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Abstract--- The tribological properties of a series of brass 

developed for machinery parts included for marine 

engineering and industries applications were evaluated. This 

research paper encompasses the chemical composition of the 

brass-gun metal  and the assessment of their tribological 

response when subjected to Pin-on-Disc wear test, which 

was performed on wear and friction monitor machine. The 

EN31 steel disc was directly fitted on to the motor of wear 

and friction monitor machine and varying the speed  and the 

Pin of gun metal was fitted in the pin holder of machine. An 

attempt has been made to study the influence of wear 

parameters like rotating speed in rpm (1000, 1200, 1400), 

load in kg (4, 4.5, 5), contact time in minute (5, 10, 15). 

Radial contacting surface area or wear track diameter was 

40 mm. A plan of experiments, based on the techniques of 

Taguchi, was performed to acquire data in controlled way. A 

design of experiment carryout with help of statistical 

software MINITAB 16. An orthogonal array and the 

analysis of variance (ANOVA) were employed to 

investigate the wear behavior. The wear and friction force 

were measured by sensor of machine in micrometer and 

newton respectively. The analysis of variance (ANOVA) 

result shows percentage contribution of each factor for wear 

and friction force. For wear Contact time is the factor that 

has the highest physical as well as statistical influence on 

the wear of the brass-gun metal (72.51%), the rotating speed 

(18.03%), and load (4.98%). The error associated with the 

ANOVA for wear was 4.46%. For friction force rotating 

speed was the factor that has the highest influence (70.67%), 

load (17.90) and contact time (8.04%). The error associated 

with the friction force was 3.36%. 

Keywords :- Gun Metal, Taguchi Technique, Wear, Friction 

Force, Orthogonal Array, Analysis of variance. 

I.   INTRODUCTION 

Brass is now a days considered as one of the most important 

copper based alloys. In addition, due to the fact that the 

amount of zinc in such alloys can vary considerably, ranging 

from 5 to 45 wt%, a wide variety of brass alloys with 

different technological properties for various commercial 

and industrial applications can be produced. In particular, up 

to date brass alloys have been extensively used in 

automotive, electronic, energy, construction and marine 

applications by virtue of their corrosion resistance in non 

acidic environments, good mechanical properties and 

fabricability, high thermal and electrical conductivity and 

low cost. However, during the last decades there is an 

increasing research interest focusing on the tribological 

properties of brass alloys[1].  

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 influence of the mechanical 

parameters, the rotating speed, load and contact time, the 

wear and the friction force, is extremely important[2]. 

Wear is one of the most commonly encountered 

industrial problems leading to the replacement of 

components and assemblies in engineering. Therefore, 

many efforts have been made to produce more durable 

materials and techniques to reduce the wear of tools and 

engineering components. These include modification of 

bulk properties of the materials, surface treatments and 

application of coating etc. Over the last few years, many 

efforts have been made to understand the wear behaviour of 

the surfaces in sliding contact and the mechanism, which 

leads  to wear. The applications of brass and its alloys for 

the machine parts are increasing day to day in the industry. 

However, limited work has been reported on the wear 

behavior of brass and its alloys. The commercial brass 

casting alloys are the most  common,  particularly due  to  

some  very attractive  characteristics  such  as  good 

appearance,  excellent  castability  and  pressure  tightness,  

low  coefficient  of thermal expansion, good thermal 

conductivity, good mechanical properties and corrosion 

resistance. Brass find wide range of applications in marine 

engineering, castings, motor cars etc[3]. 

Taguchi technique is a powerful tool for the design 

of high quality systems. The Taguchi approach to 

experimentation provides an orderly way to collect, analyze, 

and interpret data to satisfy the objectives of the study [4]. 

