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Abstract— Aluminium has been used matrix material owing
good mechanical properties coupled with better formability.
Moreover, SiC as reinforcement in aluminium system
improves mechanical properties of composites. In spite of
fact that Al-SiC possess superior mechanical properties, the
high abrasiveness of the SiC particles obstacle the wide
industrial application. Al-SiC composite has the widest used
in the aerospace application owing to high hardness and
light weight material. After the development of material,
micro hardness, density, microscopic view of that specimen
were tested. In this research Al-SiC composite material was
made by powder metallurgy route. In recent vyear,
aluminium alloy based matrix composites (MMC) are
gaining valuable in many aerospace industry and automobile
industry. Powder metallurgy homogeneously distributes the
grains using reinforcement in the matrix with no internal
reaction and with less porosity. SiC particles containing
different weight fractions (8, 15 and 22 %) and mesh size
(320) are used as reinforcement.
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. INTRODUCTION

Amongest various reserch work,specific review carried out
in this paper.The wear test was conductd based on different
load 10,20,30,40 and 50N and the sliding velocity was
pertaining to 1.6m/s. Author concluded that the wear and
hardness of specimens were increase with increasing the
percentage of silicon carbide [1].Author studied
microstructure,and they were concluded that the uniform
distribution of SiC particles in the aluminium matrix and
some clustering of silicon carbide arise reinforcement in the
matrix[2].This result of experiment saw that the maximum
MRR can be archived at high value of 1, TonVy and low
value of To,Mesh size of SiC Particles Wt. % Of SiC
Particles Minimum TWR can be achieved at low value of
Ip,VgTon and Wt. % of SiC Particles.Mnimum Time is
consumed at high value at 1, Ton Vg and low value of Tos
Mesh  Size of SiCParticles, Wt. % of SiC
Particles[3].Mechanical Alloying or ball milling enables
metallic material to coat the surface of ceramic powder
particles. The constituent powder particles were repeatedly
fractured and cold welded by continuous milling so that
powder particles with very fine size can be obtained. The
milling process largely depended on the types of ball mill
and the rotation speed of the mill. Composite materials are
used in the aerospace etc. The important properties are low
specific gravity, high wear resistance and strength. By
understanding the property, it is possible to develop the new
composite reinforced material, which gives better physical
and mechanical property[4].

1. EXPERIMENTAL PROCEDURE

Different parameters were used to perform experiement, as
shown in table 1.1.

Types of Ball Mill Planetary Ball Mill
Ball: Powder 10:1
Rotational Speed 400
Time for Milling 8 hours
Ball Diameter 10mmand 16mm
Number of Balls 44 balls
Ball Material Tungsten (WC)
Process Control agent | Toluene(Liquid)

Table 1.1: Process parameters of ball milling
During the ball milling process the fracturing of the
particles accrued due to high rotational speed and the
welding of the particle has been done between the Al and
SiC powder.

A. Raw Materials

Al-sic pure powders were bought from lobe Chemical Pvt.
Ltd. (Cochin) India that has particle sizes in the range of 320
Mesh.

1) Aluminium Powder SiC Powder

The aluminium alloy contains Al-99.7%, Fe 0.1%,
Manganese (Mn) 0.03%, Titanium (Ti) 0.001%, Nitrogen
(N) 0.02%,Silicon (Si) 0.1%.Copper (Cu) 0.02% and
particles sizes -120 mesh(~20u),and Sic powder contain The
grain size of the powder of 320 mesh size (approx.-18)

B. Sample Preparation

Equivalent quantities of the metal powders were taken by
weight. The weighing was done in a very precise weighing
balance. 200 gm batches were prepared for each sample.

Sample A Sample B Sample C
(Al -92%,SiC- (Al —85%, SiC (Al—78%, SiC
8%) 15%) 22%)
Al=184 gm Al =170 gm Al =156 gm
SiC=16 gm SiC=30gm SiC=44 gm

Table 2.0: sample preparation

1) Ball Milling, Compaction, Sintering\
The Ball milling consist the two jars which are made from
the stainless steel and the ball milling rotor consist the
holding jaw. The balls are made from the tungsten balls
(WC) with different diameter one consist the 10mm
diameter and other balls are 16mm diameter. The total
numbers of balls are 44 balls in which 34 balls of 10 mm
and other 10balls are 16 mm diameter. Ball milling process
has been carried out in the jars with the combination of the
toluene liquid and the mixer of the balls and powders.

