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Conceptual Design of an FPGA-Based Digital

Instrumentation and Control System for Nuclear
Power Plants
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Due to the high density and reliability and low nonrecurring engineering (NRE) expense, the field programmable
gate array (FPGA) technology has been used extensively for commercial applications over the last decade.
However, not until recently, there are only few applications in using FPGA technology for instrumentation and
control (1&C) systems in nuclear power plants (NPP). A diverse backup implementation for the digital I&C systems
is an important means to defense against the undetectable software faults and the common cause failures. In this
study, the application of quad-redundant FPGA technology in RPS design for the NPP will be presented.
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PEE © AR B - ROERSIEES G — [ FEZH -
(% et PR e =25 [ R W (E B AR el < — B eE + A
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SmartFusion FPGA & F % & Flash F iy
FPGA #iH + 128 (77T AtRFEL 215 - ARM
Cortex-M3 I HIEF (MCU) ~ St z0EE %4 - A
R FUEE R R - e R At B - S
PR AEFIHR (S BE R BE 5% T - SmartFusion FPGA
b P T RE A R A SRER ETHIBR AR R 2 - HEIE
TR T RMAERE ST (system-on-chip, SoC) | HJJE
PR E—{E e BRI T 58
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o HEGERARA R A A

SmartFusion FPGA Chip

= FPGA Fabric + 32-bit ARM Cortex-M3 MCU
+ Digital peripherals + Programmable Analog
(ADC + DAC)

SmartFusion f& Fr YA F2 AR L EE RS T DD RE
FIRE : EBRE - BB RIERTE « =5 600 ksps HY
KEFEZRA 8/10/12-bit (SAR) ADC HEHATELK + Sigma-
Delta 12-bit DAC AR » 55 10 {EFELL AL
oy EnE 32 AHEEE S AGRSE © 3 AHFEEL
Ak -
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SmartFusion & Fr B EE B I T AFDIRE R
5 © AHB MEVRHE/ T EIERS ~ 512 kB PREIECIERE
64 kB SRAM * SPI K 12C /TTAI7ERE » UART » 32-
bit FTHFEY © 8 JHiE DMA FEHI2y » YN EC SR L
B ~ 10/100 Ethernet MAC BEI& - B{iidi A/ H!
EICE

SmartFusion g4 AN —1{E 100 MHz ARM
Cortex-M3 32-bit f#HI2F (MCU) » FLIREFEA
WFFeETt ERIREM A% AE BN RPS 2 H g8 B g T (R
R RARIEFTCHIEH I - fERKBVFEEETF - ARM
Cortex-M3 MCU ##£4 10/100 Ethernet fEE T
SEEE BRI RE BB W WP BB R 22 TR AR
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Ai7efs LAUAH ML H) FPGA BRESIRER AT —
Z B f5PY:EEE (quad-redundant) HYHE TR i S E
TE O FERAT - PUAH B L HY RPS [ IENE (REE 2T
FPGA & &R B B A VO /S 55 B A & 5 BRAE
(division/chassis) » VU{[E & #2573 B AV & [E{EAZRE R
T A o T P ] 2 2 1P e B 0 ) T 22 ] -
& & i 7 BE RV & BRI ELFE T 07 Y FPGA EEESHR
B B L eSS O i/ B - A2 A H 5 (inter-
connection) Z& 55— &[RRI IR DA B2f s B2 [
TETABENER TRy iR L -

gl FPGA EFEHI & (8 UART nl#
B TAEfE s iR BE 172 - BB S| —ZAEE H®
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(LR R B B TRR s Sn BRI b - BN
UART #5487 FPGA FEFE NE I INE RS E
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3. BBRELE

EAR L BEMSN TEEERMEHES
(micro-processor) B{HIEH]ES (micro-controller) iH
B RE R RE LRI L - B IR E
ANEMASEL B - FIATE LG E Fife i
BB R 0 T AR EDIEE o WHE S HRE
FOPEEIVANTEICERY St 8 7 il i O Sk IR - E
o SRR A BT T B, BT
AE L A REBHIGIE T EE - RS THR b
271t (on-line field programming) 55267 B #THE =
b (reprogramming) * tHEEHIETTHE FFREE (on-line
debug) °

