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1 Foreword

1.1 Notes on the documentation

Intended audience

This description is only intended for the use of trained specialists in control and automation engineering who
are familiar with the applicable national standards.

It is essential that the following notes and explanations are followed when installing and commissioning
these components.

The responsible staff must ensure that the application or use of the products described satisfy all the
requirements for safety, including all the relevant laws, regulations, guidelines and standards.

Origin of the document

This original documentation is written in German. All other languages are derived from the German original.

Currentness

Please check whether you are using the current and valid version of this document. The current version can
be downloaded from the Beckhoff homepage at http://www.beckhoff.com/english/download/twinsafe.htm.
In case of doubt, please contact Technical Support [»_333].

Product features

Only the product features specified in the current user documentation are valid. Further information given on
the product pages of the Beckhoff homepage, in emails or in other publications is not authoritative.

Disclaimer

The documentation has been prepared with care. The products described are subject to cyclical revision. For
that reason the documentation is not in every case checked for consistency with performance data,
standards or other characteristics. We reserve the right to revise and change the documentation at any time
and without prior announcement. No claims for the modification of products that have already been supplied
may be made on the basis of the data, diagrams and descriptions in this documentation.

Trademarks

Beckhoff®, TWinCAT®, EtherCAT®, EtherCAT G®, EtherCAT G10°, EtherCAT P®, Safety over EtherCAT®,
TwinSAFE®, XFC®, XTS® and XPlanar® are registered trademarks of and licensed by Beckhoff Automation
GmbH. Other designations used in this publication may be trademarks whose use by third parties for their
own purposes could violate the rights of the owners.

Patent Pending

The EtherCAT Technology is covered, including but not limited to the following patent applications and
patents: EP1590927, EP1789857, EP1456722, EP2137893, DE102015105702 with corresponding
applications or registrations in various other countries.

Application Guide TwWinSAFE Version: 3.1.0 9
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Safety over

e
EtherCAT.  EtherCAT. ™

EtherCAT® and Safety over EtherCAT® are registered trademarks and patented technologies, licensed by
Beckhoff Automation GmbH, Germany.
Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The reproduction, distribution and utilization of this document as well as the communication of its contents to
others without express authorization are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event of the grant of a
patent, utility model or design.

Delivery conditions

In addition, the general delivery conditions of the company Beckhoff Automation GmbH & Co. KG apply.
1.2 Safety instructions

1.21 Delivery state

All the components are supplied in particular hardware and software configurations appropriate for the
application. Modifications to hardware or software configurations other than those described in the
documentation are not permitted, and nullify the liability of Beckhoff Automation GmbH & Co. KG.

10 Version: 3.1.0 Application Guide TwWinSAFE
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1.2.2 Operator's obligation to exercise diligence

The operator must ensure that

» the TwinSAFE products are only used as intended (see chapter Product description);
» the TwinSAFE products are only operated in sound condition and in working order.
» the TwinSAFE products are operated only by suitably qualified and authorized personnel.

 the personnel is instructed regularly about relevant occupational safety and environmental protection
aspects, and is familiar with the operating instructions and in particular the safety instructions contained
herein.

+ the operating instructions are in good condition and complete, and always available for reference at the
location where the TwinSAFE products are used.

* none of the safety and warning notes attached to the TwinSAFE products are removed, and all notes
remain legible.

1.2.3 Purpose and area of application

The Application Guide provides the user with examples for the calculation of safety parameters for safety
functions according to the standards DIN EN ISO 13849-1 and EN 62061 or EN 61508:2010 (if applicable),
such as are typically used on machines.

In the examples an EL1904 is taken as an example for a safe input or an EL2904 for a safe output. This is to
be considered an example; of course other safe inputs or outputs can be used, such as an EP1908 or an
EL2912. The appropriate parameters, which can be taken from the respective product documentation, must
then be used in the calculation.

Application samples

These samples provide the user with example calculations. They do not release him from his duty to carry
out a risk and hazard analysis and to apply the directives, standards and laws that need to be considered
for the application.

Application Guide TwWinSAFE Version: 3.1.0 11
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1.2.4 Description of instructions

In these operating instructions the following instructions are used.
These instructions must be read carefully and followed without fail!

A DANGER

Serious risk of injury!
Failure to follow this safety instruction directly endangers the life and health of persons.

Risk of injury!
Failure to follow this safety instruction endangers the life and health of persons.

A CAUTION

Personal injuries!
Failure to follow this safety instruction can lead to injuries to persons.

NOTE

Damage to the environment/equipment or data loss
Failure to follow this instruction can lead to environmental damage, equipment damage or data loss.

® Tip or pointer
1 This symbol indicates information that contributes to better understanding.

12 Version: 3.1.0 Application Guide TwinSAFE
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1.2.5 Explanation of terms

Name Explanation

B10, Mean number of cycles after 10% of the components have dangerously failed

CCF Failures with a common cause

dop Mean operating time in days per year

DC,,, Average diagnostic coverage

hop Mean operating time in hours per day

MTTF, Mean time to dangerous failure

Nop Mean number of annual actuations

PFHp Probability of a dangerous failure per hour

PL Performance level

PL, Required Performance Level

Teyoe Mean time between two successive cycles of the system (given in minutes in the following
examples, but can also be given in seconds)

T Lifetime of the device (typically 20 years for TWinSAFE devices)

Ao Dangerous failure rate given in FIT (failure rate in 10° component hours)

Tiop Operating time - maximum operating time for electromechanical components, for example

TwinSAFE SC |The TwinSAFE SC technology (SC - Single Channel) enables a signal from a standard
terminal to be packaged in a FSoE telegram and transmitted via the standard fieldbus to the
TwinSAFE Logic. As a result, falsifications on the transmission path can be excluded. Within
the TwWinSAFE Logic, this signal is checked with a further independent signal. This
comparison result typically yields an analog value corresponding to a category 3 and PL d.

This technology does not support digital input signals and cannot be used in a single-
channel structure (only one TwinSAFE SC channel).

Application Guide TwWinSAFE Version: 3.1.0 13
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1.3 Documentation issue status

Version [Comment

3.1.0 » Chapter Planning a safety project with TwinSAFE components added

3.0.0 * PROFIsafe examples added
* Document structure revised
» Confirmation of conformity updated

2.2.0 * EPP9022-9060 example updated

21.0 » Migration

* Examples AX8xxx, EL2911, EP1957 and EPP9022-9060 added
 Information on training courses added

» Confirmation of conformity updated

2.0.0 * EK1960 examples added
» Calculation in chapter 2.26 corrected

1.9.1 * Note added in chapter 2.17 and 2.18

1.9.0 * Chapter 2.18 revised
» Chapter Planning a safety project, added

1.8.0 * TwinSAFE SC examples added

* Example for Bosch Rexroth IndraDrive drive family

» Designation SIL2 communication replaced with TwinSAFE SC
* Examples 2.25 and 2.26 updated

» General revision of all chapters

1.7.0 » Chapter Direct wiring of the TwinSAFE outputs to TwinSAFE inputs (single channel) revised
* Foreword updated

» Chapter Purpose and area of application expanded

 Structure diagram chapters 2.25 and 2.26 updated

» Chapter 2.27 added

* Chapters 2.2.3.2,2.3.3.2,2.4.3.2,2.5.3.2,2.7.3.2 and 2.19.3.2. substantiated (notes on direct /
indirect reading back removed)

* Note texts added in chapter 2.19

1.6.2 » Confirmation of conformity updated
» Graphics in chapters 2.25 and 2.26 updated
» Chapter Purpose and area of application added

1.6.1 * Chapters 2.25 and 2.26 added

1.6.0 * Chapters 2.17 and 2.18 revised

1.5.0 » Chapter 2.24 added

» Documentation versions added
* Document origin added

» Formatting changed

1.4.0 » Headers extended with categories and performance levels
* Note in Chapter 2.6 moved

1.3.0 » Terms of delivery removed

1.2.0 » Correction to Chapter 2.6

1.1.0 * First released version
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BEGKHOFF ESTOP functions

2 ESTOP functions

2.1 ESTOP function variant 1 (category 3, PL d)

The emergency stop button is connected via two normally closed contacts to an EL1904 safe input terminal.
The testing and the monitoring of the discrepancy of the two signals are activated. The restart and the
feedback signal are wired to standard terminals and are transferred to TwinSAFE via the standard PLC. The
contactors K1 and K2 are connected in parallel to the safe output. Current measurement and testing of the
output are active for this circuit.
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' st . 2| . o
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[ ]
' R '
: (oo )| -t
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R (o Y i
= ' : [ Actvaed Delay Tise e
L& [] 100 ms & Fore) L
Restart =iz ' ] ——{EStopDel0u..| e Logical connection in
s2 4 o LRl ===  the EL6900
I i
-m L} —.. |
N s
' (13
K1 -
Ll : !iE.J
4 e
' iters

211 Parameters of the safe input and output terminals

EL1904

Parameter Value
Sensor test channel 1 active Yes

Sensor test channel 2 active Yes

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
EL2904

Parameter Value
Current measurement active Yes

Output test pulses active Yes

Application Guide TwWinSAFE Version: 3.1.0 15
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21.2 Block formation and safety loops

21.21 Safety function 1

K1

— S1 EL1904 | —— EL6900 —— EL2904

K2

Functional &
Safety

21.3 Calculation

2.1.31 PFHD / MTTFD / B10D — values

Component Value

EL1904 — PFH, 1.11E-09

EL2904 — PFH, 1.25E-09

EL6900 — PFH, 1.03E-09

S1-B10, 100,000

S2 -B10, 10,000,000

K1-B10, 1,300,000

K2 - B10, 1,300,000

Days of operation (d,,) 230

Hours of operation / day (h,,) 16

Cycle time (minutes) (T,yqe) 10080 (1x per week) (7 days, 24 hours)
Lifetime (T1) 20 years = 175200 hours

21.3.2 Diagnostic Coverage DC

Component Value

S1 with testing/plausibility DC,,,=99%
K1/K2 with testing and EDM DC,,;=60%
(actuation 1x per week)

K1/K2 with testing and EDM DC,,;=90%
(actuation 1x per shift)

21.3.3 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10,values:

From:
B d, *h,, *60
nnp -
TZyklus
and:

16 Version: 3.1.0 Application Guide TwWinSAFE
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ESTOP functions

0,1*n

op

Inserting the values, this produces:

Y|
230*16* 60
n,, = 710080 =21,90
MTTFD:M:45662,1y:399999120h
0,1*21,90
K1/K2
230*16*
, BOMIET0 o
10080
MTTF, = M =593607,3y =5199997320h
0,1*21,90

and the assumption that S1, K1 and K2 are each single-channel:

MTTF, = /li

D
produces for

0.1*n,, *(1-DC) _1-DC

PFH = -
B0, MTTF,

S1

1-0,99

PFH = —F7——
45662,1*8760

=2,50E-11

K1/K2 actuation 1x per week

1-0,60

- _769E-11
593607,3*8760

K1/K2 actuation 1x per shift

1-0,90

= 1 92E-11
593607,3*8760

The following assumptions must now be made:

Safety switch S1: According to BIA report 2/2008, error exclusion to up 100000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10d values for K1 and K2 are

identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where B =10%. EN 62061 contains a table with which this B-factor can be precisely

Application Guide TwWinSAFE
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determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

, PFH ., + PFH .,

PFH = PFH g, + PFH ;004 + PFH 4909, + PFH +p 2

(EL2904)

+ (1= B)* *(PFH ,, * PFH ,)*T1

_B)?* % *
Since the portion (=P * (PFH ) * PFH ) *T1 is smaller than the rest by the power of ten, it is neglected in

this and all further calculations for the purpose of simplification.

to:

PFH = 2,5E-11+1L11E-09+1,03E-09+1,25E -09+10%* 7’96E_11;7’96E_11 =3,42E-09
in the case of actuation 1x per week
or

PFH,, = 2,5E—114+1,11E—~09+1,03E —09+1,25E — 09+ 10% * 222E THHLRE L3 4y o9

2

in the case of actuation 1x per shift

The MTTF, value for block 1 (based on the same assumption) is calculated with:

MTTF,,, = MTTF,,
as:
1 1 1 1 1 1
= + + + +
MTTFDge: MTTFD(SI) MTTFD(EL1904) MTTFD(EL&QOO) MTTFD(EL29O4) MTTFD(KI)
with:
MTTF, Bl0psy

DSy —
“0,1%n,,

B10
MTTF, 4, = 0 1:(:1)
s op

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

1-DC,, .
MTTFD(Eme) = ( PFH (ELLM))
(ELxxxx)
Hence:
1-DC _
MTTFD(EL]904) = ( PFH (ELIQ(M)) = d 0199) A = 0,01 =1028,8y
(EL1904) l,llE—092*8760— 9,72E — 06—
y y
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MTTF (1 - DC(ELGQOO)) _ (1 - 0> 99)

0,01

(EL6900) —
P PFH 0 1035 - 09 %8760
h

y

MTTF (1 - DC(EL2904)) _ (1 — 0’99)

=

= =1108,6y
9,02E — 06—
y

0,01

(EL2904) =
o PFH o0, 1,25 -09) %8760
h

Y

MTTF, !

=

= =913,2y
L1E - 05—
y

Des =T 1 1 1

I =334,1y

+ + +
45662,1y 1028,8y 1108,6y 913,2y

99% 99% 99% 99%
+ + +

+
593607,3y

60% 60%
+

DC

@ 1 1 1 1

+
_ 45662,1y 1028,8y 1108,6y 9132y 5936073y 5936;)7,3)/:98,96%

1

+ + + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y  593607,3y

or:

99% 99% 99% 99%
+ + +
DC

90% 90%
+

e 1 1 1 1

+
_ 45662,1y 1028,8y 1108,6y 9132y 5936073y 5936(1)7,3)/:98,99%

1

+ + + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y  593607,3y

Application Guide TwWinSAFE
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BECKHOFF

Measures for attaining category 3!

A CAUTION

This structure is possible up to category 3 at the most, since an error in the feedback path of the relays may
be undiscovered. In order to achieve category 3, all rising and falling edges must be evaluated together
with the time dependence in the controller for the feedback expectation!

A CAUTION

Implement a restart lock in the machine!
The restart lock is NOT part of the safety chain and must be implemented in the machine!

MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

Diagnostic coverage

limit values shown in this table.

NOTE

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the

Category B 1 2 2 3 3 4
MTTES bc none none low medium low medium high
low a - a b b C -
medium b - c c d -
high - c c d d d e
20 Version: 3.1.0 Application Guide TwWinSAFE
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2.2

ESTOP function variant 2 (category 3, PL d)

The emergency stop button is connected via two normally closed contacts to an EL1904 safe input terminal.
The testing of the two signals is activated. The signals are not tested for discrepancy. The restart and the
feedback signal are wired to standard terminals and are transferred to TwinSAFE via the standard PLC. The
contactors K1 and K2 are connected in parallel to the safe output. Current measurement and testing of the

output are active for this circuit.

Emergency stop
button

S1

j
of]|
=

K1

[l;.-[_ .

