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Study on the Evaluation and Prediction of Micro-Defects
in the Hemming Process
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Abstract

The hemming process, composed of flanging, pre-hemming and main hemming, is the last one of a series of forming
processes conducted on the automotive panels, having greater influence on the outward appearance of cars rather than
on their performance. The hem quality can be quantitatively defined by the hemming defects including turn-down/up,
warp and roll-in/out. However, it is difficult to evaluate and predict the hem quality through an experimental measurement
or a numerical calculation since the size of defects is very small. This study aims to precisely evaluate the hemming
defects, especially turn-down and roll-in, through numerical and experimental approaches and to investigate the influence
of process parameters on the hem quality, focused on how to simulate the same conditions as in the experiment by the
finite element analysis (FEA). The FEA results on the turn-down and roll-in obtained from a model composed of the
optimum-sized elements, including a spring element linked to the flanging pad, and given the double master contact
condition between the inner and outer panels, had a good correlation with the experimental data. It is thought possible to
make an early estimate of the hem quality in a practical automotive design by applying the methodology proposed in this

study.
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Fig. 1 Definition of hemming defects
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Table 1 Process parameters
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Fig. 2 Schematic of the hemming processes
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Process Parameters Symbol Value
5.0,7.5,10.0,
Flange length b 05 150 mm
Flange angle 0, 90° (fixed)
Flanging | Die radius R, 1(11;2‘[‘?’ 0.5, 1.0
Punch radius R 2.5 mm (fixed)
Clearance C 0.0,0.05, 0.1,
0.2 mm
Pre- Face angle o 35,43, 51°
hemming | fnsertion angle 0, | 35,4759, 90
Main . Over-siroke s, 0, 0.001, 0.002
hemming mm

Table 2 Table of orthogonal arrays

Parameters
No. Flange length Face angle Insertion angle
(mm) (deg) (deg)
1 5 35 35
2 10 43 47
3 15 51 59
4 5 43 59
5 10 51 35
6 15 35 47
7 5 51 47
8 10 35 59
9 15 43 35
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Fig. 3 Enlarged profile of skin surface
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Fig. 5 Deformed shapes at each process

Lower Pad
(b) FEA

Fig. 6 Comparison of flanged shapes

b 9 Fo] B AT

0.01

£ 0.00

E

5 -0.01

§ 0.02 | | '.:', Experi

2 Y o «  Experiment

[=] o

© 003 | N — -FEA w/ Const. Pad Force

?‘ e ——FEA w/ Ramped Pad Force |
© -0.04 |

.‘E ~——FEA w/ Spring Element }

-0.05 * e
0 10 20 30 40 50
Longitudinai Direction (mm)
Fig. 7 Enlarged skin profiles
5218 ¢
BF 2dg J1FeE £33 @5 47 29

£ Fig. 8 9 ZiZo] Ayd uiek g @A
Holo] me FHH AFL WAHA FEAT,
ELERUE

Axke] Fgel Wi FAMEE &
ek, TAA o)yt 7.5mm ¥ o Hehd £

 #e dehdlen, ol HA ¥4 A
ZAA Aol A F23 7|Fe
sogo, Zejey #Ae] W4 350 4 W |
o] 7 2e g el RAe
Ztap zQiZe] ®okEd E<ll
A Aoz HiHYY. Z
o] 242 Axygulo] Wol

=

ole

U

2 =
i
i
O
Mo
_F_I,

f
3R
e
=)
o
&
o4,
)

x
gozn Hrhe

®
o
o
2 o
o, |
tlo o o
o 2
Do
o 2
X =]
o 3o, o to
kg gt
tilo 85
Lo we

EN
oH, 2
o el
M O

£2

NN
I

3
oE
9,
Mg
I

,ﬂ
,
— &

s

==
>
P,L
N
r
&2
a7
By
1
T,
" e
& ok
op o (L B

oo TS rlr gX off fo
1%
o
fru
-
o
)
k)
Mo
}E 1o
AN
el
2
oS
rlo
i
ok
2

it
ot
o
ol
o,
A
B
o
oH
3 - 2

e
)
o
L [-
it
oot
o
ot
>
)
2
rlr

o

S
o 2
o

X9

to ofy
[

I —{Ol‘
2L o

A

=2

i =
Qﬂ,

e

-
rl
Mo e o
2 &
fo o X~
2 o
1 o
N, o o
%
o

==

i L2
N fi i
e Xojo o 2

e
Ko
Mo
o
k0
¥
12

")

