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india Alloy Joints During Fsw Process

An investigation was conducted to find out the influencing role of the
geometry of the FSW tool on the tensile strength, corrosion resistance,
wear rate of the wrought AZ804A Mg alloy joints during the FSW process.
FSW tools with two uniquely different geometries, namely stepped
cylindrical shoulder tool and stepless cylindrical shoulder tool were
employed at different combinations of speeds of rotation and traversing
speed. Comprehensive observations & investigations were also carried out
regarding the tensile strength, wear losses & corrosion resistance of the
fabricated joints. The joints fabricated using stepped cylindrical shoulder

India tool exhibited appreciable tensile strength values at combinations of
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tool. At the same time, the joints possessing fine sized refined grains in
their nugget zone have been found to exhibit higher wear losses.
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1. INTRODUCTION

Today’s current demand & challenge related with
automobile manufacturing units aims for enhancing the
fuel economy along with reduction of emission levels of
greenhouse gases, and this can be eventually obtained
by reducing the weight of the automobile [1-4]. Redu—
cing the weight of the automobiles without any
compromise in reliability & safety is a quite bit
challenging task, which can be obtained with the help of
designing suitable innovative structures & by employing
light weight metals for manufacturing various auto—
mobile components [5,6]. Various alloys of magnesium
have attracted many automobile manufacturing engi—
neers & researchers working in the domain of
fabricating light weight transportation units, as they
belong to the category of light weight metals [7-10].
Further, features of alloys of magnesium, namely high
stiffness, reasonable specific strength, ability to conduct
heat in a faster rate, easy castability & machinability,
tremendous electro magnetic interference damping and
shielding capability etc also have made them to be one
of the most inevitable material for use in present
automobile manufacturing sectors [11-14] .

At the same time, the tribological properties and
formability features of the majority of the Mg alloys are
not meritorious. Another factor which plays a dominant
role in hindering a wide usage of Mg alloys, is their
poor formability at room temperature, resulting from
their hexagonal close-packed (HCP) crystal. Hence, a
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large scale usage of Mg alloys entails the choice for
suitable joining methodology to fabricate high quality,
sound joints with predominant mechanical properties
[15-19]. Friction stir welding (FSW), an energy
efficient & eco friendly solid state joining method, with
the ability for fabricating joints without melting the base
materials, has gained the attraction of various
experimental researchers working with the objective of
joining light weight metals [20-22]. FSW have been
proven to possess various merits over the conventional
fusion joining process like completely eliminating the
inherent defects due to casting and refining the structure
of grains in a adequate manner, thereby increasing the
strength of the fabricated joints, their corrosion
resistance properties, formability, ductility etc [23-27].

2. LITERATURE REVIEW

Unlike majority of the metals like steel, aluminium,
copper etc, which are cubic latticed, Mg alloys are
hexagonal latticed and complications may arise due to
their hep (hexagonal close packed) structure, especially
w.r.t plastic deformation[28—34]. As a result, in majority
of the applications, magnesium as cast alloy is commonly
preferred. But, the present demand for enhanced fuel
economy & weight reduction in automobile
manufacturing sector compels the extensive need for
employing wrought magnesium alloys like AZ80A, in
fabrication of various advanced automobile components
& parts, intermediate compressors, cano—pies, auxiliary
gearboxes, castings for gearboxes, generators, engine
components and engine blocks for extra rapid
performance race vehicles [35-41]. As a result, special
care & consideration should be given, while choosing a
appropriate process for joining com—ponents composed
of AZ8OA Mg alloy. Few & unlimited experimental
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works and investigations have been done on joining of
wrought Mg alloys (like AZ31, AZ61, ZK60, AM60 etc)
using the FSW process [42-51].

