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High Reliability Digital Instrumentation and Control
Technique for Triple Modular Redundancy Fault

Tolerant Controller
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Shian-Shing Shyu, Chang-Kuo Chen
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Digital instrumentation and control (DI&C) systems have been applied in industry widely. Taking the advantages of
communication and self-diagnostic capabilities of digital equipments, they can be configured as a redundant control
system to maintain application’s design function by voting mechanism when single equipment malfunction occurs
owing to environmental effect or component failure. This paper presents designs of several triple modular redundant
(TMR) controllers used worldwide and the development of a TMR controller by domestic effort.
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FREU » BN B ES (microprocessors) » AJFEZ
HEREEH]2S (programmable logic controller, PLC) A
R B HEH R (distributed control system, DCS)
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BHEENLRAL - THREL 2 (functional safety)
B SR I HE TEC 61508 $5H » ZZ R THARENR
J& — {18 2 8 B — (8l B T A AR i AR 2 1R 2
SREEMEHEE - BEELZ2N—E7 - ER
TV L S B F A (safety integrity level 1—
4, SIL 1—4) » FERMEARAEERS - Z25%
] DUE 2 23053 B (safe failure fraction,
SFF) Hlff g 25 5 ¥4 & (hardware fault tolerance,
HFT) K5 - SFF ZIs- ARG A0 1 & rI{E S -
SFF HUEBE » (R L b % =R B -
HFT UFRZHERE 7] L3 2 Rl 8 =
BT S HEAHEAREHE HFT B 1 (B2 ®E
HEEZEMEE HFT ik 1 (HEEE A SEEE A



LBRRBTH TS A SR (HFT) * 1.
(SFF) 0 1
< 60% TE SIL1 SIL2

60% —< 90% SIL1 SIL2 SIL3

90% —< 99% SIL2 SIL3 SIL4
>99% SIL3 SIL4 SIL4

SEEM EHAEEME) - R 1 ML EHEER
M AL 25w B - B - FERB
SFF » % HFT 5 - fH% EAYZ 2 oo B 1 i
1 o BIFERSEE 1EC 61508 SIL3 FEaE 2 H] 3
F5 Tricon® B HFC-6000 » 45 5 = B 255204 -
HER B N PR T R R R T6HE
R+ (ELIAIRA S P A R i 2 T B RE R Y E T Bl e 4
PEFERAIFRE] - {58 B A s PR i S S R T
Kl FEE B ESE - Ak - /T THER
BRI EAR - (EEBINE ]S EREER
J& - G HEEE R AERA A SEE R - £ZREMFFERT (Institute
of Nuclear Energy Research, INER) f2H & E % AERE
7% 2 (Taiwan’s Nuclear 1&C System, TaiNICS) &
%= —EAZ RIS RS - BEETIA
= A SR A AR TR RS G BB S -
%%ﬁinﬁ‘u&%%ﬁﬁﬁﬁffﬁ% - IR E A A% RE
2 EE MR AL TR B s T SE R SRHUSRAT -
TaiNICS BN 5 Al S A #EH] 88 2 R
& RER G A 3 R R TR e il o
FCS-2000 (Formosa Controller System)® » Bf# E. =
B A e A T AP ER (NCS-1000) » JFAIELE
A 1 R - EEMITEER R
1. $A7\§ﬂ’3‘)ﬁ (input signal) : 375 A B H 25 BY & ]
S5E - PRt =E A SR I AGHSR -
2. g AJEHE (input process) : {EE{TREERINTTH] -
ﬁ/\{lﬁﬁﬁ?’“%ﬂwﬁq#ﬁﬁ:ﬁgﬁgﬁﬁ ' TR
B TR R B 7 B AR R R S Y B SRR -
3. Jﬁiﬂfﬁﬂﬁ (logic execution) : F{T = E A SE BT 12
il 2 AN ER AR AE - WORHRS SRR A AG T I AH B
B IS E
4. W HFEM (output process) : ,\Eﬁ_@ﬁﬁ?ﬁ
AF R RS - E AR AR qﬁﬂﬁzﬁig_
T g - R B -

B = SRR
K3 ULA”’“‘*“&*’“***“
Eil HFC-6000 WIFETE 2%

Main processor

AWM A KR AT R
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=119,

TEME

5. e #8581 (inter-controller communication) : DA
HETT (HSER2 B B -

Fr#8 it Tricon
;c%’[‘i + MR AAE A

(2) Input process

(3) Logic execution
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(1) Input signal

