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ABSTRACT: Aluminium alloy is an emerging material used in various applications of aerospace engineering, 

automobile engineering etc. As per industrial requirements, these materials may be get failed due to their 

mechanical properties like strength, hardness etc. Mechanical properties of these alloys can be improved with 

addition of reinforcements. In the present work, effect of these reinforcements on mechanical properties of AA1100 

matrix hybrid composite have been investigated to study compressive strength, hardness. Composite were prepared 

at MMU, Mullana using Stir casting setup. It has been found that mechanical properties influenced by 

compositional parameters. Behavior analysis shows that compressive strength and hardness increases with increase 

in Si and Cu compositions.  
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I. INTRODUCTION 

Demand for light weight, flexible, and eco friendly material is increasing widely in automobile, aerospace 

sectors etc. Aluminum is known by universal material due to its great strength to weight ratio, high stiffness, and 

great metallurgical property as well as high corrosion resistance etc. Although it has high strength to weight ratio 

and good mechanical properties still it cannot be used in automobile sector. To overcome this limitation we have to 

improve its mechanical properties and make it in suitable form which can be use in engineering applications. This 

can be obtained with the use of aluminum composite. Compressive strength and Hardness are the main responses 

that should be in suitable ranges fulfill industrial applications.  There are many techniques which is use to fabricate 

these composites such as powder metallurgy, casting, spray deposition, etc. out of which casting is one of the best 

route to fabricate these composites.[1]  

  Further, it has been found that stir casting route is best fitted method to fabricate hybrid 

composite. [2,3] The importance of stir casting is its simplicity, flexibility and applicability to large scale 

production. Si, Cu and Mg can be considered as reinforcements, due to their high strength, high aspect ratio and 

thermo-mechanic properties [4,5]. After the formation of hybrid composites specimens for mechanical testing have 

been tailored as per ASTM standard. Actual experimentations were done at MMU, Mullana in Metallurgical Lab. 

Whereas testing were carried out at CITKO (Chandigarh) Universal testing machine have been used to measured 

Compressive strengths whereas Vickers hardness tester has been used to calculate hardness. 

 

II. LITRATURE SURVEY 

Henri et al. (2014) had given an idea that Si, Cu, & Mg in the powder form can be mixed for better 

improvement in aluminum alloys up to 1% to 14%, 2% to 5% to 10% respectively. And these reinforcement help to 

improve the mechanical properties like compressive strength, hardness, strength etc. also it improve the tribo-logical 

properties like wear etc. and microstructure [1]. Dwivedi et al. (2014) prepared an AA6082/SiC metal matrix 

composite with different size of reinforcements (75μm, 50μm and 25 μm) by mechanical stir casting. Macro-

structural analysis, tensile test, hardness test, impact test were performed to find out microstructure and mechanical 

properties of the metal matrix composites. Minimum porosity was observed for the 25μm of silicon carbide. The 

mechanical properties showed that the reduction of the size of SiC particles led to the improvement in tensile 
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strength, hardness and toughness. It indicates that size of reinforcement is the effective factor influencing the 

mechanical properties.[6] 

 Sharma et al.(2013) described that stir casting for production of Aluminium-matrix composite and various 

process parameter of stir casting and Difficulties encountered in successful manufacturing of AMC by stir casting. 

Processing variables such as holding temperature, stirring speed, size of the impeller, and the position of the 

impeller in the melt are among the important factors to be considered in the production of cast metal matrix 

composites as these have an impact on mechanical properties. [7] Mathur et al. (2013) studied Effect of Process 

Parameter of Stir Casting on Metal Matrix Composites with Sic and Cu.  

Hardness of the composites found increased with increased grit size of SiC. Impact (Izod), tensile strength 

of the composites found increased with increased grit size of SiC. The pouring temperature of 725°C gave the best 

optimum value of hardness, impact strength and ultimate tensile strength [8]Bhandare et al. (2013) prepared 

Aluminium Matrix Composite by Using Stir Casting Method For uniform dispersion of material blade angle should 

be 45° or 60 ° & no of blade should be 4.  

For good wet ability we need to keep operating temperature at semisolid stage i.e. 630 for Al (6061). At 

full liquid condition it is difficult uniform distribution of the reinforcement in the molten metal. And Preheating of 

mould helps in reducing porosity as well as increases mechanical properties.[15] 

Based on the literature survey ranges of composition of reinforcements have been discussed in table 1. 

TABLE I: Range of parameter took by Authors 

Sr. 

No. 

Authors AA1100 Si Cu Mg 

1 Henri, R.W., Loper, C. R., Rosenthal, P.C. 

(2014) 

71% To 

97% 

1% to 

14% 

2% to 5% 4% to 10% 

3 Kumar, R., Bhandare, G., Sonawane, P. 

M. (2013) 

 NA NA 4.00% NA 

5 John Gilbert Kaufman, Elwin L. Rooy, 72.5%  to 

89% 

5% to 

12% 

2 to 5.5 % 4% to 10% 

7 Bhaskar Chandra Kandpal NA NA 2 % 9.4% 1.06% to 

3.13% 

8 SerajulHaque NA NA 4.00% NA 

10 M.J. STARINK, P. VAN MOURIK NA 19.1 1.3 NA 

 

III. EXPERIMENTATION AND TESTING 

Aluminum hybrid composite has been fabricated by stir casting process. In which AA1100 was a base 

material whereas Si, Cu and Mg were reinforcement. Execution of experiments been done as per orthogonal matrix 

which was generated in Mixture-DoE by Minitab software.  

