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ABSTRACT

To generate mechanical movements in one-shot devices such as missiles and space launch vehicles, pyrotechnic
mechanical device(PMD) such as pin pullers using pyrotechnic charge has been widely used. Reliability prediction
of pin pullers is crucial to successfully execute target missions for the one-shot devices. Because the pin pullers
require destructive tests to evaluate their reliability, one would need about 3,000 samples of success to guarantee a
reliability of 99.9 % with a confidence level of 95 %. This paper suggests the application of a probit model using
the charge amount as a functional parameter for estimation of functional reliability of pin puller. To guarantee
target reliability, we propose estimation methods of the lower bound of functional reliability by applying the probit
model. Given lower bound of functional reliability, we quantitatively show that the optimum amount of charge
increases as the number of samples decreases. Along with a variety of simulations the validity of our new model

via real test results is confirmed.

Key Words : Delta Method(2EFHH), Functional Reliability(2Hs A2 %), Method of Maximum Likelihood(Z-%-F7H),
Probit Model((ZZ=ZH] X2, Pyrotechnic Mechanical Device(PMD)
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Fig. 1. Pin puller?
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R¥=1—Fg—z,se.(9)) (11)
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Table 1. Result of test for pin puller

=tetzi(mg) 23.7 33.4 43.5 53.1

AE 5o 8 8 8 8

A3l 5 m 4 1 0 0

z=2y 2do] SAAF G, 8,5 F4317] 25k
T4 4a18]E 2] Nelder-mead methodS AF&-3}o] 2]
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olH, A (6) 3l shefgel W& A=
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Table 2. Functional reliability estimate of the binomial
distribution and probit model
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Table 3. Lower confidence limit for functional reliability

stekZE(mg) | 23.7 33.4 43.5 53.1

g 0.0262 | -1.2365 -3.8011

se.(g) | 04317 | 04817 | 1.0117 | 1.5746

R, 0.2308 0.6715 0.8125 0.8871
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Fig. 2. Plot of charge amount vs. lower confidence
limit
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Table 6. Mean and standard deviation

A2 % | 10 | 20 | 30 | 50 | 100 |1,000
ot 26.96 | 23.50 | 24.20 | 25.58 | 23.48 | 23.67
FHAF | 775 | 750 | 7.17 | 7.09 | 745 | 7.86

Table 7. Estimated functional reliability of the probit

Jang et alP7} AQHE A% melYomrE 2t model
E2 AEo|HE AA S Table 494 o] Z+ hof | stek2t (mg)
- - Al 2=
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Foll = e AFES TG 49 A A 23.7 | 27.0 | 301 | 33.4 | 36.6 | 39.8
s F ANIHEZ 7S 3te] Table 59F o] o]d
¥ 25E U2 (andom numbenE A4 3T} 10 10.3370[0.5022 | 0.6575 | 0.7972 | 0.8934 | 0.9513
20 |0.5106 | 0.6795 | 0.8105 | 0.9065 | 0.9596 | 0.9851
Table 4. Functional reliability of performance modeling 30 047251 0.6521 | 0.7948 | 0.9003 | 0.9582 | 0.9852
=tef3(mg) | 23.7 [ 27.0 | 30.1 | 33.4 | 36.6 | 39.8 50 [03953]0.5792 |0.7380 | 0.8649 | 0.9399 | 0.9775
e A1=| 2] 0.53 | 0.65 | 0.76 | 0.88 | 0.95 | 0.99 100 |0.5117|0.6816 | 0.8128 | 0.9084 | 0.9609 | 0.9858
1,000 |0.52160.6641 | 0.7933 | 0.8921 | 0.9500 | 0.9899
Table 5. Randomly generated data from the binomial
distribution
Table 8. Adequate amount of charge and number of
Az % 2tetE (mg) samples given lower bound of functional
23.7 | 27.0 | 30.1 | 33.4 | 36.6 | 39.8 reliability
10 3 9 4 3 0 0 A2 4% | 10 | 20 | 30 | 50 | 100 |1,000
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30 18 6 8 3 2 0 A1=818F | 0.999 | 0.999 | 0.999 | 0.999 | 0.999 | 0.999
50 32 22 6 11 3 1
100 " 4 17 1 5 0 Table 82} o] 95 % AFFFoAA 2 4F =
0.999 °]’s HZ3] st 4A sff g+ & 43
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