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Abstract
The tube hydro forming process (THF) is an unconventional metal forming process, wherein tube is deformed internally and thusit is
forced to expand and conform to the shape of the surrounding die. The performance of this process depends on various parameters
like internal pressure, axial loading etc. For FEA simulation, it requires proper combination of material selection, part design and
boundary conditions. The estimated process parameters are optimized using FEA simulations.

In this work, free bulge shaped tube die was modeled by using Auto CAD. Subsequently, the processes were simulated using
DEFORM-3D and it has been verified with experimental work under proper boundary and loading condition. Process parameters
study also been conducted. It has been found that the estimated process parameters, developed branch height and the wall thickness
distribution along different planes arein good coincidence with experimental results.

Keywords: Tube hydroforming, Free bulge forming, DE-FORM Software, EN-31, Axial feeding, internal fluid pressure,
FEA Smulation, loading path.
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1. INTRODUCTION 1. Part consolidation resulting in weight reductiorthud
N component,

Tube hydroforming is a one of the most commonlyduse 2. Weight reduction through more efficient section

unconventional metal forming process in Automotiaed design and tailoring of the wall thickness

aerospace industry to produce hallow shapes withptex 3. Reduced tooling cost, dimensional variations and

geometries by using axial force and internal presstiube scrap rate.

Hydroforming is also called by many other nameshSas 4. Improved structural strength and stiffness,

bulge forming of tubes, hydraulic pressure anditigobulge 5. Less number of secondary operations.

forming depending on the time and country in whickvas

used. In recent years more researches has doneuba T o
hydroforming by using FEA software such as LS-DYNA, 1.1 Applications of THF
ABAQUS, PAM-STAMP, AUTO-FORM, DE-FORM. These
are used to study and analyze the various procpssameters
axial force and internal pressure, friction effetitickness
distribution. Most failure modes in THF can be slfied as
wrinkling, buckling, bursting. These types of fa#ds are
caused by either excessive internal pressure @seke axial
end feed during the forming process. The principiefree
bulge test is simple; a metal tubular specimeroéléd with
internal pressure and expands, undergoing plasfrhation
until bursting occurs. During the process the tubeked on
both ends and straighten freely using hydrauliceriml
pressure. This paper aims to analyze the hydrafgrm
process by using DE-FORM software and compare the Fig.1. Chevy SSR Hydroformed frame
simulation results with experimental results Theocgss

provides a number of advantages in comparison with

conventional manufacturing via stamping and weldirgyich

as:
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Fig.2. Pipe bindings

2. OBJECTIVES

The present research work mainly deals with théoviohg
topics

1. Comparing the hydro forming simulation results
with the experimental results.

2. To investigate the load prediction, velocity
distribution, damage and effective strain during
the hydroforming.

3. To study various process parameters effect on
the maximum branch height and wall thickness.

4, To analyze the tube hydroforming process
failures.

The following steps are involved during the DEFORM
Simulation:

1. Solid modeling

2. Material model

3. Contacts

4. Boundary condition

5. Loading

3. SPECIFICATIONS AND THEORETICAL

CALUCLATIONS

The principle of tube hydroforming is the tube iistf filled
with a liquid emulsion of a water-soluble mateaéter which
the die is closed. The tube is then forced to atlg inner
contour of the die by application of an internaggsure and
two axial forces.

- - 425 mm — -
|-128.77m— 172.45mm |—226.77mm—|

Water Inlet

Aar Outlet sy

Fig.3 Detailing Specifications of the Tube and die

3.1 Failuresin Tube Hydroforming

The risk of bursting is a result of too high intalrpressure
and is initiated by a local neck in the tube walhereby the
onset of this local necking significantly dependstioe initial
tube wall thickness. To prevent this risk it must énsured
that the tube wall briefly comes into contact witle wall of
the tool at the latest before the onset of necking.

¢ wiitkling
g forming zone
[
é start of flow
. X : saaling force
Buckling  Wrinkling ~ Bursting T P

Fig. 4 Failures and Limits in Tube Hydroforming

The risk of buckling is posed at the start of thecpss by too
high axial loads on the initial tube, and it iscafgesent for the
entire starting phase. So the risk of buckling lsaravoided by
compensation the unsupported tube length with asing in

the section modulus of the tube cross section tirothe

simultaneous expansion of the tube wall.

Wrinkles are, as exhibited during free forming la¢ intake
regions of the expansion zone, if the pure-sheah pa
selected. These wrinkles cause no problem and are
straightened out during calibration.

