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Abstract Friction stir welding (FSW) has various applications focused on the
different industries because of its efficiency and sustainability. The main different
sectors of industries where FSW technique is utilized are automobiles, aerospace,
shipbuilding and railways. This current experimental study describes about the back-
ground of the FSW technique and recent advances in welding technology which
have occurred during the last few years. Furthermost, the development endeavored
to conflict the problem of non-uniformity in temperature distribution in weld zone
pinhole, which is left after the welding process in FSW. During the last two decades,
many researchers have been working on the advanced welding technology of FSW
because this technique could be made more optimized and sophisticated by using
proper tool during the welding process. The application of various parameters such
as tool rotation, plunge depth, feed rate, shoulder diameter of tool and tool pin geom-
etry has made FSW process more uniform. Friction stir welding process is a cutting
edge technology widely used nowadays throughout the globe for welding because
of its very high strength. The joint formation in the process has a wide application in
welding of two dissimilar materials, e.g., aluminum and steel. In this research paper,
an attempt is made to provide some directions for future development in the friction
stir welding technology.
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1 Introduction

Friction stir welding is a strong state thermo-mechanical solid state joining of mate-
rial which can be similar or dissimilar (a combination of expelling and fashioning),
designed by TheWelding Institute (TWI) in 1991, that has become a feasible assem-
bling innovation of metallic sheet and plate materials for applications in different
ventures, including plate materials for applications in different businesses, including
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aviation, vehicle, safeguard and shipbuilding. Friction stir welding (FSW) is a
generally new procedure created by The Welding Institute (TWI) for the joining
of Aluminum combinations [1]. Friction stir welding process is nowadays widely
used throughout the globe as an advanced welding technology which produces high
strength weld joints.

Solid state joining process (FSW) measure is generally another advanced joining
process that is by and by pulling in extensive intrigue. FSW process is nowadays
trending and widely accepted throughout the manufacturing industries for high
strength welding process. FSW is rising as a suitable elective technology with high
effectiveness because of high-handling speeds. Since the joint can be attained under-
neath the dissolving temperature, this technique is reasonable for joining various
materials those are amazingly hard to be welded by conventional welding tech-
niques used commonly in the industries [2, 3]. The welding is having appealing state
in nature and depends on the limited fashioning of the desired weld zone to deliver
constituently high strength and defect-free joint as appeared in Fig. 1.

Friction stir welding produces welds by utilizing a revolving, non-consumable
welding instrument to locally make softer a workpiece through which the material
of both the workpiece get mixed with each other in the weld zone, through the high
temperature heat created by contact and plastic work, accordingly permitting the tool
to “stir” the joint surfaces. In friction stir welding cycle, a rotating welding tool is
rotatedwith very high and controlled revolutions penetrates thematerial at the edge of
specimen material, for instance, two abutting plates of same or dissimilar material,
and afterward deciphered along the interface. FSW a solid state welding process
offers simplicity of taking care of, exact outside cycle control and elevated levels
of repeatability, accordingly making extremely homogenous welds. No exceptional
planning of the example is required and very minimal waste or contamination is
made during the process of welding cycle of material. Moreover, its relevance to

Fig. 1 Schematic sculpt of
FSW process
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aluminum combinations, in standard particular unique joints or those considered
“unweldable” by traditional welding procedures, for example, tungsten inert gas
(TIG) welding, make it as an appealing strategy for the transportation division. The
friction stir welding process measure includes the interpretation of a high RPM
rotating cylindrical shaped tool along the interface between two plates which is to
be joined by using the non-conventional friction stir welding process. Friction due
to the rotating tool uniformly produces a high temperature which results in heating
the material to its softening stage at which the material can be mixed with each
other, which is then basically expelled around the tool before being fashioned by the
enormous downweight [4]. Theweld produced due to the high temperature generated
by friction is shaped by the deformation of the specimen material at temperature
underneath the softening temperature. The synchronous rotational and translational
movement of the welding instrument during the friction stir welding cycle makes
a qualities asymmetry between the bordering sides. On one hand, where the tool
turn is with the bearing of the interpretation of the welding instrument one pinnacles
of the advance side (AS), while then again, the two different movements, pivot
and interpretation neutralize and one talks about the retreating side (RS) [5, 6].
Friction stir welding is an advanced process of joining ofmaterialswith high strength,
Calibrated sensors used for measuring the temperature (thermocouple) in the process
make the process more uniform and accurate with very less chances of defects which
generally takes place due to the fluctuation in the weld zone temperature. In friction
stir welding process when the tool plunges in the material, it requires a uniform
temperature to carry out the whole welding process defect less and very high strength
weld joint is produced.

