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ABSTRACT
Aluminum Al-4032 reinforced with pure copper (Cu) powder and Chromium Carbide (Cr3C2) together to obtain a hybrid
metal matrix composite. In this study, hybrid composite so fabricated with varying % of Cu ranging from 2 to 10 and %
of Cr3C2 varying from 2 to 6%. At every different combination Cu with respect to Cr3C2 hardness was measured
experimentally. The hardness of hybrid composite was higher than compared to mono composites at any given
composition of Cr3C2 and Cu. The hardness was found to be good until the percentage of Cu and Cr3C2 being less than
4% of each, further increased in Cu % and Cr3C2 % lead to decrease in hardness. The values obtained from experiment
were validated by using artificial neural network. The optimum percentages of Cu and Cr3C2 were obtained from
experimental and from neural network.
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1. INTRODUCTION
Aluminum metal matrix composites are fabricatedby means of friction stir processing, stir casting, squeeze
casting, in-situ casting, powder metallurgy and ball milling process. It is always helpful in improving
mechanical properties and also in refining the grain structure. Hybrid aluminum matrix emerged to enhance
mechanical properties compared to mono metal matrix composite. These are sometimes referred as second
generation advanced materials [1]. Reinforcement of graphite and boron carbide in Al-2219 increased the
wear of hybrid composite [2]. Al-7075 reinforced with fly-ash and graphite showed that hardness increased
from 57HRB to 62HRB. Hardness measured was increased 8.7%, whereas wear resistance measured found to
increase by 89.4% for hybrid MMC than compared to mono MMC [3]. Hardness increased to 70HV, when
reinforced together with SiC and graphite particles, but as the Gr reinforcement increased further after 2.5 %
of weight metal of LM25 [4]. Silicon carbide and boron carbide reinforced in Al-7075 increased the wear
resistance and hardness, the later was increased from 73HRB to 92HRB when measured by Rockwell
hardness tester [5]. Hybrid metal matrix composite of Al 6061 prepared with constant fly ash and varying SiC
showed continuous increase in hardness from 61RHN to 93RHN when measured with Rockwell hardness
tester [6]. Reinforcement of fly ash and SiC in Al-2024 found to have maximum hardness of 95BHN in the
hybrid composite obtained at 10%SiC and 10%fly ash [7]. SiC was added to Al-356/mica composite and
mechanical hardness of this hybrid composite increased to 115BHN when 3%mica was added, further
addition of mica reduced the hardness to 110BHN when measured by Brinell Hardness tester [8]. Bamboo
Leaf Ash with SiC reinforced in Al‐Mg‐Si alloy and the hardness value of hybrid metal matrix composite so
obtained decreased with increase in percentage of Bamboo leaf Ash from about 80HVN to 70HVN
approximately when measured using “Emco TEST DURASCAN micro hardness tester” [9]. Hardness
measured in hybrid aluminum metal matrix composite decreased when “rice husk ash” and Al2O3 reinforced
in Al‐Mg‐Si alloy by about 11% [10]. When “rice husk ash” reinforced with SiC in Al356 alloy showed the
hardness value increased with continuous in increase of reinforcement percentage simultaneously. Maximum
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value of hardness was 104BHN when measured by using Brinell hardness tester at 10%SiC with 10%rice
husk ash reinforcement [11]. Silicon carbide of 30µm when used with Hydrated sodium tetra borate (borax)
(Na2B4)7.10H2O as reinforcement in aluminum alloy 6063 was heat treated at variable temperature and
variable aging time had hardness value reaching 130HV measured by using Vickers hardness tester [12].

It is mandatory to predict the mechanical behavior of composite, which is an effective approach to achieve
reliable results without wasting time and amount of material during casting process [13, 14]. A Neural
Network was trained by Levenberg-Marquardt Algorithm (NN-LMA) to create a prediction model for
mechanical properties of Al-Si alloy (A356) when reinforced by TiB2 micro and nanoparticles by using stir
casting method [15].The predicted model was cross validated, and compared with experimental tests and the
NN-LMA model showed less than 5% for prediction of the mechanical properties [15]. Model developed by
using Taguchi method is used for single response, but the Mathematical model developed by Grey Relational
analysis can be used for multiple outcomes, making it complex [16].

