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 A B S T R A C T 

Wear is a critical mechanism that directly affects the service life of engineering 
materials and can lead to premature system failure. To prevent wear-related 
losses, particularly encountered in manufacturing processes, test systems 
capable of simulating realistic laboratory conditions are needed. In this study, 
a three-dimensional wear tester was developed that can simultaneously 
evaluate impact effects with abrasive sliding. The system was designed to 
apply impact forces using a vibration motor and a spring-supported structure 
placed under the sample. CAD modeling was performed with SolidWorks 
software, and finite element analyses were performed using the ANSYS 
Explicit Dynamics module. Simulations were performed on AA6061-T6 alloy 
at speeds of 0.25, 0.50, and 1.00 m/s and loads of 10  N, 20 N and 40 N at a 
constant wear distance of 10 mm. The findings showed that wear depth, 
maximum shear stress, and elastic deformation values increased significantly 
with increasing load. A 50% load increase at a speed of 0.5 m/s increased wear 
depth by 39.8%. However, increasing speed under constant load limited these 
effects. It is anticipated that the developed system will contribute to the 
understanding of wear mechanisms and will be an important tool for 
evaluating material behavior under multiaxial loading. 
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1. INTRODUCTION 
 
Wear is one of the most critical factors 
influencing the service life of mechanical 
components, resulting from various mechanisms 
such as friction, fatigue, and chemical 
interactions. In numerous engineering 
applications, including automotive parts, aircraft 
engine turbine blades, mining equipment, and 

armored vehicle components, wear significantly 
impacts both system performance and structural 
integrity. Controlling wear is therefore of 
paramount importance in industrial settings, not 
only to enhance operational efficiency but also to 
minimize maintenance costs. Among the different 
types of wear, impact wear poses a particularly 
severe challenge in machinery operating under 
high-impact loading conditions [1–3]. 
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Luo et al., to investigate the impact wear 
resistance of valve surfaces operating under 
high-temperature conditions, CrN coatings 
were applied to NCF3015, a nickel-based alloy, 
using plasma alloying technology. Impact wear 
tests were conducted using a custom-designed 
valve-seat impact testing apparatus. The results 
revealed that the surface hardness of the valves 
increased by approximately 2.4 times due to the 
applied coating, and the wear volume was 
significantly reduced—by approximately 63.7% 
to 74.6%—demonstrating a substantial 
improvement in wear resistance [4]. Mou et al. 
investigated the impact wear mechanism of 
titanium alloy (TC4) and stainless steel (9Cr18) 
substrates by applying diamond-like carbon 
(DLC) films and conducting tests using a newly 
designed impact wear testing device. The 
thickness of the DLC coatings were set at 1.1 μm 
and 7.9 μm. A comparative analysis of the 
coated specimens revealed a nano-hardness 
difference of approximately 19–20%, with the 
highest nano-hardness observed in the TC4 
titanium alloy coated with a 1.1 μm DLC film. To 
quantify wear resistance, volumetric material 
loss was measured. The lowest wear volume 
was recorded in the specimen with the highest 
nano-hardness—namely, the titanium alloy 
with the 1.1 μm DLC coating—which exhibited 
approximately 64% less wear compared to its 
counterpart coated with the thicker 7.9 μm DLC 
layer [5]. Daniel et al. investigated the impact 
wear performance of Co-based coatings applied 
via high-velocity oxy-fuel (HVOF) spraying onto 
high-speed tool steel (DIN 1.2376) using a 
previously developed impact testing apparatus. 
Two coatings—CoCrW and CoCrAlYTaCSi—
were applied with identical thicknesses of 400 
µm. Wear behavior was evaluated under impact 
loads of 200 N, 400 N, and 600 N across a range 
of 1 to 100,000 impact cycles. While both 
coatings exhibited high durability with minimal 
wear under lower loads, the CoCrW-coated 
specimens demonstrated superior wear 
resistance under higher impact loads. 
Specifically, at 600 N and after 100,000 impacts, 
the CoCrW coating showed approximately 2.3 
times less material loss compared to the 
CoCrAlYTaCSi coating [6]. Wang et al. 
investigated the wear performance of 2Cr13 
martensitic stainless steel under low-stress 
multiple impact conditions using a flat-on-flat 
impact testing apparatus. At lower impact 
counts—up to 10,000 cycles—only the surface 

