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Abstract: The railway vehicle gearbox is an important part of the railway vehicle traction transmission system
which ensures the smooth running of railway vehicles. However, as the running speed of railway vehicles
continues to increase, the railway vehicle gearbox is exposed to a more demanding operating environment. Under
both internal and external excitations, the gearbox is prone to faults such as fatigue cracks, and broken teeth. It is
crucial to detect these faults before they result in severe failures and accidents. Therefore, understanding the
dynamics and fault diagnosis of railway vehicle gearbox is needed. At present, there is a lack of systematic review
of railway vehicle gearbox dynamics and fault diagnosis. So, this paper systematically summarizes the research
progress on railway vehicle gearbox dynamics and fault diagnosis. To this end, this paper first summarizes the
latest research progress on the dynamics of railway vehicle gearboxes. The dynamics and vibration characteristics
of the gearbox are summarized under internal and external excitations, as well as faulty conditions. Then, the state-
of-the-art signal processing and artificial intelligence methods for fault diagnosis of railway vehicle gearboxes are
reviewed. In the end, future research prospects are given.
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I. INTRODUCTION
Rail transportation plays a crucial role in human daily life
and economic development, and it has experienced rapid
development in the past decades. Compared to other modes
of transportation, rail transportation offers benefits such as
large volume, low cost, and high safety. Furthermore, rail
transportation is also more environmentally friendly. Ac-
cording to [1], rail freight transport emits 93% fewer carbon
emissions per ton-kilometer compared to road freight trans-
port. Since 2008, the Chinese government has constructed
more than 37,900 km of high-speed railway lines, which are
expected to double again by 2035 [2].

The safety and reliability of railway transportation are
always the primary concerns for the rail transportation
industry. The continuous increase in railway vehicle oper-
ation speed and carrying capacity raises the probability of
failures in key traction transmission components. As an
important part of the traction transmission system of rail-
way vehicles, gearboxes are the key to the safe and smooth
operation of railway vehicles. Railway vehicle gearboxes
consist of driving gears, driven gears, gear shafts, gear shaft
bearings, and gearbox housing, as depicted in Fig. 1.
Straight gears and helical gears are two common types
of gears used in railway transit equipment. Although the
gearboxes for different types of trains are slightly different,
they have common parts, as shown in Fig. 1. The gearbox is
prone to failure due to the harsh working environment. A
common type of fault is the occurrence of cracks in the
housing, as shown in Fig. 2. Additionally, railway vehicle
gearboxes may experience tooth cracks, tooth surface dam-
age, oil leakage, and others [3,4]. In China, the Shaoshan
series electric locomotive has experienced issues with

gearbox oil leakage. The Dongfeng series locomotive has
encountered significant wear, crack, broken teeth in the
traction gear, pinion loosening, and gear cover deformation.
Similarly, the HeXie series locomotive has also suffered
from gearbox oil leakage, gear shaft fracture, and gear
fracture [5]. The design life of the railway vehicle gearbox
is typically the same as that of the entire vehicle.

Numerous studies have shown that condition monitor-
ing and fault diagnosis technology can effectively prevent
serious accidents. In fact, this technology has found exten-
sive application in the critical systems of railway vehicles,
including the bogie system, traction system, brake system,
train electrical system, and information control system [7].
Existing review articles primarily focus on bearings and
wheels [2,8–11]. While some review articles have covered
railway vehicle gearboxes, they are relatively superficial
[5,7]. Chen et al. [5] summarized the dynamics research
progress on the gear transmission system of rail transits. Xie
et al. [7] provides a brief summary of fault diagnosis in
bogie gear with a smaller scope. Currently, there is a lack of
comprehensive reviews specifically focusing on fault diag-
nosis in railway vehicle gearboxes, particularly in conjunc-
tion with dynamics research. As mentioned earlier, railway
vehicle gearboxes are prone to frequent failures. Under-
standing gearbox dynamics is essential. To address this gap,
this paper investigates the dynamics of the railway vehicle
gearbox. Subsequently, this paper offers a comprehensive
summary of the fault diagnosis methodologies for railway
vehicle gearboxes.

The rest of this paper is organized as follows: in
Section II, we summarize the latest research results on
the dynamic characteristics of the gearbox under internal/
external excitations and fault conditions. These studies’
findings can serve as a guide for condition monitoring,
structural improvement, and fault diagnosis of gearboxes.
In Section III, the research status of fault diagnosis for
railway vehicle gearboxes is summarized into two
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categories: signal processing and artificial intelligence.
Section IV discusses the future research prospects.
Section V is the conclusion.

II. DYNAMICS OF THE GEARBOX
UNDER INTERNAL/EXTERNAL
EXCITATIONS AND FAULT

CONDITIONS
The gearbox fault diagnosis is usually accomplished
through the analysis of signals collected by sensors, includ-
ing vibration, temperature, sound, and stress signals. How-
ever, observing the internal signals of the gearbox is
challenging due to its closed-system nature. Therefore,
external dynamic responses, such as vibration, are pre-
ferred, given their engineering feasibility. Fault diagnosis
is achieved by analyzing and extracting the fault features in
such external dynamic responses. Hence, understanding the
dynamic characteristics of the gearbox is fundamental to the
development of fault diagnosis methods, as fault character-
istics are usually coupled with fault-irrelevant vibrations

and complex operation condition effects. In this section, the
gearbox dynamics-related research is reviewed in two
categories: dynamics under internal and external excitation,
and dynamics under fault conditions.

