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Abstract: In order to represent time—dependent Poisson’s ratio of HTPB composite solid propellant, the in-
version problem about determination of bulk and shear relaxation moduli from the uniaxial stress versus strain re-
sponses was studied based on the classical integral viscoelastic constitutive model. The collocation method with
radial basis functions, as well as Gauss quadrature formulas for approximately singular kernels, was applied for
solving the second—kind Volterra integral equations of the inversion problem. The obtained bulk and shear relax-
ation moduli were imported into Abaqus finite element software to simulate the mechanical behavior of HTPB pro-

pellant. The proposed inversion method was validated by comparing the finite element results with the results from
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uniaxial relaxation, creep, and constant-rate loading tests. Finally, parameter analyses were conducted to find

out how the Prony series of viscoelastic Poisson’ s ratio affects the relative relaxation moduli. The results show

that, the curves of the relative bulk and shear relaxation moduli are separated when Poisson s ratio is time depen-

dent. The separation degree is affected by the difference between the long—term and instantaneous Poisson’ s ra-

tios, while the separation slope by the retarded time. With the correct volume and shear relaxation moduli, the

classical viscoelastic constitutive model can reasonably predict not only the relaxation and creep behaviors of HT-

PB propellant, but also the time dependency of Poisson’s ratio.

Key words: Viscoelastic Poisson’s ratio; Relaxation modulus; Prony series; Volterra integration equa-

tion; HTPB propellant
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Fig. 1 Finite element model of solid propellant
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Fig.2 Poisson’s ratio and uniaxial relaxation modulus of
unaged HTPB propellant at 25°C
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Fig.3 Relative bulk and shear relaxation moduli for
unaged HTPB propellant at 25°C

Table 1 Prony series of bulk and shear relaxation moduli
for unaged HTPB propellant at 25°C

i 0 1 2 3 4
Tf/s - 0.10 3.03 44.43 998.4
K/MPa 10.29 0.787 4.075 1.140 0.973
’Z',.G/S - 0.13 3.09 57.50 728.1
G/MPa 2.26 0.743 0.652 0.253 0.235
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Fig. 4 Uniaxial creep compliance for unaged HTPB
propellant at 25°C
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