Implementation of ITER Fast Plant Interlock System
Using FPGAs with cRIO
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ensures that no failue of the conventionl ITER controls can lead to  serious damage of the machine * Interlock action signals < 100 s following an interlock event
integrity or availability. The ICS is in charge of the supervision and control of all the ITER components « Overall availability > 99.9 %
involved in the instrumented protection of the Tokamak and its auxilary systems. I s constituted by the era ¢ § .
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disgnostcs has been defined and additional recundancy was added to the architecture to Improve the a
Integrity figures. The defined configuration has been called the “double-decker saluton”, with two chasss
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ligtal modules to implement the diagnostics of these input/output madules. The Integrty fgures for the FPGA-based architecture
“double detker” soluion are obtained from the classification of the fallur rate, abtaining for the ifferent
configurations a SFF (safe failure fraction) of 85% and a FPH (Probability of dangerous Failure per Hour) of with hot-swappable
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also based on compactRIO technology, to perform the validation of the system and to register the @ X
performance of the different Interlock functions implemented. The response times obtained for the TTL Diagnostics modules
input to TTL output interlock function ranges from Sy to 20ps; for the analog input to TTL output the 2 chassis in a redundant configuration
response time is in the range of 41 us to 90 ps, and for interlock functions using 24V digital input to 24V
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A 3xAl 2x24V 8547% 1320E8  132%ofSIL3  1toll 41-89ps 49.9%
Results B 3x24V 2x24V 8547% 1322E-8 132%0fSIL3  1toll 143-643us  32.0%
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v NS5 o £10'V, 16-Bit, 250 kS/s.
¥ N 9264 analog output (AO) module; 16-Ch +10V, 16-Bit, 25 ksfs.
1 5477 sourcing digial output (DO) module; 32.Ch 24 V, 8 s, Sinking
¥ M 9425 sinking digital input (DI) module; 32-Ch 24V, 7 us.
W 9476 sourcing digital putput (DO) module; 32.Ch 24, 500 s
¥ M 9426 sourcing dightal input (1) ; Muv 7|.
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¥ Generic fast PIS controller solution
/ Integrity figures estimated according to IEC 61508 .
and testad tional possibée] C I
Development cycle of FPIS apps: J Integration with the central system {critical and non critical comm.} onclusions
Interlock users only need to retrieve bitfiles from Interiock repositories v First ITER real applications: Correction Coils (2015), Poloidal field coils,
(preconfigured templates) central solenoid and toroidal field coils power converters (2016}
g =

Mariano Ruiz
Technical University of Madrid

B o oE vesmcacon o NATIONAL
INSTRUMENTS'

INSTAUMENTAGION Y
POLITECNI(I ACUSTICA APLICADA

IBERDROLA



