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Stress Distribution around Laser-Welded Cutting Wheels
Using a Spherical Indentation
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Abstract A spherical indentation has been proposed as a nondestructive method of measuring local residual stress
field in laser-welded joints. The apparent yield strengths interpreted from the spherical indentation data of as-welded
cutting wheel were compared with the intrinsic yield strengths measured at nearly equivalent locations in annealed
wheel. Their difference along the distance from the welding line is welding stress distribution because the intrinsic
yield strength is invariant regardless of the elastic residual stress. The spherical indentations show that the
laser-welded diamond cutting wheel displays a 10 mm-wide distribution of the welding residual stress and has peak
compressive and tensile stresses in the shank and tip regions, respectively.
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difference of apparent and intrinsic vield
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Fig. 2 Overlapping of both indentation curves from
the laser-welds before and after the
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Fig. 3 Flow curves in the shank before and after
the stress-relief heat-treatment
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Table 1 Apparent and intrinsic vyield strengths
evaluated from the as-welded and
stress-relieved welds, respectively

As-welded state Stress-relief state
Distance Apparent Distance Intrinsic
from the yield from the yield

starting line| strength starting strength
(mm) (MPa) line (mm) (MPa)

0.56 5994 222 588.7

3.73 805.7 2.88 507.7

468 897.1 4.06 551.5

5.72 761.2 5.31 5422

6.63 713.7 6.04 4823

7.74 862.5 8.08 761.9

8.09 8174 9.30 545.6

8.76 521.5 9.95 568.1

9.87 450.6 11.30 530.3

10.12 4278 11.99 531.0
10.75 519.9 13.33 585.4
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Fig. 4 Approximation of continuous yield strength
using an data interpolation method
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Fig. 5 Residual stress variation estimated from the
laser welds
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