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TwinSAFE as a compact controller
With the integration of the TwinSAFE Logic
functionality into all new TwinSAFE compo-
nents and therefore also into all TwinSAFE I/0
components, the potential range of applications
for TwinSAFE is significantly extended. In this
way, an individual component with local inputs
and outputs can be used to realise a safety
application (EL1957). As with all TwinSAFE Logic
components, communication with existing
TwinSAFE components is also possible. In addi-
tion to the components represented here, which
77777 TT— have both local inputs and local outputs, pure
[ ol o input or output components are also available
ol _ with TwinSAFE Logic.
(] . 308 J
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For traditional architectures:
centralised safety controllers
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TwinSAFE as a central

safety controller

TwinSAFE provides dedicated safety controllers,
which can be used for centralised control from

a safety technology perspective. These devices
themselves do not have local inputs and out-
puts. Instead, communication relationships are
established with 1...n safety-related compo-
nents, and the safe input and output signals are
processed in accordance with the user-defined
safety application. The architecture in this case
corresponds to the traditional architecture of
safety applications. In addition to the dedicated
safety controllers represented here, all Logic-ca-
pable components can of course also be used in

'S!( ¥ context with a conventional architecture.
© ©
© ©
© ©
© o
emol]
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Stay flexible: freely distributed

safety applications
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EL6910 EL29

TwinSAFE Logic
control system
and 1/0s
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AX8108-0100

)18, EJ2918,
)57

EK1960

EEEEEEEEET

- BECKHOFF
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SR AX8000 TwinSAFE as a distributed system
[t EP1957 Through the integration of the TwinSAFE Logic

[ 8 i functionality into all new TwinSAFE components,
p—— any distribution or modularisation of a safety
application can be realised. In contrast to the
traditional architecture, not all safety-related
input and output signals have to be transmitted
for processing to the central safety controller.
The options of distributed control means that,
from a safety technology perspective, function-
ally related components can be modelled by a
dedicated safety project. If a system involves
an AX8000 group with n modules, for example,
where each of these n modules also has to exe-
cute safety-related drive functions, then, in the

v

iopplok
coojolo e

2 R - - =

g e traditional approach, these drive functions have
© o to be controlled individually by the central safety
© o controller. Through the principle of distributed
0 e control, on the other hand, one of the modules
D © can now be used as a TwinSAFE Logic, which

T @ locally takes over the safety-related control of

the other TwinSAFE modules in the group.
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For highly complex safety applications:
more performance with |PC

. C6920

TwinSAFE Logic

Standard
control system
and 1/0s

20 BECKHOFF New Automation Technology We reserve the right to make technical changes.



CX5120

é
T

Safety control with the standard IPC:
With the introduction of the TwinCAT Safety
PLC software, TwinSAFE can leverage the
enormous performance of standard Industrial
PCs in safety control applications. Using an
IPC as a software safety controller, even the
most sophisticated safety applications can be
executed. With the TwinCAT Safety PLC used
in a traditional architecture, the overall system
is controlled by a single, centralised device,
which realises both the standard functionality

and the safety functionality. In contrast to the
TwinSAFE hardware components, this safety
controller can also be programmed in a stand-
ard C derivative with Safety C. This means that
safety applications with any level of com-

© plexity can be represented. As is typical with
© TwinSAFE, this architecture can be combined
(&) as required with other TwinSAFE architectures.
©

*

We reserve the right to make technical changes. BECKHOFF New Automation Technology 21



- HS

-_.e !.owﬁ

i\l\ﬁ

eoee -_._e !6 r
aﬁnn

,\. \ “l‘ —
\.\

-ﬂ -N __u-h -a -m :.
4= r

_ﬂe}wﬁ_
[igegd n_

For analog safety solutions:

TwinSAFE SC
i

right to make technical changes.
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Sample application from the application manual
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The example shows how temperature measurement can be performed using TwinSAFE SC technology. Two measurement points are fitted with

diverse temperature sensors. One of the signals is transmitted via TwinSAFE SC to the safety controller for plausibility checking with the aid of

the second signal.

TwinSAFE SC technology (TwinSAFE Single
Channel) allows the use of standard signals for
safety-relevanttasks in any networks or field-
bus systems. EtherCAT 1/0s with functions such
as analog inputs, angle/path measurement or
communication (4...20 mA, incremental encoder,
10-Link, etc.) are extended for this purpose by
the TwinSAFE SC function, with the typical signal
properties and standard functionalities of the

I/0 components being preserved. TwinSAFE SC
I/0s differ visually from standard I/0s by a yellow
stripe on the front of the housing.

We reserve the right to make technical changes.

TwinSAFE SC technology allows communication
via a TwinSAFE protocol. These connections can be
distinguished from the usual safe communication
over Safety-over-EtherCAT.