On the basis of literature Si, Cu and Mg chose as reinforcement and AA1100 as base metal. AA1100 70% 

to 90%, Si 5% to 16%, Cu 4% to 10% and for Mg was fixed to 2% and for process parameters stirring speed 400 

rpm, stirring temperature 700
0
C and stirring time was 5 to 10 minutes. After the processing these parameters an 

experimental matrix has been formed as shown in table 3.2. These runs than executed on stir casting setup.  
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Fig. 1: Stir Casting Machine 

3.1 Mechanical Testing 

Specimens for testing were made with the help of lathe machine and specification of the specimens was as 

per guidelines which were given by CITKO, Chandigarh. Specimens for compressive strength test and hardness test 

as shown in fig.2. 

 

 

Fig. 2: Specimens for (A) Compressive strength test, (B) Hardness test 

A 

B 
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Compressive testing was carried out UTM and Hardness testing was carried on Vickers hardness tester. 

Testing was done at room temperature.  

TABLE II. Test Results 

 

 

Runs 

 

Compositional Parameters Process 

Parameters 

Mechanical Properties 

AA1100 

(%) 

Si (%) Cu (%) Mg 

(%) 

Stirring Time 

(Mins) 

Compressive 

Strength (Mpa) 

Hardness 

(HV) 

1.  0.83 0.05 0.1 0.02 10 334 85 

2.  0.72 0.16 0.1 0.02 5 00 00 

3.  0.79 0.13 0.06 0.02 5 210 50 

4.  0.89 0.05 0.04 0.02 10 256 60 

5.  0.8 0.11 0.07 0.02 5 242 64 

6.  0.78 0.16 0.04 0.02 10 325 88 

7.  0.77 0.13 0.08 0.02 10 00 00 

8.  0.81 0.08 0.09 0.02 5 326 79 

9.  0.79 0.13 0.06 0.02 10 215 56 

10.  0.83 0.05 0.1 0.02 5 328 81 

11.  0.8 0.11 0.07 0.02 10 250 72 

12.  0.72 0.16 0.1 0.02 10 00 00 

13.  0.77 0.13 0.08 0.02 10 00 00 

14.  0.78 0.16 0.04 0.02 10 321 85 

15.  0.89 0.05 0.04 0.02 5 253 58 

16.  0.84 0.08 0.06 0.02 5 237 56 

17.  0.81 0.08 0.09 0.02 10 333 88 

18.  0.84 0.08 0.06 0.02 5 236 56 

19.  0.89 0.05 0.04 0.02 5 251 56 

20.  0.83 0.05 0.1 0.02 5 327 80 

21.  0.89 0.05 0.04 0.02 10 258 63 

22.  0.77 0.13 0.08 0.02 5 00 00 

23.  0.78 0.16 0.04 0.02 5 313 80 

24.  0.72 0.16 0.1 0.02 10 00 00 

25.  0.81 0.08 0.09 0.02 5 322 76 

26.  0.81 0.08 0.09 0.02 10 330 83 

27.  0.79 0.13 0.06 0.02 10 217 55 

28.  0.77 0.13 0.08 0.02 5 00 00 

29.  0.72 0.16 0.1 0.02 5 00 00 

30.  0.78 0.16 0.04 0.02 5 310 76 

31.  0.8 0.11 0.07 0.02 10 252 71 

32.  0.8 0.11 0.07 0.02 5 244 68 

33.  0.83 0.05 0.1 0.02 10 336 86 

34.  0.79 0.13 0.06 0.02 5 209 48 

35.  0.84 0.08 0.06 0.02 5 245 72 

36.  0.84 0.08 0.06 0.02 10 247 65 
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IV. RESULT AND DISCUSSION 
Table II shows that on varying composition of reinforcements mechanical responses varies. Result for 

mechanical responses i.e. compressive strength and hardness are as shown in above figure. It have been found that 

with varying composition parameters a wide ranges of mechanical properties can be achieved as per industrial 

requirements. A graphical plot in between mechanical response value and sample no is as shown in table 3.3. 

TABLE III. Graph showing variation in Compressive Strength and Hardness 

 
 

V. CONCLUSION 
MMHC of AA1100 reinforced with Si, Cu and Mg have been manufactured using stir casting process. 

Mechanical studies have been performed for casted components. UTM and Vickers hardness tester have been used 

to carried out mechanical studies Major conclusion that carried out during the invesigation of experimental study are 

as follows. 

 Liquid metallurgy technique can be successfully adopted for fabrication of Al/Si/Cu/Mg, As the developed 

composite consistes of three particulate reinforcements.   

 The hybrid composites Al-1100/Si/Cu/Mg were successfully produced by the stir casting process. Strings 

as well as particulate agglomerates were present as distinct micro structural features of the composite. 

 Al/Si/Cu/Mg Composite containing 5% of Si and 10 % of Cu shows highest compressive strength and 

hardness.  

 It has been concluded that with increase in the composition of  Si and Cu mechanical properties decreases 

upto some level than it increases. 

 The stress values sustained by all the composites specimens in compression tests during aproxipatly 30% 

reduction of their initial height.  

 The presence of Mg 2% shows beneficiary effect on strength in aluminum cast composites by increasing 

the wetting, bonding strength. 

 Compressive strength from 210 Mpa to 334 Mpa and hardness from 50HV to 81 HV can be achieved with 

different combinations of parameters. 
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