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ABSTRACT

A Study on Improvement and Harmfulness

for the Auto Diagnostics Test of Interposing Logic System in NPPs

Jo Hyeong Min

Advisor : Prof. Na Man Gyun, Ph.D.

Department of Nuclear Engineering

Graduate School of Chosun University

Interposing Logic System(ILS) controls miscellaneous plant equipment that does not fall

within the scope of major plant control systems. Multiple microprocessor-based, single-board

computers in the ILS control various fans, breakers, compressors, pumps and valves. The

ILS receives plant operator command inputs from control modules mounted on control

panels, plant process and equipment operating status inputs, and inputs from other control

systems. The ILS performs On-off logic operations. The ILS provides a suitable output

signal to control plant equipment and control module indicating lamps, and to operate the

plant annunciator, computer, and other control systems.

The ILS has using the Auto Diagnostic Test(ADT) which calls IOCTST(Input/output

board auto test) and INTEST(Control board auto test) in order to protect Digital contol

system. The INTEST is to check the all of the memories and board functions which are

controlled properly. IOCTST is to check the all of the Input channels and Output channels

on IO boards. IOCTST is generated On-Off pulse by the control board to the IO board

every 5 minutes. The pulse is very short time duration such as 16µsec to the IO board in

order to check the IO board performance.

However, recently the failed IO board issued an unexpected output trip signal triggering

the reactor coolant pump(RCP) circuit breaker to close and therefore shutting down RCP

operations. Eventually the power plant output was stopped. In detail, whenever the control

board sends a square wave to IO board, the actual output is turnning from Off to On in

an instant. That indicates that a component may be actuated by an unexpected output

signal in case of abnormal wave. The abnormal wave lasts for 500msec. That means that

the abnormal wave is about 31 times as compared with a normal wave. Also ADT cannot

detect IO board troubles. The Opto-coupler chip from IO board has been removed. But
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control board recognized that the IO board was working well. The same wave forms are

monitored when Opto-coupler is installed or removed on the IO board. Thus, the control

board recognizes the normal status for IO board.

For solving the root cause, A decision was made to delete the IOCTST from the patch

cord. Program patch is loaded in EPROM on the control board. Once the patch is applied,

control board indicates what kinds of IO boards being in the system. On the other hand,

control board doesn't recognize the IO board when the numbers from the program patch

are deleted. Eventually bthe control board doesn't send the IOCTST signal in order to test

the IO board anymore. Checking the IO board by the control board is performed by the

complement error detector every 100msec instead of IOCTST.

The system has to be varified to see if it works properly. The performance test was

done by using the ILS simulator after deleting the program patch inside EPROM. The

contents of performance tests are function test and stability test. The performance test are

continued for 72days and completed successfully. The manufacturer of ILS agreed to this

design change since no impacts has arisen in the system.

The modified ADT has been applied for 45loops such as RCP, 13.8KV Feed PCB and

other 6 months ago. The ILS system has been working well so far.

This study is conducted to solve the chronic trouble in the ILS. A lot of troubles of the

ILS have been issued after commercial operation in Havit nuclear power plant 3,4. But

most of them have disappeared without any corrective actions. Unneccessary ADT seems to

cause the troubles. This study is important as the manufacturer admitted their design

mistake. It has improved the system performance and reliability for the ILS. Accordingly

nuclear power plant will become safer.
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Figure 1. ILS System Overall Configuration
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Figure 2. ILS(AFS-1000) System Loop Control Configuration
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Figure 3. Picture for the associated components
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Table 1. Design Requirement for SBC-01

Microprocessor 8bit, n-channel 8085, 64kbytes of Memory

Running Rate 3MHz

Diagnostics Test Every 5 minutes

Response Time less than 100msec

Software language Assembly language using Top-down module

Communication Bus
Internal I/O data bus

Intercommunication Bus(ICB)

Supply Voltage 24VDC

Figure 4. Picture of SBC-01
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Table 2. Software control module

