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Abstract Keywords
Health monitoring of rotating machinery, particularly gearboxes, is crucial for Design
ensuring operational efficiency and preventing unexpected failures. Gearboxes are

. . . ) . ) Dynamic Analysis
among the most critical components in rotating machinery, with gears playing an

essential role in transmitting torque and maintaining appropriate speeds. Due to the Gearbox
importance of fault diagnosis and predicting the remaining useful life (RUL) of Remaining Useful Life
gearboxes, numerous studies have recently been conducted in this area. One widely Vibration Analysis

used method for predicting the RUL of equipment is accelerated life testing. To achieve
this, a test bench was designed using CATIA software to estimate the RUL of spur
gears, which are key components of gearboxes. Subsequently, dynamic and vibrational
analyses were conducted using ADAMS software. These analyses included investigating
the impact of vibration interference caused by the operation of the crank and spring

mechanism—a load applicator on the gear teeth. Simulation results were compared
with experimental data, confirming the model's accuracy. Additionally, vibrations Revised:
from the crank and spring mechanism did not affect data related to gear faults. evised:  01.25.2025
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range of the gear increased from 44.5 dB to 66.87 dB, and the presence of sidebands *Corresponding Author

around this frequency indicated wear-related faults. The findings of this research Mohammad Aboonajmi
suggest that the collected data can be effectively used to estimate the remaining useful Email
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1- Introduction

Fault detection and identification in mechanical the system's dynamic response through vibration
systems during operation is one of the key and acoustic analysis [2].

challenges in maintenance and repair (MR) [1]. The
predictive MR approach enables failure prediction
and the implementation of appropriate solutions by
monitoring the operational conditions of equipment.
One effective method in this field is Condition-
Based Monitoring (CBM), which detects changes in

Gearboxes, widely used in military and industrial
applications, experience variations in load and
speed, leading to various defects in their gears.
These defects include gear scratches, chipping,
overall wear, and cracks caused by bending fatigue,
which are categorized into widespread and localized
defects [3]. Studies show that 60% of gearbox issues
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originate from gear tooth defects, while 24% result
from inadequate ~ maintenance  practices,
emphasizing the significance of gearbox condition
monitoring [4].

A critical factor in gear performance is the involute
profile of the teeth. Any deviation from this profile
reduces accuracy and increases the likelihood of
failure. Gear wear is classified into abrasive and
adhesive types, typically caused by insufficient
lubrication or excessive stress [5]. Proper
monitoring of these changes can lower maintenance
costs and improve system efficiency.

Modeling and simulating defects are effective tools
for predicting failures and optimizing gear design.
Software such as MATLAB for numerical analysis,
ABAQUS and ANSYS for finite element methods,
and ADAMS for multi-body dynamic analysis
provide precise gear performance evaluations [6,7].
Among these, ADAMS is extensively used for
modeling and analyzing multi-body mechanical
systems, supporting design optimization [8].

Validating dynamic models is essential, as
theoretical results without reliable experimental
data cannot be applied to real-world scenarios.
Combining modeling data with experimental tests
enhances defect detection accuracy and reduces
computational complexity in classification systems.
Selecting relevant features to describe machine
conditions improves defect identification and
prediction accuracy [9].

Given the challenges in analyzing real-world
systems, integrating dynamic and simulated
methods for system condition assessment and
applying findings to similar cases is necessary. In
this study, a data acquisition system was designed
and evaluated for a sample gearbox with simple
gears. Initially, a 3D model of the system was
developed in CATIA, followed by dynamic gear
analysis using ADAMS software. The developed
3D model simulated the gears' dynamic response,
and the results were compared with an experimental
model to validate the analysis [10,11].

Ultimately, by monitoring gearbox conditions and
analyzing tooth profile variations, maintenance

costs can be reduced, the operational lifespan of
equipment can be extended, and mechanical system
performance can be optimized. Simulation and data
validation are powerful tools for defect prediction,
design improvement, and enhancing industrial
equipment efficiency [12,13].

2- Research Methods

Fault detection and the estimation of remaining
useful life in mechanical systems, particularly
gearboxes, present significant challenges in
maintenance and repair. This study focuses on
evaluating gear wear and its impact on gearbox
performance using accelerated tests. A test system,
comprising a gearbox, main chassis, electric motor,
and a resistant load application mechanism (crank
and spring system), was designed and built to
analyze gear wear under controlled conditions and
predict its failure timeline.

