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Abstrack Interlocksare the i.nstrumented fu_nctions of_ ITERhat p_rotect the machineagainstfailures of the FMWNTWDWFEWWWNTS

plant systemcomponentsor incorrect machineoperation. Regardingl&C, the Interlock Control System(ICS) A . : : :

ensuresthat no failure of the conventional ITERcontrols can lead to a serious damage of the machine Interlock action Slgna|3< 100 LS followmg an interlock event
Integrity or ava.ilability. The ICSis in_ charge of the supervis_ion anc_I.controI of all tI_1e ITERcomponentS A Overallavailability>99.9 05

iInvolved in the instrumented protection of the Tokamakand its auxiliary systems It is constituted by the A . : 0

Centrallnterlock System(CIS) the different Plant Interlock Systems(PI1S)and its networks. The ICSdoesnot Re“ablllty (OVGI"[WO, 8-hour Sh|ft5) >99.6 %

Include the sensorsa_;md actugtorsof the plant systemsbut It is in_ chargeof Iheir control. Thel'_I'EFa'nte_rIock A Integrity level (S||3 equivalent— |ECB1508 PEFH< 107
systemshall be designed,built and operated accordingto the highest quality standards The international A . . Ce . : :

standard IEC61508has been chosenasthe reference In both ClSand PIScasestwo main architecturesare Failsafesolution (dEtermm|St|C state in caseof internal error)
used a slow architecture, for those functions with responsetime requirementsslower than 100ms (300 ms A Harshenvironment

for central interlock functions), based on PLCtechnologies, and a fast architecture, based on FPGA

technologies,for the functions with faster requirement times. The proposeddesignfor fast PISis basedon

the use of RIO(Reconfigurabldnput/Output) technologyfrom National Instruments (compactRIQolatform).

In order to provide a high integrity solution, a FMEDA(Failure Modes Effectsand DiagnosticsAnalysis)has

been conducted to analyzethe components behavior Accordingto the output of the FMEDAa set of /

diagnosticshas been defined and additional redundancy was added to the architecture to improve the .Imlﬂ'

Integrity figures The defined configuration has been calledthe “ d o udedkers o | u twithotwo’ chassis Adﬁﬁted Qﬂhﬂ ' :

running in parallel, communicated between them using a synchronoushigh speed serial line, and using

redundant modulesto implement the input and output measurement/excitationsand redundantanalogand NI CompaCtRIO embedded

digital modulesto implement the diagnosticsof these input/output modules The integrity figures for the FPGAbased architecture

“ d o udbd cekselutiGn are obtained from the classificationof the failure rates, obtaining for the different ith h |

configurationsa SFHsafe failure fraction) of 85% and a FPH(Probability of dangerousFailure per Hour) of Wit ot 'Swappab € \:::\

lessthan 1E07. The FPGAdesignincludesall the hardware to support the data acquisition from the input industrial |/O modules ‘
modules, the implementation of the diagnosticsfunctionalities for analog and digital modules, the voting _ Reconflgurable i
schemaand the activation/deactivation of digital outputs. The platform includesan external test platform, Redundancy In /O modules -~ HWsystem -0
also based on compactRIOtechnology, to perform the validation of the system and to register the : - VAN AN
performance of the different interlock functions implemented. The responsetimes obtained for the TTL DlagnOStICS modules

iInput to TTLoutput interlock function rangesfrom 5us to 20us; for the analoginput to TTLoutput the \ZChaSSiS IN a redundant Configuration /

responsetime is in the range of 41 psto 90 us, and for interlock functions using 24V digital input to 24V
digital output, the time canrise up to 643 s.
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Results
SIL consumptior # Safety Response Max. FPGA
XAl 2x24V 8547 % 1.324 E8 13.2% of SIB 1to11 41¢89 pus 49.9 %
B 3x24V 2x24V 8547 % 1.322 E8 13.2% of SI8 1toll 143-643 s 32.0 %
C 3XTTL 2xTTL 8547 % 1.597 E8 16% of SIB 1to 7 5-20 us 32.5 %

SFF: Safe FailuFgaction
PFH: Probability of dangerous Failure per Hour (high demand system)
SIL: Signal Integrity Level

égt,eeﬁlc(,);; % LEI;EE;:%% Interlock user ) i
- S templates % V NI 915914-s|lot CompactRI@hassigVirtex5 FPGA)
- b D reposiory V NI 9205analoginput (A) module; 32Ch+200 mV tat10 V, 16Bit, 250kIs
_ > V NI 9264analogoutput (AQ module; 16Ch+10 V, 16Bit, 25kSs
- - 0 V NI 947 7sourcingdigital output (DQ module; 32Ch24 \/ 8>s, Sinking
T [nenasacsseer V NI 9425sinkingdigital input (DI)module; 32Ch24 \| 7>s
V NI 9476sourcingdigital output (DOmodule; 32Ch24 \/ 500>s
V NI9426sourcingdigital input (DI} 32-Ch24 \| 7>s

ITERInterlock V NI 9401digital I/O (or DIOmModule; 8Ch, 5V ~ChTTLhigh-speed bidirectional

FPIS

Proof Test
software / \
Proof Test System .
Condlustons

3 V Generic fast PIS controller solution

Integrity figures estimated according to IEC 61508
- V Preconfigured and tested templatdsifiles (additional possible)
Developmentgycle:of FPSapps: - V Integration with the central system (critical and non critical comm.)
Interlockusers only need to retrieveitiiles from Interlock repositories V First ITER real applications: Correction Coils (2015), Poloidal field|co
(preconfigured templates) \ central solenoid and toroidal field coils power converters (2016) /
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