of the material was affected, exhibiting localized 
work hardening. However, as the number of 
impacts increased, subsurface deformation 
extended to a depth of approximately 140 μm at 
80,000 cycles. This progressive hardening was 
found to increase the risk of surface 
embrittlement. Moreover, a comparison 
between 10,000 and 80,000 impact cycles 
revealed a dramatic increase in mass loss, with 
the total weight loss rising by approximately 
1100%, underscoring the severity of cumulative 
impact damage under extended loading [7]. In 
another study, Gümüşlü et al. examined the 
influence of temperature on the impact-sliding 
wear behavior of 316L austenitic stainless steel. 
Utilizing a previously reported impact-sliding 
wear testing device with modifications, they 
conducted experiments at two distinct 
temperatures: room temperature and 180 °C. 
When comparing the impact wear region to the 
sliding wear region, they found that impact 
loading resulted in significantly greater 
material loss. Furthermore, increasing the test 
temperature from room temperature to 180 °C 
led to a dramatic change in wear behavior: the 
wear rate in the impact zone increased by 
approximately 110%, whereas the wear rate in 
the sliding zone decreased by about 65%. These 
findings highlight the contrasting effects of 
elevated temperature on different wear 
mechanisms within the same material [8].  
 
In engineering design, enhancing the 
mechanical performance and wear resistance 
of materials is of critical importance for 
developing durable and long-lasting 
components. In this context, Finite Element 
Analysis (FEA), which has gained widespread 
application in recent years, serves as a 
powerful tool for predicting material behavior 
under mechanical loading and wear conditions. 
FEA not only accelerates the design process but 
also provides a scientific foundation for 
optimization studies, enabling detailed 
investigation of material responses under 
complex loading scenarios [9,10].  
 
Conventional wear testing devices reported in 
the literature typically operate under static or 
low dynamic loading conditions and are 
therefore unable to realistically simulate 
impact-induced wear mechanisms. Addressing 
this limitation, the present study introduces an 
innovative testing system capable of 
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simultaneously modeling both impact and 
abrasive wear, with the added advantage of 
three-dimensional motion capability. The 
proposed design distinguishes itself not only in 
terms of loading but also through its multi-axial 
motion configuration, setting it apart from 
conventional systems. Finite Element Analysis 
(FEA) was performed on AA6061-T6 alloy under 
various speed and force combinations to 
evaluate wear behavior. The findings are 
expected to contribute valuable insights to 
material selection, surface engineering, and 
mechanical design processes. 
 
 
2. MATERIALS AND METHODS  
 
2.1 Experimental setup 
 
In the initial phase of the study, a vibration-
assisted impact-sliding wear testing device was 
designed. The apparatus was developed in 
accordance with ASTM G133-05 standards using 
the three-dimensional solid modeling interface of 

SOLIDWORKS software (Fig. 1). It was 
engineered to allow precise control of both the 
applied normal load and sliding speed, enabling 
flexible and accurate test configurations. 
 
To facilitate the generation of impact forces, a 
vibration motor was integrated into the design. 
Linear motion of the movable specimen holder 
beneath a stationary ball enables the simulation 
of abrasive wear through controlled 
reciprocating contact. In addition, the vibration 
motor induces oscillatory motion via a spring 
system, applying periodic impact forces to the 
test table and thereby activating the impact wear 
mechanism. 
 
As a result, the system was rendered fully 
functional for the simultaneous and 
synchronized simulation of both abrasive and 
impact wear mechanisms. The impact force is 
transmitted from beneath the fixture directly to 
the specimen, allowing for realistic and 
controlled modeling of complex wear conditions 
within a laboratory environment. 

 

 
Fig. 1. Model of the vibration-assisted impact-sliding wear test device; (a) isometric view, (b) right-hand sectional view. 

 
The rotational motion generated by the servo 
motor is mechanically transmitted to an eccentric 
shaft, where it is converted into linear motion 
along a single axis (Fig. 2). This mechanism 
enables directional control of movement along a 
specific coordinate axis, resulting in a precise and 
repeatable linear displacement. As the linear 
motion table operates, the mounted specimen 
comes into contact with a stationary abrasive 
surface, initiating the wear process under 
controlled and reproducible conditions. 