)

(5) Inter-controller
comunication

1/0 Bus

™~

I/O Module

=

I 'm:i'mr"
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(4) Output process

i

| 2 out of 3 voting logic

| Input terminals

Field terminations board

1. NCS-1000 /R
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A

Output to customer
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[Auto spare [ Auto spare
Input I/O Bus - Output
—+{channel Main channel
A processor A
A
! il
Input Main TriBus Output
@ channel processor f— I/O Bus channel Voter @
Input B tB J B Output
termination | TriBus Main termination
= Input I/0 Bus processor Output
2. | channel c channel
Tricon #% 4] & c n c
A -
%@Ziiﬁ#ﬁ%ﬁ”mm4mo@%&&%ﬂ, DI H 2B EFIhRE - 5590 » EmBasid 1/0 &l

it

HEAG

maﬁﬁNanwozm%mx@Mﬁ

Hllll

s BRIz ERERTE

— BRI R AR

B [ 44 2 —H AR PEHIE Tricon &=
E LM ES (main processor) » DA B EGGEHZ —
EH1{k /O &4 (/0 modules) ° &3 Tricon FEVTHE
(TriBus) & ={lE R # ”g%?ﬁf*i_ + DA 8S Ik iy

FEEH 1/0 FEFRBE (1/0 bus) HETTEEN - 400 2 A -

[FlfR I - HFC-6000 22 il 25 t A0 & = & pE 3
w0 B =EAL[FEAE (TMR synchronization
link, TSL) 5% =l F R E B AE —iE - DIRERL &

% (token passing) FY G ETTFE « g AR EE ~
REEM] © faH i DU B 2B S IRE - A00E 3 P

T o AN FEEHEIEREL /0 AT 10 MEFHERTE
PRSI A BT EFHER (inter-communication link,
ICL) S1T38EH - HFC-6000 $4H] 25 1F = 3 B 2558 452
Z TSLEFNERA —EALAEALEE - BEEESN

5 AT T

TR

i A f%

v REREZE] i T

3!5/[% ’ 'fE uxufj:tﬂﬁ‘ﬁﬂ&%ﬁﬁ% °

TMR Synchronization link
(TSL)
CH1 CH2
al Input _ | HFC-6000 Output _
module A "1 controller A “| module A .
Output devices
Input | Input o HFC-6000 Output _|20f3
sensors module B controller B module B | Voter
3. . Input .| HFC-6000 Output o
C-6000 3= #] module C /0 Bus' controller C /O Bus module C i
HFC- e
BRA -
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Input sensor

l

Input termination

FL-net

AA

Main » RTCS1 Coprocessor ‘CAN BUSl Input
processor 1 - 1 module 1

Output
module 1

Remote 1/0O Module 1

Remote I/O Module 3

Main __ RTCS2 Coprocessor | _ CAN Bus2 _ Input Output
processor 2 h 2 - - module 2 module 2
Remote /O Module 2
Main ) RTCS3 Coprocessor | CAN Bus3 _ Input Output
processor 3 - 3 module 3 module 3

\ \ J  J

Output termination & voter

|

Output device

4. NCS-1000 = 4] % 22461 -

NCS-1000 =H A 2R 4 For - 5+
BRI 52 /0 A (remote I/O modules) K #5=
HEAS TS - NCS-1000 2 B85 77 5 K f fi sl 1A
A 7 R B ELAt AR AT Y PR PR g T T (R0 B
A METTHE A GHSRIVELE - R A S R
an g AGHER AN —2 . FRRE g T e iR R
R SR i AR - e LSS o Y e L R
TEATTEEE A B TE 2 i P i B iy A 2
FELEHYFERR © NCS-1000 &3 2R BHAN T »

(1) FEEIERIEHE

NCS-1000 HYEREZHE5 Ry — x86 ZEMEHY TEE
Fig a3 2 BAH (processor module) » A5 FHEMR I/
O IR S ENEAIRSE o BRI AR IS kE BR A A fif 2 Ay

A A% (basic input/output system, BIOS) EiE[]
FIEZERM QNX 6.3 » Bl A aClEfeE T ~ N
EhiEER ~ E ISR RS DR SRS T & 3% i < B
BfE= -