For example, Masayuki Aonuma et al. [42] carried
out an experimental work to understand the role of the
alloying elements during joining of ZK60 Mg alloy with
Ti metal using FSW process. Joints were obtained
successfully and a thin Zr and Zn layer thickness —
Imm) was generated at the interface of the joint
surfaces, which leads to a fracture at the joint interface
during tensile test and revealed the fact that, the alloying
elements have appreciable beneficary effect in
improving the strength of the dissimilar FSW joints.
Even though, microstructures of wrought & cast Mg
alloys can be naturally, unquestionably refined after
FSW, the strength of the joint was often to decrease due
to dissolution of precipitates and redistribution of
textures. Zhe et al. [46] experimentally proved that the
strength of the ZK60 Mg alloys fabricated using FSW
process can be improved through adoption of aging
treatment and post-weld compression. It was found
during the investigation that the post-weld compression
has increased the precipitates number in the fabricated
ZK60 Mg alloy joints during the consequent aging.
Another researcher Dhanapal et al [49] investigated the
corrosion performance of the wrought AZ61A Mg alloy
joints fabricated using the technique of FSW. The
corrosion performance of the fabricated joints was
validated by immersing the joints in solutions of NaCl
with different values of pH, different concentrations of
chloride ion & at various time intervals of immersion.
The investigation helped us to understand that there is a
notable improvement in the resistance towards to
corrosion of the AZ61A joints w.r.t alkaline solutions
when compared to that of the neutral and acidic
solutions. Further, it was observed that the B-phase
distribution places a significant role in influencing the
corrosion performance.

Kim et al. [51] carried out an experimental work on
understanding the microtexture evolution, in the SZ (stir
zone) of the fabricated AZ31 Mg alloy joints through
advanced techniques namely polycrystal modeling and
microtexture analysis. It was revealed by the
employment of the analysis using the EBSD (electron
back scatter diffraction) that, the process of FSW has
induced to a greater extent, the formation of strong
fibered textures in the SZ and this development of
fibered textures were dependent on the moving track of
the material point w.r.t the pin of the rotating of the
FSW tool.

Relatively poor ductility and formability is
inevitable in AZ80A Mg alloy joints fabricated using
conventional fusion joining techniques, and the
existence of hcp structure with systems of slip at
temperature of ambience, is one of the major reasons for
this poor ductility, which hinders the successful
fabrication of sound quality AZ80A Mg alloy joints. In
this experimental research work, an investigational
attempt was made to understand in detail, the important
role of the FSW tool design & its geometry in
influencing the tensile strength, losses due to wear, rate
of corrosion of the AZ80A joints during their
fabrication at optimized values of FSW process
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parameters namely traversing speed of the FSW tool
and speeds of rotation of the FSW tool, with others
parameters (including axial force, depth of penetration
by the pin profile of the FSW tools into the joint surface
etc) being constant.

3. METHODOLOGY OF INVESTIGATION

3.1 Machine and Parent Material

Flat Smm thickness wrought AZ80A Mg alloy plates of
125 mm length and 55mm width composed of 7.82%
aluminium, 0.31% manganese, 0.69% zinc, 0.051% of
copper, 0.049% of iron, 0.11% of silicon, 0.052% of
nickel and balance being magnesium [52, 53] is used as
the metal of base of investigation.

The entire experimental process of joining flat plates
of wrought AZ80A Mg alloy using the technique of
FSW was done using a self ingeniously fabricated &
developed FSW machine (semi automatic in nature). A
maximum spindle speed of 1500 rpm can be achieved in
the above mentioned FSW machine and this FSW
machine houses a SkW power spindle motor, which can
provide a maximum of 3 ton axial force from the
upward direction. This FSW machine houses an
adjustable fixture which has provision for holding
individual flat work plates with a maximum length of
200 mm and width of 75mm. A photographic
illustration of the wrought AZ80A Mg alloy flat plates
being firmly held in their respective position in the FSW
machine’s fixture (before friction stir welding is being
carried out on those plates) can be seen in the Figure 1.

= —

Figure 1. Photograph of the wrought AZ80A Mg alloy flat
plates being firmly held in their respective position in the
specially designed fixture of the FSW machine

3.2 Material & Geometry of the FSW tool

Usually, the tool for carrying out an FSW is selected
depending upon the materials to be joined together and
fabricating a FSW tool with appropriate, suitable
material plays a significant role in successfully
fabricating the FSW joints, at different preferred levels
& values of FSW process parameters [54-56]. HSS
(high speed steel) of grade M35 was chosen as the raw
material for the FSW tool in this experimental
investigation. The hardness of the above mentioned
HSS FSW tool was around 61 — 62 HRC.
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Designing an FSW tool with suitable geometry
includes the design of the tool shoulder as well as the
design of the tool pin profile. The FSW tool shoulder
executes the function of preventing the plasticized metal
from escaping the surface of the workpiece, being
welded. It also plays a vital role in generating the
required amount of frictional heat in ideal volumes
during the joining process [57-59]. Likewise, the
careful consideration & care must be taken while desig—
ning the FSW tool pin profile, as it regulates the
uniform flow of the plasticized material along the entire
NZ (nugget zone), during the friction stir welding
process [60, 61].

