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Abstract — This research employs finite element analysis
for simulation and calculation to investigate the causes
of tooth wear in coal mining machine transmission
gears and how it affects gear transmission performance.
Utilising Hertz theory, we calculated the maximum con-
tact stress and Hertz half-width during the gear trans-
mission process. A three-dimensional geometric model
of the coal mining machine’s right rocker transmission
system was created using Pro/E software, which was
subsequently analyzed with ANSYS/LS-DYNA for gear
meshing. The wear quantity on the gear tooth surface
was determined using the Archard wear model, disre-
garding the effects of lubricant and gear tooth temper-
ature rise. Our simulations revealed the wear distribution
and changes in wear amount across various tooth sur-
face wear models under different operating conditions.
Notably, we found that wear quantity is directly cor-
related with tooth wear range and contact stress, with
significant wear occurring at the top and root of the
tooth. Furthermore, we conducted laser cladding reman-
ufacturing experiments, optimizing process parameters
to enhance wear resistance and fatigue strength. The
microstructure of the remanufactured tooth face exhib-
ited homogeneity and a lower friction factor than new
surfaces. This study offers novel insights into the wear
mechanisms of coal mining machine gears. It demon-
strates the effectiveness of laser cladding technology in
enhancing gear performance, providing practical impli-
cations for the design and maintenance of gear systems
in harsh operating environments.

Index Terms — Archard wear model, coal mining
machine gear transmission, finite element analysis, Hertz
contact theory, tooth wear.
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I. INTRODUCTION

Gearing is a typical and crucial component of trans-
mission systems, which are essential to the proper oper-
ation of coal mining apparatus and equipment [1]. This
paper aims to identify the key elements that lead to gear
tooth degradation in transmission systems of coal min-
ing machinery and examines how these elements can
be assessed quantitatively to improve gear functional-
ity. Utilizing finite element analysis, the study exam-
ines the factors contributing to tooth wear, analysing
stress distribution and wear patterns across various oper-
ational conditions to enhance understanding of the wear
mechanisms. The research offers three significant contri-
butions: firstly, it employs advanced finite element mod-
elling to replicate the gear meshing process, yielding
important insights into contact stress and wear patterns;
secondly, it utilizes Hertz theory to determine the peak
contact stress, providing a theoretical basis for grasp-
ing gear interactions; and thirdly, it proposes practical
suggestions for enhancing gear design and remanufac-
turing techniques, ultimately seeking to boost the relia-
bility and efficiency of coal mining equipment. The effi-
ciency and safety of coal mining are closely linked to
the reliability of the transmission gear, which is the main
component of the coal mining equipment. The trans-
mission gears are prone to tooth wear due to the coal
mining machine’s complex operating environment and
severe force conditions. Understanding Gear tooth wear
in coal mining machines is essential for improving effi-
ciency, safety, and cutting maintenance costs. Wear can
diminish performance, escalate energy usage, and result
in gear failures, which pose safety risks. By identifying
the causes of wear, more effective maintenance strategies
can be implemented, while advancements in technology
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improve gear design and durability, ultimately leading to
enhanced overall performance. In addition to lowering
transmission efficiency, tooth wear can raise noise levels,
induce mechanical vibrations, and potentially result in
gear failure. The appearance of these issues will signif-
icantly increase equipment maintenance costs and cause
more downtime, negatively impacting the productivity
and financial benefits of coal mining machinery [2].
Thus, researching and analyzing the aspects that con-
tribute to gear tooth wear, as well as its causes, is crucial
from a practical standpoint.

In the subject of mechanical transmission, the analy-
sis of gear tooth wear has long been significant. In actual
use, contact tension, tooth roughness, material charac-
teristics, and lubrication conditions all work together to
cause gear wear [3]. A theoretical foundation for gear
design is provided by the Hertz theory-based gear con-
tact stress calculation method, which utilizes the max-
imum contact stress formula to accurately predict the
stress distribution of gears during the meshing process.
Hertz theory, however, ignores other intricate consider-
ations such as nonlinear variations in tooth wear and
dynamic friction characteristics. As a result, researchers
have been progressively developing numerical analytical
techniques based on the finite element method in recent
years [4]. These techniques enable a more accurate sim-
ulation of the stress state and deformation behaviour of
gears under various complex operating conditions.