NCS-1000 G5 ={E F i B aa it - (E
MR B —(EE LAV E - I B A R T
g PATEE o i A E B (polling) HY
07 =R i A GRGR 2 i BT RSF A P B 75 0 (real-
time client and server, RTCS) 175 & {4 2| LR H 4 -
B2 Tricon 9 I/O FEVLEE K HFC-6000 Y ICL ThRE
FAQL o FIRHEF I FL-net 7% = (HF EEHE 2T
TR - ERHEE DR E R E o FL-net &
— T DA 2 B Ry ZE R B JEMA (Japan Electrical
Manufactures Association) 15 EEHES O » ELfifHd i
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fife 7B PERYRFIE - FIIF » FL-net B2 —FEDIRER
EEAERINE RS - MR B U SR M R ETE AT
DIETT RS - B ETEE FL-net EITREERE - &
It -

il N FHGREAEN B0 - R DR R R E
AR E A B LR B aR P HIAR LA AGRST - [FIRF -
{1 2 i B 2 B LA R P R B L -
SRR ERRET L ERIEIE - DIFER ER i
TR IERENE o EHE 6 #E B O 2 AmiE A AR
T A B A B HHER R - & RTCS (EhXE5EE
a3 )0 rfant bR ifanl

(2) i&im 110 1&4E

NCS-1000 £¥FH RTCS i i 3 85 B g iy 1/
O fRAHMEITERIAZHE » B 50 2 PR B I a7
F M52 BE—EELNIAg B HAREE
gy - R 2 Y R B (common-mode
rejection ratio, CMRR) AJ3E 90 dB - {EHEFAETT
[l - HE R SR R RS 256 (EXELE A
HBEE » 56 1024 {EE 8 A e EE - HAPdE
FrEdga e L 12 f77C A ERIBERTE - ek - 1O
B A AR [ FE R T B € 1% (deterministic) » i
B &M B S il 5% T f Bl e 22 5% (fail-safe) 15
H o — HEBESA— B R - R ETERY
L ERGE -

2. B{F1E3( (Operating Mode)

By T WECRIZEHI SR 2 R ETTIRE - S EH A SHEI I
H2R E T A FAVEREE R - FRALGE A B E e
HHFHE FER OREETE T - — TS - S E AP

Hlgs AR ERE AT E AN 2 FTd -

NCS-1000 &2 Tricon eIk Falt 2 B {F R
#XET s 1M HFC-6000 #Edil4s Il E Zemi i R =
(1) IEEEAEREZ (normal operating mode) ; (2) I
AELR2 BT = (testing and diagnostic mode) ° HH
IEH B ol RUN BTREAEE] - Al EL 2
@riE A5 STOP » PROGRAM LUK REMOTE
FRAIIRE -

3. FX##] (Synchronization)

A5 B e = B A R B P de TR R B Y
axEt o ZEASRBER A E EE AR A - fo
A P s B iR HofthEE By VORNSR ~ BTk
RE - M2 AR EERE - ZE A AH i
FHERRBCE R - IR s Z BT IIRE - A3
fRE SRR SERE o EH [R5 BRI E B R W)k
B R f fEE HARE AT o Tricon 2% DU HE Ak
FEND B EC B BEF A (direct memory access, DMA)
PEfl e E TR - EHR SRS IR Tricon FE
JiBE (TriBus) ; i HFC-6000 2225 Al 25¢ F BT
M B b ZRHERE TR T - (6 I RERL (B FE T B s
H G ET RS -

NCS-1000 FRABIZHI ZARMERE BT » EiEE
ShlEHZ FL-net BLEEAIERIE " HE(LHYACE - HIR
[F25 B - A& 5 Fros o £E[F25 FL-net i L -
B i B 7 RE R TT R ol 5530 10 4 A % B i
SEENEE 2 HI28 (communication gateway controller)
HRERR W B R Rk - i S mER - JELS i
(firewall) HYPRFETIEE - PREEHEIMEEE S = B A FH

3

(L AR AR -

ST

IR

%2 e R S
NCS-1000 32 1 % Hefi b o LR BB, LU

% - RUN HIRER | emmsan et -
R RS R A PERIRTERT - 70

STOP PBEE | ermste A s E -
o RFALRE N IR, - L B

PROGRAM | FRESERIICE | gy bl R SRS B -

S5 AR A BRI - (P AT
REMOTE SN | EATLUEBEERE T S SR

EVEOIRRE VO EEBRIR(E -
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FL-Net
Ak