]

:

Emetgency Stop

g
o
i
=

on
‘on

;
:

Activated

[C] Activated

Delay Time

100 ms

i) F

5
e

on
s’

i

K
k

e

Logical connection in

the EL6900

221 Parameters of the safe input and output terminals
EL1904

Parameter Value
Sensor test channel 1 active Yes

Sensor test channel 2 active Yes

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
EL2904

Parameter Value
Current measurement active Yes

Output test pulses active Yes

Application Guide TwWinSAFE
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222 Block formation and safety loops
2221 Safety function 1
K1
— s1 EL1904 —— EL6900 —— EL2904 |
K2
Fug:fl;r:;alg
223 Calculation
2.2.3.1 PFHD / MTTFD / B10D - values
Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH;, 1.03E-09
S1-B10, 100,000
S2 -B10, 10,000,000
K1 -B10p 1,300,000
K2 - B10p 1,300,000
Days of operation (d,,) 230
Hours of operation / day (h,,) 16
Cycle time (minutes) (T,yqe) 10080 (1x per week)
Lifetime (T1) 20 years = 175200 hours

2232 Diagnostic Coverage DC

Component

Value

S1 with testing / without plausibility

DC,,,=90%

K1/K2 with testing and EDM
(actuation 1x per week)

DC,,,=60%

K1/K2 with testing and EDM
(actuation 1x per shift)

DC,,,=90%

2.2.3.3

Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:
d, *h, *60
n,, =
TZyklus
and:
22 Version: 3.1.0 Application Guide TwWinSAFE



BEGKHOFF ESTOP functions

0,1*n

op

Inserting the values, this produces:

S1:
230*16*
, JBOTI6T60 o,
10080
MTTFD:M:45662,1y:399999120h
0,1*21,90
K1/K2:
* *
. _230%16 60:21’90
Y 10080
MTTF, = M =593607,3y =5199997320h
0,1*21,90

and the assumption that S1, K1 and K2 are each single-channel:

MTTF, = %

‘D

produces for

0,1*n,*(1-DC) 1-DC

PFH = -
BI0O,, MTTF,

S1:
PFH 1-0,90 =2,50E -10

~ 45662.1%8760

K1/K2: actuation 1x per week

= & =7,69E —11
593607,3 *8760

K1/K2: actuation 1x per shift

12090 epn
593607,3*8760

The following assumptions must now be made:

Safety switch S1: According to BIA report 2/2008, error exclusion to up 100000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

Application Guide TwWinSAFE Version: 3.1.0 23
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There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where B =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

PFH

(K1)
PFngx = PFH(SI) +PFH(ELI9(J4) + PFH(EL69OO) +PFH(EL29O4) +p*

+ PFH

> 2+ (1= B) *(PFH ) * PFH ., ) *T1

_B)?* * *
Since the portion (=B * (PFH o * PFH ) *T1 is smaller than the rest by the power of ten, it is neglected in

this and all further calculations for the purpose of simplification.

to:

7,96E -11+7,96E —11

PFH,, =2,5E—10+L11E - 09 +1,03E — 09 +1,25E — 09 +10% * > =3,65E 09
in the case of actuation 1x per week
or

PFH,, =2,5E—-10+L11E-09+1,03E —09+1,25E —09 +10%* LORE-IHL92E 115 6sp g9

2

in the case of actuation 1x per shift

Calculation of the MTTF,, value for safety function 1 (under the same assumption):

1 o]
MTTF, _;MTTF

Dges Dn

as:
1 1 1 1 1 1
= + + + +
MTTFDges MTTFD(SI) MTTFD(EL1904) MTTFD(ELGDOO) MTTFD(EL29()4) MTTFD(KI)
with:
B10,,
MTTF, ., = D
Pew 0’1 * nnp
MTTF Bl0px)

DK =
D 0,1%n,,

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

(1 - DC(ELXX)C.\’))

MTTFD(EL,mx) = PFH

(ELxxxx)

Hence:
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1-DC _
MTTE, 0 = ( e (EL1904)) _ (1 01,99) . _ 0,01 —1028,8y
(EL1904) 1LIIE-09—*8760— 9,72FE —06—
h y y
1-DC, — 1
MTTFD(ELG‘)OO) _ ( e (EL6900)) _ { 0199) . _ 0,0 —1108,6y
(EL6900) 1,03E —09—*8760— 9,02E — 06—
h y y
(1= DC 12004 1-0,99 0,01
MTTFD(EL2904) = PFH E2° = ( 1 ) A = =913,2y
(EL2904) 1,25E -09—*8760— 1,1E—-05—
h y y
= ! =334,1
MITEpe == 1 1 1 1 oY
+ + + +
45662,1y 1028,8y 1108,6y 913,2y 593607,3y

90% 99% 99% 99%
+ +

60% 60%
+

+ +
P L 456621y 10288y 11086y 9132y 5936073y 5936?7,3)/:98’89%

“E 1 1 1 1

1

+ + + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y  593607,3y

or:

90% 99% 99% 99%
+ +

90% 90%
+

+ +
pe L A456621y 10288y 11086y 9132y 5936073y 5936(1)7,3)/:98’92%

@ 1 1 1 1

1

+ + + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y  593607,3y
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Measures for attaining category 3!

the controller for the feedback expectation.

A CAUTION

This structure is possible only up to category 3 at the most on account of a possible sleeping error. In order
to achieve category 3, all rising and falling edges must be evaluated together with the time dependence in

A CAUTION

Implement a restart lock in the machine!
The restart lock is NOT part of the safety chain and must be implemented in the machine!

MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

Diagnostic coverage

limit values shown in this table.

NOTE

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the

Category B 1 2 2 3 3 4
MTTES bc none none low medium low medium high
low a - a b b C -
medium b - c c d -
high - c c d d d e
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2.3 ESTOP function variant 3 (category 4, PL e)

The emergency stop button is connected via two normally closed contacts to an EL1904 safe input terminal.
The testing of the two signals is activated. These signals are checked for discrepancy. The restart and the
feedback signal are wired to standard terminals and are transferred to TwinSAFE via the standard PLC.
Furthermore, the output of the ESTOP function block and the feedback signal are wired to an EDM function
block. This checks that the feedback signal assumes the opposing state of the ESTOP output within the set
time.

The contactors K1 and K2 are connected in parallel to the safe output. Current measurement and testing of
the output are active for this circuit.
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|
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e
231 Parameters of the safe input and output terminals
EL1904
Parameter Value
Sensor test channel 1 active Yes
Sensor test channel 2 active Yes
Sensor test channel 3 active Yes
Sensor test channel 4 active Yes
Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
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EL2904

Parameter Value

Current measurement active Yes

Output test pulses active Yes

2.3.2 Block formation and safety loops

23.21 Safety function 1

K1
— s1 EL1904 —— EL6900 EL2904 — -
K2
Fug::it:ynal@*
2.3.3 Calculation
2.3.31 PFHD / MTTFD / B10D - values
Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
S1-B10, 100,000
S2-B10, 10,000,000
K1 -B10, 1,300,000
K2 - B10, 1,300,000
Days of operation (d,,) 230
Hours of operation / day (h,,) 16
Cycle time (minutes) (T.yqe) 10080 (1x per week)
Lifetime (T1) 20 years = 175200 hours

2.3.3.2 Diagnostic Coverage DC

Component

Value

S1 with testing/plausibility

DC,,,=99%

K1/K2 with testing and EDM
(actuation 1x per week)

DC,,,=90%

K1/K2 with testing and EDM
(actuation 1x per shift)

DC.,,,=99%

2.3.3.3 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

28
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From:

d, *h, *60

n,, =
: T, Zyklus
and:
MTTF, = B10,
0,1%n,,

Inserting the values, this produces:

S1:
230*16*
O Uha U R
10080
MTTFD:M:45662,1y:399999120h
0,1*21,90
K1/K2:
* *
. _230%16 60:21’90
Y 10080
MTTF, = M =593607,3y =5199997320h
0,1*21,90

and the assumption that S1, K1 and K2 are each single-channel:

MTTF, = %

‘D
produces for

0,1*n,*(1-DC) 1-DC

PFH = -
BI0,, MTTF,

S1:

= & =2,50E-11
45662,1*8760

K1/K2: actuation 1x per week

1-0,90

=——=1,92F -11
593607,3*8760

K1/K2: actuation 1x per shift

1-0,99

- % _19E-12
593607,3*8760

The following assumptions must now be made:
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Safety switch S1: According to BIA report 2/2008, error exclusion to up 100000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10d values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where B =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

*PFH(K1>+PFH(K2) 2 % " "
PFngs:PFH(S1)+PFH(EL1904)+PFH(EL69OO)+PFH(EL29O4)+ﬂ fﬁL(l_ﬂ) (PFH(KI) PFH(KZ)) T1

_ 2
Since the portion (=B (PFH o * PFH ) *T1 is smaller than the rest by the power of ten, it is neglected in

this and all further calculations for the purpose of simplification.

to:

PFH,, =2,5E~11+111E —09+1,03E — 09 +1,25E — 09 +10% * 1’92E_“;1’92E_“ =3,42E-09
in the case of actuation 1x per week
or

PFH, =2,5E~11+111E-09+1,03E =09 +1,25E = 09 +10%* 192 12 +1,92E ~12 =3,42E-09

2

in the case of actuation 1x per shift

Calculation of the MTTF, value for safety function 1 (under the same assumption):

1 = 1

MTTF,, ‘S MITTF,,
as:
1 1 1 1 1 1
= + + + +
MTTFDge: MTTFD(SI) MTTFD(EL1904) MTTFD(ELéQOO) MTTFD(EL2904) MTTFD(KI)
with:
MTTF, Bl0psy

D(ST) —
“0,1%n,,

B10,,
MTTF iy =i
B op

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:
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1-DC,
MTTEF, D(ELvxxx) — %

(ELxxxx)

Hence:
1-DC 1- 1
MTTFD(EL1904) = ( PFH (ELIW)) = ( 0i99) A = 0,0 =1028,8y
(EL1904) 1LIIE-09—*8760— 9,72E —06—
h y y
1-DC 1- 1
MTTFy p6000) = ( PFH (o) = ( 0199) = 0,0 =1108,6y
(EL6900) 1,03E —09—*8760— 9,02E — 06—
h y y
(1-DC, ) 1-0,99 0,01
MTTFD(EL2904) = PFH S ( 1 ) 7 = 913,2y
(EL2904) 1,25E -09—*8760— 1,1E-05
h y y
MITF, = ! =334,1y
Dges — = Y
1 . 1 N 1 + 1 N 1
45662,1y 1028,8y 1108,6y 913,2y 593607,3y
99% + 99% N 99% 99% 90% 90%

+ + +
pe - 456621y 10288y 11086y 9132y 5936073y 5936073y _ ¢ g0,

e 1 1 1 1 1 1

+ + + + +
45662,1y  1028,8y 1108,6y 913,2y  593607,3y 5936073y

or:

99% + 99% N 99% + 99% 99% 99%

DC, =

@e 1 1 1 1 1

+ +
45662,1y  1028,8y 1108,6y 913,2y  593607,3y 5936?7,3)/:99’00%

+ + + + +
45662,1y  1028,8y 1108,6y 913,2y  593607,3y 5936073y
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A CAUTION

Measures for attaining category 4!

This structure is possible up to category 4 at the most. In order to attain category 4, all rising and falling
edges must be evaluated together with the time dependence in the controller for the feedback expectation!

A CAUTION

Implement a restart lock in the machine!
The restart lock is NOT part of the safety chain and must be implemented in the machine!

MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

NOTE

Diagnostic coverage
For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category B 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low a - a b b c -
medium b - b c c d -
high - C c o] d d =
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24 ESTOP function variant 4 (category 4, PL e)

The emergency stop button with two normally closed contacts, the restart and the feedback loop are
connected to safe channels of an EL1904 input terminal. The testing of the signals is activated. The two
emergency stop signals are tested for discrepancy. The contactors K1 and K2 are connected in parallel to

the safe output. Current measurement and testing of the output are active for this circuit.

s_u}
rm
=
W #1 Emergency Stop
,—== .. oo Restart.
Restart o
2| e () &
06 i--- =] Do ;
6! ' (Estopz. J '
Emergency stop ~N I] ] '
k (]
button ] . K] '
v d 178181 ool 0
. I~ '
S1 £ KJ :
0FF H
[]
R '
(]
-='
XX X X ) [¥] Activared E
' Dhbest pdytie =
N 100 ms % = - --
H C—Esis0enu ) o0
' ==
’ K1)
K1 . I |
[] [ JJ
: “ﬂ

13

K2

241 Parameters of the safe input and output terminals

EL1904 (applies to all EL1904 used)

Logical connection in
the EL6900

Parameter Value
Sensor test channel 1 active Yes

Sensor test channel 2 active Yes

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
EL2904

Parameter Value
Current measurement active Yes

Output test pulses active Yes
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24.2 Block formation and safety loops

2421 Safety function 1

EL1904 — EL6900 H EL2904

243 Calculation

H EL1904

Functional &
Safety

2431 PFHD / MTTFD / B10D — values
Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
S1-B10, 100,000
S2 -B10, 10,000,000
K1 -B10p 1,300,000
K2 - B10p 1,300,000
Days of operation (d,,) 230
Hours of operation / day (h,,) 16

Cycle time (minutes) (T,,.)

10080 (1x per week)

Lifetime (T1)

20 years = 175200 hours

24.3.2 Diagnostic Coverage DC

Component

Value

S1 with testing/plausibility

DC.,,,=99%

S2 with plausibility

DC,,;=90%

K1/K2 with testing and EDM
(actuation 1x per shift)

DC.,,,=99%

2433 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

Ly, *60
op T

Zyklus

and:
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0,1*n

op

Inserting the values, this produces:

S1:

_230*16*60

n, =21,90
10080

100.000

=45662,1y =399999120A

S2:

_230*16*60

n, =21,90
10080

mrTF, = 10000000 4566210,0y = 4E10h
P 0,1%21,90

K1/K2:

_230*16*60

n, =21,90
10080

MTTF. — 1.300.000
0,1*21,90

D

=593607,3y =5199997320h

and the assumption that S1, S2, K1 and K2 are each single-channel:

MTTF, = %

‘D

produces for

0,1*n,*(1-DC) 1-DC
B0,  MTTF,

PFH =

S1:

1-0,99

PFH =—————
45662,1*8760

=2,50E 11

S2:

1-0,90

= 7 _)250E-12
4566210,0*8760

K1/K2: actuation 1x per shift

1-0,99

= % _19E-12
593607,3*8760

The following assumptions must now be made:

Application Guide TwWinSAFE Version: 3.1.0
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Safety switch S1: According to BIA report 2/2008, error exclusion to up 100000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where B =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

" PFH ), + PFH ,, 2% N .
PFH ,, = PFH g, + PFH ; 004) + PFH g 6000) + PFH 512000 + B f-k(l—ﬂ) (PFH ) * PFH ;) *T1

+PFH g, + PFH,

(EL1904)

(1-B)* *(PFH y,, * PFH 4, ) *T1

Since the portion is smaller than the rest by the power of ten, it is neglected in
this and all further calculations for the purpose of simplification.

to:

LO2E -12+1,92E —12
2

PFH,, =2,5E-11+L11E-09+1,03£-09+1,25E -09+10%* +2,5E-12+1,11E-09=4,53E -09

in the case of actuation 1x per shift

Calculation of the MTTF,, value for safety function 1 (under the same assumption):

1 z 1

MTTF,,, ‘= MITTF,
as.
1 1 1 1 1 1 1 1
= + + + + + +
MTTFDgeS MTTFD(SI) MTTFD(EL1904> MTTFD(EL69OO) MTTFD(EL2904) MTTFD(KI) MTTFD(sz) MTTFD(EL1904)
with:
MTTF, Bl0psy

D(ST) —
“0,1%n,,

B10
MTTFy i = 15;:2)
A*n,
B10, 4,
MTTF, .\, = 5 1:;1"
> op

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

(1-DC g )
MTTFD(ELchch) = Tm)

(ELxxxx)
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Hence:

1-DC,, -
MTTF, _§ ) _ (1-0.59) - 000 oagy
D(EL1904) PFH 1 h
(Gt L1E =09 %8760~ 9,72 ~06-

y y

1-DC,, _
MITE, ;0 = ( L)) _ (1-0,99) __ 001 . 8.6y
- PFH . 1 h
(rLewo)  1,03E — 092 *8760—  9,02E — 06—

y y

1-DC, _
wrze, o 0 PCaa) _ 02099) 001 g
D(EL2904) PFH 1 h 1
Fam - 1,25E—09- *8760-- LIE-05—
y

y

MITFpg =— 1 1 1 1 1 1

+ + + + + +
45662,1y  1028,8y 1108,6y 913,2y  593607,3y 4566210,0y 1028,8y

=252,y

909% . 9% 9% 9% _ 90% . 90% _ 90% _ 99%
Dcavg:456612,1y 102?,8)} 110513,6y 9131,2y 5936?7,3)/ 5936(1)7,3y 45662110,0)/ 10288y _ g¢ 990
+ + + + + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y  593607,3y 4566210,0y 1028,8y

or:

909% . 9% 9% 9% 9% . 9% _ 90% 9%
DCavg:456612,1y 102?,8)} 110515,6y 9131,2y 5936?7,3)/ 5936?7,3y 45662110,0y 102?,8)/:99’00%
+ + + + + + +
45662,1y  1028,8y 1108,6y 913,2y  593607,3y 593607,3y 4566210,0y  1028,8y
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NOTE

Category
This structure is possible up to category 4 at the most.
MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF; < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

NOTE

Diagnostic coverage

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category 1 2 2 3 3 4
MTTES bc none none low medium low medium high
low - a b b c -
medium - b c c d -
high C c d d d e
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2.5 ESTOP function variant 5 (category 4, PL e)

The emergency stop button with two normally closed contacts, the restart and the feedback loop are
connected to safe channels of an EL1904 input terminal. The testing of the signals is activated. The two
emergency stop signals are tested for discrepancy. Contactors K1 and K2 are wired to different output
channels. The A2 connections of the two contactors are fed together to ground. The current measurement of
the output channels is deactivated for this circuit. The testing of the outputs is active.

