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Preform Design in Tube by Using the
Hydroforming

S. H. Lee*, H. N. Lee**, B. H. Jeon***, S. [. Qh*x#*x*

Abstract

Hydroforming is a forming process enabling circular metal tubes to be produced in

complex cross sections along curved axial paths.

With the availability of advanced

machine design and control, tube hydroforming has become an economic alternative to
various stamping processes. They offer advantages over stamped sheet metal in lower
tooling cost and structural mass. The technology is relatively new so that there is no

large knowledge base to assist the fundamentals of tube hydroforming

technology.

The purpose of this paper is found that adaptive bending condition and contact
condition for bended part has uniform thickness distribution.

Key-word :
1. M3
A4 v g4 dACdAE
HAZ A Av4gle HE33

kD
ez Qg

#4 Aol A%, et dEiAs dse
A £F9) ofel g AEA Wy aFe o
@ a7 A8 AATA 59 FnE 2w
= ggol,

wotolgel, A zAzlME A BT Q)

g AZel AEa ¥4 ogee vAI 9
3 hydroforming, tailor welded blanks(TWRB),
13 Fue Agrled AT - HEEa
U} w=F F49 ZH?Z} ARZAME o
0 AAgststn e olEd AMrie Awes 93
o v R A7lEe) izt 989 tube
2792 0)43% hydroforming® Yu ubme] %
&g o83 &AL FF e HAEE )&
ol 3l

2 AFdME @4 S dANA
o] HEo] disted hydroforming 71ES

o
=

2742

448

* T8
N
NEEE

A& et

SRS
kK %

% ok 3k K

-39-

cross section, axial path, hydroforming, bending condition

7l Ase) bl ol§F FEL WA, o2
4ga7] 98 NeAeVe snx st

olE VIE W -ouor FAHY #ANE A
F2 tube AE o B3l G FHoE QiFge
24 Agato] folata, AHYPAol ZFrlsle AE
o] Aol AT o) ik
Hydroforming 2.2 A4td AEF & Basy] ¢
stede AFS] NA, T £ 44, ArEA

AA, 129 integration %9 hardware ¢ ¥
ofgt 3t FAAA A" AFY AN E
2 closing force, feeding = 9
cycle-time8l Z#A 59 software Hobe] A+
7t dasim olg9 vigNLe 7 9std A
£ FY3ar

‘QHPXJOE sequencedl] 213 A3
ol WK ofehe} T Zc”é
"6‘?@'1}7‘3% Fig. 13 2t}
TYAEQL ¢ B8 4o
FALEI U AEL 9 AT,
A8 ¥ A5 HTAHE g9 Foh
e s gHo g Aabe] slEEioh
e AFo] Aite] s sl

ul

axial

1

(1 =4

=
)‘

@
U



2 ATINE 2 HEAH T WAL 7
2 S gl H8te closing force ¥ A ¥
Gl A1, 2P FAD 4YAE ARHFA
Z3d & 4 ¥ FigldA EBol%ol double

liquid press& AF&3}lE= sequence E 2o o] 3
U E AlgEtgon #Md AlSR Zaoaode
LS-DYNA3DE oj &3ttt

(a) 1st pressure stage

(b) 2nd pressure stage

Fig 1. Sequenced Pressure Forming System
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Fig 2. Test Specimen of Tube
Table 1. The properties of STKM 11A

Density 7800 Kg/m’®
Young’s modulus 206,000 MPa
Poisson’s ratio 0.3
Yield Stress 2151 MPa
K 468.3 MPa
n 0.206
& 0.02186
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Table 2. The cases of forming analysis
Contact Codition | Feeding Condition| Model
inner bendin without feeding case 1
€ £ with feeding case 2
outer bendin without feeding case 3
ending with feeding case 4
outer bendin without feeding case 5
ending with feeding case 6
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Fig 3. Finite Element Model
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Fig 4. Input data for FE Analysis

23 4EH4 A3

3D A= 2D &) Ao
speed® 7122 3o F %Y
e AP o] 72 ARG g7l sis)
Z 9+go] #-3%, closing speed 2 internal
pressure 37tA) g &1zt g 3D 58
3t o}

o8 =9 B8 A &
o] die &4 YA FEE input dataF
Ay s et

o] #14 AFAZ Fig. 5, Fig. 6o Jehidd
A wdel H4e EsiM & £ Rl WY
Ao vdeugE A8 EAU gF E2E ¢
SrE&:E oA FAZ FAHAAL, AH
Fro ugEE FH7t gfolAE
Bl gich
15 tube?l pre-bending A& Z7] SAE T
AEe FYPA BE AL MAvde A&
Atk neg Faxow 71¢

A axial feeding, closing condition o @} A

(i

Aojzl gt closing
kol f-9lo] gldos

—
o)
T A
,0._

(=) A=
RS

IR

g

T AT AL AF
227 5} o

r\r

>\\.