Main

Processor 1

Communication
Gateway
Controller

Other
Neworks

P

Main

Processor 2

Main

Processor 3

4. B#5@30 (Data Communication)

R AL E R s iR - KR
FIFEFEA(E - SUONE R R 0 T 1 i )
NCS-1000 £FIE 3/5E (black channel) Fffir sk fg
HIERHEEEE RS EZ 2 - B 6 BB EUE
ER R EE

BESEER S E R B E A B - 73R
EER} (message) TIA TNHIFE M
(1) Z 215 (safety code) » 4l :

(cyclic redundancy check, CRC) °
(2) ZE1E 7 (safety procedure) » 41 : ZRFFR A
SRS EMEEE Sl e e

<

TR TUER S E %

N

Fy ]

TMR
Channel 1

[—

TMR
Channel 2

[—>

TMR
Channel 3

[—

B 5.

NCS-1000 [ # # #1721 ©

S
preSIE]) l_.
SEMEEASEEE

AN 3 Ayl -

5. Eth AR E%E
(1) BAEE

5 5EfitE - A PRTHEVE B E R R
EME - FHERTE B S AT f

) SR B

NCS-1000 BEFARECE —(E2hG /0 fEH - Fzk
PR ERE AL R A B R - EEREEA R
HE f%%fliﬁ?]x% s fRRER o A ESAFIAHIE
WL AR « By T EtR = RN - A G R
AE@@ I M T e TR EE © NCS-1000 i A
e HIAnFE 4 F3l ﬂﬁ%ﬁuﬂﬁ%ﬂ TG 1O Re

Safety
communication Black channel
layers
1010 101011
Application U\
Coding > »| Encoder » Modulator Noise
layer I e.g. EMI
Transmission ;
1010 101111
. . ' 6
Decoding [« Ap?:;::lon - Decoding [« Demodulator [« il b1 .
Uy Z A= &
o
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R ‘ R i pyimsk | AP | SORASIE | CRC
%;%}%:@%Ma Mlaa e oo e - -
RAA - HER o C 0
EH A N =
Pl o N
SR 0
EEIE =
R N =
CHENTEEES . M
IR HE 0
k4. it AFDEE | BWEE | Sk
NCS-1000 # A4 Z A - =% 3 =g i
=% 2 —= A
e i i -
ZE 0 LI NA
B R SR DRBLRERATINE - (2) it

i B AR RE S E R it E T (H RS
7 - (E{rLEE R B R R B R e B R A
5 o A TR B — T PRI v DUCR 38 A TR R IE
AT DAHERE R R E 1Y 26 R U PR = T TR e st -
gy ARRAH RT3 R AR B E - ?J@Z’)E&ﬁ?ﬁéﬁ
(mis-compare readings) g B AN 5 B o AR
HIF] A 2 (8 B Feollad (stuck—on or stuck-off test) * I

NCS-1000 7E#guHAH 1A » B2 Tricon &5
1 HFC-6000 & #Ra%sa Pl - FHELEE N B A
—{E B g - B UK B A FE Y T A 3 2R A i
AR © NCS-1000 £ i AH 3 5T A e 8 A -
el EE RS T - PRIVE #R HEE R (quadruplicated
output circuitry) * FEELEHE =% —FEEE - {ERHFEH
P B KR FE - B 9 R NCS-1000 FE L

HIEED R & TR E S + EmRe PR 2R A MR HE T » (i E%ﬁﬁ PR EEEIE 2 Y)
BEREHIEET)  NCS-1000 Ziﬁuﬂfﬁ%ﬂ S SR AT A HAFERE (switch circuit) » % @ R I o5 Bl S 2R
7 FR e % (selector circuit) FFHfE S EIH -
Field 1/0
Field Sensors terminal board Input module
Field digital
signal [ Input 1 CAN Bus 1
source ’7 Power
> Input 2 CAN Bus 2