The data of the TwinSAFE SC components is rout-
ed via a TwinSAFE protocol to the TwinSAFE logic
and can be used there in the context of safety-re-
lated applications. Detailed examples concerning
the correct use of the TwinSAFE SC components
and the relevant normative classification, which
have been calculated and confirmed by German
authorities TUV SUD, can be referenced in the
TwinSAFE application manual.

Benefits of TwinSAFE SC:

= economic use of standard signals

in safety applications

= simple expansion of existing systems

by safe analog value processing

BECKHOFF New Automation Technology
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Safety engineering:
simple, intuitive ...
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....and also for
complex applications
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Programming with function blocks
All hardware components with integrated
TwinSAFE Logic can be programmed based on
certified function blocks. The certified safety
function blocks of the TwinSAFE Logic compo-
nents allow simple, fault-free and cost-effective
realisation of all safety tasks — from simple safety
door monitoring to complex muting functions
based on digital signals through to safe control of

highly complex processes based on analog signals.

We reserve the right to make technical changes.
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Programming with Safety C
Highly complex safety applications with the
software-based TwinCAT Safety PLC can be
programmed with Safety C. Safety C represents a
derivative of Standard C. In oder to increase safety,
restrictions can be made, for example, in terms of
strict type identification, implicit type casting and
others. Otherwise, all control constructs familiar
from Standard C, for example, can be used to
realise a safety application. Auxiliary libraries are
available that further simplify the engineering
process.

Flexible programming options:

selection of programming language
depending on requirements

intuitive programming for safety-related
basic functionalities

free programming in high-level
language for highly complex safety
applications

BECKHOFF New Automation Technology 25



Simple adaptation, high-performance tools:
the engineering highlights

Customizing

Customizing

The customizing functionality is one of the most
significant innovations in the new generation of
safety controllers. Safety projects can still be mod-
ularly designed, and apart from that the customiz-
ing function allows the following operating modes
to be configured for each of these modules:

= temporary deactivation

= permanent deactivation

®  passivation

26 BECKHOFF New Automation Technology

These settings along with the corresponding
configuration of replacement values for the inter-
faces between the different modules allow highly
complex modular and scalable architectures to be
implemented. A single safety project can thus be
used for a whole series of machines, for example.
When it comes to smaller variants of a machine,
the modules not needed in each case can be
simply deactivated, which of course is enormously
beneficial in terms of development costs as only
one safety project has to be developed, validat-
ed and verified in compliance with normative
requirements. Switching between the various
operating modes is possible during runtime.

BECKHOFF

The Beckhoff engineering provides two different
options for this, with the modules being adapted
to the current machine requirements either via
the TwinCAT 3 development environment or else
using the TwinSAFE Loader tool.

We reserve the right to make technical changes.



TwinSAFE Loader

The TwinSAFE Loader is a command line tool
that allows a safety project to be customized
without TwinCAT 3. For example, modules can
be activated and deactivated directly via a
custom HMI. On one hand, this means that the
TwinSAFE system can be optimally adapted to
customer-specific processes. On the other hand,
common use cases, such as the commissioning
process, can be simplified considerably. With
customizing, individual modules of the safety
application can be temporarily deactivated

for commissioning machine parts and then
subsequently reactivated without having to

We reserve the right to make technical changes.

TwinSAFE Loader/User

perform renewed validation and verification of
the entire safety application.

Flexibility in application and tooling:

= highly flexible modularisation during
runtime through customizing
preconfiguration of safety applications
within CAD tool
TwinSAFE Loader and TwinSAFE User
are user-friendly tools for series
production

TwinSAFE Loader enables modularisa-
tion during runtime without the use of
TwinCAT 3

BECKHOFF New Automation Technology 27




At a glance: the TwinSAFE
software workflow

Development

Risk Assessment

ool
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TwinCAT 3 Safety Editor

-TwinCAT 3

Diagrams
-Safety C

CAD Tool

- Preconfiguration
of Safety Projects

in CAD Tool

Integration
-Function Block

Project

&

TwinCAT 3 and TwinCAT 2

In the Beckhoff world, a safety application can
be implemented either with TwinCAT 2 or 3.
Whereas TwinCAT 2 can be used exclusively for
the TwinSAFE Logic components EL6900, EL6930
and KL6904, all Logic components with the
exception of the KL6904 can be configured with
TwinCAT 3.

TC3 XCAD Interface

Beckhoff provides the possibility to create a
safety application directly within a CAD tool.
With the help of the TC3 XCAD Interface, the
application can subsequently be converted into

a fully functional safety project in TwinCAT 3 to
undergo final configuration.

Codesys
As an option, the Beckhoff TwinSAFE Logic com-
ponents can be configured using Codesys Safety.

