JOURNAL OF INFORMATION, KNOWLEDGE AND RESEARCH IN
MECHANICAL ENGINEERING

To Study the effect of welding speed on
mechanical properties of friction stir welding
of Aluminum alloy

B.R.Rand’,L.V.Kamble*,S.N.SomariV.V.Mathane”
*Metallurgical and materials Engineering Departmeninndus University, Rancharda, via Thaltej,
Ahemedabad-382 115,Gujrat,India
"Metallurgical and Materials Engineering Department;he M. S. University of Baroda,Vadodara
390 001,Gujarat,India
Address
® bhaveshrana.mt@iite.edu.in
# somansn@yahoo.com
*mathne2v@gmail.com
"L.V.Kamble
Mechanical Engineering Department,The M. S. Univésof Baroda,Vadodara 390
. 001,Gujarat,India
Ivkamble @yahoo.co.in

Abstract: The friction stir welding is recently developed satl state welding process which overcome the problem
associated with fusion welding technology. The pragties achieved by friction stir welding is betterthan that achieve
by fusion welding technique. The aim of present stly is to determine the effect of welding speed on evhanical
properties of friction stir welding of Al alloy. AA 6101 T6 alloy was selected as base material anitfion stir welding
was carried out with hexagonal pin having concavehsulder. The thickness of the pin was 6mm having teth of
5.7mm with 20mm shoulder diameter. The friction sti welding was carried out at two different weldingspeed i.e
78,120 mm/min at fixed tool rotation speed of 1@/ rpm. The characterization was carried out in viewto
understanding of microstructure, hardness profile,tensile properties and the failure behavior of welthents. The
result indicated the better contrast in each zone @leloped after friction stir welding. The weld samfes which was
prepared at 1070 rpm tool rotation speed and 120 mfmin welding speed posses maximum tensile strengti 123
Mpa. There was an average 57 % decrease in hardnessweld region compare to base metal
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[.INTRODUCTION

The development of new materials and their pracapglication constitute a great
challenge for manufacturing sector in many brancbésindustry. Numerous efforts
concentrate on considerable reduction of manufexgfurosts of various components and
their assemblies. For this reason the noble coneeptunder continuous development.
invented in 1991 by The welding Institute, frictistir welding is novel solid state joining
process that is gaining the popularity in the maaotufring secto%'zl'
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Figure 1 Schematic illustration of principle oicfion stir welding™

J«——Adyancing

FSW utilizes a rotating tool design to induce pafiow in the base metals and to
essentially “stir” them together. During the Frigtistir welding ,the tool pin attached with
shoulder ,is inserted between the abutting edgesatés to be joined. As the tool traversed
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along the joint line, the rotation of shoulder undlee influence of an applied, fixed load
heats the metal surrounding the joint and with ribtating action of the pin induces the
metal from each work piece to flow together awdnf weld. The schematic figure
representing the principle of friction stir weldirggshown in the fig 1.

The microstructure resulting from the influenceptdistic deformation and elevated
temperature is generally a complex array of finegrystalized grains. The friction stir
welding gives the best joining efficiency and meubal properties with less negligible
defect or defect free weld. Over the last fifte@ang, numerous investigation have sought to
characterize the principles of FSW and to model mhicrostructural development. The
majority of these investigations pertains to heaatable aluminum (2xxx,6xxx and 7xxx
series) ®® and were simulated by the complex evolution of rostructure and thus
properties in these alloys during FSW process. dureent status of FSW research has been
well summarized byishra and Md”" Since no melting occurs during FSW, the process is
performed at much lower temperatures than convealtiowelding techniques and
circumvents many of the environmental and safesyids associated with these methods.
FSW is considered to be the most significant dgaaknt in metal joining in a decade and is
a ‘green technology’ due to its energy efficienegyironment friendliness, and versatility.

Aluminum & Aluminum alloy are difficult to weld, rpiring weld pool shielding gas
& specialized heat sources, require the oxide lagebe stripped prior to or during the
welding process. In addition, aluminum and its yalise subject to voids & solidification
cracking defects when they cool from a liquid st&ensequently, in order to manufacture
large panels of aluminum & aluminum alloys extrusidhvas become choice of
manufacturing. However, even extrusion has sizédions.

As compared to the conventional welding method$VFE®nsumes considerably less
energy. No cover gas or flux is used, thereby nwkine process environmentally friendly.
The joining does not involve any use of filler mMetad therefore any aluminum alloy can be
joined without concern for the compatibility of cposition, which is an issue in fusion
welding. When desirable, dissimilar aluminum alleysd composites can also be joined
with equal ease.