7. > Input 3 CAN Bus 3
NCS-1000 #y A

Rt o
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O
CAN Bus 1 Micro- - E0|nt S.Wlt.Ch
processor 1 register 1 circuit 1
T_ / ° -/ °
1 2
CAN Bus 2 Micro- > E0|nt S.Wlt.Ch
processor 2 register 2 circuit 2
CAN Bus 3 Micro- > Ppmt Swﬂph
processor 3 register 3 circuit 3
A
/o /o
3 1&2
L »| Switch
» circuit 1 & 2
O
Loopback .
detector 8.
NCS-1000 4% #]
| | -
! ! ¥ O BHAH K
1/0 Bus Output process Field circuit ¥ %J 1
B e
Micro- f Switch
AL processor 1 | circuit 1
A
» DAC 1
CAN Bus 2 Micro- ~ Sglegtor
processor 2 | circuit 2
’ \ A
. ) )
B DAC?2 | SW'tCT — Tebg'rr;al
) circui
A
Micro- f Selector
Ll B processor 3 ; circuit 3
4
& 9.
NCS-1000 4% #]
| | ~
T T — (;U{ *ﬁ /:\ Ak
1/0 Bus Output process Signal condition LR

Mt o
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CAN Bus uP

10.

Output module Output terminal board
Point Output .
— . drive Device
register circuitry
'Y

Loopback

detector 1
Loopback
detector 2

NCS-1000 = 3 ¥ (loopback)
AR A -

NCS-1000 F A7 ELAE Eb iy H AR DUR gy HA 41
Bt b B BAEER[E] (loopback) HIGHTHEE » DAREER
S 3% (0] 22 {8 i ) T R B B B S IEH - A
BROETT IR b B 2 IR 2w E R EE - A
& 10 At o 7 AE B e Ho A P2 30 1 1 i L 2B
AT 222260 (output voter diagnostic, OVD) °
A FH B T SR g I e R e - Bl HE 2 B VB AR 1Y
PR o R OVD R — T 5 AR A A NG (fault
injection test) ° FrLCRE B HfEes - BRES
PR SE BT -

DC Bus
DC 24V+
DC 24V-
Power Power
Modul Modul
odule X4 odule x4

AC Source 1 (110—220V)

AC Source 2 (110—220V)
B 11.NCS-1000 = & /&t & 58

Tricon {72l #5 /1 B (7 ELAH EL i FH RIS AR FHER
[EAERELET 11 HFC-6000 5 28 E BT i H 7
FRPE[HAE (coil continuity) HIFAEYET » BIR[ENAIGIE

. BR{LFESS (Power Supply)

S S EASEBA R AR B i B LR
fH Eﬁ{%ﬂﬁiﬁ%&ﬁﬁ”ﬂﬁ § AT IR DIREELE
NCS-1000 <~ &5t fEas L2 2 {H DC 24 v &
—{l& & /ﬁf#i%ﬁﬁﬂl*ﬁﬂ?%ﬁiwé’] 5 s
& 4 (EEIFEHH B —EA R E R E - FEE
TR AT EEME 150 W HYEE TR - 200& 11 Fx e

NCS-1000 Z #% 8 =0 H &k 3 = 7] DLHE (R &5
JRLFEZR IEFELE - DIRE I SEE - 5540 » NCS-
1000 Z@Fﬂ JEZRE IR ML T BRI - TR
EIRAELIE $ﬁqu% STESCEFEIEA - WIEE 5 AR -

=« ZERTRBITH 23 EREERE

1. NCS-1000 Erg&zeiE

NCS-1000 #FEECE =@ TR & - & L%
H B B —EEE - B BT e R = A FEAY
B 1O BHLE > AR o £EE 1 EY
A > =R B TR LB BT R = -

& S. AR

PR

CRMREZCEANK | I HIIATRERH D24V

] o FEIRALESSR AL 2 BEEE A DC 26V

i EE BR (R (over voltage protection, OVP)

AC EIFER 90 V 54 DC METRBEFES | {SEEFE (%7 (under voltage protection, UVP)

B REEE

i (R (over load protection, OLP)
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Main processor

_ Other main
processor

12.

