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INTRODUCTION

In the mining and aggregates industry, crush-
ing operations are critical and costly processes 
within the mechanical crushing chain. Jaw 
crushers, widely used in primary and secondary 
crushing stages [1], as well as in mineral selec-
tion methods, such as magnetic separation, con-
stantly face operational challenges that have sig-
nificant economic impacts on extractive opera-
tions, as machinery components and devices are 
subject to wear and corrosion during operation. 
Although jaw crushers can achieve high produc-
tion compared to other crushers, they have high 

wear rates. Therefore, they must maintain a bal-
ance between efficiency and durability, making 
it essential to understand the mechanisms that 
govern the wear of critical components, which 
significantly determine the reliability indices for 
mining productivity [2, 3]. 

The wear in crusher components mainly re-
sults from a combination of abrasion, impact, 
and plastic deformation. The resistance to wear 
depends strongly on the microstructural response 
of the material under cyclic loading and strain 
hardening, particularly in Hadfield steels [4, 5]. 
Several studies have analysed how compression 
and sliding conditions influence wear behaviour 
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and energy consumption in crushing equipment 
[6]. The works of Chen et al. [7] and Zambrano 
et al. [8] also provide insights into impact wear 
mechanisms and plastic deformation under se-
vere service conditions.

The components of this equipment, particu-
larly the jaws, are subjected to extreme working 
conditions, severe abrasion, and permanent con-
tact with highly erosive materials. The progres-
sive wear of the linings constitutes the main source 
of problems, as it gradually modifies the original 
geometry of the equipment, directly affecting its 
performance and operational efficiency [9, 10]. 
Ferritic manganese alloys (also known as Hadfield 
alloys in recognition of their creator) are widely 
used in the equipment exposed to wear and impact-
abrasion conditions, such as mineral material frag-
mentation, grinding equipment coatings, and rail-
way crossings [11, 12]. Hadfield steels are widely 
used in the equipment subjected to abrasive wear 
and impact due to their superior work hardening. 
Their mechanical behaviour is related to martens-
itic transformations, dislocation interactions and 
twinning, mechanisms dependent on the stacking 
fault energy characteristic of austenite [4, 5].

In mining and construction, impact wear is a 
distinctive form of material deterioration that is 
frequently observed [13], characterised by the in-
teraction between collision and abrasive sliding 
processes. This mechanism predominates on sur-
faces that are in direct contact with fragmented 
material. The abrasive phenomenon is highly 
persistent over time, and the results obtained in 
wear tests are significantly affected by the me-
chanical and abrasive characteristics of the rock 
used during the experiment [14]. Abrasive wear 
causes microstructural alterations, manifested as 
plastic deformations and microcracks in the sur-
face roughness located in the contact coatings 
subjected to friction [7].

The wear in jaw crushers is a complex pro-
cess caused by the interaction of mineral parti-
cles with the jaw surfaces under severe operating 
conditions. The dominant mechanisms include 
abrasive wear, produced by the sliding and roll-
ing of hard particles that progressively remove 
material and alter the jaw geometry; impact wear, 
generated by the repeated collisions of large frag-
ments that induce plastic deformation, surface 
fatigue, and crack initiation [13]; adhesive wear, 
which occurs when particles adhere to and detach 
from the jaw surface, removing small fragments 
of the liner; and fatigue wear, resulting from 

cyclic stresses during continuous crushing that 
propagate microcracks and weaken the material. 
Among these mechanisms, abrasive and impact 
wear are the most significant in mining applica-
tions, as they directly reduce the service life of the 
jaws and compromise crushing efficiency.

Experimental wear tests by abrasion or ero-
sion are usually carried out using laboratory-scale 
jaw crusher-type equipment, the constructive and 
economic limitations of which prevent the versa-
tile modification of the particles and the morpho-
logical configuration of the surfaces subjected to 
wear [14]. Likewise, the erosive characteristics 
and the inherent physical properties of the ma-
terial to be crushed are the variables that have a 
significant influence on the results obtained in ex-
perimental abrasion analyses. Several investiga-
tions addressed the wear in jaw crushers [6, 13].