In contrast to the traditional friction weldinghieh is usually performed on small
asymmetric parts that can be rotated and pushadsageach other to form a joint, friction
stir welding can be applied to various types ofifeilike butt joints, lap joints, T butt joints,
and fillet joints. that the microstructure and féeg properties produced during FSW of
aluminum alloys are dependent on several factong dontributing factors include alloy
composition, alloy temper, welding parameters,kinéss of the welded plates as well as the
shape and geometry of applied toolfiese changes are exceptionably evident in age-
hardenable alloys where severe plastic deformamompanied by mixing of material as
well as heating and cooling cycles alters the nsictecture (and thus properties) in a
significant manner.

The quality of friction stir welding depending dmet geometry of tool pin & shoulder
of tool the process parameters also affect thatguatlweld i.e. tool rotation speed, traverse
speed, tool tilt angle, D/d ratio where D indicatiameter of shoulder & d indicates
diameter of tool pin, etc.

The aim of this present study is to determine tffece of welding speed on
mechanical properties of Friction stir welding dfaloy. For the present study AA6101 T6
age hardenable alloy was selected as basemeta.fri€tion stir welding was carried out
with hexagonal pin with concave shoulder. The fmnlhaving 6 mm thickness and 5.7 mm
pin length with 20 mm shoulder diameter. The fantstir welding was carried out at 1070
rpm tool rotation speed and welding speed 78, 12(min.The characterization was carried
out to understand the various zones created dfterwelding through microstructure
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analysis. The tensile test was carried out udy the effect of welding speeon tensile
strength and the fracture behavior of the weld $asThe hardness profile measurem
was carried out by Brinell hardness tesl

II. EXPERIMENTAL PROCEDURE

In this present research work the attempt was ntads#tudy the effect of weldin
speed on mechanical properties of friction stirdied of Al alloy. For this purpose tt
extrusion product of AA6101 T6 was utilized for goening by friction stir welding. The Tt
is the temper designation of the alloy indicatihgttthe alloy was solution heat treated
artificially aged. The thickness of the plate aeld for FSW was 6mm. The FSW of AA 61
T6 was carried out at metallurgical amaterials Engineering Department of the Maha
sayajirao university of Baroda, vadodara. The galtmilling machine was used for frictic
stir welding with tool tilt angle of 2 degree an-10 KN load applied downward during tc
traverse. The tool vs made up of EN24 steel. The chemical compositidhedAA 6101 TE
is indiceted in the following table [1]The chemical composition of the AA 6101 T6 v
confirmed by the EDS (Energy Dispersive Spectrogg

Tablel Thechemical composition of AA 6101 T6 all

Elements %
Al Balanct
Mg 0.6
Si 0.5
Zn 0.02]
Cu 0.07¢
Cr 0.01¢
Zr -

The two plates of AA 6101 T6 having dimensions 80rhm x 100mm x 6mm wel
butt welded by friction stir welding. The followirfig 2 indicates the dimension of the we
sample

-

|
I

(T

Figure 2 dimension of weld sam

For the present research work the following psscparameters were selected . The fric
stir welding was carried out with hexagonal pinhagoncave shoulder. Tldiameter of the
shoulder and pin length was 20mm and 5.7mm reisely. The samples were welded
1070 rpm tool rotation speed with two differentidveg speed i.e78 and 120 mm/mi

After welding the microstructure analysis was @atrout with hel of Neophot 2 ani
SEM (scanning Electron Microscope) at 250X magatfan. The etchant use for t
development of microstructure was 4M kelle was prepared by mixing of Hydrofluor
acid 6ml (HF), Hydrochloric acid 12mi( HCI), Nitrigcid 22ml (HNG) and 60 ml distillec
water. The immersion time for the eatching was 3rtir'®!
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The hardness profile measurement of frictionwsélded sample was done across
each zone from Basemetal at Advancing side to Bastal at retreating side. The Brin
Hardness test was carried out using 2.5mm diaméteardened ste ball indenter& 31.25
kg load The following equation (1) was used to calculateBiiIN theoretically

2P
aD(D —/(D* — @) (1)

BHN =

Where, P = Applied load, kg, D = Diameter of intky, mm, d = Dialeter of indentatior
mm

The tensile test was carried out as per ASTM E8dstal. The following fig. :
indicating the dimension of the tensile specimepesASTM E8 standa™

dimension of tensile test specimen as per the A&B
standar

The fractrography of failed tensile sample was iedrrout at metallurgical ar
Materials Engineering department, The M.S.Univgrsit Baroda. The fractrograp was

conducted with help of Scanning Electron Microscage different magnifications .
50x,100x 250x 500x and 10C

lIl. RESULT AND DISCUSSION

The typical microstructure of as received condgigbase material) is shown in fig
The microstructure comprises of the coarse grains aimalum with the hardenin

precipitates of M,Si. From the microstructure analysis, there wefiedint zones observe
in the weld sample

SV e vaik ek
Figure 4 Microstructure of AA 6101 T6 all

The different zone observed are weld centre, Nuggee, thermo mechanica

affected zone, heat affected zone, and unaffeatédge metal region as shown in follow
fig (5).

