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WENDELSTEIN 7-X

Simulation System for the Wendelstein 7-X

Safety Control System
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Motivation

Software versions for safety system  The superconducting stellarator W7-X needs W7-X in operation
. for a safe operation a well defined and tested

March 2015 safety system:

Safety software for the commissioning of the vacuum systems, cryo
system and torus hall signalization

Enhanced saftey software for commissioning of superconducting _ .
o ayetom .  The W7-X control system allows a s.afe and flexible
Enhanced safety software for radiation protection ContrOI Of preparatlon and CondUCtlng Of
Final software version flr operation phase OP1.1 dlSChargeS. .

Dec 2015 Il. For every new operation phase an enhanced
Operation phase OP1.1 version of the central safety system (cSS) is

March 2016 necessary

uly 2017 [Tnal soThware version T operafion pase D729 ll. The effort for integration tests and validation of the

Sep 2017

software for ¢SS is very high.

Operation phase OP1.2a ) ) ] ]
IV. A simulation system allows developing and testing

Dec 2017
March 2018 Final software version fur operation phase OP1.2b the safety SOftware befOre Comm|SS|0n|ng and
Apr 2018 helps to meet the high quality requirements. , _
Operation phase OP1.2b ‘ German chancellor Dr. Merkel started ~ Video of the first H2-plasma
Dec 2018 the first H2-plasma discharge (3. February 2016)

A simulation platform for the ¢SS was introduced for
integration tests and validation of the ¢SS software for
the operation phase OP1.2b.

Safety-System Overview

Safety system architecture

Functions of the safety system: Layers of the W7-X control system Development process
centr:ll_ zafety central operational central segment control Definition phase for functional safety along EN/IEC61511:
management PLC (real time plasma control) ,Functional safety - Safety instrumented systems for the process industry sector”
l. Ensures personal safety and investment protection, i . e
. . . only Risk : Safety Requirements Specification
ll. Supervision of access control into the different zones of . Heesimer ot Ietrumemted Func
. . . H . 2arety Instrumented Frunction
the radiation protection area, gt S — 1L Safety Intesrity Level
ll. Emergency stop system, | ¢ S
SIF Sheet eritication steps petween stages
IV. Control of the safety states of W7-X, - % - o o : efinedin V& o
V. Signalization (warnings and alarms), e " o ctur i |77 Veraton | (most mportantsteps re shour)
VI. Realization of safety functions: afey m: ar;rtzgj;ss ER N ::r.:r::f; ----- M;,ezs:.e Commissioning (aftervalidation)
Start of change management

» personnel safety,

safety layer process layer
* device protection, | | N
VIl. Communication interfaces: By e == S
« Central Operation Management (cOPM) (Ethernet), | . ‘
« Fast Interlock System (Ethernet), e
« Control components (safety signal interface), 1; EE e et
» Data archive (Ethernet), i o
S o o et et ey ey T O

SIMIT based simulation platform for the W7-X safety system

Architecture of SIMIT (Fa. Siemens): Realization: Results:
* Modeling system: * Installation of a simulation system, consisting of: « WT7-X operation and safety software
The simulation models are created and the interfaces tothe « 2x PLC S7-417, development are possible at the same time,
coupled partners are configured in the modeling system. « Profibus safe network and profibus coupling device, * Early detection and correction of
» Control system: *  Windows PC equipped with SIMIT V9.0 configuration and software errors,
The simulation model runs in the control system. The « Processing of about 2000 safety Input/Output signals, * Shorter commissioning period due to:
simulation model communicates with the coupled safety * Implementation of simulation models for: » atested configuration,
program of redundant PLCs of the ¢SS simulation platform. « 21 technical components, « extensively tested software,
« 5 operation diagnostics (e.g. laser systems), « Significantly reduced on site debugging,
N SIMIT * 12 diagnostics, * Education of the ¢SS operators,
central Safety system | Interface plan of the outputs  Signalization, access control, gas warning system, ... _ _ _
In operation Simulation platform
l Behavior specification SIMIT implementation A [] = = =
Modells of local safety systems of components S
Modells of sub components of central safety system T TR PR B e |
Supervision/operation of SIMIT models J:LIGLL.LL.H = e
D = E7TE - SeEE PEE @
Redundant PLCs of the ¥ @il _
central Safety System stsienats o T Interface plan of the inputs e Simulation of the
=" | Finite state machine for the control :;IMIT ra hig;i e CSStOIDIeratOr workplace ImWT sl \{vorkplace i, W in(_:C
Architecture of SIMIT simulation platform of power supplies of magnet system prograrr? cr?art controf room :tg?irg:\(éf gtﬁ\t/llcl)'rll'sc’) e(i:t_o7r i?a%:gﬁz.“ng
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