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Abstract

Friction stir welding (FSW) is a time-tested process for the joining of both similar metals and dis-similar metals that are both essential and
desirable for use in various industries where high weld strength coupled with minimum heat affected zone (HAZ) is preferred. Such weldments
usually tend to have less defects, a better retention of mechanical properties, negligible distortion coupled with less residual stress when compared
with fusion welding. However, the welding machines from original equipment manufacturers (OEMs) are often expensive and cannot easily be re-
configured to the requirements of an end-user. Re-configuring conventional milling machine for friction stir welding was shown to be an effective
ingenious approach in published literature and is chosen in the present study. Aluminium alloy, the equivalent of AlSi7Mg or A356, is widely chosen
for use in engine casing applications is the material chosen for this study. This alloy is known for its remarkable resistance to corrosion coupled
with high strength. The ‘proof-of-concept’ study revealed an excellent weldment in terms of improved tensile strength and minimum defects in the
weldment. This study does encourage in the development of a cost-effective friction stir welding set-up to revolutionize the ageing machine shop in

industries.
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Introduction

Friction stir welding (FSW), is a solid-state welding process,
that is often used for the joining of work pieces at a temperature
well below their melting temperature. This welding technique does
permit the joining of materials, which cannot be easily welded
using the conventional welding techniques. This welding technique
was invented in 1991 at The Welding Institute (TWI) [Cambridge,
United Kingdom]. This welding technique does enable in the joining
of non-weldable aluminium alloys belonging to the 5XXX series
[1]. Apart from aluminium alloys, this welding technique has been
used to join magnesium alloys as well as alloys of lead and alloys
of zinc. An investigation on FSW of the magnesium alloy AZ61A
[9.5mm thick] was carried out with much success at The Welding
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Institute [TWI]. Joining of a magnesium alloy with an aluminium
alloy was made possible using this technique [2]. A schematic of the
friction stir welding technique or process is show in Figure 1. The
technique or process makes use of a non-consumable rotating tool,
which is made to traverse in a well-defined path along the joint so
as to eventually produce the weldment. The welding tool consists
of a board shoulder and a pin having a certain profile. General
observations have revealed that if butt joints are to be made, the
pin length should be same as thickness of the chosen work pieces.
While the pin traverses along the line of joint, the shoulder remains
in contact with the top surface of the work piece, thereby enabling
in avoiding expelling of the plasticized material. Aspects specific
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to clamping arrangements, tool related knowledge, and optimized
welding process variable have been developed over time. The
welding tools are made from a wear resistant material, which does

possess excellent properties at high temperatures. Various process
parameters to include the following:
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Figure 1: Schematic showing the friction stir welding process [Mishral].
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a.  Tool rotational speed
b.  Feedrate

c.  Tool shoulder diameter
d. Pin angle, and

e.  Axial force, have been found to affect the quality of the
weld, and thereby exert an influence on mechanical properties
of the weld joint. The welding process variables does produce a
considerable effect on the amount of heat that is generated and
the resultant strength of the weld joint. Due to inappropriate flow
of the plasticized metal, microstructural analysis did reveal the
existence of ‘tunnel’-type defects [1]. The effect of welding process
parameters on mechanical properties of friction stirs welded
aluminium plates did reveal improved hardness. The best hardness
was essentially obtained at high rotational speed and medium
traverse speed of the various tool profiles [3-5]. An analysis of
variance (ANOVA) study revealed that percentage contribution
of the axial force on tensile strength of the joint was highest. This
was followed by traverse speed and then tool rotation speed [6].
Researchers have successfully used friction stir welding technique
to fabricate metal matrix composites [7,8].

The heat affected zone (HAZ) and thermo-mechanically affected
zone (TMAZ) were found to be minimum for friction stir welding
(FSW) when compared to conventional welding techniques. The
average hardness of the TMAZ was found to be slightly lower
than that of weld nugget [7-9]. The aluminium alloy, A356 or LM

25, widely studied and well documented in published literature
on friction stir welding showed good weldability in combination
with improved tensile strength, hardness, compressive strength
and impact strength. Over the years, researchers have fabricated
a LM25/Zr02 composite. In this aluminium alloy metal-matrix
composite the zirconia particles are added to improve weldability
while concurrently being beneficial to achieving high weldment
strength [9]. The chosen aluminium alloy (LM 25), ie., the
AlSi7Mg or A356, is chosen for use in engine casing applications
and is a difficult material to join using the existing fusion welding
techniques. Pressure welding is arguably the best alternative while
processing using the friction stir welding technique did yield best
strength properties [10]. The present study focusses on friction
stir welding of the chosen aluminium alloy, i.e.,, LM-25, using a
reconfigured milling machine. Reconfiguring a milling machine for
the purpose friction stir welding has been attempted before [11].
The present study is an extension of the previous experiment.

Material and Methods

The nominal chemical composition of the chosen aluminium
alloy (LM-25) used in the present study is provided in Table
1. The cast billet was cut into 5 mm thick plates using electric
discharge machining (EDM) and the plates were butt welded in
a reconfigured milling machine using an appropriate friction stir
weld tool. The spindle of the milling machine was fit with a collet
so as to accommodate the tool used for friction stir welding. This is
shown in Figure 2.

Table 1: Nominal chemical composition of aluminum alloy LM-25 [in weight percent].
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Figure 2: Bird’s eye view of the complete experiment.
N J

Results and Discussion

The initial trials were carried out to optimize the process
parameters in order to obtain a 25 mm wide sound weld. Trial
runs were followed by the actual experimentation process. Tensile
test specimens were precision cut from the as-welded plates (as
shown in Figure 2) and in accordance with ASTM E-8 Standard.
No major surface defects were noticed. The welding appeared
impressive to the naked eyes and the optimized weld parameters
used are a tool rotation speed of 2000 rpm, a feed rate of 6 mm/
min for a tool shoulder having a diameter of 25-mm. The room
temperature tensile tests were carried out at a strain rate of 1 mm/
minute and the test results are shown in Figure 2. For the purpose
of comparison, a cast billet was tested for tensile strength using a
similar procedure. Three specimens were tested in order to ensure

repeatability. The yield strength (YS), ultimate tensile strength
(UTS) and percent elongation (%) to failure [ef] were determined.

It is evident from Figure 3 that overall quality of the weld is
good since the tensile properties have not deteriorated much when
compared to the base material. In fact, marginal improvement
in ductility, quantified by percent elongation, is an indication of
microstructural grain refinement coupled with minimal porosity
as is reported in the published literature. The present study does
present ample opportunity to re-configure a vertical milling
machine to perform the task of friction stir welding. Furthermore,
the process was made repeatable by recording the axial load using
a dynamometer. Also, attaching sensors to measure both the speed
and feed rate does make the process more reliable.
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Figure 3: Tensile properties of welded specimen compared with base material.
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Conclusion

Friction stir welding (FSW) is a time-tested process for the
joining of both similar metals and dissimilar metals. In this
independent research study, an attempt was made to reconfigure
an aged vertical milling machine to carry out or perform the friction
stir welding (FSW) process. In the present study an attempt was
made to join two 5-mm thick plates of the cast aluminium alloy (LM-
25). The weldment did reveal acceptable to good tensile properties
thereby providing an indication of the feasibility of using a vertical
milling machine for performing the friction stir welding process
and with the possibility of integrating the machine with sensors
more meaningful and repeatable results was possible.
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