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Abstract: The research work shows the results obtained 

from the geometric and mechanical properties of Al7075 

alloy compounds reinforced with copper metal powder (0-

2% by weight) for gear materials produced by high 

vacuum casting. The wear test is carried out in a multi-

sample tester in a lubricated state. The composite model 

produced will be used as a newly developed material for 

the manufacture of gears in the automotive industry. The 

introduction of the charge of copper particles can cause 

significant changes in the behavior of these materials. 

Bending force (329-499 MPa), tensile force (232-396 MPa) 

and impact force (20-70 kJ / m2) of grain-reinforced alloy 

composites improve mechanical properties by increasing 

copper metallic powder. 0% to 2%.0% of each volume. 

Experimental results showed that the composite material 

consisting of copper metal powder particles showed the 

lowest wear index compared to the base alloy, and the 

wear resistance of the composite material improved it. 

 

Keywords: Aluminum, Al7075, ANOVA investigation, 

Taguchi approach. 

 

1. Introduction: 

7075 Aluminum Alloy Matrix Composites are used as 

excellent materials in a variety of automotive, aerospace, 

aviation, defense and defense applications. It has more 

specific potency and hardness in various engineering fields 

and has improved wear resistance compared to alloys. 

Regardless of the load applied. And slide speed. Such alloy 

compounds continue to replace convention with specific 

properties such as increased wear resistance, light weight, 

hardness and toughness. Numerous authors from around the 

world report on their particular archive studies. Pramanik 

investigated the effect of reinforcements on the wear 

resistance of aluminum matrices. It was observed that the 

metal matrix composite had the highest wear resistance and 

that the size of the debris increased with increasing 

length.Many authors have reported that the enrichment of 

granular uniform powders in the unfilled alloy matrix 

improves the wear resistance and toughness of composites. 

The sliding friction behavior of Al2O3 and short carbon fibers 

filled by such alloy compounds. They figured out the 

coefficient of friction and wear. By improving the improved 

content (Al2O3) of the metal matrix composite material, the 

potency is improved, which is effective in improving the 

coefficient of friction and wear resistance. We investigated the 

dry-slip properties of Al2O3 and MMC fibers made from 

aluminum reinforced with SiC particles produced by 

compression molding technology. As the wear resistance of 

the compound decreases, the temperature increases, while as 

the filler content (SiC) increases at room temperature, the 

wear resistance decreases. Increased hardness, density and 

volumetric friction content while reducing impact resistance of 

A384 microTiO2 / (Al2O3 alloy loaded with Al2O3 particles 

shows reduced porosity, but this alloy shows reduced porosity) 

In the study, Naplocha and Granat studied the geometric 

behavior of Al / Saffil / C-compounds of metal matrix 

compounds. They have increased abrasion resistance with 

increasing particle number of the compound, and with 

increasing filler content. Reported an increase in the durability 

and brightness of copper. Abrasion properties due to the filler 

of 7075 aluminum matrix compound.The effect of adding 

graphite to the Al7075 alloy matrix under wet slip conditions. 

Reported that hardness, coefficient of friction, and wear rate 

decreased as filler content of matrix alloy 7075 increased with 

increase filler content. 

 

2. Related Work: 

Raman etc. [11] When AMMC was manufactured using SiC 

as a reinforcing material and treated by stirring casting, it was 

observed that the wear rate decreased and the wear resistance 

improved as the SiC content increased. The particle size and 

pore morphology of the treated material has been reduced. 14] 

SiC is used as the reinforcing material and Al is used as the 

base material.The wear rate increases under normal load, but 

for composites it increases less than for pure aluminum. 

Alizadehétal. [15] used nanoparticles of B4C as a reinforcing 

material and Al as a reinforcing material. It has been observed 
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that the tensile potency is improved and the wear rate is lower 

than that of the coarse Al matrix. Gireesh et al [16] used fly 

ash and aloe separately to reinforce aluminum and concluded 

that aluminum reinforced with aloe offers better wear 

resistance than aluminum reinforced with fly ash.Butra et al. 

