X101.X (OFF3) of
the drive and the drive starts.

Switches S4 and S5 are positively opening position
switches corresponding to EN 1088.

The drive is shut down via the internal safety relay and the
higher-level line contactor K1.

On circuit of safety combination A1 monitors whether the
line contactor K1, the internal safety relay of the drive, as
well as contactor K2, have dropped-out after the protective
doors have been opened. (This is necessary in the sense of
control Category 3 in compliance with EN 954-11).

The safely delayed enable contacts of safety combination
A1 open after the selected delay time has expired. This
means that the internal safety relay of the drive (1st shut-
down path!) and line contactor K1 (2nd shutdown path!)
are no longer energized.

If the internal safety relay functions incorrectly or if line
contactor K1 has not dropped-out, then its checkback sig-
nal contacts X533.1/2 in the on circuit of the safety combi-
nation A1 are not closed. The safety combination cannot be
switched-in.

When button S1 ("Off") is pressed, contactor K2 is no longer
energized and a 0 signal is entered at contact X101.X
(OFF3) of the drive. The drive is immediately braked down
to 0 speed and the pulses are cancelled. If the protective
doors are opened, the safely delayed enable contacts of
safety combination A1 open after the selected delay time
has expired. This means that the internal safety relay of the
drive (1st shutdown path!) and line contactor K1 (2nd
shutdown path!) are no longer energized.

Ex. No.

1.4



Safe standstill for interlocked protective doors, Emergency Stop, implemented with safety combinations and standard PLC
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"Safe standstill" with MASTERDRIVES for interlocked protective door, standard PLC and protective safety combination, stop Category 1,
Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3 M The drive is shut down via the internal safety relay.

and EN1037 can be implemented using two SIGUARD safety g On circuit of safety combination AT monitors whether line

combinations for Emergency Stop and protectlve.doors and a contactor K1 has dropped-out after Emergency Stop (this is

standard PLC. The drive is shut down (stopped) with stop func- necessary in the sense of control Category 3 in compliance

tion Category 1 according to EN 60204-1. with EN 954-11).

W Safety combinations for Emergency Stop and protective B When implementing as higher-level circuit using contacts,
door monitoring correspond to Category 4 (instantaneous the "safe standstill" function is guaranteed even when the
enable circuit) or Category 3 (delayed enable circuit). PLC develops a fault or fails.

M Circuits for Emergency Stop and protective door monitoring
are monitored through 2 channels in a cross-circuit proof
fashion.

B Switches S4, S5 and S6 are positively opening position
switches corresponding to EN 1088.




Behavior when Emergency Stop is issued

Emergency Stop is initiated using button S3 ("Emergency
Stop"). It is initiated that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

A 0 signal is entered, via the enable contact of safety com-
bination A1, at contact X101.X (OFF3) of the drive. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled.

If the drive is stationary (speed = 0), then PLC output DA2
to the internal safety relay of the drive is reset. The internal
safety relay of the drive drops-out and its checkback signal
contacts X533.1/2 close (1st shutdown path!).

Before the selected delay time of safety combination A1
expires, the internal safety relay of the drive must have
already dropped-out and its checkback signal contacts
X533.1/2 indicate that the drive is in a safe condition.

Behavior when the protective doors are opened

Button S2 ("Off") requests that the protective doors are
opened. This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

A 0 signal is entered at contact X101.X (OFF3) of the drive
by resetting the PLC output DO3. The drive is immediately
braked down to O speed and the pulses are cancelled.

If the drive is stationary (speed = 0), the PLC output DO2 of
the PLC to the internal safety relay of the drive is reset. The
internal safety relay of the drive drops-out and its check-

back signal contacts X533.1/2 close (1st shutdown path!).

The protective door interlocking is opened by setting PLC
output DO4 to energize coil Y1. When the protective doors
are opened the safety monitoring A2 of the safety circuit is
interrupted.

Powering-up the drive

The drive can be started when the protective doors are closed
and Emergency Stop button S3 is released.

When pressing button S1 ("On"), safety combination A1 is
brought into the operational state. The coil of latch (tum-
bler) Y1 is nolonger energized by resetting PLC output DO4
- the protective doors are interlocked. Safety combination
A2 is again in an operational state. Line contactor K1 is
energized.

The safely delayed enable contacts of safety combination
A1 open after the selected delay time has expired. This
means that the line contactor K1 is no longer energized and
the drive is electrically isolated from the line supply (2nd
shutdown path!).

The checkback signal of line contactor K1 is monitored in
the on circuit of safety combination A1. If the contactor
does not drop-out due to an incorrect function, then the
drive is prevented from restarting after an Emergency Stop.

For a correctly functioning circuit, the internal safety relay
of the drive has already fallen out by this time and its check-
back signals contacts X533.1/2 closed. Line contactor K1
does not drop-out. If the internal safety relay does not func-
tion correctly, its checkback signal contacts X533.1/2 are
not closed, the internal line contactor of the rectifier unit
drops-out and isolates the drive from the line supply (2nd
shutdown path!).

Note

If the protective door interlocking opens before the drive
has braked down to O speed as a result of an erroneous
PLC function, then a 0 signal is entered at contact
X101.X (OFF3) of the drive via the switch S6. The drive
isimmediately braked down to speed = 0 and the pulses
cancelled. Opening of the protective doors initiates the
function "safe standstill". It must be ensured that poten-
tially hazardous motion has come to a standstill before a
person can reach the potentially hazardous area!

The internal safety relay is energized (PLC output DO2), a 1
signal is entered (PLC output DO3) at contact X101.X
(OFF3) of the drive. The drive restarts.

Ex. No.
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Safe standstill for non-interlocked protective doors, Emergency Stop, implemented with a safety combination and

standard PLC
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"Safe standstill" with MASTERDRIVES for non-interlocked protective door, standard PLC and protective safety combination, stop Category 1,

Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3
and EN 1037 can be implemented using two SIGUARD safety
combinations for Emergency Stop and the protective doors
and a standard PLC. The drive is shut down (stopped) accord-
ing to stop function Category 1 according to EN 60204-1.

W Safety combinations for Emergency Stop and protective
door monitoring functions correspond to Category 4
(instantaneous enable circuit) or Category 3 (delayed
enable circuit).

M Circuits for Emergency Stop and protective door monitoring

are monitored through 2 channels in a cross-circuit proof
fashion.

W Switches S4 and S5 are positively opening position
switches corresponding to EN 1088.

B The drive is shut down via the internal safety relay.

M The on circuit of safety combination A1 monitors whether
line contactor K1 has dropped-out after an Emergency Stop
(this is necessary in the sense of control Category 3 in com-
pliance with EN 954-11).

B When implementing as higher-level circuit using contacts,
the "safe standstill" function is guaranteed even when the
PLC develops a fault or fails.



Behavior when Emergency Stop is issued

Emergency Stop is initiated using button S3 ("Emergency
Stop"). This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

A 0 signal is entered, via the enable contact of safety com-
bination A1, at contact X101.X (OFF3) of the drive. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled.

If the drive is stationary (speed = 0), then PLC output DO2
to the internal safety relay of the drive is reset. The internal
safety relay of the drive drops-out and its checkback signal
contacts X533.1/2 close (1st shutdown path!).

Behavior when the protective doors are opened

When the protective doors are opened, it is initiated that the
drive is shut down according to stop Category 1 in compliance
with EN 60204-1. It must be ensured that potentially hazard-
ous motion must have come to a standstill before a person can
reach the potentially hazardous area!

A O signal is entered, via the enable contact of safety com-
bination A2, at contact X101.X (OFF3) of the drive. The
drive isimmediately braked down to speed 0 and the pulses
are cancelled. At the same time, the state of the safety
combination is signaled to the control.

Before the selected delay time of safety combination A2
has expired, the internal safety relay of the drive must have
already dropped-out. Its checkback signal contacts
X533.1/2 indicate that the drive is in a safe condition.

Powering-up and powering-down the drive

The drive can be started when the protective doors are closed
and Emergency Stop button S3 is released.

When button S1 ("On") is pressed, safety combination A1 is
brought into the operational state. Safety combination A2
is again in an operational state. Line contactor K1 is ener-
gized.

The internal safety relay is energized (PLC output DO2), a 1
signal is entered (PLC output DO3) at contact X101.X
(OFF3) of the drive. The drive restarts.

Before the selected delay time of safety combination A1
expires, the internal safety relay of the drive must have
already dropped-out and its checkback signal contacts
X533.1/2 indicate that the drive is in a safe condition.

The safely delayed enable contacts of safety combination
A1 open after the selected delay time has expired. This
means that line contactor K1 is no longer energized and the
drive is electrically isolated from the line supply.

The checkback signal of line contactor K1 is monitored in

the on circuit of safety combination A1. If the contactor
does not drop-out due to an incorrect function, then the

drive is prevented from restarting after an Emergency Stop.

If the drive is stationary (speed = 0), then PLC output DO2
to the internal safety relay of the drive is reset. The internal
safety relay of the drive drops-out and its checkback signal
contacts X533.1/2 close. (1st shutdown path!)

The safely delayed enable contacts of safety combination
A2 open after the selected delay time has expired. This
delay time must be set so that the checkback signal of the
internal safety relay already indicates that the drive isin a
safe condition.

If the delay time of the contactor combination A2 has been
correctly set and the function of the internal drive safety
relay is correct, line contactor does not drop-out. If the
delay time has been set too short or the internal safety relay
is not functioning correctly, line contactor K1 drops-outand
isolates the drive from the line supply (2nd shutdown
path!).

When button S2 is pressed ("Off"), PLC output DO3 is reset
and a 0 signal is entered at contact X101.X (OFF3) of the
drive. The drive isimmediately braked down to 0 speed and
the pulses are cancelled. If the drive is stationary (speed =
0), then the PLC output DO2 to the internal safety relay of
the drive is reset. If the protective doors are opened, the
safely delayed enable contacts of safety combination A2
open after the selected delay time has expired (1st shut-
down path!). If the internal safety relay of the drive has still
not dropped-out as a result of an incorrect function or a
fault (PLC), line contactor K1 drops-out and isolates the
drive from the line supply (2nd shutdown path!).

Ex. No.
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Safe standstill for several non-interlocked protective doors and several drives, Emergency Stop implemented using
safety combinations
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"Safe standstill" with MASTERDRIVES for non-interlocked protective door, several drives, protective safety combination, stop Category 1,
Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3and M Switches S3 and S8 are positively opening position
EN1037 can be implemented using four SIGUARD safety combi- switches corresponding to EN 1088.

nations for Emergency Stop and protective doors. The drivesare g The drives are shut down via the internal safety relays.
shut down (stopped) according to stop function Category 1 ac-

cording to EN 60204-1. M The on circuits of the safety combinations A1 to A4 monitor

whether line contactor K1 has dropped-out after an Emer-

W Safety combinations for Emergency Stop and protective gency Stop or whether time relay K2alb and contactors
door monitoring correspond to Category 4 (instantaneous K3alb have dropped-out after opening the protective door
enable circuit) or Category 3 (delayed enable circuit). circuits (this is necessary in the sense of control Category 3

M Circuits for Emergency Stop and protective door monitoring according to EN 954-11).

are monitored through 2 channels in a cross-circuit proof
fashion.




This circuit principle is suitable for selectively shutting
down several drives. Protective door 1 acts on drive A, pro-
tective door 2 on drives A and B, protective door 3 on drive
B. When the internal safety relay of the drives functions cor-
rectly, line contactor K1 does not drop-out (also refer to the
block diagram above). The following table shows how the
two drives A and B are dependent on the state of the pro-
tective doors.

Behavior when Emergency Stop is issued

Emergency Stop is initiated using button S9 ("Emergency
Stop"). This initiates that the drives are shut down according
to stop Category 1 in compliance with EN 60204-1.

A Osignal is entered at contacts X101.X (OFF3) of the drive
via the enable contact of safety combination A4. The drives
are immediately braked down to O speed and the pulses
cancelled. At the same time, the drop-out delay of time
relay K2a/b and the delay time of the safety combination
A4 are started. The drives must have come to a standstill
before these delay times have expired.

Behavior when the protective doors are opened

When protective doors 1-3 are opened, it is initiated that the
associated drives are shut down according to stop Category 1
in compliance with EN 60204-1. It must be ensured that po-

tentially hazardous motion must have come to a standstill be-
fore a person can reach the potentially hazardous area!

A O signal is entered at contact X101.X (OFF3) of the
driveldrives via the enable contact of the safety combina-
tions A1, A2 or A3. The drives are immediately braked
down to O speed and the pulses cancelled. At the same
time, the drop-out delay of time relays K2a and/or K2b are
started. The driveldrives must have come to a standstill
before these delay times have expired.

After the drop-out delay time of time relay K2a/b has
expired, the internal safety relay of the drives are no longer
energized (1st shutdown path!).

Protective door 1 open Safe standstill Ready
Protective door 2 open Safe standstill Safe standstill
Protective door 3 open Ready Safe standstill

After the drop-out delay time of time relay K2a/b has
expired, the internal safety relays of the drives are no
longer energized (1st shutdown path!).

After opening the safely delayed enable contact of safety

combination A4, line contactor K1 is no longer energized

and the drives are electrically isolated from the line supply
(2nd shutdown path!).

The checkback signal of line contactor K1 is monitored in
the on circuit of safety combination A4. If the contactor
does not drop-out due to an incorrect function, then the
drive is prevented from restarting after an Emergency Stop.

Before the selected delay times of safety combinations A1-
3 expire, the internal safety relays of the drives must have
already dropped-out. Their checkback signal contacts
X533.1/2 indicate that the drives are in a safe condition.

After the selected delay time has expired, the safely
delayed enable contacts of the safety combinations open.

When the internal safety relays of the drives function cor-
rectly, their checkback signal contacts X533.1/2 are closed,
line contactor K1 does not drop-out.When an internal
safety relay does not function correctly, its checkback signal
contacts X533.1/2 are not closed and line contactor K1
drops-out (2nd shutdown path!).

Ex. No.

1.7



Powering-up and powering-down the drive

The drives can be started or stopped when the protective B When button S1alb ("Off") is pressed, contactor K3a/b is no
doors are closed and Emergency Stop button S9 is released. longer energized. The drop-out delay of time relay K2a/b is
Ex. No. "on") i inati simultaneously started. When contactor K3a/b drops-out, a
B When button S2a/b ("On") is pressed, safety combination ! ' y : ps-out,
1 7 A4 is brought into the operational state. Line contactor K1 0 signal is entered at contact X101.X (OFF3) of the drive
° is energized. AIB. The drive is immediately braked down to O speed and

the pulses cancelled. The internal safety relay of the drive is
no longer energized after the drop-out delay time of time
relay K2alb has expired. The protective doors can be
opened.

B When button S2a/b ("On") is pressed, contactor K3alb is
energized and latches; time relay K2a/b is simultaneously
energized. The internal safety relay is energized and a 1 sig-
nal is entered at contact X101.X (OFF3) of the drive A/B.
The drive restarts.




Certificate

The examples shown in this document were examined and
certified by the German Berufsgenossenschaft Fachausschuss
Maschinenbau, Fertigungssystem, Stahlbau. (Certificate only
available in German!)
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SAFE STANDSTILL Category 3 acc. to EN 954-1

with SIMODRIVE 611 universal

Safe standstill with interlocked protective doors, Emergency Stop implemented using safety combinations

"Safe standstill" with SIMODRIVE with interlocked protective door with safety combinations, Stop Category 1, Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN954-1 control Category 3 and
EN1037 can be implemented using two SIGUARD safety combi-
nations for Emergency Stop and protective doors. A stop function
Category 1 in compliance with EN 60204-1 is achieved.

W Safety combinations for Emergency Stop and protective
door monitoring functions correspond to Category 4
(instantaneous enable circuit) or Category 3 (delayed
enable circuit).

M Circuits for Emergency Stop and protective door monitoring
are monitored through 2 channels in a cross-circuit proof
fashion.

W Switches S4, S5 and S6 are positively opening position
switches corresponding to EN 1088.

H The drive is shut down via the internal safety relay.

B On circuits of safety combinations A1 and A2 monitor
whether the internal line contactor of the rectifier unit has
dropped-out after Emergency Stop or whether time relay
K2a and contactor K3 have dropped-out after the protective
door circuit has been opened (this is necessary in the sense
of control category 3 according to EN 954-1!).



Behavior when Emergency Stop is issued

Emergency Stop is initiated using button S3 ("Emergency
Stop"). This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

A 0O signal is entered at contact 65 (controller enable RF) of
the drive via the enable contacts of safety combination A1.
The drive is immediately braked down to O speed and the
pulses are cancelled. At the same time, the drop-out delay
of timer relay K2a and the delay time of the safety relay A1
are started; the drive must have come to a standstill before
they expire.

Behavior when the protective doors are opened

Button S1 ("Off") requests that the protective doors are
opened. This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

Contactor K3 is no longer energized and a 0 signal is
entered at contact 65 (controller enable RF) of the drive via
its contact (NO contact). The drive is immediately braked
down to O speed and the pulses are cancelled. At the same
time, the drop-out delay of time relay K2a is started and
before this time has expired, the drive must have come to
a standstill.

After the drop-out delay time of time relay K2a has expired,
the internal safety relay of the drive is no longer energized
(1st shutdown path!). At the same time, the latch (tum-
bler) Y1 of the protective doors is opened.

Powering-up the drive

The drive can be started when the protective doors are closed
and Emergency Stop button S3 is released.

When pressing button S2 ("On"), safety combination A1 is
brought into the operational state. The coil of latch (tum-
bler) Y1 is no longer energized, the protective doors are
interlocked. Safety combination A2 is again in an opera-
tional state. The internal line contactor of the rectifier unit
is energized.

Contactor K3 is energized and latches and at the same
time, time relay K2a is energized. The integrated safety
relay is energized and a 1 signal is entered at contact 65
(controller enable) of the drive. The drive restarts.

The internal safety relay of the drive is no longer energized
after the drop-out delay time of time relay K2a has expired
(1st shutdown path!).

After opening the safely delayed enable contact of safety
combination A1, the internal line contactor of the rectifier
unit is no longer energized and the drive is electrically iso-
lated from the line supply (2nd shutdown path!).

The checkback signal of the internal line contactor of the rec-
tifier unitis monitored in the on circuit of safety combination
A1. If the contactor does not drop-out due to an incorrect
function, then the drive is prevented from restarting after an
Emergency Stop.

When the protective doors are opened the safety monitor-
ing A2 of the safety circuit is interrupted. Before the
selected delay time of safety combination A2 has expired,
the internal safety relay of the drive must have already
dropped-out. Its checkback signal contacts AS1/2 indicate
that the drive is in a safe condition.

After the selected delay time has expired, the safely
delayed enable contacts of the safety combination A2
open.

If the internal safety relay of the drive is functioning cor-
rectly, its checkback signal contacts AS1/2 are closed and
the internal line contactor of the rectifier unit does not
drop-out. If the internal safety relay does not function cor-
rectly, its checkback signal contacts AS1/2 are not closed,
the internal line contactor of the rectifier unit drops-out
and isolates the drive from the line supply (2nd shutdown
path!).

Ex. No.
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Safe standstill for non-interlocked protective doors, Emergency Stop implemented using safety combinations
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"Safe standstill" with SIMODRIVE for a non-interlocked protective door with safety combination, stop Category 1, Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN954-1 control Category 3 and
EN1037 can be implemented using two SIGUARD safety combi-
nations for Emergency Stop and protective doors. The drive is
shut down (stopped) according to stop function Category 1 ac-
cording to EN 60204-1.

W Safety combinations for Emergency Stop and protective
door monitoring functions correspond to Category 4
(instantaneous enable circuit) or Category 3 (delayed
enable circuit).

M Circuits for Emergency Stop and protective door monitoring

are monitored through 2 channels in a cross-circuit proof
fashion.

B Switches S4 and S5 are positively opening position
switches corresponding to EN 1088.

H The drive is shut down via the internal safety relay.

M On circuits of safety combinations A1 and A2 monitor
whether the internal line contactor of the rectifier unit has
dropped-out after Emergency Stop or whether time relay
K2a and contactor K3 have dropped-out after the protective
door circuit has been opened (this is necessary in the sense
of control Category 3 according to EN 954-11).



Behavior when Emergency Stop is issued

Emergency Stop is initiated using button S3 ("Emergency
Stop"). This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

AOsignalis entered at contact 65 (controller enable) of the
drive via the enable contacts of safety combination A1. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled. At the same time, the drop-out delay of timer
relay K2a and the delay time of the safety relay A1 are
started; the drive must have come to a standstill before
they expire.

Behavior when the protective doors are opened

When the protective doors are opened, it is initiated that the
drive is shut down according to stop Category 1 in compliance
with EN 60204-1. It must be ensured that potentially hazard-
ous motion must have come to a standstill before a person can
reach the potentially hazardous area!

A Osignalis entered at contact 65 (controller enable) of the
drive via the enable contacts of safety combination A2. The
drive isimmediately braked down to O speed and the pulses
are cancelled. At the same time, the switch-out delay of
time relay K2a is started and before this time has expired,
the drive must have come to a standstill.

The internal safety relay of the drive is no longer energized
after the drop-out delay time of time relay K2a has expired
(1st shutdown path!).

Powering-up and powering-down the drive

The drive can be started or stopped when the protective doors
are closed and Emergency Stop button S3 is released.