 

Fig. 2. Eccentric shaft and linear motion table. 
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To generate impact forces within the system, a 
vibration motor was employed. Operating at a 
defined amplitude, this motor is capable of 
producing multidirectional oscillatory motion. The 
vibration motor is mounted at the lower section of 
the test assembly, and a spring mechanism is 
integrated at each of the four corners of the 
platform to which the motor is attached (Fig. 3). 
Upon activation, the system positioned atop the 
springs undergoes multidirectional oscillation. 
However, to constrain the oscillatory motion 
exclusively to the Z-axis, directional guides have 
been incorporated into the system to restrict 
movement in undesired directions. 
 

 
Fig. 3. Positions of the vibration motor and springs. 

 
The oscillatory motion enables the periodic 
application of impact forces to the contact 
interface between the stationary abrasive tip and 
the specimen. This configuration facilitates the 
simultaneous simulation of both sliding and 
impact wear conditions. 
 
The selection of the vibration motor was guided 
by insights from relevant literature, which 
informed the amplitude requirements of the 
system. In particular, it has been determined that 
the vibration motor in contact with the fixture 
body must operate with a vibration amplitude 
below 0.1 mm to ensure proper simulation, 
accuracy and mechanical stability [11]. 
 
The dynamic behavior of the vibration system 
was modeled using the following equations: 
 

𝐹𝑀: 𝐴𝑝𝑝 × 𝑚𝑡  𝑥 (
𝑛

1000
)

2
× 0.56 [𝑁] (1) 

𝑀: 𝑒 × 𝑚𝑡  [𝑁𝑚𝑚] (2) 

𝑒: 𝐴𝑝𝑝/2 [𝑚𝑚]    (3) 

In these equations: 

𝐹𝑀: 𝐶𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 [𝑁] 

𝑀: 𝑆𝑡𝑎𝑡𝑖𝑐 𝑚𝑜𝑚𝑒𝑛𝑡 [𝑁𝑚𝑚] 

𝐴𝑝𝑝: 𝑉𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 [𝑚𝑚] 

𝑚𝑡: 𝑆𝑦𝑠𝑡𝑒𝑚 𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑤𝑖𝑡ℎ 𝑚𝑜𝑡𝑜𝑟 [𝑘𝑔] 

𝑒: 𝐸𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 [𝑚𝑚] 

𝑛: 𝑀𝑜𝑡𝑜𝑟 𝑠𝑝𝑒𝑒𝑑 [𝑟𝑝𝑚] 

 
In this configuration, the total weight of the 
system—including the vibration motor—was 
calculated to be approximately 20 N. When 
operating at a vibration amplitude of 0.1 mm, the 
system generates a static moment of 
approximately 1 N·mm. This static moment 
corresponds to a repeated impact force of 
roughly 20 N applied at the contact interface 
between the specimen and the abrasive tip. 
 
2.2 Analysis setup 
 
ANSYS software enables theoretical modeling of 
complex engineering systems and facilitates their 
analysis under a wide range of physical 
conditions [12,13]. In this study, the Explicit 
Dynamics module was selected as the analysis 
method, given that the test system was designed 
to apply impact forces simultaneously with linear 
sliding motion. This module was deemed the 
most appropriate for accurately representing the 
physical behavior of the system, due to its ability 
to simulate short-duration, high-speed contact 
and impact events with high precision [14,15]. 
 
To develop a numerical model that closely 
reflects real-world behavior, fundamental 
mechanical properties such as Young’s modulus, 
mass density, Poisson’s ratio, shear modulus, and 
yield strength—along with other relevant 
material parameters—were defined in the ANSYS 
software in accordance with international 
standards. Accurate specification of these 
parameters enhances the reliability of numerical 
analysis and enables meaningful comparison 
with experimental results. 
 
