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Abstract
The basic principal of Friction Stir Welding (FSW) is heating the metal to a temperature below re-crystallization
temperature using Friction. The aim of present study was to analyse the variation of hardness of friction stir
welded joint of Al-6061 T6 aluminium plates in 6 mm thickness. With this, welds were produced using high
carbon high chromium heat treated steel with a cylindrical probe and taper probe tool having 5 mm and 20
mm diameter of probe and shoulder respectively. The tool rotation taken as 1030 rpm and 1500 rpm. Rockwell
hardness tests were done in transverse direction of weld to check the hardness distribution in Nugget zone.
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I.

INTRODUCTION

Materials with high mechanical properties and low
density have been of interest for applications in
the aerospace and naval industries. The potential
lighter vessels allowing for fuel saving and reduced
operating costs, has sparked in such materials since
first fuel crisis in 1970s. Many aluminium alloys
from the 2xxx and 6xxx series have been developed
to cater for such applications and commonly used
for wing and fuselage materials [1].
The joining of aluminium alloys through
conventional methods has been characterized by
poor solidification microstructure, high volume
fraction of porosity in the fusion zone and the
potential segregation of alloying elements. These
micro structural changes would lead to significant
loss in mechanical properties. Techniques such as
spot resistance welds have been suggested [2, 3],
however, the high cost of surface preparation has
not made this method a replacement for mechanical
joining. As mechanical joints add weight to
assemblies, research into alternative joining
methods is of interest. Friction Stir Welding (FSW)
is a solid state joining process developed by The
Welding Institute (TWI) of UK in 1991 [4]. A
permanent rotating tool is inserted between two

abutting plates, and pushed along a weld line
forcing mixing of softened plasticised material.
The resulting joints have a low porosity, ultrafine
microstructure and minimal distortions.
Furthermore, weight savings can achieved with
FSW as it requires no external material feed and
is suitable for man weld geometries which would
normally require material overlap when
mechanically fastened by rivets [5].
Generating a FSW consists of two surfaces
brought and fastened together to be joined by the
propagation of a nonconsumable rotating tool
(Fig. 1). The rotating tool is inserted between the
surfaces and rotation speed is increased. Many
tool have a threaded design in order to promote
stirring of material. Material brought out by the
tool pin is pushed back into the weld region by a
shoulder and the downward force. Contact between
the shoulder and the weld results in considerable
frictional heat necessary to plasticise the material.
When the material is sufficiently plasticised and
mixing of the two weld pieces is possible, the tool
is moved along the weld direction. The large
degree of plastic deformation and mixing at
elevated temperature results in a weld with fine
recrystallised grains [5, 6-9].
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Fabrication of tool carried out on Lathe
Machine. The fabricated tools shown in figure 3.

The downward table force provided on the tool
played an important part as it affects the frictional
heat generated between the shoulder and the
material. Sufficient downward force was applied
to plunge tool probe into specimen. Tool was
mounted on drill chuck. The welded specimen
shown in figure 5.

Fig. 3 Fabricated tools
Complete FSW set up shown in figure 4, where
all necessary attachments fixed properly for
welding purpose.

Fig. 5 Welded specimen
3

RESULT AND DISCUSSION

Hardness test performed in different weld zone as
well as bare or unprocessed specimen. For this
purpose Digital Rockwell hardness tester used.
Load kept constant as 100 kgf and 1/8” steel ball
used for hardness test.

Fig. 4 FSW complete setup
2.2

Process Parameter

Both tools given two different rotation speed. The
feed rate given manually and kept constant. This
values was taken from previous published research
papers. All values were tabulated in Table 3.
Table 3 Process parameter
Tool rotation
Feed rate

(a) 1030 rpm
(b) 1500 rpm
20 mm/minute

Fig. 6 Digital Rockwell hardness tester machine
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The variation of hardness across various
sections considered on the specimen is shown
through various graphs plotted. The figure 7 is an
indicative of how the specimen is divided into
various sections across the entire span of the work
piece in the longitudinal as well as transverse
directions.

Table 5 Hardness at different location using
1500 rpm in HRB
12.6

18.4

21.8

20.3

10.7

11.9

19.9

22.6

19.6

13.3

10.4

22.8

24.0

18.0

9.5

11.6

19.7

19.5

17.7

10.5

Average
= 11.6

20.2

21.9

18.9

11.0
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material

TMAZ

Weld
nugget

TMAZ

Bare
material

From above result graph plotted and observed
the variation of hardness.
Figure 8 shows variation of hardness in nugget
zone on different rotational speed. From above
figure it can be observed that 1030 rpm gave more
hardness than 1500 rpm. Also in both 1030 rpm
and 1500 hardness is much more then hardness
of bare material.

Fig. 7 Test specimen modelling
3.1 Hardness Using Cylindrical Probe at
1030 rpm and 1500 rpm
Variation of hardness using cylindrical probe at
1030 rpm and 1500 rpm presented in following
tables. Tool probe plunge location is termed as
nugget zone. Variable taken as rotational speed of
tool. Other parameter kept constant. Hardness
taken as HRB number (Hardness Rockwell on B
scale).
Table 4 Hardness at different location using
1030 rpm in HRB
12.6
10.9
9.8
11.6
Average
= 11.2
Bare
material

19.4
20.9
21.3
18.7
20.0

28.8
27.6
26.0
21.5
25.9

21.3
19.6
18.0
23.7
20.6

TMAZ

Weld
nugget

TMAZ

11.7
10.3
11.9
12.5
11.6
Bare
material

Fig. 8 L
ongitudinal variation along AA’ in
nugget zone
Graph between HRB number and distance of
welded plate shown in figure 9. Since width of
welded plate is 6 cm. centreline that is probe
plunge location taken as 3 cm from advancing
side. From above graph it can be observed that
nugget zone have maximum hardness followed
by TMAZ then bare material zone.
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with deeper areas of weld nugget in case of
cylindrical probe tool in comparison to tool with
taper probe resulting into higher heat input and
cooling rate
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