When pressing button S2 ("On"), safety combination A1 is
broughtinto the operational state. The internal line contac-
tor of the rectifier unit is energized

When pressing button S2 ("On"), contactor K3 is energized
and latches; time relay K2a is simultaneously energized.
The internal safety relay is energized and a 1 signal is
entered at contact 65 (controller enable) of the drive. The
drive restarts.

The internal safety relay of the drive is no longer energized
after the drop-out delay time of time relay K2a has expired
(1st shutdown path!).

After opening the safely delayed enable contact of safety
combination A1, the internal line contactor of the rectifier
unit is no longer energized and the drive is electrically iso-
lated from the line supply (2nd shutdown path!).

The checkback signal of the internal line contactor of the rec-
tifier unitis monitored in the on circuit of safety combination
A1. If the contactor does not drop-out due to an incorrect
function, then the drive is prevented from restarting after an
Emergency Stop.

Before the selected delay time of safety combination A2
has expired, the internal safety relay of the drive must have
already dropped-out. Its checkback signal contacts AS 1/2
indicate that the drive is in a safe condition.

After the selected delay time has expired, the safely
delayed enable contacts of the safety combination A2
open.

If the internal safety relay of the drive is functioning cor-
rectly, its checkback signal contacts AS1/2 are closed and
the internal line contactor of the rectifier unit does not
drop-out. If the internal safety relay does not function cor-
rectly, its checkback signal contacts AS1/2 are not closed,
the internal line contactor of the rectifier unit drops-out
and isolates the drive from the line supply (2nd shutdown
path!).

When button S1 ("Off") is pressed, contactor K3 is no longer
energized and the drop-out delay of time relay K2a is simul-
taneously started. When contactor K3 drops-out, a O signal
isentered at contact 65 (controller enable) of the drive. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled. The internal safety relay of the drive is no
longer energized after the drop-out delay time of time relay
K2a has expired. The protective doors can be opened.

Ex. No.
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Safe standstill for non-interlocked protective doors, implemented with one safety combination
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"Safe standstill" with SIMODRIVE for a non-interlocked protective door with safety combination, stop Category 1, Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3 M Switches S2 and S3 are positively opening position
and EN1037 can be implemented using one SIGUARD safety switches corresponding to EN 1088.
combination for the protective door. The drive is shut down B The drive is shut down via the internal safety relay and the
(stopped) according to stop function Category 1 according to internal line contactor of the rectifier unit.
EN 60204-1. L L .
o . _ Il The on circuit of safety combination A1 monitors whether
W Safety combination for protective door monitoring func- the internal line contactor of the rectifier unit and the inter-
tions corresponds to Category 4 (|nstaptapeous enable cir- nal safety relay of the drive have dropped-out after the pro-
cuit) or category 3 (delayed enabled circuit). tective doors have opened. (This is necessary in the sense
M Circuit for protective door monitoring is monitored through of control Category 3 in compliance with EN 954-11).

2 channels in a cross-circuit proof fashion.




Behavior when the protective doors are opened

When the protective doors are opened, it is initiated that the
drive is shut down according to stop Category 1 in compliance
with EN 60204-1. It must be ensured that potentially hazard-
ous motion must have come to a standstill before a person can
reach the potentially hazardous area!

A 0signalis entered at contact 65 (controller enable) of the
drive via the enable contacts of safety combination A1. The
drive isimmediately braked down to O speed and the pulses
are cancelled. The delay time of safety combination A1 is
simultaneously started and the drive must have come to a
standstill before it expires.

Powering-up the drive

The drive can be restarted (powered-up again) when the pro-
tective doors are closed.

When button S1 ("On") is pressed, safety combination A1 is
brought into the operational state. The internal line contac-
tor of the rectifier unit and the internal safety relay are
energized. The drive restarts.

The safely delayed enable contacts of safety combination
A1 open after the selected delay time has expired. This
means that the internal safety relay of the drive (1st shut-
down path!) and the internal line contactor of the rectifier
unit (2nd shutdown path!) are no longer energized.

If the internal safety relay or the internal line contactor of
the rectifier unit have not dropped-out because of incorrect
behavior (e.g. fault), then their checkback signal contacts
in the on circuit of the safety combination A1 are not
closed. The safety combination cannot be switched-in.

Ex. No.
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Safe standstill for non-interlocked protective doors, implemented with one safety combination
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"Safe standstill" with SIMODRIVE for a non-interlocked protective door with safety combination, stop Category 1, Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3and M Switches S4 and S5 are positively opening position
EN1037 can be implemented using one SIGUARD safety combi- switches corresponding to EN 1088.

nation for the protective doors. The drive is shut down (stopped) @ The drive is shut down via the internal safety relay and the
according to stop function Category 1 according to EN 60204-1. internal line contactor of the rectifier unit.

W Safety combination for protective door monitoring func-

: . . I The on circuit of safety combination A1 monitors whether
tions corresponds to Category 4 (instantaneous enable cir-

the internal line contactor of the rectifier unit and the inter-

cuit) or category 3 (delayed enabled circuit). nal safety relay of the drive as well as contactor K1 have
M Circuit for protective door monitoring is monitored through dropped-out after the protective doors have opened. (This
2 channels in a cross-circuit proof fashion. is necessary in the sense of control Category 3 in compli-

ance with EN 954-11).




Behavior when the protective doors are opened

When the protective doors are opened, it is initiated that the
drive is shut down according to stop Category 1 in compliance
with EN 60204-1. It must be ensured that potentially hazard-
ous motion must have come to a standstill before a person can
reach the potentially hazardous area!

A 0signalis entered at contact 65 (controller enable) of the
drive via the enable contacts of safety combination A1. The
drive isimmediately braked down to O speed and the pulses
are cancelled. The delay time of safety combination A1 is
simultaneously started and the drive must have come to a
standstill before it expires.

Powering-up and powering-down the drive

The drive can be started or stopped when the protective doors
are closed.

When the internal safety relay and the internal line contac-
tor of the rectifier unit are in the correct state, safety com-
bination A1 is brought into an operational state.

The internal line contactor of the rectifier unit and the
internal safety relay of the drive are energized.
When pressing S2 ("On"), contactor K1 is energized and

latches. A 1 signal is entered at contact 65 (controller
enable) of the drive and the drive starts.

The safely delayed enable contacts of safety combination
A1 open after the selected delay time has expired. This
means that the internal safety relay of the drive (1st shut-
down path!) and the internal line contactor of the rectifier
unit (2nd shutdown path!) are no longer energized.

If the internal safety relay or the internal line contactors of
the rectifier unit have not dropped-out because of incorrect
behavior (e.g. fault), then their checkback signal contacts
AS1/2in the on circuit of the safety combination A1 are not
closed. The safety combination cannot be switched-in.

When button S1 ("Off") is pressed, contactor K1 is no longer
energized and a 0 signal is entered at contact 65 (controller
enable) of the drive. The drive is immediately braked down
to 0 speed and the pulses are cancelled. If the protective
doors are opened, the safely delayed enable contacts of
safety combination A1 open after the selected delay time
has expired. This means that the internal safety relay of the
drive (1st shutdown path!) and the internal line contactor
of the rectifier unit (2nd shutdown path!) are no longer
energized.

Ex. No.
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Safe standstill for interlocked protective doors, Emergency Stop, implemented with safety combinations and standard PLC

"Safe standstill" with SIMODRIVE for interlocked protective door, standard PLC and protective safety combination, stop Category 1, Category 3

acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3 and
EN1037 can be implemented using two SIGUARD safety combi-
nations for Emergency Stop and protective doors and a standard
PLC. The drive is shut down (stopped) according to stop function
Category 1 according to EN 60204-1.

l Safety combinations for Emergency Stop and protective
door monitoring functions correspond to Category 4
(instantaneous enable circuit) or Category 3 (delayed
enable circuit).

M The circuits for Emergency Stop and protective door moni-
toring are monitored through 2 channels in a cross-circuit
proof fashion.

Switches S4, S5 and S6 are positively opening position
switches corresponding to EN 1088

The drive is shut down via the internal safety relay.

The on circuit of safety combination A1 monitors whether
the internal line contactor of the rectifier unit has dropped-
out after an Emergency Stop (this is necessary in the sense
of control Category 3 in compliance with EN 954-11).

When implementing as higher-level circuit using contacts,
the "safe standstill" function is guaranteed even when the
PLC develops a fault or fails.



Behavior when Emergency Stop is issued

Emergency Stop is initiated using button S3 ("Emergency
Stop"). This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

AOsignalis entered at contact 65 (controller enable) of the
drive via the enable contacts of safety combination A1. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled.

If the drive is stationary (speed = 0), then PLC output DO2
to the internal safety relay of the drive is reset. The internal
safety relay of the drive drops-out and its checkback signal
contacts AS 1/2 close (1st shutdown path!).

Behavior when the protective doors are opened

Button S2 ("Off") requests that the protective doors are
opened. This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

A Osignalis entered at contact 65 (controller enable) of the
drive by resetting the PLC output DO3. The drive is immedi-
ately braked down to O speed and the pulses are cancelled.

If the drive is stationary (speed = 0), then PLC output DO2
to the internal safety relay of the drive is reset. The internal
safety relay of the drive drops-out and its checkback signal
contacts AS1/2 close (1st shutdown path!).

The protective door interlocking is opened by setting PLC
output DO4 to energize coil Y1. When the protective doors
are opened the safety monitoring A2 of the safety circuit is
interrupted.

Powering-up the drive
The drive can be started when the protective doors are closed
and Emergency Stop button S3 is released.

When button S1 ("On") is pressed, safety combination A1 is
brought into the operational state. The coil of latch (tum-
bler) Y1 is no longer energized by resetting PLC output DO4
- the protective doors are interlocked. Safety combination
A2 is again in an operational state. Line contactor K1 is
energized.

Before the selected delay time of safety combination A1
expires, the internal safety relay of the drive must have
already dropped-out and its checkback signal contacts AS
1/2 indicate that the drive is in a safe condition.

The safely delayed enable contacts of safety combination A1
open after the selected delay time has expired. This means
that the internal line contactor of the rectifier unit is no
longer energized and the drive is electrically isolated from
the line supply (2nd shutdown path!).

The checkback signal of the internal line contactor of the rec-
tifier unitis monitored in the on circuit of safety combination
A1. If the contactor does not drop-out due to an incorrect
function, then the drive is prevented from restarting after an
Emergency Stop.

For a correctly functioning circuit, the internal safety relay
of the drive has already fallen out by this time and its check-
back signals contacts AS1/2 closed. The internal line con-
tactor of the rectifier unit does not drop-out. If the internal
safety relay does not function correctly, its checkback signal
contacts AS1/2 are not closed, the internal line contactor of
the rectifier unit drops-out and isolates the drive from the
line supply (2nd shutdown path!).

Note

If the protective door interlocking opens before the drive
has braked down to 0 speed as a result of an erroneous
PLC function, then a 0 signal is entered at contact 65
(controller enable) of the drive via the switch S6. The
drive is immediately braked down to speed = 0 and the
pulses cancelled. Opening of the protective doors ini-
tiates the function "safe standstill". It must be ensured
that potentially hazardous motion must have come to a
standstill before a person can reach the potentially haz-
ardous area!

The internal safety relay is energized (PLC output DO2), a 1
signal is entered (PLC output DO3) at contact 65 (controller
enable) of the drive. The drive restarts.

Ex. No.
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Safe standstill for non-interlocked protective doors, Emergency Stop, implemented with a safety combination and

standard PLC

:
8

"Safe standstill" with SIMODRIVE for non-interlocked protective door, standard PLC and protective safety combination, stop Category 1,

Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3 and
EN1037 can be implemented using two SIGUARD safety combi-
nations for Emergency Stop and protective doors and a standard
PLC. The drive is shut down (stopped) according to stop function
Category 1 according to EN 60204-1.

I Safety combinations for Emergency Stop and protective
door monitoring functions correspond to Category 4
(instantaneous enable circuit) or Category 3 (delayed
enable circuit).

M Circuits for Emergency Stop and protective door monitoring
are monitored through 2 channels in a cross-circuit proof
fashion.

Switches S4 and S5 are positively opening position
switches corresponding to EN 1088.

The drive is shut down via the internal safety relay

The on circuit of safety combination A1 monitors whether
the internal line contactor of the rectifier unit has dropped-
out after an Emergency Stop (this is necessary in the sense
of control Category 3 in compliance with EN 954-11).

When implementing as higher-level circuit using contacts,
the "safe standstill" function is guaranteed even when the
PLC develops a fault or fails.



Behavior when Emergency Stop is issued

Emergency Stop is initiated using button S3 ("Emergency
Stop"). This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1.

AOsignalis entered at contact 65 (controller enable) of the
drive via the enable contacts of safety combination A1. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled.

If the drive is stationary (speed = 0), then PLC output DO2
to the internal safety relay of the drive is reset. The internal
safety relay of the drive drops-out and its checkback signal
contacts AS1/2 close (1st shutdown path!).

Behavior when the protective doors are opened

When the protective doors are opened, it is initiated that the
drive is shut down according to stop Category 1 in compliance
with EN 60204-1. It must be ensured that potentially hazard-
ous motion must have come to a standstill before a person can
reach the potentially hazardous area!

A 0signalis entered at contact 65 (controller enable) of the
drive via the enable contacts of safety combination A2. The
drive isimmediately braked down to 0 speed and the pulses
are cancelled. At the same time, the state of the safety
combination is signaled to the control.

Before the selected delay time of safety combination A2
expires, the internal safety relay of the drive must have
already dropped-out and its checkback signal contacts
AS1/2 indicate that the drive is in a safe condition.

Powering-up and powering-down the drive
The drive can be started when the protective doors are closed
and Emergency Stop button S3 is released.

When pressing button S2 ("On"), safety combination A1 is
brought into the operational state. Safety combination A2
is again in an operational state. The internal line contactor
of the rectifier unit is energized.

The internal safety relay is energized (PLC output DO2), a 1
signal is entered (PLC output DO3) at contact 65 (controller
enable) of the drive. The drive restarts.

Before the selected delay time of safety combination A1
expires, the internal safety relay of the drive must have
already dropped-out and its checkback signal contacts AS
112 indicate that the drive is in a safe condition.

The safely delayed enable contacts of safety combination
A1 open after the selected delay time has expired. This
means that the internal line contactor of the rectifier unitis
no longer energized and the drive is electrically isolated
from the line supply.

The checkback signal of the internal line contactor of the
rectifier unit is monitored. If the contactor does not drop-
out due to an incorrect function, then the drive is pre-
vented from restarting after an Emergency Stop.

If the drive is stationary (speed = 0), then PLC output DO2
to the internal safety relay of the drive is reset. The internal
safety relay of the drive drops-out and its checkback signal
contacts close (1st shutdown path!)

The safely delayed enable contacts of safety combination
A2 open after the selected delay time has expired. This
delay time must be set so that the checkback signal of the
internal safety relay already indicates that the drive isin a
safe condition.

If the delay time of the contactor combination A2 has been
correctly set and the function of the internal drive safety
relay is correct, the internal line contactor of the rectifier
unit does not drop-out. If the delay time is set too short or
if the internal safety relay does not function correctly, the
internal line contactor of the rectifier unit drops-out and
isolates the drive from the line supply (2nd shutdown
path!).

When button S2 is pressed ("Off"), PLC output DO3 is reset
and a 0 signal is entered at contact 65 (controller enable)
of the drive. The drive is immediately braked down to 0
speed and the pulses are cancelled. If the drive is stationary
(speed = 0), then the PLC output DO2 to the internal safety
relay of the drive is reset. If the protective doors are
opened, the safely delayed enable contacts of safety com-
bination A2 open after the selected delay time has expired
(1st shutdown path!). If the internal safety relay of the
drive has still not dropped-out as a result of an incorrect
function or a fault (PLC), the internal line contactor of the
rectifier unit drops-out and isolates the drive from the line
supply (2nd shutdown path!).

Ex. No.
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Safe standstill for several non-interlocked protective doors and several drives, Emergency Stop implemented using

safety combinations
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Minimum circuit for the "safe standstill" with SIMODRIVE function

Function description

A structure in compliance with EN 954-1 control Category 3 and
EN 1037 can be implemented using four SIGUARD safety combi-
nations for Emergency Stop and protective doors. The drives are
shut down (stopped) according to stop function Category 1 ac-
cording to EN 60204-1.

W Safety combinations for Emergency Stop and protective door
monitoring functions correspond to Category 4 (instanta-
neous enable circuit) or Category 3 (delayed enable circuit).

M Circuits for Emergency Stop and protective door monitoring
are monitored through 2 channels in a cross-circuit proof fash-
ion.

Switches S3 and S8 are positively opening position switches
corresponding to EN 1088.

The drives are shut down via the internal safety relays.

The on circuits of the safety combinations A1 to A4 monitor
whether the internal line contactor of the rectifier unit has
dropped-out after and Emergency Stop or whether time relay
K2a/b and contactors K3a/b have dropped-out after opening
the protective door circuits (this is necessary is the sense of
control Category 3 according to EN 954-1!).



This circuit principle is suitable for selectively shutting down
several drives. Protective door 1 acts on drive A, protective
door 2 on drives A and B, protective door 3 on drive B. When
the internal safety relay of the drives functions correctly, the
internal line contactor of the rectifier unit does not drop-out
(also refer to the block diagram above). The following table

Behavior when Emergency Stop is issued

Emergency Stop is initiated using button S9 ("Emergency
Stop"). This initiates that the drives are shut down according
to stop Category 1 in compliance with EN 60204-1.

A 0 signal is entered at contacts 65 (controller enable) of
the drive via the enable contact of safety combination A4.
The drives are immediately braked down to O speed and the
pulses cancelled. At the same time, the drop-out delay of
time relay K2a/b and the delay time of the safety combina-
tion A4 are started. The drives must have come to a stand-
still before these delay times have expired.

Behavior when the protective doors are opened

When protective doors 1-3 are opened, it is initiated that the
associated drives are shut down according to stop Category 1
in compliance with EN 60204-1. It must be ensured that po-

tentially hazardous motion must have come to a standstill be-
fore a person can reach the potentially hazardous area!

A 0signalis entered at contact 65 (controller enable) of the
driveldrives via the enable contact of the safety combina-
tions A1, A2 or A3. The drives are immediately braked
down to O speed and the pulses cancelled. At the same
time, the switch-out delay of time relays K2a and/or K2b
are started. The drive/drives must have come to a standstill
before these delay times have expired.

The internal safety relay of the drive is no longer energized
after the drop-out delay time of time relay K2a or K2b has
expired (1st shutdown path!).

shows how the two drives A and B are dependent on the state
of the protective doors.

Protective door 1 open  Safe standstill Ready
Protective door 2 open Safe standstill Safe standstill
Protective door 3 open Ready Safe standstill

After the drop-out delay time of time relay K2a/b has
expired, the internal safety relays of the drives are no
longer energized (1st shutdown path!).

After opening the safely delayed enable contact of safety
combination A4, the internal line contactor of the rectifier
unit is no longer energized and the drives are electrically
isolated from the line supply (2nd shutdown path!).

The checkback signal of the internal line contactor of the
rectifier unit is monitored in the on circuit of safety combi-
nation A4. If the contactor does not drop-out due to an
incorrect function, then the drive is prevented from restart-
ing after an Emergency Stop.

Before the selected delay times of safety combinations A1-
3 expire, the internal safety relays of the drives must have
already dropped-out. Their checkback signal contacts
AS1/2 indicate that the drives are in a safe condition.

After the selected delay time has expired, the safely
delayed enable contacts of the safety combinations open.

If the internal safety relay of the drives is functioning cor-
rectly, their checkback signal contacts AS1/2 are closed and
the internal line contactor of the rectifier unit does not
drop-out. If the internal safety relay does not function cor-
rectly, its checkback signal contacts AS1/2 are not closed,
the internal line contactor of the rectifier unit drops-out
(2nd shutdown path!).

Ex. No.
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Ex. No.

2.7

Powering-up and powering-down the drive
The drives can be started or stopped when the protective
doors are closed and Emergency Stop button S9 is released.

B When button S2a/b ("On") is pressed, safety combination
A4 is brought into the operational state. The internal line
contactor of the rectifier unit is energized.

B When button S2a/b ("On") is pressed, contactor K3a/b is
energized and latches; time relay K2alb is simultaneously
energized. The internal safety relay is energized and a 1 sig-
nal is entered at contact 65 (controller enable) of drive A/B.
The drive restarts.

B When button STa/b ("Off") is pressed, contactor K3a/b is no

longer energized. The drop-out delay of time relay K2a/b is
simultaneously started. When contactor K3a/b drops-out, a
0 signal is entered at contact 65 (controller enable) of the
drive A/B. The drive is immediately braked down to O speed
and the pulses cancelled. The internal safety relay of the
drive is no longer energized after the drop-out delay time
of time relay K2a/b has expired. The protective doors can be
opened.



Certificate

The examples shown in this document were examined and
certified by the German Berufsgenossenschaft Fachausschuss
Maschinenbau, Fertigungssystem, Stahlbau (Certificate only
available in German!).
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SAFE STANDSTILL Category 3 according EN 954-1
with SINAMICS S120

Application examples SINAMICS S120
Safe standstill, Safe Stop 1 implemented using safety combination

In accordance with the standard prlEC61800-5-2, the designa-
tion Safe Standstill is replaced by Safe Torque Off (STO).

