[=2] sr=masoiassixieoon), M0 M1E
Transactions of Materials Processing Vol. 10, No. 1, (2001)

RS} QFn[2E Salzle] AN P SFmA
Sl cfsh MalalA

LN

['9_

OO

(2000t 6

sl . AlRAr. ==
(=) [=]

A

139 4

S omop
- el - 250

~—

Analysis on the Tube and Welded Blank Hydroforming
of Automotive Engine Mount Bracket

H. Y. Kim, Y. S. Shin, C. K. Hong, B. H. Jeon and S. 1. Oh

Abstract

Hydroforming is the technology using hydraulic pressure and forming sheet or tube metals to desired shape
in a die cavity. It can be characterized as tube hydroforming and sheet hydroforming depending on the shape
of used blank. Due to its process—related benefits, this production technology has been remarkably noticed for
great potential for feasible applications and recently gained great attraction from many industrials including
automotive and non-automotive. This paper analyzed the tube and the welded blank hydroforming process and
compared formability of the processes for automotive engine mount bracket. The mathematical analysis was
performed by using the dynamic explicit finite element code, PAM-STAMP. In tube hydroforming, bending,
springback, and forming analysis were carried out and the effect of mandrel and axial feeding were examined.
In welded blank hydroforming, pressure curve history is determined and the results of forming analysis were

evaluated by the comparison of experimental results in the aspects of deformed shape and thickness distribution.

Key Words : Finite Element Analysis, Explicit Finite Element Code, Engine Mount Bracket, Tube Hydroforming,

Welded Blank Hydroforming
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Table 1 Classification of hydroforming

® Low pressure—
hydroforming

@ High pressure-
hydroforming

® Sequenced pressure—
hydroforming

® Aquadraw forming

® Welded blank-
hydroforming

o Flexforming

Tube-
hydroforming

Sheet—
hydroforming
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Fig. 1 Engine Mount Bracket

Table 2 Mechanical properties of SAPH38P

Density [kg/mm’] 7.8E-06
Young's modulus [MPal 206E+03
Poisson’s ratio 0.3
Yield strength [MPal 276.91
K [MPa]) 629.6
n 0.184
€0 0.002

I Precutting tube into proper length I

l Pre-forming tube into the die cavity l

| Placing tube into the die and the die closes I

g

- l Connecting the docking system for the hydraulic medium l

lTExpanding tube to final shape]

Fig. 2 Tube hydroforming process

Ao ot el g 4Py

(section-expansion ratio)2 Z-&3le] S£HAAE A
stz 2209 ae] g AFANE ko] A
AgAol feist dESAHEE FAT £ AE

3 g4 9 A EExE AA AYES vlaste] s
]
T

i)
ik

Ageidolr #A 2 SHAA = 487 B T-A
o] ‘B.i(BelytSChko Tsay shell element)E Zd% 5
Au, Az H-AYEDAE -Klete)'s T2
= FHolud g2 A E(planar anisotropy elasto -
plastic materiaD 2 7}43l%th AEs|Ad A8 oA
2 g4g4e MEE A3 ? 4 9y
SAPH38P<] ™ Moﬂ gk @52 ]@% Feste] )
29 7)A A2E Ter9em, Table 201 WERASIH:
Aol = "HHA%‘QOH/K %E ol PAM-STA
MP"™7} AH&-E Sich

2. A M E (Tube Hydroforming)

=l

o2
I oo 2 i
i
o o
< o
w2
ofi
Y ‘B oof
o
o
fr
o
051
A,
_ﬂ
)
B
L
0
o

3 o
8
_E
k]
s

& 7Fzez A4 Elow pressure hydrofor-
SHd 8 (high pressure hydroforming) 2.2
He Adeo] 80 MPa, 24

BAE Y v

o] glow ojFEel CNC ‘jo‘:ﬂ"‘,(bendmg machine)-&
b gake] BARES AEEsd o M S8

3t}o](rotating bend die), ¥ Tho|(pressure die),
zr}ol(clamp die or clamping block)el™ #§uk3
AAY 2] FAZE G Bl aAe WS 2
A & Q= HAFE AAsr] st d=Ha ool
tho)(wiper die)E A& ER29FEMEL HAE

i

SIRAMYIRSIEX/A 107 AL, 20014/ 5



tube

pressure dic

clamping block

/

wiper dic

rotating bend die

Fig. 3 Finite element model for bending analysis
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Fig. 4 Internal and kinetic energy curve

Fig. 5 False buckling(w=0.6896rad/msec)
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Fig. 7 Thickness distribution with mandrel



Table 3 Results of bending analysis with/without

mandrel
Minimum Maximum
thickness thickness
Without | 9919 mm 3224 mm
mandrel
With 1799 mm 3313 mm
mandrel
- Initial tube thickness: 2.6 mm
- Bending radius: 29 mm
Conditions | _ Angular vel. of rotating die:
0.3448 rad/msec
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Fig. 10 Finite element model for tube hydroforming
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Fig. 11 Internal pressure history during the
forming process
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Table 4 Results of tube hydroforming analysis
with/without axial feeding

Ram Minimum
movement | thickness
Without axial feeding 0 0.24 mm
With axial feeding 30 mm 1.52 mm
- Max. pressure :
Remarks 163 MPa

B olgAel JHYge =

2 Y (drawing) e o}

29+ (uniaxial cornpresswn) A Aoz A gleh®
bAoA A #Ae AEAE A7) HEiA
= YT 1%% o]-&-35t ] FHoR HYPR=E {

3 EFENRAMY
(Welded Blank Hydroforming)

SHEARLEE 7 e duFde SHAANE ol
RE] Yol A F4E o183l sk FyoE s
= 7es wey %7‘3%74]% Fig. 149} 7t} ou[gA+
F st FAE A= 2A Ee
Zzt delste] #lo] A& (laser welding)g E3te] wHe
|3 75 SAAZHEY tolyR
AT d7IEe] 4FIAE I

T Atk SHAAFLEE 7]
2% o83 dXuLE Bl AAMFAL Fg 159

ol ST e §HBAL thel el ol
Bgol FEHA tolo] FAY A N 247
(blanking) 2141, E2)% (trimming) 21510] olelxl %)
a3 AAE, -9 DAL, AKLeE THE R

l Making the shaped blanks l

I ‘Welding the blanks

I

| Connecting the docking system for the hydraulic medium ]

J

[ Expanding the blanks to final shape I

Fig. 14 Welded blank hydroforming process
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Table 5 Comparison of analysis results between
tube and welded blank hydroforming

Tube
hydroforming Welded blank
(with axial hydroforming
feeding)
Required 163 MPa 190 MPa
pressure
Minimum 152 mm 1.60 mm
thickness
Pf;ed‘ftred Point "A" Point "A” and
actre | i Fig. 13 "B" in Fig. 24
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