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Detection of Residual Stress in Aluminum Alloy Carbody of
High-Speed Train Using X-ray Diffraction Technology

GOU Guoging' ~ HUANG Nan'  CHEN Hui'  TIAN Aigin’
(1. Key Laboratory of Advanced Technologies of Materials Ministry of Education Southwest Jiaotong University

Chengdu 610031 China; 2. CSR Qingdao Sifang Co. Ltd. Qingdao 266000 China)

Abstract: In order to test the surface residual stress in the aluminum alloy carbody of high-speed
trains accurately quickly and non-destructively the tensile test of an equal strength rod was used to
calibrate the measurement of X-ray diffraction ( XRD) method. The residual stress values of welded
joints in the aluminum alloy carbody of a high speed train were detected separately by XRD method

blind hole-drilling method and finite element method ( FEM) and then compared with each other.
The results show that during the tensile test of the equal strength rod sample the stress value measured
by XRD method well accords with the tensile loading stress in the range of 10 to 70 MPa and hence
the XRD method can be used for testing the residual stress in the key parts of the aluminum alloy
carbody of high speed trains. In addition the numerical values of residual stress detected by XRD
method are slightly higher than those obtained by theoretical calculation and electrical measuring
method. The maximum residual stress of welded joints in high speed train aluminum alloy vehicle roof
is approximately 146. 3 MPa. The residual stress results detected by XRD method are in good
agreement with those by the equal strength rod tensile calibration blind hole-drilling method and
FEM.
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Tab.2 Residual stress results tested by XRD method for AS083P-O aluminum alloy
X /MPa
/kN /MPa 1 2 3 4 5 6 /MPa Pearson Cauchy
1 8.33 98 88 83 80 93 93 89.17 5.53 7.64 8.90
2 16.67 239 216 204 188 219 218 214.00 13.27 14.92 17.81
3 25.00 390 344 325 308 357 354 346.33 21.47 25.71 28.88
4 33.33 523 467 442 419 483 479 468.83 29.07 35.00 34.45
5 41.67 662 600 570 535 619 612 599.67 37.18 42.17 43.01
6 50.00 799 731 700 651 755 748 730. 67 45.30 52.52 53.19
7 58.33 952 839 872 771 912 918 885.67 54.90 61.90 62.88
8 66.67 1136 1097 1144 924 1134 1194 1104.83 68.49 76.13 73.61
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Fig.4 Residual stress distribution of welding joints in the vehicle roof of high speed train
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Fig.5 Residual stress distribution of welding joints in the vehicle roof obtained by XRD and FEM
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