[17] found that the profile of the FSP tool was the least 

influential factor and that the rotational speed of the FSP tool 

had the greatest effect on microhardness. The rheology of 

7075Al alloys produced by a new technology, gas-induced 

semi-solid technology (GISS), was investigated. This study 

shows that the optimal conditions for dissolving non-dendritic 

7075 aluminum alloys are 4 hours at 450 ° C. It rotates at 120 

° C, 145 ° C, 165 ° C, 185 ° C for various times.The maximum 

aging condition was 72 h of artificial aging at 120°C, with a 

tensile potency higher than 486 MPa recorded at 2% 

elongation. The primary hardening phase was identified as the 

/ phase, but nucleation of the initial phase in samples with 

higher aging temperatures resulted in lower alloy potency. 

Survey is 95,827 J/mol. In his article, Mohd Fizam Zainon [2] 

reported on the effect of aging on the wear properties of 

aluminum alloy pistons. These studies were conducted to 

improve the polishing properties of this method. For this 

purpose, an AlSiCuMg alloy containing 8% Si was used. 

Melting was performed at 5000 ° C for 5 hours, then quenched 

and the samples were aged at 1300 ° C, 1700 ° C, and 2100 ° 

C for 1-6 hours to observe the effect of aging conditions on 

their properties.A Vickers microhardness test was performed 

to measure the hardness of the sample. The analysis of the 

microstructure of the sample was carried out using an optical 

microscope equipped with a digital camera and a scanning 

electron microscope (SEM). The results show an improved 

aging time of 2 hours at 170 ° C. Wear characteristics of 

aluminum alloy pistons. Gowrishankar M. [3] It has been 

reported that the potency of Al6061 alloy can be improved by 

precipitation hardening during precipitation of the stable phase 

formed by the supersaturated solid solution.Experimental 

studies have focused on the artificial aging process of Al6061 

alloy hardened in solution at 100o, 150o and 200o. Maximum 

hardness can be obtained at different aging temperatures by 

plotting hardness versus time. It is observed that the maximum 

aging time varies between 3 and 10 hours. Depending on the 

aging temperature, as the aging temperature decreases, the 

precipitation of the solute-rich secondary stage occurs in more 

intermediate stages. The intermediate phase deforms the 

lattice during precipitation to improve its mechanical 

properties, resulting in weaker mechanical properties. Aging 

temperature.In this paper, we study the mechanical properties 

such as micro-hardness, tensile potency and wear resistance to 

study the effect of artificial aging on Al6061 alloy, but in the 

same condition. processing condition, heat precipitation 

hardening alloy is the better machine. Clock. Ascast.22Y.Reda 

alloy [4] is a metal matrix alloy of Al6061 SiC and Al7075 

Al2O3 and R. Clarket.come. [9] reports in a study of Al7075 

that "pretreatment at different regression temperatures 

improved hardness, tensile properties, and resistivity." 

 

3. Methodology: 

The stirring casting process is used to produce Al7075 alloy 

matrix composites reinforced with different weight percent Cu 

metal powders. % Magnesium is added to improve the wetting 

of alloy compounds The base material (Al 7075) is melted in a 

graphite crucible at 750°C in a vacuum furnace and the 

assembly is assembled by a heating element containing 

graphite crucible, passing piston. Adopts a thin tip with a 

diameter of 8 mm and a temperature measuring instrument. 

Therefore, the molten material with the reinforcement added is 

injected directly into the cast iron mould through the open 

piston and then solidified.After casting, the alloy compound 

produced is brought to room temperature and then a 

compound sample is prepared to determine the mechanical 

and wear properties of the compound. 