Module Name contents

Power up

Slave or Loop software

Master software

INTEST Procedure

IOCTST Procedure

Input/output status scan
INTEST Procedure

IOCTST Procedure

Application Programs

Slave software

Master software

Logic Module

End
After Logic Module jump back IO status

scan module

Timer Interrupt Calling Auto test every 5 minutes

Communication Interrupt
Slave software

Master software
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END

EXECUTE

APPLICATION

PROGRAM

INPUT/OUTPUT

STATUS SCAN

ROUTINE

RESET

POWER-UP

ROUTINE

TIMER Interrupt

TIMER

ROUTINE

RETURN Interrupt

COMM. Interrupt

I/O

COMMUNICATION

ROUTINE

RETURN Interrupt

Figure 5. Top Level Block Diagram of SBC-01
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Table 3. The types of Auto Test

Type Function

INTEST
Test period : every 5 minutes◾

Test component : EPROM, RAM on control board◾

IOCTST
Test period : every 5 minutes◾

Test component : Input, Output channel on I/O Board◾
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Table 4. Patch Panel codes for I/O Boards
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Table 5. Sample Patch Panel codes Listing



- 12 -

TP2

기진단신 파

주기: 5min

1 6㎲

TP1

TP2
TP1

기진단 력TP1 :

기진단 출력TP2 :

Figure 6. The concept of the Auto test for I/O Board
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파

비정상

파

Figure 7. Comparison of Normal and Abnormal wave for Auto Test

지 시간 : 660 sμ

력파

출력파

Figure 8. Actual Abnormal wave
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Figure 9. Flow diagram of Auto Test
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실 로 고 난 보드를 가지고 기진단시험에 한 파 변 를 측 하 니I/O-11

에 같 기진단파 에 상 발생되었지만 보드는Figure 11. Overshoot Control

기진단시험 로 식하 고 고 경보를 발생시키지 않았다Pass .

Figure 10. Detailed Trip and Close output circuit
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지연시간Turn Off < 250현상Overshoot

측 자기진단 신호Trip

측 자기진단 신호Close

Figure 11. Test result for Abnormal wave
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Figure 12. Opto-coupler in the I/O-11 Board
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Figure 13. Wave form of Installed Opto-coupler

Figure 14. Wave form of Removal Opto-coupler
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Figure 15. Flow chart of Reactor Trip
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Table 6. Process Plan

단계1 제거 안 색IOCTST

단계2 적 상 설비 선정

단계3 실증실험 수행

단계4 제 사 견 수렴

단계5 제 검증 수행3

단계6 개선안 적

단계7 계통 향 과 검증

단계8 시행
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Table 7. Modified Program Patch
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Figure 17. Wave form with IOCTST

Figure 16. Maintenance Subsystem-II
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Figure 18. Wave form without IOCTST
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Table 8. I/O lists for Removal components
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Figure 19. ILS simulator
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Table 9. Test Report for Function Test

Table 10. Check List for Test
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Table 11. Review Result for I/O Board missing

보드I/O 력 채널수 출력 채널수 보드 출 감지여

I/O-01 8 0 감지

I/O-02 0 8 미감지

I/O-03 0 8 미감지

I/O-04 0 8 미감지

I/O-05 0 8 미감지

I/O-06 0 8 미감지

I/O-07 7 1 감지

I/O-08 7 1 감지

I/O-09 6 2 감지

I/O-10 0 8 미감지

I/O-11 6 2 감지

I/O-17 4 4 감지

I/O-18 4 4 감지

I/O-19 0 8 미감지

I/O-20 0 8 미감지

I/O-21 0 8 미감지

I/O-22 8 0 감지

I/O-23 0 8 미감지

I/O-24 0 8 미감지

I/O-25 4 4 감지

I/O-26 4 4 감지

I/O-27 0 8 미감지
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Table 12. I/O lists for Removal components(Rev. 1)
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Table 13. Comparison Between Auto Test and Complement Error Detector
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제 자 검증수행5. 3

개선안 적용 및 효과검증6.

❍

❍

❍

확대적용7.
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