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ABSTRACT

In this study, a low-velocity impact test was performed to obtain the dynamic properties of
solid propellants. The dynamic behavior of the solid propellant was examined by measuring
the force and displacement of the impactor during the low-velocity impact test. The bending
displacement was calculated by compensating for the local displacement caused by the
low-velocity impact test in the form of three point bending and the shear displacement caused
by using a short and thick solid propellant specimen. Stress and strain were calculated using
compensated displacements and measured force, and dynamic properties of solid propellants
were obtained from the stress-strain curve and compared with static bending test. The dynamic
properties of solid propellant under the low-velocity impact loading at various operating
temperature conditions such as room temperature(20 T), high temperature(63 T), and low
temperature(-32 C) were compared and investigated.
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Fig. 1. Solid Propellant Specimen

Table 1. Dimensions of Solid Propellant Specimen

Unit Average gi,?:ﬁgi
Length mm 64.26 0.10
Thickness mm 9.57 0.01
Width mm 12.79 0.04
L/t - 6.71 0.02
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Fig. 2. Low—-Velocity Impact Tester
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Fig. 3. Low—-Velocity Impact Test Results

Table 2. Low-Velocity Impact Test Results

No. | Duration F'\g erlé('e Disp. (Tz;njz) AT

Unit ms N mm (e T
LT-1 0.33 643 | 0.65 |-26.9/-17.8| 9.1
LT-2 0.33 595 | 0.63 | -24.3/-158| 85
LT-3 0.33 540 | 0.60 |-25.0/-122| 12.8
RT-1 3.16 165 45 - -
RT-2| 375 160 5.3 - -
RT-3| 333 167 47 - -
HT-1 48 82 6.9 | 59.5/50.7 | -8.8
HT-2 6.6 74 95 | 65.1/55.3 | -9.8
HT-3 6.0 74 87 | 674574 | -10

T, © Initial temperature
Ty - Temperature after test AT=T,— T,
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Fig. 7. Indentation Test Results

Table 3. Hertzian Contact Theory Parameter

LVI-LT | LVI-RT | LVI-HT | QS-RT

K [M/mm®]| 55350 1,514 441 217

a 1.18

LVI © Low-Velocity Impact, QS : Quasi—Static
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Table 4. Material Properties at Low Temperature

LT
Temp.
QS LVI LVI/QS

E MPa 640 8,793 13.7
O ez MPa 9.47 32.6 55

of MPa 5.89 28.8 49

& mm/mm 0.071 0.009 0.12

e 571 0.017 26.0 1,529

Table 5. Material Properties at Room Temperature

RT
Temp.
QS LVI LVI/QS

E MPa 749 493 6.6
Orn MPa 2.54 9.57 38

as MPa 1.92 7.16 3.7

& mm/mm 0.077 0.105 1.4

e 571 0.016 286 1,787

Table 6. Material Properties at High Temperature

HT
Temp.
QS LVI LVI/QS
E MPa 51.2 124 24
Oras MPa 1.08 4.89 45
as MPa 0.90 3.58 40
& mm/mm 0.068 0.164 24
e 571 0.018 282 1,566
StEZART 248 2 ASE U on, g9
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St e, 12 BHAA FF T g3 a#E<d
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(b) Stress-strain curve at room
temperature(20 C)
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(c) Stress-strain curve at high
temperature(63 C)

. Stress-Strain Curve at Various Temperature
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