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Abstract— Investigation is carried out to improve the 

tribological properties of the ZA-27 alloy by adding 10% 

copper and adding copper it is called as modified ZA-27 

alloy. The wear behaviour of the modified ZA-27 alloy was 

studied by performing dry sliding wear test using pin-on-disc 

and wear is monitored by varying the load and sliding speed. 

Results show that addition of Cu in the ZA-27 alloy has better 

wear resistance than the plain ZA-27 alloy. Sliding speed of 

1.5 m/s can be considered as critical sliding speed for all 

loads. Coefficient of friction is decreased with increase in the 

normal load and sliding speed where as frictional force is 

increased with the normal load and decrease with the sliding 

speed. 
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I. INTRODUCTION 

In present world utilization of pure metals has been 

consecutively reduced to the introduction of alloys. Since 

pure metals don't fulfils the requirement as that of 

combination of metals. So the importance of creating alloys 

exits. Materials  which are incapable of full filling the 

requirements because some portion of the area needs hard 

material with enhanced ductility, however it is hard to get 

both properties in one metal. To overcome such problems, 

mixing of more than two metals and non-metals are taken into 

account, that procedure is termed as alloying which provides 

the materials with improved properties. In such case, there 

were limitations to the measure of material that can be 

dissolved. Zinc-based alloys are generally used in a 

Tribological components for different machines components 

because of their lower density factor, good cast ability, lower 

energy required for shaping and for getting greater wear 

properties. Zinc based alloys demonstration of good wear 

resistance under higher load conditions, poor lubrication 

conditions and here it can be as replacement for metal for 

bronze in bearing industries. In these alloys aluminium 

content is high for variety of materials and it becomes energy 

effective substitute to verity of materials. The international 

lead zinc research organization (ILZRO) develops ZA-12 and 

ZA-16 families in the year 1960’s while Naranda Co develops 

ZA-8 and ZA-27. In the late 1970’s and these alloys possess 

significantly higher strength properties. These   

multifunctional materials are used in recent years in industrial 

applications for the purpose of their excellent mechanical 

properties, fluidity and castability [1]. Zinc and its alloys are 

also used in allied industries for dealing with alkies, acids and 

salt solutions, power generating units, heat exchanges and 

cooling towers. It is used for protecting steel from corrosion 

[2]. Zinc and its alloys are measured as industrially important 

materials. Zinc aluminium alloys are classified as ZA-8, ZA-

12, ZA-27; these alloys are mainly used for fittings. Only 

limited work is done on the modified ZA27 alloy [3]. In many 

zinc based alloys dimensional variation occurs during period 

of converting metastable phase into T phase during this 

process copper content increases. High strength of 

conventional alloy provides 1-3%copper,0.05%Mg,and 8-

27%Al are determined to be quality materials are conceder to 

be suitable for different type of ferrous and non-ferrous 

alloys, therefore they always considered to be detonation in 

mechanical properties   at temperature higher than 100o C and 

dimensional instability [4]. In engineering applications, the 

wear considered in the material  as unavoidable losses in 

engineering applications, so that invention of new wear 

resistance materials become as interesting parameter on 

which many investigates are interested [5]. In the 

conventional zinc-aluminium heat treatment improves 

dimensional stability and ductility. But the majority of heat 

treatment reduces the tensile strength and hardness in order 

to improve tribological properties. Especially ZA 27 alloy 

provides replacement material for aluminium alloys, bronzes 

used in bearings which give better castbility properties and 

they also carry different operations during high load and 

reasonable sliding speed like steel and cast iron. These alloys 

are cost effective and they processed under low power 

consumption [6]. ZA-27 is having the highest strength of 400-

450 MPa and 3-6% of ductility [7]. ZA-27 alloys are mainly 

used in many high performance parts such as cast iron and 

aluminium alloys .There is a major drawback of zinc based 

alloy is detonation of properties at above 120oC [8].  

Therefore an experiment was conducted to analysis 

the effect of load and sliding speed under load wear behaviour 

of the ZA alloy with the help of dry sliding technique. 

