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Abstract: In this paper, the effects of normal loading and 

abrasive grain size on the friction and wear behaviour of two-body 

abrasive wear for the species Thieghemella heckelii, Khaya 

anthotheca and Pericopsis elata, commonly known as makore, 

mahogany and assamela, respectively, were investigated. The 

abrasion tests were conducted at a rotational speed of 40 rpm for 

a period of 250 s, with load levels of 250 g, 500 g, and 750 g, using 

abrasive wheels with grain sizes of P600, P120, P80, and P60 in 

dry friction conditions. Before the wear tests, a study of the 

physico-mechanical properties was carried out. It was found that 

makore is less dense and more elastic than mahogany and 

assamela. Furthermore, the abrasion results showed that the worn 

volume increases linearly with time as the pull-out strength of the 

wood particles increases with their elasticity. The irregularity 

observed in the three-body abrasion of some wood species above a 

particular value of abrasive grain size was observed in the 

abrasion of our species at all three load levels. Indeed, the abrasion 

technique used reveals the abrasion resistance at all angles of 

attack. However, the effect of the size of the abrasive grains is not 

observed on the variation of the friction coefficient. Furthermore, 

the evolution of the friction coefficient with time observed in a 

contact between a smooth and a rough surface was also observed 

when the operating conditions became stable in the contact. At 

high loads, the wear coefficient decreases and reaches a critical 

value from which the evolution is constant for the smaller grain 

diameters (P600) as long as the decrease is moderate for the 

remaining abrasive grains. Similarly, as the load increases, the 

friction coefficient decreases to a moderate value. 
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I. INTRODUCTION

Wood is a natural material that comes from a highly

complex living organism. For more than 100,000 years, 

humans have learned to control fire by rubbing a piece of 

hardwood inside a piece of softwood. However, humans have 

always sought to reduce friction and avoid wear to minimise 

effort [1]. The process of abrasive wear, which involves 

mechanically tearing particles from a material using abrasive 

paper, has been applied to metal, plastic, and composite 

materials [2]. Wood is a natural material derived from a 

highly complex living organism. Nowadays, these wear 

methods are also applied to wood and are fundamental for 

determining wear resistance [3]. Additionally, several 

tribological studies have been conducted on various wood 

materials. For example, [4] compares the abrasive wear 

properties of aluminium and katsura wood and concludes 

from their research that the two-body abrasive wear of katsura 

wood is phenomenologically comparable to that of 

aluminium when the elastic limit of the material is adopted as 

the wear variable [5]. studied the effects of annual rings on 

the abrasive properties of wood and reported that fewer than 

three yearly rings on the rubbing surface can produce an 

irregular property [6]. reported that in two-body abrasive 

wear, wood becomes more challenging to abrade as the yield 

strength and density of wood increase, and the microstructure 

of the wood surface also affects abrasive wear [7]. report that 

an increase in the mechanical properties of wood, e.g., 

compressive strength or macro-hardness, also leads to an 

improvement in its abrasion resistance. The majority of the 

previously mentioned work has focused on the parameters 

that influence material wear, and it appears that parameters 

such as load, microstructure, hardness, and abrasive grain size 

significantly impact the wear resistance of materials. In this 

work, we consider three wood species: Makore, Mahogany, 

and Assamela. These species are used in work where friction 

and wear are significant problems, especially for wooden 

floor coverings. Therefore, it 

becomes essential not only to  

look at the parameters that 

influence or accelerate wear, 
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but also to analyse the influence of these parameters on the 

friction behaviour. In this study, the rubbed surface is 

perpendicular to the direction of the wood fibres. The 

objective of the present study is to evaluate the effect of load 

and abrasive grain size on the friction and wear behaviour of 

dry contact between wood and abrasive wheels. 

II. MATERIALS AND METHODS 

A physico-mechanical characterisation study of makoré, 

mahogany, and assamala wood species was carried out on 

healthy, defect-free, standardised specimens of small 

dimensions from diametral plates obtained using plot sawing. 

The geometric characteristics of the specimens for this 

characterisation study are described in Figure 1. Before 

testing, each specimen was conditioned for two months in the 

Laboratory of Mechanics and Modelling of Physical Systems 

(L2MPS) at the University of Dschang, where the 

temperature and relative humidity were regulated at 24 °C ± 

2 °C and 65% ± 5%, respectively. Throughout our 

experiments, the specimens were weighed using a My Weigh 

brand balance with a precision of 0.01 g (Fig. 3b). 
 