NES SCC <

A

\ \

Program area Common memory
A A
\ \
NCL NBA

A A

A J \
External Remote I/O module

communication

TR {lE - i T A P B A VY ] = SRRk e i « Al
FEHIFES (new control language, NCL) ~ A& g 1/
O FETHE T (new remote 1/0 bus adapter, NBA)

L2 L (safety cross-compare, SCC) ~ #HTHUEL
ZHRH% (new engineer service, NES) * - A7
HEZEUER (common memory) HETAIRE R » 4[]
12 A

SRS EAHRVRRBALN T ¢

(1) #EFEFIFES (NCL)

NCL 5 R R0 - FEIYThEE R
TR AR EAI R - R — N ER
0 IREERHAIA(L VO i SERVEHE - $E5R
B DUR SERR PR IR S TRE 5 e R TR =CRI R R IR o A
FHFRE] » BT HERRGEA 0 A B DL $E ]
HESEE o BT A HEE LR - R AEEP
LT EAREE - 40 PERSE aRIRE T SRS - (AR -
M B T Bt AT DURF TP L RS 5 #6805 NCL 1Y
EAZ(RHS - A STOP £ PROGRAM fR 2
FARILHEIERA -

(2) #Egum /O EFRHEE DO (NBA)

NBA T ETge R 52 1 g M A% Bz 1/0 1%
- B E 10 BHHY VO BRELL AR A v
O BRI HYERHEIT A HR B BT -

NCS-1000 #7244 -

(3) REZXLEE (SCC)

FR NCS-1000 14 - $2dil e Z [ It 3 1758
{F » WAHZEE SCC B HAh 72 Hl 85 AT L 24X
b ERER LG FHREZEEE -
R E AR BB 2 B EE Ry 8 3R 5K R
. (undetected failures) » 0AZH A 38 HA B i 115t
(periodic surveillance testing) FFETTARgH] - FII20 = 1/
O ERIN B RIEESEIEITIR L 5 I - Hih%
ZENANRE 8 T/ NEEET T E BB HIE -

SCC £RF[E[E]#F (time synchronization) B »
& FRRE 2R UAFRE (time clock) [A25 » FEEE AN
281 (power-up diagnostics) 2 Ed cross-copy B
IGIREETTRIA - 20 13 P © [ 5eRkiik @ Bita
ETRH > S TR /O B - Z2E
(diagnostic) PARGHFAER} » FLERELRT IR —
HAEmHEGE - DUJERRE G EES -

(4) #EVEZXARFS (NES)

NES 378 8K 2 75 [ 50 2 B ) HL ok e s
RIAER; =Nl SN S I e -
THRE - HIRATERISS rIRER IR R E ~ RO T3
BRSNS AJRTHIIRPAERIEER - B TEt
fide i L IR G T 2 B RIRERYREST - HEHE
Dree BB LR AR AIRE - FEIEFERE TR
HLER g E R BT LB E R (heartbeat) » fFEETT

BHETAE=T=550# 1014 61



-

Power UP .
Startup test FAIL | Test fail
-BIOS
-QNX »| -Halt
-Startup test -LED ON
Startup test PASS

Processor loop time

.

\

Read input data

Cross-copy

Cross-
compare

Diagnostics
& fail-safe

Application
program

External
communication

Write output data

- = — — "

Read input data :

—_——— —— ]

13. NCS-1000 #k 78 HE4Z -

FRHRFERENL 5 AR RIS AER  LB(E R

e E R TR EE A PR AR 1 6L - RIERTS

AT AR BRI B Bz filas - A R SR HRE

BIRSEEIRERE] - NES BF Vet irasaat il i -

(a) & PEH G A R H B B PR asis - BT
R g R E P ai AR 2IRAE

(b) & FI9 51 I i B 3 i B & B FRp IR 3 5 1H 9
37

(c) BT ay R B L RREEE -

(d) (EfATEE ThRe B b T AR ES DO RE B 1N pE T ey
B E RSB EST -

() HEEREWEMER xR B - ElEiE
RERARIIRE -

(H BB G R aRaET -

2. 13 LRZEREARTE R

R T WECRIERI SR Z 3% T IhRE » NCS-1000 25
R 2T A B A R E TR AR - DARRR
SR EERR B AIE SE AR S HEANER 6 PR -

S EASE B SRR A B R - R T
AR » YR 2R A B RUED I 1T B R HE
i o & = E AR R SR B AR TR An SRR -
BT R BB R ER AN S E AR R 2R
R DA% ZROBE RIS TR RIS IRE - 2R
R B — B PEHIER L BT DRER RN - = EHAPEEL
Fehlaa B DAL= ZnORR B I THE RIS TIRE - R
i > & LT — IR AR - SRR SRR
A0 175 B B I EED 1 -

