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Abstract

Lightweight materials is useth the sheetmetal hydroforming process,because it can be adapted to
manufacturing of complex structural components etsingle body with high structural stiffness. Sheglroforming
has been successfully developed in indusuch as in the manufacturing of the components wraative.

The aim of this study is tsimulat¢ the experimental results ( such as the amount e$gure required !
hydroforming process, stressesd strains distribution) wi results of finite elem# analyses (FE) (ANSYS 11)
for aluminum alloy (AA5652) sheetsith thickness (1.2mm) beforgeat treatment (BH™ and after heat treatment
(AHT) respectively in thecircular die with cavity equals to (20mm) The comparison of results by these
approaches show the same tendency that an improvdarenability, also the plastic deformation is greatly enhan

AHT for same metal.

Keyword : sheet hydroforming , stress and strain distribution, aluminum alloy, forming limit diagram.

1. Introduction

Hydroforming is a forming technology for tu
and sheetmaterial aiming at high part strenc
and the manufacturing of complex geometrie
one process step. Even straining of the mat
caused by the fluid pressure leads to a uni
deformation in the sheetvhich improves the de
resistance of the hydimrming part compare
with conventional stamped parts and the unif
rise in yield strength in the used mater
resulting in lower necessary wall thickne«[1] .
Lightweight materials, in particular, alumint
alloys have been widely used in autome and
aircraft industry as the high stren-to-weight
ratio of aluminum results in significant weight ¢
fuel savings [2-3] In addition to weigh
reduction, utilization of aluminum offers sor
other advantages such as better corrc
resistance, higherrecyclability potential an

increased energy absorption during a c
situation.

5XXX alloys, in particular, have the highe
formability, and are used in automotive in
panels[4] Automotive industry has a spec
interest in AA5754 because of its h ductility,
lightweight, strength and weldability propert
[5]. However, because of their susceptibility
microstructural damage, aluminum alloy she
generally exhibits a lower level of formabili
compared to typical sheet ste[6]. Furthermore,
utilization of aluminum alloys in the automoti
industry has been far behind of steel becaus
cost and formability issues at room tempera
[7].

In this study, The sheet materials cuminum
(AA5652 t = 1.2mm)was annealed by hee-duty
electric furnace. The annealing temperat
considered for aluminum materials were 34E&
The holding time in the furnace was (1) hour
then cooled in the furnace. The specification:
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furnace include maximum temperature 100(
6.5 kW and 220 V tamprove the softer metal ai
reduce internal stresses in addition to the ch.
in the internal structure of the alloy homogene
making it more than it was before t
fermentation process.

2. Experimental Procedure
2.1 Chemical Composition

The chemicatompositions of sheet matet
were found out byspectrometry and are report
in Table(1).

Table1,

Chemical Composition of AA5652.

Material Element %Si %Fe %Cu %Mn  %Mg %Zn %Cr %Al
Commoaiion  max. max. max.  mex, 2228 i 015035 Rem.

AA5652 P : : : :
Actual 0.095 0.197 0.002 0013 233 0.018 0.280 97
CompOSItlon

2.2 Uniaxial Tensile Test

The uniaxial tensile test is the basis
defining mechanical properties of materials. |
standardized in ASTM  standard  E8N
specification. The specimens were tested a
the three directions, with the tensile axis be

Tt ]
Rolling o
direction p 5‘1‘

o2
’IJ
Sl
Rolling di i
e ———
—2 aa .
5
—
I*CI_ 623

parallel (0), diagonal (4°), and perpendicular
(90°) to the rolling directio as showed in figure
(1) for specimens with round or rectangular ct

sections. Table (2),llustrate the mechanical
properties of AA 5652rom tensile tes before and
after heat treatment respectiv.

Fig. 1. Tensile specimen BHT and AHT( all dimension in mm).

Table 2,
Shows the mechanical properties of AA 5652 from tensile test befor e heat treatment.
. Young's Strain hardening Hardening Anisotropy
Material o
modulus, E Index coefficient factor
(GPa n K (MPa) R
AA5652 BHT 0.4 650 0.77
t=1.2mm AHT 70 0.36 575 1
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2.3 Hydroforming Sheet

To find out the amount of applied pressure
required for the hydroforming process and study
the changes in stresses and strain generated in the
sheet of aluminum AA5652 (t = 1.2mm) before
and after annealing process. Hydroforming die
consisting of two parts as show in Figure (2),
upper and lower die. The depth of the lower die is
(20mm) which was representing die cavity. While
the upper die was represent chamber of oil. Blank
holder force was 200N to prevent leakage
between upper and lower die also to connect the
sheet with lower die. Figure (3) shows the
specimen shape before and after hydroforming
process.

