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Abstract 
Mach inability of aluminium alloy (A-356) reinforced with coconut shell ash 10%wt) and fly ash(10%wt) 

particles fabricated with stir casting process was investigated. The mach inability and mechanical properties of the 
metal matrix composites was studied by performing machining in lathe, hardness test and tensile test. In this paper 
mach inability is evaluated by studying various data parameter of aluminium alloy (A-356) and A-356+ 10% Fly  
ash and A-356+ 10% coconut shell ash such as cutting force, surface roughness, chip thickness during turning at 
different cutting speed and constant depth of cut and feed rate. In this paper also study mechanical properties means 
hardness and tensile strength of the aluminium alloy (A-356) and A-356+ 10% Fly ash and A-356+ 10% coconut 
shell ash were subjected to testing the hardness test and tensile test. 
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I.  Introduction
Conventional monolithic materials have 

limitations in achieving good combination of strength, 
stiffness, toughness and density. To overcome these 
shortcomings and to meet the ever increasing demand of 
modern day technology, composites are most promising 
materials of recent interest. Metal matrix composites 
(MMCs) possess significantly improved properties 
including high specific strength; specific modulus, 
damping capacity and good wear resistance compared to 
unreinforced alloys. There has been an increasing interest 
in composites containing low density and low cost 
reinforcements. Among various discontinuous 
dispersoids used, fly ash is one of the most inexpensive 
and low density reinforcement available in large 
quantities as solid waste by-product during combustion 
of coal in thermal power plants. Hence, composites with 
fly ash as reinforcement are likely to overcome the cost 
barrier for wide spread applications in automotive and 
small engine applications. It is therefore expected that 
the incorporation of fly ash particles in aluminium alloy 
will promote yet another use of this low-cost waste by-
product and, at the same time, has the potential for 
conserving energy intensive aluminium and thereby, 
reducing the cost of aluminium products [14-15]. 

Now a days the particulate reinforced 
aluminium matrix composite are gaining importance 
because of their low cost with advantages like isotropic 

properties and the possibility of secondary processing 
facilitating fabrication of secondary components. Cast 
aluminium matrix particle reinforced composites have 
higher specific strength, specific modulus and good wear 
resistance as compared to unreinforced alloys [1].While 
investigating the opportunity of using fly-ash as 
reinforcing element in the aluminium’s melt, R.Q.Guo 
and P.K.Rohatagi [15] observed that the high electrical 
resistivity, low thermal conductivity and low density of 
fly-ash may be helpful for making a light weight 
insulating composites. The particulate composite can be 
prepared by injecting the reinforcing particles into liquid 
matrix through liquid metallurgy route by casting [10-
18]. Casting route is preferred as it is less expensive and 
amenable to mass production. Among the entire liquid 
state production routes, stir casting is the simplest and 
cheapest one. The only problem associated with this 
process is the non uniform distribution of the particulate 
due to poor wet ability and gravity regulated segregation. 
Mechanical properties of composites are affected by the 
size, shape and volume fraction of the reinforcement, 
matrix material and reaction at the interface. These 
aspects have been discussed by many researchers. 
Rohatgi [14] reports that with the increase in volume 
percentages of fly ash, hardness value increases in Al–fly 
ash (precipitator type) composites. He also reports that 
the tensile elastic modulus of the ash alloy increases with 
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increase in volume per cent (3–10) of fly ash. Aghajanian 
et al. [10] have studied the Al2O3 particle reinforced Al 
MMCs, with varying particulate volume percentages (25, 
36, 46, 52 and 56) and report improvement in elastic 
modulus, tensile strength, compressive strength and 
fracture properties with an increase in the reinforcement 
content. The interface between the matrix and 
reinforcement plays a critical role in determining the 
properties of MMCs. Stiffening and strengthening rely 
on load transfer across the interface. Toughness is 
influenced by the crack deflection at the interface and 
ductility is affected by the relaxation of peak stress near 
the interface [24-26]. 

