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d. schematic diagram of deformation calculation method
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Fig.1 Typical equipments and methods for testing creep mechanical properties of HTPB propellant under different environmen-

tal temperature conditions
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Table 1

ronmental temperatures

Uniaxial tensile strength and test conditions for creep mechanical performance of HTPB propellant under different envi-

stress levels under different environmental temperatures / MPa

55 °C

40 °C

25 °C

10 °C

maximal uniaxial tensile strength at 4.2 mm-min”~'

0.616

0.66

0.723

0.949

stress levels for creep test

0.072 (no rupture)
0.122 (no rupture)
0.162 (no rupture)
0.262 (rupture)
0.312 (rupture)
0.362 (rupture)
0.412 (rupture)
0.462 (rupture)

0.072 (no rupture)
0.122 (no rupture)
0.212 (no rupture)
0.312 (rupture)
0.362 (rupture)
0.412 (rupture)
0.462 (rupture)

0.072 (no rupture)
0.122 (no rupture)
0.212 (no rupture)
0.312 (no rupture)
0.362 (rupture)
0.412 (rupture)
0.462 (rupture)

0.122 (no rupture)
0.212 (no rupture)
0.312 (no rupture)
0.412 (no rupture)
0.512 (no rupture)
0.562 (rupture)
0.612 (rupture)
0.662 (rupture)
0.712 (rupture)
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Fig.2 Strain-creep time curves of HTPB propellant at different environmental temperatures under typical stress levels
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Fig.3 Strain-creep time curves of HTPB propellant at different environmental temperatures under typical stress levels
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Table 2

2

5 N K 2 18] B $L45 PR EOC

Fitting function relationships between creep rate

and stress level under different environmental temperatures

temperature . )

JoC fitting function R

55 Ig(£,,,.,)=11.6632exp[1g()/0.3730]-7.6415 0.9930
40 Ig (&,,,.,)=18.7041exp[1g (¢)/0.2163]-7.2438  0.9889
25 Ig (£ ,,,.,)= 44.3994exp[1g (0)/0.1337]-7.1418  0.9837
10 Ig (£,,,,,)=7.3217exp[ g (¢)/0.1612]-7.0615  0.9883
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Fig.7 Variation curves of rupture time, rupture strain and critical stress level for creep rupture of HTPB propellant with environ-

mental temperatures and stress levels
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Table 3 Fitting function relationships between creep rupture
time and stress level under different environmental temperatures
temperature / °C  fitting function R

55 g (t,) =—7.2083lg(a) = 0.2191 0.9888

40 Ig(t;)=-9.147Ig(0) — 0.2449 0.9973

25 lg(t)=-8.9177Ig(o) + 0.7283 0.9683

10 lg(t,)=-16.2558lg(c) + 0.9209  0.9754

Note: The unit of creep fracture time and creep stress level is s and MPa, re-

spectively.
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Fig.8 Cumulative damage-creep time curves of HTPB pro-
pellant under typical environmental temperatures and stress

levels
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Creep Mechanical Properties of HTPB Composite Solid Propellant under Different Temperatures and Stress
Levels

WANG Zhe-jun', ZHANG Yan-shen', QIANG Hong-fu', CHEN Jia-xing’, WU Rui’
(1. Rocket Force University of Engineering , Xi'an 710025, China; 2. Inner Mongolia Power Machinery Institute, Hohhot 010010, China)

Abstract: To investigate the creep mechanical properties of tri-component hydroxyl-terminated polybutadiene (HTPB) compos-
ite solid propellant under different temperatures and stress levels, creep mechanical performance tests were conducted using a
self-developed mechanical creep testing equipment, a temperature-humidity environmental chamber, and a high-definition cam-
era. Tests were performed at environmental temperatures of 10 °C, 25 °C, 40 °C and 55 °C, covering a stress range of 0.072 to
0.712 MPa . The strain-creep time curves were obtained, along with the variation patterns of typical mechanical property param-
eters with environmental temperature and stress level. A master curve for the creep rupture time, reflecting the propellant’s fail-
ure behavior under broad loading conditions, was established. The results indicate that, as the stress level increases, the charac-
teristics of the propellant’s strain-creep time curve shift from three stages to four stages. Increasing environmental temperature re-
duces the critical stress level at which the four-stage curve characteristic exhibits, and this stress follows an exponential decay
pattern, decreasing from 0.562 MPa at 10 °C to 0.262 MPa at 55 °C with a reduction ratio of 53.38%. The initial creep compli-
ance increases with rising environmental temperature but remains almost unchanged with increasing stress level. When both en-
vironmental temperature and stress level increase, the creep rate increases, creep rupture time shortens, cumulative damage de-
gree increases, and cumulative damage rate accelerates. In contrast, the fracture strain is primarily sensitive to changes in stress
level and exhibits a linear increasing trend with increasing stress level. The creep rate under 55 °C and 0.412 MPa is approximate-
ly 493 times that under the same stress level at 10 °C, and the creep rupture time is about 2.14% of that under the same stress lev-
el at 25 °C. Finally, based on the double logarithmic test data of creep rupture time versus stress level under different environ-
mental temperatures, and using the environmental temperature-stress level equivalence relationship, a master curve for propel-
lant’s creep rupture time was established. At the same time, exponential mathematical expressions for this master curve and the
temperature shift factor were obtained. Calculations using these expressions indicate that, to ensure a vertically stored SRM grain
does not experience creep rupture failure within 15 years at 25 °C, the loading stress level should be lower than 0.2176 MPa.

Key words: temperature;tri-component HTPB propellant; creep;mechanical property;master curve of creep rupture time
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Using a self-developed mechanical creep testing equipment, creep mechanical property curves of tri-component HTPB

propellant were obtained within a stress level range of 0.072~0.712 MPa and temperature range of 10~55 °C. The effects of

temperature and stress level on the characteristics of the strain-creep time curves and the typical mechanical parameters were

analyzed, and a master curve for creep rupture time that can predict failure performance under a wide range of loading

conditions was established. The relevant results can provide data support for evaluating the structural integrity of SRM grain

under long-term vertical storage conditions.
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