Fig. 3. The specimen before and after hydroforming
process.

2.4 Pressureand Depth M easurement

A digital camera type Sony, model DSC-
W670, 16.1 Mega pixels was used to record
during the hydroforming process. The final results
of applied pressure and forming depth can be
obtained from the saved movie. In this work,
gage pressure device is 600 bars used, the depth
during the hydroforming process can be
measured by a dial-gauge device. It is attached to
the die by an adjective pin ob (3%°° mm) in
diameter which is located in a deep drilled hole in
lower half of die to be attached to the lower side

75

of the aluminum sheet, the accuracy of dial-gauge
is 0.01mm.

2.5 Forming Limit Diagram

FLD represents the locus of the necked or
fractured position of sheet metals in the space of
in-plane principal strains, wherg is the major
strain and e, is the minor strain. Fld was
calculated to AA5652 BHT & AHT as shown in
Fingers ( 4) & (5) to know formability of sheet
metal also investigate the maximum strains can
be endured without fractured . In order to be able
to determine the local deformation of the formed
sheet, line patterns with defined geometries
(grids) are marked on the sheet specimens prior to
forming. The subsequent forming process causes
the line patterns to deform by an amount which
depends on the local deformation experienced by
the sheet part.

wrinkling

50- 40- 30- 20- 10- 0 10 20 30 40 50 60

Fig. 5. Forming limit diagram AHT.
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3. Finite Element Software Package
ANSYS11
ANSYS is a commercial, finite element

analysis, software package with capability to

analyze a wide range of different problems [8]. For

simulating the sheet hydroforming in a circle die

processes, commercial FEA software ANSYS11

was used, in which the "Newton-Raphson" implicit

approach was employed to solve nonlinear

problem. In this approach, the stroke steps orroute
surface of blank were defined explicitly over a

time span. Within each step, several solutions
(substepes or time steps) were performed to apply
the pressure gradually. At each substep, a number
of equilibrium iterations were performed to obtain

a converged solution. Before each solution, the
Newton-Raphson method evaluated the out-of-
balance load vector, which was the difference

between the restoring forces (the loads

corresponding to the element stresses) and the
applied loads. The 3-D 8-node structural solid

element of SOLID95 was used for workpiece

(blank).The tool set (die and blank holder) was

modeled as rigid bodies. Fluid pressure was
defined using a pilot node; this node was also
employed to obtain the drawing force during the

simulation.

4. Effective Stress & Strain Functions

The work done in deforming the unit element
is [9]:
daw

m = O-ldgl + O-zd(gz + 0-3d€3 o (1)

For a plane stress process, this becomes [9]:
w &l &2

m =.I(; O-ldgl +JO 0'2 dgz (2)
The plastic work done on a unit volume of
material deformed in the tensile test to a true
strain ofg; (wheres, = 63 = 0) will be, from

Equation (2).

w &1 aw &1

vol. fo vol. fo o1 de; -(3)

i.e. the work done per unit volume is equal to the
area under the true stress—strain curve. The plasti
work done per unit volume in an increment in a

process is given by Equation (1). It would useful
if this could be expressed in the form

aw

ol f1(01,02,03)df>(e1, €5, €3) - (4)

As the element is yielding during deformation, a
suitable stress function to choose is that given by
the von Mises yielding criterion, which has
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already been shown to have the value of the flow
stress. For plane stress this function is: [9]
fi(01,02,03) = (V1 —a +a?)oy (5

This function is called the representative, effexti

or equivalent stres? | and if the material is
yielding, it will be equal to the flow stress. Far
general state of stress in an isotropic material th
effective stress function is:

1
0= \/E{(Q —03)% + (03 — 03)% + (03 — 01)?}

..(6)

In plane stress, the effective stress function is:

= — |52 2
a—\/al — 010, + 03

= (\/1 —a+a2)01 - (7)

As indicated, if the material element is at yield,
this function will have the magnitude of the flow
stressg;. The required strain function in Equation
(4) can be found by substitution of the stress
function. This function is known as the

representative, effective or equivalent strain
increment d and for plane stress, the function is:

de = dfy(&1,82,83) =

{1+ B + 2} dey - (8)

In a general state of stress it can be writter®hs [

— 2
de = \/g{def + dei + de?}

= \];{(del —dey)? + (de, — de3)? + (dey — degy)?}

In a monotonic, proportional process, Equations
(8) and (9) can be written in the integrated form
with the natural or true strairssubstituted for the
incremental strainsegli.e. [9]

E{l +B+B%} e

2
\/5{812 + &5 + €2}

£ ..(10)

3

.. (11)

M)

2
\jg{(% —&)% + (82— &3)% + (&3 — )%}

. (12)
where, &, is the representative, effective, or
equivalent strain and it can be written in general
form as the followin{10].
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_ R+1 14 2R B+ p? (13)
E = —— —_—

V2R +1 vR +1
Where, R representsan average norm
anisotropy.

