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A Study on the Residual Stress Measurement by Hole Drilling Method
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Abstract

The Hole Drilling Method(HDM) is widely used to measure residual stresses in the welded struct-
ures. The purpose of this study is to evaluate the accuracy of measuring residual stresses when
drilling the hole by Air-abrasive Jet Machine(AIM).

Simulated residual stresses were introduced by applying known stresses to steel bars. These known
stresses were then compared with measured stresses relaxed from hole drilling.

The obtained results are summarized as follows;

(1) It was possible to obtain well defined holes with the nozzle designed for this study.

(2) If the hole shape is not cylindrical, critical errors may occur.

(3) In the uniaxial strain field, the measurement error of the maximum principal stress was within
+10 percent. The orientation angle of the maximum principal stress was within 8° from the
given direction.

(4) Measurements were made varying hole depths. Little or no change of stresses occurs since

holes were drilled more than the depth of the 0.6 times diameter.

(5) The air-abrasive jet machining for drilling holes does not cause appreciable apparent stresses
w hich is critical to measure residual stresses.
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Fig. 2. Residual stress in the
and after heat treatment
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Table 2. Strain gage specifications

Gage Type TEA-06-062RK-120
Gage Resistance in 0hms2Z£C 120+1. 0%
Gage Factor at 24°C 2.04+1.0%
Gage Diameter 5.15(mm)
Gage Length 1.59(mm)
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i Table 3. Hole Drilling conditions of AJM

Air pressure(psi) 70
Powder flow

Nozzle clearance(mm) 1
Drilling time(min. ) 12
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Fig. 5. Measuring hole diameter through
different directions.
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Table 4. Diameter of the holes(measured
through 4 different directions)

No. gllgle I (&1)‘ (o) Cmm)‘ (&ﬁ)‘ AT
1 2,14 2.14] 2.12] 2.14 21.4 1
o | 2,14 2.14] 2.14] 2,14 2.14 2
3 | 2.08 2.08 208 208 2.08 2
4 | 2.04 2,02 2.04 2.04 2.04 2
5 | 2.04 2.04 2.04 2.04 2.04 2
6 | 208 208 208 210 2.08 2
7 | 2.00 2.00 2.02 2.00/ 2.00 2

3 7Y BY

Fig. 63} 7101 S99 FR0ar £10% <t ¥

Hn 73 T §4be] Photo.2 (a)¢h o] &
Ego] slojo} gthD AA R oW AP A
9 mE Tl 45 o7 ettt a2y Photo
2(b)e} o] FrImefo] WFHe] ohd Ao A
] A £30% A5 22 A7 HAFeh o
%2 ﬂ%—‘% 7b @ EE e At &)t

122

a2 %] o]

/‘1 TAg FATL o) FolA R g7l wl ol WA
Ao A xZS Fig. 3ol A2 3ol vha] A, A=
3o 24 Photo.2(a)2} & QE¥ Y TRE €S
4 Sgeh®
(a) (b)
Photo 2. Hole shape
3.4 7o ol Wl

Fig. 8l A= 7Y Zelwlsld =ebd Ex= &
U AN
Q8 9

ool Wel Wath 296l & F Dxe
Aolst FAAgel wel 2L AR I T
B Zelsh A5 sk 0,64 BT o] Fol & F

KB REE, H6% B3, 19885F 9

10 t+
[42]
o
423
o0
8 ~—————— &
a
=10 ¥ N
-
g ACTUAL STRESY
h 20 b — e e
o 0DWAX
= BENDING{tension)
5 10
g . Jihﬁ
v "

0.2 0.4 0.6 0.8 1.0 1.2
HOLE DEPTH / HOLE DIA.

Fig. 8. Stresses measured as a function of hole
depth.
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