II. EXPERIMENTAL DETAILS 

The chemical composition of the alloy studies was based on 

the ZA-27 containing Al –27 wt%, Cu –10 wt%, Mg –0.04 

wt%, Si –3.5% and balance Zn with an addition of 1% Mn 

alloy content was prepared. The compound creations of these 

alloys were weighted by proportions and in graphite crucible 

melting process take place. Temperature of the alloy was 

maintained below the 7000 C so that less liquid was then 

degassed and blended well before filling in the moulds which 

were preheated to around 1500C in outdoors  

III. WEAR RATE 

Wear is the most common problem in almost all the areas. It 

damages to a solid surface, in general involving the gradually 

loss of material, due to relative motion between two moving 

surface properties from one portion to another. Hence it is 

important to study the wear characteristics of the modified 

ZA-27 alloy materials. 

 
Table 1: Wear testing machine specification 
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Wear test is conducted using pin on disc in this wear 

testing machine and arrangements will be made to fix the 

specimen as shown in the figure 3.1 Normal load can be 

applied with the use of string and pulley arrangements. Track 

diameter of 80mm is selected for this research work. 

It is also possible to adjust the disc rotation speed 

varying from 200-2000 rpm. Wear test is conducted for the 

selected period of time. Display will be attached to show the 

height in µm, frictional force in N, rpm and time in sec. A 

computer is attached to this wear testing machine that will 

display the graph of wear rate vs. load. 

 
Fig. 1: Pin on disc wear testing machine 

IV. RESULTS AND DISCUSSIONS 

In the present many researchers have been investigated wear 

tests on ZA-27 alloy using pin and disc method. The as cast 

specimen size of Ø10×33 mm is used. The track diameter of 

80 mm enabled the rotational speeds of 136, 272, 409, 545 

and 682 rpm to attain linear sliding speeds of 0.5, 1.0, 1.5, 2.0 

and 2.5 m/s respectively. In this research work, 10% Cu has 

been added in the ZA 27 alloy to increase the thermal 

conductivity of the alloy. Purpose of this addition of Cu is to 

dissipate the generated heat from the wearing surface to the 

atmosphere. During wearing frictional temperature generates 

at the wearing surface due to the friction. This generated heat 

soften the wearing surface hence result in increase in the wear 

rate. To reduce the wear rate it is required to restrict the 

collection of heat at the wearing surface. Also during 

wearing, the wearing surfaces deform plastically and result in 

work hardening. This work hardening reduces the wear rate. 

If the frictional temperature is high then this work hardening 

will not affect the wear rate. Hence, it is required to dissipate 

the generated heat from the wearing surface. For this purpose 

10% Cu is added to dissipate the generated heat 

A. Effect of Load on Wear Rate 

 From the figure 4.1 (a) it is observed that with increase in the 

sliding speed for a particular load the linear wear rate is 

decreased and with further increase in the sliding speed the 

wear rate is increased. In the initial stage with increase in the 

sliding speed, the wear rate is decreased because during 

wearing smearing of wearing surface takes place also 

frictional temperature generates. During smearing of the 

wearing surface the surface becomes hard due to strain 

hardening. At the same time due to increase in the frictional 

temperature the wearing surface becomes soft. Initial stages 

the dominance of strain hardening is more and whatever the 

frictional temperature generates will conduct away. Hence 

the wear rate is decreased with increase in the sliding speed. 

Also as per the Achard’s wear equation, the wear rate is 

inversely proportional to the hardness of the wearing surface.  

Whereas under high sliding speed the wear rate is increased 

with increase in the sliding speed. Under high sliding speed 

the generation of frictional temperature is high. Due to this 

high frictional temperature the wearing surface becomes soft 

and result in increase in the linear wear rate.  Also it is noticed 

that wear rate is almost minimum for the sliding speeds of 1.5 

and 2 m/s. These sliding speeds can be considered as critical 

speed. 

