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A Study on the Modified Hole-drilling

Method for Determining Residual Stresses
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Abstract

In general, two principal stresses, @, 6, and the direction of 6,, € sho-
uld be determined for measuring residual stresses in plane stress state.
Naturally, three informations are necessary for deciding three unknowns-
6, 0, 0-and therefore three strain gages ére required for determining re-

sidual stresses at one point.

In this paper, we tried to measure the residual stresses of one point
with only two strain gages by drilling the hole of different diameters twice
at that point and by detecting relaxation strains for each hole-drilling. We
presented also the formulas for determining the residual stresses from re-

laxation strains detected by strain gages in each hole-drilling.

We carried out experiments, determined principal stresses and the direc-
tion of 4, for the specimens applied with specified uniform stress, and co-
mpared experimental resullts with the values calculated by formulas pre-
sented in this paper. The values calculated by formulas presented in this

paper are always a little greater than the experimental results.
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drilling clearance (mm)

diameter of hole (mmj}

= modulus of elasticity (kg/mm?*)
-Net relaxation strain (us)

measured total relaxation strain {(gs}

relaxation strain due to machining (us)

= relaxation strain due to local plastic flowigs)

= Strain gage length (mm)

diameter of ith hole-drilling (mm)

poisson’s ratio of material

= principal stresses (kg/mm?*)

- the vield stress of material (kg/mm?)

angle between the gage direction

and the principal stress, 6, (deg)

distance from the hole center to front edge
of strain gage {mm)

distance from the hole center to rear edge

of strain gage {mm)
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1. FF &

BHE U e wrtol T4 Hod 7 A EHe —®7 Mikslwa ik
2 E g2l (relaxation strain) o] BAERTt o] MKAEQL B HA BHEEH
B BANT kol Bkl AW BRAES MEHEAG, olul MEAEAAL K
Hikozn 2% 2EQAAAE AU o Hikol 2 BEEH AES HE
B AL BRI 44 #5245 7] wlFol 8L AgEo sl rE=EIdT
mees o s d FAS T Uch

.k 2 BRES S RS REEHS MEos Hid REY Hae EHL
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LES T, wteta] —Rhe] EH S RE S dle 3@ e E oo} gt}

Mk 223 2M E (strain rosette) & & ZAFolt 3EAR ZHEE Ko} ot

F tolAe Hel 8 THE 2L Aol T Fooza AEdUAAE 2
Bt Eolis 3@ RHMM 0, 0, 6F RE = U BHRAL 3y, ol KR
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FILikol o3 BFEN S AEL BREENE JIE stz 3he BT —EEE 7
e B 7 AEY MiLisdede AEHAA AN Kilidled EHoE BE =
FHko 2 thgol ol LAt Y

e Aol A HHT & Ut BWHAEAAL XEHE F=EA} HETE
A Eclo]l Atd o o HEHA ML BBENREN HE3A d+
ol @M o2 YEH@E FHAEeT BHEHS MEI
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Fig. 1. Relative situation of strain gage for
measuring relaxation strain in direction @.
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Fig. 2. Arrangement of strain gages for measuring
stresses at point 0 (3-gage method.)
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Table. 1 Chemical Compositions and mechanical Properties (SB41)

Chemical Compositions (wt %) Mechanical Properties

Yield | Tensile | Elong-
C Mn P Si Ni Cr Mo Al Strength| Strength| ation
(kg/mm?) | (kg/mm?) | (%)

0.18 0.61 | 0.008 | 0.18 | 0.015 [ 0.012 | 0.01 | 0.034 30 45 28
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Fig. 5. Configuration and dimensions of specimens.
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2 2o T3 ol HiKS lmmolA 7mm7x] BRI R TS Hol, o=l e}
Wi 2~ E 8 Q) &, 2 drilling clearance, C.9t BHlf=zlo] Table. 20l e T o 7] A

drilling clearance, C.tv 7% 7tazle|l2 e Aleolx] k7= Aelolct, Table. 2
2 gz z JelWd Fig. 83 7o},

Table. 2. Values of &, and Cd

Hole diameter (mm)

1 2 3 4 5 6 7

drilling Clearance (mm) -
Coumrimd/? 4.5 4 3.5 3 2.5 2 1.5

& (43) 0 5 17 34 65 88 210
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Table. 3. Measured Relaxation Strains in s Micro-strain)
fa,=1.5mm, a, =3mm, r,=4.5mm. 72 =6 5mm, a=135°, > =0.28, E=21,000kg/mm?*)

S(i.n'lplv Given Stresses (kg/mm?) 1 Measured Relaxation Slkrains in s ‘
and Angles (Degree) iMicro-strain)
No. G ] % I 6 i i 1 iy l 1,
B 5 0 —20 - 38 - 10 ~126 19
2 5 0 5 - 46 - 18 - 156 - 66
3 5 0 15 ol - 29 -136 - 100
4 8 0 -20 - 62 16 -204 30
5 8 0 5 - 74 - 29 -240 - 106
6 8 0 15 - 67 - 47 -222 - 160
7 12 0 -20 -9 25 -310 45
8 12 0 5 ~112 -~ 44 -365 - 160
9 12 0 15 ~102 = -335 ~245
10 13 0 vl - 145 38 -475 69
11 18 0 5 198 - 67 - 560 - 245
12 18 0 15 —156 - 110 -510 -370
13 5 0 - 20 - 205 54 -670 99
T 0 5 | o245 - 95 - 790 =350
B 0 15 - 220 -155 730 -530 |

Table 30l 41 woal dlg sl B s alal iy, b, 0 SUS, 19, ol o Asted )
G, 0, v 0% _4tEsbd Table. 49 Howl =3 Table. 4ol g, ol ¥4 i
YRaLA s ghAl vl oleb o] Follx] Ro|ir mlef el o] el F4E MHER A

Aupis wigoeh - dan, e B B ek e adl vebd
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Table. 4. Calculated Stresses and Angle from Measured Relaxation Strains

Calculated Stresess (kg/mm?) Relative Error Relative Error
Sample No. and Angless(Degree)

% 5 6 of &%) | of 6(%)
1 5. 100 0.064 —20.24 2.0 1.2
2 5.131 0.047 4.911 2.6 - 1.78
3 4.90 —0.579 15.31 - 2.0 2.1
4 7.987 -0.23 —18.98 - 0.16 - 51
5 8.089 -0.34 5. 466 1.11 9.32
6 8.408 0.6295 14.70 5.1 — 2
7 12.29 —0.2285 -19.51 2.42 - 2.45
8 12,47 0.048 5.03 3.92 0.6
9 12. 45 0.049 14,92 3.75 - 0.53
10 18.29 —1.046 —18.43 1.6 -~ 7.85
11 19. 07 ~0.079 5. 001 594 0. 02
12 18. 83 -0.714 15.37 4.6 2.47
13 25.56 -1.84 -18.13 2.24 - 9.3
14 26.19 -2.4 5.86 4.76 17.2
15 27.75 2.37 14.73 11.0 1.8
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