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Analysis for Deep-Drawing of Circular Shell based on
Total Strain Theory
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ABSTRACT : An analysis, based on the total strain theory combined with
octahedral shear theory, for the deep-drawing of circular shell is developed in this
paper. For this purpose the actual process is traced as exactly as possible, the

iocal variations of thickness and strain hardening taking into consideration. The
calculated values for strain distributions and punch forces are compared with ex-
perimental results, about quasi-isotoropic phosphor bronze sheets drawn by plane
die and conical die, and good agreements are obtained. Furthermore, calculated
values thus obtained are compared with results by approximate formulas which
have been suggested already by other investigators. It is revealed that the strain

distributions over the flange region are nealy indepent of sheet materials.
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Fig. 3 Acting stresses in faces of a sector
element in flange part AB.
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Fig. 4 Displacement of an element in flange
part AB.
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'Flg 6 Acting stresses in faces of a sector
element in flange part BC.
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Fig, 8 Relation between strains in width and thickness dimension of phosphor bronze
testpiece under tension, and differences of ultimate strengths and percentage
elongations are shown.
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Fig. 11 Stress distributions over flange part
AC, when drawn bLy flat die.
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Fig. 12 Strain distributions over flange part
AC, when drawn by flat die.
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Fig. 13 Stress distributions over flange part
AC, when drawn by conical die.
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Fig. 14 Strain distributions over flange part
AC when drawn by conical die.
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Fig. 15 Stress distributions calculated by various
method over flange part AC, when drawn
to a stroke of 17mm by flat die.
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Fig. 16 Stress distributions calculated by various
method over flange part AC, when drown
to a stroke of 19 mm by conical die.
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Table 3 Comparison of punch forces calculated by various method and obtained experimentalily,
 when stroke of drawing on flat dies is 17mm (corresponding to max. punch force).
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k= 1.10 (0’1 ~-~03)
Experimental formula. (13)

Pmax=3(op+03) (dy—dz—ra) to kg

1700 kg

1700 kg

1700 kg

1700 kg
1700 kg

1700 kg

. 1655 kg -3%

1391 kg —189,

1389 kg

-18

1300 kg
1430 kg -

—23.5%
-16%

1958 kg

+159%

BARUWIENFIc o THELAR Y hdvg
LEw. LisLcoEf, Sachs 272k %5
1, FEesEdte LT k=1.1 (61—03) L &L
WERBICI Lh22 AVWEE R, ERfEicED
WwTH( 3.
 EIhoERA LG, %%%“’ﬁ%ﬁbk

Pmax—3(0'b+0's> (dy— 7)o kg
@ﬁmi%%@t@%.ccmam@ﬁ%h,ﬂ
X 0.2% BRAEERIET, d, &y 7a lXENEN
BHOFERER, 54 AH1EE, £4 2AFLET,

ty BEFIOFEROWET 3.

. ZOHKTRTS23C4iE, HVEEEHEL
REALERRTHELZGATRWT, ' ED X
5 IR CRY kT, HSLEI T
THEMcR 2w Lt Wt L TH 3. &

. EREE

BR TR bORMIC AR { TTWBH, £
HICRBFLS>2BETH 3.

B R B IciE, BbEHASEEHET
REEETONTF, MOECEEEC LOTRD
ﬁ%@ﬁ%@&@)m%ka%%L,ﬁimf
YT CHET T ENHE L.

6. HMHOBBHME (&~0 OBRF) 55, K
NBIHLOVICERRICH-A D8
RO B T BB oy=K'&” TEMUS
y - EOMEOILE S 7 DX
CTHEH T2 EBTES. PlaE, F=701
¥, Tat =Y a0k HEBHTMTIE fh D
HOHMEITR 7 A 0.1~0.2, FHERE, THEH
LI AR 0.4~0.5 BETH 3. TWROKY AM

This document is provided by JAXA.




. o~

STy

@D REKY BIYHRETRE $8% %435 | 195

oylK'
1.0 - [
/ n=0.1
. $
0.6 -
/ A9
0.4 //
0.2 :
9. 0.2 04 0.6 0.8 10
&

Fig. 18 Plastic curves with parameters =

FHEFEE 0.1~0.5 OHEC D 3.
2T, n=0.1, 0.52 (AELBRIcHEHLHS
£R), 1.0 » 3fliicowT (XISBR), B
XOTIEhAAELTICESAERD, HE0E
Wit X 388 ¥R, .
AEETORKREL TR, Q) P 2FHE &

”l/K’, ¢J'3/1{'

0.6

o /K'

0.4}
: 0.&
\
0.2 &\

Y/
a8

o
(%]
=)
(=2}
<
N
©
)

Rz,

-0.2
n=1.0

-0.4 \ :
0.52 -

-0.6 \
0.1

08 | N |
-0. ‘ ]

~~———

Fig. 19 Cormparision of stress distributions with
parameters n# over flanbe part AC, when
drawn to a stroke of 17 mm by flat die.
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Fig. 20 Comparision of strain distributions with
parameters »n over flange part AC, when
drawn to a strode of 19 mm by flat die.
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