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Hydroforming Process for Automotive Applications

Heon Young Kim
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Table 1 Hydroformed parts for automotive body

Body body shell, seat frames,
systems side rails
. engine cradles, ladder frames,
Chassis safety requirements
systems ’

radiator frame
Suspension control arms,

systems steering columns
Engine/Drive | camshaft, driving shaft, exhaust
systems manifold, engine cooling system
Upper die
Fube } :
LI \—— L)
Lover die (c) Hydroforming

Fig. 2 Sheet hydroforming process
(a) Loading into the hydroforming die

/\Uppcr die
I [\ [l

I3 Sy blank

i =
K — . N
Lower die

(a) Loading into the hydroforming die

(b) Closing of the hydroforming die

Axial Axial
force force
L3 -
pressire: | ———
LI L

(b) Closing of the hydroforming die

(c) Hydroforming

Fig. 1 Tube hydroforming process ‘/\‘

(c¢) Hydroforming

(a) Loading into the hydroforming die Fig: 3 Welded blank hydroforming process
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die closed

2nd pressure

/ die closed

Fig. 5 Pressure sequence hydroforming process
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Table 2 Comparison of high pressure hydroforming
process and pressure sequence hydroforming
process

Characteristics

* High forming pressure
(15-30kst)

* High friction

* Large metal flow(slightly
smaller than the finished part
perimeter)

* Reduced thickness in corners
* High press tonnage

( >3500 ton)

* Residual stress

(spring back)

Capability

# Length : 1-3 m

* Diameter : 25-150 mm
Characteristics

* Low forming pressure (<bksi)
* Low friction

* Small metal flow
(substantially equal in perimeter
to the finished part)

* Uniform wall thickness

* Low press tonnage (about
1,500 ton)

Capability

* Relatively simple parts

High
Pressure
hydroforming
(SPS,
Germany)

Pressure
Seqquence
Hydroforming
(Vari—form,
HDT, USA)

32 ®E sto|l=2

& Qe

g

S
1o

]

0x

(1

s off 0B

i
[}
Lo

Fig.
RogEd FHRE
-nsion zZone:

wAge olg

“
Zn

o
!
%
2

of
i
o ot [

-
2

&
lo &

H
M
oF

(o
]
H
of,

1

rlo
I
z

.

5
o
g
g}l
ok
e
ajd
ok

”
R
U
o

o
e

™ e

b ot
a2
o,
ol o\

op oX ox o
S ooy be
i
o

2 ox
ofl
> ol
Y,
i)

ES
In
il
I
>
> o
fait)
Lo
-
o,
ko
oy

I
)
-4
o
fo

»
)
rlo
=il
z

2
Mo
2
o
o

l )
z
re ;g
= b

o b
2 opn fe
. flo
olN ,
2 9 —>
R

o
o
o

A 100d B =Rl

AF AAREL 27] AARIeRA 3t

I
fu
5}

288 /st= 2433 R/A 117 Al4%, 2002d

1. Dies

2. Counter cylinder
3. Axial cylinders
4. Initial tube

5. Final tube

Pi: Internal pressure
Fa: Axial force

Fq: Counter force
Rec: Corner radius
Re: Entry radius

Fig. 6 Active forces in a tube hydroforming processm

Deformation

ToolDie Zones

Tube/Workpiece

ToolWorkpiece
interface

Equipment/Press

Fig. 7 Hydroforming system components

Table3 The possible parameters th

might affect the
tube hydroforming process(s‘gt)

preparation of tubes (material selection,

@ quality of the incoming tube)

(b) | pre-form design and production method

(c) | part design for hydroforming

@ welding and assembly of hydroformed
components (fixturing and joining)

(e) | crush performance and joint stiffness

® selection of lubricant, which will not break

down at high pressures

(g)

rapid process development
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single wall tubulars
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extruded profiles

wielded or unwelded blanks

roll-formed welded
conical blanks

Fig. 8 Useable Blank Material Form
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Fig. 11 Schematic view of a horizontal die layout
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Fig. 17 FE Model and Prototype of subframe for
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(b) Welded blank hydroforming

Fig. 18 Formability comparison between tube and welded
blank hydroforming
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