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Abstract— In the present scenario a lot of research works has 

been carried out in various fields aimed to achieve various 

objectives in which cost reduction is one of the major issues 

of concern. Particularly in automotive industry researches are 

involved in finding and developing newer and better cost 

effective materials than the existing ones. For these purposes 

aluminium has been a boon to the industry. This is due to their 

light weight, high specific strength, high stiffness and 

corrosion resistance as compared to other alloys. Aluminum-

copper combinations containing 2 to 10% Cu, by and large 

with different augmentations, structure critical groups of 

compounds. Both cast and created aluminum-copper 

amalgams react to arrangement heat treatment and ensuing 

maturing with an expansion in quality and hardness and a 

diminishing in prolongation. The reinforcing is most extreme 

somewhere in the range of 4 and 6% Cu, contingent because 

of different constituents present Silicon, after iron, has the 

most astounding polluting influence level in electrolytic 

business aluminum (0.01 to 0.15%). In fashioned amalgams, 

silicon is utilized with magnesium at levels up to 1.5% to 

create Mg2Si in the 6xxx arrangement of warmth treatable 

composites. LM4 composites contain 2-4% Copper and 4-6% 

Silicon. It has genuinely great machining properties being 

middle of the road between the fairly troublesome Al-Si 

amalgams and the effectively machinable Al-Cu 

compound.LM4 alloys contain 2-4% Copper and 4-6% 

Silicon. It has fairly good machining properties being 

intermediate between the rather difficult Al-Si alloys and the 

easily machinable Al-Cu alloy.    
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I. INTRODUCTION 

A. Tribology 

"knowledge of". The nature and consequence of interactions 

at the interface control friction and wear behavior of involved 

materials. Amid these associations, powers are transmitted, 

vitality expended, physical and concoction conduct of 

materials modified and the surface geology changes, and free 

wear particles are produced. 

Tribology is a science that deals with the studies of 

interface between two or more bodies in relative motion. It 

includes the study and application of the principles of friction, 

lubrication and wear. The word “Tribology” is derived from 

the Greek  root τριβ- of the verb τρίβω, tribo, "I rub" in classic 

Greek; and the suffix -logy from -λογία, -logia "study of",  

B. Significance of Tribology 

 Tribology is essential to present day apparatus, which 

utilizes relative movements. 

 Productive friction is in brakes, clutches and driving 

wheels. 

 Wear is productive in surface finishing operations. 

 Examples of unproductive friction and wear are that 

occurs in bearings and cams. 

 Studies in tribology leads to greater plant efficiency, 

better performance, fewer breakdowns and significant 

savings. 

C. Friction  

Friction is the force opposing the relative sidelong 

(extraneous) movement of strong surfaces, liquid layers, or 

material components in contact. It is normally subdivided into 

several varieties: 

 Dry friction opposes relative horizontal movement of 

two strong surfaces in contact. Dry friction is likewise 

subdivided into static   

 Grinding between non-moving surfaces, and motor 

contact (at times called sliding rubbing or dynamic 

erosion) between moving surfaces. 

 Greased up friction or liquid rubbing opposes relative 

parallel movement of two strong surfaces isolated by a 

layer of gas or fluid. 

 Liquid erosion is likewise used to depict the grating 

between layers inside a liquid that are moving with 

respect to one another.  

 Skin friction is a part of drag, the power opposing the 

movement of a strong body through a liquid. 

 Interior friction is the power opposing movement 

between the components making up a strong material 

while it experiences misshapening.  

 
Fig. 1: Friction force diagram 

D. Coefficient of Friction 

The coefficient of erosion (COF), otherwise called a frictional 

coefficient or rubbing coefficient, symbolized by the Greek 

letter µ, is a dimensionless scalar esteem which portrays the 

proportion of the power of grinding between two bodies and 

the power squeezing them together. The coefficient of friction 

depends on the materials used; for example, ice on steel has a 

low coefficient of friction, while rubber on pavement had a 

high coefficient of friction.  

