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ABSTRACT

In today’s increasing competitive business
environment, where every penny counts,
product manufacturers are scrambling to
maintain their market share and profitability.
With cost, time and weight considerations
dominating virtually every engineering
discussion, efficient, innovative
manufacturing methods are needed to reduce
material consumption and cut production
costs across the industry.  Today,
hydroforming is used to produce variety of
components with consistently high levels of
tensile strength and rigidity, optimized
weight, accurate geometry and close
tolerances.

In this project work, FEM simulation is
carried out to find out forming pressure and
effective punch stroke length in a tube
hydroforming process. AA 6082- T4
material is used for the process.

1.0 INTRODUCTION

Hydroforming is a cost-effective way of
shaping malleable metals such as aluminum
or brass into lightweight, structurally stiff
and strong pieces. One of the largest
applications of hydroforming is the
automotive industry, which makes use of the
complex shapes possible by hydroforming to
produce stronger, lighter, and more rigid

anybody structures for vehicles. This
technique is particularly popular with the
high-end sports car industry and is also
frequently employed in the shaping of
aluminum tubes for bicycle frames.
Hydroforming is a specialized type of die
forming that uses a high pressure hydraulic
fluid to press room temperature working
material into a die.

1.1 FACTORS AFFECTING THE TUBE
HYDROFORMING PROCESS

As hydroforming becomes more widely
used, several issues must be addressed to
increase the implementation of this
technology in the stamping industry. These
issues include:

e Preparation of tubes, which involves
material selection and quality of the
incoming tube.

e Perform design and production method.

e Part design for hydroforming.

e Welding and assembly of hydroformed
components - - that is, fixturing and joining.

e  Crush performance and joint stiffness.

e Selection of a lubricant that does not break
down at high pressures.

e Rapid process development.
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2.0 PROBLEM DEFINITION to an incredible precision. Present day

Seamless pipes for transporting
mainly steam and oil under high temperature
and high pressure are used for connections
between boilers and steam turbines in power
plants and transportation of distilling oil in
refineries. Pipes with larger diameters help
to raise operational efficiency in all
facilities, while thinner walls enabled
through the use of an alloy for extra
hardness help to reduce construction costs in
refineries and lower weight loads in power
plants. In our case a @ 65 mm tube with 250
mm length with 1.5 mm wall thickness is
hydroformed to expand its diameter for a
specified length. This process is simulated
through FEM system with the help of Altair
Hyperform & LS Dyna solver.

3.0 FINITE ELEMENT ANALYSIS

Finite Element Analysis (FEA) was
first developed in 1943 by R. Courant, who
utilized the Ritz method of numerical
analysis and minimization of variational
calculus to obtain approximate solutions to
vibration systems. Shortly thereafter, a paper
published in 1956 by M. J. Turner, R. W.
Clough, H. C. Martin, and L. J. Topp
established a broader definition of numerical

analysis. The paper centered on the
"stiffness and deflection of complex
structures”. By the early 70's, FEA was

limited to expensive mainframe computers
generally owned by the aeronautics,
automotive, defense, and nuclear industries.
Since the rapid decline in the cost of
computers and the phenomenal increase in
computing power, FEA has been developed

supercomputers are now able to produce
accurate results for all kinds of parameters.

3.1LSDYNA

LS-DYNA is an advanced general-purpose
multiphysics simulation software package
developed by the Livermore Software
Technology Corporation (LSTC). While the
package continues to contain more and more
possibilities for the calculation of many
complex, real world problems, its origins
and core-competency lie in highly nonlinear
transient dynamic finite element analysis
(FEA) using explicit time integration. LS-
DYNA is being used by the automobile,

aerospace, construction, military,
manufacturing, and bioengineering
industries

4.0 ANALYSIS DETAILS

4.1 MECHANICAL PROPERTIES OF
ALUMINUM 6082-T4

Aluminium alloy 6082 is a medium
strength alloy with excellent corrosion
resistance. It has the highest strength of the
6000 series alloys. Alloy 6082 is known as a
structural alloy. In plate form, Aluminium
alloy 6082 is the alloy most commonly used
for machining. As a relatively new alloy, the
higher strength of Aluminium alloy 6082
has seen it replace 6061 in many
applications. The addition of a large amount
of manganese controls the grain structure
which in turn results in a stronger alloy.
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Mechanical Properties of Aluminium
alloy 6082 .
SigmaYY
Tensile Strength (MPa) 260 — -
e e |
Shear Strength (MPa) 170 -
Elongation A5 (%) 019 :.f'“:; I
Hardness Vickers (HV) 075 i I
4.2 ANALYSIS SETUP

This problem includes two tools, a
punch nose and a die tube. A blank tube is
formed by blow molding the nose through
the tube. The hollow tube blank is made
with 600 shell elements and has an outer
radius of 12 mm, an initial thickness of 1.37
mm, and an initial length of 53.5 mm. The
internal pressure of the hollow tube blank is
40 N/mm2 applied. The tools are rigid shell
elements. Only 1/4 of the system is modeled
because of symmetry. The motion of the
punch nose and the end of the blank follow a
linear motion with a total displacement of 15
mm.