ﬂ Emergency Stop
Restart... |
Restart
s2 S5} e o
Estopinz.. | wo .
Emergency stop :
button »| '
G '
(]
si 2| '
]
2| "
]
-=' @
(R XXX ] [¥] Activated E
: [ Actvared 01;5/!&1.- . %
: -_@ (Y ) Logical connection in
. wE " the EL6900
' m
K1 H . ..
} o
2.51 Parameters of the safe input and output terminals
EL1904 (applies to all EL1904 used)
Parameter Value
Sensor test channel 1 active Yes
Sensor test channel 2 active Yes
Sensor test channel 3 active Yes
Sensor test channel 4 active Yes
Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
EL2904
Parameter Value
Current measurement active No
Output test pulses active Yes
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25.2 Block formation and safety loops

2521 Safety function 1

EL1904 — EL6900 H EL2904

2.5.3 Calculation

H EL1904

Functional &
Safety

2531 PFHD / MTTFD / B10D — values
Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
S1-B10, 100,000
S2 -B10, 10,000,000
K1 -B10p 1,300,000
K2 - B10p 1,300,000
Days of operation (d,,) 230
Hours of operation / day (h,,) 16

Cycle time (minutes) (T,,.)

10080 (1x per week)

Lifetime (T1)

20 years = 175200 hours

2.5.3.2 Diagnostic Coverage DC

Component

Value

S1 with testing/plausibility

DC.,,,=99%

S2 with plausibility

DC,,;=90%

K1/K2 with testing and EDM
(actuation 1x per shift)

DC.,,,=99%

2533 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

Ly, *60
op T

Zyklus

and:
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0,1*n

op

Inserting the values, this produces:

S1:

_230*16*60

n, =21,90
10080

100.000

=45662,1y =399999120A

S2:

_230*16*60

n, =21,90
10080

mrTF, = 10000000 4566210,0y = 4E10h
P 0,1%21,90

K1/K2:

_230*16*60

n, =21,90
10080

MTTF. — 1.300.000
0,1*21,90

D

=593607,3y =5199997320h

and the assumption that S1, S2, K1 and K2 are each single-channel:

MTTF, = %

‘D

produces for

0,1*n,*(1-DC) 1-DC
B0,  MTTF,

PFH =

S1:

1-0,99

PFH =—————
45662,1*8760

=2,50E 11

S2:

1-0,90

= 7 _)250E-12
4566210,0*8760

K1/K2: actuation 1x per shift

1-0,99

= % _19E-12
593607,3*8760

The following assumptions must now be made:

Application Guide TwWinSAFE Version: 3.1.0
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Safety switch S1: According to BIA report 2/2008, error exclusion to up 100000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10d values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where B =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

" PFH ), + PFH ,, 2% N .
PFH ,, = PFH g, + PFH ; 004) + PFH g 6000) + PFH 512000 + B f-k(l—ﬂ) (PFH ) * PFH ;) *T1

+PFH g, + PFH,

(EL1904)

(1-B)* *(PFH y,, * PFH 4, ) *T1

Since the portion is smaller than the rest by the power of ten, it is neglected in
this and all further calculations for the purpose of simplification.

to:

LO2E -12+1,92E —12
2

PFH,, =2,5E-11+L11E-09+1,03£-09+1,25E -09+10%* +2,5E-12+1,11E-09=4,53E -09

in the case of actuation 1x per shift

Calculation of the MTTF,, value for safety function 1 (under the same assumption):

1 z 1

MTTF,,, ‘= MITTF,
as.
1 1 1 1 1 1 1 1
= + + + + + +
MTTFDgeS MTTFD(SI) MTTFD(EL1904> MTTFD(EL69OO) MTTFD(EL2904) MTTFD(KI) MTTFD(sz) MTTFD(EL1904)
with:
MTTF, Bl0psy

D(ST) —
“0,1%n,,

B10
MTTFy i = 15;:2)
A*n,
B10, 4,
MTTF, .\, = 5 1:;1"
> op

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

(1-DC g )
MTTFD(ELchch) = Tm)

(ELxxxx)
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Hence:

1-DC,, -
MTTF, _§ ) _ (1-0.59) - 000 oagy
D(EL1904) PFH 1 h
(Gt L1E =09 %8760~ 9,72 ~06-

y y

1-DC,, _
MITE, ;0 = ( L)) _ (1-0,99) __ 001 . 8.6y
- PFH . 1 h
(rLewo)  1,03E — 092 *8760—  9,02E — 06—

y y

1-DC, _
wrze, o 0 PCaa) _ 02099) 001 g
D(EL2904) PFH 1 h 1
Fam - 1,25E—09- *8760-- LIE-05—
y

y

MITFpg =— 1 1 1 1 1 1

+ + + + + +
45662,1y  1028,8y 1108,6y 913,2y  593607,3y 4566210,0y 1028,8y

=252,y

909% . 9% 9% 9% _ 90% . 90% _ 90% _ 99%
Dcavg:456612,1y 102?,8)} 110513,6y 9131,2y 5936?7,3)/ 5936(1)7,3y 45662110,0)/ 10288y _ g¢ 990
+ + + + + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y  593607,3y 4566210,0y 1028,8y

or:

909% . 9% 9% 9% 9% . 9% _ 90% 9%
DCavg:456612,1y 102?,8)} 110515,6y 9131,2y 5936?7,3)/ 5936?7,3y 45662110,0y 102?,8)/:99’00%
+ + + + + + +
45662,1y  1028,8y 1108,6y 913,2y  593607,3y 593607,3y 4566210,0y  1028,8y

Application Guide TwWinSAFE Version: 3.1.0 43



ESTOP functions

BECKHOFF

NOTE

Category
This structure is possible up to category 4 at the most.
MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF; < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

NOTE

Diagnostic coverage

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low - a b b c -
medium - b c c d -
high C c d d d e
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2.6

ESTOP function variant 6 (category 3, PL d)

The emergency stop button with two normally closed contacts, the restart and the feedback loop are
connected to safe channels of an EL1904 input terminal. The testing of the signals is activated. The two
emergency stop signals are tested for discrepancy. Contactors K1 and K2 are wired to different output
channels. The A2 connections of the two contactors are fed together to ground. The current measurement of
the output channels is deactivated for this circuit. The testing of the outputs is not active.

3

=
= ol P— wweE
!i - oo Redta - -
— i 5| =8
Restart E; :
) A8 oo o of (LI > & - - SREE
- 200ms . -
Emergency stop [—! : @ (] LI.E-1.)
button I ' 2| ! EEEE
b= ' ' = !lg '!I
(i B aaat ' b8ls
o 5 2| ! ommm
i y AAbb
2 y EAEN
- ]
r -=! Tw
i) -
= [ [2) Activated E
- : [)Activated Delay Time o
Y T as
[ 0 _@ L Logical connection in
- - N - EL6900
1. : a8
)
K1 - I . Egl
-] : B8
[_"; - o Eg
K2 2 2
nmab 9m6
BECKHOFF ) _I;EF
A CAUTION

Category

This structure is possible only up to category 3 at the most on account of a possible sleeping error.
Since the EL2904 terminal has only SIL2 in this application, the entire chain has only SIL2!

2.6.1

EL1904 (applies to all EL1904 used)

Parameters of the safe input and output terminals (SIL 2)

Parameter Value

Sensor test channel 1 active Yes

Sensor test channel 2 active Yes

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic

Logic channel 3 and 4 Single Logic
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EL2904

Parameter Value

Current measurement active No

Output test pulses active No

2.6.2

2.6.2.1 Safety function 1

EL1904 EL6900 EL2904

H

Block formation and safety loops

EL1904

Functional @
Safety

2.6.3 Calculation

2.6.3.1 PFHD / MTTFD / B10D — values

Component Value

EL1904 — PFH, 1.11E-09

EL2904 — PFH, 1.25E-09

EL6900 — PFH, 1.03E-09

S1-B10, 100,000

S2 -B10, 10,000,000
K1-B10, 1,300,000

K2 - B10, 1,300,000

Days of operation (d,,) 230

Hours of operation / day (h,,) 16

Cycle time (minutes) (T,,qe) 10080 (1x per week)
Lifetime (T1) 20 years = 175200 hours

2.6.3.2 Diagnostic Coverage DC

Component

Value

S1 with testing/plausibility

DC.,,,=99%

S2 with plausibility

DC,,;=90%

K1/K2 without testing and with EDM via a safe input

DC,,;=90%
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2.6.3.3 Calculation of safety function 1
Calculation of the PFH, and MTTF, values from the B10, values:
From:
o _dyh, %60
v TZyklu.\'
and:
MTTF, = B10,
0,1%n,,
Inserting the values, this produces:
S1:
* *
n :230 16 60:21’90
? 10080
MTTF, = M =45662,1y =3999991204
0,1*21,90
S2:
% %
. _230*16 60:21’90
4 10080
MTTF, = W =4566210,0y =4E10A
0,1*¥21,90
K1/K2:
% *
n :230 16 60:21’90
i 10080
MTTF, = M =593607,3y =5199997320h
0,1*21,90
and the assumption that S1, S2, K1 and K2 are each single-channel:
1
MTTF, =
Ap
produces for
0,1*n_*(1-DC -
P = O " ) _1-DC
B10, MTTF,
S1:
12099 sopond
45662,1*8760
S2:
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__ 1205 2,50E -12
4566210,0*8760

K1/K2: actuation 1x per shift

= % =1,92E-12
593607,3 *8760

The following assumptions must now be made:

Safety switch S1: According to BIA report 2/2008, error exclusion to up 100000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where B =10%. EN 62061 contains a table with which this 3-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

*PFH(KI>+PFH(K2) 2% . "
PFngx:PFH(SI)+PFH(EL19O4)+PFH(EL6900)+PFH(EL2904)+ﬂ f'*(l_ﬁ) (PFH(KI) PFH(KZ)) T

+PFH

(52)

+ PFH

(EL1904)

_ 2
Since the portion (=P (PFH o * PFH ) *T1 is smaller than the rest by the power of ten, it is neglected in

this and all further calculations for the purpose of simplification.

to:

PFH,, :2,5E—11+1,11E—09+1,03E—09+1,25E—09+10%*1’92E_12;1’92E_12 +2,5E—12+1,11E - 09 =4,53E — 09

in the case of actuation 1x per shift

Calculation of the MTTF,, value for safety function 1 (under the same assumption):

1 z 1

MTTF,, < MTIF,,
as:
1 1 1 1 1 1 1 1
= + + + + + +
MTTFDges MTTFD(SI) MTTFD(ELI9()4) MTTFD(EL6900) MTTFD(EL2904) MTTFD(KI) MTTFD(SZ) MTTFD(ELI‘)(M)
with:

B10
MITE, = 00

op

Bl OD(SZ)

52) =
G0 0,1%n,,

MTTF,

D
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B10,, )

MTTF, =
(K1) 0,1* n,

D

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

(1 - DC(ELxxxx))

MTTE, ;... =
R PFH(EDOW:)
Hence:
1-DC,, _
MTTFD(EWF(PFH (1904 _ a 0199) - 0.0 _, 028.8y
#1908 1 11E —09—*8760— 9,72E — 06—
h y y
1-DC, _
MTTFD(ELMO):( PFH‘E“%“): d 0199) = 0,01 - =1108,6y
(ELe00)  1,03E —09—*8760— 9,02E — 06—
h y y
1-DC, _
MTTFD(EL2904>:( PFH<E“°°4’): d 0’199) == 0,01 -=913,2y
#2904 1,25E —09—*8760— 1,1E —05—
h y y
1
MTTF,, =—— ; 1 ; ; 1 ——=2521y
+ + + + + +
45662,1y 10288y 1108,6y 913,2y 593607,3y 4566210,0y 1028,8y
9% , 9% . 9% . 9% . 90% . 90% . 90% . 9%
Dcmg:456612,1y 102?,8)} 11021§,6y 9131,2y 5936?7,3)/ 5936(1)7,3)/ 45662110,0)/ 102%13,8y:98,99%

+ + + + + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y  593607,3y 4566210,0y 1028,8y
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Category

A CAUTION

This structure is possible only up to category 3 at the most on account of a possible sleeping error.
Since the EL2904 terminal has only SIL2 in this application, the entire chain has only SIL2!

MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

Diagnostic coverage

limit values shown in this table.

NOTE

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the

Category B 1 2 2 3 3 4
MTTES bc none none low medium low medium high
low a - b b -
medium b - c c -
high - c c d d d e
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2.7

ESTOP function variant 7 (category 4, PL e)

The emergency stop button with two normally closed contacts, the restart and the feedback loop are
connected to safe channels of an EL1904 input terminal. The testing of the emergency stop button is
deactivated on both channels. The sensor test is activated for the restart button and the feedback loop. The
two emergency stop signals are tested for discrepancy. The contactors K1 and K2 are connected in parallel
to the safe output. Current measurement and testing of the output are active for this circuit.

