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SUMMARY

I. Title
Design Support for ESF-CCS
II. Research Objectives

Through the design efforts for KSNP, the design technique on the nuclear
power plant’s 1&C have been established. For the lack of a domestic platform,
however, foreign products were imported. As a result, system design was
subjected to critical changes for the platform characteristics, and foreign
companies dominated domestic market. To take the control back from these
foreign companies, domestication of the platform is indispensable. The design
independence of ESF-CCS, gained through the KNICS R&D project, will give

the technical maturity to the nuclear industries and electronics industries.
III. Research Scope

BSystem Requirements Development of ESF-CCS

Minterface Requirements Development of ESF-CCS

M Design Specification Development of ESF-CCS

BSoftware Requirements Development of ESF-CCS
MSoftware Design Specification Development of ESF-CCS

B Unit/Integrated/System Test Plan Development of ESF-CCS

IV. Research Results

BSystem Requirements Development of ESF-CCS

System Requirements for ESF-CCS were documented and published, after
establishing the design basis for ESF-CCS and deriving various requirements
on these topics; safety, seismic, diversity, redundancy, isolation, MMI,

maintenance, testing, V&V and reliability.

Minterface Requirements Development of ESF-CCS

Interface Requirements for ESF-CCS were documented and published, after



deriving interface requirements for the controllers within the system and
interface requirements with the external systems such as PMS, RMS, DPS,
NPCS, IPS and QIAS.

M Design Specification Development of ESF-CCS

Design Specifications were documented and published, after deriving the
functional specification for the system (ESF actuation function, component
control function, monitoring function, diagnostic function and test function)
and detailed specification for the controllers (GC, LC, ETIP and COM).

BMSoftware Requirements Development of ESF-CCS

Software Requirements for ESF-CCS were documented and published, after
deriving the various requirement for the software modules (architecture,
interfaces and general functions), by the natural language and formal
language with SCADE.

MSoftware Design Specification Development of ESF-CCS

Based on IEEE 1016, Software Design was documented and published for
each controller. For the convenience of implementation, the algorithms were
described in FBD.

M Test Plan Development of ESF-CCS
Test Plans were documented and published for every stages of testing (unit
test, integrated test and system test), based on IEEE-829.

. Practical Usage

From the perspectives of safety and performance, ESF-CCS developed
throughout this research will enable us to be more competitive against
overseas vendors when it is applied in the nuclear instrumentation and
control system. Based on this competitiveness, our system can be supplied to
the current or newly-developing I&C systems in nuclear power plants and

used to setup the domestic technology of system design.

_iv_
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TEST STATUS

SYSTEM OVERVIEW

Header.

Footer.
ENGINEERED SAFETY FEATURES ACTUATION STATUS

ESF-CCS MMI

| I |
AUTO PERIODIC
SYSTEM OVERVIEW ]‘ H EQUIPMENT STATUS u TEST STATUS ]‘ TEST PERMITION | PRINT SCREEN ﬂ | EXIT MMI
ON-LINE STATUS
GC PANEL 1 STATUS DIAGNOSTICS
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ETIP STATUS
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GC1 AUTOMATIC
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CABINET STATUS

[ [ [ I [ I
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LOOP PANEL 12

LCoa

CABINET
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CHANMELDT ~(8 PROCESS VOLTAGE ERROR

CHANNELIE ~ 16 FROGESS VOLTAGE ERROR

CHANMELIT =24 PROCESS VOLTAGE ERROR
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TEST STATUS

- | B = e = (e = = (= I
—_— ‘GC SIGNAL COMPARISON
===
p—
[ e

SIAS GC SIGNAL COMPARISON

GC 1 INTEGRITY GG 2 INTEGRITY GC 3 INTEGRITY INTER - GC COMPARISON

GC INITIATION SIGNAL

GC MANUAL ACTUATION SIGNAL

GC MANUAL RESET SIGNAL

GG ACTUATION SIGNAL

SIAS LC SIGNAL COMPARISON

LC 1INTEGRITY LC2 INTEGRITY LG 3 INTEGRITY. LC 4 INTEGRITY LCSINTEGRITY | LGBINTEGRITY
LC 7 INTEGRITY LC 8 INTEGRITY LC 9 INTEGRITY LC 10 INTEGRITY LC 11 INTEGRITY LC 12 INTEGRITY L e
COMPARISON

LC1 ACTUATION SIGNAL

LC1 ACTUATION SIGNAL

[ ccorme W[ o |
[2¥ 3.217] 2190 Ae AT 31 74,

@ AsAF(TF FI)

AFANE(2F FF) FHE BESF-CCSe &+ Agel td 23S YehH
a9 321837 22 3t AL 7R

ONLINE STATUS

DRt as LOOP LEVEL
(o] o]
TEST TEST
REMAINING TIME TO AUTOMATIC PERIODIC TEST READY CLEAR
MANUAL TEST
TEST FROCESSOR CHANGE TEST FUNCTION CHANGE TEST START
Gcz GC3 ClAS MSIS
AFAS -1 AFAS-2 CSAS
CREVAS FHEVAS CPIAS
INPUT RESULT
TEST NO. ERROR
A B c D R 24 VOTING ‘CONFIRM 'ACTUATION
EXPECTED [ 0 o Q o a o 0
o1
REAL
EXPECTED 1 1 0 0 0 1 0 0
02
REAL
EXPECTED 0 0 o 0 o a 0 0
03
REAL
EXPECTED 1 Q 1 a 0 1 0 0
04
REAL