* 6. SRR e ¥ SA
K I SR - = A 5 2 5 FL-
A = B ZRAE Net 9&?&
ﬁﬁb i LR | Gl i |
R ARk i R 5
R LA AR
BRI e
W | — ST i
ES: — (B R g
(Ng'@;“: ) — (BB A R
on-rata
| SRR SR VO B
i%%gﬁiilmwaﬁﬁ%ﬁ e =
HRITZIREAAE | RTCS SmESE
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% 7. NCS-1000 = & w548 PR E L o

IEC61000 RG-1.10/RG-1.180/R1 EMI # 54 HIS{ 8 H
x| HEH FU
IEC61000-6-4, CISPR 11 Class A (150 kHz to 30 MHz)
U 79 dBuV QP, 66 dBuV AV (150 kHz to 500 MHz
1| s | 70 A1V QP 60 SBUVAV )
73 dBu'V QP, 60 dBu'V AV (500 kHz to 5 MHz)
73 dBu'V QP, 60 dBuV AV (5 MHz to 30 MHz)
IEC61000-6-4, CISPR 11 Class A (30 MHz to 1 GHz)
2 | FEAEHEST % | 30 dBuV QP, at 30 m (30 MHz to 230 MHz)
37 dBuV QP, at 30 m (230 MHz to | GHz)
IEC61000 RG-1.180/R1 EMS [fit 324 HI = 78 H
x HH A% i IR | E55%
IEC61000-4-13 (16 Hz—2.4 kHz) v
. IEC61000-4-16 (15 Hz— 150 kH
|| (el &
v v
IEC61000-4-6
2 | {EAEEEENE | 140 dBuV (150 kHz to 80 MHz) v N
B IEC61000-4-8 (50 & 60 Hz)
R AEER S
3 1EC61000-4-9 (50 Hz to 50 kHz)
IEC61000-4-10 (100 kHz to 1 MHz)
IEC61000-4-3
4 | EsmEEsTIE
FRHIE || dBuV/m (26 MHz to 1 GHz)
s BERBEY | TEC61000-4-4
RE (EFT) [ +4kV (Power line), + 2 kV (Signal line)
IEC61000-4-5 i
Fwzzeyy [ £4kV (Power line), + 2 kV (Signal line)
6
(SURGE) | 1EC61000-4-12 (Ring wave) iy o
+ 4 kV (Power line), + 2 kV (Signal line)
; EENE | IEC61000-4-2
(ESD) | +8kV (Contact), + 15 kV (Air)

o IR 521

R BRI SR ETFRFRE N 25
NCS-1000 EETAFREREEEHE - f758 171
fEAEER
(1) T 36 R RS I 7 & IEEE 381-1977% 2 H
g‘z o

(2) MEEHIENT & IEEE 344 2 85K -

(3) MifHE S AT & 2 FER &2 E] 1000 rads 2 2
Tdk‘g o

(4) TTOEALHTFF & IEEE 323-19831 2 B3k -

(5) it LI RE T IR & TEC-610001") Z Bk -

6) MENRMFEGHANGE ARG — = =4
Wi 2 M= 5 K S FE AR -

Hrf - BRI RE A EREE ¢ (1) AR AN
A2 BT 52 14 (electro-magnetic susceptibility,
EMS) ' DLk 2) AFELETEZEWFEE
(electro-magnetic interference, EMI) fgIE MG - 3% 7
At NCS-1000 Z FERGAH A ME HIGUEHEZEK -

HAh o THE G EEEE AR — =
= VYWCEEELAEREE (operating basis earthquake,
OBE) H1Z* 2 (S HIEE (safe shutdown earthquake,
SSE) Z T K EAHGE (required response spectra,
RRS) * k& 14 F7s e

ESRN

A T EE A T L H ERE ARG 2T
A 9 3 R A SRR R - B
H ey a5 Z =B R dlas - i e T
IR SRR, - SIS RERE AR R SR = AT R
FERTRA L -

14
i RRS
OBE NPP123
12 SSE NPP123
OBE NPP4
R SSE NPP4
10 —|
8 1
6 1
4 —|
2 1
0 T T 1T \‘ T T T 1T
1 10 100
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