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Abstract
A flexible stretch forming process is useful for small quantity batch production because various shape changes of the

flexible die can be achieved conveniently. In this study, the design variables, namely, the punch size, curvature radius and

elastic pad thickness, were quantitatively evaluated to understand their influence on sheet formability using statistical

methods such as the correlation and regression analyses. Forming simulations were designed and conducted by a three-

way factorial design to obtain numerical values of a shape error. Linear relationships between the design variables and the

shape error resulted from the Pearson correlation analysis. Subsequently, a regression analysis was also conducted

between the design variables and the shape error. A regression equation was derived and used in the flexible die design

stage to estimate the shape error.
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Fig. 1 Schematic view of design variable
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59 Wegoz W 19 TS AFHA & 3.3 3l H =4
AZF A3 gled daASTE oo, FHATBAR] 3] 7] ¥4 (regression analysis)®] & WFEEIFY] #
AS- ABATE onrt gl AAS FEs7] {5t 8y 28-S AAEH,
49 BES Agee dad d3e A
Table 1 Three-way factorial design AAYYE EAAH FES = Aot} 3AHAEAL
T A oz wEd A, FI AN, 43
P R T, T, T, 2o Ryt B AT 2864 A7
R, X111 X712 X113 gk upe} ol F A o] HAWUSFE JHAHEIGS
P, Ry X191 X122 X123 g2 F3AEAS AFESIY o] 2¥E2 e
R3 X131 X132 X133 dleTElel st
Ry X211 X212 X213
Py Ry X9 X959 X093 y, =B+ Bx, +Bx, +...+ Bx, +& )
R3 X231 X232 X233
R X311 X312 X313 o= gd¥9d. B, B, B, T2 WA EHF
Ps3 Ry X391 X399 X393 (unknown parameter)©]™, ¢ yE FA4 wjo]
R3 X331 X3392 X333 A E A= N(O, 02)’] EYXE =3 233
Ry X411 X412 Xu13 Hll= Jasgoelgtn 7pgst w9 BEy4E
Py R, Xyo1 X429 X493 HaA e 98 FAREE AMESHA He)
R, Xus1 X432 X433 SYRF F7F il A vAY B A
Ry X511 X512 X513 Al A
Ps Ry X521 X522 X523
R3 X531 X532 X533 B,
*! Punch size(mm): P;=100, P,=50, P;=25, P,=20, Ps=10 A »
*2 Objective curvature radius(mm): R, =300, R,=350, R;=400 B=| 1 |=(X"X) X'y 2
3 Elastic pad thickness(mm): T,=0, T,=5, T5=10 ﬁ/:
y y

2 9E ol 98 x= gt 2

l xll le xkl
o} x= 0] x= Y= 1 Xp Xy Xy 3)

(a) positive (b) negative - : :

y _1 X, Xy o Xy |
o 4. YR}
41 MM Y
X o < RG] A8 2LE g 39 £
& oj o] A3

(c) curvature (d) random wA e} =71, 89, HA=] A7]5= 800mm
x200mm, 300mm><200mm, 500mmx200mm= 4 % 3}
Fig. 2 Scatter diagram with respect to relationship o, AXuIe Ax27)e Wt gkt Fig 3
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Fig. 3 Simulation model for punch size of 25mm
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Table 2 Error of simulation model using solid die

Table 3 Error data by three-way factorial design

T

P R
T, To T3

R 3.72/11.56 | 3.38/11.43 | 2.64/5.63

Py Ro 3.74/6.56 | 3.38/6.24 | 2.60/6.20

R3 3.75/3.69 | 3.40/3.46 | 2.51/3.03

. Table 20 w2

SREEEI

Ry 1.63/5.63 | 1.09/4.55 | 0.32/3.57

P2 Ry 1.63/2.13 | 1.03/1.89 | 0.23/1.58

R3 1.62/1.13 | 1.01/0.91 | 0.29/0.85

(o5

Ry 0.42/2.72 |1 0.24/1.69 | 0.07/1.31

Ps Ry 0.40/0.86 | 0.17/0.32 | 0.16/0.29

R3 0.38/0.50 | 0.26/0.12 | 0.18/0.11

PHg7e oA
b ashe 9o Aol

A QEEA AA

R 0.23/1.96 | 0.05/1.24 | 0.06/1.08

Py Ry 0.21/0.59 | 0.05/0.16 | 0.05/0.17

R3 0.20/0.47 | 0.05/0.07 | 0.04/0.07

_u_\'ﬂ;

AAE 5

g g

R 0.04/1.30 | 0.02/0.54 | 0.02/0.51

Ps Ro 0.04/0.51 | 0.01/0.08 | 0.02/0.07

R3 0.04/0.42 | 0.01/0.02 | 0.02/0.02

3} Table 2914

2 ZAEgih Axa
A=rEdd ol 300mmel A
22k 04120 RS,
A= AP 0

o o Bz o o

Curvature Radius

Width-dir.

0.000

0.001

0.001

XN oox B o
Hor N el oo o mo 24
i

[XI/M203 M25, 20114

Width-dir. shape error / Tensile-dir. shape error
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X5
-0.005
0.975
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0.005
3|
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0.000
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Table 4 Result for correlation analysis
Correlation
Coefficient
P-value
Correlation
Coefficient
P-value

Y,
Y

*_ Correlation is significant at the 0.05 level
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Table 5 Regression analysis result for width-dir. shape error using stepwise method

ANOVA
Model | Variables Entered Model Summary Sum of
Squares DOF | F-value P-value
{ X, R’ 0.900 Regression 62.854 1 387.256 0.000
R’y 0.898 Residual 6.979 43
5 X, R’ 0.940 Regression 65.650 2 329.644 0.000
R, 0.937 Residual 4.182 42
. Unstandar.d1zed Standardized Coefficient Collinearity Statics
Model Variables Coefficient
B Beta Tolerance VIF
{ (Constant) -0.593
Punch Size 0.037 0.949 1.000 1.000
(Constant) -0.287
5 Punch Size 0.037 0.949 1.000 1.000
Elastic Pad
Thickness -0.061 -0.200 1.000 1.000
Table 6 Regression analysis result for tensile-dir. shape error using stepwise method
ANOVA
Model | Variables Entered Model Summary Sum of
Squares DOF | F-value P-value
! X, R’ 0.665 Regression | 278.606 1 85.323 0.000
R’ 0.657 Residual 140.407 43
) X, R? 0.838 Regression | 351.054 2 108.477 0.000
Rzadj 0.830 Residual 67.960 42
Unstandar.dlzed Standardized Coefficient Collinearity Statics
Model Variables Coefficient
B Beta Tolerance VIF
{ (Constant) -0.759
Punch Size 0.077 0.815 1.000 1.000
(Constant) 10.119
2 Punch Size 0.077 0.815 1.000 1.000
Curvature Radius -0.031 -0.416 1.000 1.000
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