By using these methods, in the design of experiments, one 

can obtain the maximum amount of information for the 

amount of experimentation used. Taguchi parameter design 

can optimize the performance characteristics through the 

setting of design parameters and reduce the sensitivity of 

the system performance to the source of variation. This is 

accomplished by the efficient use of experimental runs to 

the combinations of variables studied. This technique is a 

powerful tool for acquiring the data in a controlled way and 

to analyze the influence of process variable over some 

specific variable, which is unknown function of these 

process variables. The most important stage in the plan of 

experiments is selection of factors. Taguchi technique 

creates a standard orthogonal array to accommodate the 

effect of several factors on the target value and defines the 

plan of experiments. The experimental results are analysed 

using analysis of means and variance to study the influence 

of factors [5]. 
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II.  EXPERIMENTAL WORK 

The tests were performed on wear and friction monitor 

machine. In this experiment pin of brass-gun metal with 8 

mm diameter and 32 mm length was used. This pins were 

manufacture by sand casting process. Chemical composition 

of brass pin was 85.71%Cu, 4.64%Sn, 4.95%Pb, 4.30%Zn, 

and 0.35%Ni.  The pin-on-disk test apparatus was apply to 

the wear and friction monitor machine. It was shown in fig. 

1. which was used to investigate the dry sliding wear 

characteristics of brass. Input parameters were rotating 

speed (rpm), load (N), contact time (min). Output parameter 

of wear was reduction in pin length (μm). In this 

investigation pin was stationary and disk was rotating at 

varies speed. Disk was made of steel EN31. Chemical 

composition of disk was 1%C, 0.029%S, 0.040%Ph, 

0.340%Si, 0.55%Mn, 1.10%Cr, 0.200%Ni, 0.06%Mo. 

 
Fig. 1. wear and friction monitor machine 

In this experiment pin was fixed in pin holder of wear and 

friction monitor machine and disk was rotating at varies 

speed. Design of experiment (DOE) was prepare by Taguchi 

technique. Here we take three factors (parameters) with 

three level that shown in table 1. 

Table 1. factors with levels value. 

Variable Parameters Level 

1 2 3 

Rotating Speed (rpm) 1000 1200 1400 

Load (kg) 4 4.5 5 

Contact Time (min) 5 10 15 

The chosen array was the L27 (3
13

) which has 27 

rows corresponding to the number of tests (26 degrees of 

freedom) with 13 columns at three levels, as shown in Table 

2. The factors and the interactions are assigned to the 

columns.  

The plan of experiments is made of 27 tests (array 

rows) in which the first column was assigned to the rotating 

speed (rpm), the second column to the load (N), the fifth 

column to the contact time (min), and the remaining were 

assigned to the interactions. The answers to be studied are 

the friction force and the wear. 

 

III.  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 and friction force. Table 3 presents the result 

of the experiments. 

An analysis of variance (ANOVA) of the data was 

done with the wear and with the friction force with objective 

of analysing the influence of  the rotating speed, load and 

contact time on the total variance of the result. 

Table 4 and  5 show the result of the analysis of 

variance (ANOVA) with the wear and with friction force 

respectively. 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 4 and 5 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 4, We can observe that 

the Contact time was the wear factor that has highest 

physical as well as statistical influence on the wear of brass-

gun metal (72.51%), rotating speed (18.03%) and load 

(4.98%). Equally from analysis of table 5, We can observe 

that the rotating speed was the factor for friction force that 

has highest influence in ANOVA (70.67%), load (17.90%) 

and contact time (8.04%). 

It should be noticed that the error associated to the 

table ANOVA  for the wear was approximately 4.46% and 

for the friction force was approximately 3.36%. 
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Table 3. Experimental result 

Sr. 

No 

Rotati

ng 

speed 

(rpm) 

Load 

(kg) 

Contac

t time 

(min) 

Wear 

(μm) 

Frictio

n Force 

(N) 

1 1000 4 5 143 6.2 

2 1000 4 10 475 6.4 

3 1000 4 15 750 7.3 

4 1000 4.5 5 161 7.1 

5 1000 4.5 10 478 7.3 

6 1000 4.5 15 824 8.1 

7 1000 5 5 235 7.2 

8 1000 5 10 619 7.4 

9 1000 5 15 969 9.4 

10 1200 4 5 323 8 

11 1200 4 10 662 8.4 

12 1200 4 15 858 8.9 

13 1200 4.5 5 252 8.7 

14 1200 4.5 10 740 9.1 

15 1200 4.5 15 1186 10.3 

16 1200 5 5 464 10.2 

17 1200 5 10 835 10.5 

18 1200 5 15 1325 10.8 

19 1400 4 5 340 9.1 

20 1400 4 10 866 9.8 

21 1400 4 15 1253 10.3 

22 1400 4.5 5 477 10.7 

23 1400 4.5 10 942 11.1 

24 1400 4.5 15 1266 11.3 

25 1400 5 5 509 11 

26 1400 5 10 926 11.2 

27 1400 5 15 1642 11.7 

Table 4. ANOVA for wear 

Factors 
Sum of  

Square 

Variance 

(Mean 

Square) 

