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Application of the Taguchi Method to the Analysis of
the Numerical Parameters Influencing Springback
Characteristics
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Kim, Hyung-Jong Jeon, Tae-Bo

Abstract

It is desirable but difficult to predict springback quantitatively and accurately for successful tool
and process design in sheet stamping operations. The result of springback analysis by the finite
element method (FEM) is sensitively influenced by numerical factors such as blank element size,
number of integration points, punch velocity, contact algorithm, etc. In the present work, a
parametric study by Taguchi method is performed in order to evaluate the influence of numerical
factors on the result of springback analysis quantitatively and to obtain the combination of numerical
factors which gives the best approximation to experimental data. Since springback is determined by
the residual stress after forming process, it is important to evaluate stress distribution accurately.
The oscillation in the time history curve of stress obtained by the dynamic-explicit finite element
method says that the stress solution at termination time is in very unstable state. Therefore, a
variability study is also carried out in this study in order to assess the stability of implicit
springback analysis starting from the stress solution by explicit forming simudation. The U-draw
bending process, one of the NUMISHEET ‘93 benchmark problems, is adopted as an application
model because it is most popular one for evaluating the springback characteristic.
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Fig. 1 Schematic diagram of the U-draw bending
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Fig. 3 Definition of the springback parameters
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Table 1 Experimental result of springback

parameters
Parameter o & 0s 0
Unit deg deg deg mm
Value 98.80 | 8270 | 16.10 | 339.0
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Table 2 Level settings

Factor Level 1 | Level 2 | Level 3
A :BES (mm) 05 1.0 15
B:NIP 9 13
C: PV (mm/ms) 2 5 10
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9 3 3 2 1
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Table 4 Experimental results for S/N and Sm

RUN Zi g V. S/N  Sm
Rst 0 Rst.1 Rst2 Rst3 RstA4

1 20.37 20.31 20.31 20.30 20.27 20.31 0.001 ~55.08 33.14
2 18.78 18.69 18.83 18.84 1891 18.81 0.007 -47.28 32.48
3 1892 18.96 1894 1899 19.01 18.96 0.001 -54.38 32.55
4 1891 19.04 19.18 19.23 19.34 19.14 0.028 -41.14 32.63
5 1756 1764 17.81 18.10 18.02 17.83 0.055 -37.64 32.01
6 17.79 17.86 1791 17.90 1792 17.88 0.003 -50.52 32.04
7 13.30 1164 1153 11.43 1146 11.87 0.644 -23.40 28.48
8 14.69 14.65 14.57 14.37 1433 1452 0.027 -38.97 30.23
9 15.19 1497 © 1491 15.16 1543 15.13 0.042 ~-37.35 30.59

Mean 17.16

table)st ©|& IHEoEm EAE
(average response graph)°]th.
o] Differencer & W3] u}
7F 8 A MR
Hige 2 QRE
Al F¥e HlaLsto]
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NIP—PV ©] & Sm (7
—NIP 91& ]' F 3
‘Difference’”} ©] & 9]
T4

= 6, %% H
NIPE= 3 AAd =
Fig.6 Deformed shapes after springback WE Aol oF7F g5 v
o Q&g verdo
1 (Sm_ Ve)
SIN = —101logy | L —2mFe2
/ 10 log o n Ve ) Table 5 Average response table
2
( Z Vi ) (a) S/N
S, = 10 log I_n 2)
Level BES NIP PV
2 =) 1 5225 3987 4336
Ve = &) 2 4310 -4330  -40.40
y, 3 -33.24 -47.42 -44.83
o= —’:;——l 4) Difference 1 2 3
(b) Sm
£ tolel A, v 5 4, #
Level BES NIP PV
v A7elA neiste 544 6,& 16108 % ' e sLze el
EAEZ 3  HEEAA(nominal the best 2 32.23 3157 31.00
characteristic)oﬂ 3|38}l Table 59 Fig. 72 Z+ 3 2977 3173 31.80
7 d3EAES wE e AME S/N# Smol o Difference 1 3 2
33 Zl'—r-‘rm | ﬁ‘t&%EE(average response
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o0 Table 6 ANOVA table
1 2 3
(a) S/N
.=35.00
; % Source SS DF MS F
i =
| g 000 BES 542.14 | 2 271.07 | 3.7238
%: NIP 9638 | 2 4819 | 06620
L e : PV 3054 | 2 | 1527 | 02098
2 Error | 14559 | 2 | 7279 | -
e s Total | 81464 | 8 - -
‘I—I—NIP
—55.00 onss
Level (b) Sm
(a) S/N Source SS DF MS F
BES 15.04 2 752 10.60
r e — NIP 0.15 2 0.07 0.10
33.00
PV 1.49 2 0.75 1.05
32.50
Error 1.42 2 0.71 -
w0 Total | 1810 | 8 - -
31.50
% —
E 31.00 Table 7 Average response of y
30.60 |
- Level BES NIP PV
' 1 19.36 17.11 17.76
29.50 —BES
e 2 1828 17.05 16.19
B ; . . 3 13.84 17.32 17.54
o Level B
(b) Sm ol 42l ol ol HAFFEL BES:, NP,
) PV, 2 ZAHARLH o5 FEX2FAA 7di=EE
Fig.7 Average response graph 9,9 WF A9 T2 s ole o
7 o] AxDT
o 1] 3 HM T e i ~
Table 6& S/N 2 Smel thg EAEHT (8,) e = BES, + NIP, + PV, 27
(analysis of variance; ANOVA)¢]t} S$/N ® Sm
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U5 BES7H the AaEe) viskd AuHel o
F& vAL wd, NIP% PVeE 428 90lolA = 1.2

= Y MAA FEE ¢ F Aok

18.28 +17.11 + 16.19 — 2(17.16)

Z, 0,9 dEXE BEA(1610) B} 11" =

A7 ARz 27) st WA WEAE 1
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