The coefficient of erosion relies upon the materials 

utilized; for instance, ice on steel has a low coefficient of 

grinding, while elastic on asphalt had a high coefficient of 

rubbing. The coefficient of rubbing is an exact estimation it 

must be estimated tentatively, and can't be found through 

counts. Rougher surfaces will in general have higher viable 
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qualities. Most dry materials in mix have contact coefficient 

esteems somewhere in the range of 0.3 and 0.6. Qualities 

outside this range are uncommon, however Teflon, for 

instance, can have a coefficient as low as 0.04. 

E. Wear 

Wear is the erosion of materials from a strong surface by the 

activity of another substance. The investigation of the 

procedures of wear is a piece of the control of tribology. 

F. Wear Test Methods 

There are various methods used to measure friction and wear. 

They are based on rolling and sliding friction. Standard 

friction and wear devices are classified as, 

1) Pin on rotating disc 

2) Rotating pins on disc 

3) Flat on flat 

4) Pin on flat 

a) Moving pin  b) Moving flat  c) Multiple contacts 

5) Cylinder on cylinder 

6) Cylinder or pin on rotating cylinder 

7) Rectangular flat on rotating cylinder 

8) Multiple specimens 

9) Multiple spheres 

10) Crossed cylinders 

The apparatus we have opted for is Pin-on-disc apparatus. 

II. LITERATURE SURVEY 

R.N. Rao[1] has revealed about his investigation on Wear 

coefficient and unwavering quality of sliding wear test 

system for high quality aluminum combination and 

composite. Dry sliding wear trial of aluminum combination 

(Al– Zn– Mg– Cu) composite was inspected under changing 

connected weights (0.2– 2.6 MPa) and sliding paces of 0.52, 

1.72, 3.35, 4.18 and 5.23 m/s. The wear conduct was 

examined utilizing pin-on-circle contraption against warmth 

treated steel counter surface, giving accentuation on the 

parameters, for example, wear coefficient as a component of 

connected weight for combination and composite for 

different sliding speeds. Wear coefficient of the combination 

was noted to be fundamentally higher than that of the 

composite and is stifled further because of expansion of 

silicon carbide particles and connected weight. It is noted that 

the experimental values are in good agreement with the 

theoretically calculated value. It is noted that the measured 

values are in good agreement with the theoretically calculated 

value. The maximum deviation of experimental values from 

the theoretical ones is noted to be around 10–15%. This 

supports the reliability of the test procedures and 

reproducibility of the test data. Wear coefficient diminishes 

with expanding connected weight coming to a base esteem 

and after that again increments when the connected weight 

came to close to the seizure of the specimen. 

Vandana J. Rao[2]has learned about the impact of 

ZrO2 expansion on mechanical properties and microstructure 

of LM4 amalgam composite material. Cast particulate 

composite containing ZrO2 as fortifying particles have been 

created by utilizing minimal effort, fluid mix cast strategy 

with the assistance of base pouring heater. Magnesium is 

added to the liquefy so as to help wetting of ZrO2 particles 

by liquid aluminum and to hold the particles inside the melt. 

Stirring is performed under nitrogen gas environment to 

avoid oxidation and porosities. It intends to comprehend the 

impact of measure of ZrO2 particles included the 

microstructure and mechanical properties by scattering 

diverse sums (1wt%, 3wt%, 5wt %) of ZrO2. The 

microstructure of the created composite is inspected by 

optical magnifying instrument (optical microscope and 

scanning electron microscope). 

Emma Sjölander[3] has studied about the effect of 

heat treatment of Al–Si–Cu–Mg casting alloys. The 

mechanical properties of aluminium–silicon casting alloys 

containing Cu and Mg are known to be improved by heat 

treatment. Sequences of microstructural changes which 

happen amid warmth treatment, and their impact on the 

mechanical properties is considered. It is demonstrated that 

the progressions happening amid arrangement treatment are 

generally surely knew, and that the harmony stage outline can 

be utilized to anticipate the security of stages at the 

arrangement treatment temperature. The impact of extinguish 

rate and regular maturing on consequent fake maturing 

should be considered further, yet a few ends can be drawn. 