Production of 7075 alloys composites samples The designed 

alloy composites were fabricated using elevated temperature 

vacuum casting equipment (Fig. 1). The unfilled and 

particulate filled with aluminium alloy composites at diverse 

Percentage by mass of Cu particles (0-2% by mass and 

percentage by mass of other elements unchanged) Metal 

powder content. The preparation of Al7075 alloy compounds 

loaded with Cu particles is carried out in a vacuum foundry 

consisting of a single heating chamber. It consists of a graphite 

crucible, a piston passing through a small 8mm diameter 

nozzle and a built-in internal temperature sensor. The primary 

alloy is first melted in a furnace in a graphite crucible at about 

700 ° C, then mixed with 2% magnesium by weight to 

improve wetting. Analysis of the construction material (Table 

1) . Then add / mix briefly (5 min) the preheated 

reinforcement (150 ° C) according to the filler content to cause 

the material to melt in the mold. Pour the solid (140 x 90 x 10 

mm3) through an open plunger.After the technical composite 

was cooled to a temperature of 30 ° C, samples of the 

technical composite were cut to obtain different test 

properties. 

 

 
Fig. 1. High vaccume castings machine. 

 

Table 1 Design of the Copper (Cu) Series formulation 

 
S.NO. COMPOSITES Al7075 

(wt%) 
Ni 

(wt%) 
Cu 
(wt%) 

Cr 
(wt%) 

SiC 
(wt%) 

1 A 94 2 0 2 2 

2 B 93.5 2 0.5 2 2 

3 C 93 2 1 2 2 

4 D 92.5 2 1.5 2 2 
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5 E 92 2 2 2 2 

 

4. Stir Castings Route For Fabrication of MMC 
Of all the processing processes, liquid metallurgy is the most 

sought after because of its many advantages, including mass 

production, cost effectiveness, and the ability to manufacture 

fibrous parts. Therefore, the casting method should only be 

considered as the most optimal and economical method. 

Processing aluminum composites. Among the various casting 

processes, agitation casting is considered to be the most 

effective. The agitation casting method is relatively simple and 

inexpensive. The composition of the stirring foundry mainly 

consists of a furnace and a stirrer assembly. The stirrer is used 

to stir the molten metal matrix. The stirrer is usually made of a 

material that can withstand melting temperatures higher than 

the temperature of the mold. Graphite stirrer is commonly 

used for foundry stirrer. The stirrer is mainly made up of two 

cylindrical parts. Rod and wheel. One end of the connecting 

rod is connected to the wheel and the other end is connected to 

the motor shaft. The stirrer is usually kept upright and is 

rotated by a motor at various speeds. In this process, the metal 

in the mold is first heated above the liquid temperature and 

completely melts. It is then cooled to a temperature between 

liquids. The solid state means that it is in a semi-solid state, in 

which the preheated reinforced particles are then added to the 

molten matrix, heated again to a completely liquid state, and 

well agitated to produce a mixture of matrix alloy and copper. 

Can be done. With this method, particles accumulate 

frequently. The accumulated particles can be dissolved at high 

temperature with vigorous stirring. The liquid composite is 

then poured into a sand casting / mold and then solidified. 

Stirring casting is suitable for the production of composites 

containing up to 30% by weight of reinforcement. Particles 

due to different process parameters and material properties 

lead to a non-uniform metal distribution. 

 

 
 

Fig. 2: Stir castings Experimental setup 

 

 

 

5 Stir Casting Process Parameters 

Process parameters participates a vital role on properties of Al 

based MMC. In case of Stir casting, procedure parameters 

similar to stirring rate, stirring temperature, pouring 

temperature etc., are to be maintained for achieving enhanced 

properties of MMC  

 Speed of rotary motion: For successful construction of 

casting, the control of speed is very significant. Rotating 

speed also influences the configuration, increase of speed 

promotes enhancement and very low speed results in 

instability of the fluid mass. It is logical to use the highest 

speed to keep away from tearing.  

 Stirring speeds: Stirring speed is one of the most 

significant process parameters as wettability is promoted 

by stirring i.e. bonding sandwiched between matrix & 

potencyening. The flow pattern of the molten metal is in a 

straight line controlled by the stirring speed. As solidify 

rate is faster it will enlarge the percentage of wet 

capability.  

 Stirring temperature: The viscosity of Al matrix is 

manipulated by the processing temperature. The 

subdivision distribution in the matrix is biased to the 

change of viscosity. When dispensation temperature is 

increased all along with increasing holding time of 

stirring, there is a reduce in the viscosity of liquid. There 

is also acceleration in the chemical reaction amid matrix 

along with reinforcement.  

