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A Study on the Estimation of Blank Holder Force
in Square Cup Drawing

J. M. Kim and Y. B. Song

Abstract
In this study, when a square cup is under drawing, blank holder pressure necessary for flange
wrinkling prevention was experimentally studied. The materials used in the experiment were SPCC steel
and SUS304 and the drawing ratio was 1.62~2.0. Two cases for lubricantion condition were investigated.
One was without lubricant and the other was with lubricant of high viscosity.
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Fig. 1 Shape of die with square section

N
w
Lo
e

o

T

I

>
faech
9,
1o

o

g
o
H
=Y
(2
)
&
)
ﬁ
1o
uo)
re
L
j9[,\.7
ON

Jol & 16~ 20

4
FET WHES ZH8
#

S
3
o 1
ofjl
du
e wu
>
>
o
Ol
)
3R
o
2,
ol
1o

Bz Frdd g AT

Fig. 2 Measurement system

Aasich AAE7]e AL HATWA Fo] o 0
mYEZ g “H”V] Eigia=H T—E—O] =o|& 1/1000mm77}
A &4

)
r
30

Ii
3
‘>‘i
41
.2
s
b
=
o
N}
=
m\m
o,
opp
)
£

' _11)1

lo

Nt

=2

3

o,

X

<

S

E

9

ox

o

N,

£ %

o e
fu

_?L

3R o

o

i) r$‘~’

T8 .

NS R

i oxl

o N ot

k=3 &
017} 002mmolstd # o} & A& Y (blank-holder
pressure, BHP)& T8¢ LASA] v A4 £93EH
o VeERAST

Fig3e Eda&v 4#E 010 kef/m
AZHSPCO)BAE AA L 715 e
of AAHE A% Urhd gelth ANUEUA|
EaAo| A Ao FEo| WD
SAE 715 2o, A%
5% FEol FAH
Zgo] A7 AAAM F
A

5 =
il
p=
N

¢}

N

4 do i
ol
lo
Fi
2
N
)
A
N
it
P
o
e

Fig. 3 Wrinkles in flange(DR 1.66 ; SPCC)

r°i'

1SS R/A9E Al4E, 20008/ 357



31 SHX| B2 =oiueg HYE
Figd"e 8719 SAAA Aue 5 do}
B QA AAANE TEAAT WIgEe a3
A @2 JHE JEIAS W I AA} gHaE
WA o] AAMR 247t IUEAR 9} AT Ax Y] TY
Ao &7]9] EdWeoz HAS HHAE el 1gol
th. ZAMNA EWEOE HYe] 7 A1 F FY
Aol A W= A7) v &Ei,
——e—rridde line(1){exp.)
205 ~—#~—— boundary fine(exp.)
= 04 \\\ made line(2)(exp.)
e - — - boundary line(FEM)
£03
£02
8
201 \T
a
0

length of flange

Fig. 4 Circumferential displacement in flange
for 60mn in depth(SF 0.15, DR 1.78)

0.2 -
—e— side flange

=
g —@— cormner flange
(2]
s
é 0.1
O
s
n}
o
o]
O

0

20 30 40 50 60 70

Punch Travel

Fig. 5 Cercumferentional strain in the centerline
of flange for SPCC sheet

i
&

vEaAst 4
HLA‘E@

N

Figh

P

X,

u R
il

4

X

m]ﬂ _\rl_, mlo )

of to
o
o
r>~
=2
2

1o
i
o
o
o
o
U
o)
o

(¢}
rE
ok
2

o &I
ot L
o,
N ot T
O,
o ox
N
ik
ofN x
[ Ra
K
X,
E —
rE oo

e
2
> N
i
X,
2
X

XN
o X
B
ju
X
N
)

> ooy B 2w

o

rlo

4

<

=)

=

o

SN
ob
32
£

ES
%
N
)
)
=
o
»
;
&
'3
=
N,
lo
of)
o2
-
A

o

yo, filo
£ o
£
re

5
ol
o
E
= -

W% 0 o

(o o= A o
o

He

(& o

I
r
iy ol (B ojo 2 ooph m 2

flo

22
N

ﬁd

olf

o,
[

BodN oo R YO
1
kv
_ir
)
tlo
1o
=)
=
0
&
il
o

foo
o,

W

)

lo —Hu
i)

1

)

Aol dEaiden

the

(
[

o =

ofl ofo
-
o

[

i
o
e
0%
ol
ok
rir
P
o
rir
s
o
(& o
ot 2
ox.