These include: (1) An increase in quench rate above 4 ◦C/s 

gives a small increase in yield strength after ageing, while the 

concomitant influence on elongation is more complicated and 

depends on the alloy. (2) Natural ageing is shown to have a 

large influence on subsequent artificial ageing response of 

Al–Si–Mg alloys, while there is a significant lack of 

knowledge for Cu-containing alloys. 

M.M. Haque[4] has reported about his Study on 

wear properties of aluminium–silicon piston alloy. Low 

expansion aluminium–silicon eutectic alloys are cast to 

produce most of the automotive pistons. The structure and 

properties of these alloys are very much dependent on the 

cooling rate, composition, modification and heat treatment 

operations. In this study, locally available automotive ‘scrap 

pistons’ were utilized as fundamental crude materials and a 

petroleum gas terminated pot heater was utilized for softening 

reason. The wear conduct of both as-cast and warmth treated 

examples were contemplated under dry sliding conditions at 

room temperature utilizing a pinon-circle type wear testing 

device. 

Adedayo, A. V[5] has announced about his 

investigation on Structural changes in semi-strong prepared 

LM4. This was with the view to decide impacts of level of 

virus work, warm treatment temperature and drenching time 

on the auxiliary arrangements in the amalgam. LM4 

combination was arranged and cast in sand shape into bars of 

breadth 12 mm and 200 mm long. The cast poles were then 

warmed to various temperatures which fall inside the slurry 

locale of the combination. The warmed examples were 

doused at these temperatures for different occasions. There 

was additionally a lot of non-treated control tests. The 

thermally treated poles were exposed to different degrees of 

virus work after which the metallographic examination of the 

examples was completed. The watched microstructure of the 

amalgam indicated huge alterations. 

Man Zhu[7] has detailed about the Effects of T6 heat 

treatment on the microstructure, malleable properties and 

crack conduct of the altered A356 combinations. It is realized 

that heat treatment causes the spheroidization of eutectic 

silicon. This paper shows the impact of T6 heat treatment on 
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the microstructures, malleable properties, and break conduct 

of the A356 amalgams altered by mischmetal containing La 

and Ce components. Micro structural examination 

demonstrated that the span of eutectic silicon particles was 

incredibly diminished and the degree of speroidisation of Si 

particles was astoundingly improved for the altered A356 

composites. Examination between the unmodified and 

adjusted amalgams recommended that the estimations of 

mean width, roundness, and angle proportion of eutectic 

silicon particles were diminished by 48.10– 56.85%, 49.55– 

54.52%, and 13.36– 30.17%, individually. 

III. OBJECTIVE OF THE PROJECT 

To study the mechanical and tribological properties of 

aluminium LM4 and aluminium LM4 alloy composite and 

also the effect of heat treatment. The properties of aluminium 

LM4 are compared with that of aluminium LM4 alloy with 

different compositions of Zn reinforcement. By this study, 

variation in properties of the aluminium LM4 composite can 

be understood and can be accordingly used in appropriate 

applications.  

Aluminium LM4 alloy is most suitable for 

crankcase, junction boxes, gear boxes, clutch case, switch 

gear covers, instrument cases, tool handles and in places 

where moderate mechanical properties are desirable. These 

alloys are extensively used in crank arms of cycles. Crank 

arms in cycles fail because of high load cycles. Fatigue 

failures of these arms are reported due to tensile and 

compressive stresses. 

IV. METHODOLOGY 

A. Casting 

Aluminium alloy has been casted four times with different 

composition of zinc using the method of sand casting. 

1) Mould Preparation 

The pattern used for sand casting was made out of mild stell. 

The metal pattern is machined to obtain the required rod 

shape with the required allowances.  

