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Study on Bulge Test by Moiré Method

Nam Ju Paik, Yong Ju Jee and Dae Min Kang

Abstract

This study measures polar compressive thickness strain and radius of curvature of the bulge

through Moiré method in bulge test.

Hill's and Alexander’s bulge theories, instability conditions derived by Swift’s, Hil's, Alex-

ander’s and wang’s theories, are also investigated, compared with Moiré experimental results.

In order to review and compare with Hill's and Alexander’s bulge theories, the relationships

ness strain and polar height, are used.

between radius of curvature of the bulge and polar height, between polar compressive thick-

Mild steel, soft copper and commercial pure aluminum are used in Moiré experiment.
According to this study, Hill's and Alexander’s bulge theories, instability conditions derived

by Swift’s, Hill's, Alexander’s and Wang’s theories are agreement to Moiré experiment results.
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Table 1 Average tensile properties of metals used
Heat- Y.P T.S - =
_ Treatment | (kg/mm® | (kg/mm»)| & R K | =
1(\@‘11)%-53 i as-received I 23.1 30.8| 35.1(%) 1.37 56.8 | 0.23
Cu as-received | 20,97 22.5 | 19.5(%) | 1.4 30.5 | 0.08
Al ’ as-received 11.07 12.51 3.5(%) s 0.53 14.833 0.024
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Table 2 Comparison of Moiré experimental value with theoretical value for e.*
Moiré .
. . Numerical
Swift Hill J.M Alexander Wang ex;;gré;lt value(eq. 9)
|
I —16 b o+ 2 8 —18
Mild steel 0. 42. (%) 0. 531 (%) 0.51 (%) 0.54 (%) 0.50 0.41 (%)
1 —4.5 -9.1 ~13.6 —25
Copper 0. 321 ?/0)! 0. 42! (%) 0. 40 (%) 0.38 (%) 0.44 0.33 (%)
—13.9 5.5 5.5 25 —11.1
Al 0. 31’ (%) 0. 38' (%) 0. 38 (%) 0. 45 (%) 0. 36, 0.32 (%)
A+% @5 BYE Adne 44E ¢+ ek
Hill &] Bi#Hzo] Alexander & HipFwvh wolw] ¥ 10 Rere RO __
Bl o & —Ee eae e
Table 2 & REE REBAAY e*(BR, BT 8
THE)S Rotdl HEMES gt Holvh
& Rold| ikl Wang, Swift o] sl ozt o
Z #2E7 A7) A4k Hill, Alexander o H3{Ee = o
Az 10%xRc; A FHERC o
a2y Wang!®, Swift o] HERHE £25% LIRS
iz wehld FE. 0 -
0 0.5 1.0 1.5

n=00]m Alexander o} Hill Hi< —zkstA] <},
2¥ 3 PE F BE HEEELS FRE BHER2
2ol F=H AR (9 W.P. RoopPd] 234
FR BAR al=—4‘;f7% fAs BERES T A
Fol 2 ojul R=1.09 = ko] R},
714 e 2 BBl AL B HEe] Bk BEYE
£ ehis

Figs. 11,12, 13 4% R, #8H, ¢F9EHHE A
3 BUE BRES el =3 3 Aok,

HREL BRABS BEAD SRS $H4d A

fu

153

8

Fig. 11 Graphical solution of Instability equation
using Roop’s relation between radius and
strain for mild steel

Fig. 12 Graphical solution of Instability equation
using Roop’s relation between radius and
strain for soft copper

.51

0 —»
o 0s 10 15 €

Fig. 13 Graphical solution of Instability equation
using Roop’s relation between radius and
strain for commercial pure alumium.

% dehis,

A2 RS < E YR T shE EEEE —E
BREE dehis

TREE FEE RG4S BR BT BHES
EEES

Fig. 14 & %Wk HER=1.0d 1A NI &



292 HEH -BEFEHE-

o
3

o
=
N

o
o

I
-

polar thickress stiain at Instability €

o
]
N

0 01 c? 03 04 05
strain-hardening Exponent n

Comparison of present theorical results
with other for polar thickness stran(abso-
lute) at instability, with isotropic(R=1.0)

b 15559 BMbd] =tE REE KA E5dA #
BE A B HRESA Bt HREEES
WH et ekglch

—Be 2 SIERRBANA BIEEE I Bk BE
(AFL £/ EiES Kt SA7 4= T
Bk (@l =3 Hfde] z KBl Fo
t Aoz HAAP,

