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Abstract

When sheet-metal is drawn to be an irregular prismatic cup, trial and error methods are usually used to obtain
the optimum blank shape. However, the uncertainty of the trial and error methods mean that they require sequential
modification of the blank to obtain the optimum shape. It causes the waste of the production time and the cost of
manufacture. Hence, This paper develops a Stream Line Method (SLM) theory to superimpose material anisotropic
property as a “sink” to the potential field. A prediction of the optimal blank in irregular prismatic cup drawing will
be obtained efficiently from this theory. From the optimum blank contours calculated by SLM for the square cup, it
showed that material anisotropic property has significant influence in the prediction of the optimum blank shape. As
a verification of the theory, an experiment of square cup drawing was conducted on sheet-metal foming machine.
From the profile of the square cup and measured cup height results, it showed good agreement between experiment
and theoretical prediction.

Key Words : Optimum blank, Square Cup Drawing, Anisotropic, Stream Line Method



FEM
SLF
Liu  Sowerby [4]
BEM
Stream Line Method
equipotential contour domain
A-D
FEM CAE
u v
_t—=-
™ Ty e
(1)
u v Xy 1 X-Y
potential field
RIS LI
™ Ty?
(2)
_Tif
X
(3)
_I
Ty
(4)
e,
e 2
2
G G
(r-dr,g-dq)
dw e
o ==l
r r
(5)
q
=(w
[ =5

(6) q

Almetoglu et al. [1]
Kaiwai et al. [2]
Karima [3]
potential flow

FORTRAN

CNC

3D CAE

@

Laplace

(r.a) dt



e e
R =_1=_ 1
0 e, (etey)
(7)
R o0 2 I
— I:<+90
" 1+R.y
(8)
e =-—e,
1+R1+90
(9)
B () @)
R 14
r (1+R.g)
(10)
ﬂnz r(1+R o)
(11)
Hill R
R = RiReoC0S (21 ) +[Ris(R +R)Sirf(2!)]
2R,srfl +Rycog 1)
(12)
11)
ﬁz(Ro+R90+2R45)
4
(13)
Tr_ M
in? r(l+R)
(14)
(stream line method) M
3 j Kk
f
Ja . _
Qﬂ_nds_qde
(15)
S D
gs: - 0, = fa
(16)
a D S s ij ki
31
1 1000
80
3 4 abcd
(source)
4 ab a,

q,s, - q,s, = fa
5 1000 20

(1) 14

(Poisson)

Ry

Ris

ijkl



3.2

6
KEITHLEY 500A
7 8
JS G3141 SPCEN-SD DDQ
1.0mm Ro Rs Ry 239 253 334
1 5
2
3 [Zn(C1gH350,)]
4 50K g/cn? 2.0mm/sec
5
ANSY S5.6
Pro/E Surface
3-D Export IGES ANSYS
1/4
LS-DYNA
SHELL163
12 XY Z XY Z
Belytschko -Wong-Chiang
5/6 3 1mm
740 835 100 120
1260 230 285 9 12
( Poisson’ sratio)v = 0.3
Densty DENS=8.0x10"* /mm®
E=2.1x 10° Mpa
9
1
0 =51654 00063+ , O
13 X
Y Y Y Z X
51
14 17 12mm 16mm 20mm  24mm
20mm
24mm
52
18 25
3 45°

24mm

VIEWDAC

0.1mm

2l

SHELL163

warping

270

1200



5.3

26

22.7mm 23.5mm 6mm
3mm

54
1 15mm  20mm

source

ANSYSLS-DYNA

1. Almetoglu, M., Kinzel, G and Altan, T., (1995) "Control of blank holder Force to Eliminate Wrinkling and Fracturein
Deep-Drawing Rectangular Parts”, Annals of the CIRP, Vol.44,pp.247-250.

2. Kawai, N., Mori, T., Hayashi, H., and Kondoh, F., (1987), "Effects of punch Cross-Section on Deep Drawability of
Square Shell of Aluminum Sheet', ASME Journa of Engineering for Industry, VVol.109,pp.355-361.

3. Karima, M., (1989), "Blank Development and Tooling Design for Drawn Parts Using aModified Slip Line Field Based
on Approach", ASME Journal of Engineering for Industry, Vol.111,No.4,pp.345-350.

4, Liu, F., and Sowerby, R., (1991), "The Determination of Optimum Blank Shapes When Deep Drawing Prismatic Cups”,
Journal of Material Shaping Technology, Vol.9,No.3,pp.153-159.

91 09 04
91 09 20

1

0.0 0.004 | 0.012 | 0.024 | 0.048
159.948|179.043|204.403|229.666|262.872
0.192 | 0.384 | 0.576 0.8
354.918(415.271(455.652( 491.38

l'ine

punch
profile
=constant

-o X






BLANK
\ s

HOLDER i i

=] /// \

5

e 7. 7.7 " ]
Alpha Station 200 4/233
T

KEITHLEY soa A |

7 & VIEWDACZ
KDAC SOO/I

FL I
45*]&*1

W,

DIE

/.

A
|
i
T
|

Experimental apparatus



& punch

117.5

/ 7
@
N )
~ \Q’\
pmch_._;/
N blonk
77.5
117.5
8




12



[THA ey

5mm

14

WAETE

CLREMT

Fawrrdcanh o

~BLFEEE

LS TN,

10mm

15



smmr

15mm

20mm

lom

TRl

B0




LE-FINL uscr dmoed

19 10mm

LE-CTHE war 100w

20 15mm

L3-FINL uscr dnowd

I 5,02
Er R H
W
HORAL BOLTTION
TINE=L

EFFLEU (iMG)
LETFSI

LEEF=T
Fawsrioaphice
rracETsL
WFREE-Bai

MK =11, 111

WAL

Ly 1%
Lok AR
IR
= 1

HaL.813

L

21 20mm



| L2700 woor dncs

22 5mm

| RSN B4,

| LE-omn. e

23 10mm

| LE=NY¥d upar 1ooeE

24 15mm



| LE-¥INR umer inous

Height of Cup (mm)

20 —

25 20mm

T T T T T
] 45 90 135 180 225 270 315 360
Angle to the Radial Direction

26

1 15mm  20mm



	03cg91t
	03eg91t
	03ct91t