Restart
S2

Emergency stop
button

17718
(= -~

S1 £

K1

K2

L] Emergency Stop
Restart.
() &
EStopir2... | 2 >‘m’m ]
]
]
2| '
]
]
2] '
]
g] ]
[}
]
-a! W
e S =
[ hctivared Delay Time 1;7]
0m |2 -
—fesus0e0. ) 0
fE] ==e
A
K1}
i )
,l,']
K 1)
-
m
(1]
s

Logical connection in
the EL6900

2.71 Parameters of the safe input and output terminals
1. EL1904

Parameter Value

Sensor test channel 1 active Yes

Sensor test channel 2 active not used

Sensor test channel 3 active No

Sensor test channel 4 active No

Logic channel 1 and 2 Single Logic

Logic channel 3 and 4 Single Logic

2. EL1904

Parameter Value

Sensor test channel 1 active not used

Sensor test channel 2 active not used

Sensor test channel 3 active Yes

Sensor test channel 4 active not used

Logic channel 1 and 2 Single Logic

Logic channel 3 and 4 Single Logic
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EL2904

Parameter Value
Current measurement active Yes
Output test pulses active Yes

2.7.2 Block formation and safety loops

2.7.21 Safety function 1

EL1904

EL6900

Functional &
Safety

2.7.3 Calculation

2.7.31 PFHD / MTTFD / B10D — values

Component Value

EL1904 — PFH, 1.11E-09

EL2904 — PFH, 1.25E-09

EL6900 — PFH, 1.03E-09

S1-B10, 100,000

S2 -B10, 10,000,000
K1-B10p 1,300,000

K2 - B10, 1,300,000

Days of operation (d,,) 230

Hours of operation / day (h,,) 16

Cycle time (minutes) (T,yqe) 10080 (1x per week)
Lifetime (T1) 20 years = 175200 hours

2.7.3.2 Diagnostic Coverage DC

Component Value

S1 with plausibility DC,,,=90%
S2 with testing DC,,;=90%
K1/K2 with testing and EDM DC,,;=99%
(actuation 1x per shift)
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2.7.3.3 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

Ly Iy, *60
op T

Zyklus

and:
B10,

0,1%n,,

MTTF, =

Inserting the values, this produces:

S1:
230*16*
5 2 BOHE*E0 o,
10080
MTTF, :M: 45662,1y =3999991204
0,1¥21,90
S2:
*16 %
n :230 16 60:21’90
v 10080
MTTFD:W:4566210,0y:4E10h
0,1*¥21,90
K1/K2:
* *
n :230 16 60221’90
v 10080
MTTF, = M =593607,3y =5199997320A
0,1*21,90

and the assumption that S1, S2, K1 and K2 are each single-channel:

MTTF, = ;%

D

produces for
0,1*n,,*(1-DC) 1-DC

PFH = -
BI0,, MTTF,
S1:
__ 12090 _ 2,50E-10
45662,1*8760
S2:
120,90 =2,50E —12

~ 4566210,0*8760

K1/K2: actuation 1x per shift

1-0,99

- 27 _19E-12
593607,3*8760

The following assumptions must now be made:

Safety switch S1: According to BIA report 2/2008, error exclusion to up 100000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

Application Guide TwWinSAFE Version: 3.1.0
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Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where R =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

*PFH(K])-t-PFH(,Q) - " "
PFng: :PFH(SI) +PFH(EL1904) +PFH(EL6900) +PFH(EL29O4) +ﬂ f*(l_ﬂ) (PFH(KI) PFH(KZ)) T1

+PFH g, + PFH,

(EL1904)

_ R % * *
Since the portion (=B * (PFH e * PFH ) * T is smaller than the rest by the power of ten, it is neglected in

this and all further calculations for the purpose of simplification.

to:

PFH,, =2,5E~10+L11E - 09+1,03E - 09 +1,25E — 09 +10% * 1’92E_12;1’92E_12 +2,5E—12+1,11E—-09=4,75E — 09

in the case of actuation 1x per shift

Calculation of the MTTF,, value for safety function 1 (under the same assumption):

1 o 1

MTTF,,,, ‘= MTTF,
as:
1 1 1 1 1 1 1 1
= + + + + + +
MTTFDge: MTTFD(SI) MTTFD(EL19O4) MTTFD(EL69OO) MTTFD(EL2904) MTTFD(KI) MTTFD(SZ) MTTFD(EL19O4)
with:
B10
MTTFy(5 = I*D;S”
k) op
B10
(S2
MTTFy5s) = I:n )
> op
BI10
MTTF, ., = 5 1::“)
El op

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

(1 B DC(ELx.m))
MTTFD(Eme) = T
(ELxxxx)
Hence:
1-DC _
MTTE, 500 = ( e (EL1904)) _ a 0i99) = 0,01 10288y
(EL1904) LI1E-09—*8760— 9,72E — 06—
h y y
1-DC, 1— 1
MTTE, i = ( — (o) _ ( 0199) - 0,0 11086y
(EL6900) 1,03F —092*8760f 9,02E - 06—
y y
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1-DC, _
MTTFp g1 2000 = ( PFH ) = d 0’199) o 0,01 = 913,2y
(EL2904) 1,25E -09—*8760— 1,1E-05
h y
1
MTTF,,,, = ] 1 ] 7 ] 7 7 =252,1y

+ + + + + +
45662,1y 1028,8y 1108,6y 913,2y 593607,3y 4566210,0y 1028,8y

0% 9% . 9% 9% _ 90% . 90% . 90% . 99%
Dcmg:456612,1y 102:13,8y 110£1§,6y 9131,2y 5936?7,3)/ 5936(1)7,3y 45662110,0)/ 102?,8y:98,94%
+ + + + + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y  593607,3y 4566210,0y 1028,8y

or:
0% . 9% . 9% . 9% 9% . 9% . 90% 9%
Dcmg:456612,1y 102213,8)/ 110213,6y 9131,2y 5936?7,3)/ 5936?7,3)} 45662110,0y 102213,8)/:98)95%
+ + +

+ + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y 593607,3y 4566210,0y 1028,8y
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NOTE

Category
This structure is possible up to category 4 at the most.
MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF; < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

NOTE

Diagnostic coverage

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category 1 2 2 3 3 4
MTTES bc none none low medium low medium high
low - a b b c -
medium - b c c d -
high C c d d d e
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2.8 EK1960 digital inputs and outputs (category 4, PL e)

The emergency stop button S1 is wired with two normally closed contacts to safe inputs S9 and S10 on the
10-pole X6 connector. The first output group on the 10-pole X7 connector is configured as a clock source (for
FSOUT module 3, the parameter Diag TestPulse for Inputs active is set to TRUE). For inputs S9 and S10,
the parameter Channel x. Test pulse Diag Mode is configured based on the corresponding clock sources.

Contactors K5 and K6 are wired to outputs 7.5 and 7.6 on the second output module on X7. Terminal A2 of
the contactors is wired to the common ground of the 24 V. supply of terminal X7. The feedback loops of the
two contactors are wired in series from pulse 3 to input S8.

Restart S2 is wired to safe input S7 without testing. A restart option must be available for the application,
although this is not included in the calculation.

24V
s2 } Om
on
@)1
Erlpe_rggngv_stgo_ - [] )|
| G ,,,,,,,,,,, || )|
: S1 !I !I
——————— I 0
[ )]
plastic- !I !I
sheathed cable MI
4 24V 24Vpc
5 o
C
= My
Restart $7 =] Restart
S9 ] Estopint & Error 0]
E-Stop 510 cm—c | ESIOE\n2 :> 1000
¥a] Estopin3
¥0] EStoplind
¥3] Estoplns
¥3] EStopiné
] EStopin?
¥9) EStoplng StopOUL [ |5, K6

StopDelOut D

EDM 58 el EDM1
¥3] EDM2
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2.8.1 Parameters of the safe input and output modules

EK1960

Parameter Value

FSOUT module 3 (X7.1 — X7.4) -

8020:01 ModuloDiagTestPulse 0x00

8020:02 MultiplierDiagTestPulse 0x02

8020:03 Standard Outputs active FALSE

8020:04 Diag Testpulse active TRUE

8020:05 Diag Testpulse for Inputs active TRUE

FSOUT Module 4 (X7.5 — X7.8) -

8030:01 ModuloDiagTestPulse 0x00

8030:02 MultiplierDiagTestPulse 0x02

8030:03 Standard Outputs active FALSE

8030:04 Diag Testpulse active TRUE

8030:05 Diag Testpulse for Inputs active FALSE

FSIN Module 4 -

80A1:04 Channel 2.InputFilterTime 0x000C

80A1:05 Channel 2.DiagTestPulseFilterTime 0x0002

80A1:06 Channel 2.Testpulse Diag Mode (X7.3) Testpulse Detection Output Module 3.Channel 3
FSIN Module 5 -

80B1:01 Channel 1.InputFilterTime 0x000C

80B1:02 Channel 1.DiagTestPulseFilterTime 0x0002

80B1:03 Channel 1.Testpulse Diag Mode (X7.1) Testpulse Detection Output Module 3.Channel 1
80B1:04 Channel 2.InputFilterTime 0x000C

80B1:05 Channel 2.DiagTestPulseFilterTime 0x0002

80B1:06 Channel 2.Testpulse Diag Mode (X7.2) Testpulse Detection Output Module 3.Channel 2

ESTOP FB Parameter

Parameter Value
Reset Time (ms) (Port EDM1) 1000
Discrepancy Time (ms) (Port EStopIn1/EStopIn2) 1000
Safe Inputs After Disc Error TRUE

2.8.2 Block formation and safety loops
28.21 Safety function 1
K5
s L [EK1960 EK1960 EK1960
T digital input 1 Logic ] digital output
K6 oy O
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2.8.3 Calculation

2.8.3.1 PFHD / MTTFD / B10D — values

Component Value

EK1960 digital input — PFH, 6.40E-11

EK1960 safety mat input - PFH, 8.84E-10

EK1960 logic — PFH, 5.18E-09

EK1960 digital output — PFH, 1.50E-10

EK1960 relay output (cat. 4, two-channel) - PFH, 1.46E-09 (actuation 1x per hour)
EK1960 relay — B10, 1,500,000 (DC13 24 Vyc and |« <2 A)
S1-B10, 100,000

K5 -B10, 1,300,000

K6 —B10, 1,300,000

Days of operation (d,,) 230

Hours of operation / day (h,,) 16

Cycle time (minutes) (T.yqe) 10080 (1x per week)

Lifetime (T1) 20 years = 175200 hours

® Safety-over-EtherCAT communication

The PFH, value of the Safety-over-EtherCAT (FSoE) communication is included in the PFH, value
of the EK1960 logic component.

2.8.3.2 Diagnostic Coverage DC

Component Value
S1 with testing and plausibility check DC,,,=99%

K5/K6 with EDM monitoring (actuation 1x per week |DC,,,=99%
and evaluation of all rising and falling edges with
temporal monitoring) with testing

2.8.3.3 Calculation of safety function 1

Calculation of the performance level according to EN 1SO 13849-1:2015
Calculation of the MTTF values from the B10, values

From:

_230*16*60

n, =21,90
10080

and:
B10,

MTTF, ==L
> op

Inserting the values, this produces:

S1

_230*16*60

n, =21,90
10080
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mrrr, = 190000 4s66r,,
0,1%21,90
K5/K6
23016
n, = 2016705199
10080
mrrE, = 1390900 _ 503607,
0,1¥21,90

The total MTTF; value is calculated based on the following formula:

1 < 1

MTTF, . S MTTF,,

Dges

as:

1 1 1 1

1 1

= + +
MTTFDges MTTFD(SI) MTTFD(EK]%O—Input) MTTF,

+ +
MTTFD( EK1960—Output) MTTF

D(EK 1960~ Logic)

D(K5)

If only PFH, values are available for EL1960 components, the following estimation applies:

(l - DC(EKI%U—W))

MTTF, e =
Pt PFH(EK]%O—mc)
Hence:
1-DC _
MTTE 060 s = (PFH (EK1960—tnpur)) _ a 0,199) = 0,01 1 17836y
D(EK1960—Input) 6,40E—117*87607 5,60E _07
h y y
(1= DC 1960 10gic)) 1-0,99 0,01
MTTFD(EKl%OfLogic) = PFH (ROt = ( 1 ) 7 I =220y
D(EK1960-Logic) 5 18F —09—*8760— 4,54F —05
h y y
(1= DC, 1x1960-0upury) 1-0,99 0,01
MTTFy gx1960-0upuy = PFH ) = ( 1 ) o = 7610y
D(EK1960-Output) 1,50E—IOZ*87607 LL31E - 06—
Yy y

1

MTTF, = =210y

Dees 1 1 1 1 1
+ + + +
45662y 17836y 220y 7610y 593607y

99% + 99% +99% + 99% 99% 99%

+ +
pe - 45662y 17836y 220y 7610y 593607y 593607y _ gg oo

i 1 1 1 1 1 1

+ + + + +
45662y 17836y 220y 7610y 593607y 593607y
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NOTE

Category
This structure is possible up to category 4 at the most.

A CAUTION

Implement a restart lock in the machine!
The restart lock is NOT part of the safety chain and must be implemented in the machine!

MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

NOTE

Diagnostic coverage

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category B 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low a - a b b c -
medium b - b c c d -
high - C c d d d e
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Calculation of PFH,, values according to EN 62061

assuming that S1, K5 and K6 are single-channel:

MTTF, = %

D

produces for

0.1%n, *(1-DC) 1-
prpy, <21 " 12DO) _ 1-DC

B10, ~ MTTF,
S1:
PFH,, = _1=0% _ 2,50E 11
45662 * 8760
K5/K6
17099 _ 1,92E -12

® 593607 *8760
The following assumptions must now be made:

Safety switch S1: According to BIA report 2/2008, error exclusion to up 100,000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

Relays K5 and K6 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K5 and K6 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where B =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH,, value for safety function 1:
PFH

Dges

=PFH + PFH + PFH

D(EK1960—Logic)

+ PFH

D(S1) D(EK1960—Output)

PFH

+B* D(K5)
p 2

D(EK 1960~ Input)

P oo | (1 gy % (PFH, ., * PFH, ) *T1
+(1=B)"*( D(KS) D(ke))

_B) % * *
Since the portion (=B * (PFH sy * PFH () *T1 is smaller than the rest by the power of ten, it is neglected

in this and all further calculations for the purpose of simplification.

to:
PFH ,, =2,5E-11+6,40E —11+5,18E =09 +1,50E =10 +10%* 1’92E_12;1’92E_12
=5,42E-09
Safety integrity level Probability of a dangerous failure per hour (PFHy)
3 210%to <107
2 2107to <10°
1 210%to < 10°

NOTE

Safety integrity level
The application meets the requirements of safety integrity level SIL3 according to EN 62061.
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2.9 EK1960 digital inputs / relay outputs (category 4, PL e)

The emergency stop button S1 is wired with two normally closed contacts to safe inputs S9 and S10 on the
10-pole X6 connector. The first output group on the 10-pole X7 connector is configured as a clock source (for
FSOUT module 3, the parameter Diag TestPulse for Inputs active is set to TRUE). For inputs S9 and S10,
the parameter Channel x. Test pulse Diag Mode is configured based on the corresponding clock sources.

The relay outputs Channel 1 and Channel 2 are connected in series and can then be used for safety-related
functions (e.g. to transmit an emergency stop message to an upstream or downstream machine). The EDM
is not wired to the ESTOP input, because the relay module performs the EDM monitoring, and in case of an
error it reports a module error for the relay module. The application can then respond to this module error, or
the TwinSAFE group can be configured such that a module error leads to a Com error.

Restart S2 is wired to safe input S7 without testing. A restart option must be available for the application,
although this is not included in the calculation.

