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Springback Analysis of High Strength Steel
Using Taguchi Method
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been performed.to secure a methodology to QAo HE AL oAl e Ho|
accurately predict the springback qf HSS T ogEe A7 wEs S Rw oo}
for successful' tool and process des1gns. in sy, wAEo) o} A g A}%Q" o1
sheet  stamping  operations. We  first = WA mg= EA.0dR S88A u,g

performed U-draw bending test to evaluate
the springback characteristic. We then
evaluated forming and springback processes
using the 1-row model of the finite element
method. Based on the performance measure
and parameters selected, extensive analyses
of the factor effects on the springback have
been made wusing experimental design
concepts. We specifically selected Taguchi’s
orthogonal array, Lig(2'x3"), and the optimal
level combination of the factors have been
drawn from the analysis.
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2. U-draw bending A&
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<% 1> Definition of the springback
parameters

bending A ¥
A& 95t NUMISHEET '93[6]
Wl X w2 AAF R Zdojrt,
o /S ZA

! DIE

BLANK SIZE 1 350

<I1¢Y 2> Schematic diagram of the
U-draw bending
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<19 3> Specimens after springback

<3 1> Springback measurement results
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a) 1/4 model

b) 1-row model

<219 4> a) 1/4 and b) 1-row models
for finite element method

<3 2> Comparison - 1/4 and 1-row models
(BES=1.4, NIP=9, PV=5, PP=0.03, CDP=0.1)

_82*

3.43% AA4 ¢ 24
31 SAA 2 AA A9

Aregl Ayl okol Vs d FAHAE
% %%HX} 73/\ 7‘} e/(:el_ez)% '}71333‘037]’7]
zog AHHsidth e, HAIAE <E 1>
Aol HaxQl 16.11°F ©] ol 73 A A
o7 ZHFE d¥dERE T IAEFE
Zuzk 4t mEtAM, 544 o, 1611
Exxg & YEE54 A (nominal the best

characteristic)ol 3} &3gtc}.
theo AyETAT Axygwmo] A4 ZAi

of & QJ3e maA Aow g dAUAt,
Z TA 2D FREey 28R o5 5704
P RS AT

(D BES - blank element size,

(@ NIP - number of integration points,

@ PV - punch velocity,

@ PP - penalty parameter, and

& CDP - contact damping parameter.
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<3 3> Parameters and level settings
for the experiments

Factor(unit) | Level 1 | Level 2| Level 3

BES(mm) 0.5 1.0 1.5

NIP 9 13

PV(mm/ms) 5 10

PP 0.03 0.05

CDP 0.10 0.20
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<3 4> Experimental Results of S/N and Sm

42
2
=

0 aE e e des
wRoz AP 9 AdA y)
'1 /N ECL_ Sme
ooz MAG gholtt,

'~

=
o wlo

=
r1r

B
erdT,

1 1
1 2
1 3
2 1
2 2
2 3
3 1
3 2
3 3
1 1
1 2
1 3
2 1
2 2
2 3
3 1
3 2
3 3

D k= W — WD = W= W W~ W=

0 DN DD DN R WD =W W N
W DD = DD k= ok LD = WD W W

1 1 1154 1150 11.80
18.60 1867 1875
1887 1895 1893
19.40 1952 1948
1790 18.00 17.89
18.40 1845 1857
1543 1515 1521
1635 1629 16.20
1639 1646 16.62
2031 2032 20.35

1901 19.09 19.15
1897 19.00 19.03
18.32 1843 1852
14.68 1677 14.74
1463 1467 1287
16.16 16.30 16.40
16.34 16.39 16.63

11.74
1872
18.98
19.52
17.89
18.55
15.30
16.28
16.63
20.36

19.15
18.99
18.52
14.78
14.72
16.40
16.86

11.72
18.75
19.01
19.56
17.88
18.54
14.44
16.24
16.48
20.38

1917
1893
18.46
14.73
14.78
16.27
16.89

11.66
18.70
18.95
19.50
1791
18.50
15.11
16.27
16.52
20.34

19.11
18.98
18.45
15.14
14.33
16.31
16.62

3303

49.34
51.05
50.14
51.14
48.04
31.83
49.22
43.93
56.98

49.31
54.17
46.99
24.40
24.834
4421
36.25

28.32

3243
32.54
32.79
32.05
32.33
30.57
31.22
31.35
33.16

32.62
32.56
32.31
30.59
30.12
31.24
31.40

,83__




38.93+49.34+51.05+ ., +36.25
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= 44.16
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<¥ 5> Intermediate estimates of S/N
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and Sm
S/N Sm
k | S/N&k) | ER(k) | Sm(k) | ER(k)
0 44.16 - 31.62 -
1 48.65 10.16 31.20 1.33
2 51.39 563 30.94 0.83
3 53.06 3.26 30.79 0.51
4 54.09 1.93 30.69 0.31
5 .71 1.16 30.63 0.19
6 55.10 0.70 30.59 0.12
<3¥ 6> ANOVA's for S/N and Sm
a) S/N
Source SS df MS F
BES 41889 2 209.45 2.91
NIP 185.08 2 92.54 1.29
PV 27941 2 139.70 1.94
PP 3919 2 19.60 0.27
CDP 18286 2 91.43 1.27
Error 50364 7 71.95
Total 1609.08 17
b) Sm
Source SS df MS F
BES 3.80 2 1.90 151
NIP 0.97 2 0.49 0.39
PV 450 2 2.25 1.79
PP 5.04 2 252 2.00
CDP 1.80 2 0.90 0.72
Error 8.80 7 1.26
Total 2491 17
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<3 7> Average response tables for
a) S/N and b) Sm

a) S/N
NIP PV
4281 42779
4927 41.21
4217 50.25

BES
1 20.05
45.81
38.38

Level PP

42.72
45.34
46.19

CDP
42.52
42.47
49.26

BES

31.62
32.11
30.98

CDP
31.13
31.72
31.86

= BES,+ NIPy+ PVy+ PP+ CDPy—4p,

50.05+49.27+41.21 +42.72 + 49.26 — 4(44.75)
53.51

IHon

Sm =31.62431.65+31.63+30.82 +31.86 —4(31.57)
=31.30
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