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Abstract— The ability of a sheet metal to be formed in a
given process without failure is known as formapili
Formability is a measure of the amount of defororata
material can withstand prior to fracture or excessi
thinning. Forming Limit Diagram (FLD) is a graphica
representation of limit strains at which neckingffture
occurs in a sheet metal under all possible modes of
deformation. Anisotropy is the variation in propest with
respect to directions, due to variations in micrastures
introduced in forming operations such as rollingheT
values of strength (YS and UTS) and ductility (%
elongation) show a large variation in mechanical
properties because of the differences in as rolled
specimens, annealed specimens, and different #&sskaf
the Al sheets. From the LDH test the limiting straalues
and the formability of sheet metal were found wreéases
with increasing sheet thickness.

Keywords— AA1200 aluminum alloy sheets, sheet
forming, stretch forming, anisotropy.

l. INTRODUCTION
Sheet metal forming is a process in which flat thianks
are deformed permanently to produce a wide range of
products i.e. very simple sheet metal parts to dexnhree
dimensional objects. These operations are widegd us
industry and hence knowledge of various sheet metal
forming processes is essential to manufacture gpadity
products. Common parts made by sheet metal forming
processes include automobile body panels, fuel stank
aircraft parts, various parts for building indusgriand also
for making domestic home appliances, food and drants.
Steel and its various grades are used for a vaoiegheet
metal parts. Plain low carbon steels have a lapgécation
in automotive industries. The advances in material
processing has led to development of wider range of
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advanced steel grades like extra deep drawingssteal
interstitial free steels for critical forming apgditions.
Aluminium alloys are now-a-days replacing the stiel
automobile industry since they have lower weight,
comparable strength and high corrosion resistandelzey
reduce the vehicle weight and hence able to actietter
fuel consumption [Zhonggi Yu, 2007]. Aluminium aflo
selection depending on the above mentioned pregerti
may look better, but the manufacturing aspect aésexls to

be considered. For example the bumpers should cembi
strength and also adequate formability. Hence the
formability of aluminium alloys needs to be studied
Because of their inferior forming properties, adweh
methods are being used to exploit their full pasntarge
number of aluminium alloy sheets has been develdaped
the recent past for potential application in auttveo
industry.

The experimental determination of forming behavidr
these modern materials is time consuming which
necessitates some easier methods of determining
formability. Finite element simulation or theoretic
methods are finding wider importance now-a-daysis Th
can lead to the optimization of process and degigiables

to achieve better quality stampings.

I. LITERATURE REVIEW
Experimental evaluation of formability
Formability tests
Some lab tests used to determine formability aiefligr
explained below:
The Swift-cup test [George E Dieter, 1988] is awdng
test. A series of blanks with steadily increasingnteters
are deep drawn, and at one point a diameter isheeac
where the punch penetrates the not yet completelyrm
cup. The Swift cup test is the determination of lthréting
drawing ratio (LDR) for flat-bottom cups. A simuila test
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in which circular blanks of various diameters alarped
in a die ring and deep drawn into a cup by a ftattdmed
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Table.1l: Chemical composition of the as rolled A212
used (by weight %).

cylindrical punch. Si Fe Cu Mn Al
The Swift Cup test is usually considered to provale 0.0929 0.451 0.0026 0.0022 99.37
measure of the drawability of sheet metal. A disaped Mg Cr Ni 7n
sheet spe.mmen of mgtgl is placeq between the. Ma@er 0.0017 <0.00050_0.0022 0.0073
and the die and then it is drawn into a cup byladsical _
: o . Ti Pb Sn \Y
punch. A cup with a cylindrical shape will be foafter the
test. The sheet is drawn which is held under akoferder, 0.0271 0.0148 0.0067 0.0013
properly lubricated to ensure material flow. Thaiting Annealing

The sheet metal received was in as-rolled conditibich

has high strength and low ductility and strain leardg
exponent. To bring the material in formable stateded
heat treatment in vacuum. The distorted, dislocated
structure resulting from cold working of aluminiumless
stable than the strain free, annealed state, tohwihitends

to revert.

draw ratio (LDR) which is the ratio of the maximutank
diameter that can be drawn without fracture to the
diameter is the measure of drawability. A high $wif
number indicates a good drawability and vice-versa.

