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Reliability Prediction of a Pin Puller

Hyo-nam Lee, Seung-gyo Jang* and Jong-yun Oh
Advanced Propulsion Technology Center, Agency for Defence Development

ABSTRACT

Reliability of a pin puller was predicted by Monte Carlo simulation. The prediction
method is based on the stress-strength interference model that failure occurs if the
stress exceeds the strength. In this study, the strength is considered as the energy
delivered by combustion of pyrotechnics to retreat the pin to a predetermined
position, whereas the stress is regarded as the energy required to resist the pin
movement. The former mainly depends on the amount of pyrotechnic charge and the
latter is governed by several friction forces and the energy dissipation within locking
mechanism. Both the variables of stress and strength were computed using an
analytical performance model. The method presented here, not depending upon a
large number of test item, can be applicable to predict the reliability of other kinds of
pyrotechnic devices.

z =

AEY NHEE BHARE ABACHS FAA A A3wEe -
4= 44 Bde) AU o] Rde YR} SN 48 FEE ngon U
oo AT FEE BE A" AU FHA/E 22 AU, $He
o 89 $ES PaASEH £aHE AUAR DFAG WAL T2 Gorgel o
®ARAD FAE oA A AR BUBAYAA A S2E A AT T
o S FE WEES H4F 4% wdsve ALHAT ¥ ATdA AAd
e we ARZ BasA @7 W AR $F o)z %M AHE AL
= 489 & Ao

Key Words : Pin Puller(¥ ¥ 2]), Pyrotechnic Device(Z}o]2 7 X]), Reliability(4l 2 %),
Monte Carlo Simulation(ZE 7} 52 Al & ©]4), Stress-Strength Model
(§9-4= 2d)

* Received: April 18, 2013 Accepted: July 3, 2013 http:/ /journal ksas.or.kr/
* Corresponding author, E-mail : jsg4580@add.re.kr pISSN 1225-1348 / eISSN 2287-6871



olay

3%

HiEL Gy

n m

EVARIRC2 2

Ho

=
°©

626 i @
Nomenclature

A, : Burning surface area (m?) P, : Chamber pressure (Pa)

A, © Effective pin shaft area (m? 0,.: Heat transfer rate (J/s)

a : Burning-rate slope coefficient (m/s/Pa") R : Universal gas constant(8.3143x10°J/kilomole K)
e : Burning distance of pyrotechnic charge  : Burning rate (m/s), aP"

column (m) Ti © Gas flame temperature (K)

F : Force (Kg m/s?) t : Time (s)

g : Gravitational acceleration (9.8 m/s?) V : Volume (m?)

| : Pin shaft displacement (m) Vp : Pin shaft velocity (m/s)
i, : Mass generation rate (kg/s) W, © Load weight (N)

n : Burning-rate power constant W, : Work done by pin shaft (N)

P : Pressure (Pa)

Greek Symbols

y : Ratio of specific heats p : Density (kg/m®)

6 : Angle (Rad) » © Pyrotechnic charge density (kg/m®

ne : Correction factor

Subscripts

Id : load r : pressure

Im : locking mechanism sh : shear

or : O-ring pin : pin shaft
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Fig. 1. A schematic of the pin puller
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Table 1. Random variables used in simulation

Variable mean | std. dev | tolerance
Pyrotechnic
charge 53.1+ - +5.00
amount(mg)
Pin weight(g) 32 - +0.05
a 0.679 - +0.389
n 0.19 - +0.09
F§ B error of B
m curve fit
Initial
volume(mmd) 0.539 +0.002
FsrAN) 138 9.98
Friction coef.
for Ay 0.383 +0.01

= Different charge amounts are used for comparison
§ Fi is derived from a curve fit of experimental data
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Fig. 5. Simulation results

Table 2. Comparison between experimental
rate and Monte Carlo

success

simulated reliability

Pyrotechnic
charge
amount(mg)

23.7

33.4

43.5

53.1

Test number

Fail number

Success rate

0.5

0.875

Monte
Carlo
simulated
reliability

0.556

0.942

0.99996

0.9999999996
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