TwinSAFE Loader

The TwinSAFE Loader tool offers a possibility
to download a safety project entirely without
the TwinCAT engineering environment. It is

a command line tool that can be integrated
into customer-specific processes. It enables,
for example, the loading of TwinSAFE Logic

We reserve the right to make technical changes.

TC3 XCAD Interface

= - Plugin for automatic
generation of Safety



Deployment

S - Deploy from
TwinCAT 3
— Engineering

- Customize TwinCAT Safety - Deploy TwinCAT
Projects without TwinCAT
- Handle User Management

Safety Projects
without TwinCAT

without TwinCAT

components during series production with-

out the use of a development environment.
Furthermore, TwinSAFE Loader enables an
existing system to be customized at runtime.
When using TwinSAFE Loader in the context of
customer-specific processes, the FMEDA method
for risk analysis given in the user manual must
always be observed.

TwinSAFE User

The TwinSAFE User tool can be used to handle
the user administration for a TwinSAFE Logic
component. It enables, e.g., to configure the user
administration for accessing a TwinSAFE Logic

We reserve the right to make technical changes.

component during series production, without
using a development environment.

Flexible workflow support:
comprehensive support during
the engineering process
free choice of development tool
various deployment possibilities
for different requirements

BECKHOFF New Automation Technology
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Simplitied implementation:
the application manual

Collection of
safety functions

BECKHOFF hew Astomanon Technsiony

2.14 Light grid (Category 4, PL e)

Block formation
and output parameters

Circult exampies BECKHOFF tew Automation Technology

2142 Block formation and safety loops

21421 Satety function 1 m
L =

=g

2,143 Calculation

29431 PFH [ MTTF, /B10, - values

2141 Parameters of the safe input and output terminals
EL1904
_\l-u-
o s 05 The block circuit diagram and the output
parameters used are listed for every
Value =
safety function.
Appbeuten Gukte TwinGAFE - varsion 10.1 ™

Every safety function is described in detail including
the specific parametrisation of TwinSAFE components.

30 BECKHOFF New Automation Technology We reserve the right to make technical changes.



Calculation of |dentification of
safety parameters safety category

{1 - pEiEL1904)) (1= 099) 001

MTTF (EL1904) - ‘-
b 1190 PFH(ELIO0)  1,11E - 095+ 87608  9,72E - D6

1028 By

E] st
This structure is possibie up to categary 4 at the mast thraugh the use of the type 4
Note (category 4) light grid.

{1 = DC(ELGR00)) {1-099) 0,01

MITE(EL690D) =

= 11086y

PEI(ELGI00)  LOSE - 09%+ BT 60T =502 - [ MTTF,
Designation for each channel | Range for each channel
Tow 3 yoars 5 MTTE, < 10 yoars
medium 10 years 5 MTTF, < 30 yoars
MTTE, (EL2904) = L= DE(EL2304)) (1-0.99) L B high 30 years 5 MTTFa 5 100 years
PFH{ELZ?04) 1.25E II'|_:_ . H'-f.l\': 1.1E 0 e -
DCuy
Designation
high
MTTFoges = — : L : = 513y | Catagary e 2 2 3 3 4
o + ST m TEE + ey :::.‘_ o nane none low medium low medium high
law a a b b
medum | b | - | b | e | e | 4
high = T T T d | e
The calculation of safety parameters is explained Detailed description for determining the correct
transparently and in detail for every safety function to safety category.
enable easy adjustment to any modified usage of the
safety function.
Application manual confirmed by the TUV SUD authority is executed Comprehensive support in conceptual
To simplify the design of safety functions, for each sample, so that the samples can either design and implementation:
Beckhoff has made the TwinSAFE application be adopted 1:1 or adapted very simply to specific = continuously expanded collection
manual available for download via the company  application requirements. of relevant application examples
website. The user-friendly manual contains a best-possible support to enable correct
compilation of sample applications for TwinSAFE implementation of safety applications
with a collection of widely used safety functions. simple adaptation to modified applica-
Each sample shows the interconnection of the tions through detailed documentation
hardware components and the corresponding of the safety acceptance

mapping inside the safety application itself, i.e.
the implementation with the help of pre-certified
function blocks and the parameterisation of input
and output components. For further support

the verification of the respective safety level as

We reserve the right to make technical changes. BECKHOFF New Automation Technology 31



Highly modular:
the TwinSAFE product portfolio

Input, Logic and Output

EL2911 EtherCAT Terminal, 4-channel digital input,
1-channel digital output, 24V DC, Inax = 10 A

EL1957 EtherCAT Terminal, 8-channel digital input,
4-channel digital output, 24V DC, Imax = 0.5 A

EP1957 EtherCAT Box, 8-channel digital input,
4-channel digital output, 24V DC, Imax = 0.5 A

EJ1957 EtherCAT plug-in module, 8-channel digital
input, 4-channel digital output, 24V DC, Imax = 0.5 A