Among various reinforcement used like Sic, 
Al2O3 etc. Coconut shell ash is one of the most 
inexpensive and low density reinforcement available in 
large quantities as solid waste by product. Coconut shell 
is an agriculture residue from the coconut processing 
industry. Approximately, 15 kg of coconut shell are 
obtained for 100 kg of coconut. Coconut shell contains 
organic and inorganic material. The organic material in 
coconut shell are 33.61% Cellulose, 36.51% Lignin, 
29.27% Pentosans and 0.61% Ash [15]. 

In the present work, fly-ash which mainly 
consists of refractory oxides like silica, alumina, and iron 
oxides is used as reinforcing phase. Composite was 
produced with 10% fly-ash as reinforcing phase with a 
pure aluminium alloy A-356. Then particle size and 
chemical composition analysis for fly-ash was done. 
Another Composite was produced with 10% of coconut 
shell ash as reinforcing phase with a pure aluminium 
alloy A-356. Mechanical properties of the composite 
were evaluated and compared with the commercially 
pure aluminium alloy A-356 and also check the effect on 
machining characteristic by changing cutting parameter 
such as cutting speed and keep feed and depth of cut 
constant. 
 

II.  Experimental procedure 
2.1. Material 

The matrix material used in the experiment 
investigation was commercially pure aluminium (A-356) 
.The fly ash was collected from IMFA Orissa, India. The 
particle size of the fly as received condition lies in the 
range from (0.1-100 µm). The coconut shell ash 
produced first the coconuts were procured from a nearby 
local temple. The coconuts were broken manually to 
drain out the water. The 20 coconut half shells were sun-
dried for three days. Sun-drying was necessary to ease 
removal of the meat from the inner shells of the coconut 
pieces. After scraping the meat from the inner shells, the 
inner portions of the shells were cleaned using knives. 
The fibres on the outer shells were also scraped and 
cleaned. Emery paper was used to clean the outer shells. 

   The clean coconut shell keeps in a container by the 
help of a gas stove Brunel the coconut shell converted in 
to char. The collected char was ground to powder by the 
grinding machine. The powder was then sieved to a size 
of 212 µm. 
 
2.2. Melting & casting 

We took 500gm of commercially pure 
aluminium (A-356) and desired amount of fly ash and 
coconut shell ash particles. The fly ash particle was 
preheated to 320ᵒcfor three hour to remove moisture. 
Commercially pure aluminium alloy was melted in a coal 
fired furnace by the help of graphite crucible. Then the 
aluminium alloy (A-356) mixed with fly ash (10%) or 
aluminium-coconut shell ash (10%) composites were 
prepared by stir casting route. For this we took 500 gm of 
commercially pure aluminium alloy and then 10wt% of 
(fly ash and coconut shell ash) were added to the 
aluminium alloy (A-356)  melt for production of two 
different composites. Commercially pure aluminium (A-
356) was melted by raising its temperature to 760ᵒc and it 
was degassed by purging hexachloro ethane tablets. Then 
the melt was stirred using a mild steel stirrer. After the 
molten metal has been taken to the sand mould with in 
thirty second to solidify as shown in given fig. The 
pouring temperature was maintained at 680ᵒc. Again 
Commercially pure aluminium (A-356) was melted by 
raising its temperature to 760ᵒc.Then the melt was stirred 
using a mild steel stirrer. Fly-ash particles were added to 
the melt at the time of formation of vortex in the melt 
due to stirring. The melt temperature was maintained at 
760oc to 770oc during the addition of the particles. After 
complete the process the slurry has been taken in to the 
sand mould with in thirty second allow to solidify. The 
pouring temperature was maintained at 680ᵒc. This 
experiment should conduct again taking the aluminium 
alloy (A-356) and coconut shell ash 10wt% for 
production of composites. Finally we casting the three 
aluminium bar (25mm dia & 250mm length) as shown in 
given fig. One is pure aluminium alloy (A-356) another 
one is aluminium alloy (A-356) and Fly ash composites 
and another one is aluminium alloy (A-356) and coconut 
shell ash composites. 
 
2.3. Machining behaviour 
2.3.1. Cutting force measurement 

There are several important reasons for measuring 
forces which include: 

• To estimate the various powers required in a 
machine tool. 
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• To estimate the forces acting on the tool that must be 
resisted by the machine tool components bearing, 
etc. 