L

::_ll

i

o
rir
i
k%
it
e o
o
4
X0,
e
Suynd

B MIIZEE X/ 143 M635, 20056H/537



oy

ofN

0.06

0.05

0.04

o
=3
&

Turn down

=4
Q
N

o
2

o
[

10
Flange length

5 10
Flange length

0.06 08
0.05
06— T —— .
50.04
c
< 0.03 Soa b -
E g,
£ 0.02
0.01 o EXP
0

35 40 45 50 35 40 45 50
Pre-punch face angle Pre-punch face angle
0.06 [
0.05 ¢ . .
£ 0.04 - .
H
5 0.03 [
E
2002
’ * EXP
0.01 - —-=-FEA
0 s .
35 45 55 65 75 85 35 45 55 65 75 85
Pre-punch insertion angle Pre-punch insertion angle
0.06 0.8
Q.05
06 #=
c 004 ~ -
I £
©003 b - e 204 -
€ 4
Foo2 - -
’ . EXP 02 L -o-FEA
0.01 o- FEA 4 EXP
0 . 0 .
0 0.001 0.002 0 0.001 0.002
Over stroke Over stroke
0.06 08
0.05 /
M 06 @
= 0.04
H / £
©0.03 304
£ [
S o002
0.01 = FEA + EXP
0 . " 0 o
0.25 0.5 0.75 1 025 05 0.75 1
Die radius Die radius

538 B =AM I3 5B X /M 144 M6E, 20054

- YA

0.06 08

0.05 . S
£ 0.04
H ——n g £
3003 - - - Zo4 |
E 3
F002 b i | ey

001 o * EXP

0 : 0
0 0.1 02 0 0.4 02
Clearance Clearance
Fig. 8 Influence of process parameters

5.3 EA &Y

HohEat 2 i F-34 23, Table 3 3
Table 4 & FAHRA o 2A]E vle} Zo] FAHW
TE T A doprt "dukgel mAE ol
g 2 or HAHUL B9 A%, T
W oHA A7 FAAES g A HlEte
10 1 o] #A vy, 3472 2 ke

Fo3tA] @2 Ax=Z Bogct

Fig. 9v ®thgo] st 7+ dxke] sNu] &
=43 aefzelnt, SNHIY Fe 1 o]
FE 3y EFdo andoz zgdvan B
Ak WA domd15E, Ty HXA
o) 195, ZelE" wx] 0920, )9 15
Tol b & ;e e o Az "dAoe

rE A o

o)

e Az} A% xge ZaA 2ol smm,
=z f1x1 W2 350, ZTHEY HBX Yol
35091 Aede & Ao

Fig. 102 £ e 2t 1ake] sNv] e v
B oz, 29 AFS Hxsas] AF A4
o] 22 FWA Zo] 15mm, Ty Hx ¥
7 35, ®A APl 477k BE #AF & 9
=2

Table 3 ANOVA table for turn down

Parameter SS DOF MS F-test

A(h) 94.582 2 47.291 0.926

B(a) 69.371 2 34.658 0.679

C( Gp ) 90.180 2 45.090 0.883

Error 102.095 2 51.047

Total 356.228 8
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Table 4 ANOVA table for roll-in

Parameter SS DOF MS F-test
A(h) 6.737 2 3.369 2.267
B(a) 3.291 2 1.646 1.108
C(8.) 0.448 2 0.224 0.151
Error 2.973 2 1.486
Total 13.449 8
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Fig. 9 Average response graph for turn down
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