3.2 Geometrical Specifications of the Tube

Table 1: Dimensions of the tube

Length Internal diameter Outer diamete Thickness

L (mm) tu.be tube {0 (mm)
Di (mm) DO (mm)

250mm| 54.15 57.15 1.5

Table 2: Chemical Composition of EN-31

EN-
31

Wit. 10 {05 |02 |0.01 |03 |0.0 |0.02 |14
% 8 3 5 5 3 6 2 6

757
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Table 3: Mechanical characteristics EN-31 5. Friction force
. Ffriction = :uplmo(lo - S)
Density(Kg/m3) 8900
Yield strength (MPa) 110 3.3.2 Input Parameters
i Internal pressure at yielding _ 2t
xﬂog;)lus of elasticity, 215000 (pi)y = gyﬁ
0 0
Tensile strength _ 2*15
3.3 Theoretical Calculations Internal pressure at bursting Fl o a,
i/b ~ “Yu
3.3.1 Process Parameter Evaluations - Jouge. 415 _ 2&'313;“;3;
(5715-15)

4. MODELING AND SIMULATIONS

4.1 Modeling of Tube, Diesand Axial Plungers

The solid models of tubler blank, top die and bottdie, axial
fﬂ plungers with proper dimensions are shown belowrég.

T TN TN

o | | A
§ . b

Fig.5 lllustration of free tube length
1. Freetubelength

If20<d0/t0<45 —If <2d0

If dO/t0 > 45 — If <<2d0
If dO/t0 <20 — If >2d0 Fig.6 Solid Model Tubular blank
2. Corner radius of the die 4.1.1 Tubeblank details
R, = 3t Length L =250 mm

Internal diameter Di =54.15 mm

3. Internal Pressure Limits
Outer diameter of tube D0 =57.15 mm

1. Internal pressure at yielding is calculated by Thickness of tube o £1.5mm
(P), =c &, 4.1.2 Die, Plunger for freebulge
W ’ (Do_to)

Two upper and lower dies are modeled by using Aatbas
shown in below. Model of the die is, as shown ia Figure.7

4t
Rh=0u 52
( )b (Do_to)
4, Sealing force
Fsealing = IROtOJy
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Fig.7 Solid Model of die for free bulge forming

Die length L= 250 mm
(Length perpendicular to tube axis)

Width b = 12%.mm
(Width parallel to the tube axis)

Corner radius 1 R5 mm
Tube cavity diameter 0®57.15 mm
Height of die H=110 mm

The diameters of the two axial Plungers are sardevardels
of axial plunger shown in figure.8

Fig.8 Solid model of axial plunger

4.2 Fem Simulation Procedure
During simulation of Tube hydro firming process ngsi

computer, we need to create computer models of the

deformation system and the metal forming processough
the last few years it has been discovered that @xpensive
and time consuming to use trial and error for theestigation
of tube hydroforming process and conventional nietahing
process. The application of numerical simulation thé

hydroforming process was help to engineers efftbyen

improve the process development avoiding the cost a
limitations of real world parts.

Start

Draw the part geometrics
as per drawing using Auto
CAD

Create STL file

|

Import the provided die and be
drawing it medeling wol (DE-
FORM )

|

Define the de'nibe material and material
praperties

l

Mesh the fube with element
type and mesh size

l

Tiefine the boundary conditions

and process conditions
-.--.-

Movement of axial
cylinders

(Obtain the thickness, siress, stram
distributions Joad temperature variations and
other results

Fig.9 Flow Chart for the Simulation

DEFORM is a Finite Element Method (FEM) based pssce
simulation system designed to analyze various fogmand
heat treatment processes used by metal formingirBylating
manufacturing processes on a computer, this addatwa
allows engineers and designers to reduce the rarecobtly
shop floor trials and redesign of tooling and peses.
1. Improve tool and die design to reduce productioth an
material costs.
2. Shorten lead time in bringing new products to the
market.

For dies, rigid analysis was selected and thbe is
having have Isotropic behavior and after medtifigation
the simulation and experimental results were coethar
Material used for this analysis is EN -31. Mecleahiand
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physical properties and tube dimensions are showirables.
The following steps are involved during FEM based
DEFORM simulation process.

The objective of this work is to analyze the forjprocess in
detail, and compare the finite element simulatiesuits with
the corresponding experiment results. Since compkEM
formulation using DEFOERM software for THF is well
established, the mathematical calculations aredmxtussed
here.

5.RESULTS & DISCUSSION

The various simulated process parameters values are
compared with experimental values below.

5.1 Branch height

The final branch height (H) for free bulge formifrgm the
simulation results is compared with the hydro fadme
experimental sample’s branch height. Table: 5 shbe
results of the final branch height development. faximum
deviation in the branch height obtained from sirtiata is
within +5.9 % of the experimental value. The vaaatin the
simulation result may be due to various factorhag

(i) Accuracy of finite element modeling,

(i) Frequently changing boundary and friction
conditions during the forming process and
(iii) Error in measurement of the wall thickness.