 

[Fig.1: Geometric Characteristics of Physical and 

Mechanical Characterisation Specimens] 

A. Density 

Specimens of size 20*20*20𝑚𝑚3 in the respective natural 

orientations (RTL) (Fig. 1a) were made according to the 

current standard (NF B51-004), and the standard (NF B51-

005) was used for the determination of moisture content. The 

volume of each specimen is determined by its buoyancy. 

B. Modulus of Rupture in Static Bending 

The modulus of rupture was determined using a branded 

hydraulic press (Fig. 2c), which had a maximum load cell of 

100 bar. The specimens have dimensions of 20 × 20 × 360 

mm³ in the Radial, Tangential, and Longitudinal (RTL) 

directions, respectively. Four-point bending tests were 

performed, and the modulus of rupture was obtained 

according to NF B 51-008 as follows: 

( )
2

3

2

P l a

bh


−
=                                           ( )1  

Where P is the maximum load, l is the distance between the 

two support points, a is the distance between the two load 

points, b is the width, and h is the height of the specimen. 

C. Longitudinal Modulus of Elasticity 

To measure the modulus of elasticity of our species, we 

have chosen to use a non-destructive method. The method 

used is called the HOOKE method. This method is used at 

CIRAD (Agriculture Research Centre for International 

Development) for characterising the modulus of elasticity of 

wood. On beams of dimensions 20*20*360 mm³ (RTL) 

without defects, two extensometer gauges are glued to the 

half of the Wheatstone bridge (Fig. 1c). The beam, placed on 

the test bench as shown in Figure 2a, is tested in static 

bending at four points according to the standard NF B 51-016. 

The strain at the centre of the specimen is recorded using the 

extensometer bridge (Fig. 2b). Table I presents the physical 

and mechanical properties of the species. 
 

 

[Fig.2: Four-Point Static Bending Apparatus] 

Table I: Physical and Mechanical Properties of Species 

Spicies 
MOR in Static 

Bending (MPA) 

MOE in Static 

Bending (MPA) 
Density kg/m3 

 Value 
Hum

idity 
Value 

Hum

idity 
Value 

Hum

idity 

Makore 46±4 14 9711±3461 14 654±30 14 

Assamela 67±7 14 9647±1849 14 669±67 14 

Mahogan

y 
46±4 14 7911±493 14 711±26 14 

D. Wear Test 

In this section, the specimens used have a geometric 

dimension of 112 mm in diameter and 7 mm in thickness (Fig. 

3a) and were subjected to an abrasion test using a Taber 

abrasimeter model DH-TA-01. The wooden specimen was 

placed on the positioning plate after weighing with a 

precision balance (Fig. 3b). Then, the specimen was pressed 

from above by two abrasive wheels with a diameter of 45 mm 

and a distance of 63.5 mm. Once contact is made at t = 0, the 

positioning plate and specimen assembly rotate at a speed of 

40 rpm, causing abrasive wear. The dynamic friction 

coefficient and wear rate in stationary sliding are then 

measured at successive time intervals ranging from 10 to 250 

seconds. Between each measurement, the drive system is 

stopped, the mass is reweighed, and the contact surface is 

cleaned with a brush. Figure 3c shows the test process in 

detail. The torn-off particles are vacuumed off by the vacuum 

cleaner nozzle so that they do not contribute to the movement. 

The abrasive grains of the grinding wheels in the experiment 

were P60, P80, P120, and P400 alumina. The masses used to 

apply the load to the friction surface are 250 g, 500 g, and 750 

g, respectively. 
 

 

[Fig.3: (a) Abrasion Test Specimens, (b) Balance and (c) 

Abrasimeter] 
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III. RESULTS AND DISCUSSION 

A. Evolution of Worn Volume and Coefficient of Friction 

Over Time 

To examine the resistance to tearing of particles from 

makore, assamela, and mahogany species, specific physical 

and mechanical properties were determined and listed in 

Table 1. The analysis shows that makoré is more elastic and 

less dense compared to assamela and mahogany. Figure 4 

illustrates the variation in worn volume over time. Regardless 

of the size of the abrasive grains, the worn volume increases 

linearly with time for each species. The wear coefficient is 

then calculated from the linear range of wear volume curves 

as a function of time, as the wear volume (in) divided by the 

sliding distance (in m) and the applied load (in N). 