2) Preparation of Sand Mould 

The sand mould (Green Sand) consists of sand (usually 

silica), clay and water. When the water is side it develops the 

bonding characteristics of the clay that binds the sand grains 

along. Whereas applying pressure to the mildew material, it 

gets compacted round the pattern that is formed of wood, to 

provide a mildew having decent rigidity to change metal to 

be poured into it to provide a casting. the method additionally 

uses coring to make internal cavities. 

The sand mould has been prepared in the cylindrical 

shape with a hollow cavity of desired diameter which runs 

along the length of the mould. The sand mould is prepared in 

the form of rod conforming to the following dimensions: 

1. Dimension of the rod: Ø 16 x 150 

3) Casting Process 

The casting process has been carried out with the following 

composition: 

1) Aluminium LM 4 alloy 

2) Aluminium LM 4 alloy with 3 % of Zinc reinforcement 

3) Aluminium LM 4 alloy with 6 % of Zinc reinforcement 

4) Aluminium LM 4 alloy with 7 % of Zinc reinforcement 

4) Furnace 

The furnace used for casting is an “Oil-Fired Pit-Type” 

furnace. A graphite crucible is used for melting the raw 

materials at an average temperature of 650 °C.      

5) Melting 

The raw materials are placed in the Pit type oil fired furnace 

and the pit is ignited for the melting process to initiate. The 

raw materials are then oil fired in the pit type furnace and a 

temperature of around 650 °C is maintained for the complete 

melting of raw materials. An air blower is used for providing 

the necessary air supply for melting. 

6) Pouring 

After the melting of the raw materials is done, the graphite 

crucible is taken out with help of tongs and is placed on the 

sand for uniform mixing of raw materials. After about 3 

minutes, the crucible is taken and the melted raw materials 

are poured onto the mould till the brim is full and the mould 

is allowed to cool.Cast Al LM4 rods 

 
Fig. 3: Cast specimen (Aluminium LM4) 

B. Heat Treatment 

Heat treatment might be at least one mix of a progression of 

tasks including warming and cooling of compounds in the 

strong state. Its motivation is to modify the mechanical 

properties of the amalgam, either to make the combination 

delicate for framing tasks, or to accomplish a particular 

mechanical quality. The warmth treatment process 

accomplishes the required outcomes by either changeless or 

transitory alteration of the combination grain structure. There 

are three warmth treatment forms used to change or improve 

the properties of aluminum amalgams: 

1) Annealing 

2) Solution Heat Treatment 

3) Precipitation Heat Treatment (Artificial Aging). 

1) Annealing 

Adjoining crystals inside amalgam structures can slip against 

one another along slip planes as the material is stacked or cold 

worked. As more work is connected to the metal, the 

protection from development increments incredibly and the 

material is said to "work solidify". Over-working will in the 

long run reason the metal to break.  

The first functionality of the composite can be 

reestablished by warming the material to a point where 

another precious stone structure shapes, total with another 

arrangement of unworked slip planes. The basic temperature 

at which this happens in a composite is known as the Re-

crystallization point and the procedure is called Annealing.  

Another basic factor in accomplishing right 

tempering is the Soak Time. This is the base time over which 

the amalgam must be held at the assigned temperature for full 

Re-crystallization to happen. The required Soak Time is 

reliant on amalgam type and material thickness.  

Toughening is generally completed in an air heater 

and can be utilized to evacuate the impact of Cold Working 

non-heat treatable composites or to expel the impacts of Heat 
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Treatment and Cold Working from warmth treatable 

combinations. The full annealing process includes: 

1) Heat to a pre-determined temperature 

2) Soak at temperature for specific time 

3) Cool in still air or at fixed cooling rate in the furnace 

2) Solution Heat Treatment 

Solution heat treatment process involves heating an alloy to 

as suitable temperature, holding at the temperature long 

enough to allow one or more constituents to enter into solid 

solution and then cooling rapidly enough to hold the 

constituents in solution. The process is usually done in the 

presence of nitrogen atmosphere.  