TEST NO, 05~ 08 TEST NO. 09 - 12 TESTNO. 13~ 16 TEST NO. 17

[1¥ 3.218] AABAIR(LF F%) SH F4.
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ONLINE 5TATUS

GROUP LEVEL

DIAGNOSTICS
o ()
TEsT TEsT
REMAINING TIME TO AUTOMATIC PERIODIC TEST e R
MANUAL TEST
TEST FUNCTION CHANGE TEST SUBGROUP CHANGE TEST COMP. CHANGE TEST START
CIAS msis SUBGRP. 02 SUBGRP. 03 SUBGRP. 04 SUBGRP. 05 COMP. 2 COMP.3
AFas -1 aFas -2 coas, suBGre. 05 susGRP07 s 08 suBGRP. 09 suBGRP.10 comp_s come.s cowr.s
CREVAS FHEVAS CFIAS SUBGRP. 11 SUBGRP. 12 SUBGRP. 13 SUBGRF. 14 SUBGRP. 15 COMP. T COMP. 8 COMP. 8
OMPO
INPUT RESULT
TEST NO. ERROR
ESF-1 INIT. SIG. RESET SIG.
o1 6c2 GC3 | SOFTACT. | MIACT. | TRANSFER [SOFTDEACT.| miDEACT. [ EEF= O & No o
EXPECTED Q 0 0 o 0 1 o 1 0 o 0
13
REAL
EXPECTED 0 0 a 1 0 1 0 0 o 1 0
“
REAL
EXPECTED 1 1 1 0 0 a 1 0 1 1 0
15
REAL
EXPECTED Q 0 Q 0 0 a 0 0 a o 0
16
REAL
TEST NO. 01 - 04 TEST NO. 05~ 08 TEST NO. 09~ 12
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MCR_COMP_CLOSE

[ COMP_OPEN
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RSR_CH_SELECT

TRANSFER_STATUS

MCR_COMP_TRBL 1

MCR_COMP_DSBL

COMP_TRBL

RSR_COMP_TRBL CNFM_Select

RSR_COMP_DSBL

COMP_DSBL

[28 3.2.23] Ao AloJEde] AZE o] 74 L AAHEE HA).
(7H A=/-8F £A1(Stimulus/Response Sequence)
A F, Ao ACJEH ] AZE o]
= Az

of 93 =7t FaH ok dok =
f

Nt

]
A7} e FFAURACPU) A oA @ol &) AHEs17) Aoz,

Yadel 891405, Transfer 155 WAYA|7| 7| Folol g}

_76_



() Helg HAS

5 /A
A%, ME717] &F AAAE, e 3AJAE, Transfer A5 L dA7]7] G
#d dolHE HS53 = 7leS YT dHolH H5L wWed dEse= HolH
o tisted PLC ®l 22l Mapping A AF< 7Iews T3t

jinj
o
An)
=
)
o
£
~
=
™)
&,
td
L)
=
<
Q
5]
.
)
aQ
>
o
N
fr
N
ofr
rﬂ

O 2E 74
Aede ZE gk B EELS oy, 5 FA4L 19 3225 FE3y

HE 22 JAE2A

W 1) W27 - . =
noias  FSRTEANEr s o oRTaner ST
(SR Switch (MCRY Qi M= Switch plA| M=
s Mol E ’ (ASR) AEHAIE (MCR)

H e HEErEE] Pl S RCl=H
EIPIA S pIplE A TPy
(R3F) (MCA) (RSA) (MCR)
I EIE] AZ A

HHAME

PIINE

_77_



3

oju
L,

puzel

il
B

1

_ZU

9 32228

)

i
™

Zlvtek 1% F7kAI R

N

Al

1
=],

v} Ao

3}

(1) A 874

T

t=slo) ¢

S

h

ol

717] Ao

=z ]
=

ZF 7

A

“EPS

o)

=13
=

=
=

R

W ge N5E

2 59 oe

FEA 7|2 HH ELCNS

_78_



(i
N

=9 o]

3|

(%h

o
L

2 2

gAd S4rss T3 o

B
T
N
mjn
o]

<

T
N

o

To-

]

ol

<

WAL AE7] 7] Al

7}

715 Aolad AolEgo]E MCDL ¥+t RCDLE &3] t&

RS

o
T
N

i

ol

BRSR Transfer Swtich 21 & (Only RSRE] A oJdtAl & Th%7])

5 27A

2 7

)

= 59 74 2 A 29 32249 Pt}

=
=

W olE

o

il

Wt o] ¥

_79_



CPM

£ I EPS
e W

- HAMNDY . 23

MIE_TO_CPM W 913| o] Al = CPM_TO_MIS
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GC_SW