The Safe Stop 1 (SS1) function is integrated in SINAMICS S120
version V2.4 or later.

Path 1

‘a
. Path 2

Schematic diagram

Control Unit Power Unit
DC-
DRIVE »Channel 1 Supey
CLIQ N !
O,
Allocation \
DI -> Drive Channel 2
Controller Controller Driver :I(:::vt?gnic T Power
SH AP connector
Shut Down Path 1 Shut Down Path 2

Schematic diagram of the internal control of both shutdown paths
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"Safe standstill" with SINAMICS using safety combination and "Safe Stop 1", Stop category 1, Category 3 acc. to EN 954-1
and SIL 2 acc. [EC 61508

Description of functions

M A structure in compliance with EN 954-1 control category 3 B Switches S2 and S3 are positive-opening position switches
and EN1037 can be implemented using a SIGUARD safety according to EN 1088.
combination for the protective door. The drive is stopped
according to Stop function Category 1 acc. to EN 60204-1.

B A master line contactor is not required since the "Safe stand-
still" safety function integrated in the drive corresponds to Cat-
egory 3 acc. to EN 954-1. Before performing work on the
motor or converter, the unit has to be deenergized via a (lock-
able) main switch.

M The safety combination for the protective door monitoring
function corresponds to Category 4 (instantaneous enable cir-
cuit).

B The circuits for protective door monitoring are monitored
through two channels using a cross-circuit proof connection.




Behavior when the protective door is opened

Opening of the protective door initiates that the drive is
stopped according to Stop category 1 acc. to EN 60204-1. It
must be ensured that potentially hazardous motion comes to
a standstill before a person can reach the potentially hazard-
ous area !

M Asignal O is entered via the enable contacts of the safety
combination A1, at terminal X122.3 (DI 2: SH CU) of the
drive. The drive is immediately decelerated along the OFF3
ramp (p1135).

I SHISBC is triggered automatically after the delay time
(p9652/p9852) has expired.

Powering up the drive
The drive can be started when the protective door is closed:

M Signal 1is present both at the EP terminal of the power unit
and the digital input, the Safe standstill function is dese-
lected. When actuating knob switch ST ("OFF-ON"), the
drive is brought into the operational state via a rising edge
at input DI O (OFF1).

"Safe Stop 1" features

W SS1is activated by p9652 and p9852 (delay time) unequal
"

M This function can only be activated in combination with
"safe standstill".

B When selecting SS1, the drive is decelerated along the
OFF3 ramp (p1135) and SHI/SBC is triggered automatically
after the delay time (p9652/p9852) has expired.

l Afteractivating the function, the delay time elapses even if
the function has been deselected before. In this case, the
SHISBC function is selected and deselected again when the
delay time has elapsed.

W SS1is selected through two channels. The drive, however,
is decelerated along the OFF3 ramp through a single chan-
nel only.



"Safety Integrated" settings

The delay time has to be specified for each path in the "Safe
Stop 1" input window. If this value is 0, Safe Stop 1 is deacti-
vated. In this case, the pulses are disabled immediately.

Settings for Safety Integrated STARTER/SIMOTION Scout

Functional Example No. MC-FE-I1-003-V12-EN 431




Safe standstill, implemented with one safety combination

In addition to the SINAMICS version V2.4 (or later) described

above, the traditional OFF 3 circuit can still be used.
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"Safe Standstill" with SINAMICS using safety combination, Stop-Category 1, Category 3 acc. to EN 954-1

Function description

A structure in compliance with EN 954-1 control Category 3
and EN1037 can be implemented using one SIGUARD safety
combination for the protective door. The drive is shut down
(stopped) according to stop function Category 1 according to
EN 60204-1.

The integrated safety function "safe standstill" corresponds
to Category 3 according to EN 954-1 and SIL 2 according to
IEC 61508. Therefore a line contactor is not necessary. The
Emergency Stop function doesn't mandatory require an iso-
lation from the line supply. When carrying-out work on the
motor or the frequency converter, the equipment must

always be isolated from the line supply with a (lockable)
main switch.

Safety combination for protective door monitoring func-
tions corresponds to Category 4 (instantaneous enable cir-
cuit) or Category 3 (delayed enable circuit).

Circuit for protective door monitoring is monitored through
2 channels in a cross-circuit proof fashion.

Switches S2 and S3 are positively opening position
switches corresponding to EN 1088.



Behavior, when the protective doors are opened

When the protective doors are opened, it is initiated that the
drive is shut down according to stop Category 1 in compliance
with EN 60204-1. It must be ensured that potentially hazard-
ous motion must have come to a standstill before a person can
reach the potentially hazardous area!

B A Osignal is entered, via the enable contact of safety com-
bination A1, at contact X122.2 (DI 1: OFF3) of the drive.
The drive is immediately braked down to O speed and the
pulses are cancelled. The delay time of safety combination
AT is simultaneously started and the drive must have come
to a standstill before it expires.

H The safely delayed enable contacts of safety combination
A1 open after the selected delay time has expired. This
means that the EP-terminal of the line modul and the digi-
tal input (DI 2 SH) of the control unit are no longer ener-
gized. The safety function "safe standstill" is activated.

Powering-up the drive

The drive can be restarted (powered-up again) when the pro-
tective doors are closed.

B A 1signal is entered at the EP-terminal of the line modul
and the digital input (DI 2: SH) of the control unit. The func-
tion "safe standstill" is deactivated. When actuating the
knop-operated switch S1 ("Off-On"), the drive is brought
into an operational state with a rising edge at the digital
input DIO (Out 1).
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Safe standstill for interlocked protective doors, Emergency Stop, implemented with safety combinations and standard
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"Safe Standstill" with SINAMICS for interlocked protective door, standard PLC and protective safety combination, stop Category 1, Category 3

acc. to EN 954-1
Function description

A structure in compliance with EN 954-1 control Category 3
and EN1037 can be implemented using two SIGUARD safety
combinations for Emergency Stop and protective doors and a
standard PLC. The drive is shut down (stopped) with stop func-
tion Category 1 according to EN 60204-1.

The integrated safety function "safe standstill" corresponds
to Category 3 according to EN 954-1 and SIL 2 according to
IEC 61508. A non-safety checkback signal "Safe Standstill
active” is sufficient.

Safety combinations for Emergency Stop and protective
door monitoring correspond to Category 4 (instantaneous
enable circuit) or Category 3 (delayed enable circuit).

Circuits for Emergency Stop and protective door monitoring

are monitored through 2 channels in a cross-circuit proof
fashion.

Switches S4, S5 and S6 are positively opening position
switches corresponding to EN 1088.

When implementing as higher-level circuit using contacts,
the "safe standstill" function is guaranteed even when the
PLC develops a fault or fails.

The communication via digital in- and outputs between
drive and PLC can be displaced with a non-safe standard
communication (e.g. PROFIBUS).

The Emergency Stop function doesn't mandatory require
an isolation from the line supply. When carrying-out work
on the motor or the frequency converter, the equipment
must always be isolated from the line supply with a (lock-
able) main switch.



Behavior at Emergency Stop Note

If the protective door interlocking opens before the
drive has braked down to O speed as a result of an er-

Emergency Stop is initiated using button S3 ("Emergency
Stop"). It is initiated that the drive is shut down according to

stop Category 1 in compliance with EN 60204-1: roneous PLC function, then a O signal is entered at con- Bsp.- .
A 0 signal is entered, via the enable contact of safety com- tact X122.2 (DI 1: OFF3) of the drive via the switch S6. 3 3
bination A1, at contact X122.2 (DI 1: OFF3) of the drive. The drive isimmediately braked down to speed = 0 and .
The drive is immediately braked down to 0 speed and the the pulses cancelled. Opening of the protective doors
pulses are cancelled. initiates the function "safe standstill". It must be en-

The safely delayed enable contacts of safety combination sured that potentially hazardous motion has come to a
A1 open after the selected delay time has expired. This standstill before a person can reach the potentially
means that the function "safe standstill" of the drive is two- hazardous area!

channel activated and given feedback via terminal $122.8
(DO 9: SH active).

The checkback signals of the safety combination and the
drives were monitored and evaluated by the PLC. The drive can be started when the protective doors are closed
and Emergency Stop button S3 is released.

Powering-up the drive

When pressing button S1 ("On"), safety combination A1 is
brought into the operational state. The coil of latch (tum-
bler) Y1 is no longer energized by resetting PLC output DO4
- the protective doors are interlocked. Safety combination
A2 is again in an operational state.

Behavior when the protective doors are opened

Button S2 ("Off") requests that the protective doors are
opened. This initiates that the drive is shut down according to
stop Category 1 in compliance with EN 60204-1:

A 0'signal is entered at contact X122.2 (DI 1:0FF3) of the A 1signal is entered both at the PLC outputs DO2 and DO3,
drive by resetting the PLC output DO3. The drive is immedi- the functions "safe standstill" and quick stop at terminal
ately braked down to O speed and the pulses are cancelled. X122.2 (DI 1: Out 3) are deactivated

If the drive is stationary (DO 8: speed = 0), then PLC output
DO2 to the drive is reset. This means that the EP-terminal
of the line modul and the digital input (DI 2: SH) of the con-
trol unit are no longer energized. The safety function "Safe
standstill" is activated.

Entering a rising edge at the PLC Output DO1 to the termi-
nal X122.1 (DI 0: Out 1), the drive is set again in an opera-
tional state.

Detecting that the function "safe standstill" is active (PLC DI
7:SH active), the protective door interlocking is opened by
setting PLC output DO4 to energize coil Y1.

When the protective door is opened the safety monitoring
A2 of the safety circuit is interrupted



Ex. No.

Safe Monitoring of Drive Functions

SIMOTION D/ SIMATIC S7-F

Overview

Concept

Our objective is to introduce a safety concept comprising the
SIMOTION D motion controller, a sin/cos encoder equipped
with encoder module SMx20 and a fail-safe SIMATIC S7-F con-
troller, which has been designed to implement the following
safety functions using an encoder system:

Il Safe standstill

l Safely limited speed

Il Safe operating stop (standstill monitoring)
l Safe shutdown (via Stop categories)

In this concept, the Simatic F-CPU controller - equipped

with the function block "F_DRIVE" certified according to

DIN EN 954-1 and IEC 61508 - monitors the above-mentioned
drive functions and activates the "Safe standstill" (SH) resp.
Safe Torque Off (STO) safety function in the drive each time
that a monitoring threshold is violated in order to bring the
drive into a safe state.

;llllll-l

SIMOTION D:

® Drive function
monitoring > OFF3
(rapid stop) selected
internally in the event of
an error or when the
limit threshold is violated

terminal

DP MASTER

PROFIsafe: sign of life, CRC,
communication time
monitorina

PROFIBUS with secure data transmission

.\?IIIIIIIIIIIIIII
’Safe” actual encoder
value (redundant

coarse position)

SH selected via

DP Slave _||
el —————————

DRIVE-CLIQ

“Safe” actual encoder
value (redundant
oarse position)

SIMATIC (z.B.IM151-7 F-CPU):
Applicative evaluation:
protective doors, EM. Stop
Safe drive function
monitoring > SH is
triggered in the event of an
error or when the limit
threshold is violated

EEEEEET

@ ¥oh

® Protective doors

® Emergency stop button
® Valves
" etc.

Safety concept



The safety requirements are fulfilled through the evaluation
of a "redundant coarse position" defining the encoder position
in the SIMOTION controller and the fail-safe SIMATIC S7-F con-
troller. The encoder information (position data and redundant
coarse position) is checked for plausibility on both controllers.
If an error occurs, the corresponding shutdown responses are
triggered by both controllers.

Safe encoder signal and communication data monitoring be-
tween the drive system and the F-CPU according to Cat. 3 is
performed by the SIMATIC F-CPU. To ensure swift error re-
sponse, the encoder signal and communication data are mon-
itored simultaneously in the SIMOTION CPU (by the SIMOTION
function block "C_DRIVE").

Safety functions such as the monitoring of emergency stop
buttons, protective doors resp. valve positions can be imple-
mented with a fail-safe SIMATIC S7-F using approved function
blocks.

Ex. No.




Overview of the Hardware Configuration (Minimum Configuration)
The following hardware components are used:

SIMOTION/SINAMICS drive system

M sin/cos encoder

4 B SMx20 encoder module (the figure shows both - SMI20
and SMC20)

M Fail-safe Distributed Safety System

These components have to be connected using the appropri-
ate signal cables (see following figure).

Ex. No.

Prafibua

‘o INHN
|
!

L

From laft to nght:
SIMOTION D

sLine Module

«Double Mator Module

«Singla Matar Moduls WO connection

T MOTION-CONNECT
il power cable
b = _‘-.—l
._'LSnnu.ur DRIVE-CLIG
M
-1.' e MOTION CONNECT
I l b e signal cable
Synch f th -
EFF:'EWEEH HTI:-:;:BI Synchronous mobor vt houl

DR ME-CLIGH inte face

Hardware components
1. The SIMOTION drive system and the fail-safe Simatic CPU 5. In addition to this, the SH checkback signal transferred

must be connected via a bus cable. within the drive system has to be connected to a digital
2. The SH in the drive system is controlled by the F-CPU via output which must then be connected to a digital SIMATIC
terminals. I/0 input. Thisinput can be implemented as a fail-safe input

or standard input since the checkback signal output by the
safe stop has been implemented as a standard function
rather than a safety function.

This document describes the example of a IM151-7 F-CPU
equipped with fail-safe ET 200S /O components. These com-
ponents can be replaced by Distributed Safety System compo-
nents with identical functions.

3. According to enumeration item 2, a fail-safe output mod-
ule of the fail-safe Distributed Safety System has to be
used.

4. At least one fail-safe input module of the fail-safe
Distributed Safety System must be provided for signals
such as protective doors, acknowledgement buttons, etc.




Hardware components for the F-CPU controller (minimum re-

quirements):

IM181-7
F-CPU

LD
Fm
]

F=L Il PM-E

Sample connection for ET 200S (F-CPU)

Order No.

6ES5710-8MA11

6ES7131-4BB01-0ABO

6ES7138-4CB11-0ABO

6ES7138-4FA02-0ABO

6ES7138-4FB02-0ABO

6ES7151-7FA01-0ABO

6ES7193-4CA40-0AA0

6ES7193-4CD20-0AA0

6ES7193-4CF40-0AA0

Designation

Stand. sectional rail,width
35 mm, length 483 mm,
for 19” cabinets

Electronic module, 2DI,
DC 24V, High Feature
(5 pcs.)

Power module PM-E
DC24..48V,

AC 120...230 V f. elec.
mod. diag+fuse

Electronic module, 4/8F-DlI,
DC 24 V, PROFlsafe (1 pc.)

Electronic module, 4F-DO,
DC 24 VI2 A, PROFIsafe

(1 pc.)

IM 151-7 F-CPU RS 485 for
ET 200S, with PROFIBUS DP
interface

Universal terminal module;
screw connection (5 pcs.)

Terminal module for AUX1
supply; screw connection

Terminal module for elec-
tronic module 30 mm:
screw term.; AUX1

1,00

0,20

2,00

1,00

1,00

1,00

0,20

2,00

2,0

Caution

To ensure compliance with Cat.4 / SIL3 when setting
up an ET 200S station, the standard modules need to
be electrically isolated from the safety modules.

Further information is provided in the Hardware Instal-
lation and User Manual ET 200S - Fail-Safe Modules.




Hardware component wiring

Safe stop is activated in the drive system through the selection
of two terminals (motor module and CU). These two clamps
have to be connected to a fail-safe digital output module.

The following connection example illustrates the connection
of a positive switching ET 200 output with a CU input. Another
output switches the EP terminal at the motor module.

F-DI
{applicative
avaluation of
201 HF emangency F-DO
alc e
IM151-7
F-CPU 15%1 v % %u q% 2
qQFﬁ 20| 0@
I [ O« =0 O~ 00w
" ae| 2 2
+74Y e |D Dl uD [—Jn |D[:|'r
2|00 2
" <O ou=D oy | -0 Oy
g @ 22
M) [l &[] [
& @l 2
=] O~ (] [
SIMOTION
o [ e
possibie
Dl =
M M
M

Component wiring
Software Required

The program supplied with the Installation Guide has been
created with the following software releases of the Engineer-
ing Tools resp. Runtime Systems:

W STEP7 V5.4 SP1

Distributed Safety V5.4 (S7 F Configuration Pack V5.5)
SCOUT V4.0

STARTER V2.3

SIMOTION FW V4.0

|
|
|
|
B SINAMICS FW V2 .4.

Communication Configuration and Interface Description

The F-CPU controller communicates with SIMOTION via a bus
connection (slave) resp. via a transceiver. The scope of trans-
mit and receive words per axis has to be set up as shown in the
following figure. It is configured in the HW Config of the
SIMATIC Manager.



Overview of interfaces and communication scope

Ex. No.
SIMATIC 4
S7 F-CPU SMx
[ receive

10 PZD consistent <*—

2 send

Bus interface
Detailed interface description

Explanation regarding 1

F-CPU Address DEYE] SIMOTION Address
EWx (*) Sign of life from the drive (INT) ARRAY [x] ... PQW
Error message output by the drive (INT)
Control word from the drive (INT)
Redundant coarse position (INT)
Coarse position information (INT)
Actual speed from the drive (INT)
CRC via speed (INT)
Calculated encoder module start CRC (WORD)
CRC via redundant coarse position (INT)
EWx+ 9 Function block version from the SIMOTION function block (INT) ARRAY [x+9] ... PQW

Detailed interface information

(*) If the data received are not displayed in the process image
of the F-CPU, communication in the standard program has to
be established using the emitter and receiver blocks SFC14
("DP_RD_DAT").

Bit memory address areas are required to transfer data into
the safety program.




Explanation regarding 2

F-CPU Address Data SIMOTION Address
AWX Sign of life to the SIMOTION / CU (INT) ARRAY [x] ... PIW
Ex. No. Control word to the SIMOTION (WORD)
4 Speed reduced for monitoring in SIMOTION (WORD)
AWXx+ 3 Max. delta of encoder increments for standstill monitoring (INT) ARRAY [x+3] ...PIW

F-CPU transmit data

(*)If the data received are not displayed in the process image
of the F-CPU, communication in the standard program has to
be established using the emitter and receiver blocks SFC15
("DP_WR_DAT").

Bit memory address areas are to be used to transfer data into
the safety program.

Explanation regarding 3

SIMOTION Address Data SINAMICS Address
PIDx Redundant coarse position (r484 ... DWORD) P2061.x (Achse)
PIWz Encoder status (r481 ... WORD) P2051.y (Achse)
PIWy Sign of life (INT) P2051.z (CU)

SIMOTION receive data

Explanation regarding 4

SIMOTION Address Data SINAMICS Address
PQWx Sign of life (INT) r2050.x (CU)

SIMOTION transmit data

Overview of the STEP7 project

=
=0 MIsF
= [l mis7FLPU
| = &8 S?Frogrammil ]
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& [l SIMOTION D
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Overview of the network configuration

Ethemet{1) Ex. No.
Industrial Ethemet

MPI(1)

MPI

PROFIBUS(1)
PROFIBUS A

Function Example No. MC-FE-I-004-V11-EN 443




Sample communication configuration for one axis

Sample communication configuration

The F-CPU controller receives 10 consistent data words via the
I/O address 100; 4 words are transmitted. The input data are
processed as input words, the output data are processed as
output words.

The data are transferred resp. received by the SIMOTION con-
troller using the 1/0 address 100 as well. They are postpro-
cessed using ARRAY. The arrays are created in the I/O data.

444 Function Example No. MC-FE-1-004-V11-EN




SINAMICS Runtime System
Parametization of the SINAMICS drive system

The drive system is commissioned via the STARTER commis-
sioning tool. The parameterization procedure is described in
the following.

It is assumed that the motion application of the axis is func-
tional. The safety-related Motion Control functions are not ex-
plained in this document.

The sample application included uses the example of a motor
encoder for a demonstration case to illustrate the configura-
tion procedure.

The axis to be monitored has to be created as a positioning
axis!

1. Program example

The program example supplied describes how to configure an
axis (Servo_3...Achse_Blau).

The modifications described have to be integrated into the ex-
isting project.

= B SINAMICS Integrated
» Ubersicht
> Konfiguration
> Topologie
® @y CU_oo3
+-{_3 Ein-/Ausgabs-Komponente
= ‘=4 Antriebe
) Antri ”
@y SERVO_(2
(3 SERVO 03

2. Program example
PROFIBUS configuration for demonstration case.

PROASLES.Telegramm | Verscrmbmrc |
i Arinetschest be seerdeet 1 Ot Iokppreden Frasterdoks [ aten sz dees PROFITLS Teiny

3. SINAMICS Safety Integrated

The Safe standstill function has to be started up and checked
as described in the "SINAMICS S120

Commissioning Manual”, Chapt. 5.2 Safe standstill (SH).

Sichoser Hall [SH) und Sichese Bros

Motor Wodh ke Klesane EF) 3 J E"';T—.'.,"

chem Hat
Sichesrs Hal, Fansl 2 agematd  vieungen
e - A Fanal 2 [MM]

4. SINAMICS Safety Integrated

The message "Safe standstill active" has to be connected to
the digital SIMOTION/SINAMICS output.

This output must be connected to the digital input of the Si-
matic 1/0.

