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A B S T R A C T 

Aluminum hybrid metal matrix composites (Al-HMMCs) are a class of materials that have gained significant attention due to their excellent mechanical and thermal 

properties. In this study, the hardness and wear resistance of Al-HMMCs were investigated using a variety of testing methods. The results showed that the hardness 

and wear resistance of Al-HMMCs were significantly higher than those of pure aluminium. The improved hardness and wear resistance were attributed to the 

presence of the hard reinforcement particles, which were dispersed throughout the matrix material. The results of this study demonstrate the potential of Al-HMMCs 

as a durable material for a wide range of applications, including structural components and wear-resistant coatings. To further evaluate the hardness and wear 

resistance of Al-HMMCs, a series of tests were conducted using both indentation and sliding wear methods. In the indentation tests, a diamond indenter was used 

to apply a load to the surface of the Al-HMMCs and the resulting indentation depth was measured. The results showed that the Al- HMMCs had a higher hardness 

than pure aluminium, with the hardness increasing as the volume fraction of the reinforcement particles increased In the sliding wear tests, a pin-on-disk setup was 

used to simulate sliding wear between the Al-HMMCs and a counterface material. The results showed that the Al- HMMCs had a significantly lower wear rate 

compared to pure aluminium, indicating improved wear resistance. This improved wear resistance was attributed to the hard and abrasive nature of the reinforcement 

particles, which prevented the formation of wear debris and reduced the wear rate the results of this study demonstrate that Al-HMMCs have excellent hardness 

and wear resistance properties, making them suitable for a variety of applications where these properties are important. 
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Introduction 

Aluminium hybrid metal matrix composites (Al-HMMCs) are a class of materials that have gained significant attention due to their excellent mechanical 

and thermal properties. In this study, the hardness and wear resistance of Al-HMMCs were investigated using a variety of testing methods. The results 

showed that the hardness and wear resistance of Al-HMMCs were significantly higher than those of pure aluminium. The improved hardness and wear 

resistance were attributed to the presence of the hard reinforcement particles, which were dispersed throughout the matrix material. The results of this 

study demonstrate the potential of Al-HMMCs as a durable material for a wide range of applications, including structural components and wear-resistant 

coatings. Evaluate the hardness and wear resistance of Al-HMMCs, a series of tests were conducted using both indentation and sliding wear methods. In 

the indentation tests, a diamond indenter was used to apply a load to the surface of the Al-HMMCs and the resulting indentation depth was measured. 

The results showed that the Al- HMMCs had a higher hardness than pure aluminium, with the hardness increasing as the volume fraction of the 

reinforcement particles increased. sliding wear tests, a pin-on-disk setup was used to simulate sliding wear between the Al-HMMCs and a counterface 

material. The results showed that the Al- HMMCs had a significantly lower wear rate compared to pure aluminium, indicating improved wear resistance. 

1 The improved wear resistance was attributed to the hard and abrasive nature of the reinforcement particles, which prevented the formation of wear 

debris and reduced the wear rate. The results of this study demonstrate that Al-HMMCs have excellent hardness and wear resistance properties, making 

them suitable for a variety of applications where these properties are important. Potential applications include structural components, wear-resistant 

coatings, and cutting tools. Further research is needed to fully understand the mechanisms behind the improved hardness and wear resistance of Al-

HMMCs and to optimize their composition and processing for specific applications. Series of tests were conducted using both indentation and sliding 

wear methods. In the indentation tests, a diamond indenter was used to apply a load to the surface of the Al-HMMCs for a wide range of applications, 

including structural components and wear-resistant coatings. 

Literature Survey 

[1] Ansar Kareem, For casting the Aluminum hybrid metal with reinforcement material increase mechanical and tribological properties. Aluminum were 

developed for enhanced material performance. Al 6061 is an aluminium alloy that has extensive applications due to its superior material characteristics.  
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[2] Satyam Tiwari, For material removal rate using WEDM about the surface roughness and the level of exactness and fine surface completions of the 

workpiece about on the Taguchi method using wire electric discharge machine on material removal rate.  