In this experimental investigation, two FSW tools
(made up of M35 grade HSS material) designed with two
different shoulder profiles, namely stepped cylindrical
shoulder tool and stepless cylindrical shoulder tool are
employed for the purpose of fabricating joints between
two flat plates of wrought AZ80A Mg alloy. The
photographic of the stepless cylindrical shoulder tool is
shown in the Figure 2 (a). This tool was designed and
fabricated in such a way that this tool has a shoulder
diameter of 30 mm and a tapered pin profile. The major
pin diameter of this FSW tool is 7 mm and it tapers down
to 4 mm along a total pin length of 4.75 mm.

Figure 2. Photographs of the different designs of the FSW
tools employed in this investigation (a) stepless cylindrical
shoulder tool shoulder and (b) stepped tool shoulder

Similarly, the FSW tool with stepped cylindrical
shoulders is designed in such a way that, it has a 20mm
outside tool shoulder diameter and the inner diameter of
the tool shoulder is 15 mm, as seen in the Figure 2 (b).
The geometry of this tool pin profile is exactly as that of

the stepless cylindrical shoulder tool, i.e., with the
tapered shaped pin as its pin profile.

3.3 Parameters of the FSW process

The experimental investigations were conducted using
the concept of the 2 factors with 3 levels full factorial de—
sign with two types of replicants for both the types of the
FSW tools, i.e., for the stepless cylindrical shoulder tool
& for the stepped cylindrical shoulder tool. The different
values of the speeds of rotation of the FSW tool and the
traversing speed of the FSW tool employed in this
experimental work are clearly described in the Table 1.

Table 1. Details of the FSW process parameters and their
corresponding values employed during this investigation

S. No. | Speed of rotation of | Traversing speed of the
the FSW tool (rpm) FSW tool (mm/min)
1 500 0.5
2 750 1.5
3 1000 3.0

The other FSW process parameters namely axial
force, depth of penetration of the FSW tool pin profile etc
are kept as constant values throughout the entire
experimental work. An axial force of 3kN was
maintained throughout the entire joining process and the
total depth of penetration of the pin profile of both the
FSW tools were about 4.75mm for the entire set of the
experiments. Different stages of fabrication of flat
wrought AZ80A Mg alloy plates into sound quality joints
by employing the stepped cylindrical shoulder FSW tool
with tapered pin profile are illustrated in a detailed
manner in the Figure 3. It can be observed that, after
placing the flat plates firmly in the specially designed
fixture, the rotating FSW tool was slowly made to
penetrate into the joint surface of the two flat AZS8OA Mg
alloy flat plates. Once the pin profile has made its full
penetration depth of 4.75mm, the shoulder surface of the
stepped FSW tool touches the joint surface, then the
automatic traversing mechanism of the FSW machine is
engaged in full fledged manner, which permits the FSW
tool to make its further travel with the preset speed of
rotation and traversing speed for the remaining entire
length of the workpiece surface as seen in the Figure 3.

Figure 3. Different stages of fabrication of flat wrought AZ80A Mg alloy plates into sound quality joints by employing the

stepped cylindrical shoulder FSW tool with tapered pin profile
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4. EXPERIMENTAL RESULTS, OBSERVATTIONS &
INVESTIGATIONS

4.1 Morphology of the joint surface

The photographs of the joints fabricated using the two
different types of the FSW tool geometries namely, the
stepless cylindrical shoulder tool and the stepped cylin—
drical shoulder tool at above mentioned combinations of
speeds of rotation of the tool and traversing speed of the
FSW tool are shown in the Figure 4 (a) and (b).

