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ABSTRACT

Reliability prediction of an electronic arm fire device(EAFD) was studied which is applied
to prevent accidental ignition in a solid rocket motor. For predicting the reliability, the main
components of the EAFD were first defined(Control unit, LEEFI, TBI) and the operating
principle of each component was analyzed. Performance modeling of each part is established
using selected input variables through system analysis. When complex analysis is required,
we approximated it with polynomial equation using response surface method. Monte-Carlo
simulation is applied to performance modeling to estimate the design reliability.
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Fig. 2. Operating Process of EAFD
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Variation in components & environmental degradation

Disturbance

Design Parameter:

Bridgefoil
Resistance/inductance initial
charge, mass thickness...

Flyer
Mass, thickness, hardness...

Explosive pellet
Density, purity surface area...

Bridgefoil burst time/current, Flyer velocity
Pressure pulse magnitude/duration

Initiation criterion (P - ¢,))

Fig. 3. Design/Output Parameters of LEEFI
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Fig. 4. Progress of Meta—Model Development
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Variation in components & environment

@ Design Parameter:
DC-DC Converter

Input voltage, inductance
Load current, resistance...

Disturbance

Firing capacitor
Capacitance, permissible error...

MCT
Resistance at peak current...

Output Pulse width(us), amplitude(A), delay time(us)

of firing currnet

Fig. 5. Design / Output Parameter of Circuit



%046 8 % 5 uF, 2018 5. e AN e 489 A

Ao AgE #4 397

800
—2223.830hm
700 —2235.000hm | 4
- 2246.18 Ohm
600 o —e
20 Y
bey i 572.0A
S 400 | +A lpeak
5 . 570.2A 7 ]
(] “ 7 peak
300 ") 567.8A/
//' N\
200 NV X
7 \
100 l )
o .
i} 2 4 6 8 10 12 14
Time (us)

Fig. 6. Variation of Output due to Regulator

43 IR AFHE =& Y& sPF H1A
Pspice softwareE o]&3ste] A FJ=rgd =
gGatoth dA IreE 34 IRP J)E EF
AR 7158 A, SAASG AR A"

AAIZE F 209 A4, 370 7544
14719 55225 E3eH, AgdS DC A%
A7 d AGPez vy gtk A As=
A DC AYde AHgatdon, H3 dse 3
2zt oz FH Y}

A& o Fe A, HAA 32 U 9
TaAE Foln ] st AA EE TS
33709 5 A e WA 7Y AnE A4S
FPstArh ol fd AHAEE 7E LA
o +10%, AL 7]E 2 FY +05%E W3}
A7 &9 vy WgE AEHA st
ANgdold 3 Az wddoly Adz A
AW E 9] 22} ol T/HEFE A HAF %
92 HAaZo] ZUEE AL gesded, 1
3} Zo] 71 & AL FAsA T Fig. 62 @&
Ao w2 AS A A 8T
AL SN ARE Edz 329
AFE A5ES Fdarh AFE 45 930
EHZRZ AEdolA 7[HE 483t 100,000
o HHEA LS )

Hoe Aoy 22~ % g S8 Fig 7%
S AdE AT
0.99997= g

-

2y o rlr »

09998 T} & AL stk
232 nde 7| E & (LEEFI)

DAL 7EHL < FoA A&/NE Fig. 33
2ol Azl BAMS 3y} oS el A=
WPA L9 ol T8 WFR s ‘g o
AzA So] F2 S EAolt.

A=l B4 Fo mAHY &R A =g

Frequency [A.u.]

540 550 560 570 580 590 600
Current [A]

(a) Histogram of Pulse Peak Value

Frequency [A.u.]

28 3 32 34 36 38 4
Width [us]

(b) Histogram of Pulse Width Value

Fig. 7. Monte—-Carlo Simulation Result
(dotted value line is the criterion)

3¢ FPRAt 142 5& EFIY b
A F2 Bdo] FFH = vy BElX 94
Z1sel Wl 4, gAdd 23E TS
om, BelA 718 o] F HNPY FERE sHgol
e Beix AP PR eEeA 5L
neste] FoAAE mdYtArHa] B3A
gre] ol mE WA e 4 Q) 2o

de J* (1, my avy

it~ o (3 mb)pvf dt ®

A @A pE BEA WE el WA,
mye BElA A v A%, Ve )

YA £= 52 onjgnk oir)M YA &

)
)

5o noxe] B2 FAe maAsel 4 @sh
2ol ZAbate] A 4 At
av dx
f_ f_ 4
meg TP Ty Vs “

4 @R X Azl mE waRel 94g
gt nelAe] WEE e wet 1349
o ARA Hrd AgrEgd 2 27 @

SEESIE

=75 ®)



398 AEAH - A5 -olay - =9 B TR GRS
Switch Table 1. LEEFI Constant Values
Explosive pellet
Pellet holder < Constants Values
Barrel ¢ 0.93E-5 cm/s
Dielectric flyer plate ! Sf 164
Metallic foil
Transmission line Insulator C, 2.2E-5 cm/s
mission line conductors Se 145
p.(HNS-1V) 1.6 glcc
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Fig. 9. Result of Sensitivity Analysis
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Frequency [Arb. unit]

2 4 6 8 10 12 14
Initiation Criterion Value [GPa?3¢us]

Fig. 10. Histogram of Initial Criterion Value

Variation in components & environmental degradation

@ Design Parameter:

] Donor/Acceptor
ceptor Explosive
Y Asst

Disturbance

embly Density, purity, surface area,
Gaps between materials...

— 4@ Bulkhead

Mass, thickness, hardness
Young’s modulus...

Explosive assembly
Density, purity, surface area...

Output’ Free surface velocity of bulkhead (acceptor side)
Max. pressure / specific heat / combustion time of

explosive assembly

Fig. 11. Design & Output Parameter of TBI
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