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ABSTRACT 

 

Wear is an important criteria in the field of 

Mechanical Engineering. The life and reliability 

of the mechanical components are decided by 

the amount of wear that take place in the 

components. Many wear calculations are 

validated by experimental methods, but it takes 

long time to complete a calculation and bring 

out a meaningful conclusion. This paper 

‘Development of Adhesive wear model using 

finite element analysis(FEA) and Experimental 

methods’ focuses in bringing out a wear model 

equation to calculate the adhesive wear volume 

in metals like Steel, Aluminum, Copper…etc. 

using finite element analysis and experimental 

observation. 

 
Keywords:Adhesive wear model, and contact 

analysis, pin-on-disc, Generating rough surface. 
 
1. INTRODUCTION 
 

Wear, the progressive damage involving 

material loss which occurs on the surface of a 

component as a result of its motion relative to 

the adjacent working parts. It is almost an 

inevitable companion of friction. Most 

tribological pairs are supplied with a lubricant to 

avoid the excessive wear and damage which 

would be present if the two surfaces were 

allowed to rub together. The economic 

consequences of wear are widespread and 

pervasive as they involve not only in cost of 

replacing parts but also expenses involved in 

machine downtime, lost production, and 

consequent loss of business opportunities. A 

further significant factor decreases the 

efficiency of equipment, which can lead to both 

poor performance and increased energy 

consumption. 

The wear rate of a rolling or sliding contact is 

conventionally defined as the volume lost from  

 

 

the wearing surface per unit sliding distance and 

its dimensions are  those of length square. For a 

particular dry or unlubricated sliding situation 

the wear rate depends on the normal load, 

relative sliding speed, thermal, mechanical, and 

chemical properties of the materials in contact. 

There are many physical mechanisms that can 

contribute to wear and certainly no simple and 

universal model is applicable to all situations. 

 

1.1. Mechanism of Adhesive Wear 

 

The tendency of contacting surfaces is to 

adhere to the attractive forces which exist 

between the surface atoms of the materials. If 

two surfaces are brought together and then 

separated, these attractive forces act in such a 

way as to attempt to pull material from one 

surface on to the other. Whenever a material is 

removed from its original surface in this way, an 

adhesive wear fragment is created. The 

mechanism of wear is tangential displacement 

imposed on one of the bodies. If the force 

required to break through the interface of the 

materials is larger than the force required to 

attract the materials a break will occur along 

this latter surface and a transferred wear particle 

will be produced. (Ernest Rabiniwicz.,1995) 

The adhesive wear can be estimated using a 

local coefficient of friction in combination with 

a simplified yield model. (Rob Bosman et 

al..2011) 

 

2. DEVELOPMENT OF MODIFIED WEAR 

MODEL 

 

Based on the detailed study on various 

literatures it is observed that the Archard wear 

equation is the most widely used wear model for 

the estimation of wear. In order to predict the 

life of complex mechanical systems with 
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hundred thousand operating cycles an 

equivalent experimental set-up has to be 

developed which determines components of 

wear in the mechanical systems. Considering 

the time and expense for estimating the wear by 

this process, a mathematical model is the 

optimum choice for wear simulation based on 

Archard’s wear equation. The first step towards 

this is to determine the contact pressure 

distribution on the contact surface by using 

finite element procedure. The contact pressure 

obtained by FEA method is compared with the 

empirical calculation for a reliable result. This is 

used for the determination of wear using 

Archard’s wear equation. 

 

2.1 Archard’s Wear Model 

Archard has presented a very plausible 

model of the sliding process which enables us to 

derive quite simply and attach a definite 

meaning to the constant k. In Eqn. 1.1, Archard 

assumes that each time two asperities come into 

contact to from a junction, there is a constant 

probability k that an adhesive fragment will be 

formed. Each fragment is assumed to be a 

hemisphere of diameter equal to the junction 

diameter. If we consider the case of two bodies 

sliding under an applied load L and the flow 

pressure of the softer of the metals, then the real 

area of contact will be given by 

 L = p. A                                              (1) 

 

If it is assumed that all the junctions are of the 

same size, circles of diameter d, and hence of 

area ( πd
2
 / 4) , then the total number ‘n’ present 

at any instant will be given by 

A = n. 
4

. 2
dp

Hence,   

A = 
p

L

  from equation (1)

 

             n   = 
2.