The formation of nugget region in the centre of wedd region is still nknown why
it forms? But the lots of research work is goingtorind out the origin of nugget region. T
weld centre consist of extremely fine recrystalizgdins of Al with the breaking of tt
coherent precipitates of MSi.The size of the precipitis are extremely finer compare to
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other zone of the weld. The distribution of theqgypéates is uniform throughout the we
centre region. There was sever plastic deformatvas observed and the precipitates
destroyed and also some reprecipiin observed. There was also formation of some c
layer form at either at the advancing side orhat tetreating side of the weld samj
forming some uneven boundary between the weldeamd the TMAZ and thus make so
differentiation between the

In the TMAZ, the microstructure consists of extréyriene grains of the Al with fine
size of the precipitates of NLSi. There are presences of more precipitates Zoaees
compare to weld centre. At boundary near the TMAZ weld centre, there is forition of
an oxide layer. The formation of this oxide laysralso became the interesting part of
research why it was form? But from findings, it nias/ generated during the rotation of tc
metal gets oxidize

The nugget region was observed near bottom root portion of the weld cent
region. The nugget region comprising of bandedcsire. It is also called as onion ri
structure. The bands are distributed in such atat/there was formation of alternate ba
of light and dark bands with derent coherency and density difference of preaig:.

Figure 5 SEM micrographs of fsw sample at 250x nfagtion a.weld centre, bNuggaet c. TMAZ at RS,AZ at AS, e. HAZ at A, f.
HAZ at RS

The HAZ forms on the both the side of the weldadeancing and retreating side
weld. The reason behind formation of the heat #dfézone is temperature difference aci
the weld. Because before the welding, the alloyepl@as at room temperatuiWhen the
welding done by the rotation of tool there was sat$al increase in temperature due to
friction generated between the tool and work piand due to the plastic deformation
work piece. So, the grain growth was observed@HRAZ. The nicrostructure comprising ¢
the coarse grains of aluminum with ripen precipgadf the M,Si

The brinell hardness test resindicated there was an avere57 % decrease in tt
hardness of weld region compare to E metal.

The tensile test result indicated that the welgh@red at 1070 rpm tool rotation spe
at 78 and 120 mm/min welding speed posses theldessength of 108 with 11.32
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elongation and 123 Mpa with 13.6 % elongation respely. The failure analysis cthe
failed tensile test specimen indicated the mixedlenfailure of ductile and brittle behavi
The following figure (6) indicates the fractrographs of failed tensile specimen whigided
at 1070 rpm and 78 mm/min welding speed. The fracsurface idicated the mixed moc
failure of ductile and brittle behavir

The observation was carried out that there is agoree of some cleavage and st
There is also presence of wide and long micro atke figure (7) indicates tt
fractrographs of the fied tensile specimen which was welded at 1070 rpoh rimtation
speed and 120 mm/min welding speed. It also haiagnixed mode fracture of ductile a
brittle behavior. There is presence of elongated equiaxed dimple structure with fi
microcracks nd voids are present.This reveal that there wastin® for propel
agglomeration of materi

e

Figure 6 Fractrodrap of weld sample prepared at 1070 rpm { Figure 7 Fractrodraj of weld sample prepared at 1070 rpm i
rotation speed and 78 mm/min welding speed a. 5080x c¢,250x rotation speed and 120 mm/min welding speed a. 5Q00x
d. 500x, e. 1000x magnificati ¢,250x, d. 500x, e. 1000x magnificat

V. CONCLUSIONS

1) The microstructure of weld comprise of the diffdre@ones namely, weld ceni
TMA Z,HAZ on bothside of the weld centt i.e Advancing side and Retreating sic
The each zone is having its own characteristiceeims of the grain structure a
distribution of MSi precipitates. There was good transition obsefi@d one zont
to other.

2) The tensiletest result indicating that with increase in wetdspeed there is increg
in tensile strength of weldments but fracture stefeeveal that there was presen
some micr cracks and voids which is further indicating theproper agglomeratio
of weld.

3) The Hardness profile measurement indicating thexetlivas an average 57% decre
in hardness compare to B metal
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