Impudzzpene Eanal 1 akire

@ (o) Yo (cu)

mpudsspene Kanal 2 skirv
O 5] parer

Aasgang "Sichansr Hall skl
[GU_1_003, o738, Bt CU Sign [

Sachwret Hall akire

5. SINAMICS Safety integrated

Redundant coarse position sensing is activated as follows:
P430.0 =EO080000H
with Safety actual position value acquisition = yes

E ] |- JSensor Module Kont EOOS000CH
17 € ; Nen =]
19 E Safety.l agaistwert Ja >




6. Axis communication startup

The redundant coarse position information has to be con-
nected to the PROFIBUS and transferred to SIMOTION as fol-
Ex. No. lows: P2061.x = r484

4 The redundant coarse position information is required as a

double word.

7. Axis communication startup

The encoder status word has to be connected to the encoder
to be monitored (if not already done in the standard configu-
ration):

P2051.x =r481

The coarse position information is only required as a word.

8. Control Unit (CU) startup

The sign of life signal is transferred via the Control Unit (see
Chapt. 6.4). That means, one transmit and receive word must
be configured for each axis

e.g. P2051.x =r2050.x

Note

The communication configuration in the HW Config
must be extended by the additional transmit and re-
ceive words.

446 Function Example No. MC-FE-1-004-V11-EN




SIMOTION Runtime System
Starting up the program section in the SIMOTION controller

The SIMOTION SCOUT tool is required for commissioning. The
drive has to be parameterized as described at page 440 before
the following steps can be performed successfully.

9. Axis technology object (TO)

The axis technology object is configured in the SIMOTION
SCOUT. In the example described, it is called Axis_blue and
connected to SERVO_3.

= Axis_blue
SERVO_03({SINAMICS

[:l_lrﬁsmm
@ ] NOCKEN

10. Integration of the function block "C_DRIVE"

The program "C_DRIVE" supplied has to be integrated into the
user project.

g-B C_DRIVE
fb_writedriveuint([IN] B
fbo_readdriveudint{[IN] L
fb_calcare16([IN] BOOL
fb_generatecre([IN] BO
¢_drive_vO2([IN] BOOL

11. Integration of the program "C_DRIVE"

Only the function block "c_drive_V02" is required to call the
user.

¢_drive_vO2([IN] BOOL en

Description of the function block "C_DRIVE"
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Function block "c_drive_v02"

1/0 variables for the function block "C_DRIVE"

arne |-.uu|l1-g|n-!-]r| Stratagis |
Tl _sign_reed_bls Lok 1 Ii (Ernalre
IO """ E— ) | ﬂ"l'*_
|11 v _peael 4 _weordts e PANID0 | L] 'l:'ﬂruf
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sncoder_maus_bha T | W 1 1] [Erestze

I/0 configuration of the sample application




The following communication variables have to be created in Possible responses in the SIMOTION application

the /O configuration: ) ) ) o
Immediate stop in the event of an axis monitoring fault

M 1/O input and output variables for sign-of-life monitoring

Ex. No. via the CU (position 1,2)
B Transmit and receive arrays for establishing communica- 002 - Quick stop of axe 1f fault situation
tion with the safety control 10/4 words (position 3,4) Kommentar
B Redundant coarse position information from the axis _stopamerg
encoder module SMx (position 5) &n
M Encoder status of the axis encoder module SMx (position 6) '“*‘I’;jlz'é'“ BN
Integration of the function block "C_DRIVE" Axis_blue—axis

into the application
immediate 1 nextcomman
d

Y
ﬁ?iﬁ, OUT |—faedback_
“biue aﬁet cm;#n—- commandid :ﬁ: s
aF T d_em_of_
~ -.-u;“' axis_blue ... ENO i

et i If the axis monitoring function has not been enabled, the axis

T[Ty PPt performs an emergency stop.

rougpos i it —{rough_pos_
on_

cre Default setting for stop command with active axis standstill
redundi. . . monitoring
ATAPLUp_—ready_avls
300 c;__surt_ .-.Fuy I_!Jﬂﬁ . 003 - disable speed setpoint while standstill
A0ress enable_ n_axis_
axis| blue Kommentar
| stand Epeed_0_ i
T ?m“;m.m_ sei1T| anis_blue _Stop
nir ried_speed—Speed _RED_ O_—EN
error —::11_'h1::i axis-hive
f_cpu_read—|{from_hos -
_5_.:.—5!_ ¥ > J’q“
blue Axis_blue—axis
Fror_code —error_code
v si?n_ Tive_sign_ —Axis_blue
raad e Iron o STOP_AND_— sTopmode
= ve e to_host (—F_cpu_saend ABORT
0 _words,_
Blus
‘""::':;-— ::::f;" 408 immediatel— nextcomman
H Tve_sfgn_{—Tive_si y
blue |zsw v mgf:u ur'uﬂ_t:nwI "IE.L
EMD 1 ouT —1‘*_ruu‘l1|r:‘:I
comman—{ commandid EN_0_
Integration of ¢_drive _ET: L0 _ui:ifﬁu.

=pe ... ENO "

If the axis performs an operational stop, a cyclic stop com-
mand is preset.




SIMATIC Runtime System

Function Block "F_DRIVE" for safe monitoring of drive functions

The safety-related function block "F_DRIVE" requires the
safety-related Distributed Safety System. The system manual
Safety Engineering in SIMATIC S7" (s. Chapt. 2.2.1) provides a
detailed description of this safety system.

The function block "F_DRIVE" ensures safe monitoring of the
drive functions and establishes safety-related communication
between the SIMOTION/SINAMICS drive system and the fail-
safe Simatic CPU. A sin/cos encoder has to be connected to the
SMx20 module issuing signals that will be evaluated.

In the event of an error, safe drive standstill is activated via a
F-DO thus bringing the drive into a safe operational state.

The following safety functions can be implemented depend-
ing on the relevant application:

l Safe standstill
M Safe shutdown
W Safe operating stop
W Safely limited speed

Caution

Before inserting the fail-safe application block FB300
"F_DRIVE", you have to copy the fail-safe blocks FB186
"F_TOF", FC174 "F_SHL_W" and FC176 "F_BO_W" from
the block container F-Application Blocks of the fail-safe
Distributed Safety library (V1) into the block container
of your S7 program (if not already done).

The blocks must be assigned the above-mentioned
numbers and may not be renumbered.

Caution

The block functions are only ensured by setting the rel-
evant parameters in the hardware configuration.

Caution
A function test is required to check the block functions.

Notice

The fail-safe monitoring time and the fail-safe mode of
the module are described analogously to the manual
"Safety Engineering in SIMATIC S7 System Descrip-
tion"!

Note

The constants "VKEO" and "VKE1" must be used in the
program block through fully qualified access to
"F_GLOBDB". "VKEQ" is reproduced by
"F_GLOBDB".VKEO, "VKE1" by "F_GLOBDB".VKE1.

They are used to permanently connect the inputs of
the function block and may not be modified by the
safety program.

Ex. No.
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Block identification Information on the formal operands

Before you can integrate the safety-relevant function block The names used for the individual formal operands of block
Ex. No. "F_DRIVE" into the existing program structures, you may have  "F_DRIVE" are derived from English terms. In order to achieve
to change the block number resp. the symbolic name. a better understanding, the related English term is added in
4 In order to unambiguously identify the blocks, the block square brackets when using a formal operand for the first time
header and the block version of the relevant function block (refer to the Chapter Description of functions).
have been designed as an input block. Example:

This input block is always the second input block (after "EN").
The input name is composed as follows:
* "_Header_FB-NAME_FB-Version"

Input name of the function block "F DRIVE" Formal operands
The operands are described in detail in the FBD / LADDER edi-
§7_DRIVE tor using a hint.
... = EN — —
r--=-=—=7T~- === 1 %’ raval
| S I : I
| gLogpe*. |F_DRIVE_ ! m—
I VERO —{V0_2 i -
b= ==== 1] -
e YT
Block identification —
PR i
The input block used for identifying the block has no func- ...;-':_--‘:"_'__ __-"“-..‘
tional significance and is therefore connected to VKEO. -(Ehm D
e o :_lm-ﬂm_law
o e FTEETEG
— j, P r—— .i, N ﬁ [ j T i j'
L

Formal operands with hint




Overview of the function block "F_DRIVE"

Header: F_DRIVE V0.2 / Date July 10, 2006 Time 15:50:59/

Checksum: D2D2

Parameter Beschreibung
IN

EHAELE
A IE

FRESE
LA
TH_LIVE_
IO

To_
CENTRL_
HEETLEF
T5_SPEES

™ DELVTA
T _p3

EN
F_DRIVEVO_3
AREA_PROTECTED

ENABLE_MOTION
SAFE_STOP

ACK

MAX_SPEED
MAX_ENC_INC_PER_TIME
DELTA_INC_STANDSTILL
F_TIME

FD_LIVE_SIGN
FD_FAULT_MESSAGE
FD_CONTROL_MESSAGE
FD_RED_ROUGH_POS
FD_ROUGH_POS
FD_SPEED_SIMO
FD_CRC_SIMO
FD_START_CRC
FD_CRC_PSAFE
FD_VERSION

outT

ENABLE_AXIS

ERROR

DIAG

TD_LIVE_SIGN
TD_CONTROL_MESSAGE
TD_SPEED
TD_DELTA_INC_SS

ENO

BOOL

BOOL

BOOL
BOOL
BOOL
INT
INT
INT
TIME
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT

BOOL
WORD
WORD
WORD
WORD
WORD
INT

BOOL

Enable input, not used
Block namel/block version

1 = Protection zone closed
0 = Standstill monitoring active

1 = safe state monitoring, Reduced speed

0 = Safe standstill active

Acknowledgement

Maximum speed (see SIMOTION)

Maximum encoder increments / End of cycle
Delta of increments with Standstill monitoring
Sign of life time discrepancy

Sign of life

Error message from the drive

Control word from the drive

Redundant coarse position (RGL)

Standard coarse position (GL)

Actual drive speed

CRC via "sign of life" and Actual drive speed"”
Start CRC encoder module

CRC via "RGL"

SIMOTION function block version

Safe standstill to SINAMICS

Error

Diagnostic information

Sign of life to SIMOTION / CU

Control word to SIMOTION

red. V for SIMOTION monitoring

Max delta of incr. for standstill monitoring
Not used




Ex. No.

Functionality of the function block "F_DRIVE"

Sign of life

The sign of life is generated by the block and transmitted to
the output block TD_LIVE_SIGN [To Drive Live Sign]. The input
block FD_LIVE_SIGN [From Drive Live Sign] awaits the sign of
life. The "plausibility" of the sign of life transmitted and the
one received is checked. The sign of life in the drive system
must be incremented by 15 (function containing SIMOTION
function block).

The FB300 permanently converts the signs of life received into
new signs of life using the principle of serial numbers.

If a sign of life transmitted does not correspond to the sign of
life received, the sign of life expected is transmitted again.
This is tolerated until a time parameterized at input block
F_TIME has expired. Then, an error is output and the output
ENABLE_AXIS is reset. This principle corresponds to a time ex-
pected with acknowledgement.
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Caution

The time set at input block F_TIME has to be set to the
lowest possible value to ensure that the function block
"F_DRIVE" immediately detects any errors arising dur-

ing data transmission.

Error acknowledgement / enable of safe standstill
Errors can be reset only with AREA_PROTECTED =1 through a
rising edge at ACK [Acknowledgement].

ENABLE_AXIS only possible if AREA_PROTECTED =1, if no er-
rors are pending and if a rising edge is applied to ACK.

Fail-safe output(s) of the fail-safe Distributed Safety system
must be controlled via the ENABLE_AXIS output. The "Safe
standstill" safety function of the SINAMICS drive system is trig-
gered via this output.

Protection zone closed

If the protection zone is closed (AREA_PROTECTED=1), speed
or standstill monitoring is not performed. The sign of life, CRC
and the relevant position of the control signals with respect to
each other (AREA_PROTECTED and ENABLE_MOTION) are still
monitored.

The ENABLE_MOTION signal - which constitutes, for example,
the evaluated signal transmitted from an acknowledgement
button - may only include a high signal if
AREA_PROTECTED=0, which can be connected, for example,
to the evaluated signal transmitted from protective doors of a
certain protection zone. If this is not the case, ENABLE_AXIS is
setto 0.

Safe operating stop / standstill monitoring, e.q. protection
zone open

The actual position FD_RED_ROUGH_POS [From Drive Redun-
dant Rough Position] is permanently stored in the block and
verified as the standstill position when axis standstill monitor-
ing is requested (AREA_PROTECTED =0). The standstill moni-
toring function is activated when the AREA_PROTECTED signal
is changed from 1 to 0. When standstill monitoring is active,
the system tolerates position changes by the value entered in
FD_RED_ROUGH_POS +/- the value that can be parameterized
by the user DELTA_INC_STANDSTILL [Delta Increments Stand-
still]. This yields both a positive and a negative standstill limit.
If the encoder value does not exceed the limits specified, then
ENABLE_AXIS=1 and the drive can still be controlled even if it
has stopped.

If the position is changed and one of the above-mentioned
limits violated, the monitoring function is violated and the
safe standstill function on the drive triggered via the output
block ENABLE_AXIS = 0, thus setting a restart inhibit.

The maximum delta increments permissible during standstill
are transmitted to the output block TD_DELTA_INC_SS [To
Drive Delta Increments Standstill]. They can thus be simulta-
neously monitored in SIMOTION.



Uberwachung auf sicher red. Geschwindigkeit z.B.
Schutzbereich offen und Zustimmung betatigt

Monitoring for safely limited speed, e.g. protection zone open
and enable function active

With AREA_PROTECTED=0 and ENABLE_MOTION=1, the mini-
mum drive speed value is monitored. If this value is exceeded,
the block sets parameter ENABLE_AXIS =0.

FB300 must be called via the safety program using a time in-
terrupt OB. The actual position of these two calls is saved via
FD_RED_ROUGH_POS yielding a delta. This delta may not ex-
ceed the value of MAX_ENC_INC_PER_TIME [Maximum En-
coder Increments Per Time] parameterized at the input.

The following formula shows how to calculate the value to be
assigned to MAX_ENC_INC_PER_TIME from the speed to be
monitored:

Signals / values required:

a = max. speed;

- The SIMOTION controller can read out the max. speed
via the axis information entered in TypeOfAxis.SetPoint-
DriverInfo.DriveData.maxSpeed

b=Leadscrew pitch

- The SIMOTION controller can read out the leadscrew
pitch via the axis information entered in LeadScrew.pitch-
Val

c=Gear ratio'

- The SIMOTION controller can read out the gear ratio 1
via the axis information entered in TypeOfAxis.NumberOf-
DataSets.DataSet_(n).Gear.numfactor

d=Gear ratio2

- The SIMOTION controller can read out the gear ratio 2
via the axis information entered TypeOfAxis.NumberOf-
DataSets.DataSet_(n).Gear.denfactor

Number of increments per revolution (incremental
encoder) = The SIMOTION controller can read out the rel-
evant value via P408

Number of increments per revolution (absolute encoder)
- The SIMOTION controller can read out the relevant value
via P423

Time interrupt (call interval of the function block "F_DRIVE"
in a time interrrupt OB) = The SIMOTION controller can
read out the time interrupt via OB3X_EX_FREQ

Calculation:

The maximum speed is calculated as follows:

Vmax [mm/sec]=axbxc/d/60
Ex. No.

The max. increments are calculated as follows: 4
Incmax [1/sec] = a x P408 (p423) / 60

The permissible increments are calculated as follows:
MAX_INC_PER_TIME = Incmax x (SLS / Vmax) x t / 1000

In addition, the block is notified about the maximum permis-
sible speed in degrees resp. mm/s via the input MAX_SPEED
[Maximum Speed]. This value is compared with the value set
for FD_SPEED_SIMO [From Drive SIMOTION], analogously to
the speed monitoring function using increments.
FD_SPEED_SIMO is the speed which is transferred by the
SIMOTION controller to the FB300.

This value is stored using a CRC which has to be connected to
FD_CRC_SIMO [From Drive CRC SIMOTION]. The CRC is de-
fined by the values FD_CRC_SIMO = "SIMOTION speed" and
FD_LIVE_SIGN = "sign of life".

The speed parameterized at MAX_SPEED is output by the out-
put block TD_SPEED [To Drive Speed]. This speed is, for exam-
ple, sent to the SIMOTION function block where it is moni-
tored simultaneously.



Ex. No.

Unconditional trigger of safe standstill

The output ENABLE_AXIS can be directly set to O via the input
SAFE_STOP. This is achieved by setting SAFE_STOP to 0.

PROFlsafe CRC
Bk
RGL -l E
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STAT_CAC ..} sTRT_CRC
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Pukiate £ RT Proliiale-CRC
PROFIsafe CRC
The so-called PROFIsafe CRC has to be connected to the input ~ START-CRC

FD_CRC_PSAFE [From Drive CRC PROFIsafe]. This CRC is de-
fined by the redundant coarse position and the START-CRC in
the SMx20 encoder module. The PROFIsafe CRC is simulated
in the function block "F_DRIVE" and compared with the CRC al-
ready transmitted. To simulate the PROFIsafe CRC, encoder in-
formation such as the redundant coarse position data has to
be transmitted to the formal operand FD_RED_ROUGH_POS
and the START-CRC to the operand FD_START_CRC.

Coarse position in relation to the redundant inverted coarse
position

In addition to the redundant coarse position, forwarded to
FD_RED_ROUGH_POS, the standard coarse position informa-
tion of the encoder has to be transferred to the relevant block
parameter FD_ROUGH_POS. FB300 then checks whether
these two values match.

Stop categories
The delay times for Stop categorie 1 are to be stored in the
safety program by means of an application.

In SIMOTION Version V4.0 / SINAMICS 2.4 or later, OFF 3 can
be parameterized upon triggering of safe standstill stating a
delay time for the safe standstill.

The START-CRC is applied to parameter FD_STRT_CRC. The
PROFlIsafe CRC is again defined from the redundant coarse po-
sition.

The START-CRC consists of the one-to-one NODE-ID of the SMx
20 encoder module.

This information avoids incorrect resp. double addressing,
thus applying the PROFIsafe principle "Identification for trans-
mitter resp. receiver".

SIMOTION CRC

The FD_SPEED_SIMO and FD_LIVE_SIGN data transmitted by
the SIMOTION controller are saved by the SIMOTION function
block using a CRC. This is expected at the input
FROM_DRIVE_8 and simulated resp. compared in FB300.

Version comparison

The consistency of the function blocks "SIMOTION" and
"Simatic F-CPU" is checked by means of a certain number be-
fore they can be used. The correct version of the SIMOTION
function block has to be created at the input FD_VERSION
[From Drive Version].




Plausibility check: Motion command for the speed

The SIMOTION controller must transfer a motion command to
the block via the input FD_CONTROL_MESSAGE, where 1 cor-
responds to setpoint = 0 and 0 corresponds to setpoint 0. The
plausibility of these two signal states is checked by the block,
by opposing the signal FD_SPEED_SIMO. If the plausibility
check yields a negative result, the output ENABLE_AXIS is re-
set.

Plausibility check: Safe standstill and feedback

Safe drive standstill is triggered via the output ENABLE_AXIS.
The drive feedback stating that the Safe standstill function has
been activated has to be connected to the input block FEED-

BACK.

Simatic F-CPU

FE'F_DRNVE

Safe standstill feedback

These two signals are checked for discrepancy by means of an
equivalent (identical signal states) evaluation. Non-equivalent
values (non-identical signal states) of up to 500ms are toler-
ated. When the time discrepancy has expired, the output
ENABLE_AXIS is set to 0. The output can only be reset after re-
starting the CPU. The current status of the inputs
ENABLE_AXIS and FEEDBACK can be visualized via the output
ERROR.

Ex. No.

4

ERROR = 0 - ENABLE_AXIS and FEEDBACK are equivalant

ERROR = 1 = ENABLE_AXIS and FEEDBACK show non-equiva-
lent statuses when the time discrepancy of 500ms has ex-
pired.

Simotion/Sinamics
.»| Safe

standstill

FEEDBACK «




Information regarding parallel evaluation

In order to implement the drive function monitoring option
also on the SIMOTION controller, the function block "F_DRIVE"

Ex. No. | notifies the SIMOTION drive system about the functions re-
quired via the output TD_CONTROL_MESSAGE. These signals

4 are connected to the output DIAG for diagnostic purposes.

Diagnostic information from the F-CPU diagnostic word
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Porting PROFIsafe to the application
Safe position detection is based on three signals:

M Coarse position
B Redundant inverted coarse position
- Fail-safe principles: Two channels and diversity

B CRC via the redundant coarse position
- Plausibility check

Before these safe signals can be transferred from the
SIMOTION controller to the F-CPU, you have to port the
PROFIsafe profile to the relevant application.

This is why the error detection measures are ported from
PROFIsafe to the communication between the SIMOTION con-
troller and the F-CPU.

CRC via SIMOTION speed and runtime
CRC via coarse position

Start CRC / CRC via coarse position

Sign of life
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Starting up the Program Section in the F-CPU

Before you can start up this program section successfully, you
have to acquire the relevant safety knowledge and familiarize
yourself with the Distributed Safety tool.

A sample start up is performed using the IM151 F-CPU mod-
ule.

