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Effects of Blank Design Factors on Stretch Flange
Forming of the Tailored Blank
Using Taguchi Method

S. Y. Baek, J. W. Kwon and K. D. Lee

Abstract

For the successful forming of tailored blank, it is important to control the deformation of the stretch
flange mode, which is strongly dependent upon the location of weld line and blank shape. In order to
investigate the effects of tailored blank design factors on the stretch flange forming, we made the model
die which can simulate stretch flange mode. Taguchi method was employed to analyze the sensitivity of
blank design factors for the forming of tailored blank. From the results of experiment, S$/N ratios were
calculated and using Variance Analysis, significance of parameters and optimal condition of each factors
were extracted. Based on these analyses, the weld line height and the strength ratio and the arc center
height were selected as effective parameter. The analysed result was practically applied for Side outer

panel stamping process.

Key Words : Tailored Blank, Stretch Flange, Taguchi Method
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Table 1 Design of sheet combination of tailored blanks

strength ratio(SR) base metals

SR1=1 Bare EDDQ/Bare EDDQ

SR2=1.22

Galvanized HSLA/Bare EDDQ

SR3=1.%4 Bare HSLA/Bare EDDQ

EDDQ
HSLA

: extra deep drawing quality
. high strength low carbon alloy

i
Ho

L
on,
rk

Table 2 Ranges of input conditions in experiment

Tactor SR h/R L/R .

Level ™| (MPa/MPa) | (mryimm |ty | B30 | WAO)
1 1| 75525 |375625| 00 | 0o
2 12 | 325 | 45525 | 750 | 6o
3 154 |525/525|525/525| 150 | 1%

SR: Strength ratio h : Height of weld line
R : Radius of blank arc

L : Height of blank arc-center

BS : Inclination of blank addendum

WA : Inclination of weld line

Table 3 Schematic drawing of T.B. blank design factors

4—;175—4

blank shape
(declining angle)

High R52.5

_l

155

[

strength
335
Low
strength
1
!- 412
BS

b—175—+}
T N
High High or
strength strength areeme
T / RS52.5 h=15 L (arc center height)
335 1 330 T
| Low T
Low 155 155
strength _L strength
. . 1
! 412 L 412 ]
R L/R
le—175—=] fo—175 —=]

High
strength

335
declining angle of weld line
Low 135
strength
I-— 412 ——l
WA
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Table 4 27 Input conditions based on 3-level
orthogonal array and S/N ratios

column )
No SR | WR | L/R | BS | WA S/ ratio
1 0 0 0 0 0 33.%6
21 0 0 1 1 1 2920
3] 0 0 2 2 2 2922
41 0 1 0 0 2 33.96
51 0 1 1 1 0 3%
6| 0 1 2 2 1 3394
71 0 2 0 0 1 3397
8| 0 2 1 1 2 3397
9] 0 2 2 2 0 3397
10] 1 0 0 1 1 2856
1] 1 0 1 2 2 26.66
12] 1 0 2 0 0 26.78
13] 1 1 0 1 0 3397
147 1 1 1 2 1 31.38
5] 1 1 2 0 2 2850
16 1 2 0 1 2 3956
17 1 2 1 2 0 339
18] 1 2 2 0 1 3397
19| 2 0 0 2 2 25.16
20| 2 0 1 0 0 2485
21 2 0 2 1 1 22.85
20 2 1 0 2 1 33.96
23] 2 1 1 0 2 23.08
4| 2 1 2 1 0 2137
5| 2 2 0 2 0 33.96
6| 2 2 1 0 1 33.9%
20 2 2 2 1 2 33.H
a b c ac | ahe
A B C D T T=31.4

*T : average of /N ratio

%, 49 #A"xx319 S/Nu(7 opt)e 37.17390] 5L # e
78 S/NH|(7exit)y 3130BLE FHA x| ot
o]5& 5381430.% o] we ek x;ole of 80% 7f4lol

4 T T T T

SR =1.25
h/R = 22/52.5

w
T

Fracture point

Forming Load(Ton)

0 10 20 30 40
Forming Height(mm)

Fig. 3 The graph of load-displacement
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Table 5 Mechanical properties of the base steel sheets and tailored blanks