The Erichsen & Olsen tests [George E Dieter, 1%3@]
used to estimate sheet metal formability under pure
stretching conditions. The sheet is clamped betwesn

flat plates and is stretched by a ball. Cups arméa by

stretching over a hemispherical tool. The heighthef cup Match type CNC Laser cutting
represents the formability index. Cups with largeight Elect/voltage 440V,60Cy,3Ph
represent good resistance to necking. The resefisrdl on Maximum cutting | 80"x148”
stretchability rather than drawability. The Erichsand dimension

Olsen test produce bending strains in the testh@mde no Maximum cutting | 0.375 mild steel
longer used in the industry. thickness

The cupping tests discussed above are losing favour Laser power 2600 watt
because of irreproducibility. Hecker attributed sthio Laser gas Co
‘.‘|nsuff|C|ent size .of the penetrator, inability _tpreverﬁ X travel 1524mm
mad.ver.tent" drawing in of the .flgr.lge, and mcpmsust Y ravel 3048mm
lubrication.” He proposed the limiting dome heigtt "

(LDH) [Hosford and Caddel]. The specimen width is Z direction 101mm

adjusted to achieve plane strain and the flanggaimped
to prevent draw-in. The limiting dome height (LDI)the
greatest depth of cup formed with the flanges clanghe
LDH test results correlate better with the totainglation
than with the uniform elongation. This test is wjdased
in the industries.

[l EXPERIMENTAL SET UP AND PROCESS
PARAMETER
Selection of materials.
Sheet metal for present work is Aluminium Alloy 120
grade is as rolled, of thickness of 1mm and 1.6nsm.
rolled metal sheets are those sheets which are dosly
from the roll mill. The properties of as rolled ste are

A

changes to anisotropic from isotropic soon aftee th

annealing of the sheet metal.

www.ijaems.com

Table.2: Specification of laser cutting machine

Laser cutting

The Laser cutter works by directing a high powelaskr
beam very precisely at the chosen material to eiteh
the material or cut right through. The cutting beiamery
thin (typically around 0.1mm) and precise resultiimg
incredibly detailed and accurate cuts. By redutimgbeam
power we can mark the surface of the material, this
known as etching or engraving and can give sonmensig
effects on materials.
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Fig.1: Specimens obtained from laser cutting macl
Determination of tensile properties.
The subsized specimens of AA1200 as per AS
standard EBI were used for tensile testing. The rolli
direction of the sheet was determined with helgtoftchel
roll marks. The specimens were prepared by lasgingt
of annealed and as rolled aluminium alloy sheet
different directions relative to rollingirctior (RD), i.e.,
0°in RD, 45° w.r.t RD and 90w.r.t RD The specimens
were tested in uniaxial tension on Instron machlead
elongation data was obtained for all the tests whiere
converted into engineering stress strain curvese
standard tesile properties such as yield stress, ultin
tensile stress, uniform elongation and total eltiogawere
determined from the stress- strain data.

Fig.2: Instron machine used for tensile tes

www.ijaems.com

Determination of average plastic strain ratio (Nornal
anisotropy - R.g value) and planar anisotropy-AR
value.