Fatigue fractures in the gearbox housing of a coal
mining machine’s cutting part (CPGH) are analyzed by
examining external coal cutting and internal gear mesh-
ing excitations, using finite element and modal analy-
sis to identify stress concentrations and resonance fre-
quencies. The impact of design parameters on stress
is explored to recommend solutions for reducing stress
concentration and preventing resonance failures. Finite
element analysis predicts tooth root fatigue and Rolling
Contact Fatigue (RCF) in spur gears made of steel,
titanium, and coated materials. An innovative method-
ology for loaded tooth contact analysis (LTCA) of
spiral bevel gears enhances misalignment predictions,
thereby improving gear performance and durability [5-
7]. Researching the issue of gear wear is now fraught
with difficulties. Firstly, it is challenging to fully and
effectively characterize the actual operating conditions
of gears using classic analytical approaches due to the
extremely nonlinear and time-varying properties of the
stress distribution and wear behaviour of gear transmis-
sion systems. Second, the accuracy and computational
efficiency of the present models are frequently insuffi-
cient to account for the multi-scale and multi-physical
field coupling difficulties that arise during the gear mesh-
ing process, such as contact friction, heat transfer, and
material damage [8]. Furthermore, simplified models are
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frequently utilized in traditional finite element analy-
sis due to limitations in processing power and mod-
elling complexity, which can cause the analysis results
to deviate from real working conditions. The credibil-
ity of the results may be impacted, for instance, if the
lubricant effect and temperature rise are not taken into
account. In this scenario, the stress concentration area
on the tooth surface determined by the study may dif-
fer somewhat from the real wear situation [9, 10]. Simi-
lar studies have explored wear in underground construc-
tion equipment such as disc cutters in shield tunnelling
machines. For instance, one investigation under Baiyun
Airport analysed the linear correlation between disc cut-
ter wear and parameters like installation radius, cutting
length, and mass-point velocity [11]. The study exam-
ined rock behaviour under repeated shield disc cutter
impacts, revealing that internal damage accumulates over
time, reducing rock strength. Key mechanical responses,
including stress and modulus, changed with impact rate,
enhancing understanding of the rock-breaking process
in tunnelling [12]. In another domain, a fault diagnosis
method combining Feature Mode Decomposition (FMD)
with Multi-Scale (CNN) Convolutional neural network
has been proposed to improve accuracy in helicopter
gearbox fault detection. These cross-domain techniques
highlight the growing trend of integrating advanced
diagnostics and machine learning in wear analysis and
machinery fault prediction [13].

Researchers have proposed various changes to
address these difficulties. By determining the contact
stress and wear range, the wear calculation approach
based on Archard’s wear equation is frequently used in
gear wear prediction to estimate tooth wear. Archard’s
wear model is crucial in studying gear tooth wear, partic-
ularly in coal mining machinery, as it provides a theoreti-
cal framework for predicting wear rates based on contact
mechanics. This model enables a quantitative wear anal-
ysis, allowing engineers to design more durable gears by
considering material properties, surface treatments, and
operating conditions. It also correlates wear with load,
sliding distance, and material hardness, thereby aiding
in the development of better maintenance strategies and
design improvements. The Archard wear equation is:

V=k-H-F- d (1

Where:
V = Volume of material worn away (cubic units)
k = Wear coefficient (dimensionless)
F = Normal load (Newtons)
d = Sliding distance (meters or millimetres)
H = Hardness of the material (Pascals)

This equation helps to quantify wear and predict
gear performance, making it essential for improving



design and durability. The nonlinear fluctuation of stress
and deformation at each site during gear meshing is not
fully taken into account, even though this method makes
the wear calculation simpler [14, 15]. The results also
depend on the choice of wear coefficients. Furthermore,
the numerical simulation method of finite element analy-
sis offers substantial support to the gear wear study. The
computation accuracy can be significantly improved by
carefully selecting factors such as cell type, mesh den-
sity, and material model. It remains a challenging task
to address, nevertheless, how to strike a compromise
between the model’s correctness and computational effi-
ciency while avoiding instability issues (such as the neg-
ative volume phenomenon) throughout the calculation
process [16].

