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A Study of the Springback Reduction in Aluminium
Sheet Forming Using Response Surface Method

J. B. Yang, B. H. Jeon and S. I. Oh

Abstract
Springback simulation is receiving increasing attention throughout the automotive industry and
the academic world. The knowledge of the real springback of stamped parts can help the
stamping technicians to modify the process parameters or die geometry in order to reduce the
shape defect. This paper presents the results of springback simulation after aluminium square cup
deep drawing and trimming simulation, and results of springback optimization using response

surface method.

Key Words : Springback, Optimization, Response Surface Method

M2
Tojzo] ol@ WAAFE FHA EE AA4oz
29, 229, 2244 59 2gH Wye) 47 A
ge) 494, oIWAT Be JAA 44, TR A,
AASE 23 99, oHY 53 2o AR
oste] we 4% Bao] uEhith 4¥EY U
ol Ao #E, 2

« Agdigtn AAM AT Qi
** Qdnigty 7 AEA s}
o qgrista 7| AgS e

526 /=AM ISHEX/A9E A53, 2000

Aol Azl AL AFY A5 HAUEE Bo

w7 BE Abole) 2y 239 Ale] Aok

@Ale] sz B4 B AT
AN 2o e sAsdl Slael Wefold o
O, Ael B g Aol g FYol A 49t 8
e 100 ol #7 A3e *éﬁé%“% bl f@e

3
p
 E
L
2
Iz
i)

&
01%3 —°r F2 AP,



B AFiE dRuEaAe Ay gEZEgey
(deep drawing) &HolA LAsts LLgo] i

=g 34,

& Fsdien, wSEHEMHesponse surface
method) 3 Z& X3 E oot 2zgulg F
233t TAHTE STt

=
Fy] Bk E(die comer radius), BX¢} the] &
2(clearance), TS AR E AU Fol 9l
. B3] the] Y HEAES Am7E HA ZUF-olA
o g o) FYAHoer AL ueld o
W FEXH AUt WA &
IR F§ Wy gdo] yoAn
o] &

ol o] =4

5

)
i
o
of
He

O

re oy e
iC)

e

e
il
L
52

(e

e
>
4 e
o
o

Sl
=2

=z

>

>

IR )

[6 &

o ot o
1z

J
o o

o ¥2
o,
4
o2
1
ol
ol

E
8
v
Hiv .

ox ml oY
o >
>,

2L

Sl DN SRR o oo 82 SR o
KW
o,
o, =2
ok X
()

%0,

)

e

o

&
RN
of %
oo <
rlo B
e
i

Z2s 9 = = 8
2zule Zol7] 93 WpHoew AFFTHN YrE
gto] A(restrike) F8-& F7H8le A9t vt 2l=Ed
o]z FAAAE w8 WNES HYTAHY 3 WHE
\r} A7) gozM Axgue 7harzick®
3. #|Hsto|2
AAWSe] et X5 gL oL 22 =2A4F

p=H (1

i=1,2,..,m

minimize A p)

g{p=0

subject to

A7|M A p) HasE EAYS o, p = AAHES

o,
=
=
rir
i
-
e
4
lo
o
X
ot
il
ox,
_o'yl
rir
i
Y
ol
e
o,
S

A48 A MANEY 27)H p, = LE w2
Aol W] olaje] MAMSE AN SP=H A7)
wae] AL The A apau

= . % gl AA
FHHEd 3 aAdNE FAEE el P e
WAGAE waggeor 2ARGE Hash Hes
@, & FH AT Has BAE ) 99 Yoz
& oly 77 9AR R pEe ARG )
@ 243 g wigos s

fdp)=cfy 3)
o}7]A y : vector of monomials evaluated in p
usually {1,p,, ..., p,) for linear model and

{Lp1, .o Dan D12 P1020 o D1Das ., D7)
for quadratic model

¢y - coefficients vector

/B BE A% 2e BAYS U BARE Aol

o AlFe] & Hispete goz 78 5 ok

[F0)— 10V = BL)—ef 1 @

1=

BERadTISSEX/A9d ASE, 2000/ 527



c=(Y'Y)" 'Y ®)
7|4 L : number of test points
f ¢ column vector of f(p;)

Y : matrix formed by v(p;)
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Table 1 Calibrated draw bead force

Bead height resgjgfzgti?;rce Nomf?)lrc[:p-lift
2.0 mm 0.20 KN/mm 0.15 KN/mm
3.0 mm 0.25 KN/mm 0.22 KN/mm
4.0 mm 0.32 KN/mm 0.30 KN/mm
5.0 mm 0.38 KN/mm 0.35 KN/mm
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Fig. 1 FE model for deep drawing analysis

Trim line

Fig. 2 Deformed shape after deep drawing process
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Fig. 4 Schematic diagram of tool and blank

Table 2 Parametric study of springback simulation

Bead 1| Bead 2 | Bead 3 | 5po | Die corner| Blank' Point A Point B Point C
height | height | height radius comer | Bead position| springback | springback | springback
(mm) (mm) (mm) (KN) (mm) cutting (mm) (mm) (mm)
case 1 - - - 10 5 no - -5.46 -1.81 -2.31
2 2 - 40 5 no - -4.10 -1.47 -1.51
case 2 3 3 - 50 5 no - -2.05 -0.84 -0.93
5 5 - 50 5 . no - -0.36 -0.18 -1.10
case 3 3 3 - 50 3 no - -0.64 -0.71 -1.34
case 4 3 3 3 70 5 no - 0.15 -0.77 -0.29
2 2 2 70 5 yes - -2.95 -1.28 -0.84
case 5
3 3 3 70 5 yes - 0.11 -0.78 -0.19
3 3 3 50 5 yes 8mm shift -3.17 -2.18 -1.24
case 6 3 3 3 70 5 yes 8mm shift 0.30 -1.25 -0.91
3 3 3 90 5 yes 8mm shift 0.39 -1.07 -1.11
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