358 / eRAaMIIEEE K] /A998 A4E, 2000

32 2 Ed3EH o4
Fig6e 5707} 08mel HAgddas &88 344
B2 AR e ARE W =2Ydd g F
ol BAEA e Had Ad &¥aEH 4=HE v
W cgolnk 2ol A =2uzt B wol Fgo]
AeA e BAAEY gele) ool Ya ==Y v}
AW 71 GA9e WA dolAle AL Holn it FF
& A S HaoEYadu g4¥s 4 ol&st
W otho], BERAETE B FUAALololA wpEE e AR
Aol FestnR olfde Haryazy EE FE
of WAl o ¥AaEY 4P v
12
10 —&— Wrinkle limit
—il— Fracture timit
’g 8
= 6
a a4
I
@ 2
——— ¢
0
1.6 1.8 2

Drawina ratio

Fig. 6 BHP vs. Drawing ratio for SPCC steel
of 0.85mm thickness wihtout lubricant

Fig 72 $ag4addas 498
avdagel ¥ WsE vudl agolt

1.0(kg/mMell A 15kg/m)7HAl AR, HEsF & §3H4
(430}10™" mY/sec) 2 £8S
(kg/mi)7+A] Z7F8t At

o)

Zgn7t #e FYddM e &8
1

2 8 ge Julzt & A%E &
Be 4 e 97k 439 AT 93 vehin
Rtk ojAe =Rt AT §8¢ Su EAAY E
dygos AP gaz &

=

=
1 ]
=
<5
rlr
s
2
1o
_1
-
N
-~
<o
&
=
=



¢ Ve oltagosre =2uzt A4m 94
Hapag Yol §RE AAVE AT L3ke/n)

WA 24g/mDH7AA], &8 & F$e L6kg/m)o A 25
Gke/m) 74 Z427F Zrstal Aee depia o ey
7 Aol 24 g,
4
—e— non lubricant
’«é 3 -~ |ubricant
2o
a
% 1 /
e
0
1.6 1.8 2
Drawing ratio
(a) 0.85mm in thickness
3 —&— non lubricant
—&— |ubricant
2 /
o
m
0
16 1.7 18 19

Drawing ratio

(b) 0.55mm in thickness
Fig. 7 Minimum BHP vs. Drawing ratio for SPCC sheet

Fig8e Wiz 498 o #5579 J%&
Bl gdog AREe #HAEYaIy 4ES AFEAR
a4 Jebdd Fig8a)s 422 &4 ¥e A$oln
Fig8b)= &2& & ve Zdodd Az 2 A

ol& glolA ZH & ahg o)8ste st TR Z

Abstel AMEE 4 9lE Aoewm

Fig9e 5771 086me! Wit Zae Ay A
T4 A9E A 1 FE5A 288 4 dE MGotoh
o] Auel vlug aRlolty 1EA Gotohel J¥HA <}

%V] = Fig.9(a)l“c 84S 3R ge A
}7} Gotoh«] *Hﬂxm

BHP(kgf/mat)

13

BHP*Thickness

07 —o—0.8amm
~g- 0.55mm
04 ;
16 18 2
Crawing ratio
(a) without lubricant
3
®
2o
Q
~
[
*x
gy ‘/M
g —e— 0.85mm
54— 0.55mm
0
1.6 1.8 2
Drawing ratio

(b) with lubricant

Fig. 8 Min BHP Thickness vs. Drawing ratio
for SPCC sheet

—&—this result
~g-~ Gotoh's lower limit
Gotoh's upper limit

BHP (kg f/mnf)

1.6 1.8 2
Drawing ratio

(a) without lubricant

—&—this resuit
3| —@—Gotoh's lower limit
Gotoh's upper limit

iy ot

1.8 2
Drawing ratio
(b) with lubricant

Fig. 9 Comparison of this result with Gotoh's
for SPCC sheet with 0.85mm in thickness

A MTISEEX/A9H A45, 20006/ 359



o] A7E 248 e 798 et Fgdbhe £8&
3 Ao g e =RYH7L ofF e HASE A
SJahats Gowoh®l A@atel AP Fsart Fu =z
7k 37k 94 3 Aol o A
—&— this result
—8— Gotoh's lower limit
2 Gotoh's upper limit
E /
T 9
o B 5 8
0
1.6 1.7 18 1.9
Drawing ratio
(a) without lubricant
—e—this result
3| —&@— Gotoh's lower limit
. Gotoh's upper limit
:i 2 /
T
=1
@ @ & B
0
16 17 18 19
Drawing ratio

(b) with lubricant

Fig. 10 Comparison of this result with Gotoh's
for SPCC sheet with 0.55mm in thickness

Fig 10—°— —'?-71]7} 0.55mm<]