Table.5 Branch height comparison—experiment and
simulation results

Free-bulge
Maximum Internal pressure (MPa 186
Maximum Feed (mm) 5.37
Branch height (mm) (Experimental) 9.8l
Branch height (mm) (Simulation) 9.23

5.2 Effects of Variation of Internal Pressure to the
Branch Height

Simulations of free bulge forming are conductedtiody the
effects of variation of internal pressure on theafibranch
height (H) development. The boundary conditions and
material properties used are same as those usqutefeious
simulations with a tube length of 250 mm and dieneo
radius of 5 mm. The plots in Fig.10 shows the refethip
between branch heights, with the increase of presthe
branch height also increased. The graph showsctmgarison
between the simulated and experimental branch teeigind

it is observed that the branch height in simulaisowery much
closer to the experimental bulge heights. So itdacluded
that the simulated result value are reliable.

Fxperimental and simulated
branch height vs pressure
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Fig.10 Experimental and simulated branch height vs. press

The free bulge tubes are modeled with 22485 tetirahe
mapped meshed elements for the deformable blantopor
(i.e. tube). Contact boundary conditions of died atungers
are also specified. The loading paths/boundary itiond used
for the simulations were matched with the loadiraghp as
used length of the tube, i.e. from the center orfgplane
point of maximum branch height to towards tube.dbde to
the presence of plungers the wall thickness atuthe end has
decreased in comparison to the straight portiortheftube.
Thus in the wall thickness plots the thicknesshattube end
was ignored.

Fig.11 Simulation of free forming
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5.3 Load on Axial Punches

The deformation load during free bulging of hydarning

simulation is shown in Fig.12 There are two diffarportions
in the deformation loading path. Firstly, deformatiload

increases rapidly as shown in figure until initfidw of the

central part of the tube. After this, the load @ases to a
lower rate until the end of free forming.

Tube Hydroforming

Load Prediction

A

. [} = Object &
20804003 5
1 56er03
1 04ae003

2

[}
0000 03 _ o8 101 13
Time (sec)

Fig.12 Load prediction in x load

5.4 Veocity Distribution

Velocity distribution is shown in Fig.13 for freaulge hydro
tube forming. It is lower at the ends of the tulbenk and is
higher at the center of the tube. This is becalseakial load
is moreeffective at the ends of the tube. But in the cddece
bulge, thisvelocity has distributed up to the center of theetu
because more material is moving to the deformatimme. At
the ends of the tube, nodal velocity for free buige).503
mm/s.

EMODE  Iscthermal
CURSIM © 1

STRINC 10 Tube Hydroforming

Fig.13 Velocity distribution of free bulges forming THF

The axial feed between two axial plungers i.e..etbjand
object5 are shown in Fig.14.The axial feed is milywpoplied
with the corresponding time. The velocity is in@eswith the
time increment up to 1mm/sec and then maintainsteotly
show in fig.14

Haale arusbin

Fig. 14 Time vs. velocity distribution in x direction

5.5 Effective Strain

The distribution of Effective plastic strain is stoin Fig.15

the distribution in the center of the tube is biggealue of
effective strain but no failure occurs due to pradwnt

compressive strain. In the fig shows red colourezpart of
the tube, effective strain is smaller than thathi@a center, but
tensile strain is predominant, so this is the negitere failure
occurs. Another important aspect is the radiusorediellow

the plane part in the tube. It has a similar bedragf biaxial

stretching.

SMODE  Isthefrmal
CURSIM 1
NSTER 40 )
STPINC 10 Tube Hydroforming

1
ENVTMP : const 20 C

Fig. 15 strain effective with mesh mode

5.6 Stress Effective

Effective stress distribution for free bulge formiis shown in
Fig. Due to compressive load, the stresses ocdheatnds of
tube. At the center of the tube, the tangentiadsstes are
predominant. These tangential stresses occur dietemal

pressure. Due to higher tangential stress at théecef the

tube (at the protrusion), fracture occurs showibe

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org 761




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

TEE
&
-f

: ]

i

TUDE PrpareIormIng

;l_\:—

&

Fig.16 Stress Effective with Mesh

The experimental results of free bulge forming caneg with
THF simulation results with proper boundary coruis and
loading paths. The DEFORM-3D simulation resultsifmanch
height obtained and the strain and stress effediisibution
during forming, total velocity travel are compareudth

experimental results. Various simulation resulta edéso be
used for different parametric studies using thetgposessor
of the simulation solver.

CONCLUSIONS

From various simulations conducted for free bulhepsd
tubes, it can be concluded that, in order to formag with
relatively uniform wall thickness throughout the wne
geometry while simultaneously maximizing the part
expansion, it is quite important to select the roptin tube
blank length, die radius and suitable contact kdtidn
conditions.

From the various parameter studies, the wall théskrand the
branch height are most sensitive to friction, axwdd, and
internal pressure. It is found that a maximum vigjotakes
place in the plunger movement direction, whereas in
transverse direction there is comparatively lowadogity.
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