The plastic strain ratio, which is a measure ofaimopy,
was determined using specimens prepared accordi
ASTMES517 specification. The specimens were elorg
to predetermined longitudinal sin (15%depending on the
% elongation up to UTS) and the testing was sto
before the onset of necking. Final width and galegeth
were measured and the plastic strain ratio (Rpisutated
as below [George E Dieter, Mechanical metallu

InYf
& —Ew+&) [plawe
Lywy

W,, lo: initial width and length, \;, I final width and
length
€,,=true width strain
€.=true thickness strain
€,=true length strain
The R vale was determined in three directions
mentioned in the tensile tests by repeating theve
procedure. The normal anisotropy or average plastain
ratio and planar anisotropy were calculated usihg
formula:

Ravg = (Ro + 2R45 + Rgg) /4

AR = (Rg — 2R45 + Rgyp)/2
Ro, R4s and Ry represent the R value in three directi

LDH test of Al alloy sheets

As suggested by Hecker [1974], samples were defd
using a hemispherical punch. The width was varie
obtain all posible deformation modes i.e. biaxialnsion,
plane strain tension andnsior-compression.

A
/ Blank-Holder

Pll.ll(‘h/

Fig.3: Schematic of punch and die setup for LDH "
Microstructure of AA1200 (as rolled and annealec
specimens)
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Examination of the microstructure of aluminium aitsl 45°-2 62 69.5 0.09 103.2 6.09
alloys requires a well executed chain of steps faliye 453 93.2 104 0.423| 5964 7.84
developed based upon scientific understanding and 90-1 914 104 0.0437| 684.1 5.99
practical experience. In general, there are a Sefiesteps 90’-2 90.4 103 0.359| 487.8 6.08
required to prepare specimens: sectioning, mounting 993 914 107 0511| 8821 7.03

grinding and polishing. In most cases, sectionirsg i
required to obtain a small piece for examinationalfew
cases, such as examination of fasteners, sectiomaygnot
always be needed. Mounting, in some cases, mayp@ot
needed. After grinding and polishing, it is goodgiice to
examine the surfaces before etching. For examimatio
intermetallic phases, it is common practice to eidth
dilute aqueous HF solutions; a 0.5% concentratsoneiry

Table.4: Tensile properties of as Rolled AA1200
(Thickness: 1.6mm)

commonly used. This improves the image contrast and 45-1

reveals little besides the intermetallic. Otherhatds are
used to detect segregation or cold work or reveshgsize.
For some alloys, it is quite difficult to revealettgrain
boundaries.

Finite Element Analysis

Computer based simulations are widely used by shetl
engineers to meet the demand for better qualitgywsts.

These simulations using finite element are used for

predicting the failures, assessing a proposed fagmi

Orientation YS(Mp | UTS(Mpa) n k %elon
wrt RD a) gation
0%1 56.9 64.9 0.092| 916 9.74
0%-2 51.8 60.2 0.089| 87.26) 9.12
0%3 438 50.8 0.077| 684 11.6
57.2 64.1 0.088| 97 7.66
452 51.9 59.4 0.078| 85.6 9.09
45-3 47.8 54.6 0.07 74.8 8
9c’-1 48 52.6 0.082| 76.6 6.68
9dP-2 51.8 57.7 0.094| 88.2 7
9’-3 56.7 62.4 0.192| 1424 6.89

(Thickness: 1mm)

Table.5: Tensile properties of annealed AA1200

process, designing tools and also in troubleshgotire | Orientationwrt | oo | rgmpay | n k | welongation
manufacturing problems. RD
In the this work, the finite element simulation weeried 01 33.8 54.5 0.349| 122.3 42
out for the prediction of failure in stretch forrginof 0 j

. . . . . 02 29.1 47.2 0.349] 122.3 38.4
aluminium alloys. The FE simulation was carried out
Abaqus 6.11, commercially available dedicated safen 0°-3 26.5 42.8 0.364] 974 42.3
for sheet metal forming applications. This systenwvjues
preprocessing (auto meshing, tool positioning, dizad 451 32.7 54.3 0.394 1173 59.1
representation) and post processing (animatiomdbility 4502 402 648 0.358] 1301 61.7
plot, forming limit diagram). Default input parareet are
generally chosen to give efficient, accurate sitioha 45-3 39 64.7 0.363| 132.1 49.7
results. The FE simulations were done to check [tie