55— > FPGA Al fE (LBt 2 —5
DRe 22 LAYRY S - & AT RERIN EFE — SURF ok
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MmEtAEERS " &5 80 T IhRE ) EFREARE
IEHEE © @ FPGA £ /0 /AR KA E
Ltk B 2 B i R 2R OR Y % - H FPGA &
PR BCDREE B AT ST IESE - {H FPGA FIfsfE#
an e Hgs—k - AHEERRET A B R E MY —
fE5eEery " AEdr ) B0 TEE, o N FPGA JTiFE
SE(ERF - HIhRe st alF/E e ie B oot —ig -
FPGA TotHEHEERDIRERFFE - BRI R

s BCHE (R IR AN E TR Y8 AR B L R R T A E
‘ﬁ i o

F—{EMITH FPGA BER&HR [ - B2 2 AHR
AR RS HEF [T e, 2 A AN [R] e e e R e Tl BE B
PRI N R YRR RS H L EE 5 (Verilog J2 VHDL)
ax et o mHE b — fE g R R DL s 0
(graphical schematic capture) /7=Ua%51 * f&fi FPGA
e IE PR B PR Y R LERET » Actel AFIHY FPGA
# & F% T H — Libero A » 7857 S48 5 M fdHGY
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=
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4. EEFIEE EMZThee TI218 5 g’

TAR AU Bt 25 n] AR L% nE B Mg Y = DhRETE
(full-scope) BLHT /2 4024 AH (partial task) HYTE
EEREE 0 W RTRKOEIEA TR SR BB B B Rk RE B =2
B o FLREFE A ARV E B8 B R A (digital
control system, DCS) 2] A 37 i3 & 57 [ 25 b& Wi 1]
TR R - ] DUSRETT#2 | open-loop/close-
loop HILIREMIG ~ Bae KMl - G ZEEE MY
IEH R WREEE S B E R -« MRS
DCS fE THERI B EEZHTER L close-loop HYLIREMH]
i B KR IS I R A E L RE EE R D BE
HIEK ~ B3Rs S HERT (site test procedures, STPs) » A~
SEATATDAEE DCS Y STPs MEERETTRIFE F 2R
ZTEAERISERR - IETAHBIRE IR - sERE
" STPs FEELHIRCAEE N JT &S] -

AHEZeE A 3KeyMaster #iE FE5 2 —EH
G e K REF % RE TR MR e 2 105 {8 BRI AiEEA
DiaRe sy = ohee 1t T2 R e ey - OhReME T
FERUB AR 2 4 RPS 2ft FPGA BEi&—(HH)RE
HE > BE s BEeXWTIeEeEs M ELIRE -
R BEF T REE AL 2 43 TS (final safety
analysis report, FSAR) 5 15 FE NI F T HLHE
= (design basis accidents, DBA) ° TR g
A B AN [ ) B o S S e B R R A A PR ) 1
g1 - DIERCE) RPS RHiThAE » L8RS » 08k T2
AR SR S FPGA BER&HY A B SOEAE R IE - 3
JHERE FPGA BEESTHIE RPS SAAEIIRERIMERERIAR
BEK -

B EEMEEREIIRENE: T2 A SR aR ER
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BRI N R R R = S R A - fER
A R e B MR RE AR IR M - HETGEE LZ
RIS a5 2 LANEMO 8RR IS AH A P = 2 B B B
RefE = (3-D multi-nodes kinetic model) T & HE/ [\
TP - A6LL TRACS $RESIEAH T TIE LAY BUK T
Y7 (thermal hydraulic) 315 - BEFTEMEIIEEME:
TR R e 0 R AR T - D RIPEH=
105 il ABWR HURZHEZERE A A (nuclear steam
supply systems, NSSS) & BOP (balance of plant) 42
e~ #EE 20000 sRAEREEHE - HiE 1000 HIE
RURE I~ EBSIRIER  FEATRIFILEIRE -

5. IR HEEZET

AW et DL TR A R i s Ry a5 - HETT
FPGA FEFEHRIIEERY open-loop J close-loop HYEsFE
FiitERe o MG FPGA BRI R RE BEMGR AR T HO AR
FETRE © FFRE N ENRESE - AL - B FPGA BER{IR
HIRRET S BESN - INERINRET R Bl E R
BRI - JHLE FPGA SRS EE TR RIS ER - ik —
a5 BRI - 20 3 s -

HEE FPGA EE P& B A2 AU fR e o 2 IS A
SRETEE RS AL
(1) Ef7H A #F FPGA RS AYELAT i HH AR

R TR R BTl A - A0 - BEhEs
fE/r%8 (indicator) SR AR HEIBAH -

(2) HlLtig A - % FPGA BEREIRAVEA LG H, (FERE
) RN E B ] TR AR B an O E EL i A
H AT B R (EFE (R H R HABAISE (A0 : FPGA
THERIE B rh B HISRAT ~ FPGA fuzzy B 7K #2 ]
) HUETCEE RS -

(3) Bt - R AR AU e A B B i H AR S
#F] FPGA BEESHRAVEIE A - 20 * switch »
valve i ELfE N SRR -

