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Assessment of Solid Fuel Missile Safety in Horizontal Drop Test Involving Bolt Failure
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ABSTRACT: The solid fuel missile safety in horizental drop test was assessed through numerical simulation. The 6m drop test
of solid fuel missile with main axis at horizontal orientaion was simulated using LS-DY NA. The numerical model was verified
with displacement and acceleration test data. Stress field was calculated based on the verified model to indicate whether ener-
getic metarials would be ignited. Results from different bolt joint model and different quantities of bolt with failure were com-
pared. It demonstrates that the bolt connection method has the highest accuracy when calculating the peak acceleration among
all the modeling methods; the 3-segment condition generates the the most accurate quantity of bolt with failure and peak accel-
eration numerical solution. According to the most accurate numerical model, the maximum Von Mises stress inside the warhead
and engine are both |ess than the reaction threshold. In conclusion, it is found that the modeling method and quantity of bolt with
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failure have a significant effect on the calculation accuracy of displacement and acceleration. The most reliable simulation re-

sults are obtained by the 3-segment condition and using the bolt connection method for modeling. The stress field result based

on the most accurate numerical model indicates that a 6-meter horizontal drop of the entire missile will not directly cause theig-

nition reaction in the warhead and engine.
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Fig.1 Schematic diagram of multi-stage missile structure
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Fig.2 Impact after missile's drop in hypothetical case
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Fig.3 Impact after missile's drop in real case
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Tab.2 Stress threshold of reaction of Comp.B dynamite and HTPB propellants
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Fig.4 Missile's simplified structure
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Tab.3 Material model parameters of components

T R pl(107% g-mm) EIMPa HEL /N = AL IR
FAbSE G4 2.78 7.24x10* 0.33 Plastic kinematic
IR 2 45 5 7.8 2.0x10° 0.33 Johnson-Cook

W R 2 B JEZ 1.68 4.33x10° 0.38 Johnson-Cook
R HTPB 3 5 1.84 *38.1 0.49 General viscoelastic
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Tab.6 Prony series model parameters of HTPB propellant

i G./MPa pims™ K/MPa
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2 1.990 9 1.397x1072 198.43
3 1.2333 8.7x107* 122.92
4 0.596 02 5.45x107° 59.403
5 0.507 93 3.41x10°° 50.623
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Tab.7 Comparison of settings for bolt joint modeling schemes
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Fig.7 Connection conditions considering bolt failure
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Fig.8 Comparison of rebounding body position under differ-
ent conditions 200 ms after impact of horizontal drop
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