The advancements in computational methods 
have made the discrete element method (DEM) a 
fundamental tool for simulating particle fragmen-
tation in mining machinery, successfully expand-
ing into agriculture, mining, and engineering. The 
versatility of the DEM approach lies in its ability 
to model granular systems by representing indi-
vidual particles and their interactions. To represent 
particle breakage, the simulation uses the particle 
replacement model (PRM) that is integrated into 
EDEM and other software, a model that is a modi-
fication of the Hertz Mindlin contact model [1, 
15]. In crushing, Quist and Evertsson developed a 
study of the Svedala H6000 cone crusher, combin-
ing experimental measurements with DEM simu-
lations [14]. In turn, Jiang et al. implemented a 
hybrid methodology that integrates DEM with the 
Archard wear model to analyse crusher linings [8, 
16]. The application of the DEM method has also 
been extended to high-pressure grinding equip-
ment [16]. Recent computational advances have 
allowed the use of DEM to investigate the crush-
ing behaviour and wear in different types of crush-
ers. For instance, Jiang et al. [8] applied a bonded 
particle model in DEM to study iron ore fragmen-
tation in cone crushers, demonstrating how op-
erational parameters, such as eccentric speed and 
closed side setting directly influence throughput, 
energy consumption, and liner wear. 

Advances in fracture modelling within the 
DEM framework have been particularly notable, 
with the contribution of Tavares standing out, 
who proposed an efficient fracture model based 
on spherical representations. This approach has 
been successfully implemented in commercial 
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platforms such as EDEM, facilitating its adoption 
in industrial applications [17]. In recent years, 
the Tavares breakage model was used in vari-
ous crushers such as mills. Barrios and Tavares 
employed an integrated simulation methodol-
ogy combining multi-body dynamics (MBD) and 
DEM [18,19]. Rodríguez et al. implemented the 
DEM-MBD-PRM computational simulations to 
thoroughly investigate the wear conditions on 
the operational performance of the high pressure 
grinding rolls [17]. Wu S. and his team applied 
the DEM-MBD integration to evaluate the damp-
ing parameters on the vibrational behaviour of a 
gyratory crusher [11]. DEM alone is insufficient 
to characterise complex dynamic behaviours. Be-
haviours such as in jaw crushers, where eccen-
tric displacement generates elliptical trajectories 
that are difficult to model on platforms such as 
EDEM. However, it is also necessary to identify 
the interaction parameters that form the basis for 
correctly simulating rock crushing. Therefore, 
material calibration represents an optimal meth-
odological strategy for validating the particle-
particle and particle-geometric surface interaction 
parameters, allowing the real behaviour of rocks 
and crusher grinding wheels to be simulated us-
ing the Hertz Mindlin [1], Archard wear and Ta-
vares contact models.

Previous studies on crusher wear have em-
ployed both experimental and computational 
methodologies. Experimental investigations per-
formed with laboratory-scale jaw crushers have 
provided valuable insights into abrasion and ero-
sion mechanisms, but they are limited in scalabili-
ty and versatility. Some works have demonstrated 
the effectiveness of austenitic manganese steels in 
resisting abrasion under impact conditions, while 
others have highlighted the influence of com-
pression and sliding on energy consumption and 
wear. On the computational side, DEM has been 
applied to cone crushers, showing the potential 
of numerical approaches for capturing particle 
breakage. More recently, bonded particle models 
have been used to investigate ore fragmentation 
in cone crushers, linking operational parameters 
to throughput, energy, and liner wear. These con-
tributions underline the complementary roles of 
experimental validation and advanced simula-
tions in understanding crusher wear. This research 
focused on a comprehensive analysis of the size 
of rock fragments entering the crushing system, 
the geometric configuration of the crushing jaws, 
and the operational kinematics of compression 

crushing equipment. The current study comprises 
a comprehensive evaluation that examines abra-
sive wear as a function of the particle size of the 
processed particles and their dynamic interaction 
with the jaw profiles under actual industrial oper-
ating conditions. To address the limitations iden-
tified in previous approaches and improve predic-
tive accuracy in crushing equipment simulation, 
this paper proposed a DEM-MBD-PRM simula-
tion methodology in conjunction with the Tavares 
breakage model and the Archard wear model.

There is a significant gap in specific knowl-
edge about the effect of abrasive particle size on 
material wear as well as abrasive and erosive be-
haviour in crusher jaws.

