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ABSTRACT

Friction Stir Processing (FSP), a solid — state
surface modification technique, derived from
friction stir welding (FSW), FSP was performed on
MAGNESIUM AZ91 alloy using shoulder with
probe cutting tool. In the present work the friction
stir processing of AZ91 magnesium alloy and the
effect of process parameters like traverse, rotational
speed and force by friction stir processing on AZ91
magnesium alloy were studied at different
combination of rotational and traverse speeds were
used to perform on the metal surface.Tests like
hardnessand microstructure examination were
carried out and compared with as received material.
Key words:friction stir processing, microstructure,
magnesium alloy, grain refinement, hardness.

l. INTRODUCTION:

Friction Stir Welding (FSW) is the process
of joining of two metals by using a tool having the
shoulder with probe. From the FSW the Friction
Stir Process (FSP) is developed, FSP is used to
change the surface structure of the metal surface at
the room temperature. Friction stir process is a
solid-state process. The metal is plastically
deformed then the properties of the metal
surfacewill change.

FSW has been proven to be an effective
process for welding aluminum, brass, copper, and
other low-melting-temperature materials. The latest
phase in FSW research has been aimed at
expanding the usefulness of this procedure in high-
melting-temperature materials, such as carbon and
stainless steels and nickel-based alloys, by
developing tools that can withstand the high
temperatures and pressures needed to effectively
join these materials.

In friction stir processing (FSP), a rotating
tool is used with a pin and a shoulder to a single
piece of material to make specific property
enhancement, such as improving the material's
toughness or flexibility, in a specific area in the
micro-structure of the material via fine grain of a
second material with properties that improve the
first. Friction between the tool and workpieces
results in localized heating that softens and
plasticizes the workpiece. A volume of processed
material is produced by movement of materials
from the front of the pin to the back of the pin.

Il. LITERATURE SURVEY:

Jozeflwasko et al [1] stated that the FSP
generates heat in process that deforms the material
into plastic to decrease grain size to get required or
to approximate properties, if the FSP successfully
on AZ91 alloy the main properties are changed by
significantly varying FSP parameters. This FSP
done by the conventional tooling process to form
plastic deformation. This results to change the
microstructure and to reduce the boundary of the
microstructure. Samir Rathod et al [2]quoted that
This treatment enhancing to change the sheet metal
properties by effective tooling to modification of
microstructure and grain refinement by single pass
of tool, it to improve formability, especially by
elevated temperature, in this work essential
examination using FSP to modify microstructure
and properties of mg alloy AZ31B -H24 mg alloy
sheets. speeds are between 1200-2000rpm
rotational speed and 20-30mm/min travel
speed.B.M.Darras et al [3] investigated the
mechanical properties by the effect of tool shoulder
on the AZ31B mg alloy. the concave tool shoulder
is used. Strain hardening effect was played a major
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role in determining the properties and step shoulder
tool also used here to compare. The test was
conducted by 3 levels, 2 factors means, 3 speeds
and 2 parameters with concave and shoulder tool
when the rotational speed is increasedit increase
tensile strength, lower rotational speed results
strain hardening effect the step shoulder increased
tensile strength when low rpm and high feed and
minimum wear occur when high tensile strength
concave tool.K.GanesaBalamurugan et al [4]found
outthe corrosion resistance of thick AZ31B
magnesium alloy examined here by using
stationary shoulder FSP(SSFSP) process by the use
of the low temperature and low heat is produced on
the stir zone. The corrosion resistance increased
this SSFSPed and uniform grain microstructure is
present. Vivek Patel et al [5]stated that by using of
stainless powder on the AZ61 mg alloy by FSP and
this is the fabrication of surface matrix composites
(MMC'’s) and one of most emerging technique used
to produce good and efficient mechanical
properties are increased up to 12.1% and corrosion
resistance also increased. Sithole et al [6] indicating
that 9 combination and 4 essential processes are
involved, they are rotational speed, travel speed,
depth, tilt angle were chosen 1600rpm, 63mm/min,
0.1 and 2° on the pure mg alloy and changes
occurred. D.Ahmad khaniha et al [7]quoted that the
addition of metal matrix composites on the pure
magnesium on the top surface is used to increase
the particles and grain refinement result by FSP and
the aim of this process is to fabricate the MMC'’s
magnesium-based composites. Some of the
limitations occur by MMC’s composites and it is
better in some of the applications.B.RatnaSunil et
al [8] used Multi Walled Carbon Nano Tubes (as
MWCNT) reinforced magnesium matrix was
fabricated by using FSP with the aim of mechanical
and electro chemical behavior. After FSP the range
of microstructural particles 2500um and hardness is
significantly increased.N.SaiKrishna et al [9] Multi
Walled Carbon Nano Tubes (as MWCNT)
reinforced magnesium matrix was fabricated by
using FSP with the aim of mechanical and electro
chemical behaviour. After FSP the range of
microstructural particles 2500um and hardness is
significantly increased.

