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Fig.3 The waveform of stress during fatigue test
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Table 1  Fatigue life statistics of HTPB propellant at different
temperatures
specimen  fatigue life  average life  discretization error
T/K
number /cycle /cycle /%
1 190543
213 2 165321 164245 16.67
3 136872
4 153241
233 5 129653 132171 15.94
6 113618
7 125631
253 8 104563 102394 24.82
9 76987
10 98642
273 11 82456 84783 16.35
12 73251
13 80563
293 14 67453 68267 18.01
15 56785
16 64283
313 17 55423 55524 15.78
18 46867
19 51394
333 20 46238 46289 11.03
21 41236
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Table 2 Fatigue test and model parameter statistical results
K D “ D, B D; {1/ R

233 0.412 98.251 0.332 2.014 0.256 25.982  0.994
253 0.393 93.456 0.315 1.823 0.292 29.451  0.995
273 0.372 89.563 0.305 1.698 0.323 32.564 0.999
293 0.361 85.323 0.292 1.456 0.347 35.856 0.996
313 0.342 82.456 0.278 1.345 0.380 38.232  0.998

Note: D_is the saturation damage of the first stage; D, is the saturation dam-
age of the second stage; D;is the saturation damage of the third stage;

wu,B,y are fitting constants.
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A AL R ML RBHIRT 97% .
WA LR
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D.=-0.000956 T+0.638 ,R* =0.979
D,=-0.000643T+0.480,R*=0.995
D,=0.00160T-0.118,R*=0.993

w=-0.212T+147.969 ,R* =0.989
B=-0.00869 T+4.042 ,R*=0.992
y=0.166T-13.005,R* =0.990
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Effect of Temperature on Fatigue Properties of HTPB Propellant

LIANG Wei', LU Qing-shan®, CHEN Xiong', XU Jin-sheng', TONG Xin', YAN Xiao-jing’
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. System Engineering Institute, Beijing
100089, China; 3. Technology Research and Development Centre, Jinxi Industries Group, Taiyuan 030027, China)

Abstract: To study the fatigue properties of hydroxyl terminated polybutadiene (HTPB) propellant at different temperatures, the
constant stress control fatigue cyclic loading tests at different temperatures were carried out. Taking peak strain as damage factor,
based on damage mechanics and viscoelastic theory, a three-stage model of fatigue damage with temperature effect of HTPB pro-
pellant was established. The results show that with increasing temperature, the fatigue life of materials decreases, the fracture
strain increases. The peak strain in the process of fatigue obviously has three stages of evolution: initial deformation stage, stable
development stage and acceleration stage, which is the macro-behavior of material damage. The three-stage model established
overcomes the shortcomings of two-phase model that can’t consider macroscopic crack propagation. By fitting the model parame-
ters, the theoretical results of 213 K and 333 K are predicted by linear regression method, which are in good agreement with the
experimental results, therefore it can be used to characterize the damage evolution law of materials very well.

Key words: hydroxyl terminated poly-butadiene( HTPB) propellant; stress control; fatigue life; damage factor; damage model
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