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Abstract— Wear is related to interactions between surfaces 

and specifically the removal and deformation of material on 

a surface as a result of mechanical action of the opposite 

surface. Wear of metals occurs by the plastic displacement of 

surface and near-surface material and by the detachment of 

particles that form wear debris. Brass is nowadays 

considered as one of the most important copper based alloys. 

In particular, up to date brass alloys have been extensively 

used in automotive hydraulic brake tubes, radiator tubes, 

carburetor, fasteners, journal bearings, construction and 

marine applications by virtue of their corrosion resistance in 

non-acidic environments, good mechanical properties, high 

thermal and electrical conductivity and low cost. In this 

experimental study, wear behavior of the brass (70% Copper-

30% Zinc and some traces of impurities) pin is examined on 

Pin-on-Disc configuration, which is performed on wear and 

friction monitor machine. Influence of various parameters 

sliding speed (1-3m/s), contact distance (1000 m & 2000 m) 

and applied load (20 N, 30 N & 40 N) was examined. Output 

results indicated reduction in pin weight (gms) in dry and wet 

(lubricating) conditions. It was observed that the wear of all 

pins were significantly high at sliding distance of 2000 m and 

3m/s speed compared to wear at sliding distance of 1000 m 

and 1m/s speed. Results showed that increased sliding 

distance and the sliding speed the wear were increased. 

Microscopic analysis of worn surfaces of various test 

samples indicated different wear patterns. 
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I. INTRODUCTION 

Wear may be defined as the progressive loss of material 

from contacting surfaces in relative motion [1]. Wear is not 

an intrinsic material property but characteristics of the 

engineering system which depend on load, speed, 

temperature, contacting time duration, hardness, presence of 

foreign material and the environmental condition. Brass is a 

metal alloy of zinc and copper, the proportion of zinc and 

copper can be varied to create a range of brasses with 

varying properties. It is a substitutional alloy i.e. atoms of 

the two constituents may replace each other within the same 

crystal structure. If the copper content is not above 36%, the 

brass is a single phase solid solution and this structure is 

identified as the alpha phase [2]. These are ductile and 

formable, these characteristics increases with the zinc 

content up to 36% [3]. Cartridge brass, the 70% copper and 

30% zinc alloy, offers the best combination of strength and 

ductility [4]. Brass is used in automotive hydraulic brake 

tubes, radiator tubes, carburetor, fasteners, journal bearings, 

construction and marine applications by virtue of their 

corrosion resistance in non-acidic environments, good 

mechanical properties, high thermal and electrical 

conductivity and low cost. Wear is a major problem in 

industry and its direct cost is estimated to vary between 1 

and 4% of gross national product [5]. Thus it becomes all 

the more vital to study the tribological characteristics of 

Brass and its alloys. Brass is hardenable by cold working 

and is commercially available in various degrees of 

hardness. Most brasses have good corrosion resistance. In 

the 0 to 40 % zinc region, the addition of small amount of 

tin improved resistance to sea water corrosion [6]. 

II. WEAR MECHANISM 

Widely varied wearing conditions causes wear of materials. 

It may be due to surface damage or removal of material 

from one or both of two solid surfaces in a sliding, rolling or 

impact motion relative to one another. In most cases wear 

occurs through surface interactions at asperities. Surface 

may be removed from a surface, may result in the transfer to 

the mating surface, or may break loose as a wear particle 

[7]. 

Adhesive wear and can be defined as wear due to 

localized bonding between contacting solid surfaces leading 

to material transfer between the two surfaces or the loss 

from either surface. For adhesive wear to occur it is 

necessary for the surfaces to be in intimate contact with each 

other. Surfaces, which are held apart by lubricating films, 

oxide films etc. reduce the tendency for adhesion to occur 

[8]. 

III. SIGNIFICANCE OF DRY AND WET SLIDING WEAR 

A large amount of engineering materials have been 

employed for applications in which wear resistance is a key 

requirement, such as brass. The reason for the success of 

this type of material in tribological applications can be 

explained. Such type of applications has found the aerospace 

and automotive industry. In aerospace and automotive, the 

disc brakes both brake pads and rotors are worn, generating 

wear particles. Some of these particles are deposited on the 

brake hardware [9]. Therefore, it is necessary to conduct the 

of dry and wet sliding wear test at atmospheric condition. 

Fig. 1 shows the pin-on-disc wear of a brass. 