In the present study, the specimen was mounted on 
a linearly moving table, while the abrasive tip was 
positioned in a fixed orientation against the 
specimen surface. The system was designed to allow 
the application of various load levels to 
accommodate different experimental requirements. 
The linear motion of the table was driven by a servo 
motor connected to an eccentric shaft. 
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During testing, the servo motor provided 
continuous sliding motion, while the vibration 
motor operated synchronously. The oscillatory 
motion generated by the vibration motor was 
transmitted to the table through an integrated 
spring mechanism. This resulted in the periodic 
application of impact forces at the contact interface 
between the specimen and the abrasive tip, 
allowing the system to simultaneously impose both 
linear sliding and impact loading conditions. 
 
To investigate the structural effects of this hybrid 
loading scenario, the system was adapted for finite 
element analysis (FEA), and simulations were 
conducted using the “Explicit Dynamics” module in 
ANSYS Workbench 19.2. The material used for the 
test specimen in the simulations was AA6061-T6 
aluminum alloy. 
 
The Explicit Dynamics module includes a range of 
material models capable of capturing different 
deformation regimes. In this study, the Johnson–
Cook elasto-plastic material model was selected for 
its ability to realistically represent the physical 
behavior of the alloy. This model expresses stress as 
a function of both plastic strain and strain rate, 
making it particularly well-suited for simulating 
mechanical responses under high deformation rates 
[16,17]. In this study, the Johnson–Cook model was 
selected to enhance the accuracy of the simulations 
and to best replicate the experimental conditions. 

2.3 Three- Dimensional model 
 

The test device developed in this study was 

specifically designed to accommodate spherical 

abrasive elements. Tungsten balls with a 

diameter of 6 mm were selected as the abrasive 

medium, owing to the high hardness and wear 

resistance of tungsten, which ensures stable 

abrasive behavior under repeated loading 

conditions. 
 
The device was configured to perform wear tests 
on rectangular prism specimens with dimensions 
of 3 × 5 × 12 mm³. In both experimental and 
numerical analyses, AA6061-T6 aluminum alloy 
was used as the specimen material. This alloy is 
well known for its favorable wear resistance, 
excellent formability, and suitability for 
machining operations, making it an ideal 
candidate for tribological studies. 
 
AA6061-T6 alloy exhibits high mechanical 
strength and a stable microstructure following 
solution heat treatment. Additionally, its 
excellent weldability and surface machinability 
make it a widely preferred material in various 
engineering applications [18,19]. The chemical 
composition and mechanical properties of the 
AA6061-T6 alloy are presented in Table 1 and 
Table 2, respectivel.

Table 1.  Chemical composition of AA6061-T6 alloy [20]. 

Elements Mg Si Fe Cu Cr Zn Ti Mn Al 

Wt% 1.2 0.81 0.7 0.4 0.35 0.25 0.15 0.15 Balance 

 

Table 2. Mechanical properties of AA6061-T6 alloy [20]. 

Yield Strength (MPa) Tensile Strenght (MPa) Elongation (%) Hardness (HV) 

225 282.4 17 107 

 
2.4 Wear simulation parameters: coordinate, 

contact region, meshing 
 
The wear simulations were conducted based on 
Archard’s wear model law, which relates material 
removal to applied load, sliding distance, and 
material hardness, providing a theoretical 
framework for evaluating wear depth under 
varying conditions. 
 
The coordinate axes used in the test system are 
illustrated in Fig. 4, and all analyses were 
conducted with respect to these axis orientations. 

During testing, the table holding the specimen 
moves at a constant speed along the X-axis 
beneath a fixed abrasive ball. Simultaneously, 
oscillatory motion induced by the vibration 
motor generates periodic impact forces along the 
negative Z-axis through a spring mechanism. In 
addition, a constant adjustable normal load is 
applied along the Z-axis, exerting compressive 
force between the abrasive ball and the specimen. 
 
In the simulations, contact regions were defined 
to realistically replicate experimental conditions. 
Accordingly, contact was modeled exclusively 
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between the specimen and the abrasive ball at 
their interface. As the material properties and 
interactions at this interface directly influence 
the accuracy of the simulation, careful definition 
of these parameters was essential. The contact 
between the specimen and the ball was modeled 
as a nonlinear interaction. The contact stiffness 
was set to the default "normal" value, with a 
stiffness factor of 0.1. 
 
To prevent geometric penetration during 
iterative steps, the Augmented Lagrange method 
was employed in the contact algorithm. The Z-
facing surface of the ball was aligned to be in 
contact with the surface of the specimen oriented 
in the negative Z direction (Fig. 4). Wear was 
assumed to develop primarily on the specimen 
surface, which has lower mechanical strength 
relative to the abrasive ball. 
 