Lately, mathematical displaying of FSW has given noteworthy understanding
about the warmth age designs, materials stream fields, temperature profiles, lingering
pressure and contortion, and certain parts of hardware plan [7]. The advancement
of proper tool materials for welding process and calculations has made friction stir
welding conceivable to join the materials, for example, steel and titanium in the
research center condition and in a set number of creation applications [8]. In fric-
tion stir welding process, of steel material, it has been demonstrated that the lower
welding temperature can prompt low bending and interesting joint properties. FSW
of steel is a region of dynamic exploration, that is why the process is sensible to
anticipate that other creation applications should rise after some time. An extremely
appealing application of FSW process can be well known as welding of steel plate
for shipbuilding applications, in light of on the decrease of welding contortion, and
however, the improvement of minimal effort welding hardware and more vigorous
welding instrument materials is required before this application of welding process
can be started.

The Accucut machine which is having very good capability of contributing in
the friction stir welding process because it has several parameters and arrangements
which helps in executing the friction stir welding process much smoother. Accucut
machine is used frequently by using different fixtures as per the requirement of
friction stir welding process. The processing machine utilized during this trial is
Accucut as appeared in Fig. 2 [9].
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Fig. 2 Accucut milling
machine used during FSW
process

2 Material Used

AA 7075-T6 aluminum alloy material plates having a thickness of 6 mm is chosen
for the experimental work which is carried out in this research paper. Workpiece
is having specific size which comprises of 150 mm × 125 mm × 6 mm for the
experimentation work in friction stir welding measure. This test has been acted
in the division of mechanical designing (University Polytechnic), GLA University,
Mathura, India on an Accucut vertical processing machine to perform FSW. The
substance organization by weight (wt%) of AA-7075 utilized for playing out the
rubbing stir welding (FSW) test is appeared in Table 1. A non-consumable (FSW)
tool with an alternate shapes and size made of En-31 is utilized to play out the weld

Table 1 Chemical composition of AA7075 according to spectrometer analysis (wt%)

Element Si Fe Cu Mn Mg Al Cr Zn Ti

Required 0.3 0.4 1.2– 0.3 2.0– 87.1– 0.19– 5.0– 0.3

wt% 2.0 2.8 90.2 0.29 6.2
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Table 2 Mechanical property
of AA7075-T6 according to
spectrometer analysis

Brinell hardness 150

Ultimate tensile strength (MPa) 572

Yield strength (MPa) 503

% Elongation 11

Modulus of elasticity (MPa) 70.7

Fracture toughness (Joule) 20

Poisson ratio 0.33

Mach inability 70%

joints at different speed by erosion stir welding. The dimensions of the tool used in
this project are as follow, tool shoulder width of 20 mm, pin measurement of 5 mm at
the root and pin length 5.75 mm is utilized for FSW measure. In FSW, rotating tool
heat creates to get bringing about nearby plastic disfigurement. The heat is produced
during this process of friction stir welding process due to the friction generated due
to the rotation of the tool whose tool pin is penetrated inside the plate of specific
material which is to be joined [9] (Table 2).

3 Temperature Measurement During FSW

The plates were set up to quantify the temperature at four focuses utilizing thermo-
couples enwrapped by fired cylinder. On each plate, two K-type thermocouples of
0.5 mm distance across were welded to the surface. The areas of the thermocouples
on the workpiece are appeared underneath in Fig. 3. Location A, B, C, D is having
thermocouples once the temperature sensors (thermocouple) are not calibrated and

Fig. 3 Location of thermocouples for temperature measurement during FSW process
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again with that same process parameters when the temperature sensors are calibrated.
The calibrated temperature sensors are very effective in obtaining the accurate and
precise temperature.

3.1 Thermocouple Used for Measurement

Type K (chromel–alumel) is the most well-known broadly useful thermocouple with
an affectability of roughly 41 µV/°C as appeared in Fig. 4. Type K thermocouple is
economical, and awide range of experiments of tests related to temperature profile are
accessible in its−200 to+1350 °C (−330 to+2460 °F) extend. Sensitivity of Type
K thermocouple is good for measurement within this range of temperature (−200
to 1200) °C. Type K thermocouple is used during this experimental study because it
can be easily made by taking two different wires of chromel and alumel. These wires
used in thermocouples are easily available in the market. Type K thermocouple can
be easily used by affixing the temperature sensor (thermocouple) on the different
points of different weld zones from which the temperature profile is obtained and
accordingly the welding process is made smoother with avoiding the various defects
occurred due to the uncontrolled temperatures.

