
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 03, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 587 

Evaluation of Mechanical and Tribological Properties of LM6 Alloy 

under Dry Sliding Wear 
Ranajeet A. Desai1 Bhushan S. Daphalapure2 Amrut S. Dalvi3 Nikhil A. Kharade4 Dhiraj D. 

Banne5 
1,2,3,4,5Department of Mechanical Engineering 

1,2,3,4,5Hirasugar Institute of Technology, Nidasoshi-591236, Karnataka, India
Abstract— In the present work study, the effect of 2.32% 

silicon on the room temperature mechanical properties and 

tribological wear behavior of aluminum alloy have been 

investigated under dry sliding wear. In this tensile test were 

carried out and found that abrupt increase in tensile strength 

as the diameter increases. Effect of alloy composition, wear 

pressure and sliding speeds on LM6 alloys at 23ºC have been 

systematically studied. The result suggests that with the 

increasing wear pressure and sliding speed in all experiments 

wear rate increases. 
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I. INTRODUCTION 

Aluminium-silicon alloys are successfully and widely 

employed in automotive engine cylinder applications even 

as early as 1920, such as pistons, clutch housing, and liners, 

in which mechanical and tribological properties of the 

material are important, because of their metallurgical 

characteristics, such as a high strength to weight ratio and 

high thermal conductivity[1-4]. The tribological wear 

behavior of Aluminium-silicon alloys depends upon a 

various parameters, i.e., size, shape, composition, and 

distribution of micro constituents, in addition to mechanical 

properties and service conditions such as wear pressure, 

sliding velocity, temperature and interface condition [5-8].  

Many of research works carried out for 

investigation to study the wear characteristics of these alloys 

under different conditions of testing. One of the most 

commonly employed for simulated wear testing in the 

laboratory is the pin-on-disc testing machine with a 

continuously rotating disc, in which the effect of wear 

pressure, sliding velocity alloy composition, the presence of 

interface films etc., can be easily studied[9]. 

From the literature review, the wear data reported 

that behavior of aluminum-based alloys, volumetric wear 

rates have been found to very progressively in several 

clearly identifiable regions as the wear pressure is increased. 

A similar tribological behavior has also been reported for 

Al-Si alloys [10-12]. 

II. EXPERIMENTAL DETAILS 

A. Selection of Material  

The cylindrical and dog shape specimens for wear test and 

tensile test experiment were machined cylindrical specimens 

of diameter 10.0±0.1 mm and length 28±0.1 mm and for 

tensile test standard dimensions with working surface 

roughness of Ra: 2.32μm for LM6 specimens have been 

used. Present work composition of LM6 alloy chemical 

composition reported in Table 1. 

Elements Si Fe Cu Zn Ni Al 

Wt. % 2.321 0.134 0.002 0.046 0.012 Bal. 

Table 1: Spectral Analysis 

B. Brinell Hardness Test 

With the use of Brinell hardness tester, Brinell hardness 

number (BHN) was investigated. The already prepared 

cylindrical surface of each of the specimen was indented 

using 5 mm hardened steel ball under a consistent load of 

250 kgf applied for about 15 seconds. The hardness value 

was obtained by matching diameters of indentation with 

corresponding hardness value on a Standard Table of Brinell 

Hardness Number. 

C. Tensile Test 

Standard tensile test specimens were also prepared in 

accordance to BS18 “Methods for Tensile Testing of 

Metals” [13] and their tensile strengths determined using 

Monsanto Tensometer. The UTS was measured and 0.2% 

proof stress, % elongation and % reduction in area were 

determined for each of the cast samples. 

D. Dry Sliding Wear Test 

Dry sliding wear tests were carried out on LM6 alloy using a 

pin-on-disc wear test apparatus. Cylindrical pin specimens 

of 10 mm diameter and 28 mm length were mounted 

vertically on a pin holder. The end of specimens were 

polished with abrasive paper of grit size 600 and followed 

by grade 1000. During the test the pin was pressed against 

the counterpart EN32 steel disc with hardness of 60 HRC. 

Prior to each run, the steel counter-face was ground with 

320grit and then 600grit SiC abrasive for few minutes 

followed by cleaning with acetone. Test conditions included 

load-speed settings of 212, 424, 636 and 848 rpm under a 1, 

2, 3 and 4kg wear pressure respectively. The initial weight 

of the specimen was measured in an electronic weighing 

machine with ± 0.0001gram accuracy. Data collected and 

analyzed for wear rates in the form of weight loss. 

III. RESULTS AND DISCUSSIONS 

A. Microstructure 

In LM6 alloy by spectral testing it has been showed that 2% 

of silicon present in alloy by going through electric arc 

furnace. Production process for an alloy is as follows: 

Initially in this work considered aluminum and silicon took 

in crucible and hence placed it in the furnace. Then heated it 

from ambient temperature(230oC) up to melting point 

temperature of the material, afterwards maintained constant 

that to 559oC for 1-2 hours till completely melting of solid 

state to liquid state. Later some more heat added for 

maintaining it, to remains in molten state condition.  

