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Tensile Fracture Mechanism and Mechanical Property of Soft Hydroxyl-
terminated Polybutadiene Polyurethane under High Confining Pressure

ZHENG lJia-le , ZHANG Jiang-tao", ZHOU Peng , FEI Yi-tong , ZHANG Mei , ZHAI Peng-cheng

(Hubei Key Laboratory of Theory and Application of Advanced Materials Mechanics, School of Physics and
Mechanics, Wuhan University of Technology, Wuhan 430070)

Abstract: Hydroxyl-terminated polybutadiene polyurethane (HTPB-PU) is one of the binders widely used
in solid propellants at present. Although it has to withstand the high internal pressure during the ignition
phase, there is still a lack of research on the microstructure and mechanical properties of HTPB-PU under
high confining pressure. In this work, the tensile mechanical properties of a soft HTPB-PU under different
confining pressures (0—6.0 MPa) and initial tensile strain rates (0.0075-0.3750/s) were tested by using
a self-made tensile experiment system equipped with high confining pressure device. Combined with
different microstructure characterization methods, the coupling effects of confining pressure and strain
rate on the tensile failure behavior and mechanical properties of HTPB-PU were analyzed. The results
showed that the tensile mechanical parameters of HTPB-PU increased with increasing strain rate, while
the confining pressure reduced the strain rate sensitivity of the tensile property of the fabricated HTPB-
PU. Applying confining pressure can enhance microphase separation, and suppress the plastic deformation
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in HTPB-PU, thus improving its elastic modulus, yield strength, and tensile strength and elongation at
low strain rate (0.0075/s). At high strain rates (0.0750/s and 0.3750/s), the tensile strength and elongation
decrease with increasing confining pressure due to the rapid development of plastic deformation in the

local stress concentration region owing to the high stress level within HTPB-PU. Finally, the models of

elastic modulus and yield stress of the fabricated HTPB-PU were established based on the time-pressure

superposition principle and experimental data. The calculation showed that the established model could

accurately predict the elastic modulus and yield stress of HTPB-PU under different confining pressures

and strain rates.

Keywords: Hydroxyl-terminated polybutadiene polyurethane; Confining pressure; Strain ratel; Fracture

mechanism; Constitutive model
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Figure 1 Schematic of tensile specimen
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Figure 6 Double logarithmic curves of the mechanical parameters and strain rate at various confining pressure conditions:

(a) Elastic modulus; (b) Yield stress
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