[3] Chandra Sekhar Manda & Surendra Babu, The AMMC is fabricated by stir casting and subjected to quench immediately and to test the material to 

check the mechanical properties of the material scanning electron microscopy and X-ray diffraction analysis were carried out to analyze the microstructure 

and the dispersion of the reinforced particles in the composite.  

[4] Anupkumar Bongale , Machinability of such alloys by traditional methods challenging due to higher tool wear and surface roughness The objective 

of research is to investigate the machinability of SiC reinforced Al 6061 composite by Wire-Electrical Discharge Machining (wire-EDM) Microstructural 

investigation of the cut surface revealed the presence of craters with wave pattern on its surface.  

[5] Maibam Bindya Devi,AnilKumar,BirruPraveenKumar,Bannaravuri; Electro discharge machining limited to the usual precision material removal 

process but also extended to the areas of micro machining, micro impressions, machining of difficult-to-machine materials usage in the various field of 

research in nonconventional machining process control aluminum based materials.  

[6] Avinash Lakshmikanthan , Santosh Angadi , Vinayak Malik; Mechanical and tribological properties performed , as well as the different matrix 

materials and particulates used in Al-based MMCs Dual-particle-size reinforced composites, heat treatment of Al alloys, and temper designations used 

in heat treatment are also included. 

[7] Materialsimur Rizovich Ablyaz ,EvgenySergeevich Shlykov; Composite materials are machining by EDM the effect of process parameters on the 

cutwidth of the PCM (polymer composite material) EDM accuracy of the machining of affecting the cut width of the polymer composite material and 

even enhanced the material process.  

[8] M. Asif, K. Chandra, P.S. Misra; sliding wear behavior of aluminium alloy based composites scanning electron microscope (SEM) for the 

characterization of microstructure and tribolayer on worn surface of composites. The proposed composites have lower friction coefficient, less temperature 

rise and low noise level; however they have little higher wear rate hybrid composite has acceptable level of tribological characteristics .  

[9] J.Jenix Rino, D.Chandramohan, K.S.Sucitharan; Aluminum alloys are widely used in aerospace and automobile industries due to their low density 

and good mechanical properties, better corrosion resistance and wear, low thermal coefficient of expansion as compared to conventional metals and alloys 

Involved in designing metal matrix composite materials is to combine the desirable attributes of metals and Ceramics.  

[10] S.T.Mavhungu, E.T.Akinlabi, M.A.Onitin, F.M.Varachia; Composite material dominant for the industrial requirements of weight reduction ,high 

efficiency and performance in the material .In automobile industry the AMMC are mostly used high specific stiffness ,high strength and long term 

application, high speed rotating shaft, brake parts ultimate to advance material part improved performance.  

[11] S Gopinath, M Prince and G. R. Raghav ; The enrichment of mechanical, wear and corrosion properties of the Aluminum 6061 matrix composite by 

incorporating hybrid reinforcements Al alloy has caused the major surface degradation resulting in poor wear property and the worn out surfaces are 

examined through the scanning electron microscope. adhesive wear is happened.  

[12] J. W. Luster, M. Thumann and R. Baumann; The stiffness and hardness of the resulting composites increase with increasing volume fraction of 

particles increases are accompanied by corresponding reductions in the ductility Increasing a balanced combination of tensile strength, ductility, creep 

resistance, toughness, and fatigue resistance must be achieved.  

[13] Rinki Yadav , Jai Prakash Sharma ,Gianender ,Rekha Yadav; The influence of Molybdenum disulfide (MoS2) on the wear and mechanical properties 

of Aluminum alloy 6061 Molybdenum disulfide in the composite for gaining wear reduction The Investigation revealed that the tensile strength and wear 

resistance of Al 6061/MoS2 composite increases at 5wt.% of MoS2.  

[14] H. C. Ananda Murthy, Somit Kumar Singh; Al-TiC particulate composite has better potential for high-temperature applications The observed increase 

in corrosion resistance of TiC particulate reinforced composites is attributed to excellent bond integrity TiC particulates with aluminum and possible 

electrochemical decoupling between TiC particles and Al 6061 matrix alloy.  

