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Fig.2 Dynamic mechanical analyzer and infrared camera system
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Fig.4 Dissipation energy curve in fatigue process
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Fig.5 The change in specimen surface temperature field in fatigue process(o,,. =0.5 MPa)
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Table 1 Fatigue test results of HTPB propellant

Omax/MPa AT /K N;/cycle fault position
0.5 80.12 49115 in gauge
0.45 70.56 59109 in gauge

0.4 59.88 72707 in gauge
0.35 49.12 91945 in gauge

0.3 40.05 120565 in gauge
0.25 29.84 166120 in gauge

0.2 20.12 245920 in gauge
0.15 10.05 407786 in gauge

0.1 5.05 831770 in gauge
0.08 4.23 1000000 unbroken
0.06 3.43 1000000 unbroken
0.04 2.61 1000000 unbroken
0.02 1.84 1000000 unbroken
Note: o ., is the maximum stress, AT, is the temperature rise of the second

stage when temperature becomes stable; N is the fatigue life.
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Table 2 Predicted results of residual fatigue life
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specimen o, AT, n, o, AT, predicted life  actual life relative error
/MPa /K /cycle /MPa /K /cycle /cycle /%
1 0.2 20.08 153827 0.25 28.84 32009 29453 8.68
2 0.2 19.97 123543 0.3 37.53 41163 37567 9.58
3 0.25 30.12 89783 0.3 36.12 36205 34153 6.01
4 0.3 40.15 65432 0.2 17.89 77412 80548 3.89
5 0.3 39.88 43257 0.25 27.23 83985 88645 5.26
6 0.25 29.75 100523 0.2 19.12 71325 68387 4.30

Note: o is the maximum stress applied in the first level, AT, is the stable temperature rise in the first level, n, is the fatigue loading cycles in the first level, o, is the

maximum stress applied in the second level, AT, is the stable temperature rise in the second level.
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Temperature Evolution and Fatigue Properties Prediction of HTPB Propellant Under Cyclic Loading

LIANG Wei, TONG Xin, XU Jin-sheng, CHEN Xiong
( School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract. The fatigue properties of hydroxyl terminated polybutadiene( HTPB) propellant specimen at room temperature were stud-
ied by using infrared thermography.Based on the assumption of the limiting energy theory, a energy model of Miner’s linear cumu-
lative damage theory was established to predict the residual life of materials.The temperature change during fatigue loading was ex-
plained by a theoretical model based on heat conduction, thermoelasic and inelastic effects. Results show that the temperature evo-
lution in the fatigue loading process of HTPB propellant is mainly divided into three stages: initial temperature rise, temperature
stabilization and temperature rise rapidly. The fatigue limit of HTPB propellant predicted by infrared thermography is 0.102 MPa
and 0.113 MPa, the relative errors are 3.55% and 14.7% compared with the experimental result of 0.0985 MPa. The S-N curve ob-
tained by the energy method is in good agreement with the S-N curve obtained by the traditional test method. Miner’s energy mod-
el can accurately predict the residual life of the HTPB propellant under cyclic loading, and the relative error with the actual life is
not more than 10%.

Key words: hydroxyl terminated polybutadiene (HTPB) propellant; infrared thermography; temperature evolution; fatigue limit;
residual life
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