4

pd

L

p
                        (2)     

Each junction may be assumed to remain in 

existence during a sliding process equal to its 

diameter after which it is broken and its load- 

carrying capacity is taken up by a new junction. 

Actually   the load-displacement function per 

centimeter of sliding must be replenished by a 

total of 1/d times and total number N of 

junctions formed per centimeter is given by           

     N= 
d

n
= 

2.

4

pd

L

p
                         (3)  

the probability that any junction leads to the 

formation of a transferred fragment has been 

postulated to be equal to k. The assumption  

such that a fragment is hemisphere of diameter 

d, volume dV/dx of wear per centimeter of 

sliding is given by the relation 

x

V

d

d
 =

12

... 3
dNk p

 =
p

kL

3
                      (4) 

The volume of transferred fragment formed in 

sliding through a distance x then becomes 

    V=
p

kLx

3
                                              (5) 

This may be considered as the fundamental law 

of adhesive wear coefficient k. The coefficient 

of wear (k) is dimensionless. It will be seen that 

“(5)” is identical in form with “(1)”. The only 

difference being that k/3 has replaced the 

arbitrary constant c. 

 

Fig.1 Load- displacement functions of junction. 

The Fig.1 illustrates (a) as calculated by 

Rabiniwicz (1951), (b) as assumed by Archard 

(1953), (c) as measured using an aluminium 

model by Greenwood and Tabor (1955). The 

area under each curve representing the total 

load- distance carried by each junction is about 

the same.  

 

3. DESCRIPTION OF PIN-ON-DISC 

MACHINE (ASTM-G99) 

Probably the most common form of the wear- 

measuring rig used in tribology laboratories is 

pin-on-disc apparatus. It can also be used to 

measure the associated degree of wear and 

surface damage. In simplest form the pin is held 

stationary while the disc rotates so that any 

particular point on the wear track on the disc 

comes into contact with the pin. (J.A 

Williams.,1994), In a more sophisticated 



Regional Tribology Conference 

Bayview Hotel, Langkawi Island, Malaysia, 22-24 November 2011 

 

179 

 

apparatus, the pin may be arranged to move 

radially during the course of the experiment so 

that it continuously encounters fresh disc 

surface. This arrangement provides single-pass 

conditions. However, the speed of the disc must 

also be continuously varied if a steady sliding 

speed is to be maintained. The actual pin on disc 

machine as shown Fig.2 is used for conducting 

the wear measurement. 

 

 

 

 

 

 

 

 

 

 Fig .2 Pin –on-disc apparatus (ASTM-G99) 

4.WEAR EXPERIMENTS AND 

PROCEDURE FOR CONDUCTING WEAR 

EXPERIMENTS 

A pin-on-disc wear testing machine as per 

ASTM G99 is used for conducting experiments. 

The surfaces of the equipment are cleaned 

preferably with a vacuum cleaner. The disc 

surface is also cleaned. The pin is mounted in its 

holder and is secured firmly in the lever. The 

pin height is adjusted so that lever is parallel to 

disc and tightened well to avoid any slippage 

during experiment. The range of wear track 

radius is 10 - 75mm. The experiments are 

conducted under dry condition.  The surface 

roughness value is measured after every 

experiment using roughness tester. The dry 

sliding wear of steel against aluminum with  

sliding velocity 0.01 m/s, nominal contact 

pressure range 15-40 MPa (Anirban Mahato et 

al..2010) values are justified. 

 

4.1Roughness tester 

 

Roughness tester is used to measure the 

roughness value Ra. The roughness tester is 

shown in fig.3. The table 1 explains the 

technical specification of roughness tester. 