In this study, several novel contributions to gear
wear analysis are introduced, including the integration
of advanced finite element analysis (FEA) with local
mesh encryption techniques, improving the accuracy of
wear predictions by more precisely evaluating stress con-
centration areas on gear tooth surfaces. Unlike previous
studies that used simplified wear models, this research
combines the Archard wear model with detailed sim-
ulations to capture the complex interactions between
contact stress, nonlinear stress fluctuations, and vary-
ing operational conditions. The real-world applications
by validating its findings against empirical data from
coal mining machinery and enhancing the credibility
of the wear predictions are highlighted. Furthermore, it
explores the impact of gear wear on remanufacturing
processes, particularly through laser cladding, offering
new insights into improving wear resistance and fatigue
strength. Finally, the research takes a holistic approach,
correlating wear with overall gear performance to pro-
vide actionable recommendations for strengthening gear
design and maintenance strategies. With the aforemen-
tioned issues in mind, this research uses the finite ele-
ment method to conduct a systematic investigation into
the wear of the tooth surface of the transmission gears in
coal mining machines [17-19]. This paper calculates the
contact half-width based on Hertz theory and performs
local mesh refinement in the tooth contact region to
achieve more precise findings in tooth stress analysis. In
addition to improving the accuracy of tooth stress distri-
bution, local encryption can significantly reduce compu-
tation time compared to the conventional uniform mesh-
ing method [20, 21].

Several tooth wear loss models, including the
unworn, full desensitized, and localized wear models, are
developed in this paper. These models enable the simu-
lation of the impacts of various wear levels on the gear
transmission system’s performance, leading to a more
comprehensive understanding of wear behaviour. Gear
wear from friction, pressure, and insufficient lubrication
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lowers efficiency, load capacity, and longevity. Common
kinds include tooth flank wear, pitting, and scuffing. As
wear progresses, friction, noise, vibration, and temper-
ature rise, potentially leading to failure. Wear rates are
influenced by factors such as load, speed, material, and
environmental conditions. To minimize the impacts, ade-
quate lubrication, long-lasting materials, an ideal design,
and regular maintenance are necessary. Monitoring wear
through inspections and analysis extends gear life and
ensures system reliability. For the potential negative vol-
ume issue that arises throughout the computation proce-
dure, corresponding remedies are also suggested. Com-
putational instability can be efficiently prevented and the
reliability of simulation results increased by adjusting
the K-file control parameters.In LS-DYNA, the K-file
refers to the keyword input file that contains the control
parameters required for finite element analysis. This file
defines the essential settings for the simulation, includ-
ing time integration options, contact definitions, material
models, and numerical stability controls. By adjusting
the K-file parameters, it is possible to mitigate computa-
tional instabilities, such as negative volume errors, while
also improving the overall accuracy and reliability of the
simulation results.

II. HERTZ THEORY-BASED GEAR
CONTACT CALCULATION
A. Maximum contact stress calculation in gearing
The maximal contact stress is determined by Hertz
theory [22].
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The degree of overlap of the straight-toothed cylin-
drical gear transmission is expressed as €. The pressure
angle is denoted by o (°), while o and o, represent the
apex circle pressure angles of the master and slave gears,
respectively. The number of teeth of the master and slave
gears are denoted by Z; and Z,. The modulus of elas-
ticity of the material is represented by £ (MPa), and the
material’s Poisson’s ratio is v. The load factor is indi-
cated as K, and the real maximum driving torque of the
main wheel is given in N-mm. The transmission ratio is
denoted by a, the gear tooth width is represented by b,
and d refers to the indexing circle diameter of the main
wheel.
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B. Hertz half-width