BAREEDDQ  GAMSLA  BARE HSLA

material

(BARE EDDOY (BARE EODQ/ (BARE EDDQ/
BAREEDDQ) GAHSLA) BARE HSLA)

sheet Y.S.(MPa) T.S.(MPa) eu(%) et(%6)
Bare EDDQ
Avg. 1595 286.7 26.4 475
(0901 Ve
GA
HSLA-TI Avg. 2305 3Hl6 24.1 44,0
(1t)
Bare
HSLA-TI Avg. 364.7 4417 225 369
(1t)
I1-1 0°(//WD) 1839 306.2 25.3 471
couple o° 156.2 290.8 237 395
- | 0" 235.1 3456 22.3 36.7
coupie % 1629 2895 131 2%6.4
[ -1 ! 0° 316.6 4138 194 303
coupie o0 1576 2899 126 256
GA . steel sheet with Galvanizing coating
Avg. 0 (Xt 2XX ot Xg) [ 4
/WD  : parallel to weld-bead direction
eu : uniform elongation, et . total elongation
Y.S. . yield stress, TS, . tensile stress
base sheet T.B.-0" (/WD) TB.-90" (LTD)
40 i-“l_]: 40 ": 40 I U:‘
_ i _ N R
elongation Sx01] o - b | 2
© | - T ] i ] o
10 l I 104 1 ‘L } 10
1 L

(BARE EDDOY (BARE EDDCY (BARE EDDQ/

BAREEDDQ) GAHSLA) BARE HSLA)

material material
500 500 500
average valve (T4 ‘\:v? ('“’L, :As:»
cavs — L L2
Eits 1Ts iTs
400 400 1 400
, |
2300 300 f b © 300 .
T o . ! !
5 s . | s !
£ = | | 1 % b
stress 200 ge Pl o g 200 P
° 3 | | G
Vo ! | [
100 100 e b b 10011 = '
| i l ' P
s nEmEl
" I Il i l

BAREEDDQ GAMSLA  BARE HSLA (BARE EODOY (BARE EDDQY (BARE EODQ/

(BARE EDDQ! (BARE EDDQ/ (BARE EODQ/
BAREEDDO) GAHSLA) BARE HSLA)

BAREEDDC) GAHSLA) BARE HSLA)
material

material material

Fig. 2 Comparison of the mechanical properties between base steel sheets and tailored
blanks
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Table 6 Results of ANOVA before and after pulling error

Parameter® SS Phi Vv Fo F(005) F(O0D)
. 753000
. 2871 { .
SR 574676 2 3379 (R42153)+ 3634 6.226
2557970
. 2 K . 6.226
/R 195.219% 97.60976 (9R60R2A) 3634
3.41836
26.0833 2 13.0441 3. .22
LR 015 (3.82308)* 64 6226
BS 1.3691 2 068453 0.17939 3634 6.226
WA 58153 2 2.90766 0.76198 3634 6.226
error 61.0645 16 381591
(68.23892)* (20)+ (3.41195)=
347.0143 26

* results after pulling error

Table 7 Results of calculation of average of S/N ratios

Aver.

Parameter (If:ilra:gel) (Levzl a:ge2) (]_},Zzgazgeg) A Estimation of Gain
SR (329019 ) 30.8587 29.3478 3.5601 7opt = 37.1739
WR 274707 31.6813 (1339623 ) 6.4916 7 exit = 37.1739
L/R (32.3837) 306677 30.0630 2.3207 Geain (db) = 58143
BS 30.8929 30.8653 (131362 ) 0.4909
WA ( 314190 ) 3L.3105 30.3848 1.0342

A : Difference between maximum and minmum S/N ratio

7opt : Estimation of $/N ratio at optimum cond ( SR1 - h/R3 - /Rl - BS3 - WAL )
7 exit : Estimation of $/N ratio at present cond ( SR2 - h/R2 - L/R2 - BS1 - WAL )
Gain (db) = 7 opt -7 exit

Factor Level

@/h/R
)
ke)
g ~_ e
Z 7 -m-sRe & "R
0 284 ./ A URS —wy-BS
2 WA
26 T T T
Level 1 Level 2 Level 3

Fig. 4 Comparison of S/N ratios of blank design factors
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Before optimization of blank design

After optimization of blank design

hR > 1
SR = 1, Thickness ratio = 2.1(1.9/0.9)
L/R = 049

A-Pillar

region
WR > 1
SR = 1, Thickness ratio = 2.1(1.9/0.9)
LR =1

B-pillar

region
h/R = 0.787
SR = 1, Thickness ratio = 2.1(1.9/0.9)
LR =1

WR = 0.787
SR = 1, Thickness ratio = 2.1(1.9/0.9)
L/R = 0.785

Fig. 5 Results of stamping of Side outer panel
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