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Abstract
Recently, numerical predictions of surface deflection based on curvature analysis have been developed. In the current
study, a measure of surface deflection is proposed as the maximum variation of curvature difference between the panel and
the tool in order to account for surfaces that have high curvature. The current study focused on the assessment of accuracy
for the surface deflection prediction with the consideration of planar anisotropy. As an example, a shallow rectangular drawn
part with rectangular embossing was considered. In terms of the proposed surface deflection measure, the maximum
variation of curvature difference, the prediction with a planar anisotropic model shows better correspondence with

experiment than the one using a normal anisotropic model.
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Fig. 1 (a) Experimental panel containing surface
deflections (b) definition of surface deflection
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Fig. 2 Procedure to calculate a curvature
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Fig. 3 A quarter geometry of a rectangular embossing

Table 1 Rankford value

) 45 o0 lavg

1.86 1.15 2.28 1.61

3. OMH==S 0[f= *¢t 7retasLsly

5S 9t AF A= A R
. Fig. 32 & Aol A AHgd
=29 »ole
10mmojtt. W=

J2}-& 55°0|t}, 4=
Weko 2 5000mme] HE WHAES A, 443
| st IE WA S JhTh

A 2 Al iAo LS- DYNA3DE A}

OE:‘_, 04.u ut
e
M
2

Ol o ool
1o 32 oft [0 ©

o

H

of
o X

lo,

ol

St

k1

oZ oo
o

e}

X

Mo
N

S
25
32
)
oo
QL
32 1l
o
2
o e
¥
1y
ml°l
ofl
L
rlo
'_\
N
(en)
_|
(@)
pd
il

o 9

o
2
)

b

AbEslG o, 59 A3k 2AS
A= SPRC340 0.7to]w], S--

12 o
%)
_,>L
of
i
H

i ot
i

Xl

rr
)
oo I-
A=)
i =

o r

[ed
ot o Jfr ofo

E

o =663.46(0.015141+ £,)°%**® [MPa] @)

Table 1 o =20 ey} Huoyy mdo
o Al B At

A e A 53] A £t FasA AE
sio), wEbA S8 s 4 (1000mm/s, 100mmy/s)
Hste] wE mAHESe] WalE dolry] 93
Tkt
I g A o] gkl P it SES H
bekgior, 527de A ATEEl 1omme} s V]E
o2 F74stth Fig. 40 539 st = &

49
o

[kl mlo

]
™,
i

Az
2500
20004 |——100mm/s
¢ 15001
o
<< 10001
£
£ 5001
&
[} 0
5 e T
[ - 4
g -500
=
O -1000
-1500 . : : :

0 20 40 60 80 100 120 140
Distance from center (mm)

Fig. 4 Maximum curvature variation according to tool
velocity

Table 2 Comparison of maximum curvature variation
according to tool velocity (mm™x10)

Max. Min. Variation
1000 mm/s 2003 -1011 3014
100 mm/s 1952 -892 2844
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Fig. 9 Blank after forming Fig. 11 Measurement of blank shape by CMM

Table 3 Comparison of draw-in (mm)

X-axis Y-axis

Normal anisotropic model 7.89 11.08
Planar anisotropic model 7.57 11.39
Experiment 5.35 13.05
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Table 4 Comparison of maximum curvature variation
between analyses and experiment (mm™x10°)

Max. | Min. | Variation
Normal anisotropic model | 2184 | -1185 3369
Planar anisotropic model 2003 | -1011 3014
Experiment 1366 | -885 2251
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