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Table 1 (MSE)'”? of x,, estimation obtained from five methods under the true normal sensitivity distribution
ethod Hguess = 10,0 4050 =0.5 Hguess = 10,0 g5 =1 Hguess = 10,0 g5 =2
p=0.5 p=0.99 p=0.999  p=0.5 p=0.99 p=0.999  p=0.5 p=0.99 p=0.999
Up and Down 0.1903 0.7890 1.0374 0.2069 0.6408 0.8318 0.2640 0.5809 0.7384
Langlie 0.1866 0.8175 1.0768 0.1951 0.7443 0.9730 0.2168 0.7069 0.9218
wWUu 0.2174 1.2968 1.4904 0.2105 1.2874 1.9176 0.2084 1.5125 2.3568
Neyer 0.2149 0.6249 0.8065 0.2234 0.5738 0.7371 0.2488 0.5900 0.7542
optimal stochastic 54 0.4478 0.7542 0.1785 0.4496 0.5829 0.2097 0.4457 2.0033
approximation
F 2 GRS IR AR, AT AR X, AR e 22
Table 2 Deviation of x, estimation obtained from five methods under the true normal sensitivity distribution
method Hguess =10,0gues =0.5 Hguess =10,0 gye0 =1 Hguess =10,0 gyeqs =2
p=0.5 p=0.99 p=0.999  p=0.5 p=0.99 p=0.999  p=0.5 p=0.99 p=0.999
Up and Down -0.0014 —-0.2647 -0.3511 -0.0078 -0.1299 -0.1699 -0.0157 0.3614 0.4852
Langlie -0.0014 -0.3285 —-0.4358 -0.0026 -0.2844 -0.3768 0.0065 -0.2204 —0.2948
WU -0.0029 0.2877 0.3796 -0.0035 0.3774 0.6437 -0.0062 0.3895 0.6847
Neyer -0.0055 -0.1326 -0.1743 -0.0003 -0.1189 -0.1578 -0.0083 -0.0913 -0.1185
optimal stochastic 570 _o 3054 —0.6101 0.0023  -0.0597  -0.0141 -0.0026  0.2977 2.0034
approximation
R 3 FLIURIE N Logistic S, TR T B AGTE x, 19 (MSE) '
Table 3 (MSE)'? of x, estimation obtained from five methods under the true logistic sensitivity distribution
method Hguess = 10,0 guese =0.2757 Hguess = 10,0506 =0.5513 Hguess = 10,0 guese =1.1027
p=0.5 p=0.99 p=0.999 p=0.5 p=0.99 p=0.999 p=0.5 p=0.99 p=0.999
Up and Down 0.1750 0.8850 1.3155 0.1955 0.7371 1.0850 0.2494 0.7241 1.0556
Langlie 0.1753 0.9046 1.3488 0.1779 0.8315 1.2337 0.2041 0.8244 1.2174
Wu 0.1916 1.8193 2.7149 0.1911 2.4092 3.7128 0.1886 3.1742 4.0106
Neyer 0.1940 0.7477 1.1095 0.1948 0.7663 1.1328 0.2015 0.7598 1.1200
optimal stochastic -, o 0.5460 1.0152 0.1588 0.5714 1.0141 0.1851 1.1230 3.4951
approximation
F 4 EIRE AN Logistic 43 A B, TR I IR A T x, B4 O 22
Table 4 Deviation of x, estimation obtained from five methods under the true logistic sensitivity distribution
method Hguess = 10,0 guese =0.2757 Hguess = 10,0506 =0.5513 Hguess = 10,0 guese =1.1027
p=0.5 p=0.99 p=0.999  p=0.5 p=0.99 p=0.999  p=0.5 p=0.99 p=0.999
Up and Down 0.0002 -0.2309 —-0.3471 —-0.0052 -0.1225 -0.1816 —-0.0095 0.4919 0.7441
Langlie -0.0007 -0.3278 -0.4923 -0.0012 -0.2827 -0.4244 0.0058 -0.1938 -0.2943
WU -0.0012 0.7516 0.8660 0.0011 0.7202 0.7169 -0.0017 0.7467 0.7635
Neyer -0.0007 -0.2124 -0.3189 —-0.0042 —-0.2490 -0.3722 0.0106 -0.2097 -0.3160
optimal stochastic -, 5, -0.3466  —0.7730 0.0029  -0.0360  —0.5496 ~0.0011 1.0977 3.4951

approximation
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Comparative Study on Estimating Method of Firing Level of Pyrotechnics

TIAN Yu-bin, WANG Dian-peng, FANG Yong-fei

(School of Science, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Estimation of 100p% firing level is very important in reliability design, qualification and evaluation for pyrotechnics. A
number of methods which include the up and down method, the Langlie method, the Wu method, the Neyer method and the
optimal stochastic approximation method have been developed for a long time. These methods were compared under the normal
and logistic sensitivity distribution by using Monte Carlo technique. The appropriate application range for each method was given
by considering deviations. The optimal stochastic approximation method is suggested for p = 0.5 and the Neyer method is
suggested for p=0.99 —=0.999.

Key words: reliability engineering; pyrotechnics; 100p% firing level; sensitivity distribution; sequential design
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