Swift o] HzfEel FAEY FHEM HRES] AY —
HEE £ 5 9

azlne BEY BE HES 854 BPES ki
o FARL $

Fig. 15 = Bk#iol) sial A Egolst 7Tmm < =4 =
otal] FfHol ol

o] mold KES Wz 2w How 3 Rohdl ¥
7l diggor ) Xots] FH7 deht S & F
et

74 Heoz H zoly ¥ HEE HETLE
4 JE%& nzol phEAfEe HEd 4+ Jd¢. EE Y

L FE-BHE BFE edn BES BYE
IE%& Bze molml HY AL MEFoEA R
vt

Fig. 14

£l

+

Fig. 15 Mild steel A=7mm

EARK

Fig. 16 Mild steel at the instability condition

ROE 2ol To) BEES Mol (W7 B
4% o} Ao},

Fig. 16-& #dfol Bstel TRE Rk A 2ot=l
FHQu ofulo] HE PEE o] Rolul FH HE
Hel #%Ese HE BEE WEskd kA

4. &

R, ¢Fol ¥, MRS & BiRE FHd
ols] H®HE ¥ HFE ohdd 22 HRd ddth

(1) sz R o3 BinfEel 2ot BRES
gl 53R Hill o) Ezs{acol Alexander Bigiol =
oball EERfES ¢ & U3

(2) BFA BHE o3 BREs Reols] HRRME
o] gl #5E Alexander Eiaztwncol Hille] ip
o] ot EEafEq & —FI}E ¢ F Y=k

(8) Hill 3} Alexander o] E#H AL ##, <70+,
MRS HKtel A A Rkl $& 5 WML B
1t BHGE)F] & L5 oS o BERE 2
—Fste).

(4) Table 264 BE uvle} FZo] Hill, Swift, Ale-
xander, Wang %9 RZ& BHR-E W #AbkdlA
o TNKE REET BE BEEE ksl o¥v 7
BdE & A=h

2 2 X ®

1) W.F. Brawn and George Sachs, Trans. ASME,,
Vol, 70, pp.241, 1948.

2) A. Gleyzal, J. Appl.
Vol, 70, pp.288, 1948

3) W.F. Brawn and F.C. Thompson, Trans. AS-
ME., Vcl.71, pp.575~585, 1949.

4) N.A. Weil and N.M. Newmark,]. Appl. Mech.,,

Mech., Trans. ASME.,



Zotsl whell A% HA ARl AT H 293

Dec, pp. 533, 1955.

5) P.B. Mellor, Journal of the Mechanics and Phy-
sics of Solids, Vol.5, pp.41~56, 1956.

6) A.N. Bramley and P.B. Mellor, Int. J. Mech.
Tool Des. Res., Vol.5, pp.43~55.

7) R. Hill, Philosophical Magazine 7th Series, Vol.
41, pp.1133~1142, 1950.

8) D.M. Woo, Int. J. Mech. Sci., Vol.6, pp. 303~
317, 1964.

9) Bertil Storakers, Int. J. Mech. Sci., Vol.8, pp.
619~628, 1966.

10) N.M. Wang and M.R. Shammamy, J. Mech.
Phys. Solids, Vol.17, pp.43~16, 1969,

11) J. Chakrabaryt and J.M. Alexander, Journal of
Strain Analysis, Vol.5, pp. 155, 1970.

12) H.M. Shang, T.C. Hsu. Journal of Engineering
for Industry August 1979, Vol.101, pp. 341~347

13) M.F. ILAHI, A. Parmar, P.B. Mellor Int. J.
Mech. Sci. Vol. 23, pp.221~227.

14) H. Iseki, T. Jimma and T. Murota, Bull, JSME

17, 1240(1974).

15) S. Kobayashi and J.H. Kim, proc. Symp. on
Mechanics of Sheet Metal Forming, 341 (D.P.
Koistinen and N.M. Wang, Eds.), Plenum Press,
New York (1978)

16) Abdalla S. Wifi, Giza, Egypt, Int. J. Mech.
Sci. Vol.24, No.7, pp.393~406(1982)

17) K. Osakada and J. Nakano, K. Mori, Int. J.
Mech. Sci. Vol.24, No.8, pp.459~468, (1982)

18) E. Nakamachi, S. Takezono, R. Sowerby. Journal
of Applied Mechanics, September 1982, Vol.49,
PP. 501~506

19) Wi, TEH, #hA, FHAm B nT He B8
(M Mg+ — A E) ER

20) 1um, TEH, MK, &BHE, 159, 7-5(1967)

21) W.A. Backofen, W.F. Hosford and J.J. Burke,
Trans. ASME., Vol.55, pp.264, 1962.

22) Nozomu Kawai, Manabu Gotoh and Yasushi
Klrosaki. Bulletin of the JSME. Vol.18, No.120,
June, 1975