From the literature it is evident that hybrid Aluminum metal matrix composite can be efficient than normal
composite with single reinforcement. It was found that reinforcement made in different aluminum alloys had
great impact on hardness. The focus of this paper is to highlight the effect of hardness on hybrid composite by
varying composition of pure copper powder and chromium carbide. Aluminum Al-4032 is a commercial
alloy, basically used in manufacturing piston of automobiles. Reinforcement in Al-4032 can have application
oriented hybrid metal matrix composite.

2. RESEARCH METHODOLOGY
(a) EXPERIMENTAL APPROACH:
Al-4032 alloy was taken and melted to a temperature of 5600C as it contains 12.2% silicon which is very near
to Eutectic condition of aluminum alloys. The molten aluminum alloy was allowed to solidify in the furnace
and unnecessary slag and oxides from the surface of molten metal was removed carefully. These samples
were cut into proper rectangular shapes and weight of each sample was measured. According to the weight of
each sample 2%, 4%, 6% and 10% weights of copper powder (Cu) and 2%, 4% and 6% chromium carbide
powder (Cr3C2) was taken. These samples were re-melted in proper rectangular molds. Once the sample is in
its molten form, 2% Cu powder was added in three samples and stirred well with the stirrer inside the furnace
itself. The temperature of the furnace was maintained at 5600C for a period of 5 minutes.

Figure 1: Furnace and the stirrer used for experimentation
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Cr3C2 with weight percent of 2%, 4% and 6% were reinforced in each of the three samples respectively, to
make a hybrid composite mixture of 2% Cu and varying percentages of Cr3C2. All the 3 samples were stirred
well after the reinforcement of Cr3C2 and were allowed to solidify inside the furnace so as to attain better
grain structure and to avoid cold sluts, which usually occur due to improper cooling of samples. Figure 1,
shows the furnace and the stirrer used in the experiment. The above experiment was repeated 3 more times
with Cu of 4%, 6% and 10%. Total of 12 samples were prepared.

Figure 2: Zwick Vickers hardness tester
All the 12 samples prepared were prepared for hardness testing. Every sample was polished on SiC paper of
400 grit and then on 800 grit SiC carbide and finally on 1200 grit SiC paper until it attains maximum surface
finished. All these samples were washed with ethanol solution and H2SO4 before testing them on Vickers’s
hardness tester as shown in Figure 2. Fixed load of 1kg was applied and a dwell time 10 seconds was taken on
each sample to measure the hardness.An average of 5 readings was taken on each sample.
(b) ARTIFICIAL NEURAL NETWORK:
Simulation was done by taking the values of experimental hardness as the base. Artificial neural network was
simulated and the values of hardness were predicted. There are two input variables and one output as shown in
figure 3 which gives the network and algorithm used to predict the values.

Figure 3: Neural network and algorithm used for prediction of hardness
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Training was done with Levenberge Marquardt (trainlm) as shown in figure 3 with two layers both tangent
sigmoidal hyperbolic functions. ANN uses weights and bias of neurons to predict data. Minimum gradient of
10-7 and 1000 epochs were used. The training was 80%, validation 10% and testing 10%. Values were then
compared with the experimental data by using Mean absolute percentage error.

Mean Absolute Percentage Error (MAPE) = % (2)

Mean Square Error (MSE) = ( − ) (3)

Regression coefficient (R) = 1 − ( )( ) (4)

Where, = Experimental values = Neural network predicted values
3. RESULTS AND DISCUSSIONS:
3.1 EXPERIMENTAL RESULTS:
Hardness of hybrid Al-4032 with 2% Cr3C2 and weight percentage of Cu reinforcement ranging from 2-10
showed hardness increased until the Cu reinforcement was 6% and then decreased when 10%Cu was
reinforced. Figure 4 shows the hardness of hybrid composite with varying composition of Cu.