. - . . ad-1 25.2 414 0.405 108.1 32
accuracy of failure prediction in stretch forming |o
aluminium alloys. The failure predictions based the 90’2 26.3 43.2 0375 102.1 41.7
developed as well as existing correlations were payed
with the experimental results. 90>-3 24.3 40.6 0405 99.2 42.1
V. RESULTS AND DISCUSSION Table.6: Tensile properties of annealed AA1200

Tensile properties (Thickness: 1.6mm)

Table.3: Tensile properties of as Rolled AA1200

(Thickness: 1mm) Orientat | YS(M | UTS(M [n K %elongat
Orientation | YS(Mpa) | UTS(Mpa) n k %elongatior] ion wrt | pa) pa) ion
wrt RD RD

0%-1 77.6 97.6 0.298 312.9 9.94 0%1 26.2 43.2 0.4 | 109 | 39.7
0’2 67.4 75.5 0.098| 117.6 7.13 05
0%3 68 72.2 0.072 103.7 7.27 0%2 26.7 44.4 0.3 | 103 | 48.9
451 47.2 52.7 0.072 71.8 6.85 89 5
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0°-3 28.3 45.9 0.3 | 109 | 46.1 90-1 30.6 50.6 0.3 | 116 | 44.9
93 9 81 A
45-1 31.3 52 0.4 | 115 | 63 adf-2 28.8 47.5 0.3 | 107 | 459
18 .8 75 4
452 31.3 51.9 0.4 | 118 | 574 90°-3 16.8 27 0.3 | 65 394
26 92
45-3 31.9 52.6 0.4 | 122 | 54.2
34 3
Anisotropy of annealed AA1200
Table.7: Annealed AA1200 (Thickness: 1mm)
Orientation W(i) W(f) GL(i) GL(f) Ew 9 Er R
wrt RD
0%-1 5.79 5.43 31.06 36.06 -0.06419 0.149263 -0.08507 0.75459
0%-2 5.76 5.46 31.06 36.06 -0.05349 0.149263 -0.09577 0.558484
03 5.74 5.42 31.06 36.06 -0.05736 0.149263 -0.0919| 0.624194
451 5.82 5.61 31.06 36.06 -0.03675 0.149263 -0.11251 0.326622
452 5.76 5.65 31.06 36.06 -0.01928 0.149263 -0.12998 0.148344
45°-3 5.78 5.64 31.06 36.06 -0.02452 0.149263 -0.12474 0.19656
9d*-1 5.74 5.39 31.06 36.06 -0.06291 0.149263 -0.0863% 0.728595
90’-2 5.71 5.35 31.06 36.06 -0.06512 0.149263 -0.08414 0.773969
90’-3 5.71 5.37 31.06 36.06 -0.06139 0.149263 -0.08787 0.69864
Table.8:” Annealed AA1200 (Thickness 1.6mm)
Orientation . .
Wit RD W(i) W(f) GL(i) GL(f) Ew €L Er R
-0.05194 N
0°-1 571 5.44 31.06 36.06 0.149263 0.09733 0.533629
0 5.44
0-2 5.72 31.06 36.06 -0.05368 0.149263 -0.0955§ 0.5616(
0 5.48 A
0-3 5.8 31.06 36.06 -0.05157 0.149263 -0.0977 0.52782
5.57 |
451 5.73 31.06 36.06 -0.03354 0.149263 -0.11572 0.28985
45°-2 5.71 557 31.06 36.06 -0.02832 0.149263 -0.12094 0.234164
5.57
45°-3 5.79 31.06 36.06 | -0.03528 0.149263 -0.11399 (.309485
5.34 4
9¢-1 5.73 31.06 | 36.06 | -0.06524 0.149263 -0.08402 0.77644
90’-2 5.7 537 31.06 36.06 -0.06314 0.149263 -0.08617 0.733152
90’-3 5.68 539 31.06 36.06 -0.05767 0.149263 -0.09159 0.629695
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Table.9: Values of R

Thickness Ry Rys Rgo
1mm 0.645756 | 0.223842 | 0.733735
1.6mm 0.541021 | 0.277835 | 0.713103

Table.10: Valuesf Anisotrop

alloys. It was more successful than any of the dsted
etchants.
LDH test of AA1200

Table.11:LDH test values of annealed AA1200

Thickness Normal Planar
anisotropy( R,yg) | anisotropy
(AR)
1mm 0.456794 0.465904
1.6mm 0.452449 0.349227

Microstructure of AA1200
The results obtained from the microstructure tes
AA1200 is shown blow.

