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Abstract

In present work, an investigation has been carried out on single and double pass friction stir welding (FSW) of two
dissimilar aluminium alloys AA6061 and AA8011 using high carbon high chromium alloy steel tool. Study of the
different mechanical properties such as tensile strength and micro hardness of the joints was carried out with the use
of different tool pin profiles i.e. straight cylindrical, threaded and tapered cylindrical for single pass and double pass
welding at constant tool rotational speed of 1400 rpm and traverse speed of 45 mm/min. Shape of the tool pin profile
and number of passes are process variables. Results show that maximum tensile strength occurs across the double
pass as compared to the single pass. It has observed that hardness value of single sided welded joints is slightly
greater than double sided welded joints. From this investigation it is found that threaded tool pin profile produces
mechanically sound weld and superior tensile properties as compared to other joints.
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Introduction

Friction stir welding (FSW) is a relatively new solid
state welding process which is used for butt and lap
joints. FSW was invented by The Welding Institute,
Cambridge, UK in 1991 [W.M Thomas, E.D .Nicholas,
J.C. Needham, M.G. Murth et al, 1991] and has emerged
as a candidate process for welding of aluminum alloys.
This process has made possible to weld a number of
aluminum alloys that were previously not
recommended (2000 series & copper containing 7000
series aluminium alloys) for welding. Because the
material subjected to FSW does not melt and re-
solidify, the resultant weld metal is free of porosity
with lower distortion. An added advantage is that it is
an environment friendly process. FSW is a solid state,
localized thermo-mechanical, joining process. The
process and the terminology are schematically
explained in Fig. 1. In FSW a non-consumable rotating
shouldered-pin-tool is plunged into the interface
between two plates being welded, until the shoulder
touches the surface of the base material, and is then
traversed along the weld line. In FSW, frictional heat is
generated by rubbing of tool shoulder and base
material surface, and by deformation. During
traversing, softened material from the leading edge
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moves to the trailing edge due to the tool rotation and
the traverse movement of the tool and this transferred
material is consolidated in the trailing edge of the tool
by the application of an axial force [Kumar K., Kailas
Satish V. et al, 2008].
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Figure 1 Schematic diagram of Friction Stir Welding
[R.S. Mishra et al, 2005]

Experimental Work

6 mm thick rolled plates of AA6061 & AA8011
aluminium alloy were cut into the required size (180
mm x 100 mm) by power hacksaw cutting and milling.
A square butt joint configuration (180 mm x 200 mm)
was prepared to fabricate FSW joints. The initial joint
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configuration was obtained by securing the plates in
position using mechanical clamps. The direction of
welding was normal to the rolling direction. Single pass
welding procedure was followed to fabricate the joints.
Non-consumable tools made of high carbon high
chromium steel were used to fabricate the joints. The
mechanical properties of base metal are presented in
Table 1.

CNC vertical milling machine was used to fabricate

the joints as shown in Fig. 3. Three different tool pin
profiles i.e. straight cylindrical, threaded and tapered
cylindrical were prepared and used to fabricate the
joints.

Table 1 Mechanical properties of AA6061 & AA8011

Specimen Ultimate tensile Micro-
Strength (N/mm?2) hardness
AA6061 310 107
AA8011 110 25

Non-consumable tools made of high-carbon high
chromium steel have been used to fabricate the joints.
The dimensions of the tool are presented in Table-2.
Single pass and double pass welding procedure was
followed to fabricate the joints.

Table 2 Tool Material and Dimensions

Specifications Values
Tool Material HCHCR Steel
Length of tool 90 mm

Tool shoulder diameter 18 mm
Pin diameter 6 mm
Pin length 5.6 mm

The welded joints are sliced using power hacksaw and
then machined to the required dimensions to prepare
tensile specimens as shown in Fig. 2. American Society
for Testing of Materials (ASTM E8M-0.4) guidelines
were followed for preparing the test specimens. UTM
machine was used for tensile testing. The specimen
finally failed after necking and the load versus
displacement has been recorded. The ultimate tensile
strength has been evaluated. Vickers’s micro hardness
testing machine has been employed for measuring the
hardness across the joint with 0.2 kgf load for a period
of 15 seconds.
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Figure 2 Dimensions of Tensile Specimen

Figure 3 Welding Process

Results and Discussion

The results of tensile testing and micro-hardness have
been described in two subsections below.

Tensile Testing

The welded specimens were taken under tensile
testing and the values of ultimate tensile strength were
noted. The results of tensile loading of welded
specimens in single and double pass are shown in
Table 3 and Table 4 respectively. The variation of
ultimate tensile strength is shown in Graphs 1. The
tensile testing results show that tensile properties of
double pass welded specimens were improved as
compared to single pass welded joints and this trend is
common for all specimens.

Table 3 Tensile Test Results of Welded Specimens

In Single Pass Welding
Specimen No. | Ultimate tensile Strength (N/mm?2)
S-1 59.2
S-2 98.5
S-3 85.1

Table 4 Tensile Test Results of Welded Specimens
In Double Pass Welding

Specimen No. | Ultimate tensile Strength (N/mm?2)
S-4 80.6
S-5 99.1
S-6 95

Threaded tool pin profile tool exhibited superior
tensile properties compared to other joints,
irrespective of tool rotational speed in double pass.
The maximum and minimum ultimate tensile strength
using single pass welding was 98.5 N/mm? and 59.2
N/mm? respectively while maximum and minimum
ultimate tensile strength in double pass welding was
99.1 N/mmZ2and 80.6 N/mm? respectively.
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Graph 2 Variation of Micro-hardness

Micro-Hardness Testing

The welded samples were tested for micro-hardness
on Vickers Hardness Tester. The micro hardness result
of welded specimens in single pass and double pass
welding is shown in Table 5 and 6 respectively. A plot
of micro hardness data as a function of position from
the weld centre-line in single pass and double pass
welding with respect to various tool profiles is shown
in Graph 2.

Table 5 Micro Hardness Results of Welded Specimens
in single pass

Specimen No. Micro Hardness (HV)
S-1 52
S-2 53
S-3 58

Table 6 Micro Hardness Results of Welded Specimens
in double pass

Specimen No. Micro Hardness (HV)
S-4 48
S-5 50
S-6 47

It can be observed from the graph that the hardness
values of the weld zone or the nugget is lower than the
base materials. This indicates the improved ductility of
the weld. The graphs of hardness in double pass exhibit
a minimum in hardness associated with weld nugget of
the weld as compared to single pass. Because weld
nugget has been subjected to an over tempering heat
treatment in double pass. The hardness minimum for
the double pass weld is lower in value due to additive
heating effects of the two welding passes.
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Conclusion

In this investigation an attempt has been made to study
the effect of tool pin profile (straight cylindrical,
threaded and tapered cylindrical) on tensile strength in
single and double sided friction stir welding of AA6061
& AA8011. The joints fabricated by double pass FSW
have shown higher ultimate tensile strength as
compared to the joints fabricated by single pass and
this trend is common for all the tool profiles. Micro-
hardness of double pass FSW specimens are lower as
compared to the joints fabricated by single pass FSW.
Of the three pin profiles used in this investigation to
fabricate the joints, threaded pin profiled tool give
better mechanical properties.
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