Ch1-In
Ch2-In -
24Vpc !I
| Pulsel !I
s2 I--- Pulse?2 ml
Pulse3 ml
E-Stop Pulsed4 =
)|
G--._‘ “,_---%f-..- Ch1-Out il
S1

(@]
0
n
o]
c
~
B |
]

plastic sheathed
cable

24Vpe 24V

o0

to the actuator

Q safeEstop La 2)
FBEstop1 )

Restart 57 ———F| Restant

S9 ] Estoplnt & Enor ]
E-Stop 510 =] Estopin2 > 1000

E] EStopln3
¥] EStoplnad

#3] EStoplns

¥] EStoplné

¥3] EStopln7

¥3] EStoplng Delay Time (m: StopQOut [
100

StopDelOut O]

FSOUT Relay Module Channel 1/ Channel 2

¥3] EDM1
¥a) EDM2
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2.9.1 Parameters of the safe input and output modules

EK1960

Parameter Value

FSOUT module 3 (X7.1 — X7.4) -

8020:01 ModuloDiagTestPulse 0x00

8020:02 MultiplierDiagTestPulse 0x02

8020:03 Standard Outputs active FALSE

8020:04 Diag Testpulse active TRUE

8020:05 Diag Testpulse for Inputs active TRUE

FSOUT relay module -

8060:03 Standard Outputs active FALSE

FSIN Module 5 -

80B1:01 Channel 1.InputFilterTime 0x000C

80B1:02 Channel 1.DiagTestPulseFilterTime 0x0002

80B1:03 Channel 1.Testpulse Diag Mode (X7.1) Testpulse Detection Output Module 3.Channel 1
80B1:04 Channel 2.InputFilterTime 0x000C

80B1:05 Channel 2.DiagTestPulseFilterTime 0x0002

80B1:06 Channel 2.Testpulse Diag Mode (X7.2) Testpulse Detection Output Module 3.Channel 2

ESTOP FB Parameter

Parameter Value
Reset Time (ms) (Port EDM1) 1000
Discrepancy Time (ms) (Port EStopIn1/EStopIn2) 1000
Safe Inputs After Disc Error TRUE

Module error in the relay module

Ack.

NOTE

In case of an EDM error, a module error of the relay module is reported. This module then enters the safe,
switched-off state. The error acknowledgement can take place via the signal FSOUT Relais Module.Err

Switching frequency

switching frequency of 1x per week.

NOTE

To achieve PL e, the relay outputs must be activated at least once per month. This example assumes a

2.9.2 Block formation and safety loops
29.21 Safety function 1
EK1960 EK1960 EK1960
] >1 | digital input | | Logic — relayoutput —
g P g (2-channel)
sy
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293 Calculation

2.9.3.1 PFHD / MTTFD / B10D — values

Component Value

EK1960 digital input — PFH, 6.40E-11

EK1960 safety mat input - PFH, 8.84E-10

EK1960 logic — PFHy 5.18E-09

EK1960 digital output — PFH, 1.50E-10

EK1960 relay output (cat. 4, two-channel) - PFH,

1.46E-09 (actuation 1x per hour)

EK1960 relay — B10,

1,500,000 (DC13 24 Vo and I, < 2 A)

S1-B10p 100,000
K5 -B10, 1,300,000
K6 —B10, 1,300,000
Days of operation (d,,) 230
Hours of operation / day (h,,) 16

Cycle time (minutes) (T¢yqe)

10080 (1x per week)

Lifetime (T1)

20 years = 175200 hours

® Safety-over-EtherCAT communication

The PFH, value of the Safety-over-EtherCAT (FSoE) communication is included in the PFH, value

of the EK1960 logic component.

2.9.3.2 Diagnostic Coverage DC

Component

Value

S1 with testing and plausibility check

DC,.,=99%

Two-channel relay output with EDM monitoring
(actuation 1x per week and evaluation of all rising
and falling edges) with testing

DC.,,,=99%

29.3.3 Calculation of safety function 1

Calculation of the performance level according to EN ISO 13849-1:2015:

Calculation of the MTTF, values from the B10, values.

From:

_230*16*60

=21,90
10080

op

and:
B10,

*
0,1%n,,

MTTF, =

Inserting the values, this produces:

S1

_230*16*60

=21,90
10080

op
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100.000

MTTF, = 012190 45662y

Relay

Both B10, and PFH, values are specified for the relay. In this case, the inferior of the two values is used to
calculate the MTTF, value (in this case the PFH, value — see below).

%164 %
, BOHIEH0_, o
10080
mrrE, = 1390000 _ el 031y,
0,1%21,90

The total MTTF, value is calculated based on the following formula:

1 ool
MTTF,,, < MTTF,,
as:
1 1 1 1 1
= + + +
MTTFDge: MTTFD(SI) MTTFD(EK]%O—Input) MTTFD(EK]%O—Lugic) MTTFD(EKI%O—Relay)

If only PFH, values are available for EL1960 components, the following estimation applies:

(1 - DC(EKl%o—m))

MTTF, oy =
D(EK1960—xxx) PFH(EKI%O_XXX)
Hence:
1-DC, _
MTTE 1060 s = (PFH (EK1960—Inpur)) _ ( 0,199) = 0,01 17836y
DEKS60-tpur) 6,40 —11— %8760~  5,60E —07 —
h y y
(1-DC Logic) (1-0,99) 0,01
MTTFD(EKI%O—Logic) = PFH (R L) = 1 A = =220y
D(ER1960-Logic) 5,18 E —09—*8760—  4,54E — 05—
h ¥ y
(1-DC, ~Rela)) (1-0,99) 0,01
MTTF ) e 1960- Retay) = PEH R = 1 7 =781y
DER1960-Redar) | 46 —09--*8760~ 1,28 —05—
h y y
1
MTTF,,, =— ; ; =169y
+ + +
45662y 17836y 220y 781y
99% + 99% . 99% + 99%
o, - 456162y 178136y 2210y 7811y _99,00%
+ + +
45662y 17836y 220y 781y
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NOTE

Category
This structure is possible up to category 4 at the most.

A CAUTION

Implement a restart lock in the machine!
The restart lock is NOT part of the safety chain and must be implemented in the machine!

MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

NOTE

Diagnostic coverage

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category B 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low a - a b b c -
medium b - b c c d -
high - C c d d d e
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Calculation of PFH,, values according to EN 62061:

with the assumption that S1 is single-channel:

MTTF, = %

D

produces for

0,1%n, *(1-DC) 1-
prpy, < 211 "4=DC)_ 1-DC

B10, ~ MTTF,
S1:
PFH,, = _1=0% _ 2,50E 11
45662 * 8760

The following assumptions must now be made:

Safety switch S1: According to BIA report 2/2008, error exclusion to up 100,000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

It follows for the calculation of the PFH, value for safety function 1:

PFHDges = PFHD(SI) + PFHD(EK]%O—Input) + PFHD(EKI%O—Logic) + PFHD(EKI%O—Relay)

to:

PFH,,, =2,5E-11+6,40E-11+5,18£-09+1,46E - 09

=6,73E-09
Safety integrity level Probability of a dangerous failure per hour (PFHp)

3 210%to <107
2 210" to<10°
1 210°to < 10°

NOTE

Safety integrity level
The application meets the requirements of safety integrity level SIL3 according to EN 62061.
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210

ESTOP function (category 3, PL d)

The emergency stop button is connected via two normally closed contacts to an EL1904 safe input terminal.
The testing of both signals is switched off. These signals are tested for discrepancy inside the ESTOP
function block. The restart and the feedback signal from the contactors K1 and K2 are wired to standard
terminals and are transferred to TwWinSAFE via the standard PLC. Furthermore, the output of the ESTOP
function block and the feedback signal are wired to an EDM function block. This checks that the feedback
signal assumes the opposing state of the ESTOP output within the set time.

Contactors K1 and K2 are wired to different output channels. The A2 connections of the two contactors are
fed back to the EL2904. The current measurement of the output channels is deactivated for this circuit. The
testing of the outputs is similarly inactive.

ESTOP-Button

K2

2.101

EL1904 (applies to all EL1904 used)

_m | Emergency Stop
Restat.. |
(e ) &
EStopin2. g] >2Ellm=

2|

2|

|
(o) acvand

[ acavared Delay Time

R L v

EDM

R
oo

1000 ms

1500 ms

Switch On Monitoring
&
Switch Off Monitoring

1)
g,

8

)
o
2

o on
on"en
T BT
ons dbn
H
H
N

-

B
&l

hing)

eon
en

(2R

Logical connection in
EL6900

Parameters of the safe input and output terminals (SIL 2)

Parameter Value

Sensor test channel 1 active -

Sensor test channel 2 active -

Sensor test channel 3 active No

Sensor test channel 4 active No

Logic channel 1 and 2 Single Logic

Logic channel 3 and 4 Single Logic
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EL2904

Parameter Value

Current measurement active No

Output test pulses active No

2.10.2 Block formation and safety loops

2.10.2.1 Safety function 1

K1
— 51 EL1904 —— EL6900 |—— EL2904 | |
K2
R
210.3 Calculation
210.3.1 PFHD/MTTFD /B10D - values
Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
S1-B10, 100,000
S2 -B10, 10,000,000
K1-B10, 1,300,000
K2 - B10, 1,300,000
Days of operation (d,,) 230
Hours of operation / day (h,,) 16
Cycle time (minutes) (T,,qe) 10080 (1x per week)
Lifetime (T1) 20 years = 175200 hours

2.10.3.2 Diagnostic Coverage DC

Component

Value

S1 with plausibility

DC,,,=90%

K1/K2 with EDM monitoring (actuation 1x per week
and evaluation of all rising and falling edges with
monitoring over time) with testing of the individual
channels

DC,,;=90%

2.10.3.3 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:
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_d,*h,*60
op T

Zyklus

n

and:

BIO,

0,1%n,,

MTTF, =

Inserting the values, this produces:

S1:
* *
n :230 16 60221’90
v 10080
MTTF, = M =45662,1y =399999120A
0,1*21,90
K1/K2:
* *
n :230 16 60:21’90
v 10080
MTTF, = M =593607,3y =5199997320h
0,1*21,90

and the assumption that S1, K1 and K2 are each single-channel:

MTTF, = %

D

produces for

0,1*n,*(1-DC) 1-DC

PFH = =
BI0,, MTTF,

S1:

12090 _ 2,50E 10
45662,1*8760

K1/K2: Actuation 1x per week and indirect feedback

o 12090 gy
593607,3 *8760

The following assumptions must now be made:

Safety switch S1: According to BIA report 2/2008, error exclusion to up 100000 cycles is possible, provided
the manufacturer has confirmed this. If no confirmation exists, S1 is included in the calculation as follows.

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where B =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

pFH, . 1 ge PPt PPH)

PFH,, = PFH g, + PFH + PFH ;6000 (EL2904) f+(l—ﬁ)2 *(PFH ) * PFH ) *T1

(sn (EL1904)
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— RB)? * * *
Since the portion (=B * (PFH o * PFH ) *T1 is smaller than the rest by the power of ten, it is neglected in

this and all further calculations for the purpose of simplification.
to:

PFH,, =25E—10+1L11E—-09+1,03E—09+1,25E - 09+10%* LO2E “1I+192E 115 (sp g9

2

Calculation of the MTTF, value for safety function 1 (under the same assumption):

1 Lo
MTTF, _ZMTTFDM

Dges i=l

as:
1 1 1 1 1 1
= + + + +
MTTFDges MTTFD(SI) MTTFD(EL1904) MTTFD(ELGQOO) MTTFD(ELZ9O4) MTTFD(KI)
with:
B10,
MTTFy, = 1*0::])
) op
BI10
MTTFy )= 1:;“)
b4 op

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:
_ (1 _DC(ELxxxx))

MTTF, .. =
( ELxxxx
e : PFH(ELxxxx)
Hence:
1-DC 1- 1
MTTE, s = ( — (E190n) _ ( 0i99) - 0,0 _1028.8y
(EL1904) LI1E-09—*8760— 9,72E — 06—
h y y
1-DC _
MTTF} 1 6900y = ( PFH (ELGQOO)) = d 0’]99) o 0,01 =1108,6y
(EL6900) 1,03E —09—*8760— 9,02E — 06—
h y y
(1-DC ) (1-0,99) 0,01
MTTFD(Eth)(m) = PFH e 1 7 = 1 = 913,2y
(EL2904) 1,25E-09—*8760— 1,1E—-05—
h y y
MTTF,, = ! =334,1y
Dges — - B
1 + 1 + 1 + 1 + 1
45662,1y 1028,8y 1108,6y 913,2y 593607,3y
90% + 99% + 99% + 99% + 90% + 90%
DCavg _ 456612,1y 102?,8)/ 110213,6y 9131,2y 5936(1)7,3)/ 593607,3y —~98,92%

+ + + + +
45662,1y  1028,8y 1108,6y 913,2y 593607,3y  593607,3y
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A CAUTION
Category
This structure is possible only up to category 3 at the most on account of a possible sleeping error.
Since the EL2904 terminal has only SIL2 in this application, the entire chain has only SIL2!

A CAUTION

Further measures for attaining Category 3!

This structure is possible up to category 3 at the most. In order to attain category 3, all rising and falling
edges must be evaluated together with the time dependence in the controller for the feedback expectation!

This is achieved via the implemented EDM function block.

A CAUTION

Implement a restart lock in the machine!
The restart lock is NOT part of the safety chain and must be implemented in the machine!

MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC
Diagnostic coverage
For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category B 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low a - a b b c -
medium b - b C C d -
high - c c d d d e
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3

3.1

Access functions

Protective door function variant 1 (category 3, PL d)

The protective door uses a combination of normally closed and normally open contacts on the safe inputs of
an EL1904. The testing of the inputs is active and the signals are tested for discrepancy (200 ms). The
feedback loop is read in via a standard input and transferred to TwinSAFE via the standard PLC. The
contactors K1 and K2 are connected in parallel to the safe output. Current measurement and testing of the

output are active for this circuit.

OPEN

CLOSED

K1

B @ @ =

K2

3.1.1

EL1904 (applies to all EL1904 used)

- | G &

w2

[ Manual

»
G 29

2|

2|

Delay Time
100 ms

s

[ Activated

Machine Monoing

Manual function test

-
L1
(1]

Logical connection in
the EL6900

on
‘I:

82k

B2
B
&

Parameters of the safe input and output terminals

Parameter Value
Sensor test channel 1 active Yes

Sensor test channel 2 active Yes

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
EL2904

Parameter Value
Current measurement active Yes

Output test pulses active Yes
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3.1.2 Block formation and safety loops

3.1.21 Safety function 1

S1 K1
EL1904 — EL6S00 — EL2904
s2 K2 :
Fug:'l::;al &

3.1.3 Calculation
3.1.31 PFHD / MTTFD / B10D — values
Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
S1-B10, 1,000,000
S2 -B10, 2,000,000
K1-B10, 1,300,000
K2 - B10p 1,300,000
Days of operation (d,,) 230
Hours of operation / day (h,,) 16
Cycle time (minutes) (T,yqe) 15 (4x per hour)
Lifetime (T1) 20 years = 175200 hours

3.1.3.2 Diagnostic Coverage DC

Component Value
S1/S2 with testing/plausibility DC,,,=99%
K1/K2 with testing and EDM DC,,;=90%

3.1.3.3 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

L _dy*h, 60
op T

Zyklus

and:
B10,

MTTF, = =
) op

Inserting the values, this produces:

S1:
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*16%
- 20T _1amo

I’lop

MITF, = 1.000.000 =679,3y =5951087h
0,1*%14720

S2:
_ 230*16*60

op

=14720

_2.000.000

MTTF, =
P 0,1%14720

=1358,7y =11902174h

K1/K2:

* *
:230 156 60:14720

op

MTTF, = 1.300.000 =883,2y =7736413h
0,1*14720

and the assumption that S1, S2, K1 and K2 are each single-channel:

MTTF, = %

‘D

produces for
0.1*n,*(1-DC) 1-DC

PFH = -
BI0, MTTF,
S1:
- 12099 k09
679,3*8760
S2:
prH=—129%  _gup_10
1358,7 *8760
K1/K2:
pr = 12990 1,29E — 08
883,2*8760

The following assumptions must now be made:

The door switches S1/S2 are always actuated in opposite directions. Since the switches have different
values, but the complete protective door switch consists of a combination of normally closed and normally
open contacts and both switches must function, the poorer of the two values (S1) can be taken for the
combination!