 
Fig. 4. Meshed model of the specimen and abrasive ball. 

 
In finite element method (FEM) analyses, the 
primary purpose of meshing is to discretize the 
volume of geometrically complex components into 
smaller, solvable subdomains. As the mesh size 
decreases, the accuracy of the analysis improves; 
however, this also leads to a proportional increase 
in computational time. Therefore, it is essential to 
establish an optimal balance between mesh 
refinement and analysis efficiency [21,22]. The 
computational power of the hardware used plays a 
critical role in this context. To evaluate mesh 
quality, mesh sensitivity analyses were conducted, 
comparing the effects of different mesh sizes on 
both wear depth and computational time. These 
analyses were performed under fixed conditions: a 
sliding speed of 0.25 m/s, an applied load of 20 N, 
and a total wear distance of 10 mm. The mesh 
configurations and corresponding analysis results 
are presented in Table 3. 

Table 3. Analysis time results corresponding to mesh 
sensitivity. 

Analysis  

ID 

Element size  

(mm) 

Wear Depth  

(mm) 

Analysis 
Time (s) 

1 1 -0.18221 1.6 

2 0.5 -0.14167 2.8 

3 0.25 -0.12965 4.6 

4 0.1 -0.08904 7.6 

5 0.05 -0.08968 12.7 

 
Based on the results of the sensitivity analyses 
and considering the available computational 
resources, an optimal mesh size of 0.1 mm was 
selected. The finite element model of the 
specimen and tungsten ball using this mesh 
resolution is illustrated in Fig. 4. All simulations 
were carried out on a workstation equipped with 
32 GB of RAM, 6 GB of GPU memory, and an 8-
core processor operating at 2.4 GHz. To reduce 
computation time, all processor cores were 
utilized for parallel processing. 
 
The selected mesh configuration contains a 
defined number of nodes and elements, both of 
which directly influence the accuracy of the 
simulation results [23,24]. For the abrasive 
tungsten ball, the Hex Dominant meshing 
method was employed. Due to the spherical 
geometry of the ball, variations in element size 
were particularly evident in the polar regions 
(i.e., the top and bottom areas). The Hex 
Dominant approach was selected for its ability 
to generate a well-balanced and high-quality 
mesh across the entire geometry. The 
specimen, fabricated from AA6061-T6 alloy, 
has a rectangular prism shape and was meshed 
using four-node quadrilateral elements. The 
corresponding mesh structures are illustrated 
in Fig. 4. 
 
2.5 Applied load, velocity and boundary 

conditions 
 
In this study, the applied load and sliding 
velocity were defined as variable parameters, 
while the wear distance was held constant at 
10 mm. Due to the system configuration, a 
constant impact force of 20 N is generated in 
the negative Z-axis direction by the vibration 
motor. In addition to this intrinsic force, 
external loads of 10 N and 20 N were applied to 
the test setup, resulting in total applied forces 
of 20 N, 30 N, and 40 N, respectively (Fig. 5). 
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These force conditions were defined as 
boundary conditions within the ANSYS Explicit 
Dynamics module and simulated as separate 
loading scenarios. All applied forces were 
modeled to act along the Z-axis direction. 
 

 
Fig. 5. Applied forces acting on the specimen. 
 

In the test scenarios, the specimen moves linearly 
along the X-axis at a constant velocity defined by a 
servo motor. Based on experimental and numerical 
literature references, the sliding speeds used in the 
simulations were selected as 0.25 m/s, 0.5 m/s, and 
1 m/s. These speed values were applied under a 
fixed wear distance of 10 mm, and system behavior 
was evaluated throughout the corresponding 
analysis durations. 
 
For each speed value, the designated end time 
parameters and associated simulation durations 
are provided in detail in Table 4. This approach 
allows for a comprehensive assessment of the 
influence of load and velocity on the wear 
mechanism. 
 
Table 4. Defined end time parameters and simulation 
durations for different velocity values. 

