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A Study on the Measurements of Sub-surface Residual Stress
in the Field of Linear Stress Gradient

Byung-Kil Choi, Sang-Youn Jeon and Taik-Soon Lee

Key Words: Residual Stress(z}#-2-3), Stress Gradient(2-#3-4]), Uniform Stress(7 4 &
), Least Square Method (3 £ x}44), Power Series Method (" &%), In-
cremental Strain Method (ZF8 ~E &), Average Stress Method (3 #-284)

Abstract

When a blind hole of small diameter is drilled in the field of residual stress, strain relieved
around the hole is function of magnitude of stress, patterns of stress distribution and hole
geometry of diameter and depth. Relieved strain coefficients can be calculated from FEM analysis
of relieved strain and actual stress. These relieved strain coefficients make it possible to measure
residual stress which vary along the depth in the subsurface of stressed material. In this study, the
calibration tests of residual stress measurement are carried out by drilling a hole incrementally
on the cantilever or on the tensile test bar. Residual stresses can be determined from measured
strains around a shallow hole by application of power series method. For the sake of reliable
measurement of residual stress, much efforts should be done to measure relieved strains and hole
depth more accurately comparing with conventional procedures of strain gage subject to the
external load. Otherwise linear equations converting strains into stresses may yield erratic
residual stresses because of ill-conditions of linear equations. With accurate measurements of
relieved strains, residual stress even if varying along the depth can be measured. It is also possible
to measure residual stress in the thin film of material by drilling a shallow hole.
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Table 2 Uniform and gradient stresses from AJM specimen and electric discharge machining specimen

(ud:unit depth=2.575 mm)

Applied load Measured load
Specimen No. Uniform stress Stress grad. Uniform stress Stress grad.
(kgf/mm?) (kgf/mm?/ud)
(kgf/mm?) (kgf/mm?/ud) (Po+ &) (A+@)

UN0602 2 0 1.9 -0.9

Tensile UN0604 4 0 3.8 —-0.7
test UN0606 6 0 5.8 —0.4
(EDM) UN0608 8 0 7.6 —0.13
UN0610 10 0 9.7 —=0.7

GR0602 2.43 —2.08 2.0 —2.26

Canti- GR0604 4.85 —4.16 4.4 —4.5
lever GR0606 7.3 —6.26 6.5 -7.9
test GR0608 9.7 —8.3 8.7 —-9.2
(EDM) GR0610 12.1 —10.4 10.8 -12.3
5G0301 5 —8.6 6.0 —-7.2

Canti- SG0302 7 —12.0 7.9 —13.0
lever SG0303 12 —20.0 11.2 —14.0
test SG0601 15 —-12.9 13.6 —22.6
(AIM) $G0602 13.2 —-11.3 12.2 -14.4
SG0603 20 —17.0 21.1 —19.2

5G1101 10 —4.7 9.2 —7.4
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