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A Study on Fault-Tolerance Design Methods for Nuclear Digital Control Systems

=% E LT
(Won-Suk Ko * Jung-In Choi)

Abstract - In this paper, a design method of fault-tolerance is presented for the nuclear digital control systems
composed of software and hardware. As a quantitative design method measure of fault-tolerance, we used Reliability,
Availability and Safety. To implement the proposed fault-tolerance, a prototype system has been devised for the digital
control systems and a quantitative method of ‘Markovian Model’ is applied. The results provide the appropriate degree of

redundancy and diversity, and fail-safe.
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Input circuit 0.2 10°%Hr 50
Logic gate 0.1%105Hr 50
Output cireuit 0.2 10™%Hr 50
Timer 1.0% 10%Hr 50
Trip amplifier 0.4 X 10 Hr 50
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Table 3 Availability of Prototype System

B Ay (1) Az (1) AD (AL AA0Q5] ALY
0.00 0.9358 09175 | 08924 0.8590
0.05 0.9170 0.8990 | 0.8686 0.8361
0.10 08965 | 09804 | 0.8789 | 08432 | 09626 | 08117
015 0.8732 0.8561 | 08160 0.7855
0.20 0.8503 0.8336 | 0.7866 0.7572

¥ 4 =ZzEEY A8 MR
Table 4 Reliability of Prototype System

A R (1) Ra (1) RO |[R QA5 |R 1D ]| R (15
0.00 09227 09022 | 08590 0.8202
0.05 0.8988 0.8788 | 0.8258 0.7885
0.10 08728 | 09778 | 08534 | 07903 | 09548 | 0.7546
0.15 0.8448 0.8260 | 0.7526 0.7186
0.20 0.8143 07962 | 0.7122 0.6800
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Table 5 Safety of Prototype

8 Sy (1) Sz (1) S [$1 A58 [S 05| S U
0.00 0.9613 0.9506 | 0.9295 0.9085
0.05 0.9454 0.9383 | 0.9129 0.8923
0.10 09364 | 09889 | 09260 | 0.8952 | 09774 0.8750
0.15 0.9224 08122 | 0.8763 0.8565
0.20 0.9072 0.8971 0.8561 0.8368
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Table 6 Availability, Reliability, Safety of simplex(1x1)

AQD) | A(L5) | RILO) | RUS) | SO | Sus)
A=g1| 06454 | 05693 | 06065 | 04724 | 0.8033 | 0.8362
Al=d2| 08130 | 07096 | 07945 | 07082 | 08972 | 08541
AA | 05247 | 04040 | 04819 | 03346 | 07207 | 07142

X 72x1 H&e JtEx, dEs ¥ eHHE(R=02)

Table 7 Availability, Reliability, Safety of 2X1 system(8= 0.2)

A(LO) | A(S) | RO | RUS5) | S(10) | S5

A1 | 08503 | 07866 | 08143 | 07122 | 09072 | 0.8561
A£g2] 08130 | 0709 | 07945 | 07082 | 0.8972 | 0.8541
AA | 06913 | 05582 | 06470 | 05044 | 08139 | 07312
x 8 2x1 Age 218, e ¥ ¥ (B=102)

Table 8 Availability, Reliability, Safety of 2X 1system(8= 0.2 )

A(LOY | A5 | RAO | RAS | SUO | SU5)

A1) 08503 | 07866 | 08143 | 07122 | 09072 | 0.8561

Alz=el2| 09804 | 09626 | 09778 | 09548 | 09889 | 09774

HAA | 08336 | 07572 | 07962 | 06800 | 08971 | 0.8368 |
= 9 CtEstof w2 nESEM (f=02)

Table 9 Fault-Tolerance for redundancy (8= 0.2 )
ALO) | A0S | ROO | RIS | SO | SO15

1x1 | 05247 | 04040 | 04819 | 03346 | 0.7207 | 07142

2x1 | 06913 | 05582 | 06470 | 05044 | 08139 | 0.7312

2%x2 | 08336 | 07572 | 07962 | 06800 | 08971 | 08368
5.2 2k (Diversity) & Jl&
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Table 10 Fault-Tolerance for diversity
-

A(1O) | A(1B) ; R(LO) | RS | SQO) | S5

8 =02 0.8336 | 07572 | 0.792 | 0.6800 | 0.8971 | 0.8368

8 =01 0.8789 | 08117 | 0.7546 | 0.7546 | 0.9260 | 0.8750

B =0 09175 | 0.85% | 08202 | 0.8202 | 0.9506 | 0.9085 |
53 Mul-ot™ (Fail-Safe) 84 7|&
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Table 11 Fault-Tolerance according to Fail-safe design
S(1.0) S(1.5)
7 =0 0.7962 0.6800
¥ =025 0.8464 0.7576
7 =05 0.8971 0.8368
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Fig. 7 Availability evaluation for diversity and redundancy
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Fig. 8 Reliability evaluation for diversity and redundancy
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Fig. 9 Safety evaluation for redundancy and failure-safe
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