Hardware configuration of the fail-safe components

1 -
2 IMi51-7 F-CPU

X7 MEDP

w2

3

4 PM-E DC24Y

5 4/8 F-DI DC24Y

6 4 F-DO DC24V/2A

T

B pd |

Module 4/8 F-DI:

Fail-safe input module for protective equipment, enabling and
acknowledgement.

Module 4 F-DO:

Fail-safe output module for activating the channels 1 and 2 for
the ,Safe standstill" function of the SINAMICS drive system.

1/0 variables for the function block "F_DRIVE"

Input variables

E6 0 E 60 |BOOL MO _SFOOOR

EE 1 E &4 BOOL N _EM_SVWATCH

EG .2 E 5.2 BOOL ACK_BUTTOM

Ef 4 E 64 BOOL MC_SFDOCR

EGS E 65 BOOL N _EM_SWATCH

BV 00 "By 100 [INT "SaSp_n_LIvE _SIGN

B 02 BA 102 INT Sasp_n_FALLT

B 04 B 104  WORD SaSp_n_CONTROL WORD
B 06 B 106 | INT SaSp_in_ROUGH _POSITION
B 08 Bw 108 | INT 'SaSP_in_SHFTED ACT POS
EA110 B 110 | INT SaSp_n_ACT_SPEED

Bl 12 B 112 [T [Sasp_In_CRC

E114 B 114 WORD SaSP_START_URC

EV116 BN 116 | INT SasP_CRC_ROGH POS
Evviig EvY . 11g IMT SasH _F I‘J_\-';KSIUN

Output variables

A10 A 10 BOOL Sasp_Cut_satety _Stop_0
a12 ‘& 12 BooL 'SaSp_Out_Safety_Stop_t
AVW100 Taw 100 INT [3asp_Out_LIVE_3IGN

AW102 T8 102 WORD [SaSp_Out_CONTROL WORD
104 [aW 104 |WIORD [SaSp_Out_SPEED

AA06 TAV 108 INT [SaSP_Out_DELTA_MNC_STAMD

Fail-safe runtime group configuration

The configuration parameters for the fail-safe runtime group
must be set in order to provide swift response times.

The safety program has to be called in a time interrupt task
(time interrupt OB).

The configuration of the fail-safe program has to be per-
formed and tested accordingly, as described in the manual
"Distributed Safety Configuring and Programming".



Input signal conditioning

The incoming operand AREA_PROTECTED can be linked to the
conditioned signal transmitted from one or several protective
doors (see page 452).

You can use, for example, the function block "F_SFDOOR"

from the Distributed Safety library to evaluate the signals
transmitted from a protective door:

FINST_SFDOOR

. —JEN
"Es. 0" —IN1
“E5. 4" —INZ

"FOO006_4_
8 F DI_
DCZav".

UBAD I 00 — OBAD_TH1

"FOOOO6_4_
8 F DI_
pCczav:.

QBAD I 04 — OUBAD_INZ

"E_
GLOEDE".
VHEQ — OPEN_NEC

i F_ Q e Q_DUDR
GLOEDB" .
VEEQ —ACK_NEC ACK_REQC - ASEDEN
"F_ DIAG— .
GLOEDE" .
WHKEQ —{ACH ENO —

Function block "SF_DOOR"

Depending on the respective application, the incoming oper-
and ENABLE_MOTION can be linked to the conditioned signal
of an acknowledgement button.

You can use, for example, the function block "EN_SW_1" from
the SIMATIC S7 F/P library to evaluate signals transmitted from
an acknowledgement button.

The block description of the SIMATIC S7 F/P V2.0 press safety
library provides a detailed description of this block.

JEN_5W1
. —|EN Ex. No.
“§_ |_HEADER_ 4
GLOEDR" . |EN_SWL_
VKED —{W0_1
¥
GLOBDB"

VKE] = ENAELE

"EG. 1" —HC
$0_EN_
"E6. 5" —NO Q=sWITCH
+56.2% —{ACK READY % SR
“F_ REACK—
GLOEDB".
VKE1 —{ACK._NEC ENO |—

Function block "EN_SW1"

In order to transmit the axis enable of the function block
"F_DRIVE" via the output parameter ENABLE_AXIS (see fig.) to
two outputs of a fail-safe output module, you have to link a
static variable such as ENABLE_AXIS to the output block.

The subsequent network links this static variable to the appro-
priate outputs by means of parameter assignment.

SENABLE .
AXIS —f  E—

agl .z

L [ "]

Axis enable link




Certificates

EC-type examination certificate for SINAMICS S120 booksize "SH/SBC"
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TOV certificate (issued by the TUEV Group, German Technical Inspectorate) for SIMATIC S7 - Distributed Safety

TOV Certificate No.: Z2 02 03 20411 009 "SIMATIC S7 Distributed Safety", March 26, 2002
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BG-Certificate for function block "F_DRIVE"
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SINAMICS G120 - controlled via PROFIbus
Safety functions using PROFIsafe, Category 3 (EN 954-1)

or SIL 2 (IEC 61508)

Automation function

Description of the functionality

The SINAMICS G120 drive inverter is a modular drive inverter
system that essentially comprises the two function units Con-
trol Unit (CU) and Power Module (PM).

When using the Control Unit CU240S DP-F, you have access to
the follow-ing safety functions that are integrated in the drive
inverter:

STO Safe Torque Off Prevents the drive from ac-

cidentally starting

(acc. to EN 60204) The drive is safely brought

into a no-torque condition

Preventing a restart does
not require electrical isola-
tion between the motor
and drive inverter

SS1 Safe Stop 1 The drive is quickly stopped

and safely monitored

Independent and continu-

ous monitoring guarantees
the shortest response times
when a fault occurs

(acc. to EN 60204)

A speed encoder is not re-
quired

The drive speed is limited
and monitored

SLS Safety Limited
Speed

Independent and continu-

ous monitoring guarantees
the shortest response times
when a fault occurs

(acc. to EN 60204)

A speed encoder is not re-
quired

An external brake is safely
controlled

SBC Safe Brake Control

In this case, it is necessary
to use the Safe Brake Relay

(all safety functions are certified according to EN 954-1, Cat. 3
and IEC 61508, SIL 2)

The safety functions are either controlled through two fail-
safe digital inputs (4 digital inputs, which are evaluated
through 2 channels in a fail-safe fash-ion in the CU 240S DP F)
or via PROFIsafe in conjunction with a fail-safe CPU.

Functionality of the function example

Task description

Ex. No.

A SINAMICS G120 with its integrated safety functions is to be 5.1

controlled using an S7-300 F CPU via PROFIBUS.

Solution

In this particular function example, a specific program exam-
ple will be used to demonstrate the control of a SINAMICS
G120 (control word and fre-quency setpoint) and the control
of the safety-relevant functions (STO, SLS and SS1) in an
S7-300-F CPU.

This program example comprises an S7 program to control
the SINAMICS G120, an S7 safety program and a configured
SINAMICS G120

Advantages / customer benefits

Combining safety-relevant and standard programs in one
common CPU and establishing communications between the
CPU and drive inverter via a common Profibus simplify the sys-
tem design.

The safety functions are integrated in the drive inverter and
are imple-mented without any speed feedback signal. This
means that to some extent complex external shutdown and
monitoring devices can be eliminated.

A SINAMICS G120 with Safety Control Unit can replace an
existing drive inverter. This means that safety functions can
be added to an existing system with low associated costs and
expenditure.



Restrictions

Caution
Ex. No.
Please take careful note that the two safety functions
5.1 SLS and SS1 may not be used for loads that can drive
the motor or loads that are continually in the regener-
ative mode.

Elevating platforms, winders, wind turbines are exam-
ples of such loads that can drive motor or continually
regenerate in to the line supply.

An important prerequisite when using fail-safe func-
tions is that the closed-loop control functions abso-
lutely perfectly. The drive (system comprising the drive
inverter + motor + driven load) must be engineered so
that all operating situations of the particular applica-
tion are always completely under control.

Caution

After the STO and SS1 safety functions have been acti-
vated there is no electrical isolation between the line
power supply of the SINAMICS G120 and the motor. If
this electrical isolation is required in your particular ap-
plication, then you must install an appropriate line
contactor upstream of the SINAMICS G120.




Required components

An overview of the hardware and software components
required for the function example is provided here.

Hardware components

Order No
S7 control

Component Type

Power supply PS307 5A 6ES7307-1EA00-0AAD
S7-F CPU CPU 317F-2DP 6ES7317-6FF00-0ABO
Memory Card MMC 2MB 6ES7953-8LL11-0AAQ
DI / DO simulation module SM374 6ES7374-2XH01-0AAQ
Safety digital input SM326 6ES7326-1BK01-0ABO
Front connector 40 pol 6ES7392-1AMO0-0AAQ
Profile rail Profile rail 6ES7390-1AE80-0AAQ

PROFIBUS connector
PROFIBUS cable

PROFIBUS connector
PROFIBUS cable

6ES7972-0BB50-0XA0
6XV1830-3BH10

Qty

N = s s ] e = ] =

Manufacturer

Siemens AG

SINAMICS G120 Control Unit*  CU240S DP F 6S13244-0BA21-1PAO
SINAMICS G120 Power Mod- PM240 6SL3224-0BE21-5UA0
ule*

Basic Operator Panel* BOP 6SL3255-0AA00-4BA1
Motor* Three-phase induction motor 1LA7060-4AB10

PROFIBUS connector PROFIBUS connector 6GK1500-0FCO0

1
1

1
1
1

Siemens AG

Empty enclosure Empty enclosure with 4 command  3SB3804-0AA3

sources (e.g. pushbuttons)

Emergency Stop mushroom push-
button

Emergency Stop mushroom 3SB3000-1HA20

pushbutton (to activate STO
and SS1)

Mushroom pushbutton (to
activate SLS)

Pushbutton (acknowledge
safety functions)

Contact
Contact

Mushroom pushbutton, red 3SB3000-1DA21

Pushbutton, red 3SB3000-0AA21

3SB3420-0C
35B3420-0B

TNC, screw terminal
TNO, screw terminal

As an alternative to the components marked with *, the
SINAMICS G120 training case can also be used that is addition-
ally equipped with a 24V HTL encoder and a mechanical brake.
This training case can be ordered by specifying Order No.
67B2480-0CD00.

Note

The functionality was tested with the specified hard-
ware components. Similar components that are differ-
ent from those listed above can be used. Please note
that in such a case it may be necessary to change the
code example (e.g. setting other addresses).

1

Siemens AG




Software components

Component Type Order No (013% Manufacturer
Ex. No. SIMATIC STEP 7 V5.3 + SP3 6ES7810-4CCO7-0YAS 1 Siemens AG
SIMATIC Distributed V5.4 6ES7833-1FC02-0YAS 1
5 o 1 Safety
Drive ES BASIC V5.4 6SW1700-5JA00-4AA0 1

Configuration and wiring

The hardware configuration and connecting-up the function
example are described in this Chapter.

Please carefully observe the following safety information & in-
structions when using the SINAMICS G120:

Warning

The SINAMICS G120 has hazardous voltages and con-
trols rotating mechanical parts that can also be poten-
tially hazardous. If the warning information is not
observed or the information & instructions from the
instructions belonging to SINAMICS G120 are not
complied with this could result in death, severe bodily
injury or significant material damage.

Overview of the hardware configuration
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Connecting-up the hardware components

S7-300 control and CU240S DP F
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PM240 and motor

LR X

Ex. No.
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For more detailed information regarding the installation please refer to the SINAMICS G120 Hardware Installation Manual Power
Module PM240




Fault 395 (acceptance test / acknowledgement present)

Fault F395 is output when powering-up for the first time and

after replacing the Control Unit CU or the Power Module PM. Ex. No.
This fault does not represent an incorrect drive inverter func-
tion. The reason for this fault message is to monitor the indi- 5. 1

vidual drive inverter components (CU and PM) to prevent
them from being replaced by unauthorized personnel.

Acknowledging fault F395

To acknowledge the F395 in conjunction with a CU240S DP F,
proceed as follows:

I Set parameter p0010 to 30

M Enter the safety password (standard = 12345) into
parameter p9761

I Set parameter p7844 to 0
M F395 will no longer be displayed

M For safety reasons you now have to run an acceptance test.
For more information see the G120 Operation Instructions,
Appendix, Acceptance Log.

For information:

For a CU without safety information it is sufficient to
acknowledge fault F395 using "acknowledge fault"
(SINAMICS G120 terminal strip or PROFIBUS).




Important hardware component settings

Most of the module/board settings are made in the HW Config
in the software. Hardware settings are only required for the

Ex. No. :
X NO following modules/boards.

5.1

The modules/boards must be set with the control system in a
no-voltage state.

SM374 simulation module

This module can be operated as 16 x DO (output via LED),
16 x DI (input via switch) or as combined 8 x DI / 8 x DO.
The last combination is used in this function description.

The function of the module is selected using a rotary switch
behind the front cover between the series of switches.

As shown in the following diagram set the function
switches to the setting 8 x Output 8 x Input.

N
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Safety digital input module SM326

Before installation, the PROFIsafe address must be set at the
rear of the module according to HW Config.

Set the DIL switches as shown in the following diagram.
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SINAMICS G120, CU240S DP F

Two DIP switch blocks are located under the BOP (Operator
Panel) in the upper section of the module.

The upper DIP switch block is for general CU functions - and is
not relevant for this function example.

General 1/0 DIP switch

ON

5V Encoder
Supply
Encoder A
termination
Encoder B
termination
Encoder Z
termination

=
[}
o
8=
S8
w5
>0
<
N

OFF

The Profibus address of the SINAMICS G120 can be set using
the lower DIP switch block. Alternatively, the PROFIBUS ad-
dress can also be set using parameter p918. It should be noted
that the setting using DIP switches has priority over parameter
p918.

Set the DIP switches to address 10 as shown in the follow-
ing diagram.

PROFIBUS Address DIP switch

OFF




Overview of inputs and outputs

Simulation module SM374
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Address Function Symbolic address Default Explanation

00.0 Safe_stop_or_error Activated safety functions (flash-
ing light) and faults (steady light)
are signaled via this output.

10.0 Start_G120 The motor connected to SINAMICS
G120 is started by activating the
input.

10.7 ACK_error Fault messages that are present

can be acknowledged using this
input.

Functional Example No. SD-FE-I-001-V11-EN 471

Ex. No.

5.1




Safety digital input module SM326

Overview of the pushbuttons that are connected:

Ex. No. Address  Function Symbolic address Default Explanation
124.0 STO pushbutton Safety_PB_STO 1 The safety function STO (Safe
5 . 1 Torque Off) is initiated using this
pushbutton
124.1 SS1 pushbutton Safety_PB_SS1 1 The safety function SS1 (Safe Stop
1) is initiated using this pushbut-
ton
124.2 SLS pushbutton Safety_PB_SLS 1 The safety function SLS (Safely

Limited Speed) is initiated using
this pushbutton

124.3 Pushbutton for safety functions and acknowledging  Safety_PB_ACK 0 The activated safety functions
faults and fault messages that may be
present are acknowledged
SINAMICS G120 The safety functions of the SINAMICS G120 are controlled
The SINAMICS G120 is controlled and the feedback signals from the S7 safety program and the status of the safety func-
read-in via the I/O addresses listed below. tions of the SINAMICS G120 is Signaled back to the S7 Safety
program using the following signals:
Address Designation Function
S7 program -> SINAMICS G120 Address Symbolic address Function
PQW256 STW1 Control word 1 S7 safety program -> SINAMICS G120
f 014.0 Safety_S7->G120_STO By switching out this sig-
PQW258 N_SOLL_A Frequency se.tpomt el LRSI e e (G
PQW260 M_LIM Torque setpoint Torque Off) is activated in
PQW262 STW2 Control word 2 the SINAMICS G120
PQW264 - Reserve - - Reserve - 014.1 Safety_S7->G120_SS1 By switching out this sig-
nal, the SS1 function (Safe
PQW266 - Reserve - - Reserve - Stop 1) is activated in the
SINAMICS G120 -> S7 program SINAMICS G120
PIW256 ZSW1 Status word 1 015.0 Safety_S7->G120_SLS By switching out this sig-
nal, the SLS function
PIW258  N_IST_A_GLATT Frequency actual value (Safely Limited Speed) is
PIW260  |_IST_GLATT Current actual value activated in the
PIW262 ZSW2 Status word 2 SINAMICS G120

PIW264  FAULT_CODE Fault number Sl SRS Y AT O T L]

PIW266  WARN_CODE Alarm number 114.0  Safety_G120->57.5TO Efﬁg&ﬁg%ﬂ% {(')Ot'ﬂe

For more detailed information about the configuration of the f_Za??%Xqﬂf%'fafgn\;vggcﬁ_

individual signals, please refer to SINAMICS G120 Operating vated
Instructions Control Unit CU240S, Chapter Commissioning 114.1 Safety_G120->57_551 Feedback signal from
(software), Commissioning with PROFIBUS DP. B - SINAMICS G120 to the
S7 safety program, SS1
(Safe Stop 1) was activated
115.0 Safety_G120->S7_SLS Feedback signal from
SINAMICS G120 to the
S7 safety program, SLS

(Safely Limited Speed) was
activated




Download

S7 program

To download the S7 program, you will require a connection
between the MPl interface of your PG/PCand the MPlinterface
of the S7 CPU.

M Start the SIMATIC Manager.

H De-archive the function example supplied.
H Open the Safety application G120 project.
|

Open HW-Config and download this into the control. After
the download re-close HW-Config.

In the SIMATIC Manager, select CPU 317F-2.

Open the Safety Program dialog box using Options > Edit
safety program.

M Press the Download button and in the dialog window that
is then displayed, press Yes to download the standard
blocks.

H Enter siemens as password in the dialog window
Password for Safety Program.

H After you have successfully downloaded the standard
blocks you can re-close the Safety Program dialog box.

After the download, changeover the interface of your PC/PG

to PROFIBUS and changeover the connecting cable to the

PROFIBUS interface of the S7-CPU. You can access all of the de-

vices of your configuration from this interface.

SINAMICS G120 configuration
When this has been completed, download the SINAMICS G120
configuration using the STARTER parameterizing tool.

I Starting from the main path of the SIMATIC Manager, start
the STARTER parameterizing software by double clicking on
the SINAMICS_G120 icon

gn-—-uh_—q
3 -

| T

M Then, in the Project Navigator of the STARTER parameteriz-
ing software select the object "SINAMICS_G120" (1.) and
press the button S (2.) to establish the online connec-
tion to the drive inverter.

FSTARTER - Salety Appblation G120 - [SINASICS_ G120 - Conliguration]
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Il After you have established the online connection, press
the button g to download the SINAMICS G120 drive
parameters. ~

H Follow the instructions on the screen and acknowledge the
prompt "After loading, copy RAM to ROM".

B "You must then enter the safety parameters of the
SINAMICS G120. These may not be - and cannot for safety
reasons - be transferred into the drive inverter by down-
loading from the PG/ PC.

M First, the PROFIsafe destination address must be entered
into parameter p9810. To do this, in the Project Navigator,
highlight the object "SINAMICS_G120" (1.) and after press-
ing the righthand mouse key, select the expert list using
Expert > Expert list. Then, enter a value of 200 into param-
eter p9810.

H In the Project Navigator, select Functions and then open
the dialog box for the safety functions by double clicking on
Safety Integrated.

Ex. No

5.1
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B Then press the button Change settings and enter 12345
(standard password) in the password screen that then
opens.

B From the following screen forms transfer the appropriate
values into your project. Take into consideration that in
certain instances there are different value formats for pro-
cessor 1 and 2 (e.g. s and ms, Hz and kHz).

"Enables" tab

AT EEEE EE T EE E A A A AR E E R R RS S S
e e

'.P‘."J‘d‘d‘d o i F O O &

r""””""’"”f’ff

o A e L R R e e e R R R R L R

In this screen form you parameterize the source from which
you activate the SINAMICS G120 safety functions. Please note
that the safety functions can either be controlled via
PROFIsafe or via the safety digital inputs.

Il Upper section: Path to activate via PROFIsafe (this is used in
this particular function example).

l Center section: Path to activate via the Safe digital input 0
and 1.

B Lower section: Here, the monitoring of the Safe brake con-
trol module can be activated; however, this is not used in
this particular function example.

It should be noted that the parameterization is always carried-
out twice (in this screen form this can be identified as a result
of the two switch symbols in series). The reason for this is that
for the two processors in SINAMICS G120 - that operate in par-
allel and must provide the same result - there are separate pa-
rameter sets for safety reasons.

After you have parameterized the enable signals, then select
the tab Safe Torque Off.

"Safe Torque Off (STO") tab

\h e ———

e z
:._-,- 314} A *:__— :
\ = =l T — o
o= = |}
N = s == I \
ST e— =1 |}
) i T : \
JES = :

= =
h m————gr 5
: A

z
A LA LA L AL LT A L A A LT AL LA T AL L A AT T TR T TR R

e

The shutdown paths of a safety-relevant plant or system must
be subject to a forced checking procedure at regular intervals.
This is in order to identify "dormant" errors. SINAMICS G120

automatically carries out a forced checking procedure of the
shutdown paths in the drive unit. This procedure is known as
the forced checking procedure.

A reduced form of the forced checking procedure limited to
self-test the brakes and processor is always automatically exe-
cuted after "Safe Torque Off" (STO) is exited. This type of
forced checking procedure is known as the process checking
procedure.

