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Abstract— This work attempts experimental studies in 

Tribological behaviour of aluminum silicon alloys. 

Aluminum alloys have extensive application in industries 

due to the better tribological properties. Mixing of silicon to 

aluminum tends to increase its strength to weight ratio and 

wear resistance, and tends to decrease its density and 

coefficient of thermal expansion. In the present work Al-Si 

alloy cylindrical pin is prepared from used pistons of IC 

Engines of automobile vehicles and experiments have done 

to determine the tribological behavior of aluminum-silicon 

392.0 alloy sample pins (78%Al, 18%Si, 1%Mg, 1.07%Cu, 

0.3%Fe). Experimental investigation has done using a pin 

on-disc type wear testing machine and selected testing 

parameters were sliding velocity, contact sliding distance and 

applied load. The final results indicated loss in pin weight 

(gms) in dry and wet (lubricating) conditions. And from the 

experiments, it has been observed that the wear of pin was 

significantly higher at sliding speed of 4m/s and sliding 

distance 4000m as compared to the lower sliding speed 

(2m/s) and distance (2000m). Results showed that with the 

addition of Silicon content, the hardness of alloys increases 

and by increasing sliding speed and sliding distance, wear 

rate also increases. The microscopic analysis, showed the 

different wear patterns at different loads and sliding speeds. 
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I. INTRODUCTION 

Aluminum and its alloys are extensively used in 

transportation (automobiles and aerospace), engine parts and 

structural applications.[1] Thus it becomes necessary to study 

the tribological characteristics of aluminum and its alloys. 

Addition of silicon to aluminum gives high wear resistance, 

low thermal expansion coefficient, and high strength to 

weight ratio. These alloys also show improved strength and 

wear properties as the silicon content is increased beyond 

eutectic composition. Such properties permit the use of these 

materials as structural components in automotive industries. 

Brittle fracture problems do not occur with aluminum. 

Aluminum alloys are suitable for low temperature 

applications because as the temperature is reduced, 

aluminum alloy increases in strength without loss in quality. 

The typical alloying elements are copper, magnesium, 

manganese, silicon, and zinc.[2] 

II. ALUMINIUM SILICON ALLOYS 

Depending on the Si concentration in weight percentage, the 

Al-Si alloy systems are divided into three major categories: 

 Hypoeutectic (<12 wt.% Si) 

 Eutectic (12-13 wt.% Si) 

 Hypereutectic (14-25 wt. % Si). 

It is known that increasing the Si content results in 

an increase of the strength of hypoeutectic alloys and a 

decrease of the strength of hypereutectic alloys. 

A. Aluminum-Silicon Eutectic and Hypoeutectic Alloys 

Alloys with Silicon as a major alloying element are by far 

the most important casting alloys. Binary Aluminum-silicon 

alloys combine the advantages of good weldability, high 

corrosion resistance, high wear resistance and low specific 

gravity. Castings of these alloys are more difficult to 

machine than the aluminum-copper or aluminum-

magnesium alloys, all types of machining operations are 

routinely accomplished using tungsten carbide tools and 

appropriate lubricants and coolants.[3]  

B. Hypereutectic Aluminum-Silicon Alloys 

Al-Si alloys with greater than 12% silicon are called 

hypereutectic alloys. These Al-Si alloys have excellent wear 

resistance, good casting characteristics and a lower thermal 

expansion coefficient. These alloys have outstanding fluidity 

and excellent machinability in terms of surface finish and 

chip characteristics. A typical example is alloy 390 (17% 

silicon-4.5% copper-0.5% magnesium). It is used in small 

engines, master brake cylinders, pistons for air conditioning 

compressors, pumps and other components in automatic 

transmission[4] 

C. Wear 

Wear is defined as a process of removal of material from 

one or both of two solid surfaces when they are in sliding 

contact. It is also defined as the damage to a solid surface 

involving the progressive loss of material due to relative 

motion between two moving surfaces.[5] 

1) Types of Wear 

Following are the various types of wear processes based on 

the types of wearing contacts. 

 Single-phase wear: In which a solid moving relative to 

a sliding surface causes material to be removed from 

the surface. The relative motion for wear to occur may 

be sliding or rolling.  

 Multi-phase wear: In which a solid, liquid or gas acts 

as a carrier for a second phase that actually produces 

the wear.[6] 

2) Sliding and Adhesive Wear: 

It is a type of wear generated by the sliding of one solid 

surface against another. Apparently, sliding wear is a type of 

wear that is “left over” when all other types of wear have 

been identified under separate headings. Although sliding 

wear and adhesive wear are not synonymous, Adhesive wear 

is said to occur if no abrasive substances are found, also 

amplitude of sliding is greater than that in fretting wear and 

oxidation is not taking place.[7] 

 
Fig. 1: Schematic of a bond bridge produced when two solid 

surfaces are in contact with each other 
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III. PREPARATION OF AL-SI ALLOY PIN 

Commercially available Aluminum-Silicon alloy which is 

used in automobile industries contains 18 % Si. So first we 

took used pistons available in the market and then prepared 

pins using lathe machine. The raw material taken from the 

pistons processed in the Central Workshop SGSITS college 

and all finishing such as turning and grinding has been done 

here. Finally pin with 8-10mm dia. Made ready for test. The 

schematic diagrams given bellow. 

