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Abstract

This paper presents the numerical procedure for calculating non-uniform residual stresses based on
relieved displacements obtained from incremental hole drilling. The relationship between the in-plane
displacement produced by introducing a blind hole and the corresponding residual stress is -established.
Finite element calculations are described to evaluate the relieved coefficients required for the
determination of non-uniform residual stresses. Validity of the proposed method has been tested
through three axisymmetric test examples and two three-dimensional examples. As a result of
simulation on the test examples, it is found that this numerical procedure is well adopted to measuring
non-uniform residual stress in the full hole depth range of the hole diameter from the surface. The
accuracy of the hole drilling method with displacement measurement is discussed, comparing the

method with strain measurement
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Fig. 1 The plate with a circular hole
uniaxial stress field
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Table 1 Comparison of residual stresses in Case 1
calculated by theory and simulations

( Depth | Theory Simulation
(mm) | (MPa) | =125 | r=20

0.127 10.00 10.07 10.04 9.98
0.381 10.00 10.09 10.05 10.07
0.635 1000 | 10.09 10.08 10.10
0.889 10.00 10.13 10.07 10. 1_4
1.143 10.00 10.05 10.15 9.95
1.397 10.00 10.02 9.96 19.81
1.651 10.00 10.56 10.10 16.9;_1

Ref(10)

Table 2 Comparison of residual stresses in Case 2
calculated by theory and simulations

Depth | Theory Simulation Ref(10) |
(mm) | (MPa) | r=1.25 =2.0

0.127 10.00 10.05 10.03 10.03
0.381 10.00 10.05 10.03 10.03
0.635 10.00 10.03 10.04 10.03
0.889 10.00 10.04 10.02 10.09
1.143 | 10.00 10.04 10.05 9.92
1.397 10.00 10.01 10.03 10.08
1.651 10.00 10.06 10.24 l0.0E

Table 3 Comparison of residual stresses in Case 3
calculated by theory and simulations

l()r;r:l?rtl})1 g‘de;;)y r=1.821;n ulan:zo Ref,(10)
0127 | -390 | -388 | -3.86 | -3.85
0381 | -369 | -366 | -366 | -365
0635 | 349 | 345 | 345 | 345
0889 | -3290 | -324 | -324 | -326
1143 | 308 | -3.05 | -305 | -3.05
1397 | -288 | -28 | -282 | -131
1651 | -268 | -258 | -263 | -358
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calculated by finite element analysis for the
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