Quenching is the critical phase of the solution-

treating process. Any time laps during the transfer of 

specimen from the furnace to the quenching medium permits 

some cooling and cause precipitation. Hence for the 

successful treatment, the specimens have been quenched at 

the highest possible rate, after being removed from the 

furnace. 

So, the Solution Heat Treatment process is a series 

of operations whereby the aluminum alloy is: 

1) Heated to a specific temperature 

2) Soaked at this temperature for a specific time 

3) Rapidly quenched 

3) Precipitation Heat Treatment 

Precipitation Heat Treatment is defined as an Artificial Aging 

process. The treatment consists of taking parts previously 

Solution Heat Treated and forcing the material to age by 

holding it at a prescribed temperature for a considerable 

period of time. During the aging period, some of the alloy 

compounds precipitate out of solution and end up at the grain 

boundaries to increase material strength by interfering with 

the slip-planes. Precipitation Heat Treatment may also be 

used to Over-Age certain products and so improve resistance 

to attach by Intergranular Corrosion. Process temperatures 

and soak times are critical if full alloy strength and corrosion 

resistance is to be assured. 

Full Precipitation Heat Treatment involves the following 

process: 

1) Heat the alloy to specified temperature 

2) Soak the alloy at temperature for specified time 

3) Air cool the alloy (under controlled conditions) to room 

temperature 

 

 
Fig. 4: Heat treated specimen (Aluminium LM4 composite) 

C. Machining 

The centre lathe is utilized to produce tube shaped from scope 

of materials including metals and plastics. A large number of 

the segments that go together to influence a motor to have 

been produces utilizing machines. These machines might be 

worked legitimately by individuals (manual machines) or PC 

controlled machines (CNC Machines) that have been 

modified to do a specific assignment. A fundamental manual 

machine is appeared as follows. This kind of machine is 

constrained by an individual turning the different handles on 

the top slide and cross slide so as to make an item/part.Lathe 

specifications are as follows: 

Make: Marshall 

Speed: 760 rpm 

Cutting Tool: Right Hand Carbide Tip Tool 

 
Fig. 5: Centre lathe 

The following specimens are machined to their 

required dimensions using centre lathe.  

1) Tensile Test Specimen 

The test specimens were prepared according to ASTM -E4 

standard 

 
Fig. 6: Tensile test specimen details 

2) Adhesive wear Specimen 

Specimen Details: 

1) Height: 35 mm  

2) Diameter: 10 mm  

3) One end of the cylinder is hemispherical 

3) Microstructure and Hardness Specimen 

The specimens were prepared as per ASTM E384 standard.  

Specimen Details 

1) Height: 25 mm 

2) Diameter: 16 mm 
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Fig. 7: Machined specimen (Aluminium LM4) 

V. EXPERIMENTAL PROCEDURE 

A. Pin-on-Disc Method 

This is a simple method in which the sliding friction occurs 

between the pin and the disc. The pin on disc system consists 

of a pin positioned perpendicular to a flat circular disc. The 

pin specimen tracks a sliding path of a circle on the disc 

surface. The plane of the disc is horizontal. The pin is pressed 

against the disc at a specified load by means of an arm and 

attached weights.  The drive to the disk is given using a DC 

motor, which is provided with a VARIAC to obtain a variable 

speed drive and the pin is mounted on the lever arm using a 

v-block attached to the arm. The disk is called the 

counterface. The variables which affect wear ranges from 

distance, load, speed, specimen size and orientation. 

The test is conducted on wear test bench working on 

Pin-on-disc method. The various test parameters such as 

velocity, time and load were set up before starting the test and 

further the properties such as wear rate, co-efficient of 

friction and force vibration are discussed. The test is 

monitored through a wear monitor and the data are processed 

using a software WINDUCOM-2008. 