Further, by appropriately parameterizing the system, it is pos-
sible to initiate a forced checking procedure each time that
STO is exited.

B Upper section: Using Test of the shutdown channels
when leaving STO, you can select how the forced checking
procedure for the shutdown channels is carried-out.

— Activated: A forced checking procedure is carried-out
each time the drive unit is powered-up and when exiting
"Safe Torque Off" (STO). Checking the shutdown chan-



nels takes approximately 2.4s. This delay time must be Safe Stop 1 (SS1) tab
taken into account at each On command.

— Deactivated: The shutdown channels are only checked
after the function "Latched Safe Torque Off" (LSTO) when
an error occurs. When exiting an STO, a delay time is not
incurred as only the process checking procedure is car-
ried-out.
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Center section: When activating the safety functions via the
safe digital inputs of the SINAMICS G120, a debounce time
and a filter for the response time can be set here. These
settings are not relevant for the function example
described here.

Lower section: The SINAMICS G120 automatically monitors
when a forced checking procedure was carried-out the last
time. Set the time up to the next forced checking procedure
in the field Test periods for shutdown paths. The time can
be selected between 0.1 and 8760 hours (6 min up to o
1 year). The timer is re-started after each forced checking The parameters relevant for "Safe Stop 1" (5S1) are set in this

procedure. Alarm A1699 is output in operation to flagyou  Screen form.
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that this monitoring time has expired. A process checking (1.) Using the threshold value Standstill detection, define
procedure does not replace forced checking procedure and the speed at which standstill (zero speed) is detected and
therefore does not reset the timer. "Safe Torque Off" (STO) is activated. Please note that the
value should be entered once in kHz and once in Hz.
After you have parameterized the Safe Torque Off function, (2.) The Ramp-down time Tr for SS1 ... should then be
select the tab Safe Stop 1. entered. Plea-se note that the value is entered onceinsand

once in ms. The ramp-down time Tr always refers to the
safety reference frequency of 200Hz in the drive itself. This
ramp-down time is also used for the deceleration for
"Safely Lim-ited Speed" (SLS).

(3.) The monitoring tolerance is set using Delay Tv, until
monitoring active. The drive inverter continually monitors
- with tolerance Tv - the braking of the drive. If the toler-
ance is selected too low, then the monitoring function
could be incorrectly tripped. If the tolerance is too high,
then if an actual fault does develop, an unnecessarily long
time is wasted. Please note that the value is entered once
in s and once in ms.

After you have parameterized the function Safe Stop 1, select
the tab Safely Limited Speed.
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Safely Limited Speed (SLS) tab
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The parameters relevant for "Safely Limited Speed" are en-
tered in this screen form.

(1.) The SLS mode is defined here. The following three
modes - with the appropriate properties - are available:

Mode 0 Limiting to a safely limited speed

If, when SLS is activated, the actual frequency is great-

er than the Upper tolerance limit for velocity moni-
toring, SS1 is activated and then LSTO (safe torque
shutdown with latching).

If, when SLS is activated, the actual frequency lies be-

tween the Upper tolerance limit for velocity moni-

toring and the Setpoint for SLS, then the Setpoint for

SLS is activated. The frequency cannot be changed.

If the actual frequency lies below the Setpoint for SLS,
the actual frequency is kept. The frequency cannot be
changed.

STO is activated if the actual frequency falls below 1Hz.

The drive can be stopped using OFF2, withdraw-
ing/cancelling the function or by activating another
safety function.

Mode 1 Reducing to a safely limited speed

If, when activating SLS, the actual frequency is greater
than the Upper tolerance limit for velocity monitor-

ing, the Setpoint for SLS is activated and the drive is
braked down to this setpoint using the safe braking
ramp.

If the actual frequency lies below the Setpoint for SLS,
the actual frequency is kept. The frequency cannot be
changed.

STO is activated if the actual frequency drops below
THz.

The drive can be stopped using OFF2, withdrawing the

function or by activating another safety function.

Mode 2 Limiting to a safely limited speed - the speed can

be changed

If, when activating SLS, the actual frequency is greater
than the Upper tolerance limit for velocity monitor-
ing, LSTO (safe torque shutdown with latching) is acti-
vated.

If, when activating SLS, the actual frequency lies below
the Upper tolerance limit for velocity monitoring,
the frequency is kept. The frequency can be changed
between 1 Hz and the Upper tolerance limit for ve-
locity monitoring (Caution: For V/f, take into account
the slip compensation).

If the actual frequency drops below 1Hz or the Upper
tolerance limit for velocity monitoring is reached,
STO is activated. If the upper tolerance limit for
velocity monitoring is exceeded, then STO is latched -
i.e. LSTO.

The drive can be stopped with ON/OFF1 and the re-
maining OFF commands - but it can only be re-started
if SLS has been withdrawn.

Please refer to the Operating Instructions CU240S, Chapter
Functions under Fail-safe Functions for more detailed infor-
mation about the SLS modes.

(2.) These input fields are displayed for SLS mode (1.) O
and 1. Set-point for SLS is used to set the frequency to
which the frequency set-point is internally limited in the
drive unit after the function Safely Limited Speed SLS has
been selected. Please note that the value is en-tered once
in Hz and once in kHz.

(3.) The monitoring limit is set using the Upper tolerance
limit for velocity monitoring. If Safely Limited Speed SLS
is active and the actual speed exceeds this value, then
SINAMICS G120 outputs a fault mes-sage and goes into the
safe condition (Safe Torque Off, STO). Please note that the
value should be entered once in Hz and once in kHz.

After you have made all of the settings press the Accept
settings button.

You can now change the standard password. If you are still
not certain that your safety parameterization has been
completed, then you should press the Later button.
However, after you have completed the commissioning
phase, do not forget to change the standard password for a
password that only you know or a person that you trust.
Only then can you be sure that only authorized persons can
change/modify safety parameters.

To complete the parameterization of the safety functions
you must now acknowledge the checksums of the two pro-
cessors. To do this, transfer the first checksum, processor 1
into the set checksum, processor 1. Do exactly the same for
the checksum of processor 2.



Please note that the two actual checksums and therefore Function test
the two set checksums must be the same. If thisis not the  The function test can be carried-out, if
case, then you must re-check your parameterization of the

. . B The hardware components are connected-u
safety functions and resolve the different values. P P

B The hardware settings have been made

CETTCTTRRRRRRRRRR Ry o o7 pome e e

[T S—p" | H The configured software has been downloaded into the
T Y SINAMICS G120 and the safety functions have been
\ [P o T N FTESE \ parameterized
B The CPU is in the RUN state.
ALLLLLLR LR R R LR RN NNL *
No. Action Response
1 If it is pressed, re-
If you don't wish to set any additional parameters, then you lease the Emergency
can now exit the STARTER commissioning tool. Stop pushbutton
P . 2 Pressthe pushbutton  The signal lamp (A0.0) for "Safety
To do th!s first disconnect the PG/PC from SINAMICS G120 "Acknowledge safe- functions activated or fault' goes
by pressing the | B button. ty functions and dark.
You can then exit STARTER using Project > Close or by faults
. SS1 and SLS are bright -> the drive
You'll now be prompted to save changes - acknowledge this and all of the safety functions are in
with Yes. the ready state.
3 Press the switch The motor starts to run.
"SINAMICS G120
Start"
Safety function STO (Safe Torque Off)
1 Press the Emergen-  The motor coasts down and is not

cy Stop pushbutton braked.
STO

The signal lamp (A0.0) for "Safety
functions activated or fault" starts to
flash.

At the SINAMICS G120 the LED ES is
bright and LED STO flashes -> STO is
active, the motor is brought into a
no-torque condition.

At the SINAMICS G120 the alarm
A1696 is displayed -> this alarm is
displayed as long as the start signal
is still present.

2 De-activate the con- At the SINAMICS G120 the alarm
trol of the SINAMICS  A1696 is no longer displayed.
G120 using the
switch "SINAMICS
G120 Start".




No. Action

3 Release the Emer-
gency Stop push-
button STO and
pressthe pushbutton
"Acknowledge safe-
ty functions and
faults"

Ex. No.

5.1

4 Press the switch
"SINAMICS G120
Start"

Response

The signal lamp (A0.0) for "Safety
functions activated and fault" goes
dark.

At the SINAMICS G120, the LEDs
RDY, STO, SS1 and SLS are bright ->
the drive and all safety functions are
in the ready state.

The motor starts to operate again.

Safety function SS1 (Safe Stop 1)

1 Press the Emergen-
cy Stop pushbutton
SS1

2 De-activate the con-
trol of the SINAMICS
G120 using the
switch "SINAMICS
G120 Start".

3 Release the Emer-
gency Stop push-
button SS1 and
press the pushbutton
"Acknowledge safe-
ty functions and
faults"

4 Press the switch
"SINAMICS G120
Start"

The motor follows the parameter-
ized braking ramp down to the mini-
mum frequency and stops.

The signal lamp (A0.0) for "Safety
functions activated and fault”
starts to flash.

At the SINAMICS G120 the LED ES is
bright and LED SS1 flashes -> SS1 is
active, the motor has been brought
into a no-torque condition.

At the SINAMICS G120 alarm A1696
is displayed -> this alarm is displayed
as long as the start signal is present.
The alarm A1696 is no longer dis-
played at the SINAMICS G120.

The signal lamp (A0.0) for "Safety
functions activated or fault" goes
dark.

At the SINAMICS G120 the LEDs RDY,
STO, SS1 and SLS are bright -> the
drive and all of the safety functions
are in the ready state.

The motor starts to operate again.

No. Action Response

Safety function SLS (Safely Limited Speed)

1 Press the pushbut-
ton SLS and keep it
pressed

The motor follows the parameter-
ized braking ramp down to the safely
limited speed.

The signal lamp (A0.0) for "Safety
functions activated and fault" is
not bright (is dark).

At the SINAMICS G120 the LED ES is
bright and LED SLS flashes -> SLS is

active, the motor is monitored to en-
sure that it does not exceed the safe-
ly limited speed.

The motor accelerates back to the
normal speed.

At the SINAMICS G120 LEDs RDY,
STO, SS1 and SLS are bright -> the
drive and all safety functions are in
the ready state.

2 Release pushbutton
SLS again

Acceptance test and acceptance report

An acceptance test must be carried-out when the machine is

commissioned for the first time and also if a completely saved
set of the safety-relevant parameters is changed. This proce-

dure is used to verify the safety-relevant parameters. This ac-
ceptance test must be appropriately documented. The accep-
tance reports must be appropriately stored and archived.

The checksum ensures that all subsequently made changes
are identified.

Information about the acceptance test and the acceptance re-
port are provided in SINAMICS G120 Operating Instructions
Control Units CU240S in the Chapter Commissioning (soft-
ware).

An example of an acceptance report is provided in the
SINAMICS G120 Operating Instructions Control Units
CU240S in the Appendix.



Key performance data

Load memory and working memory Properties of the CPU
Before the safety functions of the CPU can be used, they must
be released. The properties window of the CPU is opened by
L e lplpe B 1< double clicking on the CPU317F-2.
Working memory approx. 39 k
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The example code supplied is fully functional for the described -
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application. The individual functions of the example code are
explained in the following Chapters so that you are in a posi- =
tion to implement your own projects.
F P mriers siivly
g

Note L

In this example code, passwords are used for the safety
functions. These are as follows:

S7 safety program and HW Config: siemens

STARTER Safety Screens: 12345 =] L

Under the Protection tab, the safety functions of the CPU are
enabled by selecting the following functions:

Settings in the hardware configuration B Level of protection; 1: Access protect for F CPU,

l Activate Removable with password,
B Enter a password (in this example code, siemens),
M Activate CPU contains safety program.

Properties of the F-DI module

The signal sources for the safety functions (pushbuttons to
acknowledge STO, SS1, SLS and Emergency Stop) are read-in
using the fail-safe module DI24xDC24V (6ES7326-1BKO01-
0ABO). The Properties dialog box opens after double clicking
on the module. The properties of the module can be parame-
terized by selecting the Parameters tab.
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M (1.) Also for this module, safety-relevant operation must be
enabled by selecting Safety mode as the operating mode.

M (2.) The binary code that is specified under DIL switch set-
ting (9...... 0) must be set at the rear of the module.

DIL switch on the module:
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H (3.) The short-circuit and cross-circuit fault monitoring of
the channel group is activated by selecting the function
Sensor supply via module .

M (4.) The properties of the individual channels of the
module are parameterized as shown under channel 0, 12.

For more detailed information please refer to the Manual
SIMATIC Automation System 57-300 Fail-Safe Signal
Modules.

M "In order that the SINAMICS G120 safety functions can be
used in the safety program, symbolic addresses must be
assigned to the inputs of the safety input module. The
input window for the symbolic addresses is opened by

selecting the module, pressing the righthand mouse key
and selecting Edit Symbols...
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Properties of the SINAMICS G120

The window of the SINAMICS G120 PROFIBUS properties (2) is
displayed by clicking once on the SINAMICS G120 icon (1).
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The PROFIBUS telegram (2.) between the CPU and the
SINAMICS G120 comprises two components. On one hand the
PROFIsafe module for the safety functions - that must be first
entered - and the Siemens telegram to control the SINAMICS
G120 (control signals, status word, frequency set-point, fre-
quency actual value etc.).



The individual telegram components are selected in the Cata-
log after pressing the following button IE
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PROFIsafe module

PROFIBUS communications of the SINAMICS G120 safety
functions are realized using the PROFIsafe module.

The Properties window of the module is opened by double
clicking on the PROFIsafe module. Open the PROFIsafe tab.
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H The value of F_Dest_Add specified by HW Config
(PROFIsafe address of the SINAMICS G120) must be
entered into SINAMICS G120 parameter p9810.

B For F_WD_Time (PROFIsafe Watchdog Time) twice the

value of the call environment cycle of the S7 safety pro-
gram must be entered. In this particular function example
the S7 safety programis called every 100 ms in OB35 (refer

HEHHEFEEREEEAEREEE
™

For more detailed information about the different telegram
types please refer to SINAMICS G120 Operating Instructions
Control Units CU240S in the Chapter Commissioning (soft-
ware), Commissioning with PROFIBUS DP.

to HW Config, Properties CPU, Cyclic Interrupts).
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B This means that a value of 200 must be entered for
F_WD_Time.

Siemens telegram 352, PZD 6/6

The standard control (control word, frequency setpoint etc.)
of SINAMICS G120 is implemented using the Siemens tele-
gram.

In SINAMICS G120, instead of telegram 352 (fixed assignment
of the con-trol/feedback signal words), telegram 999 is used
(free assignment of the control/feedback signal words).

In this case, in SINAMICS G120, to start, telegram type 350
should be selected in parameter p922. This pre-assigns the
BICO connections. Telegram type 999 (free interconnection
via BICO) should then be selected and the following intercon-
nections made:

B p2051[4] =r2131 (error number)
B p2051[5] =r2110 (alarm number)

In order that SINAMICS G120 can use the safety functions in
the safety program, symbolic addresses must be assigned for
the inputs and outputs of the PROFIsafe module. The input
window for the symbolic addresses is opened by selecting the
PROFIsafe module, pressing the righthand mouse key and se-
lecting Edit symbols...
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Only the inputs and outputs listed in this example are relevant
for communications.

Functions of the STEP 7 program (without safety pro-
gram)

Program overview

The STEP 7 program essentially comprises blocks FC10, FC100
and DB1 that are called in the cyclic program (OB1).



DB1, axis_DB
The axis_DB represents the interface between the S7 program
and the SINAMICS G120 via FC100.

Axis_DB is generated from UDT 1 (Axis_DB_G120)

Principal structure of axis_DB

DBWO Basic_Data.Moduleadress INT I/0 start address of the SINAMICS G120 (refer to HW Config)
DBB3 Basic_Data.Drivetyp Byte Drive type, must be 2

DBW4 Control_signals.STW2 Bool Control word 2 (for details, refer to the S7 program)
DBW6 Control_signals.STW1 Bool Control word 1 (for details, refer to the S7 program)
DBWS8 Control_signals.Frequency_set INT Frequency setpoint in x.x %

DBW10 Control_signals.Torque_set INT Torque setpoint in x.x %

DBW14 Status_signals.ZSW2 Bool Status word 2 (for details, refer to the S7 program)
DBW16 Status_signals.ZSW1 Bool Status word 1 (for details, refer to the S7 program)
DBW18 Status_signals.Actual_frequency  INT Frequency actual value in x.x %

DBW20 Status_signals.Actual_current INT Current actual value in x.xx A

DBW24 Faults.Drive_error_number INT Actual error number of the SINAMICS G120
DBW26 Faults.Drive_alarm_number INT Actual alarm number of the SINAMICS G120

In this function example the individual data of the DB1 are supplied in FC10.

FC10, organization

This block is called-up in absolute terms in OB1 and in turn FC100, control of SINAMICS G120
calls up FC100. SINAMICS G120 is controlled using the FC100 via PROFIBUS.
Principle of the FC10 Only signals from the axis_DB are used to control the block
- but no fixed addresses - this is the reason that instances can
1 Controls the SINAMICS G120 via the axis-DB, DB1. be used.
Calls the SINAMICS G120 control block EC100. This block can be used in the same way for both a standard

This network can be used as template for additional and a Safety SINAMICS G120.

SINAMICS G120 control functions.

2 Controls the signal lamp for "Safety function Formal operands of the FC100
activated or fault".

Formal operands Type Description

Nr_Achs_DB IN Number of the axis-DB generated
using UDT1

Internal_Error ouT Displays an internal error
0 = no error

1 = incorrect axis-DB type
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Principle structure of the FC100

Network Function

1 Opens the axis_DB specified using the formal oper-
ands Nr_Axis_DB.

Generates the internal error message.

2 Reads-in the SINAMICS G120 status words, processes
these and saves them in the axis_DB.

Resets internal error messages.

4 Converts frequency and torque setpoint from the

axis_DB (entered in x.x %) into the SINAMICS G120
format (hex).

w

5 Enters SINAMICS G120 error and alarm number into
the axis_DB.
6 Sends control words from the axis_DB to the

SINAMICS G120

Functions of the STEP 7 safety program

The basic programming of Distributed Safety - the S7 pro-
gramming tool for F control systems - is not discussed in this
function example.

This function example only explains and discusses the FC201
user block for safety functions.

Program overview
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FC201, safety program

The individual safety sensors are read into the FC201,
interlocked with one another (logically combined) and the
SINAMICS G120 safety functions con-trolled.

Itis necessary to enter the safety password to process/handle
the FC201. This password is siemens.

Principle structure of the FC201

Network  Function

1 Safe Torque Off (STO)
Reads-in the Emergency Stop pushbutton
Safety_PB_STO (I 24.0), logically interlocked using
the F-Standard block FB215 (F_ESTOP1) and forms
auxiliary lag No_STO.

Acknowledges the safety function using the acknowl-
edge button Safety_PB_ACK

2 Safe Stop 1 (SS1)
Reads-in the Emergency Stop pushbutton
Safety_PB_SS1 (I 24.1), logically interlocked using
the F-Standard block FB215 (F_ESTOP1) and forms
auxil-iary flag No_SS1

Acknowledges the safety function using the
acknowledge button Safety_PB_ACK

3 Controls the SINAMICS G120 safety function STO
(0 14.0).

4 Controls the SINAMICS G120 safety function SS1
(0 14.1).

5 Controls the SINAMICS G120 safety function SLS
(0 15.0).

6 De-passivates the safety modules.

~

Acknowledges safety communication errors between
the S7-CPU and the SINAMICS G120 using the ac-
knowledge button Safety_PB_ACK

8 Acknowledges safety communication errors between
the S7-CPU and the safety digital input module
SM326 via the standard input ACK_error (1 0.7).

9 Emergency Stop ok -> standard program.

10 Signal "Emergency Stop acknowledge" -> standard
program.

11 Feedback signal STO from SINAMICS G120 -> stan-
dard program.

12 Feedback signal SS1 from SINAMICS G120 -> stan-
dard program.

13 Feedback signal SLS from SINAMICS G120 -> stan-

dard program.

SINAMICS G120 - parameterizing the safety functions
Refer to page 485: ,SINAMICS G120 parameterization”



SINAMICS G120 parameterization

In order that the basic SINAMICS G120 functions can be pa-
rameterized, the safety functions in the S7-CPU and in the
drive inverter itself must already have been commissioned.

The reason for this is that during parameterization a motor
identification routine is carried-out (the motor and cables are
measured) - and if vector control is activated - the controller is
optimized. Both of these functions require that the safety
functions are in the ready state.

M Starting from the main path of the SIMATIC Manager, start
the STARTER parameterizing software by double clicking on
the SINAMICS_G120 icon

W
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M "Then, in the Project Navigator of the STARTER

B parameterizing software select the object
"SINAMICS_G120" (1.) and press button &g (2.) to estab-
lish an online connection to the drive inverter.

FoTARTER - Salcty Appbkation G120 - [SINAMICS G120 - Configuration]
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H The screen form with the actual configuration is opened by
double clicking on Configuration in the Project Navigator.

H "The quick commissioning Wizard is started after pressing
the Wizard .. button.

H Enter the appropriate values into all of the screen forms.

M In the screen form Drive functions, select for Motor iden-
tification, the function Ident. of al param. in standstill
incl. the saturation curve (3).

