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A Study on the Modified Hole-drilling Method for Determining Residual Stresses

Wang Jee Seok . Kim Dong Chul

Abstract

In general, for measuring residual stresses in plane stress state, two principal stresses
a1, o3 and their directions 6, should be determined. Naturally, for deciding three unkn-
owns —oi, o3, O—three informations are necessary and therefore three strain gages are
required for determining residual stresses at one point.

In this paper, we tried to measure the residual stresses of one point with only two
strain gages by drilling twicz the hole of different diameters at that point and by detec-
ting relaxation strains for each hole-drilling. We present also the formulas for determ-
ining the rssidusl stresses from relaxation strains detected by strain gages in each hole-
drilling.

We carried out expsriment, determining principal stresses and their directions of
spscimens applied specified uniform stress, and compared experimental results with the
values calculated by formulas presented 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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Fig. 1. Relative situation of strain gage for
measuring relaxation strain in direction ¢
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Arrangement of strain gages for measuring
stresses at point 0(3-gage method. )
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stresses at point 0(2-gage method.)

Fig. def] ¥l 3= wpe}p o] 18] A xmwlelAe]
=] Jie) oxd] Hiuk R FM AR o5

B fiiE 0(—45°=0=45%)%) Shar, 2wl sy
olAle l Q2] Hirge]l Iyl 2ol Ale] ALl i
I FEE e R ol £ AL azl sla, fl
B Os) P o) FRE B A 10 Y 2
e A A id MLzl i Yo
R (Do ¢=0 8 p=0-+ad NATo 2
oh-g ot ’LC1 =1 e

1= E (o-1+a'g)+ L(ey—o3)cos 20 (13)

lz——"‘ (o1+0 2)+ (ol—m)cos(‘)ﬁ +200)
1D

o ¥i7s

2as® L 1+11‘ 7’12+7’1Q+7’;E:|

7,12);22

=Ek JE 0% Mmoo s PR a(a>a)

T e Bl w) 1ul B 2w 2 EalA o] Ao
W e EDel 4 R i vheah el 3
rl,
; A Bo -
iy= "2 (o0 + 5 (o1 —ondees 26 (15)
7-4:%(0'1'1“0'9+%‘(o’1-o‘z)ccs(26+2a)
(16)
A4
14y et
A== Firs
. 2ayr Ty, 72 i rgb#at
L . 12 L
B 7'17'2L - 1 “ i1rgt |
:le—‘—"—— Z.iﬂ i2s i3y 2.4 ’(]'Oloﬂ‘t‘ E] E—x:} _1__’10_‘ Egj
Fook gk
i B
e B an
LA, (M), (5, As)e LH o TEE
3 Ikshe] o) B M Eeloy, ox B 0E
Hod f.': o) el A5 o] A ,.N'E— WEk e &
P SRR L P A P R VNG )M G SO
(15) 7% shed o] ie% HWzAlA oy, o 9% R
_"‘q Lr* Ir— /LJ-—ET'-
6:~rl—~tan‘1(cat 2al
— ‘413?3(1’2_[‘1\)+81<A153—*4252)'J (18
BIQA15;3_44::1'1)S";1’1 2a i LS

—45° < 0<45°

E(\B:—i3B1) +E(Aiis— Asiy)sec 29

= 2(ArBr— A,B1)

o))



ZHE S BEES Mehkd gFd 21T A 33

E(i1Bs~13By) —E (At —Asir)sec 26 mm 25 e LEHFALE 29 =23 14

o 2(A:Be— 4By sz e|elAl o A sk 29 22 mwzw Sl g
(20 arx 135°2 gk odrle 2ol 2EH A ]

A7 A ar #X90° (e HEO7L HoiMe ot =) = SAN-EIjl #/¢ N11- FA -120& 29 o)
et dvebd ezt nx90°7 51 X (18)el A Tl (M MBRE & Firsdd £
B = wigl o] 0% EE F7k gyl sl Eelth siE BIEMEEA o]zl MR 8 MEe
Fig. 63} Fig. 74 ¥.alr}. 3 (chuck)e] Fig.5

4. BBHE o] #Ee Evlx @E(handle) S 25 of #

o] 249 9 %W fadre](worm and worm

& o) HR-E MBI (SS 4D¢] —EI B gear)F Tsbe] 209 ohviale]  fHiEsl =R 270

He imsta o] RS BEHS fLIRe #E 2 qhualsl Eolubd o)} shEal 248 =

FIEE BAESS] WEhkes fested B 2zFead screw)E 3 BMAel BIEESS

skl & LS st T mmakAl Rt BIERE S-S S (specific bar for

Fig. 5f ;e ) 2 @ 2EH A measuring tensile force)$] FHiFje] ~Ew]elA
= A

oA WESE vebuch R 22dA oA E L WESd. o8 st Rl
o] 7] 2] el 2mmol L, [ EE: Ol A 4.5 s BHTIEES o Ete =, RE
300
70 _, 70
Q .
] \Qg 135
} Mg 2 NO 1}(
&
ol < -
&~ f
| . 1
$ — -
~
&
k=3
Fig. 5. Configuration and dimensions of specimens. ==
speclticbar for measuring
tensile force
'l
' Somp!e worm cecr
[
/ 1300 " D . _‘.[ ///7

/

—
ol

' lead screw

Fig. 6. Schematic diagram of experimental apparatus.

handle



34 EHEMTEMEEEE BT% H258, 1983

@;0] 1.5mmel T2 o] 18] o 24
Sl Ao =] ol M= MEEA el
# Qw5 (TOYORt 85, MD-6E-F)= Jijxzs}
3L, ool R gy} 3mmel :g.uq% = 1
o 28 ~ x4 ohﬂo]xl o M B e

is U i WEskal o)

Y LE AE

1‘(

==

5. BBMER H BR

Table - 5lagkel a4 el & S o1,

Table .

(ay=1.5mm, @,=3mm, r;=4.5mm, 7,=6.5mm, a=135°,

spécitic bar far measuring
tensile force .
lead screw

sample  chuck

worm gear

strajn meter
Fig. 7. General view of experimental
apparatus.

Measured Relaxation Strains in us(Micro-strain)
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No. | oo | o | 4 A is | iy
o 5 ‘ 0 l —20 29 ‘ 10 196 | 19
2 5 0 | 5 —45 —18 —156 ‘; —66
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4 5 0 —20 —62 16 —204 \ 30
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0 15 | 0 —20 145 38 —475 69
P T T S 5 —172 67 —560 —245
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Table J. Calculated Stresses and Angle from Measured Relaxation Strains

Sample No. Sj(licﬁitggs%gggizsé()kg/mmz) Relative Error | Relative Error
oy o2 8 of o1 (%) of ¢ (%)
1 5.100 0. 064 —20. 24 2.0 1.2
2 5.131 0. 047 4.911 2.6 —1.73
3 4.90 —0.579 15. 31 —2.0 2.1
4 7. 987 —0.23 —18.98 —0. 16 —a.1
5 8. 089 —0. 314 5. 466 1.11 : .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 5.94 ‘1 0. 02
12 18. 83 —0.714 15. 37 4.6 ‘ 2. 47
13 25. 56 —1. 84 —18.13 2.24 | —0.35
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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