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Abstract

Automatic drill-riveting equipment in Large Thin-wall Cabin is used for the cabin of a launch ve-
hicle in aerospace industry. In this paper, the faults of Automatic drill-riveting equipment are
analyzed. Then the root causes of faults are analyzed. Based on this, the fault tree is established.
The weaknesses of equipment are found out by qualitative and quantitative analyses of the fault
tree, which can provide theoretical support for Maintenance and optimal design of the equipment.
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Figure 1. Main structure parts of automatic drill-riveting equipment
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Figure 2. Fault Tree of automatic drill-riveting
equipment
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Figure 3. Fault Tree of rotation mechanism
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Figure 4. Fault Tree of internal and external vertical
lifting mechanism
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Figure 5. Fault Tree of automatic drill-riveting system
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Figure 6. Fault Tree of nail delivery system
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Figure 7. Fault Tree of CNC system
B 7. $2H R iha iy

/)

§

J1 J2

Figure 8. Fault Tree of assistant system
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Table 1. Fault code of automatic drill-riveting equipment
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Table 2. Fault code of rotation mechanism
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Table 3. Fault code of internal and external vertical lifting mechanism
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Table 4. Fault code of automatic drill-riveting system
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Table 5. Fault code of nail delivery system
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Table 6. Fault code of CNC system
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Table 7. Fault code of assistant system
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Table 8. Minimum cut sets and suggested probability values of basic incidents of automatic drill-riveting equipment
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E12 FL AL e 2x10° 0.9975030792  0.0195834905
E13 S 1.5%x10°° 0.9974681660  0.0058748415
E21 SO VR AL 2x10° 0.9974731535  0.0078331612
E22 SCHEFT 6x10° 0.9975130548  0.0235004236
E32 FL AL e 2x10° 0.9974731535  0.0078331612
E33 S 1x10° 0.9974631787  0.0039165414
E111 TR BE B 2x10° 0.9974731535  0.0078331612
E112 i BB e 2x10° 0.9974731535  0.0078331612
E113 TR R 6x10° 0.9975130548  0.0235004236
E141 I i v AR 2x10° 0.9974731535  0.0078331612
E142 et R VEC 767N 2x10° 0.9974731535  0.0078331612
E143 TR 2 R U W 2x10° 0.9974731535  0.0078331612
E311 TR BE B 2x10° 0.9974731535  0.0078331612
E312 i B e 2x10° 0.9974731535  0.0078331612
E313 TR R 1.5%x10° 0.9974681660  0.0058748415
E341 P i s v AR 1.5%x10° 0.9974681660  0.0058748415
E342 et SR VEC 767N 2x10° 0.9974731535  0.0078331612
E343 TR 2 R U W 2x10° 0.9974731535  0.0078331612
F11 ot i e I 2 e e 1.5%x10° 0.9974681660  0.0058748415
F12 AR R 75 22 2 v B A 1.5%x10° 0.9974681660  0.0058748415
F21 PR A5 2x10° 0.9974731535  0.0078331612
F22 R E LR AT B SR 2x10° 0.9974731535  0.0078331612
F23 JEAR AT R o BRI 2x10° 0.9974731535  0.0078331612
F31 BHEFTTFAR 1.5%x10° 0.9974681660  0.0058748415
F32 VTR S 2x10° 0.9974731535  0.0078331612
F33 PLC il 6x10° 0.9975130548  0.0235004236
Fa1 ZETHR T AT R SCHE T B AR/ 2x10° 0.9974731535  0.0078331612
F42 FE N 28 TR S R S (T AR T TR SR 2R 2x10° 0.9974731535  0.0078331612
F43 TR SIS AT ffF— 5 [ TR 2x10° 0.9974731535  0.0078331612