[15] lbayomi A.Akinwande ,Adeolu A.Adediran ,Oluwatosin A.Balogun ; stir casting is faced with some challenges including segregation, occurrence 

of intermetallic phases, agglomeration, and inducement of residual stress Optimization of stirring Evaluated responses are tensile strength, compressive 

strength, impact strength, and hardness. 

[16] PRAMANIK ,A.K.BASAK ,M.N.ISLAM ,G.LITTLEFAIR ; The material removal rate increases with the increase of pulse on time though the wire 

tension does not affect the material removal rate The higher wire tension facilitates steady machining process, which generates low wear in wire electrode 

and better surface finish. 

3. Experimentation 

3.1 Project Work flow  
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                                                                                  Fig. 1 – Project Work Flow 

3.2 Stir Casting Machine 

It is used to cast different composite materials using needed reinforcements to improve strength of the materials. 

 

                                          

 

 

 

 

 

 

 

Fig. 2 – Stir Casting Machine 

      3.3 Rockwell Hardness Machine 

  It is used to calculate the hardness of the material by applying the constant load for  the specimen of varying percentage of the composition.  

 

                                                  

 

                                                      

 

 

 

Fig. 3 – Rockwell Hardness Machine 
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3.4 Wear Testing Machine 

It is used to wear loss for particular load and certain load at particular speed to identify friction force and wear resistance. 

 

                                       

                                                                   

 

 

 

 

 

Fig. 4 – Wear Testing Machine 

4. Test Results 

4.1 Hardness Testing Results 

Table 1 – Hardness Testing Results 

S.No Material Wt Percent 
                        

Hardness(HRC) 

 

  1.  

Al   =  85%  

Tic   =  10%  

Mos2  =    5%  

  

80   

  

  2.  Al   =  85%  

Tic   =  5%  

Mos2  =  10%  

  

 67   

  

    3.  Al   =   95%  

Tic   =   2.5%  

Mos2  =   2.5%  

  

  

 

 55   

  

  

  4.  

Al   =   86%  

Tic   =    7%  

Mos2  =    7%  

  

  

72   

  

  

5.  

Al   =   97%  

Tic   =   1.5%  

Mos2  =   1.5%  

  

  46   

  

  

  6.  

Al   =     80%  

Tic   =     10%  

Mos2  =     10%  

  

   78   

4.2 Wear Test Table 

Table 2 – Wear Test Table 

S.No Material Wt Percent 
                        

Hardness(HRC) 

1.  

Al   =  85%  

Tic   =  10% Mos2  =    5%  

  

168  

2.  

Al   =  85%  

Tic   =  5%  

Mos2  =  10%  

  

93  
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S.No Material Wt Percent 
                        

Hardness(HRC) 

3.  

Al   =   95%  

Tic   =   2.5% Mos2  =   2.5%  

  

117  

4.  

Al   =   86%  

Tic   =    7% Mos2  =    7%  

  

159  

5.  

Al   =   97%  

Tic   =   1.5% Mos2  =   1.5%  

  

126  

6.  

Al   =     80%  

Tic   =     10%  

Mos2  =     10%  

  

105  

Conclusion 

In this project Aluminium hybrid metal matrix composite is casted it is used in the automobile industry to manufacture brake drum and disc drum in 

which aluminium hybrid metal matrix composite material is used because aluminium has good mechanical and chemical properties as well as life of the 

material is also so long compare to the other material. In these material also continuously usage of material leads to reduce the hardness and weariness of 

material drastically. To avoid the problem in order to increase the hardness and weariness of the material adding the reinforcement material such as 

Titanium carbide which provide higher hardness than other reinforcement and Molybdenum disulfide provide higher weariness comparative to other 

reinforcements and to identify the material which has higher hardness and weariness among the specimen and to apply that percentage material to 

manufacture brake drum and disc brake and increase the strength as well as life of the material also increases and casting the material by varying the 

percentage of the reinforcement material . 
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