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Experimental Study on Minimizing Wall Thickness Thinning
for Deep Drawing of Circular Shells

Doo - Hwan Kim

Abstract
For minimizing wall thickness thinning of circular shells, a new stamping technology, the deep draw-
ing process combined with ironing is approached and investigated. The design requirements for the
deep drawing shells are to keep the optimum wall thickness with max.10 percent thickness thinning of
the initial blank thickness, to make uniform thickness strain distribution for the wall of circular shell
and to improve the shape accuracy for the roundness and concentricity. In order to check the validity

and effectiveness of proposed work, a sample process design is applied to a circular shell needed for a 4

multi- stepped deep drawing. Through experiments, the variations of the thickness strain distribution
in each drawing process are observed. Also, a series of experiments are performed to investigate opti-
mum process variables such as the geometry of tooling, radius and drawing rate. In particular, the

advantage of current approach with ironing is shown in contrast to the conventional deep drawing

process. From the results of proposed method, the optimum value of process variables are obtained,

which contribute more uniform thickness strain distribution and better quality in the drawn product.
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Fig. 1 Geometry of a motor cover as a final shape
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Fig. 2 Geometry of muiti-stepped deep drawing process of the present method
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conventional deep drawing method

o] FHE F Fol LY 9 Fig. 4 (b)e] 9F 1A

= vpe} o] tho] ¥k (die shoulder radius)el 2}s)
27 He A HXo) l HHA =29o] AlAtgLE o]
o 29 §52 AAHA S GolAA] GEE =7
o I i 2o 1Y B3 T0 £ 4P L 3o
AEE tho] ol ZA2 o] ¥+ W (push back
method)d] & FZelth, B HE FHAME U 947
¥ =(roundness) & 4 N713, Aol Wyl iy F
A AzE HA83] A8 71E FHAM 8] ke ofo)

22 Hastel wg HYH @7

P
KNOCKOUT

(a) First process

* After drawing

Before drawing

{c) Third process (d) 4th process
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Fig. 7 Geometrical configuration of ironing die section

Table 1 Material properties and process variables used in
the present method

Sheet material Drawing quality steel(KS.SCP2)
Sheet thickness t=2.3 mm

Tensile strength | 28.3~30.4 kg/mm’

16.8~21 kg/mm?

Yield point

Elongation 48~51%

r value 1.4

Thickness {0 Blank Diameter Ratio | 1.513%

Drawing rate Fig. b &=

Process(Step) first draw f;econd draw| third draw| 4th draw
Blank holding force | 3.5 ton L 3ton | 5ton | 5ton
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Fig. 8 Comparison of thickness strain distribution of the conventional results and the present results

7IE A =rolMe] £ g9 42 AF AE 7

]% "Ja-J ZBH(Table 17"7‘)2 +
°o‘ £°é & 73A &8 WA 02 Ao}

% (high viscosity)d] 944 &
A & =¥k "a‘%‘ﬁ%"i}.

zl ‘féii 7&‘1 4% 23 (compressive stress)¥
doli} olololrd W =2 A|Fe

W e EHe] Adz, FE3 22 migo] A=A
24 A= (accuracy)?} 511’51 HoJR| = @Atol ‘4"5}‘)&‘:}
olgt Wit 7|E T T4 ¢ oR dddS =
FAZE AURA gkolA oleloly FA F Ao ““5}4
30% A= ol AR AHAG, 22 ERAF
FANAE 7 &) YElRth o9} 22 A4S ndE %
u, T qgo] FA Fhad B I A RE ¢
T Utk ER, A 433 9] ofolojolM =2 F2Hoil
film)9] & W Fo Avpl SFHZ Igh cholo 4%
(galling)o] A8HA dold-& 12d 4= AN Fig. 72
tholg] 7]t A Yahd Bgdste] At A ST o
A& Bo} 3 gl @

Fig. 9 Photography of deep drawing process by the present work

B2 AMIIESSK/ATA A4, 1998 /397



wn

T T T T T

a&—&a  present results
o —0  conventionol results

=

i

[~
T

U } i
N ~N -
W (=3 W

T

Thickness strain distribution(%)
Y
¥
4

'
8

B S W T | L PN S

[V ] 1015 2025 30 35 40 45 50 55 60 65 70
Distance from bottom{mm)

Fig. 10 Comparison of thickness strain distribution of the
conventional results and the present results at the
final stage

.88 F Tl st vimd 7 34 "o FA
TEE UEH Ao, Fig. 9= 49E 2 339
< AN AE Bl T2 Qi) Fig. 8(a)E 22
JHsE Fig 59 ol A gstd dFF

O FO

=
@

W3
1

N
W ofk

>~

4 &(m)d ¥
23E B9 F3 Yot == EeTE

2 Ue T Slct. whde) 7]&e] FA W3
o] YR FHA Jerg Ao g Ho}
< FE A7 2 F9EA g e @
(b)ollX Bz npe} o] A 1 “«1 R4 2
m)ol A4 4 g 2 43
g Jen =129 3}‘:’3% g
Hol 5% T2 ¥y

