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3-parameter Weibull distribution for random
truncated NC machine tool fault data

ZHANG Ying-zhi' , SHEN Gui-xiang', WU Su*,XUE Yu-xia', HE Yu'
(1. College of Mechanical Science and Engineering, Jilin University, Changchun 130022, China; 2. Department of
Industry Engineerings Tsinghua Universily, Beijing 100084, China)

Abstract; In the engineering practice, the reliability test data of the numerically controlled (NC)
machine tool were analyzed and evaluated mostly without consideration of the data truncation time.
The data were normally fitted by the 2-parameter Weibull distribution, resulting in large error in the
data analysis and the parameter estimation. Aiming at this problem, a total fault time method was
used to pretreat the fault data, and the relevant parameters were got assuming that the data follow the
2-parameter Weibull distribution, then a 3-parameter Weibull distribution model was established using
the improved interpolation technique to evaluate the position parameter. Taking the random truncated
fault data of a certain series of 6 NC machine tools in a year as an example to demonstrate the detailed
calculation process. The obtained results can improve the accuracy of the reliability analysis and
evaluation on NC machine tools.
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Table 1 Fault data for certain NC lathe

Ci 73.24 276.51 486.56 417.72 520.63 450.92 84.23+
Cy 246.65 1107.34 603.11 313.49 130.56+
Cs 873.38 417.55 883.37 320.21+

Cy 194.2  166.81 687.04 120.51+

Cs 178.65 1020.69 319.7  230.4+

Cs 139.78 599.22 385.7 100.41+
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Fig.1 Calculation method of total fault time
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Table 2 Data reliability evaluation

j i () r(1) F(o
1 1 67.56 1 0.029 915
2 2 93.3 2 0.072 65
3 3 135.063 3 0.115 385
4 4 147.6 4 0.158 12
5 5 153. 849 5 0.200 855
6 5 176. 49+ — -
7 6 222.42 6.055 556 0.245 964
8 7 233.22 7.111 111 0.291 073
9 8 244.53 8.166 667 0.336 182
10 9 252.296 9.222 222 0.381 292
11 10 314.7 10. 277 78 0.426 401
12 11 399. 24 11.333 33 0.471 51
13 12 417.06 12. 388 89 0.516 619
14 13 439. 44 13. 444 44 0.561 728
15 14 459.9 14.5 0.606 838
16 15 522.142  15.555 56 0.651 947
17 16 583. 86 16.611 11 0.697 056
18 17 618. 6 17. 666 67 0.742 165
19 18 651.558 18.722 22 0.787 274
20 19 660. 144  19.777 78 0.832 384
21 20 1022. 48 20. 833 33 0.877 493
22 21 1048. 02 21.888 89 0.922 602
23 22 2267.94 22.944 44 0.967 711
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