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Evaluation of Welding Residual Stresses in Austenitic Stainless Steel
Using Diffraction Spot Trace Method
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A diffraction spot trace method (DSTM) was developed to measure internal stresses of materials with coarse grains. The
DSTM was applied to light metals, such as aluminum alloy and magnesium alloy. In this study, validity of the DSTM
was examined using high energy synchrotron X-rays of 70 keV. The specimen was a welded plate of austenitic stainless
steel (SUS316L). The thickness of the specimen was 9 mm. The improved rotating slit-system was used, and PILATUS
was used as an area detector. It was difficult to detect the high energy X-rays due to the reduction of counting efficiency
of the PILATUS. However, the residual stress map of the welding specimen was obtained by long exposure time. The
residual stresses of the welding specimen were simulated by a finite element method (FEM). The outline of the residual

stress measured by the DSTM coincided with that by the FEM.
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Table 1. Welding conditions.

Current Voltage Torch speed Wire feed Interpass
Pass (A) V) (mm/s) rate (g/s)  temperature (K)
Ist 120 10 1.5 0.103 305
2nd 150 10 1.5 0.147 315
3rd 150 10 1.5 0.147 340

(a) Welding specimen

(b) Shape of U-notch

Fig. 1. Welding specimen.
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Fig. 2. Rotating slit-system.
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Fig. 3. Diffraction spot trace method.
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Fig. 4. Residual stress measurement of welding specimen
using DSTM.
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Fig. 5. Diffraction images detected with area detector PILATUS.
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Fig. 6. Residual stress maps of welding specimen measured using DSTM. o7 and o7 are defined in Fig.1 (b). The

shape of U-notch is drawn with a broken line.
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Fig. 7. FEM model for welding specimen.
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Fig. 8. Welding residual stresses simulated by finite element method. (a) is longitudinal residual stress o, (b) is

transverse residual stress o and (c) is normal residual stress. o7, o7 and oy are defined in Fig. 7.
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