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The application of FTA and ANN in reliability reallocation

JU Pinghua , JIANG Dexuan, RAN Yan
(College of Mechanical Engineering, Chongqing University, Chongqging 400044, P.R.China)

Abstract: In the process of product reliability design, usually, the distribution of reliability index is not
completed in one time. Different design stages have different reliability allocation methods. With the
deepening of the design process, the results of the preliminary distribution may be unsatisfactory, so it’s
necessary to re-allocate the reliability index in middle and late stages. Prior to the index allocation, all the
minimal cut sets are classified by a certain algorithm, and then the selected minimum cut sets to be
allocated are distributed by using an artificial neural network (ANN). The ultimate goal is to allocate the

reliability index to the minimal cut sets or elementary events of fault tree. By comparing the initial
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reliability before distribution and the reliability after distribution, we can find out the weak points in
product design and then improve the design, which examines the results of FMECA (failure mode, effects
and criticism analysis) to some extent.

Keywords: FTA(fault tree analysis); ANN; reliability reallocation
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Fig.1 Three layered neural network model
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Fig.2 The structural representation of save rod’s driving mechanism
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Fig.3 The fault tree of reactor control
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Table 1 The analysis of reactor control’s fault tree

o n N i H R MR/ U S A X
E NS e FilhE X R GEIETYE S - N—
T, AN BEHEAT BN HE 5 il (CH) 2019 0.850 0 5.324X10°
Xap % (HD/ 11-01-12004) ¢ & 0.995 3 0.356 10" 0.103
X FE i (HD/ 11-01-12004) 15 25 il 22 2 0.995 7 0.356 10" 0.103
Xy, F 5l I 4 15 38 (HD/ 11-01-12001) 15 25 i 25 T2 0.996 2 0.356 10 ° 0.103
Xos 32 b IR 4 14 48 15 25 il A28 % (HD/ 11-01-13001) 0.996 5 0.356 10 ° 0.103
Xy, %4 (HD/ 11 -01-30007) 14 25 it 25 7 0.975 8 0.600X 10" 0.112
Xss A (050101 28 TE Hir Al 78 0.985 4 1.320X 10 0.060
Xog R ERGR ACGB/T 276-94) ] B it K 0.963 5 0.650X107° 0.122
Xy TR ER R B(GB/T 276-94) 8] B 33 K 0.956 2 0.650 10 ° 0.122
X, F 4 (HD/ 11 -01-41001) % 1 28 & 0.995 6 0.031X107° 0.002
X, B 4 15 %8 (HD/ 11 -01-41003) ¥ i 28 JE 0.995 6 0.031X10°° 0.002
X, H 4155 (HD/ T1-01-42002) 4 15 %6 14 11 28 JE 0.996 4 0.036 <10 ° 0.005
X, 2415 % (HD/ 11 -01-42002) [8 K=t %6 ¥ 10 28 & 0.991 3 0.760X 10" 0.005
X £ (HD/ 1 -01-60006) 1 25 il A5 J& 0.995 2 0.046 10" 0.009
3.2 m/MEIEHTFIE
P R AR AT LA B e /N R AR i S Bl R /N EIAE R ST E LR 2,
F2 mMNBESTER
Table 2 The S§ value of minimal cut sets
/N EIE S 5 AR S§ {H

Z X, . X, 0.000 558

Z X; . X, 0.000 289

Zs X; 0.000 396

Z Xso 0.036 650

Z Xy 0.036 650

Zs Xss 0.036 650

Z; Xos 0.036 650

Zs Xy, 0.067 200

Z Xos 0.079 200

Zo Xog 0.079 300

Zn Xo7 0.079 300
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Table 3 The result of BP training
I/ 4 TN SEA S 5L KA A WA g s Ak T e
0 = DA = Y AN < = AN R 05 A £ = o o VA Y S A SR L HeAR
Zs/Zy 1.000 O 1.000 0 0.600 0 0.320 0 0.112 0 0.060 0 0.850 0 0.990 3
Zy/Z1o 1.000 0 1.000 0 0.600 0 0.650 0 0.112 0 0.122 0 0.850 0 1.012 8
Zs/Zn 1.000 0 1.000 0 0.600 0 0.650 0 0.112 0 0.122 0 0.850 0 1.020 5
Zos/ 7o 1.000 O 1.000 O 0.320 0 0.650 0 0.060 0 0.122 0 0.850 0 1.022 8
Zy /7 1.000 0 1.000 0 0.320 0 0.650 0 0.060 0 0.122 0 0.850 0 1.030 5
Zio /7 1.000 0 1.000 0 0.650 0 0.650 0 0.122 0 0.122 0 0.850 0 1.007 1
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1.000 0 0.990 3 1.0128 1.020 5
1.009 8 1.000 0 1.0228 1.030 5
0.987 4 0.977 7 1.0000 1.007 1"
0.979 9 0.970 4 0.9929 1.000 0
figt 33 A 5 R 1) i K AR AR OGE R 4 RS A ) B4 [0.502 9 0.507 8 0.496 4 0.492 87, JH—fk4b B Ji5 75 %)
[0.251 5 0.2539 0.248 2 0.246 47, DL WAL E AR AL

R, =(R,)”
SRR E R 0 I B SR /N EN AR AT R Horh o DA HORT 0 BC S AR IR 4
®4 HEER
Table 4 The result of allocation
R/NEAE TS Zs Z Zu Zn
LIk 33 0.987 2 0.987 1 0.987 3 0.987 4

A 2 AT AR PE R AR i — 2 o RO S AR b DR S /NEAR TR IR R R B R — 1k, LR — 1k
¥ &5 O B AT P
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AP SCHRC2 TR 3 B0 535 o X8 AR ] o By e B s A w3 P 2 B 3 e 22 U A 36 XF S /I ) 6 a0 A B 2 7
RIS i 328 ) B 5 /N ) G T B R AT 0 I L AR R AE R LR 5
®5 HWR&ER

Table 5 The result of allocation

/NEE TS Z, Zy Z, Zs Zs Z; Zs Z, Zo Zn

LIS 0.988 7 0.996 3 0.996 6 0.997 0 0.997 5 0.997 8 0.9865 0.9823 0.976 5 0.968 5
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