 Stirring time: identical giving out of the particles in the 

fluid and perfect boundary bond amid potencyening along 

with matrix is promoted besides stirring. In the 

dispensation of composite, the stirring time among matrix 

and potencyening is considered as significant factor.  

 Pouring temperature: A main role is participated by the 

pouring temperature on the method of solidification along 

with determines family member partly to the necessitated 

structure type. Stumpy temperature is associated through 

maximum grain refinement as well as equiaxed structure 

while elevated temperature promotes columnar 

enlargement in numerous alloys. However, the series is 

limited in practical state of affairs. To certify acceptable 

metal flow as well as freedom from collapse whilst keep 

away from coarse structures, the pouring temperature 

must be adequately high.  

 Mould temperature: Its principal significance lies in the 

degree of expansion of the die with preheating. The 

hazard of tearing in casting is diminished beside 

expansion. The mould warmth should neither be too low 

nor be too high, in non-ferrous casting. The mould should 

be at least 25 mm thick through the thickness increasing 

size along with weight of casting. 

 

6. Analysis of experimental results by Taguchi’s 

experimental design:- 

As an project tool for finding robustness, the signal-to noise 

(S/N) ratio is the most important part of constraint design. In 

this technique, the word ‘signal’ expresses the wanted target 

i.e. sliding wear rate as well as the word ‘noise’ expresses the 

undeniable significance. In listed Table of S/N ratio is in fact 

the standard of two replications. The on the whole mean for 

the S/N ratios of copper metal powder particulate filled among 

aluminium alloy composites is found to be 40.498 db 

correspondingly. The S/N ratio of composite is analysed by 

using the trendy software known as MINITAB 16. From the 

considerable consequence on specific wear rate plot as 

indicate in Fig. 3, it is observed that in order to get lower wear 

rate, in complimentary parameter procedure should be in low 

stage for normal load (20 N), middle level for filler content (1 

wt%), towering level for sliding velocity (1.25 m/s) and 

middle level for sliding velocity (750 m). additional it is also 

examined that the order for the significant effect on wear rate 
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like as sliding velocity < Normal Load < sliding distance < 

filler contented. Table indicates the tribological concert of 

developed alloyed composites under different sets of 

controlling aspects furthermore for utilized appropriate gear 

material applications. 

 

 
Fig. 3: Effects of control factors on wear rate .for Copper 

filled Al7075 alloy composite. 

 

7. ANOVA and Effect of Factors: 

The examination of variance (ANOVA) is an valuation tool 

used to acquire the importance of the variable on specific wear 

rate. beginning the analysis of variance for S/N ratios of the 

wear rate indicated in Table with find  Load as well as sliding 

distance were recognized the most important parameters with 

(76.50%) and (15.76%) involvement respectively. The 

consequence of filler content along with sliding velocity on 

the specific wear rate was find to be inconsequential with very 

less percentage involvements. The following order of outcome 

on specific wear rate is identified: normal load > sliding 

distance > sliding velocity > filler content.  

 
Fig 4: Interaction Plot between Wears Rate and Normal 

Load at Various Levels of Filler Content 

 

 
Fig 5: Interaction Plot between Wear Rate and Sliding 

Velocity  at Various Levels of Sliding Distance 

 

8. Conclusion: 

In this study work, copper (for 0–2 wt %) particulate filled 

Al7075 alloy composites are made-up via elevated 

temperature vacuum casting technique pursue by tribological 

and microstructure as well as mechanical description. The 

experimental investigation via Taguchi approach highlights it 

is examined that in order to acquire lower wear rate, in 

encouraging parameter procedure should be in low intensity 

for normal load (20 N), middle level for filler content (1 wt%), 

high level for sliding velocity (1.25 m/s) and middle level for 

sliding velocity (750 m). Additional it is also study that the 

order for the important effect on wear rate like as sliding 

velocity < Normal Load < sliding distance < filler content. 
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