• To survey the characteristics of new work and tool 
materials. 

Cutting forces or power at the cutting tool may be 
measured in various ways, such as: 

• Dynamometer 

• Ammeter 

• Wattmeter 

• Calorimeter 

• Thermocouple 

Direct measurement by dynamometer have won 
general acceptance. Mechanical and strain gauge 
dynamometers are most commonly used for measuring 
forces in metal cutting. The common feature in all type 
of dynamometers is the measuring springs whose 
deflection is proportional to cutting forces. The major 
difference in the design of various dynamometer lies in 
the technique employed to measure spring deflection. We 
measured the cutting force by the help of tool 
dynamometer. We used the strain gauge turning 
dynamometer .The basic principle of strain gauge 
dynamometer is illustrated in fig with respect to a turning 
dynamometer design by Shaw. The unbalance of the 
Wheatstone bridge indicates the cutting forces. Each of 
the two sets of four gauges is connected in to two bridge 
circuits to enable the determination of Fx and Fz. The 
strain gauge dynamometer is more accurate and is 
common use. The sample size is 250mm length and 
25mm diameter is fitted in the chuck. We fix the tool 
dynamometer sensor on the tool post. Now the machine 
is switch on and achieving the desired RPM and give the 
required feed and depth of cut after that measuring the 
cutting force Fx and Fz. The experiment repeated again 
and measured the Fx and Fz value in different cutting 
speed and also measured cutting forces of different 
samples. 

2.3.2. Surface roughness measurement 
Surface roughness, often shortened to 

roughness, is a measure of the texture of a surface. It is 
quantified by the vertical deviations of a real surface 
from its ideal form. If these deviations are large, the 
surface is rough; if they are small the surface is smooth. 
Roughness is typically considered to be the high 

frequency, short wavelength component of a measured 
surface. Surface roughness is measured by the help of 
surface roughness measuring instrument. It’s having a 
dial indicator this dial indicator is sensing the machining 
surface and gives the surface roughness(Ra) value. This 
surface roughness (Ra) value shows that the machining 
surface rough or smooth as compared to ideal surface. 
After machining the samples are keeps on the table. The 
dial indicator keep on the machining surface and switch 
on the instrument it just moves on the machining surface 
and gives the surface roughness (Ra) value. The 
experiment repeated again and took the surface 
roughness (Ra) values of the machining surface in 
different cutting speed and took also the surface 
roughness (Ra) value of different samples. 
 
2.3.3. Chip thickness 

The form and dimension of a chip in metal 
machining indicate the nature and quality of a particular 
machining process, but the type of chip formed is greatly 
influenced by the properties of the material cut and 
various cutting conditions. In engineering manufacture 
particularly in metal machining processed hard brittle 
metals have a very limited use, and ductile metals are 
mostly used. Chips of ductile metals are removed by 
varying proportions of tear, shear and flow. After 
machining in different speed the chips was collected and 
it took the testing lab. Measured it thickness.                                                                              
 
2.4. Mechanical testing 
2.4.1.Hardness test 

Bulk hardness measurements were carried out 
on the base metal and composite samples by using 
standard Brinnel hardness test. Brinnel hardness 
measurements were carried out in order to investigate the 
influence of particulate weight fraction on the matrix 
hardness. The basic Brinell test can be conducted 
according to the standard using 2.5 mm steel ball 
indenter. The hardness figure should clearly be indicated 
referring to the particular scale, Which has been used, 
since the plain number of hardness will not indicate by 
itself the actual hardness unless it has been very clearly 
defined by which, scale hardness is achieved . For 
instance 218 HB 2.5/187.5 
 
2.4.2. Tensile test 

The tensile testing of the aluminium silicon 
alloy was done, on Instron testing machine in G.I.E.T, 
Gunupur. The Standard specimens with 38mm gauge 
length were used to evaluate ultimate tensile strength.  
       Tensile tests were performed on the aluminium alloy 
produced in accordance with the specifications of ASTM 
8M‐91 standards [13]. The samples for the test were 
machined to round specimen configuration with 6 mm 
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diameter and 30 mm gauge length. The test was carried 
out at room temperature using an Instron universal 
testing machine operated at a strain rate of 10‐3/s. Three 
repeat tests were performed for composite composition 
to guarantee reliability of the data generated. The tensile 
properties evaluated from the stress‐strain curves 
developed from the tension test are ‐ the ultimate tensile 
strength (σu). The comparison of the properties was 
made of the aluminium alloys. 
 