Varian

ce 

Ratio 

(F) 

Percent

age 

Contrib

ution 

(P) 

Rotatin

g Speed 
710049.85 355024.92 40.42 18.03 % 

Load 196402.07 98201.03 11.18 4.98 % 

Contact 

Time 
2855473.40 1427736.70 162.55 72.51 % 

Error 175657.63 8782.88 1 4.46 % 

 

Table 5. ANOVA for friction force 

Factors 
Sum of  

Square 

Variance 

(Mean 

Square) 

Variance 

Ratio (F) 

Percentage 

Contribution 

(P) 

Rotating 

Speed 
12.74 25.14 209.91 70.67 % 

Load 12.74 6.37 53.17 17.90 % 

Contact 

Time 
5.72 2.86 23.90 8.04 % 

Error 2.40 0.11 1 3.36 % 

The graph of the effect of the factor on the wear 

and on the friction force were representated in Figer 2 and 

Figer 3 

 

Fig. 2:  Effect of rotating speed, load and contact time on 

wear.

 

Fig. 3:  Effect of rotating speed, load and contact time on 

friction force. 

 From fig. 2, we can say that rate of change of wear 

(wear rate) was decreasing and wear was increasing as we 

increase the rotating speed from 1000 rpm to 1400 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 5 min to 15 

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. 

 From fig. 3, we can say that friction force was 

increasing as we increase the rotating speed from 1000 rpm 

to 1400 rpm. Friction force was varying almost linearly with 

load variation from 4kg to 5 kg. As we move contact time 

from 5 min to 15 min, friction force was increasing. When 

we compare all three plots, the rotating speed was having 
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major effect on friction force as compared to other two 

parameters. 

 regression analysis for wear A.

In order to establish the correlation between the wear 

parameters rotating speed, load and contact time regression 

model was used. 

The regression equation is… 

W = -2189.59 + 0.990833 (R) + 206 (L) + 79.6556 (C) 

Where W = wear, R = rotating speed, L = load C = contact 

time. Based on the equation, the effect of the input process 

parameters on the wear have been plotted in fig. 4. 

 
Fig. 4:  Main effect residual plot for wear 

It can be seen in fig. 4 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. 

 regression analysis for friction force B.

In order to establish the correlation between the wear 

parameters rotating speed, load and contact time regression 

model was used. 

The regression equation was… 

F = -9.36667 + 0.0082778 (R) + 1.66667 (L) + 0.11 (C) 

Where F = friction force, R = rotating speed, L = load, C = 

contact time. Based on the equation, the effect of the input 

process parameters on the friction force have been plotted in 

fig. 5. 

 
Fig. 5:  Main effect residual plot for friction force 

It can be seen in fig. 5. that all the points on the 

normal plot lie close to the mean line. The representation of 

the data was fairly normal and a little deviation from the 

normality 

was observed. This shows the effectiveness of the 

developed model. It I was noticed that the residuals fall in 

the straight line, which implies that errors were normally 

distributed. 

IV. CONCLUSION 

From the intensive analysis of experimental result of wear 

and friction force of brass-gun metal, following conclusion 

can be derive. 

1. The result shows that from the fig. 2 wear of brass-gun 

metal increases and rate of change of wear decrease as 

rotating speed increases, because as rotating speed 

increase there was less residential time for the growth 

of micro welds leading to lesser wear rate.  

2. As contact time increase, wear of brass-gun metal also 

increase because increasing in contact time, temperature 

of pin increasing and due to that large amount of plastic 

deformation observed on the surface of brass-gun metal 

which was keenly indicated in fig. 2. 

3. Contact time was the wear factor that has highest 

physical as well as statistical influence on the wear of 

brass-gun metal (72.51%), rotating speed (18.03%) and 

load (4.98%). 

4. The pooled error associated with the ANOVA of wear 

was 4.46%. 

5. In friction force, rotating speed was the factor that has 

highest influence in ANOVA (70.67%), load (17.90%) 

and contact time (8.04%). 

6. The pooled error associated with the ANOVA of 

friction force was 3.36%. 
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