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where 3 =10%. EN 62061 contains a table with which this 3-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:
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, PFH g, + PFH

PFH . =f C2 4+ (1= ) *(PFH ), * PFH ) * T\ + PFH 1, 05 + PFH 115000, + PFH 3001
o PFH , + PFH ;) 2y . .
+p > +(1— B)* *(PFH y,, * PFH ,)*T1
. . 1-B)* *(PFH ¢, * PFH , ) *T1 1-B)* *(PFH ., * PFH ., )*T1
Since the portions =A)=( b 52) and =A7( & ) are smaller than the rest

by the power of ten, they are neglected in this and all further calculations for the purpose of simplification.
to:

PFH,, =10%* 1’68E_09;1’68E_09 +1LI1E - 09 +1,03E — 09 +1,25E — 09 +10% * 1’29E_08;1’29E_08 = 4,85E 09

Calculation of the MTTF, value for safety function 1 (under the same assumption):

1 ool
MTTF,,, 4 MITF,,
as:
1 1 1 1 1 1
= + + + +
MTTFDges MTTFD(SI) MTTFD(EL1904) MTTFD(EL69OO) MTTFD(EL2904) MTTFD(K])
with:
B10,,,
MTTF, g, = 0 1*0:1 ‘
) op
BI0O
MTTFy ;) = 1:(:2)
1%,
BI10O
MTTF, ., = 5 1:;1)
> op

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:
(1 -D C(Eme))

MTTF,,, =
D(ELxxxx) PFH( oo
Hence:
1-DC _
MTTF 411000 = ( i ) (1 0199) = 0.01 088y
(EL1904) 1L11E-09—*8760— 9,72E — 06—
h y y
1-DC _
MTTFD(EL6900) _ ( o (EL6900)) _ @ 0,199) = 0,01 1108,6y
(EL6900) 1,03E - 09—*8760— 9,02E — 06—
h y y
(1= DC 15004 1-0,99 0,01
MTTFD(EL2904) = PFH E20° = ( 1 ) 7 = =913,2y
(EL2904) 1,25E -09—*8760— 1,1E—-05—
h y y
1
MTTFDge: = 1 1 1 1 1 = 179, 4y

+ + + +
679,3y 1028,8y 1108,6y 913,2y 8832y

99% 9% . 9% 9% 9% _ 90% _ 90%
Dcavg:6791,3y 135213,7)/ 102?,8)} 110213,6)/ 9131,2y 8831,2y 8831,2y:96,26%
+ + + + + +
679,3y 1358,7y 1028,8y 1108,6y 913,2y 883,2y 883,2y
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Measures for attaining category 3!

the controller for the feedback expectation.

A CAUTION

This structure is possible only up to category 3 at the most on account of a possible sleeping error. In order
to achieve category 3, all rising and falling edges must be evaluated together with the time dependence in

MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF;, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

Diagnostic coverage

limit values shown in this table.

NOTE

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the

78

Category B 1 2 3 3 4
MTTES bc none none low medium low medium high
low a - b b c -
medium b - c c d -
high - c d d d e
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3.2 Protective door function variant 2 (category 4, PL e)

The protective door uses a combination of normally closed and normally open contacts on the safe inputs of
an EL1904. The testing of the inputs is active and the signals are tested for discrepancy (200 ms). The
feedback loop is read in via a safe input. The contactors K1 and K2 are connected in parallel to the safe
output. Current measurement and testing of the output are active for this circuit.

"2 Mache Meotcorg =
[IManual sl
Manual function test
.
(]
- | e J——1 & '
K, > 200 ms (]
(e = :
2| '
(]
21 - '
(]
(]
& []
(]
R H R
oo
-t E
_— &
100 ms 2 ‘.’. . L
-.z:m [ Activated MonDelDu., Logical connection in
el ©°°  theEL6ooo
[ Activated o6
T
,.-]
K1)
[ ]
[
(Y-
el

3.21 Parameters of the safe input and output terminals

EL1904 (applies to all EL1904 used)

Parameter Value
Sensor test channel 1 active Yes

Sensor test channel 2 active Yes

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
EL2904

Parameter Value
Current measurement active Yes

Output test pulses active Yes
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3.2.2 Block formation and safety loops
3.2.21 Safety function 1
s1 K1
{ H EL1904 H EL6900 % EL2904 H M
s2 K2
Fug:fl;r:;alg
3.2.3 Calculation
3.2.31 PFHD / MTTFD / B10D - values
Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
S1-B10, 1,000,000
S2 -B10, 2,000,000
K1-B10, 1,300,000
K2 - B10, 1,300,000
Days of operation (d,,) 230
Hours of operation / day (h,,) 16

Cycle time (minutes) (T,,.)

15 (4x per hour)

Lifetime (T1)

20 years = 175200 hours

3.2.3.2 Diagnostic Coverage DC

Component

Value

S1/S2 with testing/plausibility

DC.,,,=99%

K1/K2 with testing and EDM

DC,.,=99%

3.2.3.3

Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

Ly Iy, *60
op T

Zyklus

and:
B10,

0,1*n

MTTF, =

op
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Inserting the values, this produces:

S1:
_230*16*60

op

=14720

MITF, = 1.000.000 =679,3y =5951087h
0,1*14720

S2:
_230*16*60

n
> 15

=14720

MTTF, = 2:000.000 =1358,7y =11902174h
0,1*%14720

K1/K2:
_230*16*60

op

=14720

VTTE. - 1:300.000

»=—————=2883,2y=7736413h
0,1*%14720

and the assumption that S1, S2, K1 and K2 are each single-channel:

MTTF, = %

‘D

produces for
0,1*n *(l—DC)_ 1-DC

PFH = » =
B10,, MTTF,

S1:

prH - 12099 1,68E —09
679,3*8760

S2:

PrH=—1=%%  _g4p_10
1358,7 *8760

K1/K2:

1209 9p 09

883,2*8760

The following assumptions must now be made:

The door switches S1/S2 are always actuated in opposite directions. Since the switches have different
values, but the complete protective door switch consists of a combination of normally closed and normally
open contacts and both switches must function, the poorer of the two values (S1) can be taken for the
combination!

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where 3 =10%. EN 62061 contains a table with which this 3-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).
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It follows for the calculation of the PFH, value for safety function 1:

. PFH 5, + PFH g,

PFH =p 3
PFH . + PFH
+ﬂ*w+(l_ﬂ)2 *(PFH(K”

Since the portions (1= )" *(PFH 5, * PFHs3)*

to:

1,68E —09+1,68E —09

PFH, =10%%*
ges 2

+L11E-09+1,03E - 09+ 1,25E — 09 +10% * -

+d _ﬁ)z *(PFH(SI) *PFH(sz))*Tl +PFH(EL1904) +PFH(EL6900) +PFH(EL29O4)

*PFH ) *T1+ PFH ;100

Tl B)* *(PFH , * PFH ., )*T1

and -

1

BECKHOFF

are smaller than the rest
by the power of ten, they are neglected in this and all further calculations for the purpose of simplification.

29E -09+1,29E -09

2

Calculation of the MTTF,, value for safety function 1 (under the same assumption):

1 Lol
MTTF,,, < MTTF,,
as:
1 1 1 1 1 1 1
= + + + + +
MTTFDgeS MTTFD(SI) MTTFD(EL]904) MTTFD(ELG‘)OO) MTTFD(EL2904) MTTFD(K]) MTTFD(EL]904)
with:
B10,,,
MTTFy5 =
17 n,
B10
MTTFy i = 1::2>
k) op
B10
MTTF, ., = 5 1:;1)
b4 op

If only PFH, values are available for EL1904,

(1 - DC(ELxm))

EL2904 and EL6900, the following estimation applies:

MTTF, ;o =
P : PFH(ELxxxx)
Hence:
1-DC 1- 1
MTTFD(EL1904) = ( PFH (5“904)) = ( 0i99) A = 0,0 1 =1028,8y
(EL1904) L11IE—-09—*8760— 9,72E —06—
h y y
1-DC, _
MTTE, 0 = ( — (o) _ a 0199) - 0,01 11086y
(EL6900) 1,03E —-09—*8760— 9,02FE — 06—
h y y
(1-DC ) (1-0,99 0,01
MTTFD(EL2904) = PFH e 1 ) 7 = 1 = 913,2y
(EL2904) 1,25E-09—*8760— 1,1E—-05—
h y y
1
MTTF,,, = T i I I 7 i =152,7y
+ + + + +
679,3y 1028,8y 1108,6y 913,2y 883,2y 10288y
99% 99% 99% 99% 99% 99% 99% 99%
pc - 6793y 13587y 10288y 11086y 9132y 8832y 8832y 10288y o9
avg 1 1 1 1 1 1 1 1
+ + + + + + +
679,3y 1358,7y 1028,8y 1108,6y 913,2y 883,2y 8832y 10288y
82 Version: 3.1.0
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NOTE

Category
This structure is possible up to category 4 at the most.
MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF; < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

NOTE

Diagnostic coverage

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category B 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low a - a b b c -
medium b - b c c d -
high - C c d d d e
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3.3

(Category 4, PL e)

The protective door uses a combination of normally closed and normally open contacts on the safe inputs of
an EL1904. The testing of the inputs is active and the signals are tested for discrepancy (200 ms). The
feedback loop is read in via a safe input. The proximity sensors S3 and S4 are wired to safe inputs and
detect, for example, when a dangerous machine part is in a safe position so that the protective door may be
opened when the machine is running. The testing of these inputs is deactivated so that the static 24 V

voltage of the sensors can be used.

Protective door function with range monitoring

The contactors K1 and K2 are connected in parallel to the safe output. Current measurement and testing of

the output are active for this circuit.

OPEN #2 Machine Monitoring
Restart [ Manual
Manual function test
®
T
- T> &
200
-ad o >1 L
CLOSE!
[secust.. J——=—] &

== @ >50Dms H

.

]

'

: Delay Time

- 100ms -

- ot
]
] EDM2 [l activated
[ ]
(]

Proximity
switch S3

Proximity
switch 54

Safe position

machine part

Maving

[ —e———

AR RN .
Protective door 51, 52

Logical connection in
the ELE900
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3.31

EL1904 (upper EL1904 on the drawing)

Parameters of the safe input and output terminals

Parameter Value
Sensor test channel 1 active Yes

Sensor test channel 2 active Yes

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
EL1904 (lower EL1904 on the drawing)

Parameter Value
Sensor test channel 1 active No

Sensor test channel 2 active No

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
EL2904 (applies to all EL2904 used)

Parameter Value
Current measurement active Yes

Output test pulses active Yes

3.3.2 Block formation and safety loops
3.3.21 Safety function 1
—  S1 K1
- EL1904 EL6900 — EL2904
— S2 K2
an::;:;alg
- EL1904
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3.3.3 Calculation

3.3.31 PFHD / MTTFD / B10D — values
Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
S1-B10, 1,000,000
S2 -B10, 2,000,000
S3-B10, 20,000,000
S4 -B10, 20,000,000
K1 -B10, 1,300,000
K2 —B10, 1,300,000
Days of operation (d,,) 230

Hours of operation / day (h,,) 16

Cycle time (minutes) (T¢yqe)

15 (4x per hour)

Lifetime (T1)

20 years = 175200 hours

3.3.3.2 Diagnostic Coverage DC

Component

Value

S1/S2 with testing/plausibility

DC,,,=99%

S3/S4 with without testing / with plausibility

DC,,;=90%

K1/K2 with testing and EDM

DC,,;=99%

3.3.3.3

Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

and:
B10,

MTTF, = =
) op

Inserting the values, this produces:

S1:

* *
:230 156 60:14720

op

1.000.000

MTTF,) = —————
0,1*14720

D

=679,3y =5951087h

S2:

* *
_ 230 1156 60 ~14720

op

86
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_2.000.000

MTTF, =
P0,1%14720

=1358,7y =11902174h

S3:

k *
:230 156 60:14720

op

MTTF, = 20.000.000 =13586,9y =119021739h

0,1*14720

S4:

*16%
=W:mzo

op

MTTF, = 20.000.000 =13586,9y =119021739A
0,1*14720

K1/K2:
_ 230*16*60

op

=14720

_1.300.000

MTTF, =
0,1*14720

D

=883,2y =7736413h

and the assumption that S1, S2, S3, S4, K1 and K2 are each single-channel:

MTTF, = ;%

D

produces for
0.1%*n,*(1-DC) 1-DC

PFH = -
BI0,, MTTF,
S1:
pr = 1299 _ 1,68 —09
679,3*8760
S2:
prH = — 1209 _ 8,4E-10
1358,7 *8760
S3/S4:
__ 12050 8,4E—10
13586,9*8760
K1/K2:
H=w=l,29E—O9
883,2*8760

The following assumptions must now be made:

The door switches S1/S2 are always actuated in opposite directions. Since the switches have different
values, but the complete protective door switch consists of a combination of normally closed and normally
open contacts and both switches must function, the poorer of the two values (S1) can be taken for the
combination!

The proximity sensors S3/S4 are monitored for plausibility (temporal/logical) and are type A systems
according to EN 61508 (simple components whose behavior under error conditions is fully known). The safe
position is driven to once per shift.
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Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where R =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

PFH,

+ PFH,
_ (S1/S2/EL1904)
PFH,, =p*

(S3/S4/EL1904) _ 2 % 3 *
P +(1 ﬂ) (PFH(SI/SZ/EL1904) PFH(S}/S4/EL1904)) T1+PFH(EL69OO) +13F'}I(EL2904)

PFH,,, + PFH
*Hﬂl_ﬂ)z *(PFH g, * PFH 5)) * T1

+B

Since the portions (l_ﬂ)z *(PFH(SI/SZ/EL1904) *PFH(SS/S4/EL1904))*T1 and (1 _ﬁ)z *(PFH(KI) *PFH(KZ)) *T1 are smaller

than the rest by the power of ten, they are neglected in this and all further calculations for the purpose of
simplification.

to:

PFH /5201008 = B * w + PFH 1005 =10%* LOBE — 09; 8AE 10 1 11E-09=1,24E-09
PFH g3/550100 = B * w + PFH 1005 =10%* 8,45 ~10 Jz’ 8AE 10 1 11E-09=1,19E-09
PrH,, =10%x 22 EZOLIEZ0 1y 635 0941258094100+ LEEZOHLIEZ0 ) 535 o

2 2

Calculation of the MTTF,, value for safety function 1 (under the same assumption):

n

1 1
MTTF, . Z‘ MTTF,,

Dges

as:
1 1 1 1 1 1
= + + + +
MTTFDgeS MTTFD(SI) MTTFD(EL1904) MTTFD(ELﬁOOO) MTTFD(EL2904) MTTFD(K])
with:
B10
MITFy g, =2
1 *n,,
B10
MTTF,, = W’)(nm
] op
BlODm)
MTTF, s, = e
> op
B10
MTTF,, = W[’(ns‘”
£ op
B10
MTTFD(KI) = 0 lf;,lkl)
1*n,,

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

(1 - DC(ELX)Q‘X))
PFH,

( ELxxxx)

MTTFD(EL,wx) =

Hence:
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1-DC, -
MTTF. . _( (E190n) _ (1-0,99) ___ 001 10288y
D(EL1904) PFH 1 h 1
(09 LLLE -09*8760 " 9,72E - 06
y
1-DC, _
MTTF, ¢ o) _ 1-0.%9) %0 1086y
D(EL6900) PFH 1 h 1
Ee00)  1,03E —09—*8760—  9,02E — 06
h y y
1-DC, _
MTTF _( 2909 _ (1-0,99) _ 00 g5 2
D(EL2904) PFH 1 h 1
EL2904) 1,25 —09—*8760— 1,1E - 05
h y y
1
MTTF,,, = ; ; ; 7 = 179,4y

+ + + +
679,3y  1028,8y 1108,6y 913,2y 8832y

99% . 99% . 90% . 90% 9% 9% . 9% 9% _ 99% _ 9%
679,3y  1358,7y 13586,9y 13586,9y 1028,8y 1028,8y 1108,6y 913,2y 883,2y 883,2y .
DCy =73 1 1 1 1 1 1 1 1 T o885
+ + + + + + + + +
679,3y 1358,7y 13586,9y 13586,9y 1028,8y 1028,8y 1108,6y 913,2y 8832y 883,2y
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NOTE

Category

porally and logically programmed.