Type K thermocouple is having very high sensitivity which results in sensing the
temperature within very less time period. The thermocouple is very easy to affix
at the different zones where the temperature profile is required because the wires
are having such strength that it cannot be broken easily by very less applied force.
Thermocouple which is calibrated results in making a very accurate and precise
temperature profile which will contribute in making the friction stir welding process
defect-free and the weld zone after the process is completed is having high strength
and good surface finish.

The thermocouples can’t be put in the thermo-precisely influenced zone (TMAZ)
of the weld since the blending of the tool will crush it when the tool arrives at its
area.

Transient temperatures were recorded in the four channels during the FSW cycle.
Thermocouples were appended to a framework that can test the temperature infor-

mation. The last thusly was appended to a PC with an altered program for recording

Fig. 4 Internal design of Type K thermocouple
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the temperature information. The Type K thermocouple is first calibrated and then
it is placed on the different location of workpiece for sensing the temperature. The
indicator is also calibrated along with the TC for Accurate measurement of temper-
ature during the Heat generation in the FSW Process. Calibration plays a vital role
through which an accurate measurement can be done and a very precise temperature
profile of FSW weld zone temperature can be drawn, so that the different defects
caused through overheating can be minimized as shown in Fig. 5. The temperature
profile helps in maintaining the required temperature throughout the process which
makes the FSW welding process more smooth and reliable.

Maximum temperatures recorded for same FSW workpiece without calibration
and after Calibration with same process parameters of FSW process as shown in
Table 3 [10, 11]. In Table 3, it is seen that there is a wide difference in the tempera-
ture based on the sensor, calibrated sensor is giving exact temperature and the other
sensor without calibration is showing some other temperature value due to which,
the welding process is suffered and the welding process is not that much effec-
tive. Temperature profile which is obtained through calibrated temperature sensor is
considered for better and precise friction stir welding process.

The step-shapedworkpieces.Uncontrolledweldingdue to the varying temperature
beyond the suitable temperature range contributes in ameltdown of the tool due to the
uncontrolled temperature beyond the limit, with the temperature controller enabled,
the narrow zone of the Al alloy weld specimen is successfully passed as shown in

Fig. 5 Temperature profile before and after calibration of TC (Thermocouple)

Table 3 Temperature profile before and after calibration of TC (Thermocouple)

T1 °C T2 °C T3 °C T4 °C

Before calibration 426.8 445.3 435.9 429.9

After calibration 428.5 434.2 443.4 437.8
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Fig. 6 FSW process with controlled and uncontrolled Temperature

Fig. 6. The temperature during the whole process of friction stir welding should be
constantly monitored as well as the temperature should not cross the boundary line,
which will affect the weld zone and the various defects will occur in the welded
workpiece.

Calibration plays a very vital role in controlling a temperature within the desired
suitable temperature for defect-free friction stir welding process, because through
calibrated temperature measuring sensors (thermocouples) accurate temperature
of the different zones can be monitored and as well accordingly controlled. The
controlled temperature during friction stirwelding results in defect-free, high strength
welding with better surface finish of the weld zone.

4 Conclusion

• FSW opening up new areas of welding daily.
• Calibrated temperature sensors (thermocouples) are very effective for accurate

temperature monitoring and controlling.
• In this research, the distribution of temperature throughout the workpiece Al

7075 T-6 is analyzed experimentally during the FSW process.
• Accurate temperature measurement methods applied to the FSW process reduces

various defects caused by overheating in weld zone like blur spots, voids, etc.
• It is determined from the above experiment, the temperature on the Advancing

side (AS) of the weld seems to be bit high comparatively to the Retreating side
(RS) of the weld.
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• Though it is incredibly hard to quantify the temperatures at the weld line, an
endeavor has been made to decide the temperatures around the edge of the tool
shoulder.

• From the examination, it very well may be presumed that the proper temperature
for a deformity free friction stir weld of Al 7075 T-6 can be inside the scope of
425–450 °C on this desired range of temperature voids can be eliminated.
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