2.4.3. Density test 

  Density measurements were carried out on the 
aluminium silicon alloy sample using Archimedes’ 
principle. The buoyant force on a submerged object is 
equal to the weight of the fluid displaced. This principle 
is useful for determining the volume and therefore the 
density of an irregularly shaped object by measuring its 
mass in air and its effective mass when submerged in 
water (density = 1 gram/cc). This effective mass under 
water was its actual mass minus the mass of the fluid 
displaced. The difference between the real and effective 
mass therefore gives the mass of water displaced and 
allows the calculation of the volume of the irregularly 
shaped object. The mass divided by the volume thus 
determined gives a measure of the average density of the 
samples. 
 

III.  Result  
3.1.Fly ash analysis 
  Composition of fly ash used as reinforcement in wt% 

Compound Percentage 
SiO2 67.2 

Al2O3 29.6 
Fe2O3 0.1 

CaO 1.4 

MgO 1.7 

 
3.2. XRF analysis of Coconut shell ash 
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3.3. Particle size analysis of coconut shell ash 
Particle size analysis of coconut shell ash it is 

shown that, the coconut shell ash has a Grain Fineness 
Number (GFN) of 75.08. The sample can be considered 
to be fine as GFN value of 100 is ranked the finest. Also, 
the sample can be considered to have met the AFS 
specification since four sieve-size, has the bulk of the 
retained sample on four consecutive sieves 

corresponding to 355µm, 180µm, 125µm, and 63µm size 
fractions respectively. 
 
3.4. Machinability of cast composite 
SPEED  90 120 310 

A-356 Force x 
in kgf 

05 03 02 

Force z 
in kgf 

04 02 01 

Surface 
roughnes
s 

7.160 
µm 

5.203 
µm 

4.91
7µm 

Chip 
thicknes
s(mm) 

0.52 0.48 0.20 

A-
356+10%
wt fly ash 

Force x 
in kgf 

12 10 07 

Force z 
in kgf 

03 02 02 

Surface 
roughnes
s 

11.142µ
m 

10.36
5 µm 

8.37
9 
µm 

Chip 
thicknes
s(mm) 

0.60 0.56 0.32 

A-
356+10%
wt 
coconut 
shell ash  

Force x 
in kgf 

11 09 08 

Force z 
in kgf 

02 02 01 

Surface 
roughnes
s 

7.421 
µm 

4.739 
µm 

4.11
5 
µm 

Chip 
thicknes
s(mm) 

0.56 0.52 0.28 

 
Temperature, cutting force and roughness at constant 
feed rate (0.15mm/rev) and depth of cut (1.0mm)  

3.5. Hardness test 
SLNO Sample 

designation 
Hardness 

(BHN) 
1 
 

A-356 82 

2 A-
356+10%wt 

fly ash 

111 

3 A-
356+10%wt 
coconut shell 

ash 
 

 
96 
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3.6. Tensile test 
SLNO Sample 

designation 
U.T.S 

(Mpa 

% 
Elongation 
 

1 A-356 107 2 

2 A-
356+10%wt 
fly ash 

142 4 

3 A-
356+10%wt 

coconut 
shell ash 

 

136 3 

 
3.7. Density test 

 
3.8. Machining behaviour 

Mach inability studies were carried out to 
investigate the which material A-356 base material, A-
356+ 10% Fly ash and A-356+ 10%  coconut shell ash 
composite material having maximum machining ability. 
The machining behaviour of experimental base metal and 
composite material was studied in respect to cutting 
force, surface roughness and chip thickness under 
different machining condition. 

A-356 base material, A-356+ 10% Fly ash and 
A-356+ 10% coconut shell ash composite material were 
subjected to mach inability test over a range of cutting 
speed (90-310 R.P.M) while feed rate (0.15 mm/rev) and 
depth of cut (0.5 mm) were kept constant. 