Figure 4. Photographs of a part of the joints fabricated
during this investigation under combination of various
process parameters using (a) Stepless cylindrical shoulder
tool and (b) Stepped cylindrical shoulder tool

4.2 Tensile strength of the fabricated joints

The combined effect & influence of the two different
process parameters of the FSW technique on the tensile
strength of the wrought AZ80A Mg alloy joints fabri—
cated using the stepless cylindrical shoulder tool and the
stepped cylindrical shoulder tool are graphically
illustrated in the Figures 5 & 6.

Tensile Strength values of joints fabricated
by Concave shoulder tool
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Figure 5. Graphical illustration of the tensile strength of the
wrought AZ80A Mg alloy joints fabricated using stepless
cylindrical shoulder tool at different combinations of
traversing speed and rotational speeds of the FSW tool
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From the Figure 5, it can be observed clearly that,
for the traversing speed of 0.5 mm/min, the strength of
the fabricated joints seems to decrease when the speeds
of rotation of the FSW tool is increased. For the 1.5
mm/min value of tool traversing speed, there is no
significant change in the tensile strength of the joints,
when the speed is increased from 500 rpm to 750 rpm.
But, further increasle in the speed of the FSW tool (to
1000 rpm) decreases the tensile strength of the
fabricated joinlts in a drastic manner. In the case of the 3
mm/min traversing speed, the joint strength increases
when the speed is raised form 500 rpm to 750 rpm, but
decreases with further increase (1000 rpm) in the
rotational speeds of the FSW tool.

Tensile Strength values of joints fabricated by
Stepped shoulder tool :
e WO0.5mm/min

®1.5mm/min
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Figure 6. Graphical illustration of the tensile strength of the
wrought AZ80A Mg alloy joints fabricated using stepped
cylindrical shoulder tool at different combinations of
traversing speed and rotational speeds of the FSW tool

At a 500 rpm FSW tool rotational speed, the tensile
strength of the fabricated AZ80A Mg alloy joints are
found to decrease at 1.5mm/min & then again increases
with increase in the traversing speed (i.e., at 3.0
mm/min). At the same time, the joints produced at
combination of 0.5 mm/min and 500 rpm exhibits the
highest tensile strength values when compared with that
of the other two combinations. At a 750 rpm FSW tool
rotational speed, the tensile strength of the fabricated
AZBOA Mg alloy joints are found to continuously
increase with the increase in the traversing speeds and
the lowest tensile strength for this set is exhibited by the
750 rpm — 0.5 mm/min combination. For 1000 rpm
FSW tool rotational speed, the tensile strength of the
joints are found to decrease with the increase in the
traversing speed (1.5 mm/min), but further increase in
the traversing speed (3.0 mm/min) increases the tensile
strength of the fabricated joints. And the combination of
1000 rpm — 0.5 mm.min exhibits the highest values if
the tensile strength, when compared with that of other
two 1000 rpm & feed rate combinations.

4.3 Analysis of the optical micrographs of the
fabricated joints

The above observations, adds weightage to the fact that
the strain hardening effects are common phenomenon
encountered at low speeds of rotation of the FSW tool,
due to the generation of dislocations in grain structures,
leading to the piling up of the slipped planes [62—64].
The optical micrograph image of the AZ80A Mg alloy
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joint fabricated at a combination of traversing speed of
0.5 mm.min and speed of rotation of the FSW tool of
500 rpm is illustrated in the Figure 7(a). The twinned
grains presence is clearly visible in this optical
micrographical image. But at the same time, it can be
seen that this effect of grain twinning is considerably
reduced in the case of the joints fabricated at a FSW
process parameter combination of 0.5 mm/min and 1000
rpm, as seen in the Figure 7 (b).