\ [ \ |

1.0 Data_Read 2/ Test_Set 3.0 Actuation_Logic 4.0 HB_Generate 5.0 Data_Write
SENE

(HOIH #=) (AE43) @s=2) { 154 44) (HIOIE #%)
1.1 HW_Data_Read H Z'W{I‘e;t‘;?;de o 3'1(;0;@;_;89'& 5.1 ELCN_Data_Write
12EDSN_Data Read [T 1 SL_Test_Decide [ L SLVoling_Logio 52EDSN_Dala_Wite
- 1 2.1.2 MS_Test_Decide — 3.1.2MS_Voting_Logic -7
1 2.1.3CI_Test_Decide — 3.1.3Cl_Voting_Logic
— 21.4CS_Test Decide — 3.1.4CS_Voting_Logic
1 2.1.5AF1_Test_Decide 1 3.1.5AF1_Voting_Logic
1 2.1.6 AF2_Test Decide 1 3.1.6 AF2_Voting_Logic
M 2.1.7 CP_Tes!_Decide 1 3.1.7 CP_Voting_Logic
1 2.1.8 CR_Tesl_Decide ™ 3.1.8CR_Voling_Logic
— 219 FH_Tesl_Decide — 3.1.9FH_Voting_Logic
3.2 Confirm_Logic
| | 22Tesl_Generate ] (28 =)

(AIE 44)

1 3.2.15l_Confim_Logic
— 2.218|_Test_Generale F—{ 3.2.2MS_Confirm_Logic
— 2.2.2 M8_Tesl_Generate — 3.23C_Confirm_Logic
+— 2.2.3Cl_Tesl_Generale — 3.24 CS_Confirm_Logic
+— 2.2.4 C5_Tesl_Generate —1 3.2.5 AF1_Confirm_Logic
+— 2.2.5 AF1_Tesl_Generale — 3.2.6 AF2_Confirm_Logic
— 2.2.6 AF2_Test_Generate = 3.2.7 CP_Confirm_Logic
+—{ 2.2.7 CP_Test_Generate | 3.2.8 CR_Confimm_Logic
+—{ 2.2.8 CR_Test_Generate = 3.29 FH_Confirm_Logic
L— 2.29FH_Test_Generate

3.3 Lateh_Logic
(2E =2l

3.3.1 51_Lateh_Logic
3.3.2 MS_Latch_Logic

3.3.3CI_Latch_Logic
3.3.4 CS_Latch_Logic
335 AF1_Latch_Logic
3.3.6 AF2_Latch_Logic
3.3.7COM_Latch_Logic

[29 3.225] aAFA7] && LZEY ] BE TA.

@ A1 2 QA Z=AA

>

18 2 AA ZZ2AMA & AZEY o= 500msec 7] oW RE 7S F
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ETIP_SW
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(HOIE #H=)

1.0 Data_Read
(NH 2%)

2.0 Test_Result_check ‘

3.0 HB_Monitor
(HEHE ZAl)

4.0 Test_Set
(AlE 2 F)

5.0HB_Generate
(HEHE 4E)

6.0 Data_Wrils
(BI0IE #S)

1.1 HW_Data_Read

{

2.1 Online_Status_Check
[CEEFERER )

1.2 EDSN_Dela_Read

{

2.2 GC_Active_Check
(OEz2 sEAE A1 HY)

1.3 EIDN_Dala_Read

2.2.1 GC1_Aclive_Check

2.2.1 N8SS_Active_Check
222 BOP_Active_Check

222 GC2_Active_Check
(GC17 H22E BY)

2.2.3 GC3_Aclive_Check
(GC1JI HEZE )

2,3LC Active_Check

(Fo=2l SEAE 2 &)

@ Afzd AlolEH o]

Aolzld AolEg o] &€& AZTEYolE 50msec 7] ©o]Ulo
3, CPU H-3l(load) 60% oJUolx FHEojof st} Aojad A o]E 4 o]
a¥ 32273 #oh 29 32279 £HE Aojxd Aol Eg ]

S

L

LXE O] 74
o
o

231 LC1_Active_Check

H 2.3.1 ESF1_Aciive_Check

2,312 LC12_Active_Check

(LCOtHERS E8)

[1¥ 3226] A3 2 A Z2AAM &

4.1 Test_Decide
(NE B

4.2 Test_Generate

(A )

Ry

6.1 EDSN_Data_Write

6.2 EIDN_Dala_Wrile

6.3 EPDL_Dala_Wrile

6.4 ERDL_Data_Write

6.5 QIAN_Data_Writa

Eqel BE 74
RE 715 &9
%

& AT EOlE TS EEo tg HAcAE gtk

‘ CCG_SW

1.0 Data_Read

(dIole #HE)

2.0 CNTR_Select
(A= HE)

3.0 HB_Generate
(S 4E MH)

4.0 Data_\Write
(HI0IE &)

—{ 1.1 ESCN_Data_Read

4{ 1.2 ELCN_Data_Read

4{ 1.3 MCDL_Data_Read

4{ 1.4 RCDL_Data_Read

[28 3.2.27] AlojAqd AoEH o] &8 AZTEY
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AAIANTGF7] & ATEY = 50msec 7] o|Hol] RE 7155 FF3}
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