The fig-2 shows that variation of the cutting 
force in X axis with increase in cutting speed during 
machining of A-356 base material, A-356+ 10% Fly ash 
and A-356+ 10% coconut shell ash composite material. It 
can be observed that A-356 base material having 
minimum cutting force as compared to A-356+ 10% Fly 
ash and A-356+ 10% coconut shell ash composite 
material. A-356+ 10% Fly ash composite material having 
maximum cutting force than other two metals. A-356+ 
10% coconut shell ash composite metal having 
maximum cutting force than the A-356 base material but 

having the minimum cutting force than the A-356+ 10% 
Fly ash composite material. 

The fig-5 shows that variation of cutting force 
in Z axis with increase in cutting speed  during 
machining of A-356 base material, A-356+ 10% Fly ash 
and A-356+ 10%  coconut shell ash composite material. 
It can be observed that A-356 base material having 
maximum cutting force in cutting speed at 90 R.P.M. A-
356+ 10% Fly ash composite material having maximum 
cutting force in cutting speed at 310 R.P.M. 

The fig-4 shows that variation of surface 
roughness with increase in cutting speed during 
machining of A-356 base material, A-356+ 10% Fly ash 
and A-356+ 10%  coconut shell ash composite material. 
It can be observed that surface roughness (Ra) of 
machined surface of base metal and two composite 
material decreases with increase in cutting speed. A-
356+ 10% Fly ash composite material adversely affected 
surface finish and while base material improved surface 
finish of machine surface. 

The fig-3 shows that variation of chip thickness 
with increase in cutting speed during machining of A-
356 base material, A-356+ 10% Fly ash and A-356+ 10%  
coconut shell ash composite material. It can be observed 
that chip thickness of base material and two composite 
material decreases with increase in cutting speed. A-
356+ 10% Fly ash composite material having maximum 
chip thickness in varying of cutting speed  and A-356 
base material having minimum  chip thickness in varying 
cutting speed. 
 

IV.  Discussion 
4.1. Cutting speed 

Cutting force generated on tool during the 
machining is governed by work material characteristic 
and machining parameters such as cutting speed and 
dimensions of cut, i.e feed rate and depth of cut. Cutting 
speed affects built up edge formation tendency, friction 
at chip-tool interface and work hardening characteristic 
these factors in turn affect cutting force. Hence the extent 
to which cutting speed affect cutting force depends on 
how far the above factor are affected by cutting speed. 
Higher cutting force is required in machining of A-356+ 
10% Fly ash composite material than the other two 
materials. One is A-356 base material and another one is 
A-356+ 10% coconut shell ash composite material. The 
silicon crystal presence in aluminium alloy (a-356)  the 
range of 6.5 to 7.5 %. The Fly ash having silicon crystal 
in range of 67.2% those are mixed with each other, 
which offer greater resistance to machining because of 
higher hardness. The silicon crystal also presences in A-
356 aluminium alloy but its percentage is very low 
means 605-7.5%. So in  A-356 aluminium alloy having 
cutting force is less as compared to A-356+ 10%  

Sl 

No 

Samples 

Designation 

Density 

(gm/cmᶾ) 
 

1 A-356+ 10% Fly 

ash  

2.50 

2 A-356+ 10% 

coconut shell ash 

2.615 

3 A-356 2.685 
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coconut shell ash composite material. The silicon crystal 
also presence in A-356+ 10%  coconut shell ash 
composite material in range of 45.05%. So its increases 
hardness and offer greater resistance to machining. So 
the A-356+ 10% coconut shell ash composite material 
cutting force is less as compared to A-356+ 10% Fly  ash 
composite material because this material is less hardened 
than A-356+ 10% Fly ash composite material. 
4.2. Chip thickness 

Due to presence of silicon, it increased the 
hardness and brittleness and decreased the ductility of 
material. Due to increase of hardness and brittleness 
formation of large no of small fragment of chips during 
the machining. So the A-356+ 10% Fly ash composite 
material having small chips as compared to other two 
material and having maximum chip thickness. A-356 
base material having minimum chip thickness in varying 
cutting speed but its produced maximum chip length or 
continuous chip. So the A-356+ 10% coconut shell ash 
composite material having chi thickness in range 
between A-356+ 10% Fly ash composite material and A-
356 base material. 
4.3. Surface roughness 