By examining the curve in Figure 4, we observe that the 

coefficient of friction increases gradually over time, up to 

approximately 50 to 70 seconds (depending on the load P), 

and then increases rapidly beyond this range. This result 

indicates that the coefficient of friction increases 

exponentially with time. Indeed, the phase during which the 

coefficient of friction increases slightly corresponds to the 

adaptation of the real contact area of the couple. We transition 

from static friction to dynamic friction, and this process 

occurs more rapidly as the load P increases. The second 

phase, during which the coefficient of friction increases 

rapidly, indicates an established phase of the operating 

conditions at the contact interface. Initially, the real contact 

area is tiny. Over time, this contact area increases due to 

ageing and geometric rejuvenation of the contact interface. 

Moreover, the monotonous evolution of the dynamic friction 

force during the second phase suggests that the sliding does 

not replenish the population of microcontacts that carry the 

load. 
 

 
 

 

[Fig.4: Relationship Between: (a) Worn Volume (𝑚𝑚3) and 

Time (s) and (b) Dynamic Friction as a Function of time (s)] 

B. Influence of Abrasive Grain Size on the Wear 

Coefficient 

The curves in Figure 5 clearly show the influence of 

abrasive grain size on the wear coefficient. It can be observed 

that the wear coefficient decreases as time increases. Indeed, 

the wear coefficient decreases rapidly during the first 50 

seconds because, at the beginning of the slip, the states of the 

surfaces of the couple change rapidly. Beyond this instant, it 

becomes almost constant, i.e., independent of time, because 

the surfaces are nearly polished. It can also be noticed that the 

variation of the wear coefficient depends on the size of the 

abrasive grains [8]. Thus, to examine the effect of abrasive 

grain size on the wear coefficient in detail, we have plotted 

the curves in Figure 6. This is the evolution of the wear 

coefficient as a function of the size of the abrasive grains at 

time t = 250 s within different specimens. The wear rate 

within the three species is approximately the same. Table II 

shows the variation in the wear coefficient in the three species 

tested under loads of 250g, 500g, and 750g as a function of 

the size of the abrasive grains, P600, P120, P80, and P60. 

The value of the wear coefficient in each of the curves in 

Figure 6 corresponding to each species increases with the size 

of the abrasive grains. It reaches a peak from which an 

irregularity is observed. This peak varies among the three 

species, depending on the changes in grain size of the 

abrasive wheels. For mahogany species, this change in 

tendency is observed when d > 150 𝜇𝑚 and when d > 200 𝜇𝑚 

for makore and assamela species. Indeed, the limit value that 

indicates these observed effects is controlled by the elastic 

limit of the different materials as well as their microstructure. 

This irregularity is due to the change in abrasive grain size. 

Then, the result may occur because the critical effect of 

abrasive grain size has not been considered. Furthermore, the 

abrasion accelerates in contact with the abrasive grain and a 

vessel in a heterogeneous distribution of vascular cells. 

Indeed, the size of the abrasive grains at which the rate of 

wear increases irregularly corresponds to the values of the 

average size of the vessels of the vascular cells [9]. 
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[Fig.5: Evolution of the Worn Volume with Time and 

The Size of the Abrasive Grains] 

 
 

 

 

[Fig.6: Relationship Between Wear Coefficient and 

Average Abrasive Grain Size (μm)] 

Table II: Variation of the Percentage Wear Coefficient of 

the Species According to the Size of the Abrasive Grains 

for Each Value of the Mass 

 Wear Coefficient Ratio in Percentage (%) 

Species Mass 

Between 

P600 and 

P120 

Between 

P120 and 

P80 

Between P80 

and P60 

Makore 

250g 63% 51% 112% 

500g 33% 80% 107% 

750g 36% 82% 100% 

Mahogany 

250g 28% 106% 94% 

500g 33% 81% 91% 

750g 32% 104% 76% 

Assamela 
250g 24% 74% 119% 

500g 40% 79% 87% 

C. Effect of Load on Wear Coefficient and Coefficient of 

Friction 

The curves in Figure 7 provide a clear overview of the mass 

effect on the temporal evolution of the wear coefficient. 

