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The Simulation Analysis of Grab Reliability Based on the Fault Tree Analysis
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(1. School of Mechanical Engineering, University of South China, Hengyang, Hunan 421001, China;
2. Nuclear Fuel Cycle Technology And Equipment Research Center, University of
South China,Hengyang, Hunan 421001 , China)

Abstract: A fault tree method was used to analyse the grab$ structure and the function of
feeding system and the reliability block diagram was presented. Take the grasping failure as
top event,the minimum cut sets and minimal path sets were given out and the fault tree
was established in the paper. The key parts and cause of the malfunction were found out af-
ter the importance analysis of the grab. Emulational simulation was performed with CAF-
TA ,and then the reliability histogram was given out through calculation,and the grab fail-
ure was confirmed to be exponentially distributed. According to the key parts of minimal
cut sets, this paper proposes improvement measures based on surface modification and
structure design. The consequence of the experiment showed that fault was basically elimi-

nated and reliability of the system was greatly improved.
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Fig.1 Function structure diagram of the grab
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Fig.2 Reliability Block Diagram of the grab
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Fig.3 The fault tree of grab
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Table 1 Minimal cut sets of the the failure of the grabing material
H/NEIgE — iR/ NEIR B/ NEISR =W/ R
X5,X6 X1 X2
X11,X12 X3 X4
41K ' X8 X9 X10
X13,X14 X7 X8
X15 X16 X17
8 7 3 !
i e R 64% 27% 9%

H /MR SE SCAT R, 5 — A /MR R Y
A FEAR SR S A T A e A, 5
{8 7 e/ MESR , TR SO S 25T AR

xR2

JUAEEAEAFREME T FF A A, I n] JE A
JURM T ZR G w1 05 28 AR SCRT LAAS
% 2 P R/ MEAE.

MM R NEE

Table 2 Minimal path sets of the the failure of the grabing material

%N e S

e/ MEdE

1 X1 X7 X16 X3 X9 X13 X14 X5 X15 X11 X12 X6
2 XI X7 X16 X3 X10 X13 X14 X5 X15 X11 X12 X6
3 X2 X7 X16 X3 X9 X13 X14 X5 X15 X11 X12 X6
4 X1 X7 X16 X4 X9 X13 X14 X5 X15 X11 X12 X6
5 X2 X7 X16 X3 X10 X13 X14 X5 X15 X11 X12 X6
6 X1 X7 X16 X4 X10 X13 X14 X5 X15 X11 X12 X6
7 X2 X8 X16 X3 X9 X13 X14 X5 X15 X11 X12 X6
8 X2 X7 X16 X4 X9 X13 X14 X5 X15 X11 X12 X6
10 X1 X8 X16 X4 X9 X13 X14 X5 X15 X11 X12 X6
11 X2 X8 X16 X3 X10 X13 X14 X5 X15 X11 X12 X6
12 X2 X7 X16 X4 X10 X13 X14 X5 X15 X11 X12 X6
13 X1 X8 X16 X4 X10 X13 X14 X5 X15 X11 X12 X6
14 X2 X8 X16 X4 X9 X13 X14 X5 X15 X11 X12 X6
15 X2 X8 X16 X4 X10 X13 X14 X5 X15 X11 X12 X6
16 X2 X7 X16 X3 X8 X13 X14 X5 X15 X11 X12 X6

17 X1 X8 X16 X3 X13 X14 X5 X15 X11 X12 X6

18 X1 X7 X16 X4 X8 X13 X14 X5 X15 X11 X12 X6
19 X1 X7 X17 X3 X9 X13 X14 X5 X15 XI11 X12 X6
20 X1 X7 X17 X3 X10 X13 X14 X5 X15 X11 X12 X6
21 X2 X7 X17 X3 X9 X13 X14 X5 X15 X11 X12 X6
22 X1 X8 X17 X3 X9 X13 X14 X5 X15 X11 X12 X6
23 X1 X7 X17 X4 X9 X13 X14 X5 X15 X11 X12 X6
24 X2 X7 X17 X3 X10 X13 X14 X5 X15 X11 X12 X6
25 X1 X8 X17 X3 X10 X13 X14 X5 X15 X11 X12 X6
26 X1 X7 X17 X4 X10 X13 X14 X5 X15 X11 X12 X6
27 X2 X8 X17 X3 X9 X13 X14 X5 X15 X11 X12 X6
28 X2 X7 X17 X4 X9 X13 X14 X5 X15 X11 X12 X6
29 X2 X8 X17 X3 X10 X13 X14 X5 X15 X11 X12 X6
30 X2 X7 X17 X4 X10 X13 X14 X5 X15 X11 X12 X6
31 X1 X8 X17 X4 X13 X14 X5 X15 X11 X12 X6

32 X1 X7 X17 X3 X8 X13 X14 X5 X15 X11 X12 X6

33 X2 X8 X17 X4 X13 X14 X5 X15 X11 X12 X6
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Table 3 Reliability histogram calculation report

i @!fﬁ éﬂﬂ; R BAIFEXE EIFXE BIFEXIE

f[A] st 7] R (a=0.01) (a=0.05) (a=0.1)
1 0.00 1.000.00 1.000 (1.000,1.000) (1.000,1.000) (1.000,1.000)
2 1 000 2 000. 00 0.488 (0.475,0.501) (0.478,0.497) (0.479,0.496)
3 2 000 3 000. 00 0.215 (0.204,0.225) (0.207,0.223) (0.208,0.221)
4 3 000 4 000. 00 0.088 (0.081,0.096) (0.083,0.094) (0.084,0.093)
5 4 000 5 000. 00 0.032 (0.028,0.037) (0.029,0.036) (0.030,0.035)
6 5 000 6 000. 00 0.014 (0.011,0.017) (0.012,0.016) (0.012,0.016)
7 6 000 7 000. 00 0.005 (0.003,0.007) (0.004,0.006) (0.004,0.006)
8 7 000 8 000. 00 0.001 (0.001,0.003) (0.001,0.002) (0.001,0.002)
9 8 000 9 000. 00 0.001 (0.000,0.001) (0.000,0.000) (0.000,0.001)
10 9 000 10 000. 00 0.000 (0.000,0.001) (0.000,0.000) (0.000,0.001)
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