AN
<2

=35 Wy

N, O

-41-

85 Zo A7} Buckling, Wrinkling, Bursting
=9 failure’t BAH7IE #.©

ST HFAYL AAS] A wd v
wol S REIF HE PERAM UF $FE @
B oojwsl BEHEAE Amoksy, By ¥

Waha) g 2ol GFo] WASE WY

dEycE Aol WA viE R FARE
b 2 @ oW edEe A4S AR F OFEA
A Hth e AuAe F4d $HET
ddg FHoME B o & d%E 2d A
L2 A=

Fig 5. Thickness Distribution

C

P

Fig 6. Plastic Strain Distribution

sosEE I
3 v0%€ 000

Fig 7. Displacement distribution of Y direction



Fig. 7°lA Ho]%o] Fig. 4}
curvesE ol &3] AYHH S
whake] 3912 Fig. 3 HFH9 A
®NA 11477}*] Z o] ¢ 0:‘80]:'-‘
Uetwy, HF 48 F AFY Ao
® 2 “Jl%‘ EHucie @@@@"“%‘
T & AR e uvebidth,
@Wg RE7Aelm=E "Hﬂﬁﬂﬁc’
@9 Wg REAA Y= Aol o 1“4]/] 2
dg oldsted Ego] ¥ Aoz THEHY
Fig. 8% %o Tiebarg Al Ed% 3o Table
20) E719 vk} go] Cased A& A3 4
HE olzhel] E7sIA .

o]

o

Lower die

Fig 8. Die-set F.E. Model
Fig. 9& Fig. 394 Holx @ , Fig. 102 @9
He} Ay Fo FARE Uae dd 2 A
3“*4 A7E vetd Relth
A FAC A Able 2e9 FASFAH7

% ol &8tAtt AAHY FAE Agd 94 #&
Bt Ao o3t FA grol ©§ gkAl YERte
o, ole HA¥A 71FZEZ internal pressure,

axial feeding, closing speed %} 5}019} 2 A}
ol9] mbAA S gt P3P 7)Y F HoZ B
crdd}. £3], axial feeding ¥ FARIE 27
AsteEd F8% AAo|ER o]df

aFdcn ¢ 4 A

o

-42-

Thrch1ness Distribution of Cross Secuon 1

: +Expertmental Hesul! .

| —t—-SlmuIauon Resu]t 1 |

i

F1g 9. Thickness Distribution of Cross Sectlon 1

Thtcgness Dnstvbuuon of Cross Sectlon 2

—— Expenmental Ruselt :

! —t—-Slmulatlon Resuh

F1g 10. Thickness Distribution of Cross Section 2

Wl glold s Fas AwreAe 2o
JFo AR FARII 4Y As A4 @l
Aol 2&e ¢ 5+ AT Fig. 9914 D6 ¥
o FHUm Cst Do AFshe BrozA

Ww A B~D Alols] AA87 D~B A}OIEW %

AAL 4P F A thols) W) C 9
[}

D Alolo}l AREE FUNH 5 de T2 Ho
At aE=z 9w g R FA dxEA
%A Yehgh

Fig 119 7} case® & Ao U3t FAELEETE H
H 4 F dRol F wWFde fdde] A A9
P Afd dEd 2745 ARy Fdo] Y&
HEEo FA gv A¢+ryd  55%HE FA
2EFle] Ftg RAE & F v

(1)with feeding
(a) result of inner contact bending

(2)without feeding



(1)with feeding (2)without feeding
(b) result of die-set bending

(1)with feeding
(c) result of outer contact bending

(2)without feeding

Fig 11. simulation result
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Fig 12. Concept Picture
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