Journal of the Korean Society of Propulsion Engineers 63
Vol. 20, No. 3, pp. 63-70, 2016

Research Paper DOL: http:/ /dx.doi.org/10.6108/KSPE.2016.20.3.063

ety B EE £ wWAUFe] FAHA o
Zrerst 49

g - olFF - AT - o]FE" - HEX

Numerical Analysis and Simplified Mathematical Modeling
of Separation Mechanism for the Ball-type Separation Bolt

Dae-Hyun Hwang® - Juho Lee® - Jae-Hung Han®* - Yeungjo Lee® - Dongjin Kim®

#School of Mechanical and Aerospace Engineering, KAIST, Korea
PThe 4™ R&D Institute - 1% Directorate, Agency for Defense Development, Korea
“Energetic Materials & Pyrotechnics Department, Hanwha Corporation R&D Institute, Korea
“Corresponding author. E-mail: jachunghan@kaist.ac.kr

ABSTRACT

The pyrotechnic separation devices are widely used in space systems and guided weapons during
the launching and operations, however, they generate intensive pyroshock and fragments that can
cause critical damages or the malfunction of electric devices onboard. There have been proposed many
types of alternative devices to avoid pyro-induced problems since 1960’s. A ball-type separation bolt is
the one of alternative Pyrotechnic Mechanical Devices (PMD). In this study, the detail separation
behavior of the ball-type separation bolt is analyzed using ANSYS AUTODYN. A simplified
one-dimensional mathematical model, consisting of a combustion model and 5-stages of differential
equation of motions, is also established to effectively describe the entire separation process.
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Table 1. Material properties used in ball-type separation

bolt.
Housing, Piston| Bolt Ball
. Super alloy’
Material SUS420 SUS630
90WC-10Co
Density (kg/m3) 7750 7780 | 14500
Elasticity (GPa) 183.87 183.37] 620
Yield Stress(MPa) 1765 1334 -
Tensile stress (MPa) 1804 1412 -
Compressive ultimate ) _ 5170
stress

Socket Shear pin.
Piston

Ball Housing
|

Initiator

Fig. 1 Section view of Ball type separation bolt.
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Fig. 2 Results of dynamic separation test [3].

Fig. 3 Mesh configuration for Explicit Analysis.
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Fig. 4 The separation procedure of ball type separation
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Table 2. Parameters for analytical model [8].

Parameter Value
a (burning rate constant) 0.741 in/s
n (burning rate exponent) | 0182 in /s/psi”
fracti f i
n, (fraction of gases in 043
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non-ideal gas
T 8 0.68
correction factor)
v (specific heat ratio) 1.1038
T, (gas temperature) 4810 K
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Fig. 7 Bolt distance history result of mathematical
model analysis.
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Fig. 8 Bolt Velocity history result of mathematical
model analysis.
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