Sample for microscopic examination were prepared 

based on standard metallographic procedure, etched with 

nitric acid and examined under optical microscope. Below 
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Figure shows the optical images of etched and without 

etched samples. 

 
Fig. 1: Optical microstructure of LM6 specimens 

Figure 1 show the microstructures of the LM6 

(aluminum-silicon alloy). The different phases present in the 

microstructures are aluminum microstructure, silicon grains 

at the grain boundaries and in some instances impurities as 

shown on   Figure 1. 

 
Fig. 2: Load vs Displacement for LM6 alloy (a)   8mm and   

(b) 8.35mm diameter of tensile specimens 

Specimen 
UTS 

(N/mm2) 

Yield Strength 

(N/mm2) 

Percentage 

Elongation (%) 

1 105.546 105.29 2.499 

2 154.737 128.66 3.495 

Table 2: Tensile Test Results 

B. Tensile Strength Analysis 

To assess the mechanical properties of the alloy, tensile tests 

were conducted. The LM6 alloy rods were machined to 

tensile specimens with a diameter of 8mm and gauge length 

of 104mm. Offset yield strength, ultimate tensile strength 

and breaking strength were obtained after conduction of 

experiments.  

The result of tensile strength test is listed in table 

no. 2 which is conducted at room temperature 230C with a 

standard tensile test specimen dimension. The investigations 

of corresponding ultimate tensile strength value were 

105.546 and 154.737 N/mm2. Similarly yield strength 

values were 105.29 and 128.66 N/mm2 respectively. It is 

observed that as specimen diameter increases from 8.32mm 

to 8.35mm corresponding tensile test values increase which 

we can observe in both graphs and result table. In fig 2(a), 

the graph show slight variation at the end which could be 

due to casting defects during specimen preparation process. 

C. Wear Studies  

1) Effect of Normal Pressure 

The effect of varying wear pressures (0.125, 0.25, 0.375 and 

0.5 MPa) on the wear rate and frictional force of LM6 alloy 

for different sliding speeds is shown in Figure. 3. From 

Figure 3, it is clearly noted that the with the increasing of 

wear pressure increases wear rate of LM6 alloy in all 

experimental studied at the room temperature and correlates 

with Archard’s wear law. In all cases, with the increase in 

applied wear pressure the wear rate initially increases at a 

slower rate. At the wear pressure 0.125MPa, it was found 

that mild wear regimes and with increase of wear pressure 

from 0.125 to 0.25MPa there is a slight change in wear rate 

but almost same at sliding speed 2m/sec. It was also noticed 

that at wear pressure of 0. 375 MPa there is maximum 

transfer of cylindrical surface pin material to the steel track 

disc, indicating severe wear regimes. In severe wear, max of 

the surface metal gets transferred from the cylindrical 

specimen to the steel counter face during sliding, whereas in 

mild wear region, the pin gets oxidized and slides without 

any bulk metal transfer. At maximum loads with increase of 

surface contact and bulk temperature of the cylindrical 

specimen, matrix becomes soft leading to increased wear 

rate. The amount of material transfer was more in the ranges 

of 0.375–0.5 MPa. From Fig. 3 it can be observed that, at 

the tested temperature of 23ºC, LM6 alloy shows severe 

mode of wear at 0.5 MPa. Further change in the 

microstructure leads to lesser wear rate. 

 
Fig. 3: Wear rate vs. Wear pressure relationship for LM6 

alloys at different wear pressure. 

2) Effect of Sliding Speeds 

The wear rate as a function of varying sliding speeds (1, 2, 3 

and 4 m/s) under different constant wear pressure and at 

constant sliding distance of 1000 m is shown in Figure 4. 

Initially, both treated as well as untreated alloys are in mild 

wear conditions and it is maintained up to 2 m/s thereafter 

the slope of the wear curve changes indicating onset of 

severe wear. This point at which the wear mechanism 

changing from mild oxidative type to delaminative type is 

termed as critical speed. The severe wear occurs at a sliding 

speed of 3 m/s for the as cast alloy but under similar tested 

conditions. This is due to the microstructural changes, 

improved matrix strength. Also this could be due to 

formation of mechanically mixed layer resulting in less wear 

rate [13]. At the maximum tested speed of 4 m/s the 

frictional force decreases slightly due to the increased 

formation of iron-oxide layer between the mating surfaces 

during sliding [14]. 
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Fig. 4: Wear rate vs. Sliding distance relationship for LM 

6alloys at different wear pressure. 

IV. CONCLUSION 

For the LM6 alloys the wear rate increases with increase in 

wear pressures and sliding speeds at the tested temperature 

of 23ºC. At higher wear pressure and sliding speed, it has 

been found that the severe wear regimes. The data's 

suggested that the improvement in mechanical properties 

and tribological properties of LM6 alloys. 
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