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Abstract 

Two ways of calculating the wear rate was investigated experimentally by 

weight and volume using aluminum samples with different load (500g, 1000g, and 

1500g) and different time of test (300 s, 600 s, and 900 s). The results show that, 

When the load increasing from 500 g to 1500 g the wear rate by weight increase by 

(83%, 80%, and 37%) for test time (300s, 600s, and 900s) respectively. Also, the 

increasing test time from 300s to 900 s causes increasing in wear rate by weight by 

(216%, 155%, and 136%) for load (500g, 1000g, and 1500g) respectively. Also, when 

the load increasing from 500 g to 1500 g the wear rate by volume increase by (740%, 

612%, and 662%) for test time (300s, 600s, and 900s) respectively. Also, the 

increasing test time from 300s to 900 s causes increasing in wear rate by volume by 

(152%, 110%, and 128%) for load (500 g, 1000g, and 1500g) respectively. 
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1. Introduction  

The friction between materials is very important and it is work interesting a lot 

of researchers because the process is found in brake system of cars and a great number 

of machines. For example, the vibration and noise in brake systems of cars have done 

by researchers like [1]. A process of interaction in the surfaces or a face of bonded 

solid which is working to loss parts from dimensions solid during working in its 

environment can be defined as a wear without or with losing of material. In the results 

in the wear standard tests, the removing of part from volume of the test sample can be 

used to expression the wear formals of the wear test. This way can be give result of 

wear more accurate than the result comes from weight technique [2],[3]. When a 

rough hard surface moving across a soft surface, the abrasive wear will be occurring. 

American Society for Testing and Materials (ASTM) define wear as losing in the 

material as a result applied load on a solid surface as due to hard nprotuberances or 

hard particles that are moving along and forced against. According to the contact 

environment and type of contact the Abrasive wear is classified. The mode of abrasive 

wear is determined the type of contact. According to ASTM D 1044 or ISO 9352 the 

Taber Abrasion Test can be used to measure Abrasive wear as losing of mass. The 

wear rate by volume is expressed by the following relation [4],[5]. Wear rate and 

friction coefficient of SS 202 (stainless steel202) with slid of mild steel on it are 

studied experimentally by [6]. The pin on disc was fabricated designed apparatus.   In 

experimental work, the rough or smooth pin (SS 304) was sliding on disc (SS 202). 

Normal load is conducted experimentally at 20, 15 and 10 N, velocity of sliding 2, 1.5 

and 1 m/s and humidity (relative) 70%. Different variations were investigated of the 

duration of rubbing with a friction coefficient at different velocities of sliding and 

normal loads. The coefficient of friction shows in the results as influenced by normal 

load, velocity of sliding, and rubbing duration.  

The friction and wear properties of AA4015 reinforced with nanoparticles 

(Titania) were investigated by [7]. Volume fraction varied the test matrix of Titania, 

applied load and sliding distance to investigate the effects of coupled on the 

nanocomposites (AA4015/Titania) tribological properties. In a steel counter face 

against dry sliding, the samples of nanocomposite were tested. The ranged of specific 

wear rate are (6.24×10−6 to 1.17×10−5 mm3/N-m) and the ranged of coefficient of 

friction are (0.16 to 0.72). Specific wear rate increased with increasing applied load 

and sliding distance at any volume fraction of Titania nanoparticles in the range 

tested. 

The wear and friction properties of composite polymer matrix are investigated 

experimentally by [8] such as unidirectional Glass –Epoxy (G-E) laminates are 

experimentally examined using three different fiber orientations, namely cross ply, 

symmetric ply, unidirectional ply, at different temperature conditions. These 

laminates are made by hand layup followed by compression molding. The wear 

behavior of these composite will be investigated by pin on disc apparatus which is a 

wear friction monitor machine. Against one standard EN31 steel disc under various 

sliding speed and loading, different temperature conditions and design of experiments 

approach using orthogonal arrays of Taguchi. 

An investigation on the wear rate and coefficient of friction of carbon steel 

samples with 0.41%C, 0.346%C, 0.20%C, 0.14%C, and 0.05%C, with contact of 

Nitride Titanium and coated a steel substrate by PVD was studied by [9] under pin-

on-disc technique without lubricated on a tribometer conditions. The specimens were 
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conducted experiments by the form of a sliding pin with against a disc TiN. The 

operating variables in experimental work represent sliding speeds 10,7,5, and 2 N and 

normal loads of 7.67 and 15.33 cm/s. The wear rate, time steady state to reach 

friction, and friction coefficient variations were investigated at variables normal loads 

and sliding speeds. The results obtained from experimental work show that, the wear 

rate and coefficient of friction were varied with rubbing duration sliding speed and 

normal load. Also, when the rubbing duration of coefficient of friction increasing and 

the sliding of speed decreasing, the coefficient of friction will be decreased, while 

increasing the duration of rubbing will be causes increased of wear rate. In general, 

the coefficient of friction will be increased for a certain duration of rubbing, after that 

the coefficient of friction will be remained constant until the time of experimental 

work ending. Also, in the results, it is clear that, the samples which have content 

higher carbon gives a better behavior of tribological.  

In this study, the effect of load and time using weight and volume methods of 

calculation the wear rate for aluminum samples was investigated. 

2. Theoretical Work 

Different samples of aluminum were used in this work, two methods of wear 

calculation were used in this work which are: - 

Wear rate by weight: 

Wear rate by weight (W.R.W.) = (W1-W2)*t/ W1              (1) 

Where: 

W1= weight of aluminum sample before friction action. 