(@) TR 2 (b)

Figure 7. Optical micrographical images of the AZ80A Mg
alloy joints fabricated using the stepless cylindrical
shoulder tool at a process parameter combination of (a) 0.5
mm/min = 500 rpm; (b) 0.5 mm/min — 1000 rpm and using
the stepped cylindrical shoulder tool at a process
parameter combination of (c) 3.0 mm/min — 500 rpm (with
less than 8 pm grain sizes) and (d) 3.0 mm /min — 1000 rpm
(with less than 5 pm grain sizes)

The readings & observations illustrated in the Figure
6 describes us that, the stepped cylindrical shoulder tool
has produced sound quality joints with appreciable
tensile strength values at combinations of higher
traversing feeds and low values of rotational speeds of
the FSW tool. It can be seen that, the tensile strength of
the AZ80A Mg alloy joints fabricated using the stepped
cylindrical shoulder tool increases with the
simultaneous raise in the values of the traversing speed
along with the combination of low rotational speeds. On
the other hand, at 1000 rpm (i.e., at larger FSW tool
rotational speeds), the tensile strength of the AZS0OA Mg
alloy joints fabricated using the stepped cylindrical
shoulder tool seems to decrease with simultaneous
increase in the traversing speed.

These observations are due to the fact that, at low
values of speeds of rotation of the FSW tool, the amount
of heat produced due to the frictional heat would not be
sufficient enough to create uniform flow of the materials
and during faster traversing speeds (i.e., at higher rates
of feed), the time period required for grain deformation
is not enough [65—67]. On the contrary, at larger values
of speeds of rotation of the FSW tool, increase in rates
of feed, will lead to the fine refinement of grains in the
nugget zone. This is due to the fact that, higher tool
rotational speeds generates the ideal amount of
frictional heat leading to uniform flow of metals and
will eventually result in rapid & uniform solidification
of the grains in the nugget zone at higher traversing
feeds , which is evidently illustrated in the Figure 7 (c)
and (d).
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It can be understood that, the size of the grains in the
nugget zone have played a vital role in determining the
strength of the AZ80A joints fabricated using the
stepped cylindrical shoulder tool. The internment time
taken for the plasticized stirred material created by the
stirring action of the stepped cylindrical shoulder seems
to have influenced the softening rate of the plasticized
material, in the nugget zone. This rate of softening
followed by eventual cooling has led to the
recrystallization process and formation of fine refined
grains in the nugget zone. This internment time period is
very much less with that of the stirring action created by
the stepless cylindrical shoulder tool, due to the reason
that, the stepped cylindrical shoulder has performed the
function of preventing the plasticized material, being
getting escaped from the joint surface area and the
stepless cylindrical shoulder tool, due to its design
geometry cannot perform this function in a required
manner. This is one of the most important reason for
formation of fine refined grains in the nugget zone of
the AZ8OA Mg alloy joints fabricated using the stepped
cylindrical shoulder tool.

4.4 Losses due to wear

The combined effect & influence of the two different
process parameters of the FSW technique on the wear
losses of the wrought AZ80A Mg alloy joints fabricated
using the stepless cylindrical shoulder tool and the
stepped cylindrical shoulder tool are graphically
illustrated in the Figure 8 & 9.

Wear losses of joints fabricated by Concave
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Figure 8. Graphical illustration of the wear losses of the
wrought AZ80A Mg alloy joints fabricated using stepless
cylindrical shoulder tool at different combinations of
traversing speed and rotational speeds of the FSW tool

From the Figure 8, it can be seen that the losses due
to wear were found to be obtained at higher values of
the tensile strength. This can be understood clearly by
comparing the Figure 5 and 8. It can be found that, at
smaller speeds of rotation of the FSW tool (i.e., 500
rpm), larger tensile strength values were obtained.
Likewise, losses due to wear were also found to be
minimum at this FSW tool rotational speed (500 rpm).
The losses due to wear were found to increase with
increase in speeds of rotation of the FSW tool (i.e., from
500 rpm to 750 rpm and 1000 rpm).

From the Figure 9, it is evident that the traversing
speed (i.e., rate of feed) is found to dominate the losses
due to wear on the AZ80A Mg alloy joints fabricated
using the stepped cylindrical shoulder tool. At 500 rpm,
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i.e., at smaller values of the speeds of rotation of the
FSW tool, larger values of the traversing speed (3.0
mm/min) have yielded the minimum losses due to wear
and smaller values of the traversing speed (0.5 mm/min)
have yielded the maximum losses due to wear.