The Hertz contact hypothesis states that for correct
analysis results, the mesh at the contact should be drawn
more densely. When any point of the gear is involved in
meshing, the edge length of the cell at the contact is typ-
ically 1/10 of the Hertz half-width or less, meaning that
there are more than five contact cells [23]. The equation
for Hertz half-width is

1— 2 1— 2
8T] ( E'IIJl + Egz)

diLzw (% + é) cos o
III. ANALYSIS OF GEAR MESHING
TRANSMISSION USING FINITE
ELEMENTS
A. Estimating dental wear
Wear on the tooth surface was calculated using the
wear equation developed by Archard [24].

m
hi=k Z DijSi js (5)
j=1
where p; ; is the tooth contact stress in MPa,s; ; is the
tooth wear range in mm;i is the tooth’s position where
the calculation point is in mm; j is the total number of
wear events that the calculation point has experienced.
During the Ar period, the gear tooth profile experi-
ences a grinding stroke that is proportional to the pres-
sure angles a1 and o2.
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This is derived from the fact that, throughout the
gear meshing process, the length of the meshing line
remains constant.

rprtanog + rpptan o = asin . @)

The equation involves the following: Here, « is the
pressure angle at the gear tooth node (°), a is the center
distance of the gear pair (mm), r}, is the base circle radius
of the master and slave gears (mm), and rp; and ry, are
the base circle radii of the master and slave gears in mm,
respectively.

B. Finite element modeling

Table 1 displays the geometric measurements and
material characteristics of the final-stage gears of the
easy-to-maintain SL1000 coal mining machine’s right
rocker arm drive system.

Pro/E parametric modelling was used to create a
three-dimensional geometric model of the gear drive sys-
tem, taking into account the system’s large size and
heavy mass, which resulted in a large number of com-
plete gear model units. The analysis and solution time
were excessively long, which had an impact on the solu-
tion’s efficiency. The six-tooth active wheel and seven-
tooth driven wheel types are established based on the
Saint-Venant concept.
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Table 1: Gear parameters and material properties

Main and Driven | Value 1 | Value 2 | Unit/Note
Gears Geometric
Parameter
Number of teeth 27 28 -
Modulus 28 mm
Pressure angle 23 °
Tooth width 312 mm
Gear material 18Cr2Ni4WA
Elastic modulus E 1.97 x 10° MPa
Poisson’s ratio p 0.288
Mass density p 7.91 x 107 kg/mm?>
Yield limit o 1.5 x 10’ MPa

After importing the model into ANSYS/LS-DYNA,
the Hertz formula was used to determine the Hertz half-
width, which was found to be a = 4.32 mm. After choos-
ing shell1l63 four-node tetragonal cells and solid164
eight-node hexahedral cells, the model was subjected
to mapping and free-meshing using MESHTOOL [25].
To minimizes computation time and increase the accu-
racy of the solution, the portion of the mesh that is not
involved in meshing can be divided into rough sections.
For the meshing of the tooth surface, local mesh refine-
ment is applied to the tooth root stress concentration,
with an edge length of 4mm for the cells.

Tooth wear failure frequently occurs in the active
wheel at the meshing teeth above the pitch circle, near
the tooth top, and in the driven wheel at the meshing teeth
below the pitch circle, near the tooth root [26]. This is
evident from the coal mining machine rocker arm final-
stage gears in the actual working process, as well as from
the literature [27, 28].

Based on the Archard wear formula, j = 1,000,
meaning that only the active wheel characteristics should
be considered, as the difference in size between the slave
and master gears is not significant. The wear quantity of
the tooth at the root is calculated to be 0.0432 mm, and at
the top, it is 0.00594 mm. Consequently, the simulation
Model 1 shows no wear on the tooth surface; Model 2
shows full damage wear on the active wheel gear tooth
surface; and Model 3 shows wear of 0.00594 mm on the
active wheel gear tooth surface. Following the split of the
finite element model, Figs 1 to 3 show Model 3, which
represents the follower wheel gear tooth flank wear of
0.0432 mm among the three typical wheel tooth flank
wear loss models.