 

 

 

 

 

 

 

 

                  Fig.3 Roughness tester 

 

Table:1 Technical Specifications Surface 

Roughness Tester 

 

Particulars  Explanation 

Measuring 

System 

Skidless method using 

inductive pick-up with 

interchangeable stylus 

Measurement 

parameters 

Ra; Rz; Rt; Rp; Rv; Rq; 

RSm; RmaxD; Material ratio 

curve 

Measurable 

roughness 

range 

Ra 0.01 ~ 10 um 

Cut off (L) 
0.08 mm; 0.25mm; 0.8mm; 

2.5mm 

Evaluation 

length (LN) 
1L; 2L; 3L; 4L; 5L 

Measuring 

Length 

Horizontal 60mm (vertical 

0.6mm / 600um) 

Resolution 0.001 um 

Indication error 
Not greater than 6% +/-

0.004um 

 

 

 

 

 

 

 

 

                Fig.4 En-31 Steel Disc 

 

 

 

 

 

 

 

 
    Fig. 5 Experiment specimens (pins) 
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4.2 Disc and pin materials for wear 

experiments 

 

The pins generally are wearing members which 

have a lower hardness (L.J. Yang., 1999). The 

disc is made by En-31 steel with thickness 8mm 

and diameter 160mm. The hardness of disc is 65 

RC and surface finish’s rms value is 0.02 as 

shown in Fig .4. The wear test was conducted 

with steel, aluminium, copper pins of 8mm dia 

and length of 30mm. The pins are shown Fig .5 

 

5. RESULTS OF WEAR CO-EFFICIENT 

FROM EXPERIMENTAL AND 

THEORETICAL  

  

The measured wear value are substituted in 

Archard wear equations to find wear co-

efficient of steel, aluminum and copper pins 

sliding against steel disc. 

         The Archard Eqn is    

 
�

 
= !

"#

$
                                   (6)                                             

 

Where V is the volume of wear (m
3
), s is the 

sliding distance (m), FN is the normal load, H is 

the hardness and K is the wear coefficient. A 

wear simulation approach based on Archard’s 

wear law is implemented in an FE post-

processor that works in association with a 

commercial FE package ABAQUS for solving 

the general deformable contact problem 

(V.Hegadekatte et al ..2004). In an ABAQUS 

contact simulation, surfaces that will be 

involved in contact must be created on the 

various components in the model. Then the pair 

of surfaces that may contact each other known 

as contact pairs must be identified.  

Finally, the constitutive models governing the 

interactions between various surfaces must be 

defined. These surface interaction definitions 

include friction (ABAQUS/Standard version). 

For rough surfaces, the real contact area is 

smaller than smooth surfaces. The ratio Ar/Aa 

approaches unity at increased loading (Ulf 

Sellgren .,1999). The FEA models are illustrated 

fig 6 & fig 7. 

 

 

 

 

 

 

 

 

 

Fig.6  Pin FEA model using Ra value. 

The wear coefficient was calculated using  

experimental and finite element method as 

shown in table.2 

 

Table.2 wear coefficients (K) from experimental 

and FEA method 

 

 
 

Fig.7 Meshed model of disc with pin. 

 

6. RESULTS AND DISCUSSION   

 

Results are obtained using contact analysis in 

FEM (ABAQUS).  Contact pressure distribution 

on the pin surfaces of Steel, Aluminium and 

M
at
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l 
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m
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“K"from 

experimental 

method 

“K"from FEA 

method 

st
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l 

2 

53 

9.01038E-05 9.68128E-05 

3 6.63430E-05 6.75027E-05 

4 5.83661E-05 5.88496E-05 

5 6.67797E-05 6.80557E-05 

2 

73 8.17251E-05 8.28075E-05 

53 8.31887E-05 8.81306E-05 

33 7.63225E-05 8.13514E-05 

13 7.54662E-05 7.66735E-05 

A
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1.99995E-05 2.12217E-05 

3 2.03993E-05 2.08053E-05 
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5 1.91066E-05 1.93242E-05 