B In the screen form Calculation of the motor data, select
Restore factory setting and calculate motor data.

M In the screen form Summary do not activate the function
RAM -> ROM, but instead press the Finish button.

H After completing the quick commissioning, alarm A0541
(Motor data-identification active) is displayed. Please care-
fully note that when starting the motor identification rou-
tine current flows in the motor. For hanging (suspended)
axes the load must always be supported.

Il To start the motor data identification routine, in the Project
Navigator select the menu item Commissioning and acti-
vate by double clicking on Control panel.
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Hl Press Assume control priority and carefully note the secu-
rity/safety information and instructions. Then activate
Enables.
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B The motor data identification routine is started by pressing
the E button. Do not exit the STARTER software and go to
another task as otherwise the motor data identification
routine will be interrupted for safety reasons.

H Please wait until the . button changes back to the

E button.

l Return the control priority to the S7 control by pressing the
[ Biwhnc.. button.




M Finally, you only have to save the SINAMICS G120 config- M In the function bar press the button.

ured software in the ROM memory of the drive inverter. B Please wait until the download operation has been com-
To do this in the Project Navigator select the menu item pleted.
Ex. No. SINAMICS_G120.

5.1

486 Functional Example No. SD-FE-1-001-V11-EN




SINAMICS G120 - controlled via PROFIBUS
safety functions via terminals, Category 3 (EN 954-1)

or SIL 2 (IEC 61508)

Automation function

Description of the functionality

The SINAMICS G120 drive inverter is a modular drive inverter
system that essentially comprises the two function units Con-
trol Unit (CU) and Power Module (PM).

When using the Control Unit CU240S DP F, you have access to
the following safety functions that are integrated in the drive
inverter:

STO Safe Torque Off Prevents the drive from ac-

cidentally starting

(acc. to EN 60204) The drive is safely brought

into a no-torque condition

Preventing a restart does
not require electrical isola-
tion between the motor
and drive inverter

SS1 Safe Stop 1 The drive is quickly stopped

and safely monitored

Independent and continu-

ous monitoring guarantees
the shortest response times
when a fault occurs

(acc. to EN 60204)

A speed encoder is not re-
quired

The drive speed is limited
and monitored

SLS Safety Limited
Speed

Independent and continu-

ous monitoring guarantees
the shortest response times
when a fault occurs

(acc. to EN 60204)

A speed encoder is not re-
quired

An external brake is safely
controlled

SBC Safe Brake Control

In this case, it is necessary
to use the Safe Brake Relay

(all safety functions are certified according to EN 954-1, Cat. 3
and IEC 61508, SIL 2)

The safety functions are either controlled through two fail-
safe digital inputs (4 digital inputs, which are evaluated
through 2 channels in a fail-safe fashion in the CU 240S DP F)
or via PROFIsafe in conjunction with a fail-safe CPU.

Functionality of the function example

Task description

The SINAMICS G120 is to be controlled from an S7-300 CPU
via PROFIBUS.

The integrated safety functions of the SINAMICS G120 are to
be controlled via the fail-safe digital inputs of the SINAMICS
G120.

Solution

In this function example, the control of a SINAMICS G120
(control word and frequency setpoint) will be demonstrated
using an S7-300 CPU and a specific program example.

This program example comprises an S7 program to control the
SINAMICS G120 and the appropriate configuration in the
SINAMICS G120.

Advantages / customer benefits

The safety functions are integrated in the drive inverter and
are implemented without any speed feedback signal. This
means that to some extent complex external shutdown and
monitoring devices can be eliminated.

A SINAMICS G120 with Safety Control Unit can replace an ex-
isting drive inverter. This means that safety functions can be
added to an existing system with low associated costs and ex-
penditure.

Ex. No.
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Restrictions

Caution
Ex. No.
Please take careful note that the two safety functions
5.2 SLS and SS1 may not be used for loads that can drive
the motor or loads that are continually in the regener-
ative mode.

Elevating platforms, winders, wind turbines are exam-
ples of such loads that can drive motor or continually
regenerate in to the line supply.

An important prerequisite when using fail-safe func-
tions is that the closed-loop control functions abso-
lutely perfectly. The drive (system comprising the drive
inverter + motor + driven load) must be engineered so
that all operating situations of the particular applica-
tion are always completely under control.

Caution

After the STO and SS1 safety functions have been acti-
vated there is no electrical isolation between the line

power supply of the SINAMICS G120 and the motor.

If this electrical isolation is required in your particular

application, then you must install an appropriate line

contactor upstream of the SINAMICS G120.




Required components

An overview of the hardware and software components
required for the function example is provided here.

Hardware components

Component Type Order No Qty  Manufacturer
S7 control
Power supply PS307 5A 6ES7307-1EA00-0AAOQ 1 Siemens AG
S7 CPU CPU 315-2DP 6ES7315-2AG10-0ABO 1
Memory Card MMC 2MB 6ES7953-8LL11-0AAQ 1
DI / DO simulation module SM374 6ES7374-2XH01-0AAO 1
Profile rail Profile rail 6ES7390-1AE80-0AAQ 1
PROFIBUS connector PROFIBUS connector 6ES7972-0BB50-0XA0 1
PROFIBUS cable PROFIBUS cable 6XV1830-3BH10 2m
. pive_ |
SINAMICS G120 Control Unit* CU240S DP F 6SL3244-0BA21-1PAO 1 Siemens AG
SINAMICS G120 Power Module* PM240 6SL3224-0BE21-5UA0 1
Basic Operator Panel* BOP 6SL3255-0AA00-4BA1 1
Motor* Three-phase induction motor 1LA7060-4AB10 1
PROFIBUS connector PROFIBUS connector 6GK1500-0FCO0 1
Empty enclosure* Empty enclosure with 2 command  3SB3802-0AA3 1 Siemens AG
sources (e.g. pushbuttons)
Emergency Stop mushroom Emergency Stop mushroom push-  3SB3000-1HA20 1
pushbutton (to activate SS1)* button
Mushroom pushbutton (to acti-  Mushroom pushbutton, red 3SB3000-1DA21 1
vate SLS)*
Contact NG, screw terminal 3SB3420-0C 4

As an alternative to the components marked with *, the
SINAMICS G120 training case can also be used that is addition-
ally equipped with a 24V HTL encoder and a mechanical brake.
This training case can be ordered by specifying Order No.
67B2480-0CD00.

Note

The functionality was tested with the specified hard-
ware components. Similar components that are differ-
ent from those listed above can be used. Please note
that in such a case it may be necessary to change the
code example (e.g. setting other addresses).

Software components

Component Type Order No (0747 Manufacturer
SIMATIC STEP 7 V5.3 + SP3 6ES7810-4CCO7-0YAS 1 Siemens AG
Drive ES BASIC V5.4 6SW1700-5JA00-4AA0 1




Configuration and wiring

The hardware configuration and connecting-up the function

example are described in this Chapter.
Ex. No. Please carefully observe the following safety information & in-

5 2 structions when using the SINAMICS G120:
[ ]

Warning

The SINAMICS G120 has hazardous voltages and con-
trols rotating mechanical parts that can also be poten-
tially hazardous. If the warning information is not
observed or the information & instructions from the
instructions belonging to SINAMICS G120 are not
complied with this could result in death, severe bodily

injury or significant material damage.

Overview of the hardware configuration

P53MT CPU 5M3IT4

210V
SELARICE A0

400V
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Connecting-up the hardware components

S7-300 control and CU240S DP F

U315- SINAMICS G120
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PM240 and motor

LR X

Ex. No.
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For more detailed information regarding the installation please refer to the SINAMICS G120 Hardware Installation Manual Power
Module PM240




Fault 395 (acceptance test / acknowledgement present)

Fault F395 is output when powering-up for the first time and

after replacing the Control Unit CU or the Power Module PM. Ex. No.
This fault does not represent an incorrect drive inverter func-
tion. The reason for this fault message is to monitor the indi- 5.2

vidual drive inverter components (CU and PM) to prevent
them from being replaced by unauthorized personnel.

Acknowledging fault F395

To acknowledge the F395 in conjunction with a CU240S DP F,
proceed as follows:

I Set parameter p0010 to 30

M Enter the safety password (standard = 12345) into
parameter p9761

I Set parameter p7844 to 0
M F395 will no longer be displayed

M For safety reasons you now have to run an acceptance test.
For more information see the G120 Operation Instructions,
Appendix, Acceptance Log.

For information

For a CU without safety information it is sufficient to
acknowledge fault F395 using "acknowledge fault"
(SINAMICS G120 terminal strip or PROFIBUS).
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Important hardware component settings

Most of the module/board settings are made in the HW Config
in the software. Hardware settings are only required for the
following modules/boards.

The modules/boards must be set with the control system in a
no-voltage state.

SM374 simulation module

This module can be operated as 16 x DO (output via LED),
16 x DI (input via switch) or as combined 8 x DI / 8 x DO.
The last combination is used in this function description.

The function of the module is selected using a rotary switch
behind the front cover between the series of switches.

As shown in the following diagram set the function
switches to the setting 8 x Output 8 x Input.
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SINAMICS G120, CU240S DP F

Two DIP switch blocks are located under the BOP (Operator
Panel) in the upper section of the module.

The upper DIP switch block is for general CU functions - and is
not relevant for this function example.

General I/0 DIP switch

ON

Supply
5V Encoder
Encoder A
termination
Encoder B
termination
Encoder Z
termination

=
(o)
°
Q
3]
c
w
>
<
N

OFF

The PROFIBUS address of the SINAMICS G120 can be set using
the lower DIP switch block. Alternatively, the PROFIBUS ad-
dress can also be set using parameter p918. It should be noted
that the setting using DIP switches has priority over parameter
p918.

Set the DIP switches to address 10 as shown in the follow-
ing diagram.

PROFIBUS Address DIP switch

OFF




Overview of inputs and outputs

Simulation module SM374

Ex. No.
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Address Function Symbolic address Default Explanation
0 0.0 _ error Faults are signaled via this output.

1 0.0 Start_G120 The motor connected to SINAMICS
G120 is started by activating the input.

1 0.7 ACK_error Fault messages that are present can be
acknowledged using this input.

Functional Example No. SD-FE-I-002-V10-EN 495




SINAMICS G120 Download
The SINAMICS G120 is controlled and the feedback signals

read-in via the 1/0 addresses listed below. S7 program
Ex. No. Address Designation Function 1t;o downlosd'\tﬂhpelz 'S7 p;ograrp, youPVéllIIIDéequdlreI:’]a ,(\ZAOPI’;IfleCtI?I’I
5 2 57 program -> SINAMICS G120 etween the interface of your and the interface
° of the S7 CPU.
PQW256 STW1 Control word 1 mS he S c
PQW258 N_SOLL_A Frequency setpoint tartt (.e IMATI M.alnager. )
PQW260 M_LIM Torque setpoint H De-archive the function example supplied.
PQW262 STW2 Control word 2 H Open the Safety application2 G120 project.
PQW264 - Reserve - - Reserve - B Open HW-Config and download this into the control. After
PQW266 - Reserve - - Reserve - the download re-close HW'COnﬁg
SINAMICS G120 -> S7 program M In SIMATIC Manager, select the block folder via CPU315-2 >
PIW256 ZSW1 Status word 1 S7 Program > Blocks.
PIW258  N_IST_A_GLATT Frequency actual value M Download all of the S7 program blocks into the CPU.
PIW260  |_IST_GLATT Current actual value After the download, changeover the interface of your PC/IPG
PIW262 ZSW2 Status word 2 to PROFIBUS and changeover the connecting cable to the
PIW264 FAULT CODE Fault number PROFIBUS interface of the S7-CPU. You can access all of the de-
PIW266  WARN_CODE BT MUmeEr vices of your configuration from this interface.

For more detailed information about the configuration of the ~ SINAMICS G120 configuration

individual signals, please refer to SINAMICS G120 Operating ~ When this has been completed, download the SINAMICS G120

Instructions Control Unit CU240S, Chapter Commissioning configuration using the STARTER parameterizing tool.

(software), Commissioning with PROFIBUS DP. I Starting from the main path of the SIMATIC Manager, start
the STARTER parameterizing software by double clicking on
the SINAMICS_G120 icon
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M Then, in the Project Navigator of the STARTER parameteriz-
ing software select the object "SINAMICS_G120" (1.) and

]

———

press the button ®g (2.) to establish the online connec- [ [
tion to the drive inverter. t e o e = :
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¥ Conlipue drive Ui h pledisin
(= B SAMICs_Gian |« il . -
niQace
> Configuralion
&= Inpuksioutmuts
&% Sstpoint Channsd H Then press the button Change settings and enter 12345
# B Cperrioupfdoied-oop contrdl (standard password) in the password screen that then
#- % Fundtions opens
# 3 Messages and monkoring :
# 3 Tedwoksy controler B From the following screen forms transfer the appropriate
.+ § T values into your project. Take into consideration that in
# - Disgnostios certain instances there are different value formats for pro-
cessor 1 and 2 (e.g. s and ms, Hz and kHz).

"Enables" tab

I After you have established the online connection, press
the button g to download the SINAMICS G120 drive

bbb bbb 2
parameters. — = : — = =

M Follow the instructions on the screen and acknowledge the v = == — | 1.:-1_::.:_— .
prompt "After loading, copy RAM to ROM". t L =N — | - :

B You must then enter the safety parameters of the : = st = e — :
SINAMICS G120. These may not be - and cannot for safety : ki EL [ | e :

. . . wd .c.h.n-n—n
reasons - be transferred into the drive inverter by down- : Ml e 2 =TT - :
loading from the PG / PC. :: ol B [ —— N
-

M In the Project Navigator, select Functions and then open LY foec oS I :
the dialog box for the safety functions by double clicking on a _._......-jif-‘! ——| ™
Safety Integrated. : :

L“““I““‘.‘\‘l‘\“‘“““‘l““.:

In this screen form you parameterize the source from which
you activate the SINAMICS G120 safety functions. Please note
that the safety functions can either be controlled via
PROFIsafe or via the safety digital inputs.

B Upper section: Path to activate via PROFlIsafe.

B Center section: Path to activate via the Safe digital input 0
and 1 (this is used in this particular function example).




Ex. No.

5.2

Lower section: Here, the monitoring of the Safe brake con-
trol module can be activated; however, this is not used in
this particular function example.

It should be noted that the parameterization is always carried-
out twice (in this screen form this can be identified as a result
of the two switch symbols in series). The reason for this is that
for the two processors in SINAMICS G120 - that operate in par-
allel and must provide the same result - there are separate pa-
rameter sets for safety reasons.

After you have parameterized the enable signals, then select
the tab Safe Torque Off.

"Safe Torque Off (STO") tab
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The shutdown paths of a safety-relevant plant or system must
be subject to a forced checking procedure at regular intervals.
This is in order to identify "dormant" errors. SINAMICS G120
automatically carries out a forced checking procedure of the
shutdown paths in the drive unit. This procedure is known as
the forced checking procedure.

A reduced form of the forced checking procedure limited to
self-test the brakes and processor is always automatically exe-
cuted after "Safe Torque Off" (STO) is exited. This type of
forced checking procedure is known as the process checking
procedure.

Further, by appropriately parameterizing the system, it is pos-
sible to initiate a forced checking procedure each time that
STO is exited.

Upper section: Using Test of the shutdown channels

when leaving STO, you can select how the forced checking

procedure for the shutdown channels is carried-out.

— Activated: A forced checking procedure is carried-out
each time the drive unit is powered-up and when exiting
"Safe Torque Off" (STO). Checking the shutdown chan-

nels takes approximately 2.4 s. This delay time must be
taken into account at each On command.

— Deactivated: The shutdown channels are only checked
after the function "Latched Safe Torque Off" (LSTO) when
an error occurs. When exiting an STO, a delay time is not
incurred as only the process checking procedure is car-
ried-out.

Center section: When activating the safety functions via the
safe digital inputs of the SINAMICS G120, a debounce time
and a filter for the response time can be set here. These
settings are not relevant for the function example
described here.

Lower section: The SINAMICS G120 automatically monitors
when a forced checking procedure was carried-out the last
time. Set the time up to the next forced checking procedure
in the field Test periods for shutdown paths. The time can
be selected between 0.1 and 8760 hours (6 min up to

1 year). The timer is re-started after each forced checking
procedure. Alarm A1699 is output in operation to flag you
that this monitoring time has expired. A process checking
procedure does not replace forced checking procedure and
therefore does not reset the timer.

After you have parameterized the Safe Torque Off function,
select the tab Safe Stop 1.



Safe Stop 1 (SS1) tab Safely Limited Speed (SLS) tab
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The parameters relevant for "Safely Limited Speed" are en-

The parameters relevant for "Safe Stop 1" (551) are set in this : |
tered in this screen form.

screen form.

(1.) Using the threshold value Standstill detection, define
the speed at which standstill (zero speed) is detected and
"Safe Torque Off" (STO) is activated. Please note that the
value should be entered once in kHz and once in Hz.

(2.) The Ramp-down time Tr for SS1 ... should then be
entered. Please note that the value is entered once in s and
once in ms. The ramp-down time Tr always refers to the
safety reference frequency of 200 Hz in the drive itself. This
ramp-down time is also used for the deceleration for
"Safely Limited Speed" (SLS).

(3.) The monitoring tolerance is set using Delay Tv, until
monitoring active. The drive inverter continually monitors
- with tolerance Tv - the braking of the drive. If the toler-
ance is selected too low, then the monitoring function
could be incorrectly tripped. If the tolerance is too high,
then if an actual fault does develop, an unnecessarily long
time is wasted. Please note that the value is entered once
in s and once in ms.

After you have parameterized the function Safe Stop 1, select
the tab Safely Limited Speed.

(1.) The SLS mode is defined here. The following three
modes - with the appropriate properties - are available:

Mode O Limiting to a safely limited speed

If, when SLS is activated, the actual frequency is
greater than the Upper tolerance limit for velocity
monitoring, SS1 is activated and then LSTO (safe
torque shutdown with latching).

If, when SLS is activated, the actual frequency lies be-
tween the Upper tolerance limit for velocity moni-
toring and the Setpoint for SLS, then the Setpoint
for SLS is activated and the drive is braked down to
the Setpoint for SLS. The frequency cannot be
changed.

If the actual frequency lies below the Setpoint for
SLS, the actual frequency is kept. The frequency can-
not be changed.

STO is activated if the actual frequency falls below
1 Hz.

The drive can be stopped using OFF2, withdraw-
ing/cancelling the function or by activating another
safety function.

Reducing to a safely limited speed

If, when activating SLS, the actual frequency is great-
er than the Upper tolerance limit for velocity mon-
itoring, the Setpoint for SLS is activated and the
drive is braked down to this setpoint using the safe
braking ramp.

If the actual frequency lies below the Setpoint for
SLS, the actual frequency is kept. The frequency can-
not be changed.

STO is activated if the actual frequency drops below
1Hz.

The drive can be stopped using OFF2, withdrawing
the function or by activating another safety function.

Mode 1



SLS mode Properties l To complete the parameterization of the safety functions

you must now acknowledge the checksums of the two pro-

Mode 2 Limiting to a safely limited speed - the speed - .
can be changed cessors. To do this, transfer the first checksum, processor 1
Ex. No. If, when activating SLS, the actual frequency is higher into the set checksum, processor 1. Do exactly the same for
than the Upper tolerance limit for velocity moni- the checksum of processor 2.
5 2 to:!ngt, |aST0 (safe torque shutdown with latching) is Please note that the two actual checksums and therefore
activated.

— : the two set checksums must be the same. If this is not the
If. when activating SLS, the actual frequency lies be- case, then you must re-check your parameterization of the
low the Upper tolerance limit for velocity monitor- . .
ing, the frequency is kept. The frequency can be safety functions and resolve the different values.
changed between 1 Hz and the Upper tolerance lim-
it for velocity monitoring (Caution: For V/f, take into m {%
account the slip compensation). -

If the actual frequency drops below 1 Hz or the Upper N o o P | P

tolerance limit for velocity monitoring is reached, ‘ At et e e | [T ek Pracem £ i \
STO is activated. If the upper tolerance limit for veloc- \ ot sl Vipam || Lo ot b P | \
ity monitoring is exceeded, then STO is latched - i.e. [ ] e ‘
Lo LS CEELECCCCCCC R CRNNE N WY

The drive can be stopped with ON/OFF1 and the re-
maining OFF commands - but it can only be re-start-

edif SLS has been withdrawn. M If you don't wish to set any additional parameters, then you

Please refer to the Operating Instructions CU240S, Chapter can now exit the STARTER commissioning tool.

Functions under Fail-safe Functions for more detailed infor- B To do this first disconnect the PG/PC from SINAMICS G120

mation about the SLS modes. by pressing the | 94 button.

W (2.) These input fields are displayed for SLS mode (1.) 0 B You can then exit STARTER using Project > Close or by
and 1. Set-point for SLS is used to set the frequency to pressing the EI button.

which the frequency set-point is internally limited in the
drive unit after the function Safely Limited Speed SLS has
been selected. Please note that the value is entered once in
Hz and once in kHz.

B You'll now be prompted to save changes - acknowledge this
with Yes.

M (3.) The monitoring limit is set using the Upper tolerance
limit for velocity monitoring. If Safely Limited Speed SLS
is active and the actual speed exceeds this value, then
SINAMICS G120 outputs a fault message and goes into the
safe condition (Safe Torque Off, STO). Please note that the
value should be entered once in Hz and once in kHz.

l After you have made all of the settings press the Accept
settings button.

