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Study on Residual Stress Relief and Shape Accuracy
Retention of Titanium Alloy Parts
YANG Sangiang' >, WANG Lei', LI Maowei', GAO Zhanjiao',
HAN Jianchao', QI Junfeng'

(1. Beijing Spacecrafis, Beijing 10094, China; 2. College of Engineering, Peking University, Beijing 100871, China)
Abstract: Residual stress relief tests are carried out on typical TC4 R state titanium alloy commonly used in spacecraft structur-
al products by vacuum stress relief annealing, cryogenic treatment, and high and low temperature cyclic heat treatment. X-ray
diffraction method is used to measure residual stress in the specimens, and the average residual stress relief rates inside and in
the surface of the treated specimens are calculated. Finally, the shape accuracies of the treated specimens are tested, and the ef-
fectiveness of various heat treatment methods in maintaining shape accuracy is verified. The results show that the vacuum stress
relief annealing is the most effective, followed by cryogenic treatment, and that the effectiveness of high and low temperature cy-
clic heat treatment is the lowest. The average residual stress relief rate is strongly positively correlated with the shape accuracy
retention. Of all the specimens treated by different methods, the average residual stress relief rates in the internal/surface of
specimens treated with the combination of vacuum stress relief annealing, cryogenic treatment, and high and low temperature cy-

cle heat treatment in queue are the highest, and their shape accuracy retention the best, those of the specimens treated with
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cryogenic treatment and high and low temperature

specimens only treated with high and low temperatu

cycle heat treatment come in second, and those of the

re cyclic heat treatment rank last.
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Table 1  Chemical composition of TC4 R titanium alloy (w) %
SgE| Ti Al v Fe C N 0 H
e R 5.50~6.75 3.50~4.50 <0.30 <0.08 <0.05 <0.20 0.015
S fE Aol 6.02 3.81 0.01 0.03 0.02 0.01 0.001
K2 TC4 REURAENNFMERE
Table 2 Mechanicalproperties of TC4 R titanium alloy
i H PLPLIRE/ MPa FLE JE LU SE 55 3/ M Pa W A 4/ % W T WAL 47 35/ %6
HEE =895 =825 =10 =25
LA 1022 956 16 49
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Table 4 Measured residual stress data MPa
Sl A0 Al A2 A3 A4
#Em Yi1a] (eln| ! 18] ! (el i 1] i
1 87.21 85.34 12.61 12.23 27.47 22.61 57.67 56.31 78.91 77.54
2 -23.43  -23.01 -1.74 -1.56 -10.57 -10.54 -37.67 -3577 -57.54 -55.33
3 87.56 85.41 -4.73 -4.20 22.36 21.71 49.31 45.61 79.21 78.74
4 -54.32  -51.66 9.96 9.81 20.21 18.81 10.81 17.71 -46.73  -44.51
5 122.71 122.00 37.21 36.31 67.56 66.57 97.31 96.31 116.31 114.64
6 118.67 116.54 46.54 44.57 77.13 76.31 102.33 102.1 104.32 102.43
7 116.43 119.77 33.71 30.29 76.21 75.31 91.74 91.51 117.56 115.42
8 103.42 103.31 40.11 37.31 69.11 68.67 107.57 105.58 106.44 105.31
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Fig. 4 Internal residual stress of samples
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Fig. 6 Surface residual stress of samples
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Table 5  Shape accuracy test results mm

o e AR IR 07 P A Ak B e (IR PR AL B oo T T R AR Ak B /A A
" ST [l A 5 ST (Bl -1 R (Bl
Al 0.009 1 0.225 2 0.008 0 0.224 8 -0.001 1 -0.000 4
A2 0.014 9 0.175 1 0.013 9 0.177 7 -0.001 0 0.002 6
A3 0.016 2 0.185 6 0.017 8 0.195 7 0.001 6 0.010 1
A4 0.014 0 0.018 4 0.016 6 0.211 3 0.002 6 0.192 9
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