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Analysis of Hydroforming Process
for an Automobile Lower Arm by FEM

J. Kim, Y. C. Chang, S. J. Kang and B. S. Kang

Abstract

Tubular hydroforming has attracted increased attention in the automotive industry recently. In this
study, a professional finite element program for analysis and design of tube hydroforming processes, has
been developed, called HydroFORM-3D, which is based on a rigid-plastic model. With the developed
program, HydroFORM-3D, the hydroforming process for an automobile lower arm is analyzed and
designed. The manufacturing process for a lower arm consists of tube bending, preforming, and final
hydroforming. To accomplish successful hydroforming process design, thorough investigation on proper
combination of process parameters such as internal hydraulic pressure, axial feeding, and tool geometry is
required. This paper describes the influences of forming conditions on the hydroforming of a lower arm
by using simulation to predict strain and tube shape during bending, preforming, and final hydroforming
Drocesses.

Key Words : Hydroforming Process, Preform Design, FEM, Lower Arm

1. M2 5 oA diel A fAol W ¥PL HgA7

AGLE FHe 4Y T4 ¢ L FF AFE 2

A4 d F(hydroforming) & Bale] FEL Aza slan, A de] B4e wd g e Fen o
71 e A (workpiece)d! 93 Za-g 3R 29 T oA AbsAt T8 FEE Artste W Qlof
el AAsta aAle e T oA £ duda 2 FEor Augn Aot oo wep oAer
A UEe AR F 3P R 247 5U9 40l 8 49 AAs) Folurie 48 agen Yo




At A= AR A Ed(rigid-plastic model) S
TAZ A AR 33 fFEatEs =2l
HydroFORM-3DE& #8319 A53t 2o (lower arm)
FZE g A998 e FaAs

B sye) g349 BiE /b AAdoly, 244
o Rolgh RES WY T & YRS IS A4
AARR, Aojshzl Avk B2 Aol oA, Ak

& AXEA wpme A3
kil

e REL o gAY T4
2= (<]
T %2

2 (scrap)

N
-

o
N
il

o
-
rot
=
us)
o
i,
o ¥
ne
tio
4
N
¥2
v
e
2
o2
h
(1]
o

starting blank tube)

<78 AEE A9 2543 9% ¢ A (prefor-
ming of the prebent tube by stamping process)

- U] AEE AR HE BESE A A48 (-
inal sizing by hydroforming of the preformed tube)
Aty FHE FHs] olHol, S FH uR

of 9N ¢ ARE HAF FF) 3 52wt B

jos

e =
o Td BolA Y strHT} w) ol
< (material feeding)o] &34 7
Y 49" 2AY oA AFvh HF RoY B
At =27} wfdo] & e o 43S
t}, o] :or_;gp_ o olto

9l
(maximum expansion limit)= 2%
o

o
X

N

o) ™o

oft o P
r

=
o,
ofk
i
B
E=)
il
ofr
Siy
4z
()

o

W O i o 3 o T
v 14
o
2L
oo
>,

3
1o
o,
g
Mo
iy
2
rlr
M
o,
ox

g, T

tije i

o
1
(o]
b o
o 3L ol ofN ml 2

o Ok 1% 2
SOl )

