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Abstract: Three-parameter Weibull distribution (TPWD) has a higher potential for data fitting and a
more reasonable physical meaning for life evaluation to describe the life distribution of products that have
the characteristics of progressive failure such as wear, fatigue, corrosion and aging failure. Therefore,
it is widely used in reliability analysis of products. Based on the properties of TPWD and practice of
accelerated life test (ALT), the statistical inference method of ALT with competing failures when all the
failure modes are three-parameter Weibull distribution is studied. The maximum likelihood estimation
(MLE ) model for parameter estimation is also established. Result of application example proves that the
statistical inference method and MLE model are correct. The MLE model fits the practice of product life
distribution and can provide very good estimation results.
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190 C 220 C 240 C 260 C
T P G T P G T P ¢ T P G
10511 10511 + 2436 2436 1175] 1175+ [1175] 1632+ 1632+
11855 11855+ 2436) 2490 1881+ 1881+ [L175] 1632+ 1632+
11855 11855+ [2436]  [2436]  [2436]  [1521] 1881+ 1881+ 1632+ 1632+
11855 11855+ 2772+ 2772 1761 1761+ 1632+ 1632+
9167] 12191+ 12191+ [2436] 2436+  [2436 1617] 1881+ 1881+ 1632+ 1632+ 912
9167] 12191+ 12191+ [2436] 4116+ 4116+ [1665] 1881+ 1881+ [1128] 1128+  [1128
12191 + 12191 + 4116+ 4116 + 1881+ 1881+ 1512 1512 +
12191+ 12191 + 4116+ 4116+ 1881+ 1881+ 1632+ 1632+
12191+ 12191+ [3108 3108) 3108+  [L761] 1881+ 1881+  [1608] 1608+
10511] 12191+ 12191+ [3108] 4116+ 4116+ 1953+ 1953+  [1896]  [1896]  [1896]
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Tab.2 Experimental data of competing failures

190 C 220 C 240 C 260 C

t;/h C Cy; tr;/h C Cy t3;/h C Gy ty;/h Cc Cy

7228 T (1,0,0) 1764 T (1,0,0) 1175 T,G (1,0,1) 600 G (0,0, 1)
7228 T (1,0,0) 2436 T, P (1,1,0) 1175 G (0,0,1) 744 G (0,0,1)
7228 T (1,0,0) 2436 T,P,G (1,1,1) 1521 T (1,0,0) 744 G (0,0,1)
8448 T (1,0,0) 3780 T,G (1,0,1) 1569 T (1,0,0) 744 G (0,0,1)
9167 T (1,0,0) 2436 T (1,0,0) 1617 T (1,0,0) 912 G (0,0,1)
9167 T (1,0,0) 2436 T,G (1,0,1) 1665 T (1,0,0) 1128 T,G (1,0,1)
9167 T (1,0,0) 2436 T (1,0,0) 1665 T (1,0,0) 1320 G (0,0,1)
9167 T (1,0,0) 3108 T (1,0,0) 1713 T (1,0,0) 1464 T (1,0,0)
10511 T (1,0,0) 3108 T,P (1,1,0) 1761 T (1,0,0) 1608 T,G (1,0,1)
10511 T (1,0,0) 3108 T (1,0,0) 1953 T (1,0,0) 1896 T,P,G (1,1,1)
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Tab.3 Estimated results
Ay b, 8, B A, b, 5, B, As by 0 Bs max (InL)
-5.7451 6.5865 -6.0128 2.2717 -7.4825 6.6544 -4.9718 5.06007 -8.4431 8.6526 -9.8319 0.6309 -320.0754
HIHC AT A4 B SR S, ~ S, TARMBAR  RBUMSEL, sk 4 Por,
K4 BRYERDNATE R A AF TSR
Tab.4 The parameters of failure modes under different stresses
N T i B Yi N2 B, Yi2 i3 Bs Vi
180 6565.580 8 2.2717 5023.6940 1341.9903 5.0607 16 524.5373 42223.7600  0.6309 10529.5156
190 4797.166 6 2.2717 3670.5811  977.3662 5.0607 12034.754 5 27 958.781 8 0.6309 6972.198 3
220 2019. 680 3 2.2717 1545.3706  407.8360 5.0607 5021.8699 8973.6167 0.6309 2237.788 3
240 1200. 104 3 2.2717 918.267 1 241.042 4 5.0607 2968.0653 4528.905 6 0.6309 1129.3921
260 741.507 7 2.2717 567.369 1 148. 196 0 5.0607 1824.8048 2406.0206 0.6309 599.999 4
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Fig.1 Life distributions of failure modes at 180 °C
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