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Reliability Analysis for Nonnormal Distributions Using Multi-Level DOE
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Abstract

The reliability analysis for nonnormal distributions using the three level DOE(design of experiments)
method was developed by Seo and Kwak in 2002. Although this method estimates only up to the first four
moments(mean, standard deviation, skewness, and kurtosis) of the system response function, the result and

the type of probability distribution determined by using the Pearson system are shown very good. However
the accuracy is low in case of nonlinear performance function and sometimes, the level calculated is outside
of the region in which the random variable is defined. In this article we suggest a modified three level DOE
method to overcome these weaknesses and to obtain optimum choice for 3 levels and weights to handle
nonnormal distributions. Furthermore we extend it to finding the optimum choice for 5 levels and weights to

increase the accuracy in case of nonlinear performance function. A systematic procedure for reliability
analysis is then proposed by using the Pearson system.
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Fig. 1 P.d.f, 3 levels and weights for Exponential
distribution (4 =1)
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Fig. 2 Modified 3 levels and weights for Exponential
distribution (1 =1)
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Table 1 5 levels and weights for
exponential distribution

Level Weight

5.21755610583e-1

3.98666811083e-1

7.59424496817e-2
3.611175867992¢-3

0263560319718 X1
1.413403059107 x4~
3596425771041 X1
7.085810005859 X1

12.640800844276 XA~ | 2.33699723858¢-5

Table 2 5 levels and weights for
uniform distribution

Level Weight

0.0469100770x( 11, — pa,) + 1y | 0.1184634425

0.2307653449 (11, — p1,)+ 41, | 02393143352
0.5000000000 (g1, — g1, )+ 41, | 0.2844444444
0.769234655 1 x(11, — p1)+ 41y | 02393143352

0.1184634425

0.9530899230 ><(/u1 —ﬂ0)+y0
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Fig. 3 Overruning clutch assembly

Table 3 Component variables of overrunning
clutch assembly

Comp |Distributio |Mean STD Parameterfor
onent |ntype (mm) (mm) Nonnormaldistribution
x, |Beta 5529 [0.0793 |y, =1,=50
X, Normal 22.86 0.0043 | (55.0269 < x, <55.5531)
x, |Normal  [22.86 0.0043 |0, =0.1211
X, Rayleigh [101.60 [0.0793 |(x, 2101.45)

Table 4 Estimated moments and probability of the
contact angle

844

3 levels Modified 3 5 levels MCS
levels (3,000K)
4, 0.12193 0.12193 0.12193 0.12192
o, 0.01169 0.01168 0.01169 0.01169
B, -0.05766 -0.04973 -0.05297 -0.05230
ﬂZy 2.9215 2.8488 2.8827 2.8824
o< 0.00158 0.00124 0.00140 0.00140
(<P 0.99925 0.99943 0.99934 0.99935
pP<y<9) 0.99767 0.99819 0.99794 0.99795
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Table 5 Estimated moments

(u, =10, o =0.1)

Full factorial DOE Zhao & Ono
Modified

3 levels

Exact

3 levels 5levels | Spoint | 7point

3.1431
0.9275
0.9861
3.5980

3.1431
0.9291
1.0787
4.2951

3.1431
0.9296
1.1537
5.6351

3.1430
0.9277
1.1428
5.5440

3.1430
0.9277
1.1453
5.6479

3.1431
0.9296
1.1537
5.6397

Table 6 Estimated moments

(u, =1.0, o, =0.3)

Full factorial DOE Zhao & Ono

Modfied
3 levels

3 levels 5levels | Spoint | 7point

4.5423
5.1691
2.3621
7.1248

4.5423
5.6852
4.2124
21.728

4.5423
5.9008
9.5762
272.98

4.5338
5.7113
5.5551
43.157

4.5342
5.8567
8.6631
161.12
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