Figure 3 illustrate different simulation results: the
left shows the normalized wear depth distribution, while
the right shows the corresponding convergence coeffi-
cient (CONV-HCOE).
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Fig. 1. Unworn gear tooth surface (Model 1).

Fig. 2. Fully worn gear tooth surface on the active wheel
(Model 2).
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Fig. 3. Partially worn follower gear tooth surface with
root and top wear (Model 3).

IV. EXPERIMENTATION

A. Preparing worn, remanufactured teeth
There are various procedures involved in prepar-
ing worn gear teeth for remanufacturing. First, an initial
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check evaluates the wear and damage to the gear. Sand-
blasting is then used to clean the gear’s surface, elimi-
nating pollutants and preparing it for subsequent treat-
ment. Following that, cracks are identified using proce-
dures such as optical inspection, liquid penetrant test-
ing, magnetic particle testing, and ultrasonography. Once
cracks and faults are discovered, a thorough inspection
decides whether the gear can be fixed or replaced. If
the gear is repairable, it undergoes additional prepara-
tion, such as removing fatigue layers and applying sur-
face treatments to restore its functionality. Throughout
the process, documentation is kept to chronicle discover-
ies and actions performed. The working surface hardness
of the gear teeth on the low-speed, heavy-duty walking
track gear steel grade 18Cr2Ni4WA was measured to be
between HRC58.6 and 61.5, with a tooth core measur-
ing HRC38.2. To simplify the experimental process and
provide 48 mm, or half of the tooth width, for the study,
a wire cutter will be used to cut out the block, depicted
in Fig. 4, along the root of the wheel teeth. Figure 4 (a)
depicts the pitting area following sandblasting to iden-
tify the fatigue pitting area, whereas Fig. 4 (b) shows
the end face broken tooth drop block. The fatigue pitting
region in Fig. 4 (a) is dispersed over the upper half of
the tooth height and is wider in the vicinity of the tooth’s
end face. The upper portion of the tooth height and the
top of the tooth are where the majority of the broken
teeth are located in the Fig. 4 (b). The distribution of the
fatigue region location was clarified after sandblasting,
oil removal, and rust treatment. Slag removal and fault
identification are necessary before laser cladding; oth-
erwise, the slag and the original residual fractures will
constitute the cause of cracks in the cladding layer.

Fig. 4. Gear teeth following sandblasting: (a) Prolonged
tensile deformation area; (b) Oblique tensile deformation
area

In our study, we utilized a belt sander to “sand-
blast” the gear tooth work surface multiple times until
the pitting craters are entirely gone to remove the fatigue
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pitting layer. The gear tooth’s working face was then lig-
uid probed and kept sanded to check for any cracks. The
thickness of the unilateral gear tooth’s working face was
measured to have decreased by 0.25 mm following the
removal of the fatigue layer and the discovery of cracks.

B. Laser remanufacturing of tooth flanks

The powdered nickel-based fusion alloy and
blended Ni60A: CeO2 = 99:1 (mass ratio) were ball-
milled for 8 hours at a rotational speed of 650 r/min. The
powder was then dried in a vacuum drying furnace at 150
°C for 1.5 hours to completely dehumidify it and prevent
the formation of air holes caused by the failure of water
vapour to be discharged from the metal during the fusion
cladding process, due to the metal’s high-speed solidifi-
cation, as shown in Table 2.

Table 2: Parameters of the laser cladding method

Variable Parameters Numerical Value

Power kW 33
Spot size mm?” 1x10
Spot velocity (mm/s) 9
Rate of powder delivery (r/min) 4.8

Rate of overlap between
neighboring fusion trajectories %
Powder that contains gas Ar
Coaxial shielding flow 590
rate of argon gas (L/h)

42

Figure 5 displays the working surface morphology
of the gear teeth following laser cladding.

(b)

Fig. 5. Functional shape of wheel teeth after cladding:
(a) Gear working surface; (b) Gear tooth end showing
the start and end of laser cladding.