B You can now change the standard password. If you are still
not certain that your safety parameterization has been
completed, then you should press the Later button.
However, after you have completed the commissioning
phase, do not forget to change the standard password for a
password that only you know or a person that you trust.
Only then can you be sure that only authorized persons can
change/modify safety parameters.




Function test

The function test can be carried-out, if

B The hardware components are connected-up
B The hardware settings have been made

M The S7 project is in the CPU

Hl The configured software has been downloaded into the
SINAMICS G120 and the safety functions have been
parameterized

B The CPU is in the RUN state.

No. Action Response
1 If it is pressed, release

the Emergency Stop

pushbutton

2 Press the pushbutton
"Acknowledge faults"

The signal lamp (A0.0) for "Error"
goes dark.

At SINAMICS G120 LEDs RDY, STO,
SS1 and SLS are bright -> the drive
and all of the safety functions are
in the ready state.

3 Press the switch The motor starts to run.
"SINAMICS G120

Start"

Safety function SS1 (Safe Stop 1)

1 Press the Emergency  The motor follows the parameter-
Stop pushbutton SS1 ized braking ramp down to the
minimum frequency and stops.

At the SINAMICS G120 the LED ES
isbrightand LED SS1 flashes ->SS1
is active, the motor has been
brought into a no-torque condi-
tion.

At the SINAMICS G120 alarm
A1696 is displayed -> this alarm is
displayed as long as the start signal
is present.

The alarm A1696 is no longer dis-
played at the SINAMICS G120.

2 De-activate the control
of the SINAMICS G120
using the switch
"SINAMICS G120
Start".

3 Release the Emergen- At the SINAMICS G120 the LEDs
cy Stop pushbutton RDY, SS1 and SLS are bright

SS1 -> the drive and all of the safety

functions are in the ready state.

4 Press the switch The motor starts to operate again.
"SINAMICS G120

Start"

No. Action Response

Safety function SLS (Safely Limited Speed)

1 Press the pushbutton
SLS and keep it
pressed

The motor follows the parameter-
ized braking ramp down to the
safely limited speed.

At the SINAMICS G120 the LED ES
is brightand LED SLS flashes -> SLS
is active, the motor is monitored to
ensure that it does not exceed the
safely limited speed.

The motor accelerates back to the
normal speed.

At the SINAMICS G120 LEDs RDY,
SS1 and SLS are bright -> the drive
and all safety functions are in the
ready state.

2 Release pushbutton
SLS again

Acceptance test and acceptance report

An acceptance test must be carried-out when the machine is

commissioned for the first time and also if a completely saved
set of the safety-relevant parameters is changed. This proce-

dure is used to verify the safety-relevant parameters. This ac-
ceptance test must be appropriately documented. The accep-
tance reports must be appropriately stored and archived.

The checksum ensures that all subsequently made changes
are identified.

Information about the acceptance test and the acceptance re-
port are provided in SINAMICS G120 Operating Instructions
Control Units CU240S in the Chapter Commissioning (soft-
ware).

An example of an acceptance report is provided in the
SINAMICS G120 Operating Instructions Control Units
CU240S in the Appendix.

Key performance data

Load memory and working memory

Load memory approx. 4 k

Working memory approx. 1k

Cycle time

Total cycle time
(typical)

approx.
1-2 ms

Standard program




Example code
The example code supplied is fully functional for the described ~ The individual telegram components are selected in the Cata-

application. The individual functions of the example code are  log after pressing the following button ]E
Ex. No. | explained in the following Chapters so that you are in a posi-

tion to implement your own projects.
5.2 e | wjni
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Properties of the SINAMICS G120

The window of the SINAMICS G120 PROFIBUS properties (2) is
displayed by clicking once on the SINAMICS G120 icon (1).
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For more detailed information about the different telegram
types please refer to SINAMICS G120 Operating Instructions
A standard telegram is used to establish communications be Control Units CU2405 in the Chapter Commissioning (soft-
tween the CPU and the SINAMICS G120. In this particular ware), Commissioning with PROFIBUS DP.

function example Siemens Telegram 352 (2.) with a length of

6 words is used to control the SINAMICS G120.




Siemens telegram 352, PZD 6/6

The standard control (control word, frequency setpoint etc.)
of SINAMICS G120 is implemented using the Siemens tele-
gram.

In SINAMICS G120, instead of telegram 352 (fixed assignment
of the control/feedback signal words), telegram 999 is used
(free assignment of the control/feedback signal words).

In this case, in SINAMICS G120, to start, telegram type 350
should be selected in parameter p922. This pre-assigns the
BICO connections. Telegram type 999 (free interconnection
via BICO) should then be selected and the following intercon-
nections made:

M p2051[4] =r2131 (error number)

M p2051[5] =r2110 (alarm number)

Functions of the STEP 7 program (without safety program)

Program overview

DEl
A DB QA0

CALL FEE | — Prawos irs

st ober o 1T,

Torgum Batpusid

CALL FCYo0
Mu_Axis D=1
Aoy ol the
e aor barng for

The STEP 7 program essentially comprises blocks FC10, FC100
and DB1 that are called in the cyclic program (OB1).
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DB1, axis_DB
The axis_DB represents the interface between the S7 program
and the SINAMICS G120 via FC100.

Ex.No. | Axis_DB is generated from UDT 1 (Axis_DB_G120)

5.2

Principal structure of axis_DB

DBWO Basic_Data.Moduleadress INT I/0 start address of the SINAMICS G120 (refer to HW Config)
DBB3 Basic_Data.Drivetyp Byte Drive type, must be 2

DBW4 Control_signals.STW2 Bool Control word 2 (for details, refer to the S7 program)
DBW6 Control_signals.STW1 Bool Control word 1 (for details, refer to the S7 program)
DBWS8 Control_signals.Frequency_set INT Frequency setpoint in x.x %

DBW10 Control_signals.Torque_set INT Torque setpoint in x.x %

DBW14 Status_signals.ZSW2 Bool Status word 2 (for details, refer to the S7 program)
DBW16 Status_signals.ZSW1 Bool Status word 1 (for details, refer to the S7 program)
DBW18 Status_signals.Actual_frequency  INT Frequency actual value in x.x %

DBW20 Status_signals.Actual_current INT Current actual value in x.xx A

DBW24 Faults.Drive_error_number INT Actual error number of the SINAMICS G120
DBW26 Faults.Drive_alarm_number INT Actual alarm number of the SINAMICS G120

In this function example the individual data of the DB1 are supplied in FC10.

FC10, organization

This block is called-up in absolute terms in OB1 and in turn FC100, control of SINAMICS G120
calls up FC100. SINAMICS G120 is controlled using the FC100 via PROFIBUS.
Principle of the FC10 Only signals from the axis_DB are used to control the block
- but no fixed addresses - this is the reason that instances can
1 Controls the SINAMICS G120 via the axis-DB, DB1. be used.
Calls the SINAMICS G120 control block EC100. This block can be used in the same way for both a standard

This network can be used as template for additional and a Safety SINAMICS G120.

SINAMICS G120 control functions.

2 Controls the signal lamp for "Safety function Formal operands of the FC100
activated or fault".

Formal operands Type Description

Nr_Axis_DB IN Number of the axis-DB generated
using UDT1

Internal_Error ouT Displays an internal error
0 = no error

1 = incorrect axis-DB type




Principle structure of the FC100

Network Function

1 Opens the axis_DB specified using the formal oper-
ands Nr_Axis_DB.

Generates the internal error message.

2 Reads-in the SINAMICS G120 status words, processes
these and saves them in the axis_DB.

Resets internal error messages.

4 Converts frequency and torque setpoint from the

axis_DB (entered in x.x %) into the SINAMICS G120
format (hex).

w

5 Enters SINAMICS G120 error and alarm number into
the axis_DB.
6 Sends control words from the axis_DB to the

SINAMICS G120

SINAMICS G120 - parameterizing the safety functions

Refer to Chapter SINAMICS G120 configuration on page
496.

SINAMICS G120 parameterization

In order that the basic SINAMICS G120 functions can be pa-
rameterized, the safety functions in the S7-CPU and in the
drive inverter itself must already have been commissioned.

The reason for this is that during parameterization a motor
identification routine is carried-out (the motor and cables are
measured) - and if vector control is activated - the controller is
optimized. Both of these functions require that the safety
functions are in the ready state.

Il Starting from the main path of the SIMATIC Manager, start
the STARTER parameterizing software by double clicking on
the SINAMICS_G120 icon
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M Then, in the Project Navigator of the STARTER

B parameterizing software select the object
"SINAMICS_G120" (1.) and press button =g (2.) to estab-
lish an online connection to the drive inverter.

FaTARTER - Salety Applkation G120 - [SIMAMICS G120 - Conliguration]
ﬂhm !‘-h:.ﬂ»i‘ﬁlcl Target syitem  View Oplions - Window  Help
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# B Opereioopidred-oop control
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i B Communication
F B Dispmwstics

The screen form with the actual configuration is opened by
double clicking on Configuration in the Project Navigator.

"The quick commissioning Wizard is started after pressing
the Wizard . button.

Enter the appropriate values into all of the screen forms.

In the screen form Drive functions, select for Motor iden-
tification, the function Ident. of al param. in standstill
incl. the saturation curve (3).

In the screen form Calculation of the motor data, select
Restore factory setting and calculate motor data.

In the screen form Summary do not activate the function
RAM -> ROM, but instead press the Finish button.

After completing the quick commissioning, alarm A0541
(Motor data-identification active) is displayed. Please care-
fully note that when starting the motor identification rou-
tine current flows in the motor. For hanging (suspended)
axes the load must always be supported.

Ex. No.

5.2




H To start the motor data identification routine, in the Project
Navigator select the menu item Commissioning and acti-
vate by double clicking on Control panel.
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l Press Assume control priority and carefully note the secu-
rity/safety information and instructions. Then activate

Enables.
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B The motor data identification routine is started by pressing
the E button. Do not exit the STARTER software and go to
another task as otherwise the motor data identification
routine will be interrupted for safety reasons.

M Please wait until the . button changes back to the
[l button.
H Return the control priority to the S7 control by pressing the

[ Rahun . button.

M Finally, you only have to save the SINAMICS G120 config-
ured software in the ROM memory of the drive inverter.
To do this in the Project Navigator select the menu item
SINAMICS_G120.

= B Safety Applikation G120
| Insert single drive unit
-m SINAMICS_G120

[=]

=4

¥ Drive navi;atur
> Configuration
&= Inputsfoutputs

M In the function bar press the I" button.

I Please wait until the download operation has been com-
pleted.
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Warranty, Liability and Support

Warranty, Liability and Support

We do not accept any liability for the information contained in
this document.

We do not accept liability, whatever the legal basis, for any
damages arising from the use of examples, notes, programs,
configuration and performance data etc. described in this
Safety Functional Example, except where we are obliged to by
the German Product Liability Act or in cases of willful damage
or gross negligence, injury to life, body or health, breach of
guarantee for the condition of products or items assumed by
us, fraudulent concealment of a defect or breach of a substan-
tial contractual obligation. However, claims arising from a
breach of a condition which goes to the root of the contract
shall be limited to the foreseeable damage which is intrinsic to
the contract, unless caused by intent or gross negligence or
based on mandatory liability for injury of life, body or health.
The above conditions are not meant to change the burden of
proof to the detriment of the user.

Copyright© 2007 Siemens AG, A&D. Any form of duplica-
tion of these Safety Functional Examples or excerpts
hereof is prohibited without the expressed consent of
Siemens AG, A&D.



Contact partners

Contact partners for these documents are:

Technical Assistance for
low-voltage controls and distribution

In person from Mon. to Fri. 8.00 to 17.00 (CET)
Telephone: +49 (911)-895-5900
E-Mail: technical-assistance@siemens.com

Internet:
www.siemens.com/lowvoltage/technical-assistance

By fax, 24 hours a day
Fax: +49 (911)-895-5907

H Online Support Knowledge Management
A&D AS CS3 KM
D-90327 Nurnberg-Moorenbrunn
Internet: support.automation.siemens.com

B Customer Support
A&D MCCS 2
COCS Safety Integrated
Frauenauracher Str. 80
D-91056 Erlangen
Telephone: +49 180 5050 222
Fax: +49 180 5050 223
E-Mail: support.automation@siemens.com

Internet: www.siemens.com/automation/support-request



http://www.siemens.com/lowvoltage/technical-assistance
http://www.siemens.com/automation/support-request
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	CD-FE-I-022-V10-EN - Protective door monitoring with automatic start Category 4 acc. to EN 954-1 with/without operational switching using a SIRIUS 3TK28 safety relay with contactor relays
	CD-FE-I-023-V10-EN - E-Stop with monitored start, protective door monitoring with automatic start and service mode, Category 2 acc. to EN 954-1 with a SIRIUS 3TK2845 safety relay
	CD-FE-I-024-V10-EN - E-Stop with monitored start, protective door monitoring with automatic start and service mode, Category 4 acc. to EN 954-1 with a SIRIUS 3TK2845 safety relay

	Functional examples with SIRIUS 3RA7 fused load feeders
	CD-FE-I-005-V10-EN - E-Stop with monitored start Category 2 acc. to EN 954-1 with a safety fused load feeder 3RA7
	CD-FE-I-006-V10-EN - E-Stop with monitored start Category 2 acc. to EN 954-1 with/without operational switching with a safety fused load feeder 3RA7
	CD-FE-I-007-V10-EN - E-Stop with monitored start Category 4 acc. to EN 954-1 with/without operational switching with a safety fused load feeder 3RA7
	CD-FE-I-008-V10-EN - Protective door monitoring with automatic start Category 2 acc. to EN 954-1 with a safety fused load feeder 3RA7
	CD-FE-I-009-V10-EN - Protective door monitoring with automatic start Category 2 acc. to EN 954-1 with/without operational switching with a safety fused load feeder 3RA7
	CD-FE-I-010-V10-EN - Protective door monitoring with automatic start Category 4 acc. to EN 954-1 with/without operational switchingwith a safety fused load feeder 3RA7
	CD-FE-I-011-V10-EN - E-Stop with monitored start Category 2 acc. to EN 954-1 with a safety fuseless load feeder 3RA7
	CD-FE-I-012-V10-EN - E-Stop with monitored start Category 2 acc. to EN 954-1with/without operational switching with a safety fuseless load feeder 3RA7
	CD-FE-I-013-V10-EN - E-Stop with monitored start, Category 4 acc. to EN 954-1with/without operational switching with a safety fuseless load feeder 3RA7
	CD-FE-I-014-V10-EN - Protective door monitoring with automatic start Category 2acc. to EN 954-1 with a safety fuseless load feeder 3RA7
	CD-FE-I-015-V10-EN - Protective door monitoring with automatic start Category 2 acc. to EN 954-1 with/without operational switchingwith a safety fuseless load feeder 3RA7
	CD-FE-I-016-V10-EN - Protective door monitoring with automatic start Category 4 acc. to EN 954-1 with/without operational switching with a safety fuseless load feeder 3RA

	Functional examples with ET 200S Safety Motorstarters
	CD-FE-I-025-V10-EN - Emergency Stop with monitored start Category 2 acc. to EN 954-1 with ET200S Safety Motorstarter Solution Local
	CD-FE-I-026-V10-EN - Emergency Stop with monitored start Category 4 acc. to EN 954-1 with ET200S Safety Motorstarter Solution Local
	CD-FE-I-027-V10-EN - Protective door monitoring with automatic start Category 2 acc. to EN 954-1 with ET200S Safety Motorstarter Solution Local
	CD-FE-I-028-V10-EN - Protective door monitoring with automatic start Category 4 acc. to EN 954-1 with ET200S Safety Motorstarter Solution Local
	CD-FE-I-029-V10-EN - 2 safety circuits in a cascade according to Category4 in compliance with EN 954-1 (PM-DFX1 and Failsafe Motor Starter ) with ET200S Safety Motor Starter Solution Local

	Functional examples with ASIsafe
	CD-FE-I-030-V10-EN - Emergency Stop and protective door monitoring with monitored start according to Category2 of EN 954-1
	CD-FE-I-031-V10-EN - Emergency stop and protective door monitoring with monitored start according to Category4 of EN 954-1
	CD-FE-I-032-V10-EN - Protective door with door interlocking via a spring-actuated lock according to Category3 of EN954-1
	CD-FE-I-033-V10-EN - Protective door with door interlocking via a spring-actuated lock according to Category4 of EN954-1
	CD-FE-I-034-V10-EN - Protective door with door interlocking via a magnet-field lock according to Category3 of EN954-1
	CD-FE-I-035-V10-EN - Protective door with door interlocking via a magnet-field lock according to Category4 of EN954-1

	Functional examples with SIMOCODEpro
	CD-FE-I-037-V10-EN - SIMOCODE pro direct starters with safety technologyEmergency stop monitoring with monitored start Category 4 according to EN 954-1
	CD-FE-I-039-V10-EN - SIMOCODE pro reversing starters with safety technologyEmergency stop monitoring with monitored start Category4 according to EN954-1 
	CD-FE-I-042-V10-EN - SIMOCODE pro star-delta starters with safety technology Emergency stop monitoring with monitored start Category 4 according to EN 954-1


	Fail-safe Controllers - SIMATIC Safety Integrated
	AS-FE-I-001-V10-EN - Emergency Stop with Acknowledgement in Category 4 acc. to EN 954-1
	AS-FE-I-002-V10-EN - Safety Door with Spring-Loaded Engagement in Category 4acc. to EN 954-1
	AS-FE-I-003-V10-EN - Safety Door with Magnetic Engagement in Category 4 acc. to EN 954-1
	AS-FE-I-004-V10-EN - Safety Door without Guard Locking in Category 4 acc. to EN 954-1
	AS-FE-I-005-V10-EN - Light Curtain in Category 4 with Muting Function acc. to EN 954-1
	AS-FE-I-006-V10-EN - Two-Hand Control Panel with Integrated Emergency Stop in Category 4 acc. to EN 954-1
	AS-FE-I-007-V10-EN - Integration of the Readback Signal in an Application of Category 4 acc. to EN 954-1
	AS-FE-I-008-V11-EN - Safety Shutdown in the Stop Categories 0 and 1 in Safety Category 4 according to EN 954-1
	AS-FE-I-009-V10-EN - Single and Group Shutdown of Actuators in Safety Category 4 acc. to EN 954-1
	AS-FE-I-010-V11-EN - Distributed application of laserscanner LS4-4 in Category 3 according to EN 954-1
	AS-FE-I-011-V10-EN - Passivation and Reintegration of F-I/O considering as example the ET 200S
	AS-FE-I-012-V10-EN - Safe Standstill Detection and Safely Reduced Speed with F-CPU and MASTERDRIVES in Category3 of EN 954-1 or SIL2 ofIEC62061

	Safety Drives System
	MC-FE-I-001-V11-EN - SAFE STANDSTILL Category 3 acc. to EN 954-1 with SIMOVERT MASTERDRIVES
	Safe standstill with interlocked protective doors, Emergency Stop implemented using safety combinations 
	Safe standstill for non-interlocked protective doors, Emergency Stop implemented using safety combinations
	Safe standstill for non-interlocked protective doors, implemented with one safety combination
	Safe standstill for non-interlocked protective doors, implemented with one safety combination
	Safe standstill for interlocked protective doors, Emergency Stop, implemented with safety combinations and standard PLC
	Safe standstill for non-interlocked protective doors, Emergency Stop, implemented with a safety combination and standard PLC
	Safe standstill for several non-interlocked protective doors and several drives, Emergency Stop implemented using safety combinations

	MC-FE-I-002-V11-EN - SAFE STANDSTILL Category 3 acc. to EN 954-1 with SIMODRIVE 611 universal
	Safe standstill with interlocked protective doors, Emergency Stop implemented using safety combinations 
	Safe standstill for non-interlocked protective doors, Emergency Stop implemented using safety combinations
	Safe standstill for non-interlocked protective doors, implemented with one safety combination
	Safe standstill for non-interlocked protective doors, implemented with one safety combination
	Safe standstill for interlocked protective doors, Emergency Stop, implemented with safety combinations and standard PLC
	Safe standstill for non-interlocked protective doors, Emergency Stop, implemented with a safety combination and standard PLC
	Safe standstill for several non-interlocked protective doors and several drives, Emergency Stop implemented using safety combinations 

	MC-FE-I-003-V12-EN - SAFE STANDSTILL Category 3 according EN 954-1 with SINAMICS S120
	Application examples SINAMICS S120
	Safe standstill, implemented with one safety combination 
	Safe standstill for interlocked protective doors, Emergency Stop, implemented with safety combinations and standard PLC  

	MC-FE-I-004-V11-EN - Safe Monitoring of Drive Functions SIMOTION D/ SIMATIC S7-F
	SINAMICS G120 - controlled via PROFIBUS
	SD-FE-I-001-V11-EN - SINAMICS G120 - controlled via PROFIbusSafety functions using PROFIsafe, Category 3 (EN 954-1) or SIL 2 (IEC 61508)
	SD-FE-I-002-V10-EN - SINAMICS G120 - controlled via PROFIBUS safety functions via terminals, Category 3 (EN 954-1) or SIL 2 (IEC 61508)
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