4.3 ANALYSIS DIAGRAMS

Sigma XX

HYDIROFORMING
STPTT TME 0015000
COMPORENT: X-5triess, mide Loy

6e001e

107230068
ATT6RIT07
158423550
VIS
AWO07EI
[EETE
TOEES
60332756
40774801
221640
1650202
17.099076
I7.A5R025
A7)

Sigma ZZ

wopnairs

SIERTT TME 0015000 162544010

15.404077
W DATTIS
BLARIIRG
3143088
25.7T92606
ASETE5D

BT
SE.ISEI
B
110260030

COMBPONENT: £-81r0ss, middbe layes

A3
ABSE59T20
SUETT

XY Stress

IR CHING

nxzoezn
STEPTT TME 0015000 ST I

L
k=
450211
063050
22435360
WLB0GUT
DB
AZASOUE
FA.07RGD
35707008

EIAET)
T
TE0P56D

o

256


http://www.ijiset.com/

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 8, October 2014.

www.ijiset.com

ISSN 2348 - 7968
YZ Stress

ST PG

S e oorsom tonaniss . Mx Moment Result

0.2ATIES
COMPONENT: V2-siress, midde laes

TS
0.066507
AR RO RNG
7050 ) aez90530
ronat STEPT7 TME: 0015000 -
7047 T
1.114250 SrsA
preT 45571211
66010 TN
SAABSTIIY 21207054
26T Azer
Err AA5H0T
aramuz A58
¢ FTENTET
070338
S
BP0
T
.oz
v
Ell%ﬁﬂ!’l
ZX Stress
. o My M t Result
7B
STEP77 TIME  0.015000 tlonntey y omen esu
COMPONENT: 2X-giress, middle layer 1T - LR R
| 60.TR0205
51834220 HYDROF ORMING o
ARRTISUR SIEP 77 THE 0515000 m
TRE20072 : '
24964191
16007513
S
1805843
40082521
WA
20775077

BTN

Plastic Strain

HYTIROFORMNG
0718910

—— s | Mxy Moment Result

COMPONENT: Prastic stram, middie layes G163 16
DL564865
[LL R KY
LAG2 162 b
0410811 STER 77T TME:  DHS000 l
0359450
] 1 0308100
II e 0296757
Ry 0.205405
DA54054

0102703
051351
000600

‘\\\\\\\\\m\“ :

! 0“" \\\\

257


http://www.ijiset.com/

www.lijiset.com

Shear X Mean Stress

HYDROFORMING . HYTROFORSING
AN
SIER T TME 0018000 p— I STEP77 TIME: 0015000
COMPONCNI: O stvean resulant AN COMPONENT: Muan stiuss, micde ks
57.937009

\ll'l“““ Y ; [

: LT 1
i “\\\\\“\‘ l |.1 l"“-\\\\\“\\\\\

\\\ A
‘“\\\\\\ T
N

A
-z
I' ..z
ETAPOST 1
ETAPOST

Max. Principal Stress
Shear Y

HYDROFORMING

STEP 77 TME:  D.015000
COMPORENT: Maimuen principal stress, middhe Lsye
HYDROFORMING

BEOTTATH
STERFT TIME:

oansen 7010880
COMPOMENT: Oy shear resultant 40544580

40070292
32012000
24.745T00
16679415
BE13122
0546029
EEILT
ELCH

EERTETY
ER TR
Er )

ETAPOST

2" Principal Stress
VonMises

HYDIROFORBMING
STEP77 TIME:  0.015000
. COMPONCNT: 2nd prncipal stress, middie laver
269.236572 teal

[LELREN T 20005371
COMPONENT: Maximum Von Mises: ez

2150015

HYDROFORMING
STERF? TIME:

6155014
TR
7550
IAGIIA
10231162
0000000

it
i
I N

\\\\
\\\\\“\

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 8, October 2014.

ISSN 2348 — 7968

00023376
GEMFTAT I
0063130
5081500
00y

SAPIET
LTINS

0821554
S4802216

BLTEM5D

S0.744060
14734701
130705377

216897040
201404410 l
185911758

170419113

GLRTNST
46477920
RILE)
15402631

ARSI

. l
4T IS

258


http://www.ijiset.com/

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 8, October 2014.

www.ijiset.com
ISSN 2348 — 7968
Min. Principal Stress
) o _
i Displacement — Y
pgbeti I
Pitiom e ol |
1655703 I 15TTT
\; l“\“:“:“ BLER LT n :::x I
Byiesss
ey |
Max. Shear Stress .

HYDROF ORMMNG . FLOST

154, 168106

STERF? TME: 0095000

[ & struss,

Displacement — Z

HYDROFORMING
[P
STEP 77 TMAE  0.015000 102700
COBMPONEMI: Z-displaceamaent 2401097
-3AT6055
22034015 A5
11012006 5336071
o.oo0000 6401029
-rarsrer
AL5174
D626702
ADTO1EE0
SRS
AZRS1ST6
13926534
15001492
Displacement — X
HYDROFORMING
0305593
STEPF7 TIME:  0.015000 AMA743
COMPONENT: X desplacament -2.380080
<3.736417 M
amnss 1 0tal Displacement
6431001
LI
BA25706 me
W0ATI103 ) ALETIT20
STERFF TAE: 0015000 17245176
COMPONENT: Total displacement i
1
1
| 1LAHSGEH
ABS5T128 i
BIBGHGH
7959012
632760
5306208
3979656
28310
1326552
Ll
X .z
ETAPOST

259


http://www.ijiset.com/

I[I.I‘il"l' IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 8, October 2014.
= WwWw.ijiset.com

CONCLUSION & FURTHER PROCESS
REVIEW

The simulation of the tube
hydroforming process conducted
successfully through LS-Dyna. Based on the
requirements and input details given by the
company, this simulation is carried out for
AA6082-T4. The simulation outputs
valuable results like forming pressure, punch
stroke level which is important for the
manufacturing process. The results were
verified by the technical committee of the
SimTech Company and taken as base for the
further research and datum for tube-
hydroforming process.

This simulation further expanded to
similar type of materials and different
variety of same aluminum alloy to conduct a
variation-analysis for finding the behaviour
and  manufacturability — with  specific
reference to tube-hydroforming process.
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