Indeed, the greater the load, the lower the coefficient of wear 

over time. To examine the phenomenon more closely, the 

curves in Figure 8 were plotted at t = 250 s. These curves 

illustrate the evolution of the wear rate as a function of the 

mass applied for different sizes of abrasive grains. For the 

majority of the specimens studied, the wear rate decreases 

rapidly when the mass increases by up to 500g, but beyond 

500g, this decrease is moderate [10]. Table III shows the 

variation in the wear coefficient of species as a function of 

mass for each size of abrasive grains.  For the P600 grit 

abrasive wheel, the wear rate remains almost constant beyond 

500 g. The difference observed with the other specimens may 

be due to the rubbed surfaces. When the abrasive wheels 

come into contact (for a given level of load) with the surface 

to be stressed (perpendicular to the direction of the fibres), 

the abrasive grains easily tear off the particles of the fibres of 

early wood, unlike those of old wood. 
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[Fig.7: Evolution of the Wear Coefficient Over Time as a 

Function of the Load] 

 

 

 

[Fig.8: Relationship Between the Wear Coefficient and 

the Mass of Species] 

Table III: Variation in the wear Coefficient of Species as 

a Function of Mass for Each Size of Abrasive Grains 

Size of Abrasive Grains 

Species Mass P600 P120 P80 P60 

Makore 

Between 250g 

and 500g 
50% 95% 61% 64% 

Between 500g 

and 750g 
94% 87% 84% 90% 

Mahogany 

Between 250g 

and 500g 
65% 54% 71% 74% 

Between 500g 

and 750g 
97% 100% 79% 94% 

Assamela 

Between 250g 

and 500g 
110% 66% 61% 82% 

Between 500g 

and 750g 
73% 100% 91% 55% 

 

Figure 9 gives the relationship between the coefficient of 

friction and mass. We observe that the coefficient of friction 

decreases as the mass increases, and this occurs in two 

phases. Indeed, it is noted that during the first phase, a rapid 

decrease in the coefficient of friction occurs. Specifically, 

when the mass doubles, the coefficient of friction decreases 

by 50% for assamala and mahogany, and by 47% for makore. 

However, during the second phase, a moderate decrease is 

observed, as the coefficient of friction decreases by 67% 

across the three species. Generally, an increase in load leads 

to a reduction in the coefficient of friction [11]. Indeed, at low 

loads, the surfaces cling together through the interweaving 

(entanglement) of the roughness of the opposing surfaces, 

thereby increasing the grip. On the other hand, when the load 

increases, the tangential force also increases, and the plastic 

deformations become more significant, thus favouring the 

tearing of the particles at the contact interface [12]. We also 

notice that makore resists abrasion a little more than 

mahogany and assamela. Indeed, the characterization of our 

essences reveals that makoré is more elastic than assamela 

and mahogany. 
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[Fig.9: Evolution of the Coefficient of Friction with 

Normal Load] 

IV. CONCLUSION 

This study enabled us to provide answers to specific 

questions regarding the tearing resistance of particles from 

the makoré, mahogany, and assamela species subjected to a 

normal load in dry sliding contact. Based on the test results, 

we can draw the following conclusions: 

▪ Note that among the species studied, makoré has the 

highest modulus of elasticity, followed by assamela 

and finally mahogany. 

▪ The wear volume increases linearly with time in the 

three species.  

▪ The coefficient of friction of our species grows 

exponentially over time, and this growth is the 

consequence of the increase in the static threshold and 

the ageing of the contact interface. 

▪ The wear coefficient increases with the size of the 

abrasive grains until it reaches a maximum value from 

which irregular behavior is observed. Indeed, this is 

because the tearing of the particles occurs at all angles 

of attack on the contact surface of the couple. 

However, the size of the abrasive grains does not 

affect the coefficient of friction. 

▪ It also emerges from this study that the wear 

coefficient decreases with increasing load up to a 

threshold, from which the decrease is moderate for 

abrasive wheels with large abrasive grain sizes and 

almost constant for grinding wheels. With petite grain 

sizes. 

▪ The normal load has a significant effect on the friction 

behavior. When the load increases, the coefficient of 

friction decreases up to a certain threshold, from 

which it decreases moderately. Moreover, the 

coefficient of friction increases with the physical and 

mechanical properties of the species. 
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