Compaction of the samples was done on a
manually operated hydraulic press & floating circular cross-
section die. The specimens were hard-pressed using pressure
of 14 ton & at room temperature for 2 min. The elemental
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and the composite powders developed under this
investigation were pressed in single- action die compaction
mode with a 100 ton capacity hydraulic press of the M/s.
Lawrence & Mayo (India) Pvt. Ltd.,, Mumbai bears the
model no. LM-17-510 to get green compacts. Cylindrical
compacts of about 15 mm diameter x 3.1 mm thickness were
pressed at 10ton load for making the pallet. The optimum
loading conditions were being found by the density of the
pressed pallet. During the compaction of the pallet the
mechanical bonding has been done due to the high pressure
application. The steric acid is used for the lubrication in the
power to prevent from the friction of the metal due to high
pressure application. For the making the pallet of 15mm
diameter on the 10 ton load and the holding time is 2 min.
The densities of the specimens are to be measured and listed
in below table with the varying % of SiC.

The green compacts produced from Al powder, Al-
SiC composite powder was subjected to sintering at
different sintering temperatures for 60 min under a vacuum
of 10%torr in a resistance heating type tubular furnace. The
temperature during the course of sintering was controlled to
+ 3 °C using a microprocessor- based PID type temperature
programmer/controller model WEST 2050, Germany
supplied by Toshniwal Brothers (Mumbai) Pvt. Ltd.,
Mumbai. The heating rate during sintering cycle was
maintained at 6-7 °C per minute. The green compacts
produced from elemental Al-SiC pallet were sintered at
temperatures 550 C and holding time of 90 minute.
2) EDM Performances:
All the experiments were conducted on an EDM Machine
made by TOOL CRAFT SPARK EROSION MACHINE
(UVPCE, Mechanical engineering department, Kherva). In
this machine, the Z axis is servo controlled and can be
driven through the control panel. The servo control feedback
is based on the gap voltage between the tool and the work
piece electrodes. The study intends to investigate the effect
of process parameters such as discharge current (Ip), Duty
Cycle (1), and % of SiC on the response parameters are
material removal rate (MRR) and Surface Roughness (Ra).
The equipment used to perform the experiments is an press
Mach with semi-automatic machine that shown in figure.
Commercial grade kerosene is used as dielectric fluid. A
lateral flushing system is employed for effective flushing of
machining debris from the working gap region. To get result
experiment conducted for 5 min. The work piece material
used is aluminium silicon carbide metal matrix composite.
Straight polarity is adopted due high MRR. A Cylinder
copper tool with 8 mm diameter is used as a tool electrode.
3) Taguchi Experimental design
A Taguchi experimental design that extensively uses
orthogonal arrays is an efficient tool for improving
process/product quality with the least number of
experimental runs.The method can optimize performance
characteristics through determination of best parameters
setting and reduced the sensitivity of the system
performance with less number experimental runs.The
appropriate array for this case Lg orthogonal array is shown
in above table.The Experiment table was generated by
MINITAB 18.

EI\)I(CF))' Factors

ﬁ}oof( _ B (l4 C (Duty
Sic) DischargeCurrent(Amp) Cycle)%

1 8 4.68 50

2 8 6.25 66

3 8 10.93 80

4 15 4.68 66

5 15 6.25 80

6 15 10.93 50

7 22 4.68 80

8 22 6.25 50

9 22 10.93 66

Table 2.1: Taguchi L9 array with levels and factors

I1l. RESULTS & ANALYSIS

A. Density

The actual densities of the samples are obtained through the
mass and volume ratio and that result also shown in the
below tables. The difference of the density after the
pressing, sintering and the re-pressing are given in tables
below. The result of the entire compaction ratio with the
weight % of 8, 15, & 22 is given in the tables. Theoretical
densities of the composite are measured using following
relation. The result of the measuring density that is shown in

tables.
100

c~a b 1
P P_a+% [1]
Where ,pc-density of the composite
a= weight fraction of Al
b=weight fraction of SiC
pa=density of aluminium
pp=density of Silicon carbide

Using the above equation, the theoretical density of
the MMC is found to be 0.0274gm/cm? for the 8%,15% and
22% of SiC .The density of the pallets are differed with
respect to the different process and that shown in following
table.