1. EXPERIMENTAL

PROCEDURE:

The received material of AZ91 mg alloy
having the dimensions of 30cm x24cmx10cm. The
metal has processed into the 10x3x1 cm piece for
FSP with the help of hand saw and hand cutter into
some plates.The chemical composition of the AZ91
Magnesium alloy is 90% of mg ,9% of Al,1% of

zinc,0.04 to 0.5% of Mn. The processed metal plate
is fixed on the base with clamps on a universal
vertical milling machine and the specially designed
cylindrical pin tool is fixed to the tool holder of
Vertical milling machine. The plates were subjected
to the FSP with different combinations of rotational
and traverse speed. They are 760 rpm, 1130
rpm,2000 rpm rotational speed and travel speeds
are 11, 22, 48 mm/min respectively. With the
10mm shoulder and 3 mm pin diameter thickness is
used to machine. The friction stir processing is
carried out at 9 combinations with 3 feeds.

IV. TESTS PERFORMED
Microstructure Analysis:

The microstructure analysis is done on
Scanning Electron Microscope test. The SEM test
is conducted on the specimen in stir zone. The
10x8x 1cm is cutted into 1x1x8 mm piece for
this SEM is used for imaging the microstructure of
the specimen using by electron beam and
effectively very used microscopy.Microstructure
test was conducted on three pieces they are
760,1130rpm with 11mm/min and on received
material the microstructure of three pieces have
been observed at 100x,200x,500x%,1.0kx,2.50kx and
5.00kx magnification and the plate with 1130rpm at
11mm/min have good microstructure and grain size
was decreased as compared to another two pieces.

Hardness test:

The hardness test was performed on
vickers hardness testing machine on three pieces,
those are at 760,1130rpm and as received material.
When hardness value was compared in between
those three pieces, the metal with 1130rpm at
11mm/min gives the high hardness value. The
hardness value of those three materials were
382VHN,547VHN and 326VVHN respectively.

V. RESULT:

As per the tests performed on the friction
stir processed metal at different process parameters,
was obtained different images at different
magnification the following figures gives the
information about the microstructure of the metal at
different magnifications and also the hardness of
the metal at different rotational and traverse speeds.

Microstructure Analysis:
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Fig 5.1.1 At 760rpm with 11mm/min with200x
magnification
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Fig 5.1.2 At 760rpm with 11mm/min with500x
magnification
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Fig 5.1.3 At 760rpm with 12mm/min with1.00kx
magnification

Fig 5.1.4 At 760rpm with 11mm/min with 2.50kx

magnification
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Fig 5.1.5 At 760rpm with 11mm/min with100x
magnification.
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Fig 5.1.6 At 760rpm with 12mm/min with4.00kx
magnification
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Fig 5.2.1 At 1130rpm with 2Z2mm/min with 101x
magnification
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Fig 5.2.2 At 1130rpm with 11mm/min with 200x
magnification
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Fig 5.2.3 At 1130rpm with 11mm/min with500x
magnification

W

LN g e
- y
BEN NV 100KV WO 208 basveiysiy

BEW MAG. 100 ua Tet: &8
View fele 207 pam Datminrdly | €290

ColsAMMRC . VrE ™R

Fig 5.2.4 At 1130rpm with 11mm/min with 1.00kx
magnification
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Fig 5.2.5 At 1130rpm with 11mm/min with 2.50kx
magnification
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Fig 5.2.6 At 1130rpm with 11mm/min with4.00kx
magnification
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Fig 5.3.1 Non FSP plate with 100x magnification
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Fig 5.3.2 Non FSP plate with 200x magnification
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Fig 5.3.3 Non FSP plate with 500x magnification
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Fig 5.3.4 Non FSP plate with 1.00kx magnification
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Fig 5.3.6 Non FSP plate with 4.00kx magnification

Hardness:

Hardness test is performed on the Vickers
hardness testing machine on the Friction stir
processed material and the following figure will
give the information about the hardness
valuerefinement was good, Which improves the
properties like hardness and tensile strength.
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Fig 5.4.1 Hardness test on received plate
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Fig 5.4.2 Hardness test on 760rpm with feed rate of
11mm/min FSP plate
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Fig 5.4.3 Hardness test on 1130rpm with feed rate
of 11mm/min FSP plate

VI.  CONCLUSION:

Friction Stir Processing was carried out on
AZ91 magnesium alloy with combination of 760,
1130rpm tool rotational speeds and
11,22 48mm/mintraverse speeds respectively. It
was observed that at tool speed 1130rpm the
microstructure  appearance was good when
compared with as received material. The hardness
at 1130 rpm was found to be 547 and 326 for as
received material. Hence by friction stir processing

hardness of AZ91 magnesium alloy can be
improved.
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