 
Fig. 1: Sliding Wear by Pin-on-disc Mechanism [10] 

The pin-on-disc test apparatus was applied to the 

wear test machine which was used to investigate the dry 

sliding wear characteristics of the brass. The setup consists 

of a stationary pin, which was direct contact on a rotating 

disc. 

IV. METHOD USED FOR EVALUATION OF WEAR 

A. Weighing 

This is the simplest way of detecting the wear in which 

specimen is weighed before and after running, using 
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sensitive weighing balances (accurate up to 0.0001gm) and 

weight loss is calculated to get wear rate. 

V. EXPERIMENTAL DETAILS 

In this experiment 70:30 brass pin with 10 mm diameter and 

50 mm length is used that is shown in figure 2. Chemical 

compositions of all brass pins are same.  

The pin-on-disk test apparatus is applied to the 

wear and friction monitor machine which is used to 

investigate the dry sliding wear characteristics of 70:30 

brass. Input parameters are sliding speed (rpm), load (N), 

contact time (sec). Output parameter of wear is reduction in 

pin weight (gm). In this investigation pin is stationary and 

disk is rotating at varies speed. Design of experiment (DOE) 

is prepare by Taguchi technique. 

 
Fig. 2: 70:30 Brass alloy pins 

VI. EXPERIMENTAL APPARATUS AND PROCEDURE 

A pin on disc apparatus was used for determine the sliding 

wear behavior of the 70-30 brass. Test samples were circular 

shaped pin cut from respective material rods and machined. 

The contact surface of the test sample has to be flat and will 

be in contact with the rotating disc and EN31 steel disc 

having 60HRc hardness were used. The wear rate of the 

specimen was studied as a function of the sliding velocity, 

applied load and sliding distance. The track diameter was 

constant experiments and the parameters such as the load, 

sliding speed and sliding distance were varied in the range 

given in Table 1. Sample mounts in 10 mm circular pin 

holder then holder mounts on lever arm. Lever arm is 

attached with load cell for measure the load and determine 

the wear at any point with the help of movement of arm. 

This movement of arm produces signal which is used to 

determine wear rate & coefficient of friction monitoring 

continuously as occurs wear in sample. In each test, loss of 

weight was measured by weighing the test sample before 

and after the experiment through a digital weighing machine 

with accuracy of 0.0001 gram after cleaning of sample by 

acetone solution.  

VII. EXPERIMENTAL TEST PARAMETERS 

The sliding wear tests of brass 70-30 samples were carried 

out under different speeds, loads and time periods and the 

test condition are as follows: 

Factors Unit Set 

Sliding Speed m/s 1, 3 

Sliding Distance meters 1000, 2000 

Load N 20, 30, 40 

Wear Track cm 100 

Table1: Parameters for different sets of test 

VIII. RESULTS AND ANALYSIS 

 
Fig. 3: Wear (dry) vs. Load at 1000 m 

 
Fig. 4: Wear (dry) vs. Load at 2000 m 

 
Fig. 5: Wear (dry) vs. Distance at 20 N 

 
Fig. 6: Wear (dry) vs. Distance at 30 N 
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Fig. 7: Wear (dry) vs. Distance at 40 N 

 
Fig. 8: Wear (dry) vs. Load at 1 m/s 

 
Fig. 9: Wear (dry) vs. Load at 3 m/s 

 
Fig. 10: Wear (wet) vs. Load at 3 m/s 

 
Fig. 11: Wear (wet) vs. Distance at 40 N 

 
Fig. 12: Wear (wet) vs. Distance at 30 N 

IX. MICROSCOPIC ANALYSIS 

Images below show different wear patterns of 70:30 brass 

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: Load 20 N, Dist 1000 m, Speed 3 m/s 

 
Fig. 14: Load 30 N, Dist 1000 m, Speed 3 m/s 

X. CONCLUSION 

The tribological behavior of 70:30 brass alloy was 

investigated under various different parameters for sliding 
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wear in dry and wet conditions. The obtained results by 

experimental investigation  indicate following: 

 Wear rate increased with increasing load. 

 Wear rate increased with increasing the sliding 

distance and sliding speed. 

 Results shows that 70:30 brass alloy is maximum worn 

out at greater sliding distance as compared to max load 

conditions and speed. 

 Among the four parameters the sliding distance was 

most significant parameter influencing the wear rate 

followed by applied load and sliding speed. 

 It was observed that the wear rate was significantly 

high in dry conditions as compared to wet (lubricating) 

conditions. 
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