F44 TEARR 6x10° 0.9975130548  0.0235004236
F51 W3 [ TR AN 2x10° 0.9974731535  0.0078331612
F52 HEMIN 6x10° 0.9975130548  0.0235004236
F61 Ul 550 RH R R RBREE R B 5 6x10° 0.9975130548  0.0235004236
F62 B K-S R HRS A A R SR AT 54 6x10° 0.9975130548  0.0235004236
F63 FLR £ P 5 LT 7R R (R 5T RN R B AR B R AT 74 2x10° 0.9974731535  0.0078331612
F64 FL R 2 P e St 2x10° 0.9974731535  0.0078331612
F65 AR R R R AL 2x10° 0.9974731535  0.0078331612
F71 BEF N CE K 21522 2x10° 0.9974731535  0.0078331612
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F72 Hekel Sk iz 6x10° 0.9975130548  0.0235004236
F73 VT S 2x10° 0.9974731535  0.0078331612
F74 BIET A 15x10° 0.9974681660  0.0058748415
G11 S 1x10° 0.9974631787  0.0039165414
G13 CEGINd 2x10° 0.9974731535  0.0078331612
Gl14 LR AL B 2x10° 0.9974731535  0.0078331612
G21 SR 1x10° 0.9974631787  0.0039165414
G23 LB 2x10° 0.9974731535  0.0078331612
G24 LT AL By 2x10° 0.9974731535  0.0078331612
G121 TR SR e RO 15x10° 0.9974681660  0.0058748415
G122 IR 2 AR AR 2x10° 0.9974731535  0.0078331612
G123 EREE A RS fogli 6x10° 0.9975130548  0.0235004236
G221 TR SR e RO 15x10° 0.9974681660  0.0058748415
G222 JRIHES R AR UIR 2x10° 0.9974731535  0.0078331612
G223 EREE A RS fgli 2x10° 0.9974731535  0.0078331612
H11 AR AL 2x10° 0.9974731535  0.0078331612
H12 SR 1x10° 0.9974631787  0.0039165414
H14 LT AL By 2x10° 0.9974731535  0.0078331612
H15 B ERTHEZN 6x10° 0.9975130548  0.0235004236
H16 L b 6x10° 0.9975130548  0.0235004236
H131 P AL e 2x10° 0.9974731535  0.0078331612
H132 A B 7R 2R AL 2x10° 0.9974731535  0.0078331612
H133 P B S R i T 2x10° 0.9974731535  0.0078331612
H210 EEINd 6x10° 0.9975130548  0.0235004236
H212 W2z A B 2x10° 0.9974731535  0.0078331612
H213 B R 2x10° 0.9974731535  0.0078331612
H214 TEREAS W 2x10° 0.9974731535  0.0078331612
H215 IR 2x10° 0.9974731535  0.0078331612
H217 1T B AT AL B % 2x10° 0.9974731535  0.0078331612
H218 ki S i 6x10° 0.9975130548  0.0235004236
H219 i 25 M 2x10° 0.9974731535  0.0078331612
H221 (RIS TR 6x10° 0.9975130548  0.0235004236
H222 I % B 2x10° 0.9974731535  0.0078331612
H2111 17 B R R T 2x10° 0.9974731535  0.0078331612
H2161 BRI 6x10° 0.9975130548  0.0235004236
H2162 IS4 X N 2x10° 0.9974731535  0.0078331612
1 PG 175 R G b 6x10° 0.9975130548  0.0235004236
15 PR 2x10° 0.9974731535  0.0078331612
16 R AR b 1x10° 0.9974631787  0.0039165414
17 A7t 25 W 1.5x10° 0.9974681660  0.0058748415
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111 TR 2 1 ok i) 1.5x10° 0.9974681660  0.0058748415
112 T B AN R 2x10° 0.9974731535  0.0078331612
113 R E - N o ) 2x10° 0.9974731535  0.0078331612
13 11O H 1 i 2x10° 0.9974731535  0.0078331612
141 14 v e 15x10° 0.9974681660  0.0058748415
142 ) T AR 15x10° 0.9974681660  0.0058748415
143 ALAT e, i 15x10° 0.9974681660  0.0058748415
144 AT FH L W 15x10° 0.9974681660  0.0058748415
191 JE ) A Ik 2x10° 0.9974731535  0.0078331612
192 JE 7758 5 s 2x10° 0.9974731535  0.0078331612
193 RESHEEAY 2x10° 0.9974731535  0.0078331612
1811 T g i A B Pk A A R 1.5x10° 0.9974681660  0.0058748415
1812 T EE G S g 2x10° 0.9974731535  0.0078331612
1822 Y AT A L2 T v T 2% 2x10° 0.9974731535  0.0078331612
1823 RESHEEAN 2x10° 0.9974731535  0.0078331612
J1 T R 2x10° 0.9974731535  0.0078331612
J12 Y VS 2x10° 0.9974731535  0.0078331612
J13 T T 15x10° 0.9974681660  0.0058748415
J22 IRV 2 B 2x10° 0.9974731535  0.0078331612
J211 R A 2x10° 0.9974731535  0.0078331612
J212 VAR5 2x10° 0.9974731535  0.0078331612
J213 il ] A s 1.5x10° 0.9974681660  0.0058748415
J214 FE AR LR 2x10° 0.9974731535  0.0078331612
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Table 9. The basic incidentswith greater influence on fault for automatic drill-riveting equipment
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