This structure is possible up to category 4 at the most. The monitoring of sensors S3 and S4 must be tem-

MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % =<DC <99 %
high 99 % <DC

Diagnostic coverage

limit values shown in this table.

NOTE

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the

Category B 1 2 2 3 3 4
MTTES bc none none low medium low medium high
low a - a b b c -
medium b - c c d -
high - c c d d d e
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3.4 Protective door function with tumbler
(Category 4, PL e)

The protective door has two contacts, S1 ‘door closed’ and S2 ‘door closed and locked’, which are wired to
safe inputs of an EL1904. The testing of the inputs is active. Checking of the signals for discrepancy cannot
take place, because there is no temporal relationship between the signals. The feedback loop and the restart
signal are read in via a safe input. The testing of the inputs is active here also. The contactors K1 and K2 are
connected in parallel to the safe output. Current measurement and testing of the output are active for this
circuit.

The tumbler is switched via 2 safe inputs in which testing is active. Testing and current measurement is
active on the safe output for the tumbler.

OPEN I. 0s_oal 0708
= — T —
=] T —
oo R
: i
" (1]
g ===
[ : ] L]
J [}
(15%16 ] '.'.,F.. 05
L] ) -
| #2 Machine Moritaiing [} [
3 .ﬁ—‘ r [ T X1 N
17418k - -Heslart Manusl (] 4 ® Ho7%os!
BE Restat) peeae®” Manual function test [] (] -m Em
o ] [ 1 X 1]
BECKHOFF ] Beiorr
ik '
................. & :
------------------ ]
[t []
(]
e 2| '
"05_08L 07080 [}
T — [}
== G =
O el N 'E_.
[ 2 [ —
= .ﬁ " —l ] 1'?} Logical connection in
1703%04 ("] e=e
A P} 1] the ELB900
K. &L L
---------- 0000 .--------- Achvaied K1)
4§ .® JHo7"o8} [ ] [ Activated 1 1
- ==
00 00 ' K1)
Bedinore L} e
[] L3
........ . o8

K1

mm Lock |\ eeee= set.. | SR
e R —————{sou ) ===

3.41 Parameters of the safe input and output terminals

EL1904 (applies to all EL1904 used)

Parameter Value
Sensor test channel 1 active Yes

Sensor test channel 2 active Yes

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
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EL2904 (applies to all EL2904 used)

Parameter Value
Current measurement active Yes
Output test pulses active Yes

3.4.2

3.4.21 Safety function 1

S1

Lock

S2 I EL2904 H Guard-Lock %

Block formation and safety loops

EL1904 —

EL6900

Unlock

K1

Functional
Safety o

EL2904

K2

EL1904 % Restart }7

3.4.3 Calculation

3.4.3.1 PFHD / MTTFD / B10D — values

Component Value

EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
S1-B10p 2,000,000

S2 -B10, 2,000,000
Restart - B10, 10,000,000
Lock — B10, 100,000

Unlock — B10, 100,000

K1 -B10p 1,300,000

K2 - B10, 1,300,000
Tumbler (guard lock) - B10, 2,000,000

Days of operation (d,,) 230

Hours of operation / day (h,,) 16

Cycle time (minutes) (T,yqe) 15 (4x per hour)
Lifetime (T1) 20 years = 175200 hours
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3.4.3.2 Diagnostic Coverage DC

Component

Value

S1 with testing

DC,,;=90%

S2 with testing and expectation

DC,.,=99%

Lock/unlock with testing/plausibility

DC.,,,=99%

Restart DC,,;=99%
K1/K2 with testing and EDM DC,,;=99%
Tumbler DC,,4=99%

3.433 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

_d,*h,*60
op T

Zyklus

n

and:
Bl0,

MTTF, ==L
> op

Inserting the values, this produces:

S1:

% %
:230 156 60:14720

nop

MTTF, = 2:000.000 =1358,7y =11902174h

0,1*14720

S2:
_ 230*16*60

op

=14720

_2.000.000

MTTF, =
P 0,1%14720

=1358,7y =11902174h

Lock/Unlock:

* *
:%5660:14720

op

MTTF, = _100.000_ =67,9y =595108h
0,1*14720

K1/K2:

* *
_ 230 1156 60 ~14720

op

_1.300.000

MITTF,) = —————
0,1*14720

D

=883,2y =7736413h

Restart:
_230*16*60

op

=14720

MTTF. — 10.000.000

p= =6793,5y =59511060A
0,1*%14720
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Tumbler:

_230*16*60

n
0p 15

=14720

MTTF, = 2:000.000 =1358,7y =11902174h
0,1*14720

and the assumption that S1, S2, S3, S4, K1, K2 and the tumbler are each single-channel:
MTTF, -1
Ap

produces for

0,1*n_*(1-DC -
prp = O " ) _1-DC
BI0, MTTF,
S1:
H:&:SAOE—@
1358,7*8760
S2:
prH=—129%  _gup_10
1358,7 %8760
Lock/Unlock:
PFH:ﬂ:mSE—os
67,9*8760
Restart:
PFH:&:I,&;E—@
6793,5*8760
K1/K2:
12099 g 09
883,2 %8760
Tumbler:
PFH 120,99 =8,4E —10

T 1358,7%8760
The following assumptions must now be made:

The door switches S1/S2 must both be actuated. Since the switches have different values, but the complete
protective door switch consists of a combination of normally closed and normally open contacts and both
switches must function, the poorer of the two values (S1) can be taken for the combination!

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

The tumbler is mechanically connected to the switch S2 in such a way that a separation of the coupling is
impossible.

The restart is monitored, so that a signal change is only valid once the door is closed.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where R =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).
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It follows for the calculation of the PFH, value for safety function 1:
PFH

2/ Lock Unlock EL2904/ Guardtocky T PFH (s
PFng: =p* S = 5 el 2+ (1- ﬁ)z * (PFH(S2/Lack/Un[ock/EL2904/GuardLuck) *PFH(s1)) *T1+ PFH(EL1904)
*PFH(K1)+PFH(K2> 2 4 N N
+PFH{EL6900) +PFH(EL2904) +B 5 +(1-5) (PFH(KI) PFH(KZ}) Tl +PFH(EL1904) +PFH{Re.s'lart)
2
a-p)* (PFH(X) * PFH(},)) *T1

Since the portions are smaller than the rest by the power of ten, they are
neglected in this and all further calculations for the purpose of simplification.

to:

PFH, + PFH,

(Unlock)
2 + PFH(EL2904) + PFH(GuardLock)

1,68E —08+1,68E — 08
2

(Lock)

= *
PFH(SZ//L(;L'k/Un]uL'k/EL2904/Guardank) - PFH(SZ) + ﬁ

=8,4E-10+10%* +1,25E-09+8,4E-10=4,61E - 09

4,61E-09+8,4E -09

PFH , =10%* +L11E-09+1,03E-09+1,25E - 09

2
+10% * 1’29E_09;1’29E ~ 0 11E—09+1,68E - 09
= 6,96E —09

Calculation of the MTTF value for safety function 1 (under the same assumption):

1 n 1
MTTFDges i=1 MTTF, D
as:
1 1 n 1 n 1 . 1 P S 1 . .
MITFy,.,  MTTFy 5ok mocksrooossGuaratoy  MITTEpgrionsy  MITFppreony  MTTFpygp00  MTTFy gy MTTF 000 MTTEFp o)
with:
B10
MTTF) ), = D(S1)
0’1 * n(}p
B10,
MTTF, by
e 091 *n
op
B10
MTTF, =~ "D(Lock)
D(Lock) 0,1 * nop
B10,,
MTTF, | = D(Unlock)
D(Unlock) 0.1
op
B10, .
MTTF, . = D(Gurdlock)
D(GuardLock) 0’1 * nop
B10,,
MTTF, = DKD
PED =) T n,

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

MTTF _ (1 - DC(ELxxxx))

P PFH(EL.YXXX)
Hence:
1-DC,, 1- 1
MTTF ) 511900 = ( PRI (euonn) = ( 0i99) W= 0,0 =1028,8y
(EL1904) 1,11E—09Z*87607 9,72E — 06—
y y
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1-DC _
yrrr, 0= DCaow)  0-0.99) 001 0
D(EL6900) PFH 1 I 1
(EL6900) 1,03E - 09—*8760— 9,02E —06
h y y
(1=DC 12004 1-0,99 0,01
MTTFp gy 2004 = PFH e ( 1 ) o 1=913,2y
(EL2904) 1,25E -09—*8760— 1,1E—-05—
h y y
1
MTTFD(SZ/LO(‘I:/Unlock/EL2904/GuardLuck) = 1 1 1 1
+ + +
MTTFy 50y MITF, 00y MITF, 000 MTTFyGuaaron
1
= 1 ] I 1 =57,82y
+ + +
1358,7y 67,9y 913,2y 1358,7y
1
MTTFDM— I i I 1 1 1 I =44,41y
+ + + + + +
57,82y 1028,8y 1108,6y 913,2y 883,2y 1028,8y 6793,5y
99% 99% N 99% . 99% + 99% 99% 99% 99% + 99% . 99% + 99% 99% + 90%
DC _ 57,82y 1358,7y 67,9y 67,9y 913,2y 1358,7y 1028,8y 1108,6y 913,2y 883,2y 883,2y 1028,8y 6793,5y
avg

1 1 1 1 1

1 1 1 1 1 1 1 1

+ + + + + + + + + + + +
57,82y 1358,7y 67,9y 67,9y 9132y 13587y 10288y 1108,6y 913,2y 8832y 883,2y 1028,8y 6793,5y

=98,98%
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NOTE

Category
This structure is possible up to category 4 at the most.
MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF; < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

NOTE

Diagnostic coverage

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category B 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low a - a b b c -
medium b - b c c d -
high - C c d d d e
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3.5

Two-hand controller (Category 4, PL e)

The two-hand buttons each consist of a combination of normally closed and normally open contacts on safe
inputs of an EL1904. The testing of the inputs is active and the signals are tested for discrepancy (200 ms).
In addition, the synchronous actuation of the two buttons is activated with a monitoring time of 500 ms.

The feedback loop is read in via a safe input. The contactors K1 and K2 are connected in parallel to the safe
output. Current measurement and testing of the output are active for this circuit.

3.51

Switch On Monitoring
500 ms -

Switch OFF Monitori
500 ms 2

EL1904 (applies to all EL1904 used)

N

#6 Two Hand control
TwoHand1... &
3B > 200 ms
TwoHand2... [———}
Diskrepanz
500 ms =
TwoHandOut
TwoHand3...
3B >ZUU ms

TwoHandd... [———C
---------------------------------------------------- .
:

:

: #7 EDM control

H State

.

, — (e

: Error ID

.

te-oe| Gt J—— EOM

2|
........ Mon2,

-t o0 0'0]

| 05™06
I.:II-k
i = For®ost
LA
00 00

EL2904
BECKHOFF

Logical connection in
the EL6900

i en-eaing)

on
en

oi

I§§
§s

Parameters of the safe input and output terminals

Parameter Value
Sensor test channel 1 active Yes

Sensor test channel 2 active Yes

Sensor test channel 3 active Yes

Sensor test channel 4 active Yes

Logic channel 1 and 2 Single Logic
Logic channel 3 and 4 Single Logic
EL2904

Parameter Value
Current measurement active Yes

Output test pulses active Yes
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3.5.2 Block formation and safety loops

3.5.21 Safety function 1

3.5.3 Calculation

3.5.3.1 PFHD / MTTFD / B10D — values

S1 K1
~|: H EL1904 H EL6900 % EL2904 H EL1904
S2 K2

Functional &
Safety

Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
S1-B10, 20,000,000
S2 -B10, 20,000,000
K1 -B10p 1,300,000
K2 - B10p 1,300,000
Days of operation (d,,) 230

Hours of operation / day (h,,) 16

Cycle time (minutes) (T,,.)

1 (1x per minute)

Lifetime (T1)

20 years = 175200 hours

3.56.3.2 Diagnostic Coverage DC

Component

Value

S1/S2 with testing/plausibility

DC.,,,=99%

K1/K2 with testing and EDM

DC,,,=99%

3.5.3.3 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

L _dy*h, 60
op T

Zyklus

and:
B10,

MTTF, = =
) op

Inserting the values, this produces:

$1/S2:
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* *

n, = 201670 _ 220,800

MTTF, = M =905,8y =7.934.783h
0,1*220.800

K1/K2:
% *

| _BOMIE*60 o e
MTTF, 1.300.000 =58,9y =515.760h

® 7 0,1¥220.800
and the assumption that S1, S2, K1 and K2 are each single-channel:

MTTF, = %

D

produces for

0.1%n, *(1-DC) 1-
prpg =21 "2 DC)_1-DC

BI10,  MTTF,
S1/S2:
PR =— 1209 _ 1,26E —09
905,8y *8760
K1/K2:
PR =— =09 _ 1,94E — 08
58,9y *8760

The following assumptions must now be made:

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10,, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where R =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

*PFH(S1)+PFH(52) 2% N .
PFH, 3 =ﬁ —+(1_ﬁ) (PFH(SI) PFH(sz)) T1+PFH(EL|904) +PFH(EL6900)

ges 2

, PFH ., + PFH

+PFH + E2 4 (1= B) *(PFH ) * PFH ;,)) * T1+ PFH 1, 100,

(EL2904) 5

(1= B)* *(PFH g, * PFH ,)) *T1 (1= B)* *(PFH y,, * PFH ,)*T1

Since the portions and are smaller than the rest
by the power of ten, they are neglected in this and all further calculations for the purpose of simplification.
to:

1’26E_09;1’26E_09 +L11E—09+1,03E —09+1,25E — 09 +10%* 1’94E_08§1’94E_08

+L11E-09

PFH,, =10%*
=6,56E 09

Calculation of the MTTF,, value for safety function 1 (under the same assumption):
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1 T |
MTTF,,, < MITF,,
as:
1 1 1 1 1 1
= + + + +
MTTFDges MTTFD(SI) MTTFD(EL1904) MTTFD(EL69OO) MTTFD(EL2904) MTTFD(K])
with:
B10
MTTFy i, = I*D:D
k) op
B10
(82
MTTF, g, = o :n )
> op
B10
MTTE g, = g 20
El op

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

(1-DC 1))
MTTFD(ELXXXX) = TM
(ELxxxx)
Hence:
1-DC ,, -
MTTFD(EL1904) = ( (ELI)M)) = (1-0.99) = 0,01 =1028,8y
PFH, 1 h
(EL1904) LI1E-09—*8760— 9,72E — 06—
h y y
1-DC _
MTTFD(EL6900) = ( (ELMO)) = 1-0.99) = 0,01 =1108,6y
PFH 1 h
(EL6900) 1,03E—09—*8760— 9,02E — 06—
h y y
1-DC _
MITEy ey <07 P o) (2099 00l
PFH, 1 h
(EL2904) 1,25E-09—*8760— 1,1E—-05—
h y y
1
MTTF,,,, = I I I I I I =454y

+ + + + +
905,8y  1028,8y  1108,6y 913,2y 58,9y 1028,8y

99% 99% 99% 99% 99% 99%  99% 99%
+ + + + +

+ +
pc 9058y 9058y 10288y 11086y 9132y 589y 589y 10288y oo o0

o 1 1 1 1 1 1 1 1

+ + + + + + +
905,8y 905,8y 1028,8y 1108,6y 913,2y 58,9y 58,9y 1028,8y
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NOTE

Category
This structure is possible up to category 4 at the most.
MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF; < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

NOTE

Diagnostic coverage

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the
limit values shown in this table.

