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Abstract— This paper presents a study of the behaviour of 

the brass/steel pair in the presence of friction and wear. A 

plan of experiments, based on the techniques of Taguchi, 

was performed on a pin-on-disc machine. The objective was 

to establish a correlation between load, sliding velocity and 

temperature in contact with the wear and coefficient of 

friction. In this study we investigated the wear behaviour of 

brass and gun metal-based bearing materials in dry sliding 

conditions.  The parameters such as load, sliding speed and 

sliding distance were identified will affecting wear rate. The 

design of experiments (DOE) approach using taguchi 

method was employed to analyze the wear behaviour of 

hybrid composites. Signal-to-noise ratio and analysis of 

variance (ANOVA) were used to investigate the influence of 

parameters on the wear rate. 
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I. INTRODUCTION 

The word „Tribology‟ is derived from the Greek word tribos 

which means rubbing. So, the literal translation of the word 

is „the science of rubbing‟. Tribology is defined as the 

science and technology of interacting surfaces in relative 

motions and of related subjects and practices. The subject 

„Tribology‟ generally deals with the technology of 

lubrication, control of friction and prevention of wear of 

surfaces having relative motion under load. Tribology is the 

art of providing operational analysis to problems of great 

economic significance, namely, maintenance, reliability and 

wear of equipment starting from household appliances to 

spacecraft. To have a thorough understanding of the subject 

and its application to machine elements, it is necessary to 

have an in-depth knowledge in many areas such as 

chemistry of lubricants, Physics of fluid flow, surface 

topography, contact mechanisms, material science, 

mathematical engineering. Thus, the subject is truly multi-

disciplinary in nature [2]. 

 
Fig. 1: Surface Metallographic of Brass Alloy [2]. 

The removal of material from one or both of two 

solid surfaces in relative motion (Sliding, rolling) is termed 

as „wear‟. Surface damage due to material displacement 

with no net change in volume or weight is also called 

„wear‟. It occurs as a natural consequence and mostly 

through surface interactions at asperities. It is a system 

response and it is not a material property. Interface wear is 

strongly dominated by operating conditions. Wear can be 

either desirable or undesirable. Desirable cases of wear 

include machining, polishing, shearing and writing with a 

pencil whereas undesirable cases include almost all machine 

applications such as bearings, gears, cams and seals. 

Sometimes it is erroneously assumed that high friction 

means high wear rates. But this is not true. Interfaces with 

solid lubricants and polymers shows relatively low friction 

but high wear, which ceramics show moderate friction with 

extremely low wear. In some isolated cases, friction and 

wear may be correlated. But, in general, friction and wear 

are two distinct system responses. 

 
Fig. 2: Dry Sliding Wear [3] 

Whenever there is contact between solid bodies, 

surface phenomena, designated by friction of wear, are 

developed. By friction we mean the resistance to the relative 

motion between bodies rolling or sliding, in open or closed 

loop, with dissipation of energy. The frictional force is a 

tangential force that is common in the frontier of the bodies 

in contact. By wear it is understood the progressive lost 

material of the active surface of a body, by direct action of 

relative motion in that surface. These are phenomena that, in 

general, lead to a loss of efficiency of the mechanical 

components where they occur, with relevant economical 

implications. This reason led to the development of a large 

number of studies on these types of problems. Therefore, the 

precise knowledge of the impudence of the mechanical 

parameters, the sliding velocity, load and the temperature of 

the Contact, the wear and the coefficient of friction, is 

extremely important. The techniques of Taguchi consist of a 

plan of experiments with the objective of acquiring data in a 

controlled way, executing these experiments and analysing 

data, in order to obtain information about the behaviour of a 

given process. These techniques use orthogonal arrays to 

define the experimental plans. The treatment of the 

experimental results is based on the analysis average and the 

analysis of variance (ANOVA) [2]. 