2 

73 1.61917E-05 1.70749E-05 

53 1.63559E-05 1.73911E-05 

33 1.51441E-05 1.62323E-05 

13 1.46912E-05 1.50553E-05 
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p

p
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2 

53 

3.77228E-05 3.74646E-05 

3 3.53358E-05 3.64511E-05 

4 3.69149E-05 3.74237E-05 

5 3.71375E-05 3.74646E-05 

2 

73 4.64980E-05 4.82727E-05 

53 3.81537E-05 3.92918E-05 

33 2.72729E-05 2.86440E-05 

13 1.79340E-05 1.85985E-05 
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Copper materials sliding against the steel disc 

were determined. The stress plot shows the area 

at which contact occurs (real area of contact) for 

the given load, wear track radius and surface 

roughness values. The cumulative value of 

contact pressure is used to estimate the normal 

load for calculation of wear. The few contact 

pressure plot are shown in fig.8, fig. 9 and 

fig.10. From the output result file one can find 

the real contact areas and contact pressure of 

each element. The loads are calculated based on 

summation of real contact areas and summation 

of pressure. These loads are substituted into 

Archard equation (7) to find the wear 

coefficient. The maximum pressure is calculated 

from the equality of total surface pressure and 

working force given in the support  

(MiomirJovanović et al..2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .8 Contact pressure plot steel  

 

 
Fig .9 Contact pressure plot Aluminium 

 

 
 

Fig .10 Contact pressure plot copper 

The wear coefficient equation is function of 

load which is given below for steel, copper and 

aluminium. 

 

y = 0.0001x
3
 + 0.0072x

2
 - 0.0461x + 0.1289     

(7)                  

y = 0.0009x
3
 + 0.0073x

2 
- 0.0181x + 0.0494     

 (8) 

y = 0.0017x
3
 - 0.012x

2 
+ 0.0247x + 0.0056  

 (9) 

The results are plotted for wear coefficient 

verses load as shown fig.11
 

 

 

Fig.11 load Vs wear co-efficient (Steel, 

Aluminium, Copper) 

The wear coefficient equation is function of 

velocity which is given below for steel, copper 

and aluminium. 

 

y = 2E-06x
3
 - 2E-05x

2
 + 4E-05x + 6E-05 

             (10)                                     

y = 0.0007x
3
 - 0.0053x

2
 + 0.0029x + 0.0483 

             (11) 

y = 0.0011x
3
 - 0.0104x

2
 + 0.0235x + 0.0019  

             (12)    

The results are plotted for wear coefficient 

verses velocity as shown fig.12
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R² = 1 
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Fig.12 velocity Vs wear co-efficient (Steel, 

Aluminium, Copper) 

7. CONCLUSION 

The wear experiments were carried out for three 

different materials which are steel, copper and 

aluminium against steel. 

Adhesive wear is measured for all the three 

combinations. 

The wear model is developed using curve fitting 

methods with respect to different loads and 

velocities. 

FEA model was developed using contact 

analysis to measure the wear. 

 The wears were obtained through empirical 

relation and the FEA model was compared and 

found that it had close agreement within 5%. 
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    NOMENCLATURE 

 

w          Wear dimension 

  P           Applied load (N) 

m          Coefficient of friction 

t           Time(minutes) 

 V           Wear volume (mm
3
) 

  S            Sliding distance (mm) 

W           Normal load (N) 

 K          wear coefficient 

H       Hardness of the material (N/mm
2
) 

c         Non dimensional constant 

 

WRT       Wear track radius(mm) 

ASTM     American Standard Testing   

Aa             Apparent Area (mm) 

Ar         Real contact Area (mm)

Rob Bosman 
 
, Dirk Jan Schipper“Transition   

                     from mild to severe wear        

                     including running in     
                     effects”(2011) 
             
Anirban Mahato, Thomas A. Perry,  

                        Vikram Jayaram, S.K. Biswas        

                        “Pressure and thermally induced  

                           stages of wear in dry sliding of    

                            a steel ball against aluminium– 

                           silicon alloy flat”(2010)    
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