B ok ox ol
LA ot
oL ro
Rg S
pE e
o ud re
= N Y
sz s
U%H e e
e

By rir
= ) o
ok H my
o rlo
Tng
~ rlO 1 2

o b 22
4o =
ol 2L

o4l
ofl
B il
)
ol

St3Al @ ofgE B delA
Joll A Axdz 2ojde AAtete] B
Ho|zzjgitt,

I
i

M o ot o2 Hdo oXf T offt @ ox M o O 1o o
S
2 o ox

K
To o
>
oX
o

B Ao 49 34 FAANe aRgoz 9
9 AEHD ol dad fHase Asdgen ¢

2 #Ae THEE A AFS ol Z3d v
L}g}t‘-'(st

g Agel 12 AE B S5 deld 7z
T2 B

| £8% 5 9k

%

2,
w
k1
o,
2
B
o

o]
B

P

or = [G65dV + K [,56,dV — [ Fou,dS =0
v Sr

v

(1
7] A G =3/2(c;0)"* E=+2/3(¢,6)" &, =4,

gy i

0], oy &y F U= mxpey &l A (deviatoric str-
ess tensor), ¥ E &% €iA(strain rate tensor), ¥
(surface traction), &= (velocity) A% 281 K= 4
o vg & %9 #e /A HEH A<r(penalty
constant)Z YERTL ()& #3 84 o[4atE 93
7% g Aol oliks BAL AA HAY Y5 Wy
Aoz W Jhesih £ dMoA 98 A aAe 8
Mol A¥E 7h 32 $HA] R4 E o] 435t ol4itg)
son, A9 F¥7toll= 3 vk xHo] Y45
Aok FE HYEHE LA Alolols A& E) 0(zero)©]
He= Yol &g, A A mpEEe kA
WS B gho] BAXE FHAAAY A e
Axetr] 8 SE &Y rhEg S 4o

# o At e

u )

Bl

u, +u, +u, 2)

71N, N& %4 W% ¥, px vhd A% A %
u o AE VR =E AR s ¢ S0 UEte] w, %
u,, BEORE A7t vhehd & Qlvk e 107 ~ 107
B3 e 4 (1)

gl

o 71 PAAe) B e gele AvhEc,

oxl
Sl
o,
D)
o
B
o
~
>
o
oL
2
o
=
1
1M
2
o

:

3)

a8:, 4 (3)9 REAE de Am g

i
du, u,2 +u,2” +ul (4a)

EAMIIBEEX/A 108 ATE, 20019/535



o, _ u,
Ju e 2,2 2
K u, +u, +u, (4b)
82” l u2
S -
ou? =HN Te— 2, 2
f u, tu, +u; u, +u, +u (4¢c)
o'z, | u,
2~ HN; > 2 - 3 o
5 \/11, tu, +u, u; +u, +u, (4d)
oz, N U u,
ou, Ju, ( Uy +u +u§)} (4e)
FAH HESL A= AHE A A (@)l s
vl o] Akt
3. 2o{gte| ofju] ME x| 54
2olhd AHEA o sldto) gAEo g
2 UE 53 27so] B 2Ed 93 Elolo] 3A
A 7158 Fisty 3 Fo| Y= A5 S FTF
g B2 H deRidEld 9L FE HEo
o AAAE TS St ZoUE ARY FS TA
79 Zhol w2 g A7w Falo| 7w REo
2A 71E AdE-27 FA0] 93 RESS AT

2

[s]
F Stk Fig 1& F¥e

o Of
o
2
o &
o
Sk
&2

2eal-87
Az zoleh 2Ash A Bl Slzte] Ae

[e)
2ojeh RS Hlas) =Yt Fig 2= AAd o
@ 2olor BEel & W dold] B2 Fo vy 3
FE HolEch Table 12
223} WAE Mool 713

701— _/J’\_)\é

A5

Fig. 1(a) A conventional stamping-welded lower arm ass-
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Fig. 1(b) A solid model to be hydroformed
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Fig. 2 Schematic view of a lower arm
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Table 1 Tensile properties of the material used

STKM-11A
K-value ( o= K &7) (MPa)| 4683
Work-hardening exponent, n | 0.206
Yield stress (MPa) 215.1
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Table 2 Maximum clamping forces and axial feeding fo-
rees for different axial feeding displacements

Axial feeding | No

displacements | feeding S0mm 100mm
Clamping

force of 3,512 3,403 3,520
hydroforming

Axial feeding

force [kN] NA 162 307
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Fig. 12 Cross sections after finishing hydroforming
process
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