1y
fifol g
S =
O
o i
oy &
=

ns
2
4

o

P\:}(SUSBO4) g 4
FA ol A %@%L%L
2HRE 2 Q#2273

=Egduizt AAE Sk

Fis

o b

o

[y

ot
_rll
s
LU D
tlo
ox

24
-
N

e a2 b 2o

11
> 5
H

oy By

ﬁ,‘

{

rl
o

e
2
2
o
g,
1o
ot
4
i
Ho
g
o
ol
E o

Z
rO
i)

ron [
>\£
o
£

o £

e
oo
o

2 ¥

=]

o 2

B
o
o
U
<
S

i
)

Az

360 / e=maMIkastEA] /A19d 245, 2000

41  —e—non lubricant
—f— lubricant

3 sus34
E
=22
o
I
m

1 7

0

15 18 2.1
Drawing ratio

Fig. 11 Comparison of BHP for SUS304
with one for SPCC

3 ——this result
Gotoh's fower limit

25 —¥— Gotoh's upper linit
:E 2 . N /0
= AN % v $
5 15
& .
1 —
05
1.6 1.7 1.8
Drawing ratio

Fig. 12 Comparison of this result with Gotoh's for

SUS304
Fig 12 2Hlzl=Zgd gt A¥Z50E Gotohd]
Aol wjargk zojrh. =2zt vy £ AL S

Aed A9 ZE PGol Gotoh? et £ A

o] Aapxc} Ak
Gotohd] 3139} ¥ dA7AnRg dlwsld =2du|7}

zzgv)zt 2}

iy 2 FeME 2 N?’éﬁaﬂﬂ} Ek

=
& bl A= Gotoh®l 3heRA7t g Avh

¥ 972 Fa4 Qe AR aokhu e 2

O WgagEs 2HAsge F8 szYu)t
ke FES TS wr Arudgagd QEe
F7hgt

@ Agelq 3 HAZAAFULEL Gotohl 4]
2y e Ave mmed W7
Ae A} A,

(3) zEREazwe AsE =29 v 2 A$E
Adsld B A7 A7} Gotoh2 O 2 FE] Fa AFEHR]

HT} zh



oy

@

(&)

(4)

®)

HA2g719) A8A

il u}m

3 243
s e 3%

Helazgnge 433 W 78

HAAEYFEY 4= o A7 AY

a2
Matsuo Miyagawa, 1957, "Mechanism of

Wrinkling in Deep Drawing of Sheet Metals, st
Report”, J. of JSME, Vol.23, No.130, pp. 390~398.
Matsuo Miyagawa, 1957, "Mechanism of
Wrinkling in Deep Drawing of Sheet Metals, 2nd
Report”, J. of JSME, Vol.23, No.130, pp. 399~407.
Nozomu Kawai, 1960, ”Critical Conditions of
Wrinkling in Deep Drawing of Sheet Metals, Ist
Report”, J. of JSME, Vol.26, No.166, pp. 850~857.
Nozomu Kawai, 1960, ’Critical Conditions of
Wrinkling in Deep Drawing of Sheet Metals, 2nd
Report”, J. of JSME, Vol.26, No.166, pp. 857~863.
Nozomu Kawai, 1960, "Critical Conditions of
Wrinkling in Deep Drawing of Sheet Metals, 3rd
Report”, J. of JSME, Vol.26, No.166, pp. 864~873.

Baa gogd B A7

6 T X Yu and W. Johnson, 1982, "The
Buckling of Annular Plates in Relation to The
Deep-Drawing Process”, Int. .J. Mech. Sci, Vol.
24, No.3, pp. 175~188.

(7 AQA, A4, &84,
g Ao g ~uiy
HohEEEIA, A8, A3, pp. 29~275

(8 M. Ahmetoglu, et al, 1995, "Control of Blank
Holder Force to Eliminate Wrinkling and Fracture
in DeepDrawing Rectangular Parts,” CIRP,
Vol.44, pp. 247~250.

(9 M. Gotoh and C. R. Lim, 1992, "Conditions for
Flange Wrinkling Prevention in the Drawing
Process of Circular and Square Shells from
Irregularly Shaped Blanks”, J. of JSME(c) Vol.58,
No.556, pp. 299~306.

(10) A, Murata, Y. Ebine and M. Matsui, 1992,
"Effect of Blank Holding Force Control on Deep
Drawability of Square Shell” J. of JSTP Vol.33,
No.37, pp. 411~416.

(1D AT 59, 199, "AA 8719 o)
HE 3l 1_??} A9 =gy ets] ], A164,
A2%, pp. 31~38.

T2, 1999, “EWa 59
ATA L, BRA

SmAMIE s X/A9E A4%, 20008/ 361