Most of these studies have been centred on 
cone and gyratory crushers, with limited atten-
tion to jaw crushers, particularly regarding the 
combined influence of feed particle size and jaw 
geometry on wear evolution. This represents a 
critical gap, since abrasive and impact wear in 
jaw crushers are strongly dependent on both the 
size distribution of feed material and the dynamic 
interaction with the jaw profiles. The novelty of 
the present work lies in coupling DEM, MBD, 
and PRM, together with the Tavares and Archard 
wear models, to provide a detailed assessment of 
how particle size and jaw geometry jointly affect 
abrasive wear and operational efficiency under re-
alistic industrial conditions.

RESEARCH METHODOLOGY

Case study parameters

The material simulated in this research cor-
responds to copper ore, represented by particles 
of varying sizes. The particle sizes are considered 
for secondary crushing. Figure 1 depicts a typical 
copper sulphide ore processing plant, showcasing 
equipment, such as jaw crushers, impact crushers, 
a ball mill, a spiral classifier, and flotation ma-
chines used for concentrating copper minerals.

Table 1 shows the copper size distributions. 
Scenario 1 incorporates particles smaller than 50% 
of the maximum feed size; scenario 2 comprises 
particles larger than 50% of the maximum feed 
diameter. The third scenario combines the par-
ticles from scenario 2 (25%) with a predominant 
fraction from scenario 1 (75%). This approach al-
lows for a comprehensive analysis of the effect of 
particle size on crushing performance, optimising 
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processing parameters and predicting mineral be-
haviour during comminution in copper mining.

The precise determination of the feed opening 
dimensions is a fundamental aspect in the design 
and efficient operation of crushing equipment. 
When selecting jaw crushers, various parameters 
must be evaluated, including the maximum dimen-
sions of the materials that will enter the equipment 
and the required production capacity. The width 
and length of the feed opening were considered. 
References [21] and [22] are crucial as they pro-
vide the conceptual framework and the mathemat-
ical modifications required to derive Equations 
1 through 7. Specifically, these references detail 
the decomposition of the W (Normal Load) and L 
(Sliding Distance) terms into variable components 
dependent on the motion of the movable jaw and 
the particle-liner interaction, enabling a detailed 

formulation of the local wear rate of the equip-
ment. Equation 1 is used to determine the maxi-
mum diameter of particles entering (Dmax) based 
on the feed opening width (A) as follows:

	 max 0.8D A= × 	 (1)

Equation 2 shows that the feed opening 
length (L) is directly proportional to the width of 
the feed opening which is multiplied by a factor 
ranging from 1.5 to 2. These factors are correlated 
the length and width as follows:

	 (1.5 2)L A= × 	 (2)

Both dimensions of the crusher feed opening 
are shown in Figure 2. On the basis of the max-
imum size of the rocks, it was decided that the 
jaw crusher model should be an APJ-2540E 250 
× 400. Figure 3 shows the design of the crusher, 
and Table 2 shows its parameters.

Material properties and parameters

Material properties are those that represent 
the material, such as modulus of elasticity (or 
shear modulus), solid density, and Poisson’s ratio. 
Table 3 presents the individual properties of the 
material and austenitic steel, which were select-
ed based on the research of Moncada et al. [11, 

Figure 1. Copper sulphide ore processing flowsheet [20] 

Table 1. Copper particle size distribution using DEM 
simulations

Sample Particle size 
(mm) Material Particle size 

distribution %
1 [80–100] Copper 100

2 [100–120] Copper 100

3
[80–100] Copper 75

[100–120] Copper 25
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Figure 2. Feed opening dimensions in mm

Figure 3. The crusher model used in simulation

Table 2. Jaw crusher parameters [23]
Features Value

Feed opening (mm) 250 × 400

Maximum feed size (mm) 210

Output size (mm) 20-80

Capacity (t/h) 5-20

Power (kW) 15

Overall dimensions (mm) 1450 × 1315 × 1296

Weight (t) 2.8

24]. Contact parameters define the contact forces 
that calculated by the contact models and these 
parameters responsible for particle movement. 
The values of these parameters depend on the two 
materials in contact. These values were carefully 
selected considering the physical characteristics 
of the copper ore and the properties of the austen-
itic steel used in the construction of the crushing 
equipment. Table 4 shows the interaction proper-
ties, which were established based on the research 
by Moncada et al. [24]. The coefficients of fric-
tion, restitution, and adhesion were calibrated by 
comparing them with the experimental data from 
the article by Moncada et al. The material and 
contact properties in Tables 3 and 4 were used 
both in the calibration of the parameters and in 
the DEM simulations of the jaw crusher. This 
dual methodology made it possible to verify the 