Analysis ID 
Vx 

(m/s) 

t  

(s) 

Load 

(N) 

1 0,25 0,04 20 

2 0,25 0,04 30 

3 0,25 0,04 40 

4 0,5 0,02 20 

5 0,5 0,02 30 

6 0,5 0,02 40 

7 1 0,01 20 

8 1 0,01 30 

9 1 0,01 40 

3. ANALYSIS RESULTS 
 

Following the completion of the design of the 
vibration-assisted abrasive wear testing device, 
the mechanical behavior of the system was 
analyzed using the Finite Element Method (FEM). 
Numerical simulations were carried out using the 
Explicit Dynamics module within ANSYS 
Workbench, based on the defined boundary 
conditions. 
 
In the analyses, AA6061-T6 aluminum alloy was 
selected as the specimen material, while a high-
hardness tungsten ball was used as the abrasive 
element. The system was modeled to simulate the 
wear behavior caused by frictional contact 
between the specimen, moving at a constant 
velocity under predefined loads, and the abrasive 
ball. 
 
Within the defined boundary conditions, three 
different sliding speeds—0.25 m/s, 0.50 m/s, and 
1.00 m/s—were applied. In addition to the 
constant impact force generated by the vibration 
motor, supplementary external loads of 10 N and 
20 N were introduced. For each simulation 
scenario, the target wear distance was fixed at 
10 mm, and the corresponding end time values 
were calculated to configure the simulation 
parameters. 
 
The simulation outputs included quantitative 
evaluations of, wear depths, maximum shear 
stress, and maximum shear strains. These results 
were comparatively analyzed across different 
speed and load combinations to assess their 
influence on the wear mechanism. 
 
3.1 Wear depth 
 
The maximum wear depth results obtained 
from the simulations are presented in Fig. 6. 
The simulations were performed under a fixed 
wear distance of 10 mm, with sliding speeds 
defined as 0.25 m/s, 0.50 m/s, and 1.00 m/s, 
and applied forces set at 20 N, 30 N, and 40 N. 
Under constant speed conditions, an increase in 
the applied force resulted in a corresponding 
increase in wear depth. At a sliding speed of 
0.25 m/s, increasing the load by 50% (from 
20 N to 30 N) led to a 7.53% increase in wear 
depth, while a further 33.33% increase in load 
(from 30 N to 40 N) resulted in a 27.37% rise. 
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At 0.50 m/s, the same force increments yielded 
increases of 39.80% and 12.41%, respectively. 
At 1.00 m/s, wear depths rose by 32.83% and 
9.82% with the same load increases. Detailed 
numerical values are provided in Table 5. 
 
These results demonstrate that wear depth 
increases proportionally with load but 
decreases as sliding speed increases under 
constant loading. This behavior can be 
attributed to the reduced effective contact time 
and contact area between the specimen and the 

abrasive surface at higher speeds. A smaller 
contact area limits the magnitude of frictional 
forces, thereby reducing the effective pressure 
applied and consequently the overall wear. The 
findings are consistent with wear trends 
reported in the literature [25–27].  
 
The wear depth predictions are based on 
Archard’s wear model law, which relates 
material loss to applied load, sliding distance, 
and material hardness, providing a theoretical 
foundation for the observed trends.

 

 

Fig. 6. Maximum wear depth distributions. 

 
Table 5. Wear depth analysis results under varying sliding speed and load conditions. 

Sliding Speed 

(m/s) 

Load 

(N) 

Wear Depth 

(mm) 

0,25 

20 -0,08904 

30 -0,09575 

40 -0,12196 

0,5 

20 -0,068172 

30 -0,095353 

40 -0,10721 

1 

20 -0,066959 

30 -0,088944 

40 -0,097682 

0,25 m/s, 20 N 0,25 m/s, 30 N 0,25 m/s, 40 N 

0,5 m/s, 20 N 0,5 m/s, 30 N 0,5 m/s, 40 N 

1 m/s, 20 N 1 m/s, 30 N 1 m/s, 40 N 
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3.2 Shear stress 
 
The maximum shear stress values obtained from 
the simulations are presented in Fig. 7. Shear 
stress arises when external forces acting on 
structural components are not aligned with 
internal forces, and it plays a critical role in 
evaluating the structural integrity of systems 
subjected to contact and frictional effects. 
 