Figure 4: Average hardness of Al-4032, 2% Cr3C2 at different weight percent of Cu particles

Similarly, hardness was measured at 4%Cr3C2 and varying weight % of Cu particles showed that hardness
values increased as the Cu reinforcement increased until 4% of Cu as shown in figure 5. The hardness value
decreased with further increase in Cu percent and the hardness was least when 10% Cu was reinforced in
4%Cr3C2 hybrid composite of Al-4032
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Figure 5: Average hardness of Al-4032, 4% Cr3C2 at different weight percent of Cu particles

Furthermore when hardness measured at 6%Cr3C2 and varying Cu percentage, showed the values of hardness
decreased as the percentage of reinforcement increased from 2 to 10. The maximum hardness measured was at
6%Cr3C2 and 2%Cu and where as 6%Cr3C2 and 10%Cu showed the least value for hardness as shown in
figure 6.

Figure 6: Average hardness of Al-4032, 6% Cr3C2 at different weight percent of Cu particles

3.2 ANN results:
Artificial neural network trained by tangent sigmoidal transfer function for both layers led to best regression
of 0.95574. The training time was 0.17seconds. Training was done at regression of 0.95443, validation and
testing at regression of 1. Figure 7 shows the regression values obtained with the ANN network was well
within the range for acceptance.
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Figure 7: Training, Validation, Testing and overall regression of values in ANN
Experimental values of hardness at 2%Cr3C2 and 2 to 10%Cu particles were compared with hardness values
obtained by using ANN. The percentages of Cu composition were varied with an increment of 0.1 to attain
continuity in prediction as shown in figure 8. The prediction of hardness can be done with the experimental
boundary only.

Figure 8: Comparison of Experimental hardness values with ANN Predicted hardness for 2% Cr3C2 and 2 to
10%Cu
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Hardness of 4%Cr3C2 and 2 to 10% of Cu when predicted by ANN had deviation at 2%Cu with
experimentally calculated hardness, whereas on the other instances the experimental values were in fact
coinciding with the ANN predicted values as shown in figure 9.

Figure 9: Comparison of Experimental hardness values with ANN Predicted hardness for 4% Cr3C2

and 2 to 10%Cu
There was no much deviation between experimental and ANN predicted value when Al-4032 reinforced with
6% Cr3C2 and varying percent of Cu powder as shown in figure 10.

Figure 10: Comparison of Experimental hardness values with ANN Predicted hardness for 6% Cr3C2

and 2 to 10%Cu
The average mean absolute percentage error measured with respect to experimental and ANN predicted
values were 1% which indicates the accuracy of the neural network model was very good. Root mean square
error also was less than 5%. Table 1, shows the RMSE and MAPE at every experimental value.
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Table 1.MAPE and RMSE between ANN predicted hardness and experimental hardness

Percentage
composition

of Cr3C2

Percentage
composition

of Cu

Experimental
values of
hardness

ANN
predicted
hardness

MAPE SE RMSE

2 2 127 127 0 0 0

2 4 138 139.0861 0.787006412 1.179545544 1.08606885

2 6 141 140.8935 0.075541949 0.011345264 0.10651415

2 10 131 131 0 0 0

4 2 131 140.99 7.625954198 99.8001 9.99

4 4 141 140.99 0.007092199 1E-04 0.01

4 6 124 124 0 0 0

4 10 114 113.99 0.00877193 0.0001 0.01

6 2 138 138 0 0 0

6 4 134 134 0 0 0

6 6 119 113.5 4.621848739 30.25 5.5

6 10 112 112 0 0 0

Average 1.093851286 10.9367659 3.30707815

4. CONCLUSION
Experimental investigation of hardness in aluminum metal matrix hybrid composite suggest that hardness has
its peak value at a hybrid composition of 2% of Cr3C2 and 6% of Cu and 4% of Cr3C2 and 4% of Cu. There
are some other hybrid composition where in hardness was more than 135, even those compositions can be
considered as optimum. The optimum compositions are 2% of Cr3C2 and 4% of Cu, 6% of Cr3C2 and 2% of
Cu. It was found that as the reinforcement increased the beyond 6% for any powder it may lead to decrease in
hardness. Hardness values obtained by ANN also converged with the experimental values.
It is possible to have heat treatment at different temperatures so as to improve the hardness of these samples as
the diffusion rate of chromium is less. At elevated temperature the hardness can increase.
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