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ABSTRACT

Explosive bolt is coupled in a variety of guided weapons and space projectiles, to perform the
separation function. Thus, the role of the explosive bolt in guided weapons systems is very important,
as it can cause failure of the entire system in the case of mission failure. For this reason, the design
life prediction for explosive bolt is highly and frequently required recently, but its accurate prediction
method has not been presented. In order to apply the existing accelerated aging process, we should
know the activation energy and the acceleration factor of the explosive bolt. Since the information
required for accelerated aging is not presently secured, it is difficult to predict the design life of
explosive. Thus, in the present study, we have evaluated the performance of actual explosive bolts in
the condition of natural aging over 10 years in order to present a minimum design life.
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Fig. 1 Explosive bolt configuration.
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Fig. 2 Example of separation devices.
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Fig. 4 Results of DSC test (ZPP).
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Fig. 5 Time—pressure curve of CBT test.

Table 3. Result of maximum pressure.

Temp. P max (psi) AVG

No. 1 2 3

2T A-Sample | 380 | 374 | 351 | 368

C-Sample | 365 | 361 | 325 | 350

No. 4 5 6

-40C | A-Sample | 380 | 390 | 385 | 385

C-Sample | 366 | 328 | 367 | 353

No. 7 8 9

60T A-Sample | 348 | 373 | 345 | 355

C-Sample | 355 | 365 | 371 | 363

Table 4. Result of maximum pressure time.

Temp. Maximum (I;:)ssure Time AVG

No. 1 2 3

27T A-Sample | 2.66 | 2.61 | 3.22 | 2.83

C-Sample | 2.83 | 2.83 | 322 | 2.96

No. 4 5 6

-40C | A-Sample | 244 | 255 | 2.83 | 2.60

C-Sample | 2.77 | 2.94 | 2.94 | 2.88

60C A-Sample | 2.83 | 2.44 | 3.55 | 2.94

C-Sample | 294 | 3.00 | 3.11 | 3.01
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Table 5. Result of tensile test.

Specimen | Tensile Load(kN) HRC
1 11 45
2 11 45
3 11 45

Fig. 6 Results of tensile test.
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Fig. 7 Results of x-ray test.

10 Aging sample

Comparative sample

Fig. 8 Results of DSC test (RDX).
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Table 6. Separation time results.

Temp. Separation time(ms)
1 2 3 4
i 2.28 2.16 2.22 2.16
20¢ 8 6 7 AVG
211 222 211 2.18
8 9 10 11
40°C 2.22 2.22 2.27 2.50
12 13 14 AVG
2.55 2.44 244 2.37
15 16 17 18
. 2.11 2.11 2.11 2.00
60T
19 20 21 AVG
2.05 1.83 2.05 2.03

0 m
Gt} Table 62 Alg¥ EZAIZto] YeEY 3

=
42 £

Tyred g AN FAY VHEE 37
s PR b wol AHgEE Zlo] Azt
e s HIE Yelle  E38K(degradation)
ACIEE o830 Aclg. aef Fe AT
oA Ao AASE FrAs) A S
E FYPsioor s} &gl o223 HH%‘—%
el e HozA AA Hgs7] A 7

Y

WE 248 AUA L s AL
1 glefet Pt AT Eid

(c) Temperature: 60°C

L grEo] AA|
Fig. 13 Resuits of separation test. st S5t £ S f’&ﬁ]ﬂ %lﬁ}. 2 ATl
Ae AA 139 o Ad w3lE ZALEEE
A (AAFF) AHRE FEXF £Er DA ol &3l dT HIME FAFHA7] WE s
He 5V A HAAYS TP o = =35 5IlA 9 AdSse WwHEGD €53
= 48 =7t Holuth



o
el
(%]
ofn
ok

90 g

2 d7dde Ad =3
Az AdE AF 2
FAs BE 87

gstgier. webd 2

13o] Zogr FReES

Bj o} wlaste] A3 zpolrt

)
i,

o
)
fr
e
o (m

o o

BN

A

o

rlj

ANy
ol

ar e Lo
> ox

-

ofr M
ol
o,
o
2
;

L ra
ox
N
>
2

o —
-

o N, P
N
K3

N

i)

o

ol
oo B2 ox N o o off

fiu
et m
12y
1ot 2
> i}
8
rr i)
oo =
A
i . :ﬁf
x o
=
N
o 2

References

1. Lee, Y.J., “The Interpretation of Separation
Mechanism of Ridge-Cut Explosive Bolt
Using Simulation Programs,” Journal of

Korea Society of Propulsion Engineers, Vol. 8,

No. 2, pp. 102-114, 2004.

2. Karl O. Brauer, Handbook of Pyrotechnics,
Chemical Publishing Inc., N.Y.,, USA., pp.
119-128, 1974.

S.G., Kim, JH., Ryu, B.T. and

Hwang, J.M., “Arrhenius Kinetic Constants

of BKNO;

of Korea
Propulsion Engineers, Vol. 20, No. 4, pp.
34-39, 2016.

4. Sanborn, W.B., Boyd, D.E., Sorensen, D.N.
and Quebral, A.P., “The Accelerated Aging
of the Pyrotechnic Materials THPP and
ZPP,” 44th AIAA/ASME/SAE/ASEE Joint
Propulsion Conference & Exhibit, Hartford.,
CT, US.A. AIAA, July 2008.

5. Donald, A.W., “Changes in the Mechanical

With

Aging,” Journal of Energetic Materials, Vol.

21, No. 2, pp. 125-140, 2003.

3. Jang,

Analysis under Accelerated

Aging,”  Journal Society  of

Properties of Energetic Materials



