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Influence of Die Shoulder Radius and Punch to Die Clearance
for Multistage Deep Drawing of Complex Cylindrical Shell

Doo Hwan Kim

Abstract
This paper reviews the rules for optimizing die design and the process variables such as die shoulder
radius and punch to die clearance, which are important factors in drawing the sheet metal without
failures during deep drawing. To find the optimum conditions for improving deep drawability, a series
of the experiments are performed, and the wall thinning and thickening variations are investigated in
each process of deep drawing for a complex cylindrical shell. From the results of this proposed experi-
ment, the optimum values of process variables are examined and discussed, and the usefulness of the

present suggestion is shown,
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Fig. 1 (a) Geometry of housing as a final shape
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Fig. 1 (b) Geometry of multi-stage deep drawing process for
the present method
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Fig. 4 First stage deep drawing of a cylindrical Shell
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complex cylindrical shell

{ & 0.06~0.07 #4 elx Atk o4 Oehler
<} Kaiser®7t gt A@AA f3t& 2012 2§t
B ool dga oz Aotate v, AEsYh

g g AX e gzeg] =R the] FENA
o~ 2 BT gholl el Be A nel 48] g
o} B ApdMe 71237 Biel Fig.5¢) 2ol vie}
e, z- A angular type) B2rhe & 43S 18
3l R 844 (radial type)< A|¢tted At A=
2ol FA 7} Y o] TEWAL £(2)% Bl v
el 4= glth,

Typ ~¥an = 0~8(Vd1 ~ "dnq) (2)

=23
27k glod, AF WA, A He de aeln 34
Fof) wheh 0.4 ~ 0.6 HA7A A 43
FAg Aoz Bt

€ Aol e AEs Foto] gl e 71E 49
A3 AL HA vho] FENA | AHY dFpE vl
3o} Fig.63F Zo] Jehfsict.

2.2.3 ®x|-clo] EM(punch to die clearance)
AA)-To] Bl 2 AFe BA g1 vl Yz 4T
3] 2417} f4 (drawing) 1 =5 -3 EAE F£ 3

o] 4 2ot}

BIRAYMIIBESX] /A8 A 3x, 19994 /265



=29 7FgA axde] WA BIH o7 BAel=
Aurgke] h-gea) npd F33) we] d&Ae) Wy
o] doldt}. o w A TF wkgR}
© @l (thinning)°], &
FAHH (thickening) 4
o & B4R B FAE
HEze=2e g 47a 988 v|d ¢ gl
AEE Zuleto} &r|upetz) 2
F9elA gk =AY 5 349 o] vl
A& FANR ZWA 29 RoA AsiA| ofolold (iron-
ing) =l01 &2H(cold welding) EAte] WAL A &
AFA Bt ZA /F Fol 7hgslok a8 & 4 A

oo zd A2 AFA Bl AAFA o)
3 15~20% A= o-(allowance: §)E Fol 7}zsich
B, 229 shEo] HAavl = ofejojd AL gl &
Athil BuEo A e HE AFH el we} A
fzezdel 3 Ax|-tle] EANE AHsof ) ®
g ol wel 2R FA olet B 30% ol RS
oo} & Wi RIS exdt 1Y YR 2 EAE F

)

e
o,
TE
>
()
o
o
T
t
Ol

(4)

-~ 0
Q9
e 3
%]
a8
= S 10 ~
- ~
Z 8 -~
=5 0 i |
I o
o .S
o ‘-0t
S o & : ASTME (mox)
z © ® : ASTME (min.)
o -2 Q : experiment
< 2
-w 1 1 1 1 1
cdl cd2 cd3 cd4 cdS
Process

Fig. 7 Variations of allowance for punch te die clearance
in each process of deep drawing for complex cylin-
drical shell

266 / St=2AMIIEEEIX| /487 A 33, 19994

toax =1, +0.07-

max 10.4,

A71M 1, A FAolx, De
E2 94 A, ¢ € E2Y
9 Aol A BE vhe} 2ol
A F= Ao| gEsi, :
2R A FAAI} fE e AEE Ao

|

nJ
&
Ul
!

bl
==

ML s

Fig. 72 71& 433 & d70AM ALE EAE ¥
wete] vERd Fojtt,

¢} =
A7 ZA A Saxu A
4L Fig.8olA B uje} o] &
_?_

A 25 95

[N}
2

f
"
o
+
=
-,
)
2L
{rt
5
0-5;
=

9{_:
A
o
i
e

A g A+ 9e
A2 ol o} A P &
38 A7Mee 2y o
A55] Aol & & 4 ATk &
& A & g4 =2YAe] A JAHAT
+4E AA Re nAdlok stz Za o
oo #AE nEHA AY FENES AHs ok 3
Fig.69A B wie} o] r 3] tho] ZE4L
A AT A(2)E dEHOR A48T 57} glon
WA Fol 27 e} A sof T & F ATk
A& =29 349 B df/E Fig 794 RoFe
uke} Zo] 2)(3), 4|(5), ASTME o] HE 3 A3 o] &
Aol A At A 7P A& dxE F83 Aoz 9
@HEr) Fig 78 THYE B4 ed 1~334dME &

3

ofl &2 My W

mE W Foox

2

9
T
fo rZ Qb o oft 4 (=~

o



Thickness strain distribution(%)

Thickness strain distribution(%)

A=3 879 A gz agd Y3t to]

| ! ! i ! L
10 20 30 40 50 60 70 80
Initial distance from center(mm)

(a) First process

-4
-8
-12

L el R T TN T A N O B
10 20 30 40 50 60 70 80

Initial distance from center(mm)

(c) Third process

r.qm
iz
onl

=,
el
=
lo
of
ot

20T T T T T T T T T T 1T 11

L o= ORD -
16 0 = 45' RD
12 0 a = 90" RD 4

Thickness strain distribution(%)
Qo
T
!

pulLL Nl N N TR N T T T T B M

10 20 30 40 50 60 70 80
Initial distance from center(mm)

(b) Second process

= 0T T T T T T T T T T T T 11
2 ek o= ORD

8 o = 45 RD b
= 12 a =90 RD

ot

s 8r 7
(] .
5 4

c 0 =
°

5 -er -
2 -8 —
@ d

£ -12 N
L

A LY i T NN N N N S T N N N A B

10 20 30 40 50 60 70 80

Initial distance from center(mm)

(d) 4th process

Fig. 8 Variations of thickness strain distribution in each process
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