Increase in cutting speed reduces the built up 
edge formation tendency and therefore reduces the 
surface roughness of the material. At very low speed 
duration of contact between chip and tool would be large. 
So there will be sufficient time for necessary plastic flow 
to occur and establish atomic bonding between chip and 
tool. This phenomenon leads to built up edge formation. 
When built up is broken, part of it goes with the chip and 
remaining on to the work material surface which 
deteriorates surface finish. So increase in cutting speed 
the surface roughness value is decrease. The surface 
roughness value maximum in A-356+ 10% Fly ash 
composite material and the surface roughness value 
minimum in A-356 base material. A-356+ 10% Fly ash 
composite material adversely affected surface finish and 
while base material improved surface finish of machine 
surface. So the A-356+ 10% coconut shell ash composite 
material having surface roughness in range between A-
356+ 10% Fly ash composite material and A-356 base 
material. 
4.4. Hardness 

The fig-6 shows that incorporation of fly ash 
particles in Aluminium matrix causes reasonable increase 
in hardness. The strengthening of the composite can be 
due to dispersion strengthening as well as due to particle 
reinforcement. Thus, Fly ash as filler in Al casting 
reduces cost, decreases density and increase hardness 
which are needed in various industries like automotive 
etc. The incorporation of coconut shell ash particle in 
Aluminium matrix causes reasonable increase in 
hardness but its hardness is less than Fly ash. So the A-

356+ 10% Fly  ash composite material too much 
hardened than  A-356+ 10% coconut shell ash composite 
material and A-356 base material .So the A-356+ 10% 
coconut shell ash composite material having hardness 
value in range between  A-356+ 10% Fly  ash composite 
material and A-356 base material. 
4.5. Ultimate tensile strength 
   The fig-1shows that fly ash and coconut shell 
ash particle used as filler in Aluminium silicon matrix 
causes increases the tensile strength. The Aluminium 
silicon matrix (A-356) having lower tensile strength. The 
coconut shell ash particle used as filler in Aluminium 
silicon matrix having range between Aluminium with fly 
ash particle and Aluminium silicon matrix (A-356). 
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Fig-3 

 
Fig-4 

 

 
Fig-5 

 
Fig-6 

 
Fig-7 
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Fig-8 
Measuring cutting force during turning 

 
Fig-9 

Measuring surface roughnes 
4.6. Density 
    The fig-7 shows that fly ash and coconut shell 
ash particle used as filler in aluminium silicon matrix 
causes decreases the density. The aluminium silicon 
matrix (A-356) having maximum density. The coconut 
shell ash particle used as filler in aluminium silicon 
matrix having range between Aluminium with fly ash 
particle and aluminium silicon matrix (A-356). 
Aluminium with fly ash composite having minimum 
density 
 

V. Conclusion 
The flowing conclusion may be drawn form the present 
work:  

• From the study it is concluded that we can use 
Fly ash and coconut shell ash for the production 
of composites and can turn industrial waste into 
industrial wealth. This can also solve the 
problem of storage and disposal of fly ash and 
coconut shell. 

• Fly ash and coconut shell up-to 10% by weight 
can be successfully added to commercially pure 
aluminium by stir casting route to produce 
composites.  

•  The hardness of Al-Fly ash and Al-coconut 
shell ash composites has increased with increase 
in addition of Fly ash and coconut shell ash. 

• The silicon percentage in Fly ash is so much 
high as compared to other two materials. So 
silicon is increase the hardness and brittleness 
and it reduces the ductility.  

• So the Al-Fly ash composite material is so much 
hardened than other two materials. 

• The cutting force is decreased with increased in 
cutting speed. 

• The surface roughness is decreased with 
increased in cutting speed due to reduction in 
build-up-edge formation tendency. 

• The increase of hardness and brittleness 
formation of large no of small fragment of chips 
during the machining. 

The Ultimate tensile strength has improved with increase 
in Fly ash and coconut shell ash content. Whereas 
ductility has decreased with increase in Fly ash and 
coconut shell ash content. 
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