II. TAGUCHI TECHNIQUES 

Taguchi technique is a powerful tool for the design of high 

quality systems. It provides a simple efficient and systematic 

approach to optimize designs for performance, quality and 

cost. The methodology is valuable when design parameters 

are qualitative and discrete. Taguchi parameter design can 
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optimize the performance characteristics through the setting 

of design parameters and reduce the sensitivity of the system 

performance to source of variation. This technique is multi-

step process, which follow a certain sequence for the 

experiments to yield an improved understanding of product 

or process performance. This design of experiments process 

made up of three main phases: the planning phase, the 

conducting Phase and analysis interpretation phase. The 

planning phase is the most important phase one must give a 

maximum importance to this phase. The data collected from 

all the experiments in the set are analyzed to determine the 

effect of various design parameters. This approach is to use 

a fractional factorial approach and this may be accomplished 

with the aid of orthogonal arrays. Analysis of variance is a 

mathematical technique, which is based on a least square 

approach. The treatment of the experimental results is based 

on the analysis of average and analysis of variance [7]. 

III. ANOVA 

The ANOVA was used to investigate which design 

parameters significantly affect the quality characteristic. The 

ANOVA is performed by separating the total variability of 

the S/N ratios into contributions by each of the design 

parameters and the errors. The total variability of S/N ratio 

is measured by the sum of the squared deviations from the 

total mean S/N ratio [5]. 

IV. MATERIAL AND EXPERIMENTAL SETUP 

Brass alloy was used as the matrix material in the present 

investigation and present following the chemical 

composition (1) Cu 60 % + Zn 40 % and (2) Cu 85 % + Zn 

5% + Pb 5 % + Tin 5 % . This matrix was chosen, since it 

provides excellent combination of strength and damage 

tolerance at elevated and cryogenic temperature. Round bar 

of 25 mm length and 8 mm Diameter are used for the wear 

analysis and the number of the pin as per the experiment are 

used. Liquid metallurgy method was used to fabricate the 

composites which were used by the other researchers. 

The tests were performed on a pin-on-disc 

machine. The tested pins were made of brass (60/ 40) with a 

diameter of 8 mm and a length of 25 mm. The trial tests 

were made of steel with a thickness of 8 mm and a diameter 

of 76 mm. All the tests were performed dry. The 

methodology of the tests consists of pressing the disc on a 

rotating plate and fixing the pin to the load arm. The pin 

stays on the disc with two degrees of freedom: one vertical, 

which allows its direct contact with the surface of the disc, 

and another horizontal which causes contact friction, 

activating the load cell with a strain which is a function of 

the Friction torque. The measurement of the temperature in 

the contact is made by means of an optical pyrometer. The 

introduction of the testing parameters, the acquisition of data 

and its control is made by software. 

 
Fig. 3: Pin on Disc Wear Testing Machine 

 
Fig. 4: Wear and Friction Monitor Machine 

Variable parameter 
Level 

1 2 3 

Rotating speed (rpm) 600 800 1000 

Load (Kg) 4 4.5 5 

Contact time (min) 3 5 7 

Table 1: Factor with Level Values 

The experimentations were conducted as per 

standard L9 orthogonal array, so as to investigate which 

design parameter significantly affects the wear for the 

selected combinations of rotating speed, load and time 

duration. 

V. RESULT AND DISCUSSION 

The plane of tests was developed with the aim of relating the 

influence of the rotating speed, load and contact time with 

the wear. Table 2 presents the result of the experiments. 

An analysis of variance (ANOVA) of the data was 

done with the wear with objective of analyzing the influence 

of the rotating speed, load and contact time on the total 

variance of the result.  

Table 2 and 3 show the result of the analysis of 

variance (ANOVA) with the wear. This analysis was 

effectuated for a level of significance of 5%. i.e. for a level 

of confidence of 95%.  

The last column of Tables 2 and 3 shows the 

percentage of Contribution (P) of each factor on the total 

variation indicating then the degree of influence on the 

result.  

From the analysis of table 3, we can observe that 

the Contact time was the wear factor that has highest 

physical as well as statistical influence on the wear. 

It should be noticed that the error associated to the 

table 3 ANOVA for the wear was approximately 1.84 % and 

3.69 % respectively. 

Sr. 

No. 

Rotating 

speed 

(rpm) 

Load 

(Kg) 

Contact 

time 

(min) 

Wear 

for 

Brass 

(µm) 

Wear 

for Gun 

Metal 

(µm) 

1 600 4 3 6 4 
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2 600 4.5 5 9 6 

3 600 5 7 12 8 

4 800 4 5 8 8 

5 800 4.5 7 13 9 

6 800 5 3 8 5 

7 1000 4 7 15 10 

8 1000 4.5 3 10 7 

9 1000 5 5 14 11 

Table 2: Experimental Results. 