.. | Densit
Green | Densit
; y after Aver
density | y after Re- Theore age
Sam | Wt after sinteri Pressi tical Reglat
" | Compa ng Densit -
ple % . ) ng ive
. ction (550C y .
No. | SiC 0 (14 densi
(10ton) )% 0 (gm/m
ton)% 3 ty
(gm/m | (gm/m (gm/m m?) %
m°) % m°) m?3)
2.3861 | 2.5106
2.3270
1 [84.81] [86].97 [91].51
2.3839 | 2.5324
2.3061
2 08 [84.05] [86].97 [92].30 2.74 91.68
2.3509 | 2.4897
2.3036
3 [83.96] [85].69 [90].74

Table 1.1: Compression of density with varied 8 %SiC

All rights reserved by www.ijsrd.com 206




Advancement of Al-SiC Composite Material by Powder Metallurgy Method and it’s Performance on EDM

(1JSRD/Vol. 6/1ssue 02/2018/082)

hardness of the pallet. The result was shown in figure. The
average micro hardness for the 8, 15 & 22 % SiC is
according 110,120 and 128 HV. From the result graph it has
been see that with incresing the weight fraction of SiC the
hardness of the pallet also incresed.The result shown in
figure 2.1.

IVV. EXPERIMENTS ON EDM

After the design on experiments tables the experiments were
conducted on EDM with varying above parameters and the
response parameters are to be measured Material Removal
Rate (MRR) and Surface Roughness of the specimens.
Shown in following figure. The output result has been
shown in the below table. The Material Removal rate was
measured in the term of weight loss with respect to the time
of machining.

.. | Densit
Green | Densit
; y after Aver
density | vy after Re- Theore a06
after sinteri . tical g
Sam | Wt Pressi .. | Relat
Compa ng Densit .
ple % . ) ng ive
- ction (550C y .
No. | SiC (14 densi
(10ton) )% (gm/m
ton)% 3 ty
(@m/m | (gm/m (gm/m m?) %
m°) % m?) m3)
2.2789 | 2.4159
2.2385
1 [80.92] [82].39 [87].33
2.2715 | 2.4344
2.2020
2 15 [79.63] [82].11 [88].08 2.7662 | 87.81
2.2876 | 2.4399
2.2124
3 [79.93] [82].69 [88].20
Table 1.2: Compression of density with varied 15 % SiC
Green | Densit Densit
: y after Aver
density | vy after Re- Theore a0e
after sinteri . tical g
Sam | Wt. Pressi .. | Relat
Compa ng Densit .
ple % . ) ng ive
: ction (550C y .
No. | SiC (14 densi
(10ton) )% (gm/m
ton)% 3 ty
(gm/m | (gm/m (gm/m m?3) %
m®) % m°) m?3)
2.3338 | 2.4680
2.2775
1 [81.93] [83].97 [88].79
2.3497 | 2.4886
2.2770
2 22 [81.92] [843.54 [89].54 2.7794 | 89.33
2.3247 | 2.4542
2.2838
3 [81.98] [83].64 [82;.29

Sampl % Discharg | Duty MRR Surface
¢ Si ¢ Cycl (gm/mi | Roughness(u

Numb C Current(l e n) m)
er d) (%)
1 8 4.68 50 0.016 1.24
2 8 6.25 66 0.036 1.33
3 8 10.93 80 0.040 1.41
4 15 4.68 66 0.014 1.31
5 15 6.25 80 0.030 1.44
6 15 10.93 50 0.028 1.51
7 22 4.68 80 0.012 1.45
8 22 6.25 50 0.016 1.52
9 22 10.93 66 0.020 1.65

Table 1.3: Compression of density with varied 22 % SiC

B. Micro Hardness
The Micro hardness test was been performed on the

Table 3.1: Result Data after EDM machining

V. ANALYSIS OF ANOVA RESULTS

In design of Experiment the results are analyzed due to one

or more of the following three objectives:

— To establish the best or the optimum condition for a
product or a process.