Gear wear is a common defect in mechanical power
transmission systems, typically developing over
time. To expedite wear formation for analysis,
controlled resistant load tests were conducted on
gear teeth. The crank and spring mechanism enabled
precise load application, simulating real-world
operational stress conditions. The selected gears had
a module of 4, with a 20-tooth pinion of 80 mm
diameter and a 50-tooth gear of 200 mm diameter.
Bearings of type 6306 were selected according to
DIN625-1 standards to withstand maximum
operational speed and load.

Flexible couplings were used to connect the input
and output shafts, ensuring smooth torque
transmission ~ while  accommodating  minor
misalignments. This design prevents excessive axial
or bending stresses, thereby reducing the risk of
sudden mechanical failures.

To determine the required resistance load, the
gearbox output torque was calculated using power
and angular velocity relationships. The calculated
torque of 57 Nm guided the design of the crank and
spring mechanism. The crank arm length was set at
35 mm, and the spring was designed with a wire
diameter of 7 mm, an outer diameter of 65 mm, a
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height of 175 mm, and 14 active coils. The
theoretical maximum force exerted by the spring at
75 mm compression was calculated to be 1100 N.

Dynamic simulations using ADAMS View
analyzed the effects of gear displacement and
vibrations on structural integrity. This software
allows for defining essential gear parameters, such
as module, tooth count, width, and thickness,
ensuring precise system modeling. The gears used
were made of St37 steel, with physical properties
detailed in Table 1.

Table 1: parameters of the gears used

Parameter Symbol Pinion Gear
Number of teeth Z 20 50
Module M 4 4
Pl_tch circle p 80 mm 200
Diameter mm

. 20
Gear thickness T 20 mm

mm

To validate the experimental results, boundary
conditions were set, including fixing the gear
centers while allowing only rotational motion
around the Z-axis (DOF=1). The gearbox input
speed was set at 1496 rpm, corresponding to the
electric motor’s maximum speed. Static and
dynamic friction coefficients were assigned values
of 0.15 and 0.11, respectively.

A flexible multi-body dynamic model was created
in MSC ADAMS to assess defect-induced
variations in gear dynamics. The model
incorporated driving and driven shafts, pinions,
gears, and bearings. Data from finite element
analysis in CATIA were integrated to refine mass
centers, moment distributions, and stiffness
functions. Torsional and translational springs were
included to simulate contact conditions and
frictional effects. Rotational motion was applied to
the gearbox input, while output torque constraints
were established.

By analyzing gear wear progression and dynamic
responses, this study enhances predictive

maintenance strategies. The combined experimental
and simulation-based approach facilitates early fault
detection, extends equipment lifespan, and
optimizes mechanical system performance. The
findings underscore the effectiveness of integrating
accelerated testing with dynamic modeling for
industrial gearbox reliability assessment.

3- Discussion and Results

To assess the impact of the crank and spring
mechanism on gearbox performance, parameters
such as speed, power, and vibration were simulated
and analyzed. In this study, the mechanism was
initially simulated in two states: before and after the
application of spring force. The results indicated
that connecting the mechanism did not significantly
affect the amplitude of the gear meshing frequency.

For validation, system data was recorded before and
after the mechanism was connected and
subsequently analyzed. Fourier Transform and the
SPL method were applied to transfer data into the
frequency domain, revealing that the mechanism
had no effect on the meshing frequency.
Additionally, system data was collected over 60
hours, and using the FFT method, the impact of
wear on the meshing frequency and sidebands was
examined.

The findings demonstrated that, based on the
collected data and the Weibull distribution, the
remaining useful life of the gearbox could be
estimated, providing a valuable framework for
predicting the lifespan of similar mechanical
systems.

4- Conclusion

A system was designed, evaluated, and built to
estimate the remaining useful life of a gearbox. As
wear was the primary defect studied, it was essential
to analyze the impact of vibration generated by the
resistant load mechanism on gear failure data.
Before constructing the experimental system,
simulations of the applied load mechanism were
performed to gather vibration data.
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The study examined the effect of the resistant load
mechanism on system dynamics, considering forces
generated by the crank and spring. Simulation
results indicated that the vibrations caused by the
mechanism did not significantly influence the
overall system vibration. After constructing the
system, a comparison between simulation and
experimental data validated the findings.

Frequency analysis using the SPL method initially
showed a frequency reduction due to manufacturing
defects, followed by an increase to 66.87 dB as wear
progressed. By applying the Weibull distribution
and statistical methods, the gearbox’s remaining
useful life was estimated accurately.
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