EK1960 TwinSAFE Compact Controller
20 safe inputs, 24 safe outputs,
optionally 4 relay outputs

AX81xx-0100 Drive with TwinSAFE option, 1 axis
AX82xx-0100 Drive with TwinSAFE option, 2 axes

Input and Logic @

EL1918 EtherCAT Terminal, 8-channel digital input, 24 V DC
EP1918 EtherCAT Box, 8-channel digital input, 24 V DC

EJ1914 EtherCAT plug-in module, 4-channel digital input, 24 V DC
EJ1918 EtherCAT plug-in module, 4-channel digital input, 24 V DC

TwinSAFE
EL1904 EtherCAT Terminal, 4-channel digital input, 24V DC

EK1914 EtherCAT Coupler with integrated digital standard and safety 1/0s:
2 safe inputs, 2 safe outputs, 4 standard inputs, 4 standard outputs, Inax = 0.5 A

EP1908-0002 EtherCAT Box, 8-channel digital input, 24V DC

KL1904 Bus Terminal, 4-channel digital input, 24 V DC

TwinSAFE SC (selection)

EL3124-0090 EtherCAT Terminal, 4-channel analog input, 4...20 mA, differential input, 16 bit
EL3314-0090 EtherCAT Terminal, 4-channel input, thermocouple with wire breakage detection
EL5021-0090 EtherCAT Terminal, 1-channel SinCos encoder interface, 1 Vee

EP3174-0092 EtherCAT Box, 4-channel analog input, £10V or 0/4...20 mA,
differential input, 16 bit

For detailed information on our products please see here » www.beckhoff.com/TwinSAFE

32 BECKHOFF New Automation Technology

Dedicated Logic

Engineering with FBD

EL6910 EtherCAT Terminal, TwinSAFE Logic

EL6900 EtherCAT Terminal, TwinSAFE Logic

EL6930 EtherCAT Terminal, TwinSAFE Logic, with PRC
EJ6910 EtherCAT plug-in module, TwinSAFE Logic
Engineering with Safety C

TwinCAT Safety PLC software-based
safety controller

We reserve the right to make technical changes.



Logic and Output

7

EL2912 EtherCAT Terminal, 2-channel digital output, 24V DC, Imax = 2.3 A

EJ2914 EtherCAT plug-in module, 4-channel digital output, 24 V DC, Inax = 0.5 A

EJ2918 EtherCAT plug-in module, 8-channel digital output, 24 V DC, Inax = 0.5 A

KL6904 Bus Terminal, 4-channel digital output, 24 V DC, Imax = 0.5 A

T

Flsafe gateway

We reserve the right to make technical changes.

EL2904 EtherCAT Terminal, 4-channel digital output, 24V DC, Inax = 0.5 A

EK1914 EtherCAT Coupler with integrated digital standard and safety I/0s:
2 safe inputs, 2 safe outputs, 4 standard inputs, 4 standard outputs, Inax = 0.5 A

KL2904 Bus Terminal, 4-channel digital output, 24 V DC, Inax = 0.5 A

AX5000 Digital Compact Servo Drives
AX5801-0200 TwinSAFE drive option card, up to 40 A, STO, SS1

AX5805-0000 TwinSAFE drive option card, up tos 40 A, STO, SS1, SS2, SOS, SLS, SDI
AX5806-0000 TwinSAFE drive option card, up to 60 A, STO, SS1, SS2, SOS, SLS, SDI

BECKHOFF New Automation Technology 33



Globally available: Beckhoftf safety expertise
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Beckhoff — New Automation Technology
Beckhoff implements open automation systems
based on PC Control technology for more than
35 years. The product range covers Industrial PCs,
1/0 and Fieldbus Components, Drive Technology
and automation software. For all areas of
application, product series are available that can
be used as separate components or integrated
B Headquarters M Headquarters distributor into a complete and seamless control system.

@ Ssubsidiary
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The Beckhoff “New Automation Technology” Worldwide presence on all continents Beckhoff at a glance

philosophy represents innovative control and The worldwide presence of Beckhoff in 75 Headquarters: Verl, Germany

automation solutions that are used worldwide countries ensures fast service and support Sales 2017: 810 Mio. € (+19 %)

in a wide variety of different applications for globally operating customers in their local Staff worldwide: 3,900

and industries, ranging from CNC-controlled language. Moreover, geographical proximity helps Sales/Technical Offices Germany: 22
machine tools and wind turbines to intelligent us develop an in-depth understanding of the Subsidiaries/Branch Offices worldwide: 37

building automation. technical challenges our customers are faced with Distributors worldwide:
around the world. in 75 countries

(as of 04/2018)

» www.beckhoff.com

We reserve the right to make technical changes. BECKHOFF New Automation Technology 35