9 &0l

O_.

i
Hd ol
o r ¢
VA =)

r
moﬁ,
¢
A AL ol
K

(VARSI

F

Jt o 2 ob

=4
M8 N oA

2]

OI-J

N
(o
g

mlo
s
r

re tlo

’

=2
434,-.%
O i
i
0

f

o)

T8
1

2
w
ofd
oX,

0,
o4 u
o2l

Ll

Holm gtk Fig. 8(d)ellA
opR) e FA ol FA W o
1 9o}, 22 Alekd
'?—'7"3}7, T FA

HE E o FAge
71E FHe
24 HAAT, A
& % ﬁz4°§°k67/ 7&‘5 B 5 g v
LI AY A} 7)1E AR oF 8 5% 4
A 27t A dolggS ¢ 5 Ak

3L

1 = R )
od 1 My Kol M
ol o o ok
oot
wlo

Me
N
T

o oE O
imioﬁ‘.i
S

N
ne
L
3L
e [
tlo

o = ope gy

Eoﬁ'ln:ﬁ
PR oA f
\oéz'mrzi
4nh1
5
hul
.é
El
2
=
o

P
of

3

Mo 2 2 fu & ool

& e
3

4.4 B

% A3H A7E B DaAd ey
59 8719 w7 348 A48 AL 5 9

398 / SFAMIIBEBK| /A TH A43, 1998

oY

© M2 H(approach) & A £l 58 Fr ¥
X A3E dnen, 71&Y dezyd3ys Hlilo}
of At e e} S UFslge). £§ Y=gy
9 BF 9FE AFAe #P M (process vari-
ables) 3 E2¢ &7 833 T U4 Fol ¥ FA 7
2o "o’%”‘l & dFE ASsdn 28u 7 vy
AAge] HAA R HE AL ) A8 =2y 2
goll gk thole] AT 3 S ARS AT F 24 ¢
#FHA Y Foll e ¥ d77 a7E)

o
=
d

ﬂi
I-LI__

M

(I) Donald F. Eary and Edward A. Reed, 1974,
“Techniques of Pressworking Sheet Metal”,
prentice-Hall. , Inc., pp.100 ~ 110.

(2) E#CURR (), Nakakawast 24,1990, “#tR 7
VAL, pp. 99 ~ 121.

(3) BETZALEL AVITZUR, 1983, “Handbook of
Metal-Forming Process”, John Wiley & Sons, pp.
527~704.

@) ATH, 1998, "958 879 A ==y
BAAC B A AT, FE a1t o8
FAEd ] =24, pp. 160~167.

() HHE, & o1%E, 1997, 339 YAFE P4
Hox el 283 99 A4y A8 A7, 3=
24374588 97 A 3t 8 = £ 4, pp. 93~97.

(6) VT, P4, Nuim, 1996, ‘058 g Heg
BellMe] A8, FZAA71283] A ASA A2
5, pp. 138~144.

(7) Hideto SUZUKI, Masayuki, KISHI, Kenji NIWA
and Kunio OYA, 1996, “Large Displacement
Analysis for Optimal of Press Working that of
Increasing Thickness™, 16th MARC User Confer-
ence, pp 127~131.

(8) ASM INTERNATIONAL, 1988, “Metals Hand-
book™, Ninth Edition , Volume 14, Forming and
Forging , pp. 575~586.

9) BFITEFMIt MEZEE &, 1990, F7 v am
I5-%27 25", pp236~237, pp. 233.

(10) KM #, “1990, "7 v 2 L & B4, AFITEH
Bat" .pp 54~61, 69~72, 79~83.

(11) K. Lange, 1985, "Handbook of Metal Forming",



Q%Y duay 8719 o S 1A i) B AP AT

McGraw-Hill Book Company., pp. 20.44~20.45 (15) Yukio KOJIMA, 1993, “fik» T kit s TH.
(12) T. KUWABARA, 1997, “Bfc o L, #4 & 73 vy OEMIRIE OfFAT T, Btk L L $345,
T, 5384, 54365, pp. 52~57. F388%%, pp. 544~549.
(13) KMANABE, H. HAMANO, 1992, "Hif#f 2 O%cR (16) Naoyuki KANETAKE and Hideeaki ASAKURA,
MR & AREBR oM ", B LT, $33 1994, "B ) BROFKSEC BT TIB L
%, 53765, pp 480~487. o EORE WKL T, $35%. 84075, pp.
(14) Shoichiro YOSHIHARA, Kenichi MANABE, 1414~1419.
Ming YANG and Hisashi NISHIMURA, 1997, (17) Keiichi SHIMIZU and Tomoyuki WADA, 1997,
WL bl R A OFuzzy EEHE", B HEh. L& HANFREOHEAMIC OV
% & INL, 55384, 84355, pp. 46~51. 7, M T, 5384,5544249%, pp. 64~69.

HRAMIIBERYK/ATA M43, 199813 /399