In this study, simulations were performed under 
a fixed wear distance of 10 mm, with sliding 
speeds set at 0.25 m/s, 0.50 m/s, and 1.00 m/s, 
and applied loads defined as 20 N, 30 N, and 40 N. 
The key findings can be summarized as follows: 
at a sliding speed of 0.25 m/s, increasing the load 
by 50% (from 20 N to 30 N) resulted in a 3.02% 
increase in maximum shear stress. A further 
33.33% increase in load (from 30 N to 40 N) 
produced a 2.12% rise. At 0.50 m/s, these load 
increments led to increases of 2.60% and 2.48%, 
respectively. At 1.00 m/s, the maximum shear 
stress increased by 3.05% and 3.20% for the 
same respective load increases. Detailed 
numerical data are provided in Table 6. 
 
Based on these findings, the following general 
trends were observed: under constant sliding 

speed conditions, an increase in the applied 
load leads to a corresponding rise in maximum 
shear stress. This is attributed to the intensified 
tendency for plastic deformation in the contact 
region as a result of higher loading. Conversely, 
under constant load conditions, increasing the 
sliding speed tends to cause relatively smaller 
increases—or in some cases, reductions—in 
shear stress. This behavior is primarily 
associated with the shortened contact duration 
and reduced instantaneous contact area at 
higher speeds, which in turn diminishes the 
transmission of stress. Notably, similar effects 
are reflected in the wear mechanisms, 
highlighting the critical influence of sliding 
speed on both mechanical response and 
material degradation. [28,29]. 
 
In conclusion, the stress-enhancing effect of 
increasing load on the material was clearly 
confirmed, while the stress-limiting influence of 
higher sliding speeds was particularly evident at 
moderate and high velocity levels. These 
relationships represent important findings that 
validate both the structural design of the wear 
testing system and the accuracy of the defined 
boundary conditions.

 

 

Fig. 7. Maximum shear stress values obtained from the simulations. 

0,25 m/s, 20 N 0,25 m/s, 30 N 0,25 m/s, 40 N 

0,5 m/s, 20 N 0,5 m/s, 30 N 0,5 m/s, 40 N 

1 m/s, 20 N 1 m/s, 30 N 1 m/s, 40 N 
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Table 6. Shear stress analysis results under varying sliding speed and load conditions. 

Sliding Speed 

(m/s) 

Load 

(N) 

Shear Stress 

(MPa) 

0,25 

20 224,99 

30 231,80 

40 236,73 

0,5 

20 222,51 

30 228,31 

40 233,99 

1 

20 218,84 

30 225,53 

40 232,73 

3.3 Shear strain 
 
The maximum elastic shear strain values 
obtained from the simulations are presented in 
Fig. 8. Strain is defined as the amount of 
deformation per unit volume resulting from 
externally applied loads, and elastic strain 
specifically represents the material's response 
prior to the onset of permanent deformation. 
 
The simulation parameters were set under a 
constant wear distance of 10 mm, with sliding 
speeds of 0.25 m/s, 0.50 m/s, and 1.00 m/s, and 

applied loads of 20 N, 30 N, and 40 N, 
respectively. According to the obtained results: 
at a sliding speed of 0.25 m/s, a 50% increase 
in load (from 20 N to 30 N) led to a 45.6% 
increase in maximum elastic shear strain, while 
a 33.33% increase in load (from 30 N to 40 N) 
resulted in a 39.0% increase. At 0.50 m/s, the 
same load increments yielded increases of 
63.0% and 23.0%, respectively. At 1.00 m/s, 
elastic shear strain increased by 48.5% and 
41.7% for the corresponding load increases. 
Detailed numerical results are presented in 
Table 7. 

 

 

Fig. 8. Maximum elastic shear strain values obtained from the simulations. 
 

0,25 m/s, 20 N 0,25 m/s, 30 N 0,25 m/s, 40 N 

0,5 m/s, 20 N 0,5 m/s, 30 N 0,5 m/s, 40 N 

1 m/s, 20 N 1 m/s, 30 N 1 m/s, 40 N 
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Table 7. Elastic shear strain analysis results under varying sliding speed and load conditions. 

