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Fracture Toughness Evaluation of a Solid Propellant
Considering Viscoelasticity
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ABSTRACT

A crack in a solid propellant increases the area of burning surface, which leads to excessive burning
that causes motor failure. Therefore, it is necessary to evaluate fracture toughness of solid propellants.
However, it is very difficult to measure fracture toughness of solid propellants because of the
nonlinear mechanical behavior. In this study, evaluation of fracture toughness on a solid propellant
was carried out under the assumption that the solid propellant is a linear viscoelastic material. Actual
displacements from fracture toughness tests using CCT specimens were converted into pseudo-elastic
displacements by using stress relaxation characteristics and fracture toughness was evaluated using
ASTM E399 standard. Also, effects of test temperature and speed on the fracture toughness were

considered.
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Table 1. Time dependent relaxation modulus of a
composite  solid  propellant at  different
temperatures (¢ =[sec])

Temp. (C) Relaxation modulus (A/Pa)
60 1.70+0.53exp|-t /14.91]+0.5%exp|-t /188.98]
20 2.29+1.17expl[-t /13.47]+0.93expl[-t /170.90]
0 2.55+2.02expl[-t /13.28]+1.52exp[-t /165.42]
-20 3.59+4.19exp|-t /13.16]+2.8expl[-t /170.80]
-40 6.13+11.33exp[-t /12.41]+6.91exp|-t /149.94]
-60 17.95+36.16exp|-t /14.05]+27.15exp|-t /158.45]
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Table 2. Pseudo—€lastic and actual dsplacement ratio at
Py and fracture toughness different test conditions

Sf)ztd Tenrflp (A A Q) g Ko
(mm/ min) ) (%) (kPa)
60 65.42 33.72
20 57.97 37.85
05 -20 43.04 50.63
-60 44.84 155.2
60 81.30 38.96
20 74.49 48.01
> 20 65.19 70.72
-60 68.62 202.81
60 97.13 37.31
20 96.50 45.72
20 20 96.47 69.71
-60 97.75 250.29
60 99.64 39.31
20 99.60 53.24
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20 99.33 143.42
-60 99.26 331.21
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