Table 3. Material properties in DEM simulations
Properties Copper Manganese steel

Density [kg/m3] 2930 7850

Poisson’s ratio 0.3 0.25

Young’s modulus 1900 [Mpa] 190 [GPa]

Table 4. Properties of particles and steel
Parameter Value

Restitution coefficient (PP) 1 0.3

Restitution coefficient (PJ) 1 0.3

Static friction coefficient (PP) 1 0.25

Static friction coefficient (PJ) 1 0.5

Rolling coefficient (PP) 1 0.4

Rolling coefficient (PJ) 1 4

Note: 1PP : particle-particle; PJ: particle-jaw.

consistency of the model and optimise the input 
values to achieve greater accuracy in predicting 
the behaviour of the system. Figure 4 shows the 
two profiles of the two jaw models; model 1 has a 
sharp profile, and model 2 has a standard profile.

Discrete element method

The discrete element method (DEM) is a 
numerical simulation technique that solves the 
problems involving discontinuous media [26] by 
modelling the medium as discrete particles with 
specific properties and independent movement. 
Table 5 shows the considerations to be taken into 
account when simulating the difference between 
particles and geometry.

EDEM integrates base models, Hertz Midlin 
and Hertz Midlin with Johnson-Kendall-Roberts, 
the former for non-cohesive particles and the latter 
for cohesive particles. There are also contact mod-
els, [27, 28]. For the simulation, the base model 
used is the Hertz Midlin base model [21], the nor-
mal force is calculated using Equation 3 as follows:
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	 3/ 2* *4
3n nF E R δ= 	 (3)

where:	𝐹𝑛 – normal contact force, E – reduced 
modulus of elasticity, R * – particle ra-
dius, normal overlap.

Equation 4 shows the modulus of elasticity of 
elements i and j as follows:

	 ( ) ( )2 21 1
1 / i j

i j

v v
E

E E
∗

− −
= + 	 (4)

where:	𝐸𝑖 – modulus of elasticity of element i, 𝐸𝑗 
– modulus of elasticity of element j, vi – 
Poisson’s ratio of element i, vj – Poisson’s 
ratio of element j.

Equation 5 shows the particle radius of ele-
ments i and j as follows:

	 1 11/
i j

R
R R

∗ = + 	 (5)

where:	Ri – particle radius of element i, Rj – par-
ticle radius of element j.

Equation 6 shows that the tangential force is 
calculated as follows:
	 t t tF S δ= 	 (6)

Equation 7 shows that the tangential stiffness 
is calculated as follows:

	 * *8t nS G R δ= × 	 (7)

where:	Ft – tangential force, 𝑆𝑡 – tangential stiff-
ness, 𝛿𝑡 − tangential overlap/displace-
ment, 𝐺 ∗ – shear module.

Tavares’ breakage model

Tavares’ Universidade Federal do Rio de Janei-
ro model captures the fracture mechanisms in par-
ticle collisions, determining the final particle size 
distribution and establishing fragmentation pro-
cesses for brittle materials. It considers dimensional 
variability, probability of rupture, and deterioration 
due to cyclic loads. In comminution, particles suffer 
impacts that are insufficient for immediate fracture, 
but their repetition accumulates the energy that gen-
erates internal deterioration similar to microcracks, 
progressively weakening them. This increases their 
vulnerability, allowing subsequent impacts with 
less energy to cause rupture. This process is called 
particle damage accumulation [29, 30]. EDEM de-
tects these impacts, calculates the absorbed energy, 
and updates the residual fracture energy according 
to the accumulated damage [31].

Particle replacement model

A parent particle is replaced by several 
daughter particles, each time the first particle is 
subjected to a force that exceeds the maximum 
permitted value [32]. The fragmentation intensity 
is quantified by the single parameter t₁₀, which in-
dicates the fraction of fragments the size of which 
is less than one-tenth of the initial particle dimen-
sion [33]. Figure 5 shows the particle replacement 
method, developed with the Universities of Rio 
de Janeiro and Edinburgh. Table 6 shows the cop-
per breakage parameters that were established 
based on the research of Moncada et al. [24], who 
conducted a study on the crushing of copper with 
a cone crusher. 