Fig.4: microstructure of annealed AA1z

—

Fig.5: microstructure of as rolled AA12
Microstructure of aluminium and its alloys can bepgard
using a straight forward four or five step proced
Always section specimens with an abrasive wl
developed for metallography to minimize the damaige
cut. Then, start grinding with the finest possiblerasive
size that will remove the sectiony damage and get all
the specimens in the holder to the same plane
reasonable amount of time. Keller's etch was tbtombe
very useful for revealing the grain structure afrainium
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different thicknes

Failure Minor strair Major strain
points
(Imm)
1 0.073342 0.661675
2 0.092124 0.744198
3 0.09039 0.634173
Failure Minor strair Major strain
points
(1.6mm)
1 0.079043 0.635564
2 0.100723 0.819158
3 0.114481 0.661271
Safe points| Minor strair Major strain
(Imm)
1 0.086052 0.512572
2 0.093698 0.564837
3 0.084842 0.498685
Safe points| Minor strair Major strain
(1.6 mm)
1 0.102691 0.498895
2 0.092319 0.534202
3 0.100613 0.554041
Specimens | LDH(mm)thickness | LDH(mm)thickness

Imm 1.6mm
1 21.90 23.74
2 22.10 23.80
3 22.26 24.14

The limiting strain values and the formability ofiest
metal were found to increase with increasing s
thickness.

Finite element analysis result:

As discussed in chapter 4, stretch forming of difife type
of specimens was simulated using ABACUS 6.11
predict failure and LDH for the cases of biaxiaksthing,
plane strain condition and tens-compression. The LDH
has been fouh to be 24.14 mm which is significani
higher LDH which means formability increases witte
increases of thickness. There has been a signil
improvement in accuracy of prediction of limitingrde
height and limit strains in FE simulations. Thewlfigure
explains the finite element analy:
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S, Mises

fraction = -0,932469

(Avg: 75%)
+0.000e+00
+0,000e+00
+0.000e+00
+0,000e+00
+0.000e+00
+0.000e+00
+0,000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00

—<

ODB: Job-2.0db  Abaqus/Explicit 6.11-PR3
Step: Step-1

Increment 0: Step Time = 0.0

Primary Var: S, Mises

xqz-‘T

I W aTata PR aTal

Fig.6: The schematic of the meshes assembly for FE as

V. CONCLUSIONS

Based on the results and discussions presentedhe
previous chapter the following conclusions are dr;

1.

The tensile tests showedarge variation in mechanic
properties of the aluminium alloys used in -
work due to the differences in thickness and arimg.
Most of the aluminium alloys specimens have t
strain  hardening  exponent indicating  gc
stretchability.

. Anisotropy influences both mechanical and phys

properties of metals. The value of the averagetipl
strain ratio for AA1200 is less than 1 indicateod
drawability of AA1200 sheets. The value of pla
anisotropy is almost found to be equal to therage
plastic strain ratio.

Experimentally the value of planar anisotropy
aluminium alloys is always less than ¢
Microstructure of aluminium and its alloys can
prepared using atraight forward four or five ste
procedure. Keller's etch was found to be veryfuls
for revealing the grain structure of aluminium gHolt
was more successful than any of the standard et
From the LDH test thdimiting strain values and tl
formability of sheet metal were found to increasdéts
increasing sheet thickness.

. There has been a significant improvement in acetL

of prediction of limiting dome height and limit ains
in FE simulations.
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