Factors 
Sun of 

square 

Variance 

(Mean 

square) 

Variance 

ratio (F) 

Percentage 

contribution 

(P) 

Rotating 

speed 

27.56 

16.89 

13.78 

8.43 

19.54 

10.80 

36.10 % 

39.50 % 

Load 
4.29 

0.89 

2.145 

0.445 

3.042 

0.57 

50.62 % 

2.10 % 

Contact 

time 

42.69 

22.89 

21.375 

11.445 

30.31 

14.67 

56 % 

54.20 % 

Error 
1.41 

1.56 

0.705 

0.78 

1 

1 

1.84 % 

3.69 % 

Table 3: ANOVA for Wear Brass- Gun Metal 

The graph of the effect of the factor on the wear 

were representated in Figure 5 and Figure 6 

 
Fig. 5: Effect of Rotating Speed, Load and Contact Time on 

Wear (Brass). 

 
Fig. 6: Effect of Rotating Speed, Load and Contact Time on 

Wear (Gun Metal). 

From fig. 5 and Fig. 6, we can say that rate of 

change of wear (wear rate) was decreasing and wear was 

increasing as we increase the rotating speed from 600 rpm to 

1000 rpm. Here rate of change of wear was decreasing 

because at low rotating speed, more time was available for 

the formation and growth of micro welds, due to more 

intimate contact, which increase the force required to shear 

off the micro welds to maintain the relative motion and this 

leads to increase the wear. However, at higher rotating 

speeds, there was less residential time for the growth of 

micro welds leading to lesser wear rate. For our experiment 

the variation of load values are much less so it was not 

having significant effect on wear. As we move contact time 

from 3 min to 7 min, wear was increasing but at the same 

time rate of change of wear was decreasing. When we 

compare all three plots, the contact time was having 

domination on wear as compared to other two parameters. 

A. Regression Analysis: Wear for brass versus Rotating 

Speed, Load, Contact time: 

In order to establish the correlation between the wear 

parameters rotating speed, load and contact time regression 

model was used.  

Regression Equation 

Wear for brass = -11.61 + 0.01000 Rotating Speed 

+ 1.667 Load + 1.333 Contact time. 

 
Fig. 7: Main Effect Residual Plot For Wear 

B. Regression Analysis: Wear For Gunmetal Versus 

Rotating Speed, Load, Contact Time: 

Regression Equation 

Wear for gunmetal = -6.69 + 0.00833 rotating speed + 0.667 

load + 0.917 contact time. 

 
Fig. 8: Main Effect Residual Plot For Wear 

It can be seen in fig. 7 and Fig 8 that all the points 

on the normal plot lie close to the straight line (mean line). 

This implies that the data were fairly normal and a little 

deviation from the normality was observed. This shows the 

effectiveness of the developed model. It was noticed that the 

residuals fall in the straight line, which implies that errors 

are normally distributed.   

CONCLUSIONS 

The following conclusions can be given from this work on a 

thermal effect on the sliding wear behaviour of brass 

rubbing against a ring bearing steel under unlubricated 

conditions.  

1) Two wear responses are identified depending on 

loading conditions. Wear kinetics is found to be 

linear for low normal load and sliding velocity. 

However, for severe loading conditions wear 
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kinetics has been found parabolic as a function of 

sliding distance. 

2) There is a very close correlation between friction 

coefficient and temperature rise at the contact. 

Also, a good correlation is noted especially 

between wear and contact temperature.  

3) It is shown that performance of gunmetal under wet 

and dry conditions is better than brass due to its 

hardness. 

4) Amount of wear in gun metal is lower than brass 

under similar tribological loading conditions. Thus 

service life of gunmetal is expected to be longer 

than brass.  

5) Contact time was the wear factor that has highest 

physical as well as statistical influence on the wear 

of brass (56 %), rotating speed (36.10%) and load 

(5.62 %).  

6) The pooled error associated with the ANOVA of 

wear was 1.84 %.  

7) Contact time was the wear factor that has highest 

physical as well as statistical influence on the wear 

of gun metal (54.20 %), rotating speed (39.50%) 

and load (2.10 %).  

8) The pooled error associated with the ANOVA of 

wear was 3.69 %. 
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