The equation (14 ) is used to calculate
equivalent stresses [9]

6=K@E)" .(14)

5. Results and Discussion

Figure (6) shows the relationship betwe
internal pressure and depth of AA5652 st
before heat treatment at each load step. In thi:
the difference between the total internal pres
to form the sheet in botexperiments is 4% .TF
total pressure is 120 bar in experimental test
125 bar for simulation tesThe maximum dept
was (18 mm) in experimental test and (17.7r
in simulation test
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Fig. 6. Relationship between internal pressure and
sheet depth (BHT).
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While Figure (F illustrates the maximur
depth is (19.8 mm) in experimental test and (
mm) in simulation test of AA5652 sheet after
treatmentunder applied pressure equals to
used in before heat treatment. Also, these figu
illustrate the effect of heat treatment works ce
rearrange the crystals of the metal and incre
the formability of the metal for hydroformir
which makes the epth of product AHT large
than the depth BHT with same pressi
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Fig. 7. Relationship between internal pressure and
sheet depth (AHT).

Observed approach practical resultsTables
(3) and (4) with the results of the simulat
program as shown irFigures (8) and (9) for
calculating the highest stresses and strair
exposed as a result of the metal hydroforn
process before and after heat treatment .
shows the effect dfieat treatment on the behav
of the metal during the hydroforming proce
giving more ductility due to -crystallization of
the metal and lower resistance to the stress
which it is facedg, €, €scalculated from the
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grids on the cups , als@, o calculated by reference used tube hydroforming processes of
equations (13) and (14) .The observed results are  AA6060 while the current study fouced on sheet

in agreement with the finding of Ref. [ 11] . The

Table 3,

hydroforming of AA5652.

Experimental results of the final stage of half AA5652 (t =1.2mm) sheet BHT in a bulgeregion only.

Pressure Grid mm €,

€

€;

&

g

0 0.3987 0.13914 -0.53784 0.5286 503

5 0.2613 0.09910 -0.3604 0.3521418 428

10 0.15651 -0.07823 -0.08028 0.156689 310
120 bar 15 0.14188 -0.07323 -0.06865 0.14238 298

20 0.12321 -0.06823 -0.05498 0.124212 282

25 0.1159 -0.06011 -0.05579 0.116338 274

30 0.0965 -0.02356 -0.07294 0.0985923 257
Table 4,

Experimental results of the final stage of half AA5652 (t =1.2mm) sheet AHT in a bulgeregion only.

Pressure Gridmm €;

€

€

g o
0 0.5115 0.2201 -0.7316 0.75069 518
5 0.3286 0.20449 -0.5331 0.53837 460
10 0.2931 0.1294 -0.4225 0.43289 425.3
120 bar 15 0.2731 -0.1194 -0.1537 0.27381 361
20 0.253892 -0.083 -0.17089 0.2589 359.72
25 0.20054 -0.1205 -0.0800 0.20189 323.23
30 0.17800 -0.096 0.0817 - 0.17820 309
600
©
o 500
2
v 400
g
% 300
5
< 200 -
2 ment
qg). 100 ==t== after heat
0 / treatment
0 25 50 75 100 125 150
pressure (bar)
WODAL S0LUTION A-N HNODAL Z0LUTION AN
S :SDAEiig{ S ;:525E+D9k}x
@ (b)

Fig. 8. Relationship between internal pressure and equivalent stress of AA5652 (t =1.2 mm) sheet (a) BHT (b)

AHT.
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Fig. 9. Relationship between internal pressure and equivalent strain of AA5652 (t = 1.2 mm) sheet (a) BHT (b)
AHT.

6. Conclusions Notation
1. Improving the elongation properties of the o¢3,0;,03
metal after heat treatment of the annealing ¢; &, ¢&;3

process . a
2. Upper value of equivalent stress and equivalent ~g
strain BHT were 503 and 0.5286 respectively ¢
while AHT become the equivalent stress g
and equivalent strain 518 MPa and 0.75069 . L
3. The hardness increasing after hydroforming w

process because the work hardening that occur (]

during the process .

was lowered AHT, because the

. The pressure required of hydroforming process dt

characterization of the formability of metal

improved .
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