 
Fig. 2: 4.1(a) Effect of load on wear rate 

From the figure 4.1 (b) it is observed that, with increase in the 

normal load for a particular speed the linear wear rate is 

increased. With increase in the normal load the normal 

pressure also increase hence, linear wear rate is increased. 

Also as per the Aarchard’s wear equation the wear loss is 

directly proportional to the normal load.  But under some 

circumstances, the wear rate will reduce with further increase 

in the normal load.  This is due to the increase in the amount 

of smearing of the wearing surface result in the more work 

hardening hence, wear rate is decreased. Whereas with 

further increase in the normal load, again the wear rate is 

increased. This is due to the more amount of intimate contact 

between the wearing surface result in the more generation of 

frictional temperature. Hence, wear rate is increase due to the 

softening effect due to frictional temperature. 

 
Fig. 3: 4.1(b) Effect of speed on wear rate 
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Fig. 4: Effect of speed and load on wear rate. 

B. Effect of Sliding Speed and Load on Frictional Force 

From the Fig.4.2 (a) experiment were carried to observe 

frictional force which is almost decreased with the increase 

in the sliding speed at all the normal loads. With increase in 

the sliding speed, the growth of micro weld between the 

wearing surfaces is reduced. This reduction in the growth of 

micro weld, the frictional force is reduced with increase in the 

sliding speed.   

From the Fig. 4.2 (b), it is observed that, frictional 

force increased almost with increase in the normal load. With 

increase in the normal load, the normal pressure increases and 

result in increase in the intimate contact between the wearing 

surfaces, hence, increase in the frictional force.  

From the Fig. 4.2(c) it is clearly observed that with 

increase in the sliding speed the frictional force is reduced 

and with increase in the normal load, and the frictional force 

is increased. 

 
Fig. 5: Fig. 4.2 (a) and 4.2(b) Effect of load and speed on 

frictional force 

 
Fig. 6: Fig 4.2 (c) 3D diagrams shows effect of load on 

frictional force 

C. Effect of Sliding Speed and Load on Coefficient Of 

Friction 

Coefficient of friction is the ration of frictional force to the 

normal load. With increase in the normal load, the 

corresponding frictional force will also increase, but the result 

is almost decreasing with the increase in the sliding speed as 

well as normal load. The same is almost observed from the 

figure 4.3 (a) and figure 4.3(b).  With increase in the normal 

load the corresponding frictional force will also increase but 

not in the multiple of normal load. Hence, coefficient of 

friction will reduce with increase in both the speed and 

normal load. Also it is observed that coefficient of frictional 

for the 3 Kg for all sliding speeds is minimum. This can be 

treated as the critical coefficient of frictional force. 

 
Fig. 7: Fig 4.3(a) and 4.3(b) Effect of sliding speed and load 

on coefficient of friction. 

 
Fig. 8: Fig 4.3 (c) Effect of sliding speed and load on 

coefficient of friction. 

In the modified ZA 27 alloy, 10 percent of Cu is added. 

Purpose of adding the Cu is to increase the thermal 

conductivity of the specimen and reduce the generation of 

heat at the wearing surface. Also by adding the Cu in the 

material coefficient of friction also reduces. Due to these 

result, modified ZA 27 alloy is better than the ZA27 alloy for 

tribological purpose. The results compared with the previous 

researchers and this investigation, it is analyzed that under 

same operational condition wear rate is reduced considerably. 

Cu is a high thermal conductivity material which makes the 

loss of heat more and will not permit to retain the heat at the 

wearing surface for longer time. This helps to keep the 

material properties under high operational conditions of wear 

testing machine. 
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V. CONCLUSIONS 

Based on the above analysis the following conclusions are 

drawn from the present study 

1) Wear rate shows almost least values at the sliding speed 

of 1.5 m/sec. Wear rate increase with the normal load and 

decrease with the sliding speed. 

2) Frictional force gradually increasing with the normal 

load and almost decreasing with the sliding speed. 

3) 1.5 m/sec sliding speed can be considered as mild wear. 

.  

4) Coefficient of friction decreases with rise in normal load 

and speed.                                        
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