Category B 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low a - a b b c -
medium b - b c c d -
high - C c d d d e
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3.6

Laser scanner (category 3, PL d)

The laser scanner has two OSSD outputs (Output-Signal-Switching-Device), which are wired to safe inputs
of an EL1904. The testing of the inputs is not active, since the OSSD outputs carry out their own test.
Furthermore, the signals are checked for discrepancy (200 ms). The feedback loop is read in via a safe
input. Testing is active for this input. The contactors K1 and K2 are connected in parallel to the safe output.
Current measurement and testing of the output are active for this circuit.

Y 0506, 0708
= i
_#2 | Machine Monitoring 1:?7_]?_2.
i Db e
.- Manual function test
0
0sSD 1 z! . & : g
([ Monint.. J——— ’ -
teeor [ Monin2.._} ﬁ >mm E _., -
y I R mI
7&;&--: EI 21 I E %‘g"
ELI904 [}
BECKHOFE o '
' & :
. R| u ' -
- .
. I v | S |
: Delay Time - %
lew [¥] Activated kL = (1) Logical connection in
, R e-- the EL6900
M [ Activated L]
K 1)
|
K 1)
e
L]
3.6.1 Parameters of the safe input and output terminals
EL1904 (applies to all EL1904 used)
Parameter Value
Sensor test channel 1 active No
Sensor test channel 2 active No
Sensor test channel 3 active Yes
Sensor test channel 4 active Yes
Logic channel 1 and 2 OSSD arbitrary types of pulse
Logic channel 3 and 4 Single Logic
EL2904
Parameter Value
Current measurement active Yes
Output test pulses active Yes
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3.6.2 Block formation and safety loops

3.6.2.1 Safety function 1

K1

—— Scanner — EL1904 — EL6900

EL2904

3.6.3 Calculation

Functional &
Safety

K2

3.6.3.1 PFHD / MTTFD / B10D — values

Component Value

EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09

Laser scanner — PFH, 7.67E-08

K1 -B10, 1,300,000

K2 — B10, 1,300,000

Days of operation (d,,) 230

Hours of operation / day (h,,) 16

Cycle time (minutes) (T,yqe) 10 (6x per hour)
Lifetime (T1) 20 years = 175200 hours

3.6.3.2 Diagnostic Coverage DC

Component

Value

OSSD1/2 with testing (by scanner) / plausibility DC,,,=90%

K1/K2 with testing and EDM

DC,,;=99%

3.6.3.3 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

L _dy*h, 60
o =

Zyklus

and:
B10,

MTTF, = =

Inserting the values, this produces:

K1/K2:

104
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_230*16*60

=22.080

I’lop

MTTF, = _1:300.000. =588,7y =5.157.012h
0,1%22.080

and the assumption that K1 and K2 are each single-channel:

MTTF, = %

D

produces for

0.1%n, *(1-DC) 1-DC

PFH = =
BI0,, MTTF,

109 g
588,7) *8760

The following assumptions must now be made:

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where R =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

, PFH ., + PFH

+ PFH, 2 {KZ)+(1_ﬁ)2*(PFH(K1)*PFH(KZ))*TI

(EL1904)

+ PFH,

PFng: =PFH, (EL6%00) T PFH(EL2904) +B

(Scanner)

(1- By *(PFH,

(K1)

: . *PFH, , )*¥T1 . o .
Since the portion 2 is smaller than the rest by the power of ten, it is neglected in

this and all further calculations for the purpose of simplification.

to:

LL94E - 09 +1,94E - 09
2

PFH , =7,67E —08+1,11E-09+1,03£ —09+1,25E — 09 +10%*
=8,03£ -08

Calculation of the MTTF value for safety function 1 (under the same assumption):

1 Lol
MTTF, _,z::‘MTTFDn

Dges

as.
1 1 1 1 1 1
= + + + +

MTTFDge: MTTFD(Scamer) MTTFD(EL1904) MTTFD(ELGQOO) MTTFD(EL2904) MTTFD(KI)
with:

B10
MTTF ) = ——%2

0,1%*n,,

If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:
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(1 -D C( Eme))

MTTF, gy =
Pt PFH(ELn;xx}
Hence:
(1-DC ) (1-0,99 0,01
MTTFD(EL|904) = PFH EE” = 1 ) A = 1 = 1028,8)/
(EL1904) 1L11E-09—*8760— 9,72E —06
h y y
1-DC _
MTTFD(EL6900) _ ( o (EL6900)) _ @ 0,199) = 0,01 1 1108,6y
(EL6900) 1,03E - 09—*8760— 9,02E — 06—
h y y
(1=DC 12004 1-0,99 0,01
MTTFD(EL2904) = PFH E20° = ( 1 ) 7 = I =913,2y
(EL2904) 1,25E -09—*8760— 1,1E-05
h y y
1-DC, _
mrtF. . = 87 PCsamen) (1-0,90) _ 0 sy
D(Scanner) PFH 1 h 1
(Scanner) 7,67E — 082 *8760— 6,72E — 04—
y y

In accordance with the limitation of the MTTF, to 100 years for components with a category 3 structure (for
category 4 the limit is 2500 years) introduced in EN ISO 13849-1, the value is limited to 100 years for the
further processing of the MTTF,, of the scanner.

MTTFD(Scanner) = 100_)/‘

1
MTTF,,, =— 1 1 1 ——=68,2y

+ + + +
100y  1028,8y 1108,6y 913,2y 588,7y

90%+ 99% N 99% N 99% N 99% N 99%
pDC = 100 1028,8 1108,6 913,2 588,7 588,7
@ 1 1 1 1 1 1
+ + + + +
100 1028,8 1108,6 913,2 588,7 588,7

=93,5%
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NOTE

Category
This structure is possible up to category 3 at the most through the use of the type 3 (category 3) laser scan-
ner.
MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Area
none DC <60 %
low 60 % <DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

Diagnostic coverage

limit values shown in this table.

NOTE

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the

Category B 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low a - a b b c -
medium b - b c c d -
high - c c d d d e
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3.7 Light curtain (Category 4, PL e)

The light curtain has two OSSD outputs (Output-Signal-Switching-Device), which are wired to safe inputs of
an EL1904. The testing of the inputs is not active, since the OSSD outputs carry out their own test.
Furthermore, the signals are checked for discrepancy (200 ms). The feedback loop is read in via a safe
input. Testing is active for this input. The contactors K1 and K2 are connected in parallel to the safe output.
Current measurement and testing of the output are active for this circuit.

o
M Machine Monitoring
ez Ol _
[ ]
E
-Monln1,., —
Av 200ms | E
vl = >1 :
0 — L}
' 5 :
' 2| I -
' o =
' ——— E
: Delay Time . %
lew [V Activated =5 = eQ Logical connection in
) e - the EL6900
M [ Activated LI
00
II]
00
[0 ]
--
g
3.71 Parameters of the safe input and output terminals
EL1904
Parameter Value
Sensor test channel 1 active No
Sensor test channel 2 active No
Sensor test channel 3 active Yes
Sensor test channel 4 active Yes
Logic channel 1 and 2 Asynchronous evaluation OSSD
Logic channel 3 and 4 Single Logic
EL2904
Parameter Value
Current measurement active Yes
Output test pulses active Yes
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3.7.2 Block formation and safety loops

3.7.21 Safety function 1

K1

— Light curtain — EL1904 — EL6900

EL2904

Functional &
Safety

K2

3.7.3 Calculation

3.7.31 PFHD / MTTFD / B10D — values

Component Value

EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09

Light curtain — PFH, 1.50E-08

K1 -B10p 1,300,000

K2 - B10, 1,300,000

Days of operation (d,,) 230

Hours of operation / day (h,,) 16

Cycle time (minutes) (T,yqe) 5 (12x per hour)
Lifetime (T1) 20 years = 175200 hours

3.7.3.2 Diagnostic Coverage DC

Component Value
0OSSD1/2 with testing (by light curtain) / DC,,;=99%
plausibility

K1/K2 with testing and EDM DC,,,=99%

3.7.3.3 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:

Ly, *60
op T

Zyklus

Inserting the values, this produces:

K1/K2:
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% %

n,, :7230 16760 =44.160

MTTF, = 1:300.000 _ 294,4y =2.578.944h
0,1*%44.160

and the assumption that K1 and K2 are each single-channel:

MTTF, = %

D

produces for

0.1%n, *(1-DC) 1-DC

PFH = =
BI0,, MTTF,

:i =3,88E —09
294,4y *8760

The following assumptions must now be made:

Relays K1 and K2 are both connected to the safety function. The non-functioning of a relay does not lead to
a dangerous situation, but it is discovered by the feedback. Furthermore, the B10, values for K1 and K2 are
identical.

There is a coupling coefficient between the components that are connected via two channels. Examples are
temperature, EMC, voltage peaks or signals between these components. This is assumed to be the worst-
case estimation, where R =10%. EN 62061 contains a table with which this B-factor can be precisely
determined. Further, it is assumed that all usual measures have been taken to prevent both channels failing
unsafely at the same time due to an error (e.g. overcurrent through relay contacts, overtemperature in the
control cabinet).

It follows for the calculation of the PFH, value for safety function 1:

, PFH . + PFH

PFH,, = PFH + PFH + PFH 1 g000) + PFH (12004, + B f+(l - By *(PFH ) * PFH ,))*T1

(Lightcurtain) (EL1904)

_ R % * *
Since the portion (=B * (PFH o * PFH ) *T1 is smaller than the rest by the power of ten, it is neglected in

this and all further calculations for the purpose of simplification.
to:

3,88E - 09 +3,88E-09
2

PFH,, =1,50E-08+L11E-09+1,03£-09+1,25E-09+10% *
=1,88E-08

Calculation of the MTTF,, value for safety function 1 (under the same assumption):

1 ool
MTIF, . ,Z:‘MTT .

Dges

as.
1 1 1 1 1 1
= + + + +
MTTFDge: MTTFD(Lighrcurtain) MTTFD(EL19O4) MTTFD(EL6900) MTTFD(EL29O4) MTTFD(K])
with:
MTTF, Bl0px)

DK =
(kD 0,1%*n,,
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If only PFH, values are available for EL1904, EL2904 and EL6900, the following estimation applies:

_ (1 - DC(ELxm))

MTTF, ,, =
P ) PFH(ELxxxx)
Hence:
1-DC _
MTTFD(EL1904) = ( (5“904)) = d 0i99) A = 0,01 =1028,8y
PFH oy 111E-09-%8760"  9,72F — 06—
h y y
1-DC _
MTTFD(EL6900) = ( (ELGQOO)) = d 0’]99) 7 = 0,01 =1108,6y
PFH ey, 1,03 —09-*8760~ 9,02F — 06—
h y y
1-DC _
MTTF ;000 = - DCearmn) _ d 0’199) = 0,01 -=913,2y
PFH pao  1,25E-09~*8760" 1,1E—05—
h y y
l_DC ightcurtain -
MTTFD(Lightc'urtain) = ( T )) = d 0’199) 7 0,01 = 76,1y
PFH igeurainy 1,50 — 08~ %8760 1,31E — 04—
h y y
MTTF, = ! =513
Dges =7 1 1 1 Y
+ + + +
76,1y 1028,8y 1108,6y  913,2y  294,4y
99% 9% 99%  99%  99%  99%

+ + + +
pe 161y 10288y 11086y 9132y 2944y 2944y g0 00

ae 1 1 1 1 1

1

+ + + + +
76,1y 1028,8y 1108,6y 913,2y 2944y 2944y
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NOTE

Category
This structure is possible up to category 4 at the most through the use of the type 4 (category 4) light cur-
tain.
MTTF,
Designation for each channel Range for each channel
low 3 years < MTTF, < 10 years
medium 10 years < MTTF, < 30 years
high 30 years < MTTF, <100 years
DC
Name Range
none DC <60 %
low 60 % < DC <90 %
medium 90 % <DC <99 %
high 99 % <DC

Diagnostic coverage

limit values shown in this table.

NOTE

For practical usability, the number of the ranges was limited to four. An accuracy of 5% is assumed for the

Category B 1 2 2 3 3 4
MTTES DC none none low medium low medium high
low a - a b b c -
medium b - c c d -
high - c c d d d e
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3.8 Safety switching mat / safety bumper
(Category 4, PL e)

Safety switching mats or safety bumpers work according to the cross-circuit principle. The contact surfaces
of the device are wired to safe inputs of an EL1904. The testing of the inputs is active and the signals are
tested for discrepancy (200 ms). As soon as a cross-circuit between the signals is detected (safety mat is
stepped on), a logical 0 is signaled by the EL1904 input terminal. If the cross-circuit is no longer present, a
logical 1 is signaled. The feedback loop is read in via a safe input. The testing of the input is active here also.
The contactors K1 and K2 are connected in parallel to the safe output. Current measurement and testing of
the output are active for this circuit.

i‘ Machine Monitoring
e v
[anual function test '
H
e J——F & '
- A> 200ms | E
i [}
R
2] > '
(]
'
2| &- ! —
. Em
ce=t =
Delay Time . %
[V] Activated 100 = L] Logical connection in
[ Activated —.Zil c=° the ELG900
00
i
LI
.6
et
L L]
g
3.8.1 Parameters of the safe input and output terminals
EL1904 (applies to all EL1904 used)
Parameter Value
Sensor test channel 1 active Yes
Sensor test channel 2 active Yes
Sensor test channel 3 active Yes
Sensor test channel 4 active Yes
Logic channel 1 and 2 Cross-circuit is not a module error
Logic channel 3 and 4 Single Logic
EL2904
Parameter Value
Current measurement active Yes
Output test pulses active Yes
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3.8.2 Block formation and safety loops
3.8.2.1 Safety function 1
K1
safety | g9904 | EL6900 H  EL2904
switching mat
Fug:fl;r:;alg
K2
3.8.3 Calculation
3.8.3.1 PFHD / MTTFD / B10D - values
Component Value
EL1904 — PFH, 1.11E-09
EL2904 — PFH, 1.25E-09
EL6900 — PFH, 1.03E-09
Safety switching mat — B10, 6.00E06
K1-B10, 1,300,000
K2 - B10, 1,300,000
Days of operation (d,,) 230
Hours of operation / day (h,,) 16
Cycle time (minutes) (T,yqe) 1 (1x per minute)
Lifetime (T1) 20 years = 175200 hours

3.8.3.2 Diagnostic Coverage DC

Component Value

Switching outputs (mat) with testing/plausibility DC,,;=99%

K1/K2 with testing and EDM DC,,,=99%

3.8.3.3 Calculation of safety function 1

Calculation of the PFH, and MTTF, values from the B10, values:

From:
oy, 60
op T

Zyklus

and:

B10,

0,1*n

MTTF, =

D

op
Inserting the values, this produces:

K1/K2:
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* *

n, = 201670