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Enhancements of the Fast Interlock System
for Wendelstein 7-X operational phase OP2.1
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Stellarator Wendelstein 7-X: Ready for Operation Phase 2.1 X
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Fig. 1: Stellarator Wendelstein W7-X Fig. 2: Actively cooled divertor units

High heat flux operation OP2: September 2022+
« Full water cooling of all PFC to provide max. heat load 10MW/m?
« Considerable enhancement of heating, fueling and diagnostics systems,

« Consecutive increase of energy turnaround 1GJ (OP2.1 - 18GJ),

New requirements for Fast Interlock System (FIS) for actively cooled divertor operation in
OP2 led to an extensive revision of technical implementation and the software of FIS!
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Highlights of W7-X Fast Interlock System X
Enhancement of the Fast Interlock System for operational Phase 2.1
Of W?_X central Fast Interlock System (cFIS)
| | . —
Using fast PLC CPU Siemens 1573 for processing of cFIS Interlock I 2 |
Functions,
) ] ) . . Ethernet : Interlock signal interfaces
Input/Output of interlock signals via decentral periphery devices B R | e
ET200SP, o | oo
Using Profinet bus for connection the CPU 1500 with all ET200SP — ms( —
ystem with loca aFls, Cucable

devices, e

- - . . - - Fast Control Station - :_ :
Integration of new FIS diagnostic signals for divertor protection, for F oo ||
ICRH heating and Continuous Pellet Fulling System (CPFS), |

Integration of new FIS actuator signals: NBI20, ICRH, Continuous Fig. 3: Structure of FIS
Pellet Injection (CPFS),

Extension and modification of Interlock Functions for Op2.1,

Implementation of a new Unlock Request / Heating_Release cycle
for all heating systems,
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Thanks for attention!

Please contact me during the poster session!
Poster session , Poster ID # 56
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Preview of Poster #56

Enhancements of the Fast Interlock System for Wendelstein 7-X

operational phase OP2.1

J. Schacht! A Walk!, 5. Pingel’, U. Herbst', R. Vilbrandt', 5. Degenkolbe’, 0. Grulke, A. Winter', H-S_ Bosch' and the W7-X Team

Max-Planck-Institut fir Plasmaphysik,

ABSTRACT

The Fast Interlock System (FIS) is sn independent subsystem of the safety
control system of W7-X. The main task of the FIS is to protect the inner plasma
vessel components from thermsal overlosd from both plasma heating systems
(e.g nautrsl basm injection) and the plasma itself. Thera ara strict limits for
regcfion times, which have to be cbserved in order to prevent coverload
situations of the first wall.

The requiremants for the FIS were substantially medified and extended in order
to address the challenges dus to the actively cooled divertor This led to

ive revision of the ical i fion and the software of the FIS.

This paper gives sn overview about the i of FIS for the tional
phase OF2.1. followed by a description of the technical aspects of the FIS and
the implementation of the interlock functions. Finally, the sctual ststus of the
project “FIS for OP2.17 is discussed.

SAFETY LEVEL CONCEPT FOR W7-X MACHINE
PROTECTION

Central Safety System i

|—  Emerpncy 1o Sysem

Safety Leved Syssem
(Permissans)

ess control (BPG),
Process safety control functions (PSCF)

Safety Functions (SIF)

Safety
System (SIS),
Fast Interlock System Fast Interlock Functions (FIF)
(FIS)

PiL2 Active protection
PiL3 Passzive protection

Balsln 1 Layar o8 Brsbuction sar st 87X davece

Active safety parts (e.g. rupture disks)
Passive safety parts (e.g. Torus hall}
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STELLARATOR WENDELSTEIN 7-X:
READY FOR OPERATION PHASE 2.1
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High heat flux operation OP2: September 2022+
* Full water cooling of all PFC {o provide max. heat load 10MW/m?.

* Considerable enhancement of heating, fueling and diagnostics systems,
1GJ (OP2.1 > 18GJ),

* C i of energy

PROJECTFIS FOR OP2.1

Central Interlock System (cF1S)

Design phase:

. ification of ional r for FIS-OFZ.1 7]

. ificstion of non for FIS-OFZ2.1 7]

- ET-Specification far modification of the cabinets &

- Software specification for the oFIS &
Implementation phase:

« Modification of sll cFIS cabinets o

- Cabling between IFIS cabinets and cFIS cabinats 5]

= Metwork cabling an network configuration T}

+ PLC softwsre and visuslization i)
Test phase:

- FIS signal transmission test &

= Unit and integration tests ongoing
+ Vslidstion cFIS August 2022

- Validstion whele Fast Interlock system with plasma operation September 2022
Local Interlock System (IF1S)

Design end implementation for the local Intarlock Systems are part of the CoDaC
projects of the diagnostics and hesting systems with IFIS tasks.

The warking pack and the technical realization of IFIS projects are strongly
coordinated with the oFIS project.
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HIGHLIGHTS OF W7-X FAST INTERLOCK

» Enhancement of the Fast Interlock System for operational Phase 2.1 of W7-X,

» Using fast PLC CPU Siemens 1500 for processing of Interlock Functions,
Input/Qutput of interlock signals via decentral periphery devices ET2005P,
» Using Profinet bus for connection the CFU 1500 with all ET200SP devices.

+ Implementation of a new Unlock Request /| Hesting Relzase cycle for all
heating systems,

Int: i of new FIS d tic signals for divertor protection. for ICRH
heating and Centinuous Pellet Fulling System (CPFS).

» Extension and medification of Interlock Functions for Op2.1,

REALIZATION OF FIS

Central Interlock System (oFI5):
- cFIE Logic: Fast PLC Siemens 1500,
- Caonfiguration, HMI: PLC 57-400,

- Signal interfaces: E{2005P with I'0
devices,

* HMIE WinGG Server,
Signal Interface:

« Located in the near of the IFIS
companents,

- Signal infermation will ke transmitted
via Profibus connection between
e Et2d0%F 3nd PLC 1200,

Local Fast Interlock Systems
- Individually designed for every IFIS

. & Strecture ot Fast Interiock System system,
cFIS FLC based Parameter sets for Interlock-Functions and
e for IFI5 diagnostics.

S and receive interlock signals

Processing of interlock functions.
HM | for FIS.
Archiving data into W7-X archive,
Cyole time = 10ms,
Generation of events for the FIS-functions
ag (e.9. plasma density for heating xy is not 0.k,
Divertor Observation temperature overioad divertor),
Maching Instrementation Cycle time < 100ms,
Agtuztor FIS  Plasma Heating ECRH Conrol of Heatin: uest signal according
T Plasma Heating MEIZ021  experiment prog .a‘!m‘!mqE s,
Plasma Heating ICRH Immediately switch off heating, i the signal
Plasma Fueling Pellet Injestor  Heating xy_Release==inast,
Switch <his

Diagnostic FIS Interferometry
Magnefics
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