 

1) Equipment Details 

 
2) Test Parameters 

Counter part Hardened steel C40 

Velocity,V 1.5 , 2.5 , 3.5 m/s 

Track diameter, D 100mm 

Time duration, T 10 minutes 

Load applied 1 , 2 , 3 kg 

Sliding condition Dry 

Number of Specimens 28 

Table 5: Test parameters for adhesive wear test 

B. Tensile Testing 

Tensile test was conducted for 28 specimens using 

computerized universal testing machine. 

 (Make: Tinius Olsen; Model: H25KT). 

1) Test Parameters 

The feed of extension was given as 0.25 mm per minute. 

2) Specimens Tested 

S. 

N

o 

Aluminium 

LM 4 alloy 

Aluminiu

m LM 4 

alloy with 

3 % of 

Zinc 

Reinforce

ment 

Aluminiu

m LM 4 

alloy with 

6 % of 

Zinc 

Reinforce

ment 

Aluminiu

m LM 4 

alloy with 

7 % of 

Zinc 

Reinforce

ment 

1. Annealing Annealing Annealing Annealing 

2. 

Solution 

Heat 

Treatment 

Solution 

Heat 

Treatment 

Solution 

Heat 

Treatment 

Solution 

Heat 

Treatment 

3. 

Artificial 

ageing 

(Aged2,4,6,

8,10, 

12,14,16 

hrs) 

Artificial 

ageing 

(Aged4,8, 

12,16 hrs) 

Artificial 

ageing 

(Aged4,8, 

12,16 hrs) 

Artificial 

ageing 

(Aged4,8, 

12,16 hrs) 

Table 6: Specimen details for tensile test 
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Fig. 10: Specimen loaded in the universal testing machine 

C. Brinell Hardness Test 

The Brinell hardness test technique comprises of indenting 

the test material with a 10 mm distance across solidified steel 

or carbide ball exposed to a heap of 1000 Kg to keep away 

from extreme space. The full burden is ordinarily connected 

for no less than 30 seconds. The distance across of the space 

left in the test material is estimated with a low fueled 

magnifying lens. The Brinell outfit number is determined by 

isolating the heap connected by the surface region of the 

space.  

The measurement of the impression is the normal of 

two readings at right points and the utilization of a Brinell 

hardness number table can streamline the assurance of the 

Brinell hardness. Contrasted with the different hardness test 

techniques, the Brinell ball makes the most profound and 

vastest space, so the test midpoints the hardness over a more 

extensive measure of material, which will all the more 

precisely represent various grain structures and any 

abnormalities in the consistency of the material. This strategy 

is the best for accomplishing the mass or large scale hardness 

of a material, especially those materials heterogeneous 

structure. 

 
Fig. 12: Parameters in Brinell hardness 

BHN   =        

Where F = Applied Load in N 

 D = Indenter Diameter in mm 

 d = Indentation Diameter in mm 

 
Fig. 13: Brinell hardness testing machine 

D. Examination of Microstructure 

This section involves the microstructural analysis of heat 

treated specimen.  

1) Surface Preparation 

The heat treated cast products are machined and polished. 

Polishing is done using belt polisher, emery papers of various 

grades (1 to 4) and finally using double disc polisher.  The 

final step involves cleaning the specimen with acetone and 

placing it under the microscope.  

2) Microscopic Examination 

It is done with the help of optical microscope which has a 

magnification factor ranging from 100x to 500x. The image 

is captured using processing software called MOTIC IMAGE 

PLUS 3.0 with the help of an MC1000 camera device 

attached to the microscope, the MOTIC IMAGE PLUS 

software is facilitated to capture the viewed microstructure.  

VI. RESULTS AND CONCLUSION 

A. Hardness 
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Brinell hardness vs ageing time graph shows that 

hardness value increases till ageing time of 14 hours and 

reaches a maximum value for specimen with 14 hours of 

ageing time. Then it decreases because of over ageing. Hence 

we can infer that it is unnecessary to heat the specimen for a 

period of more than 14 hours 

B. Tensile Test 

The following results were obtained from tensile test 

performed: 

 
The mechanical and tribological properties of 

Aluminium LM4 alloy and Aluminium LM4 alloy composite 

with reinforcement of Zinc were studied. By comparing the 

results obtained from the conducted experiments, the 

following conclusions were made: 

 The hardness of Aluminium increases with increase in 

ageing time. It reaches a maximum value of 72.41 BHN 

for an ageing time of 14 hours and then decreases.  

