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ABSTRACT 

 

Metal matrix composites, the wonder materials with light weight, high strength to 

weight ratio and stiffness properties have come a long way in replacing the conventional 

materials. The composite materials find wider applications, owing to the increasing need of 

higher strength and lower weight of various functional components in the automobile, 

aircraft and electronic industries. However, fabrication and machining of metal matrix 

composites into commercial products present challenges because of the difficulty and cost 

involved. 

 

High strength steels, aluminum and polymeric composites are already used to reduce 

the weight significantly. In order to reduce the weight further, the material scientists from all 

over the world are focusing their attention on light weight magnesium and magnesium alloy 

matrix composites. Compared to other alternative light weight materials such as aluminium 

matrix composites and titanium matrix composites, usage of magnesium results in 20-22% 

weight reduction. Energy savings, environmental friendliness and reduced cost are the goals 

of industries which can be achieved by way of utilizing the novel composite.  

 

Improper selection of manufacturing process will be severely affecting the physical 

and mechanical properties of magnesium alloy composites. Among the variety of 

manufacturing processes available for metal matrix composites, stir casting is generally 

accepted as a promising route for the commercial production. Its advantages lie in its 

simplicity and applicability to large quantity production. To improve the particle distribution 
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and to increase the wettability, two step mixing is needed i.e., to heat the slurry to a 

temperature above the liquidus and then stirring.  

 

Since magnesium alloy (AZ91D) is not readily available in the market in India, Pure 

magnesium blocks (99.95% purity) along with 10 % aluminium, 1%  zinc and 0.4 % 

manganese were melted inside a mild steel crucible which was, kept in a microprocessor 

controlled electric resistance furnace under inert (Argon) environment to cast AZ91D blocks. 

After casting, spectroscopic analysis was carried out on the cast magnesium alloy (AZ91D) 

to assure that the alloying elements were within the specified range in ASTM standard B275. 

After finalizing the addition of alloying elements, in order to fabricate magnesium alloy 

(AZ91D) composites, preliminary casting trials were carried out.  

 

The processing parameters such as stirring speed and pouring temperature were 

optimized through these experiments. After finalizing all the parameters, magnesium alloy-

yttria & magnesium alloy- silicon carbide composites were stir cast.  The stir cast magnesium 

composites were subjected to heat treatment (T6). The stir cast and heat treated magnesium 

alloy based composites were evaluated through metallurgical studies such as micro structural 

analysis, elemental analysis, phase analysis & mechanical properties such as hardness, and 

the strength.  

 

The addition of reinforcement particle to magnesium alloys significantly improves the 

stiffness and strength at room and elevated temperatures. Since the density of most ceramic 

reinforcements is higher than magnesium, use of magnesium and magnesium alloys as matrix 
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materials is particularly beneficial in producing a low weight composite. Compared to other 

reinforcement particles SiC and Yttria are thermodynamically stable in magnesium and 

magnesium alloy melt. The dispersion of the hard particle (SiC and Yttria) in the composites 

drastically blocks the dislocation motions. This increases the yield strength and the modulus 

of elasticity with the reduction in its ductility. Smaller size particles of SiC exhibited better 

properties than the bigger ones. 

 

There was an considerable increase in porosity with the increase in percentage 

volume of reinforcement in both (SiC, yttria) the cases. Hardness, youngs modulus, yield 

strength and ultimate tensile strength of composites were observed to be increased with 

increasing volume percentage of the reinforcement particles. Solution hardening and artificial 

aging (T6) condition exhibited improved mechanical properties than that of as cast condition. 

Tensile tested (fractured) surfaces of both the composites (SiC, yttria) revealed particle pull 

out, matrix cracks adjacent to particles, occasional dimples and limited amount of material 

displacement. This confirms the mixed mode of fracture. 

 

Even though the latest technologies are developed for fabricating near net shape 

components, the tolerance and the required surface finish for the industrial components 

necessitate the machining process as an unavoidable one. Machinability of metal matrix 

composites has received considerable attention because of the presence of hard reinforcement 

particle, which leads to rapid tool wear. Widespread of industrial applications of these 

materials will not be possible without resolving the machining problems. The properties that 

make MMCs appealing for their use created major challenges for machining.  
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Grinding is particularly needed to acquire high dimensional accuracy and surface 

finish. However it is difficult to machine hard ceramic reinforced magnesium alloy matrix 

composite, because the reinforcement and matrix of the composite possess widely different 

properties. Further, relatively softer magnesium alloys exhibit poor grindability due to 

clogging of the wheel by the chip adhesion/ loading, while extremely abrasive hard ceramic 

particle can influence rapid tool wear. This poses problems in grinding of magnesium alloy 

composites. 

 

Before conducting the experiments for studying the grindability aspects of 

magnesium alloy (AZ91D) composites with metal bonded diamond wheel, preliminary 

experiments have been conducted with SiC wheel to understand about the response of 

magnesium alloy composite. Grinding of magnesium alloy reinforced with SiC, using SiC 

wheel usually results in clogging of magnesium at wheel and attrition wear of SiC abrasive 

of the wheel. Hence it was decided to use super abrasive wheel. Unlike the investigations 

into the machining of traditional metallic materials, relatively little study has been carried out 

on grinding of metal matrix composite materials.  

 

Very limited literature is available on grinding of Aluminium reinforced with SiC 

particles. Almost, no literature is available on grinding of magnesium alloy composites. 

Magnesium is highly oxidizable, fine magnesium powder and chips created in machining 

operations can cause fire. There is a risk of burning of chips or powders, if ignited. The 

machining process of the components must be performed under controlled conditions, with 

extinguishing agents ready on the spot.  
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Fully replicated 3 factor and 3 level (33) full factorial designed experiments were 

conducted for thorough investigation of the process parameters. For all experimental runs, 

three replicates were carried out and the average value of each set of data was taken. 

Grinding of magnesium composite was carried out by varying process parameters such as 

wheel peripheral speed, workpiece velocity and depth of cut. During the process the forces 

were monitored by a piezoelectric dynamometer.  

 

The performance of the grinding was studied by analyzing and comparing the 

grinding forces, specific grinding energy, and the average surface roughness. The ground 

surface was analyzed using optical and scanning electron microscopy. The grinding forces 

were observed to be decreasing with the increase in hardness which in turn resulted in 

smooth surfaces. The obtained surface roughness (Ra) values were in the range of 0.6- 1.3 

µm. The surface integrity of the ground surface was analyzed using focused ion beam 

machine. There were almost no surface damages on the ground surface. Altered sub surface 

layer could be observed in the case of lower volume reinforced composite. 

 

Optimal grinding conditions are to be determined for economic grinding of metal 

matrix composites. Despite extensive research on grinding process, determining the desirable 

operating conditions in industrial setting still relies on the skill of the operators and trial and 

error methods. In the present work, an attempt has been made to optimize the grinding 

conditions. Multi objective function model, with surface roughness and tangential force as 

user definable constraints was used. Mathematical models were developed using the 

experimental data considering only the significant parameters. Optimization was carried out 
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to obtain the parameters for minimum surface roughness and minimum force using GA. The 

results were validated using confirmation tests. 

 

Keywords: Magnesium alloy composite, two step stir casting, grinding, surface integrity. 
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