After welding, the rectangular laser spot has a sur-
face that is nearly smooth and clean, similar to net
moulding, as seen in Fig. 6. The rectangular spot has two
major advantages over the circular spot, in addition to
surface finishing: firstly, the surface interaction with the
substrate is smooth; secondly, as illustrated in Fig. 6, the
melting efficiency is high.
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A A

Fig. 6. Fused cladding bonding interface schematic dia-
gram: (a) Circular polishing; (b) Short polishing.

Abrupt changes in stress at the bonding interface
are easily produced because the cladding layer’s mate-
rial properties, such as Poisson’s ratio and modulus of
elasticity, differ from the substrate’s. Interestingly, Laves
phase, a brittle material at ambient temperature, is the
material present at the bonding interface. Due to the
Laves phase’s brittleness, it is best to reduce both its con-
tent and overall area, as a large amount of Laves phase
will weaken the mechanical qualities of the tooth surface.

C. Microstructure near the overlap zone’s interface
As seen in Fig. 7, the upper surface of the match-
ing coating is smooth, clean, and neat. The interface
between the lower portion of the fused cladding layer
and the substrate at the adjacent two laser laps is rea-
sonably flat, with nearly no fluctuation or undulation. A
“reasonably flat” interface between the cladding layer
and the substrate in laser remanufactured coatings is
essential for gear teeth’ mechanical integrity and per-
formance, especially in demanding environments like
coal mining machinery. A flat interface promotes even
load distribution, reducing localised stress concentra-
tions that can cause premature failures such as fatigue,
cracking, and spalling, thereby enhancing gear durabil-
ity and longevity. The rapid geometry changes lead to
high-stress points, increasing the risk of wear and failure.
Improved bonding between the cladding and substrate is
facilitated by a flat interface, which prevents delamina-
tion and ensures efficient load transfer. The wear resis-
tance of the cladding layer benefits from a flat surface,
which allows uniform material distribution and mitigates
rapid wear. Additionally, a flat interface aids in thermal
management by enhancing heat dissipation, thereby pre-
venting localizeds overheating that could degrade mate-
rial properties. From a microstructural perspective, a flat
interface promotes a consistent microstructure, which is
essential for achieving the desired hardness and tough-
ness, thereby reducing wear inconsistencies. Overall,
sustaining a “reasonably flat” interface is crucial for
gear systems’ longevity, wear resistance, and reliabil-
ity, enhancing bonding quality and thermal management
while minimising stress concentrations. The laser reman-
ufactured fused cladding layer is free of defects such as



pores, fissures, and unfused particles, and it is uniformly
and densely organised.

Adjacent
Laser Weld
Conjunction

Laves phase Zoge

X180 — 20 um

Fig. 7. Microstructure of the adjacent laser weld conjunc-
tion zone showing the presence of the Laves phase (mag-
nification: x180, scale: 20 pm).

Compared to the wavy binding interface of a circular
spot, the gentle binding interface of a rectangular spot
has a smaller Laves phase area.

D. Laser-remanufactured composite coatings’ wear
properties

Samples of wear performance are taken from the
new gear block at the same location as the rectangu-
lar laser-coated tooth face block. It can be conclusively
demonstrated that the process parameters used for man-
ufacturing laser wear-resistant coatings are successful if
the fatigue zone is chosen as the wear test location and
its test performance surpasses that of the new gear tooth
surface.

The rectangular area in Fig. 9 (a) of 10 x 20 mm?
and 10 mm in height along the tooth surface downward
was selected as the wear surface to be examined. The
tooth surface was then smoothed with sandpaper and pol-
ished with a polishing machine to a surface roughness of
0.2 pum.

A UMT-2 friction and wear testing machine was
used to conduct the experiments. The following were the
working conditions: room temperature of 23 °C, loaded
with 25 N, reciprocating discs in dry wear mode without
lubrication, single test duration of 7,200 s, grinding ball
diameter of 5.6 mm, GCr15 steel ball material, and 5 mm
abrasion mark length.