Sliding Speed 

(m/s) 

Load 

(N) 

Elastic Shear Strain 

(mm/mm) 

0,25 

20 0,49321 

30 0,71831 

40 0,99856 

0,5 

20 0,41288 

30 0,67313 

40 0,82788 

1 

20 0,36244 

30 0,53814 

40 0,76243 

These findings indicate that, under constant speed 
conditions, increasing the applied load significantly 
enhances the material's elastic deformation 
capacity, leading to notable increases in maximum 
elastic strain. Conversely, under constant load 
conditions, increasing the sliding speed reduces the 
effective contact time between the specimen and 
the abrasive element, which in turn lowers the level 
of elastic deformation. This effect can be attributed 
to the shorter energy transfer duration at the 
contact interface and the restricted propagation of 
stress within the deformation zone [30–32]. 
 
In conclusion, the direct enhancing effect of 
increased load on elastic strain was observed 
across all velocity scenarios. However, at higher 
sliding speeds, this increase was comparatively 
more limited, highlighting the moderating influence 
of velocity on both wear and deformation behavior. 
 
 
4. CONCLUSIONS 
 
In engineering applications, predicting the 
service life, strength characteristics, and 
potential early failure mechanisms of materials is 
a critical factor in terms of both performance and 
cost. This study focuses on wear mechanisms, one 
of the primary causes of material degradation 
during manufacturing, which can lead to 
significant reductions in component lifespan and 
production efficiency. 
 
The main objective of the study is the 
development of a vibration-assisted impact-
abrasive wear testing device, along with the finite 
element modeling (FEA) of this system, to 
analyze its structural response under various 
loading and velocity conditions. 

To this end, the vibration-assisted impact wear 
tester was designed in compliance with ASTM 
G133-05 using SolidWorks CAD software. The 
system dimensions were tailored for practical 
applicability. The vibration motor, which 
introduces the impact loading capability to the 
device, was selected to operate at an amplitude of 
0.1 mm and deliver an approximate force of 20 N. 
For the numerical simulations, AA6061-T6 
aluminum alloy was selected as the specimen 
material, while high-hardness tungsten balls 
were used as the abrasive elements. Finite 
element analyses were conducted using the 
Explicit Dynamics module in ANSYS Workbench 
19.2. Boundary conditions were defined for a 
constant wear distance of 10 mm under sliding 
velocities of 0.25 m/s, 0.50 m/s, and 1.00 m/s, 
with additional external loads of 10 N and 20 N. 
The key findings of the simulations are 
summarized as follows: 

• Wear depth increased with applied load 
across all speeds. At 0.25 m/s, a 50% increase 
in force (from 20 N to 30 N) led to a 7.53% 
rise in wear depth, while a 33.33% increase 
(from 30 N to 40 N) resulted in a 27.37% rise. 
At 0.50 m/s, the same increments caused 
increases of 39.8% and 12.41%, respectively. 
At 1.00 m/s, the wear depth increased by 
32.83% and 9.82%. 

• Under the same conditions, maximum shear 
stresses were also evaluated. At 0.25 m/s, 
load increases of 50% and 33.33% led to 
stress increases of 3.02% and 2.12%, 
respectively. For 0.50 m/s, the same load 
increments produced increases of 2.60% and 
2.48%. At 1.00 m/s, shear stress rose by 
3.05% and 3.20% with the corresponding 
load increases. 
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• Maximum elastic shear strain values were also 
analyzed. At 0.25 m/s, a 50% increase in load 
caused a 45.6% rise in strain, while a 33.33% 
increase yielded a 39.0% rise. At 0.50 m/s, the 
respective increases were 63.0% and 23.0%, 
and at 1.00 m/s, they were 48.5% and 41.7%. 

 
The results highlight the system's sensitivity to 
load and speed parameters. At constant sliding 
speed, increasing the applied force led to 
significant rises in wear depth, stress, and elastic 
strain. However, under constant load, increasing 
the sliding speed had a mitigating or diminishing 
effect on these responses. This behavior is 
attributed to the reduced effective contact time 
and smaller contact area at higher speeds. 
 
Overall, the outcomes of this study provide 
valuable insights into the structural behavior and 
modeling accuracy of vibration-assisted hybrid 
wear systems. These findings serve as a 
meaningful reference for the design and 
simulation of similar mechanical systems. 
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