— To estimate the contribution of individual factors.

— To estimate the response under the optimum condition

A. Analysis for MRR

different weight fraction of SiC and withholding time of As Percen
the SiC increase the hardness of the pallet also increased. Dl se Adi | Adi tage
% Vickers Micro hardness Average Result Source = Ssq SSJ MSJ F P | Contri
SiC (HV) (HV) bution
8 115,110,113 110 %
15 118,121,120 120 oh G 0.000 | 0.000 | 0.000 | 19. | 0.0
22 125,131,128 128 WSIC 12 | 3935 | 3236 | 1618 | 16 | 50 | 2090
Table 2.1: Micro Hardness Current 2 0.000 | 0.000 | 0.000 | 24. | 0.0 29.69
0 128 (Amp) 4169 | 4169 | 2084 | 68 | 39 !
0.000 | 0.000 | 0.000 | 4.7 | 0.1
120 )
= v 121 0goo | 809 | 004 | o | 73| O4
L
= 0.000 | 0.000 | 0.000
= 110 Error 12 | 0169 | 0169 | 0084 8.03
S 108 0.000
5 ton Total | 8 8382 100
= g 15 29 $=0.00290593 _ R-50.=95.99% R-
Wt. % SiC SQ(adj)=91.94%

Fig. 2.1: Microhardness vs. weight % of SiC
The three average results have been taken on each
specimens and the average of that given as the micro

Table 4.1: General liner model: MRR versus % SiC, Id &
Duty cycle
The above table 4.1 ,shows the analysis of variance
for material removal rate, in which coefficient of
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determination R? as 95.99 %.The higher the value of the R?
indicate the better fitting model with data.

Main Effects Plot for SR

Main Effects Plot for MRR
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Fig. 4.1: Mean Effect Plot for MRR

% Contribution

m% siC

D

W Duty Cycle%
M Error

Fig. 4.2: Percentage of contribution for MRR

B. Analysis for surface roughness

Fig. 4.3: Mean Effect Plot for SR
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Fig. 4.4: Percentage Contribution for SR

VI. CONCLUSION

The project work demonstrate the preparation of Al-SiC
metal matrix composite (MMC) through powder metallurgy
route and the effect of three parameters on electrical
discharge machining of MMC. A Taguchi experimental
design is proposed to find the optimal setting of process
parameters to give better machining characteristic. From the
present work following conclusions can be drawn, based on
the experimental results and the detailed discussion made.

1) The grain size of the composite powder is reduced due
to centrifugal force and the impact force of the
Tungsten carbide (WC) balls on the powder. It has been
found that 8 hours at 400 rpm is the optimum
parameters for the planetary ball mill.

2) The green density of the specimens has increased with
increasing the compaction load. In the present work 10
ton load is found to be the optimum compaction load.

. . %
D | Seq | Adj Adj .
Source = sS sS MS F p Cor_1tr|b
ution
. 0.058 | 0.058 | 0.029 | 34. | 0.0
0,
* SIC 2 022 022 011 36 | 28 48.25
Current( 2 0.052 | 0.052 | 0.026 | 30. | 0.0 38.14
Amp) 289 289 144 9 | 31 '
0.000 | 0.000 | 0.000 | 0.0 | 0.9
T(*) | 2| “gg 89 a6 | 5 |50 | 8%
0.001 | 0.001 | 0.000
Error 2 689 689 844 7.33
0.112
Total 8 089 100
S=°'°329°59 R-Sq=94.49% | R-Sq (adj)=93.97%

Table 4.2: General linear Model: SR versus SiC%, Id &
Duty cycle

3)

4)

The density has been found to be increased after the
sintering process ,and more increased after the re-
pressing of the specimens. The average relative density
after pressing, sintering and Re-pressing of the
specimens is found to be more than 90% which shoes
the improvement of mechanical property.

It has been found that the micro hardness is increased
with increasing the weight % of SiC and high Vickers
hardness has been achieved at the 22 % of SiC that is
128 HV due to the phenomena of SiC Particles.
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5) It was also found that the Material Removal Rate
(MRR) was increased with respect to increasing the
discharge current.

6) It has been also found that the surface roughness is also
increased with respect increasing of the weight % of
SiC and Discharge current.
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