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Measurement of Surface Residual Stress of 3003 Aluminum Alloy

by X-ray Diffraction

DUAN Neng-quan', REN Jian-liang' , PANG Rui-qiang*, WU Hao-tian®
(1. School of Mechanical Engineering and Automation, North University of China, Taiyuan 030051; 2. Phys-
ical and Chemical Metrology Center, JinXi Industrial Group Co. , Ltd. , Taiyuan 030027; 3. Taiyuanbei Vehi-
cle Section, Dagqin railway Co. , Ltd. , Taiyuan 030003)

Abstract: The most suitable diffraction angle of 3003 aluminum alloy used for surface residual stress measur-

ment was determined. The surface stress caused by the load is assumed to be "surface residual stress". The
surface stress of loading 3003 aluminum alloy was analyzed by the traditional electrical measurment method
and X-ray stress measurement. With the electrical measurment method as reference, the measured values
were abtained from the X -ray diffraction method when the diffraction angle were 142° and 156°, and then
compared with those obtained from electrical measurment method. The measurement results demonstrate that
the diffraction angle at 156 ° is better than at 142 ° based on the assessment standards of the liner slope and the
distribution of data. Thus, the optimum diffraction angle for X-ray to measure the macroscopic surface resid-

ual stress of aluminum alloy 3003 is 156 °.
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Fig. 1 Shape of the uniform strength beam
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Table 1 Parameters of the uniform strength beam

H/ L/ B/ Allowable stress/ Maximum load/

mm mm ~mm MPa N

6 300 40 69 55.2
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Table 2 Test conditions of the diffraction parameter ex-

periment
Tube Filt Crystal surface Diffraction  Scanning
target T of diffraction angle 20/ (%) mode
r311] ) Rolled
311 14
fixed
Cr \% ¢ method
[222] 156 (swing
attached)
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Table 3 Parameters of the X-ray diffraction

Parameters Values
Characteristic spectrue Cr(Ka)
Wavelenglh/A 2.2897
Tube voltage/kV 22
Tube current/mA 0.4
Collimator/mm 4

7 distance/mm 21
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Fig. 2 Waveforms of diffraction angle is 142° and inci-

dence is 0°
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Fig. 3 Waveforms after the fitting of a parabola
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Table 4 Test results of XRD and electrical methods

XRD values/MPa Electrical Theoretical

Load/kg values/ values/
20=142° 20=156° MPa MPa
0 4.395 -29.061 0 0
0.5 6.505 —25.481 6. 237 6.125
1.0 18.095 -17.395 12. 214 12. 250
1.5 24.120 —14.964 19.421 18. 375
2.0 9.425 -8.854 24.688 24.500
2.5 36. 945 -2.071 31. 358 30. 625
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