 
Fig. 2: Used pistons 

 
Fig. 3: prepared Al-Si alloy pins 

A. Chemical Analysis 
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Table 1: Chemical Composition of Al-Si alloy sample in 

weight % 

1) Test Name- Spectro Test 

Method of Test- CLL-IDR-STP-BM-004 (Spectro Analysis) 

The above table -1 shows the Chemical Composition of Al-

Si Alloy pins which are prepared from pistons. From this 

table we can find out the weight % of alloys of used 

material. 

IV. EXPERIMENTAL SETUP 

In this paper, the commercial Aluminum-Silicon alloys 

material which are widely used in industries are taken. 

These materials are investigated in order to find the possible 

consequences of wear and friction under two conditions, i.e. 

dry and lubricated condition. The diameter and the length of 

the pins are 10 mm and 50mm respectively. For measuring 

wear, we are using some apparatus and instruments which 

give results about the wear rate in the tools and machinery. 

Lubrication are subjected to avoid the excessive wear and 

friction when there is metal to metal contact present during 

the relative motion of moving parts in some engineering 

applications. In designing, wear and friction are the most 

important factors. Using pin-on-disc tribometer (TR-20-

M61) readings have been taken. 

 
Fig. 4. Pin-on-Disc Tribometer Setup 

 
Fig. 5: Rotating Disc 

Pin size 3 to 12 mm diameter 

Length of pin 30mm. 

Disc size 
165mm diameter x 8mm 

thick. 

Wear track diameter (mean) 60mm to 110mm 

Disc rotation speed 100 – 2000 rpm. 

Normal load 0.2 – 150 N. 

Wear measurement range 0 – 4 microns. 

Surface roughness 1.8 Ra. 

Material of disc Stainless Steel 304 Grade 

Hardness of disc material 60 HRc 

Pin material 
392.0 Cast Aluminum 

alloys 

Lubricant used 20W40 (HP) 

Table 2: Specifications of pin-on-disk Tribometer (TR-20-

M61) 

Al-Si alloys or Cast Aluminum alloy metal have 

been used for this research work. A number of Readings are 

recorded for the two given conditions. One is dry condition 

in which no lubricant is used and second is lubricated 

condition in which a lubricant is used for the given 

materials. The materials are tested under different set of 

speeds. Time span for each set up was different for the 

material pins and for the different conditions. In this study, 
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frictional force and wear rate of Al-Si alloy material samples 

are determined by wearing on Pin on disc wear test disc. 

V. RESULTS AND ANALYSIS 

The Densities for alloys Al-18-20%Si are found to be 

2.7gms/cm3 and we know that density decreases with the 

increase in Silicon Content. Wear measurement for each 

sample of alloys is carried out in a Wear Friction 

Monitoring Machine. Wear of Specimen is measured by 

varying the Sliding Velocity (2m/s to 4m/s) and the applied 

load (20N, 40N, 60N for each Sliding Velocity 

respectively). 

 
Fig. 6: Wear (dry) vs Load at distance 2000m 

 
Fig. 7: Wear (dry) vs Load at distance 4000m 

 
Fig. 8: Wear (dry) vs Distance at Load 20N 

 
Fig. 9: Wear (dry) vs Distance at Load 40N 

 
Fig. 10: Wear (dry) vs Distance at Load 60 N 

 
Fig. 11: Wear (dry) vs Load at Sliding Speed 2m/s 

 
Fig. 12: Wear (dry) vs Load at Sliding Speed 4m/s 

VI. MICROSCOPIC ANALYSIS 

The images below show different wear patterns of 

aluminum-silicon alloy (392.0 alloy) of various samples. 

Images were taken at 1000x magnification. Microscopic 

analysis shows there is a considerable change in wear 

patterns of various test samples.  

 
Fig. 13: Microscopic image for dry condition at constant 

load of 20N, constant sliding speed of 2m/s and the sliding 

distance of 2000m and 4000m respectively. 

 
Fig. 14: Microscopic image dry condition at constant load of 

20N, constant sliding speed of 4m/s and the sliding distance 

of 2000m and 4000m respectively. 

 
Fig. 15: Microscopic image images for dry condition at 

constant load of 40N, constant sliding speed of 2m/s and the 

sliding distance of 2000m and 4000m respectively. 
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Fig. 16: Microscopic image for dry condition at constant 

load of 40N, constant sliding speed of 4m/s and the sliding 

distance of 2000m and 4000m respectively. 

From this experimentation and microscopic 

analysis we found that, with increase in sliding speed led to 

the decrease of specific wear rate, also the addition of 

silicon content, the hardness of alloys increases. It can be 

observed that although deeper grooves/abrasive tracks are 

observed but are smooth in dry condition; and at lubricated 

condition the separation of groove line is reduced. This may 

be due to the fact that at dry condition the wear debris might 

have flown off, but in lubricated condition some particles 

are embedded in the matrix which is the reason for deep 

grooves. 

VII. CONCLUSIONS 

From this piece of various studies following conclusions can 

be made: 

1) High speed leads to wear rate reduction because heat is 

developed during sliding and the material becomes 

softer and weaker. 

2) An increase in sliding speed led to the decrease of 

specific wear rate both in the case of grain 

refined/modified and grain unrefined/unmodified 

alloys. 

3) Wear behavior is dependent on applied load, sliding 

speed mainly. However, a steady state is attained after 

a sliding distance of about 1000 meters. 

4) Only the transition from mild wear to severe wear 

increased when the silicon content increased. 

5) The wear rate is found to decrease with increasing 

Silicon content. 
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