Archard wear model

The Archard Wear model extends base models 
for estimating wear depth, based on the principle 

Figure 4. Jaw with a sharp profile and a standard 
profile [25]

Table 5. Comparison of particles and geometry
Particles Geometry

Moving freely Not moving freely

Affected by gravity Not affected by gravity
Movement determined by 

collisions
Determining by movements 

created
Possible wear Wear out

Created in EDEM Created in another 
programme

Without mesh Having mesh
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that material removal is proportional to the fric-
tional work exerted by moving particles [15, 27]. 
Equation 8 shows the mathematical model of Ar-
chard’s equation.

	 tV w F d∆ = × × 	 (8)

where:	∆V – removed material volume, w – wear 
constant, d – tangential distance travelled, 
F – tangential force. 

Equation 9 shows that the variation in volume 
is related to the variation in shear work and the 
wear constant [22].

	
kV Wc
H

∆ = ×∆ 	 (9)

where:	k – dimensionless constant characteristic 
of the material, H – Vickers hardness of 
the softest surface (in Pa), ∆Wc – shear 
work variation. 

For its implementation, it is simplified to a 
single wear constant to facilitate its integration 
into the EDEM software; this simplification main-
tains the physical essence of the phenomenon. In 
other words, the same actual volume loss can be 
achieved if the constant is increased. The same 
wear will be presented in less time for the simula-
tion in comparison of what would happen in real-
ity. Equation 10 shows the accelerated constant () 
that can be calculated based on the acceleration 
factor (a) and constant characteristic of the mate-
rial (k) as follows: [34]:

	 acceleratedC a k= × 	 (10)

Equation 11 is used for predicting the mate-
rial volume to be removed as follows [35]:

	 *kV a Wc
H

∆ = × ×∆ 	 (11)

The input to EDEM corresponds to the wear 
constant with units 1/Pa, allowing direct calibra-
tion with the experimental data. Figure 6 shows the 
methodology used in a flow chart, identifying the 
cycle experienced by the particle during impact.

Material calibration

This procedure seeks to accurately replicate 
the mechanical behaviour of granular material, 
ensuring that virtual simulations accurately re-
flect the wear and fragmentation characteristics 
observed under real mining conditions. Figure 7 
shows the geometry used to represent the rocks 
for material calibration.

It is also recommended that following a nor-
mal distribution with respect to size be much more 
realistic than a fixed distribution. Figure 8 shows 
the distribution of particles, using the normal 
distribution. Figure 9 shows that the calibration 
method in EDEM follows a systematic approach 
that begins with understanding and classifying the 

Figure 5. Particle replacement [19]

Table 6. Breakage parameters for copper
Parameter Unit Value

E50 parameter (d0) [mm] 8.07

E50 parameter (E∞) [J/kg] 213.5

Adjustment parameter (ϕ) [-] 1.22
Standard deviation of fracture energy 
(σE) [-] 0.799

Constant damage  (γ) [-] 0.3

Alpha percentage (α) [%] 67.7
Impact fracture parameter used in the 
calculation of t10, (b’) [-] 0.029

Minimum particle size for fracture (dmín) [mm] 5–100

Minimum collision energy (Emín) (J) 1

Shear energy fraction (Ct) [-] 1

Note: E₅₀ (d₀) – characteristic size parameter, 𝐸∞ – 
fracture energy at infinite size, ϕ – fitting parameter, 
σE – standard deviation of fracture energy, γ – damage 
constant, α – percentage of broken particles, b′ – 
impact fracture parameter used for t10, dmín – minimum 
particle size for fracture, Emín – minimum collision 
energy, and Ct – shear energy fraction.
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material to be modelled, followed by understand-
ing the physical process to be simulated. Subse-
quently, the experimental test is reproduced within 
the virtual environment of EDEM, maintaining the 
same boundary conditions and geometry as the ac-
tual experiment. Figure 10 shows the calibration 
with particles, the geometry of which is similar to 
that of a rock, as shown in Figure 7. This granular 
material, modelled in the Altair EDEM software, 

is allowed to fall freely onto a surface, forming a 
cone and validating the behaviour of the particles. 
After the calibration simulation, the angle obtained 
from the script validates the angle of repose after 
several simulations until the appropriate param-
eters are found. Figure 11 shows the measurement 
of the angle of repose of the rocks or particles.