W2= weight of aluminum sample after friction action. 

t= test time (300s, 600s, and 900s) 

Wear rate by volume:  

Wear rate by volume (W.R.V. ) = p*(V1-V2)/ V1                 (2) 

Where: 

V1= weight of aluminum sample before friction action. 

V2= weight of aluminum sample after friction action. 

P=load (500 g, 1000 g, and 1500 g) 

        The dimension of aluminum sample is 35 mm length (l) and 8mm diameter (d) 

and the volume calculated as 

V= 
𝜋

4
𝑑2𝑙                                                         (3) 

The sliding speed as 500 r.p.m. and the variables in this work are list in table 1 
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Table 1. Variables of Present Work 

variable Load 

(gram) 

Time 

(second) 

  

500 300 

1000 600 

1500 900 
 

3. Experimental Work 

The following steps were to be taken into consideration for each experiment. 

1. Values of applied loads on the samples for each case. 

2. Radius of disc and its speed. 

3. Period of time for each experiment. 

4. Weights of each aluminum sample before and after each experiment (loss of weight 

and volume). 

5.  Distance slid: the distance was moved by aluminum sample at fractioned part of 

the metal disc. 

4. Results and Discussion 

Figure (1) shows the relation between wear rate by weight (W.R.W) for 

aluminum sample and load at different time of test (300s, 600s, and 900s). From the 

figure, it can be seen that, the increasing of load causes increasing in W.R.W. Also, 

the increasing of test time causes increasing W.R.W. That in because, the increasing 

time of test causes removing particle of aluminum sample.  When the load increasing 

from 500 g to 1500 g the W.R.W. increase by (83%, 80%, and 37%) for test time 

(300s, 600s, and 900s) respectively. Also, the increasing test time from 300 s to 900 s 

causes increasing in W.R.W. by (216%, 155%, and 136%) for load (500g, 1000g, and 

1500g) respectively. 

Figure (2) show the relation between wear rate by volume (W.R.V) for 

aluminum sample and load at different time of test (300s, 600s, and 900s). From 

figure, it can be seen that, the increasing of load causes increasing in W.R.V. Also, the 

increasing of test time causes increasing W.R.V.  when the load increasing from 500 g 

to 1500 g the W.R.V. increases by (740%, 612%, and 662%) for test time (300s, 600s, 

and 900s) respectively. Also, the increasing test time from 300s to 900 s causes 

increasing in W.R.V. by (152%, 110%, and 128%) for load (500 g, 1000g, and 1500g) 

respectively. 

Figure (3) shows the relation between wear rate by weight (W.R.W) for 

aluminum sample and time at different load of test (500g, 1000g, and 1500g). From 

the figure, it can be seen that, the increasing of time causes increasing in W.R.W. 

Also, the increasing of test load causes increasing W.R.W.  

Figure (4) show the relation between wear rate by volume (W.R.V) for 

aluminum sample and time at different load of test (500g, 1000g, and 1500g). From 

the figure, it can be seen that, the increasing of time causes increasing in W.R.V. 

Also, the increasing of test load causes increasing W.R.V.  
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  Figure 1. Relationship between Wear Rate by Volume (W.R.W) and load for 

Aluminum Sample at Different Test Time 

 

 

 Figure 2. Relationship between Wear Rate by Volume (W.R.V) and load for Aluminum 

Sample at Different Test Time 
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  Figure 3. Relationship between Wear Rate by Volume (W.R.V) and Test time for 

Aluminum Sample at Different Test Time 
 

 

  Figure 4. Relationship between Wear Rate by Volume (W.R.V) and Test Time for 

Aluminum Sample at Different Test Time 

Table (2) gives all result of this work foe aluminum samples. Again, the 

increasing load (500g, 1000g, and 1500g) causes increasing in wear rate using wear 

rate by weight method and wear rate by volume method. And, increasing test time 

(300s, 600s, and 900s) causes increasing in wear rate using wear rate by weight 

method and wear rate by volume method. 
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Table 2. Result of Wear Rate 

 Load (g) 

500 1000 1500 

W.R.W W.R.V W.R.W W.R.V W.R.W W.R.V 

 

Time 

(s) 

300 30 25 45 100 55 210 

600 52 47 71 170 94 335 

900 95 63 115 210 130 480 
 

5. Conclusions 

The main conclusion of this work is:-  

1- Two methods can be used to calculate the wear rate of materials. 

2- The increasing time of test causes increasing in wear rate by weigh of aluminum, 

and the increasing time of test from 300s to 900s causes increasing in wear rate by 

weight by (216%, 155%, and 136%) for load (500g, 1000g, and 1500g) 

respectively 

3- The increasing time of test causes increasing in wear rate by volume of aluminum, 

and the increasing time of test from 300s to 900s causes increasing in wear rate by 

volume by (152%, 110%, and 128%) for load (500g, 1000g, and 1500g) 

respectively 

4- The increasing load of test causes increasing in wear rate by weigh of aluminum, 

and the increasing load of test from 500g to 1500g causes increasing in wear rate 

by weight by (83%, 80%, and 37%) for time (300s, 600s, and 900s) respectively. 

5- The increasing load of test causes increasing in wear rate by volume of aluminum, 

and the increasing load of test from 500g to 1500g causes increasing in wear rate 

by volume by (740%, 612%, and 662%) for time (300s, 600s, and 900s) 

respectively. 

6- The volume method of calculation wear rate gives increasing in wear percentage 

greater than the value comes from weight method. 
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