It is evident from the comparison of Figs. 8 (a) and
8 (b) that the newly created tooth flanks perform sig-
nificantly worse than the laser-prepared remanufactured
wear-resistant coatings. Following an identical wear per-
formance test, the laser cladding surface exhibits nearly
no wear markings at all. In contrast, the wear pattern of
the fresh flank samples displays larger wear grooves in
the middle. In Figs. 8 (c) and 8 (d), the laser nickel-
based coating and the new tooth face grinding GCrl5
beads on the wear surface demonstrate a relatively flat
and smooth wear morphology, when compared to the
grinding of the GCr15 beads. Meanwhile, the new tooth
face cutting block, when subjected to the grinding of the
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GCrl5 beads from both sides of the gradual protrusion,
clearly displays a micro-ploughing morphology.

Fig. 8. 3D topographical surface plots of gear tooth sur-
faces after the abrasion test: (a) Least recently structured
containment coating; (b) New producer tooth sonic sites;

(c) Surface height variation up to 83 pm; (d) Surface
height variation up to 40 um.

E. Curve of the friction factor

The friction factor curve is a valuable tool for evalu-
ating the performance of laser-remanufactured coatings
compared to new tooth surfaces, particularly in gear
systems. It measures the resistance to motion between
two surfaces, taking into account surface roughness,
material properties, and lubrication. The curve shows
higher friction during the initial running-in phase, fol-
lowed by a stable wear stage. By analyzing this curve, it
is evident that laser-remanufactured coatings offer supe-
rior wear resistance, improved lubrication, and lower
energy losses compared to new tooth surfaces, which
tend to degrade more quickly. This makes remanu-
factured coatings more efficient and durable, making
them ideal for applications that require long-term per-
formance and lower operating costs. The curve also
provides valuable insights for predictive maintenance,
process optimisations, and material selection, helping
reduce energy consumption, improve efficiency, and pre-
vent unexpected failures. In summary, the friction fac-
tor curve is a crucial tool for evaluating the effective-
ness of laser-remanufactured coatings in terms of wear
resistance, efficiency, and gear performance. The friction
factor of the laser remanufactured coating is consistently
lower than the friction factor of the new tooth surface
after the running-in process ends and the tooth surface
enters the stable wear stage, as shown by the comparison
between the two in Fig. 9. Additionally, the difference
tends to continue growing.

Furthermore, there is a close relationship between
wear performance and fatigue performance, as they are
essentially the macroscopic expressions of the build-up
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Fig. 9. Friction factor between a newly surfaced tooth
and a laser-remanufactured coating.

of microcrystalline dislocations at the metal microcrys-
talline boundaries of the tooth surface, which eventually
cause slippage and spalling. The finer grains in the fine
and compact fine-grain reinforced wear-resistant coat-
ings made possible by the addition of rare earths mean
that, in theory, their fatigue performance will be higher
than that of the tooth surface with coarser grains.

V. CONCLUSION

This study uses Hertz theory and finite element anal-
ysis to examine gear tooth surface wear in coal min-
ing machinery, focusing on stress concentration at the
tooth’s crown and roots. Laser cladding remanufactur-
ing develops wear resistance and fatigue strength. Still,
the Archard wear model determines that tooth wear is
directly related to sliding distance and contact stress,
with wear increasing dramatically at the crown and
root. This study enhances the gear wear mechanisms in
coal mining machinery by providing empirical data on
the performance of laser-remanufactured coatings com-
pared to new tooth surfaces. The findings provide criti-
cal insights into optimizing gear design and remanufac-
turing processes, resulting in increased operational effi-
ciency and reduced maintenance costs. The study’s nov-
elty is combining finite element analysis with experimen-
tal wear testing to estimate laser cladding performance.
It helps innovation in gear material selection and surface
treatments by correlating microstructural properties to
wear behavior. Likewise, applying friction factor analy-
sis as a predictive technique represents a big step forward
in assessing gear systems under various operational con-
ditions.
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