The spatial distribution of the particles shows 
the initial configuration of the material at rest, 

Figure 6. Flow chart of simulation pre-processing, processing, and post-processing

Figure 7. Particle representing copper rock
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Figure 8. Particles number distribution for calibration

Figure 9. EDEM software methodology for 
calibration

Figure 10. Final stage of material calibration

where each granular element maintains its indi-
vidual properties of shape, size and density, estab-
lishing the boundary conditions necessary to eval-
uate the behaviour of the whole during interaction 
with the jaw crusher using DEM simulation. 

RESULTS AND DISCUSSION

Figure 12 shows a snapshot of the DEM simu-
lation of crushed particles in the virtual jaw crusher. 
From a symmetrical cutting plane, particle break-
age, modelled using the Tavares Model, can be ob-
served. Figures 13 and 14 show the velocity and 
impact directions of the particles during crushing. 
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Figure 11. Particle calibration process

Figure 12. DEM simulation view of jaw crusher

The acceleration constant or the sharp-edge 
jaw was 2 × 10(-8)Pa-1 and for the standard profile 
jaw it was 2 × 10(-9)Pa-1, because if the same value 
is taken for the standard profile jaw, it triggers un-
stable wear. In Figure 13, the highest velocities are 
near the discharge, due to the freedom of the rocks 
to exit as they become smaller. Similarly, in Figure 
14, the impact directions are mostly present in the 
discharge zone. The results reflect that the DEM 
model effectively simulates the actual dynamics of 
crushers [36]. On the other hand, Figure 15 shows 
that the wear on the movable jaw has maximum 
values of 6.58e+01 mm in the areas of greatest 
contact with sample 2, which consists of large 
particles. This demonstrates that the particle size 

of the processed material significantly influences 
wear patterns, with greater intensity observed in 
the lower region of the jaw where the compressive 
forces are concentrated. The particles in sample 3 
generate more uniform wear patterns on the jaw 
compared to the larger particle size samples. 

Similarly, a more detailed comparison is 
shown in Figure 16 of the jaw model with a sharp 
profile, which shows that the wear on the fixed jaw 
has maximum values of 4.26e+01 mm in the areas 
of greatest contact with sample 2. The particles in 
sample 3 also generate more uniform wear patterns 
compared to the wear of the larger particle size 
sample, but sample 1 generates the least wear com-
pared to the other two particle size samples of the 
material, suggesting a direct correlation between 
particle size distribution and component life.

On the other hand, an illustrative comparison 
is shown in Figures 17 of the movable jaw of jaw 
model 2 with a standard profile. This compari-
son shows that the wear on the movable jaw has 
maximum values of 4.19e+01 mm in the areas of 
greatest contact with sample 2. The behaviour is 
similar in the fixed jaw. The particles in sample 
1 generate the wear patterns concentrated in the 
lower part, with a lower volume loss compared 
to the wear of the larger granulometric samples. 
Similarly, an illustrative comparison is shown in 
Figure 18 of the standard profile jaw model, which 
shows that wear on the fixed jaw has maximum 
values of 2.42e+01 mm in the areas of greatest 



191

Advances in Science and Technology Research Journal 2026, 20(3), 181–196

contact with sample 2. The particles in sample 3 
also generate more uniform wear patterns com-
pared to the wear of the larger grain size samples 
(sample 2), suggesting a direct correlation be-
tween grain size distribution and component life. 
However, the comparison in terms of wear time is 
shown in Figures 17a and 17b.

Figures 19 and 20 show the wear of the mov-
able and fixed jaws for each of the three copper 
grain size samples, over a period of 10 seconds for 

Figure 13. Particle velocity

Figure 14. Particle impact direction

jaw model 1. Sample 2 shows the greatest wear on 
both the fixed and movable jaws. The wear behav-
iour according to the samples is the same for jaw 
2, which shows that the increase in size and unifor-
mity results in greater wear than smaller particles.