(4) FEECH Y - R TR AU R R A R b HH AR
B3 FPGA EESIRAVE IR A - 20 - JE.0LTh
R Al KR T EFEEGHR -

b bt R RS SR R R A - EE E BT
RIS i BG P o BOSRAR IR G S - G B RE RS
F270E (dynamic link library, DLL) ¥#8 » #F & FHH
HA# (data acquisition system) HU{5 B¢ H HYRRGE
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6. FPGA R#iBsa8 K iEE2

T2 ELE FPGA-based RPS A% 8 I AR 72
IR SR 5T 5E R % - FPGA TERSHIHREES S K iR
HEAEE 73 ks NI (@RS Y - 2277 DL FPGA Hffiras
FTLRERAE SIS A 2 ThRE B RS R Rl A -

Phase 1 : FPGA Bigl#it Al » #¥42h (End-
to-End) BEFRIHEERIE -

56K FPGA-based RPS it B & i 22 il i i 53¢
it o FE) FPGA BRI - DL Actel A F)F2(H:
#Y USB Program /T [f (FlashPro) * 5 {E Actel Libero
BEN#RERE (IDE) ket 2 s N
SmartFusion Evaluation Kit FEEHZ L o DL function
generator ~ LI B I 5 % (M E16E RPS SRt i A
etk A B I s B A B IR FPGA-
based RPS At i Hm etk + AR AT T Al Bl

- L]
="

0000000 I I — =
 —

Simulator
Operator Console

Ethernet —1——— )

Lungn%en NPP Simulated by
3KeyMaster/ABWR

[00000000000000]
[00000000000000]

IPC Data Acquisition System
‘ DI Modules ‘ ‘ Al Modules ‘ ‘ DO Modules ‘ ‘ AO Modules ‘
AAAA AAAA

YYVY YVYVY

FPGA Board
Lungmen NPP RPS System

3. RPS FPGA T34 A3 - Bhis B sk 042 4 o



o 4 O O F R S S MR [T FL S+ ERE FPGA-based
RPS St AR ES R AT R D RE AT I HETE: -

Phase 2 : FPGA-Based RPS RiiE iRl T2
B RENE SRS R T -

Bt PR KA ILAE R AR 2R kG
ERITIRE sl AT I - Sl O gk L S IR X R S
R PEh H Rt TR S ORI 2 LU R -
R [RBEEZREE R L2 SRR RPS [ EIE (R
A IIEE - W LA Microsoft 23 F]fY VisualStudio %%
R T H e at—MENEE 2= - A C++ 12X
B 5 Sea et —{#4MEEY Quad-Redundant ##E RPS
[ FETE (R FE R INRE » TRl LIRS RPS &
T PR FER T PIREIER » fxf% » #1T FPGA-
based RPS At EFE IR B AL REFE Wk LA e e &5
Z open-loop K close-loop HIERGEE FifeRd » HIGEA
sUBk ~ LY FPGA BRI TZRE BB RGR AT H AR E
UIHE ~ FFRE R ENRELE -

FH AW SC I A2 R TR R Y PR & - A F 521 &
FPGA BBESHGEITHIBRSLMR (M2 THHIED) Bag
A : BRIEVEVERE (temperature/humidity) JHIES © HE
= (seismic) HIEK - BERLK T (EMC/EMI/RFI) I
-

I - #55m

AW 7ELL FPGA rIFE A (LB SR i a 1%
REFEIR 22 2= Ik B M O FEFARAR - R P TR AU A
iR E I - Beag K ERY FPGA FEESHIAM AR E
FCRIAFRE  BHREIREEINE - L EMIFERCR LA
FPGA A2 (LRSI ET — & AL iR R I AE
FIFE RS FENE R R - FEER AW SE TR AR TE L)
AE - TR AICE 2 B S B R I B T RE AU A
ariUbTFTELEH] -

AR R E B T BT AL S5 B R T
REMERE - EZ B RAET B O EREIZEE L
SEH AR > ANMERTDUREL S EAURGE 5 - I
ARG B E SRS - AWTEHEREE FPGA A
EACREEY S EE - DIREFRA R SRR

5 DMEFRES (software-free) WYEAL IR i S
TZREBE IR A 22 42 St S IR 22 2 R Y B L (e
it » e o AT T 2 R P Y S T Y B
BRI s B A R I A SR I Y 2 2 1 e
THEE M - WHAFEH FPGA mIF2 2L R %
oA ER - $2Ht 55 — MBI IERIERET T = - sl

FLRERE R R R MR A T O AR L

AARABFTREEA RN EEE @R
# 98 AT (INER) #F 3 £ a9 - EREHEL TN
NGB AZRRFF R AT AT AN A R E] (ADT)
AR 0 2 - ERAMBY o
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