Wearlosses of joints fabricated by stepped
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Figure 9. Graphical illustration of the wear losses of the
wrought AZ80A Mg alloy joints fabricated using stepped
cylindrical shoulder tool at different combinations of
traversing speed and rotational speeds of the FSW tool

At the same time, this impact is completely inverse
in the case of higher values of the speeds of rotation of
the FSW tool (i.3., at 1000 rpm). At this 1000 rpm, the
smaller traversing speed values (0.5 mm/min) have
yielded the minimum losses due to wear and higher
traversing speed values (3.0 mm/min) have yielded the
maximum losses due to wear.

Figure 10. Optical micrograph images of the wrought
AZ80A Mg alloy joints fabricated using stepped cylindrical
shoulder tool at different combinations of (a) 0.5 mm/min —
500 rpm; (b) 1.5 mm/min — 500 rpm; (c) 0.5 mm/min — 1000
rpm and (b) 1.5 mm/min — 1000 rpm

This phenomenon can be understood clearly by
analysing the nugget zones of the wrought AZ80A Mg
alloy joints fabricated at different combinations of
speeds of rotation of the tool and traversing speed using
two different tool geometries, namely, stepless
cylindrical shoulder tool and stepped cylindrical
shoulder tool. The joints possessing fine sized refined
grains in their nugget zone have been found to exhibit
higher losses due to wear when compared to that of the
joints having large sized grains in their nugget zone.
The reason for this is very much identical to that of the
reasons discussed for the tensile strength values. Figure
10 shows in detail, the optical micrograph images of the
nugget zone of the joints fabricated using stepped
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cylindrical shoulder tool at different combinations of the
speeds of rotation of the tool and traversing speed,
which are advocating this observation. Yet, the losses
due to wear is found to be more for the AZ8OA Mg
alloy joints fabricated by the stepped cylindrical
shoulder tool when compared with that of the joints
generated using the stepless cylindrical shoulder tool.

4.5 Rate of Corrosion

The rates of corrosion of the wrought AZ80A Mg alloy
joints fabricated at different combinations of speeds of
rotation of the tool and traversing speed using two
different tool geometries, namely, stepless cylindrical
shoulder tool and stepped cylindrical shoulder tool are
graphically illustrated in the Figure 11 and 12
respectively.

In majority of the AZ80OA Mg alloy joints fabricated
using FSW process, the rate of corrosion is found to be
larger, when compared with that of the parent metal.
The major reason for the decline in the resistance
towards of the fabricated AZ80A Mg alloy joints is the
refinement of the grains, which have taken place in the
nugget zone, as a result of FSW process. It is a well
known fact that, the grain boundaries have an unstable
type of configuration when compared to that of their
respective lattice structure.

Moreover, the chemical reactivitiy of these grain
boundaries is very much higher and they are regions of
higher energy [68, 69]. As a result, these grain
boundaries are the common spots susceptible to the
reactions of corrosion, when compared to that of the
individual faces of grain.

Rate of corroison-of the joints fabricated by

-_s__i;,eple‘ég cylindrical shoulder tool =05 i

15 _[_/ — .
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Rate of corrosion, mm/yr

750

1000
Tool Rotational Speed, rpm

Figure 11. Graphical illustration of the rate of corrosion of
the wrought AZ80A Mg alloy joints fabricated using
stepless cylindrical shoulder tool at different combinations
of traversing speed and rotational speeds of the FSW tool

Similarly, during the etching of a pure metal, the
grain boundaries are very much invulnerable to the
attack related to corrosion, when compared with that of
the individual grains [70].

This low resistance of the grain boundaries to the
corrosion attack is mainly due to the weaker binding of
the atoms, making them more dissolvable in nature, than
the atoms present in the interior surface of the individual
grains. Boundaries of twin nature, emanating
dislocations, boundaries of subgrains etc are examples of
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regions having very poor resistance to corrosion attacks
[71, 72]. In other words, it can be understood that, if there
is generation of fine refined grain boundaries & structures
in the nugget zone of the joints fabricated using the FSW
process, the joints would be prone to the corrosion attacks
very easily, when compared to that of the base metal. By
comparing the datas illustrated in the Figure 11 & 12, we
can observe that, the AZ80A Mg alloy joints fabricated
using a stepped cylindrical shoulder tool exhibits higher
rates of corrosion when compared to that of the AZ80OA
Mg alloy joints fabricated using a stepless cylindrical
shoulder tool.