The wear of 1 inch in 700 hours is a reference 
for the three cases of wear, the value of which 
allowed comparing the time it takes to achieve 1 
inch of wear for each of the three cases of rocks 
and jaws. The times it takes to achieve this wear 



192

Advances in Science and Technology Research Journal 2026, 20(3), 181–196

Figure 15. Wear of movable jaw 1 at: (a) sample size 1; (b) sample size 2; (c) sample size 3

Figure 16. Wear of fixed jaw 1 at: (a) sample size 1; (b) sample size 2; (c) sample size 3

Figure 17. Wear of movable jaw 2 at: (a) sample size 1; (b) sample size 2; (c) sample size 3

are shown in Tables 7 and 8. In jaw 1, it was ob-
served that the processing of smaller materials 
(Sample 1: 18s in simulation) resulted in a lon-
ger time for 1” wear to be achieved, exactly 787.5 
hours for the movable jaw and 1584.90 hours for 
the fixed jaw. In contrast, processing larger mate-
rials (Sample 2: 9s in simulation) showed a short-
er time, recording 393.75 hours and 660.38 hours 
respectively, indicating that the jaw can wear 
out quickly if only large particles are fed into it. 

This trend suggests that larger materials gener-
ate greater mechanical stress and abrasion on the 
crushing components. The comparative analysis 
between the two jaws reveals different behav-
iours in terms of durability and wear resistance. 
The jaw with a sharp profile showed a different 
wear pattern, especially noticeable in sample 2, 
where the fixed jaw experienced a wear time of 
600 hours compared to 660.38 hours for the stan-
dard jaw. Similarly, for sample 2, jaw 2 showed 
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Figure 18. Wear of fixed jaw 2 at: (a) sample size 1; (b) sample size 2; (c) sample size 3

Figure 19. Comparison of wear at: (a) movable jaws of model 1, (b) fixed jaws of model 1

Figure 20. Comparison of wear at: (a) movable jaws of model 2, (b) fixed jaws of model 2

245 hours of wear on the moving part compared 
to 393.75 hours for jaw 1. These differences are 
attributed to variations in design. In terms of op-
erational efficiency, the data indicate that feed 
size is a critical factor in optimizing the service 

life of crushing equipment. Jaw 1 demonstrated 
better overall performance in terms of wear re-
sistance, particularly for smaller materials, mak-
ing it an important factor in not accelerating wear 
time due to a uniformly larger size ranging from 
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50 to 100% of the maximum diameter allowed in 
the operations requiring continuous processing.

CONCLUSIONS 

This study addressed the critical problem of 
wear in jaw crushers, where abrasive and impact 
mechanisms strongly influence operational effi-
ciency and equipment lifetime. Previous research 
has mainly focused on experimental abrasion 
tests or computational studies applied to cone 
and gyratory crushers, leaving a significant gap 
in understanding the combined influence of feed 
particle size and jaw geometry on wear behaviour 
in jaw crushers.

The novelty of this work lies in applying a 
coupled (discrete element method-multibody dy-
namics-particle replacement method) methodolo-
gy, integrating the Tavares breakage model and the 
Archard wear model, to simulate industrial crush-
ing conditions with calibrated material parameters. 
The results demonstrate that reducing feed particle 
size and optimising jaw geometry can decrease 
wear by up to 50%, directly improving crusher ef-
ficiency, reducing maintenance costs, and extend-
ing liner service life. These findings are consistent 
with previous reports on the dominant role of abra-
sive wear in crushing equipment, but they provide 
a more detailed quantification of how particle size 
distribution and jaw design interact to influence 
performance. The findings also have direct impli-
cations for both crusher manufacturers and mining 
operators. For manufacturers, the demonstrated 
influence of feed particle size and jaw geometry 
on wear provides valuable guidelines for designing 
more durable jaw profiles as well as selecting ap-
propriate liner materials. For operators, the results 

indicate that controlling feed size distribution and 
optimising crusher settings can significantly ex-
tend liner lifetime, reduce maintenance frequency, 
and lower operational costs, while also improving 
energy efficiency.

Compared with earlier studies, this research 
advances the understanding of wear by explicitly 
linking particle-scale fragmentation with jaw kine-
matics and wear evolution. However, the study is 
limited by the simplifications inherent in numerical 
modelling, such as geometric assumptions and the 
calibration of contact parameters, which may af-
fect direct extrapolation to all industrial contexts. 
Future work should focus on validating the pro-
posed methodology with large-scale experimental 
tests, incorporating a wider range of rock types 
and liner materials, and extending the framework 
to analyse dynamic operating conditions, such as 
variable feed and energy consumption. These di-
rections will enhance the predictive accuracy of 
wear modelling and contribute to the development 
of more durable and efficient jaw crusher designs.
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