 Hardness values of Annealed specimens are 

comparatively lesser than the hardness values of other 

specimen.  

 The maximum hardness values for Aluminium LM4 

composites are found to be 62.41, 59.51 and 62.41 for 

specimens with reinforcement of 3%, 6% and 7% Zinc 

respectively.  

 Maximum value of UTS is obtained as 145.9 MPa for the 

Aluminium LM4 specimen with an ageing time of 10 

hours.  

 The maximum UTS values of composites are found to be 

138,138.8 and 141.3 MPa for specimens with 

reinforcement of 3%, 6% and 7% Zinc respectively. The 

maximum UTS value of specimen with 7% of Zn is 

found to be greater than the corresponding UTS value of 

Aluminium LM4 alloy with no reinforcement.  

 The coefficient of friction remains almost a constant for 

all values of hardness. It is not affected by change in 

hardness value.  

 Wear rates for all velocities decrease as the ageing time 

increases. Also, the value of wear rate for a particular 

ageing time increases as the velocity increases. This may 

be because of the increase in sliding distance. 

 Wear rate decreases as the hardness increases. Also, for 

any value of hardness, the wear rate increases with 

increase in velocity. 

 Wear rate decreases as the applied load increases. The 

specimen becomes strain hardened as the applied load is 

increased.  
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 Wear rate increases as the velocity increases. Wear rates 

of specimen with different durations of heat treatment 

vary proportionally with their hardness values in most 

cases. This shows that wear rate decreases as the 

hardness increases. 

 The wear rates of composites were found to be minimal 

for specimens with an ageing time of 12 hours. Also the 

wear rates decrease with increase in composition of 

reinforced Zinc. 

REFERENCES  

[1] Vandana J. Rao, Lodhari D.R, Vishal Kalia. “Effect of 

ZrO2 addition on Mechanical Properties and 

Microstructure of LM4 alloy composite material.” 

Transactions of 57th IFC, 2009. 215-217. 

[2] Rao R. N, Das S. “Wear coefficient and reliability of 

sliding wear test procedure for high strength Aluminium 

alloy and composite.” Material and Design 31, 2010. 

3227-3233. 

[3] Adedayo A. V,  Ibitoye S. A, Oluwole O. O, Oluwasegun 

K. M. “Investigation of Properties of Thixoprocessed 

LM4.” Journal of Minerals & Materials Characterization 

& Engineering, Vol. 11, No.1, pp.107-115, 2012. 

[4] Ingrid Kovaříková, Beáta Szewczyková, Pavel 

Blaškovitš, Erika Hodúlová, Emil Lechovič. “Study and 

Characteristic of Abrasive wear mechanisms.” Institute 

of Production Technologies, Faculty of Materials 

Science and Technology, Slovak University of 

Technology.  

[5] Mohammad Azadi, Mehdi Mokhtari Shirazabad. “Heat 

treatment effect on thermo-mechanical fatigue and low 

cycle fatigue behaviors of A356.0 aluminum alloy.” 

Materials and Design 45, 2013. 279–285. 

[6] Man Zhu, Zengyun Jian, Gencang Yang, Yaohe Zhou. 

“Effects of T6 heat treatment on the microstructure, 

tensile properties and fracture behavior of the modified 

A356 alloys.” Materials and Design 36, 2012. 243–249. 

[7] Haque M. M, Sharif A. “Study on wear properties of 

aluminium–silicon piston alloy.” Journal of Materials 

Processing Technology 118, 2001. 69–73. 

[8] Emma Sjölander, Salem Seifeddine. “The heat treatment 

of Al–Si–Cu–Mg casting alloys.” Journal of Materials 

Processing Technology 210, 2010. 1249–1259. 