Rate of corroison of the joints fabricated by
; step?gd eylindricalshouldertoeol 445 mimin
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Figure 12. Graphical illustration of the rate of corrosion of
the wrought AZ80A Mg alloy joints fabricated using
stepped cylindrical shoulder tool at different combinations
of traversing speed and rotational speeds of the FSW tool

5. CONCLUSION

In this experimental work, a detailed investigation was
carried out to understand the role of the geometry of the
FSW tool in determining the tensile strength, losses due
to wear, rates of corrosion of the fabricated AZ§0A Mg
alloy joints, by employing two different FSW tool
geometries namely stepless cylindrical shoulder tool and
stepped cylindrical shoulder tool, under different
combinations of FSW process parameters, namely
speeds of rotation of the tool and traversing speed. The
recorded observations, experimental results generated in
the present investigation allow us to derive the below
mentioned conclusions:

e Stepped cylindrical shoulder tool has produced
sound quality joints with appreciable tensile strength
values at combinations of higher traversing feeds
and low values of rotational speeds of the FSW tool.

e The size of the grains in the nugget zone and the for—
mation of the fine refined grain structures have played
a vital role in determining the strength of the AZ80A
joints fabricated using the stepped cylindrical shoul—
der tool.

e The joints possessing fine sized refined grains in
their nugget zone have been found to exhibit higher
losses due to wear when compared to that of the
joints having large sized grains in their nugget zone

e The losses due to wear are found to be more for the
AZBOA Mg alloy joints fabricated by the stepped
cylindrical shoulder tool when compared with that
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of the joints generated using the stepless cylindrical
shoulder tool

e In majority of the AZ80A Mg alloy joints fabricated
using FSW process, irrespective of the employed
different tool geometry, the rate of corrosion is
found to be larger, when compared with that of the
parent metal.

e AZBOA Mg alloy joints fabricated using a stepped
cylindrical shoulder tool exhibits higher rates of
corrosion when compared to that of the AZ80A Mg
alloy joints fabricated using a stepless cylindrical
shoulder tool
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EKCHEPUMEHTAJIHO UCTPAJKUBAILE
YJOT'E TEOMETPUJE AJIATA KOJ|
OJIPEBUBAIbA UBPCTORE U UICITPABHOCTH
CINOJEBA OJI KOBAHE JIET'YPE THUIIA Az80a
Mg Y TOKY IPOLIECA 3ABAPUBAIbA
TPEILEM CA AJIATOM

C. Tanrauax U C, Cesea II, Catemn LI,
Maxanesan C.

Hctpaxyje ce yTullaj TeOMETpHje ajaTa I[pU
3aBapuBamby TPEHEM Ca alaToM Ha 3aTe3Hy 4Bpcrohy,
OTIHOPHOCT Ha KOPO3Hjy U Op3MHY Xabama KOJ CrojeBa
on komane nerype tuna Az80a Mg. Kox 3aBapuBama
TPEmEM ca ajaToM KopuuiheH je anar ca JBe pa3iIninuTe
reoMeTpuje:  ca  CTCNCHAaCTHM  IWIMHIPHYHUM
HACTaBKOM U 0e3 CTENeHACTOr LIMINHIPHYHOT HACTaBKa
MIpH PazIHMYUTAM KOMOHMHaIMjamMa Op3uHE poTanuje u
Op3uHe nposaza anata. VcTpakuBame je 00yXBaTUIIO U
3aTe3Hy uBpCTOhy, ryOHTaK ycliea Tpema U OTIIOPHOCT
Ha KOpO3HWjy KOJ IMPOW3BE/IeHUX crojeBa. YTBplheHo je
Ja CHOjeBI/I ca CTCIICHCTUM HWJIMHAPUYHUM HACTAaBKOM
umajy Behe BpenHocTn 3ate3He uBpcrohe  KOA
koMOuHanuje Beher Opoja mpojasa ajgara U MamUX
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BpeqHocTd portupajyhe Opsune. lcroBpemeHo je 30HM 3pHa Behux aummeHsuja (rpymena) umajy Behe
HaljeHO Ja cnojeBu KOjU MMajy cuTHHja U GUHHMja 3pHA Y ryOuTKe ycJe] Tperba.
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