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Residual stress relaxation of welded SAE4130 plate under different heat
treatment condition
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Residual stress of a 4130 steel plate was studied in present research. The steel plate was welded by
electron bean welding and heat treated under five conditions. X-ray diffraction (XRD) was selected to
measure residual stress with a copper and a chromium X-ray target, in order to compare their precision
and accuracy. Effects of different heat treatment on Debye ring, and normal stress were discussed. Due
to the heat affected zone and grain coarsening effect, the measurement inaccuracy is about 50% when
copper target is used; the fluorescent effect can be avoided when chromium target is selected and the
inaccuracy is reduced to 15%. The best heat treatment condition in this study is 450°C for 4 hours,
which can reduce stress over 75.12%. Debye ring is suitable to examine the stress accuracy, and the
ring calculated by cosa method is close to the theoretical model. When copper target is used, the Debye
ring is diverged due to the fluorescent effect.
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Fig.1 Schematic diagram of electron beam

welding
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Fig. 2 cosa-method for X-ray
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Fig. 3 Principle of cos « -method for X-ray stress
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Table2 Residual stress of cosa method by Cr-XRD
Heat treatment
Method Process 180°C x2hr 300°C x2hr 450°C x1hr 450°C x2hr 450°C x4hr
Original 34+20 57+30 43+26 72437 51427
Cu-sin2\|/ EB welding Residual stress 354+153 251+153 351+134 4244234 224+130
Heat treatment (MPa) 224+134 324+189 234+150 200+135 99+67
Original Residual stress 51+12 3042 43+9 38417 33+13
Cu-sin2\|/ EB welding (MPa) 110+27 251453 25647 369+35 414+79
Heat treatment 113+36 272457 103+24 159+28 1037
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Fig. 4 Effects of different heat treatments on residual
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Fig.5  The part of Debye ring of SAE4130 by Cu-XRD
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Fig.6 Debye ring in SAE4130 weld (a) before
heat treatment;
(450°C x4hr).

(b)after heat treatment
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