A. DYNAMICS UNDER EXTERNAL AND
INTERNAL EXCITATION

When the railway vehicle is in operation, the excitation of
the railway vehicle gearboxes can be categorized into two
categories:

(1) Internal excitation. The internal excitation is gener-
ated within the system during the meshing process of
the gear pair. Internal excitation mainly refers to the
time-varying meshing stiffness of gears, gear errors
resulting from incorrect manufacturing and installa-
tion, and time-varying bearing stiffness.

(2) External excitation. As a part of the railway vehicle,
the gear transmission system is subjected to external
excitations such as track irregularity, wheel–rail non-
linear contact, wheel polygonization, wheel flat, and
traction motor harmonics.

Fig. 1. High-speed train gearbox [6].

Fig. 2. Crack in gearbox housing [12].
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1) DYNAMICS UNDER INTERNAL EXCITATION. Numer-
ous studies have been conducted to investigate the influence
of internal dynamic excitation on gearbox vibration. Huang
et al. [13] developed a dynamics model of the traction
system that considers the time-varying stiffness of meshing
teeth pairs and the gear transmission errors. The results
indicate that when the train operates at high speeds, the
primary vibration frequencies of the gearbox are the mesh-
ing frequency and its harmonic frequencies. The internal
dynamic excitation of the traction system can amplify both
the vertical vibration of the frame and the gearbox. Hu et al.
[14] used Adams multibody dynamic simulation software
to establish a rigid–flexible coupling simulation model of
the high-speed train gearbox transmission system. The
study focused on the changing law of contact forces during
the process of helical gear meshing and bearing rolling, as
well as the motion stability of both large and small gears and
bearing cages. The simulation results revealed that the
vibration acceleration and displacement are higher for the
pinion and pinion bearing compared to the gear and gear
bearing, respectively. The gear and gear bearings exhibited
greater stability. For quantitative analysis of the influence of
internal excitation, Wei et al. [15] developed a multi-
degree-of-freedom dynamics model. This model considers
time-varying mesh stiffness, tooth gap, and bearing clear-
ance. The results show that even a small backlash of the
tooth surface will lead to a large vibration response in the
traction gear system. The bearing clearance has a significant
impact on the vibration displacement response of the
system at low speeds, but its effect on the system becomes
less significant at high speeds. The selection of appropriate
bearing clearance and backlash of the tooth surface plays a
crucial role in reducing the vibration of the gear transmis-
sion system of a small locomotive. Zhu et al. [16] estab-
lished a dynamics model for high-speed train gear
transmission considering time-varying meshing stiffness
and time-varying meshing error. They also built a test
rig for the traction gearbox. Various tests were conducted
on the traction gearbox under various working conditions.
The experimental results indicated that when the meshing
frequency is equal to certain natural frequencies of the
system, resonance occurs between the input and output
shaft, with the vibration amplitude of the input shaft being
greater than that of the output shaft. The frequency domain
graph of the vibration acceleration exhibited peak values
near the meshing frequency and its second harmonic.
Additionally, peak values were observed near the rotation
frequencies of the input and output shafts, as well as their
harmonics. Ren et al. [17] developed a flexible gear mesh-
ing dynamics model and integrated it into the vehicle
system dynamics model. Using this model, they investi-
gated the impact of gear transmission on the dynamics of
high-speed trains. The findings are that as the operating
speed of the train increased, the gear meshing forces and
oscillations in the transmission system intensified.

2) DYNAMICS UNDER EXTERNAL EXCITATION. Many
researchers have investigated the vibration performance of
wheelset-gearbox under external excitation, such as wheel-
set out-of-roundness, wheel polygon wear, track irregular-
ity, or a combination of these excitations. Zhu et al. [18]
analyzed data collected from a high-speed electric multiple-
unit housing under service conditions and discovered that
the modulation frequency of the axle rotation frequency and
pillow-span impact frequency during train operation could

worsen the vibration of the gearbox housing. Sun et al. [19]
developed a rigid–flexible coupling dynamics model of
railway vehicles using parameters from a specific type of
Chinese High-Speed Rail (CRH) train. They incorporated a
flexible transmission system dynamic model into this
framework. The results indicate that gear mesh vibration
in the transmission system has an impact on the vibration of
the frame, gearbox, and motor. Gear meshing exacerbates
the lateral vibration of the gearbox and motor, as well as the
vertical vibration of the motor to some extent. Yang et al.
[20] demonstrated that the acceleration vibration amplitude
of the gearbox is lower when the train wheels are worn
compared to new wheels. The reason may be that the
material properties of the new wheel tread are unstable,
and the worn wheel tread, after a period of operation, is
more stable for high-speed train operation. Resonance
fatigue can occur when the excitation frequency from the
wheel–rail interaction is close to the natural frequencies of
the structure. Liu et al. [21] conducted a 1:1 high-frequency
excitation test using a rolling test rig within the speeds of
100–500 km/h. The results show that the wheel polygon
wear is the primary excitation source of the wheelset system
and determines the vibration level of the wheelset-gearbox
system within speeds ranging from 100 to 400 km/h.
Moreover, wear on the wheel polygon can induce resonance
in the gearbox housing, resulting in torsional vibrations in
the gear transmission system. To reveal the influence of the
wheel polygonal fault on the gear transmission system
under the traction condition, Zhao et al. [22] developed
a Lagrangian form dynamics model of a railway vehicle
with a gear transmission system. The results showed that the
wheel polygonal faults have amplitude/frequency modula-
tion effects on the time/frequency response of the gear
system. The increase in the polygon order leads to severe
aliasing effects and energy dispersion of the gear meshing
frequency and its harmonics.

In addition to studying vibration characteristics, re-
searchers have also investigated the dynamic stress field
under external excitation. To analyze the dynamic response
of the gearbox in the vehicle–track system,Wang et al. [23–
25] developed a three-dimensional vehicle–track coupled
dynamics model for high-speed trains, as shown in Figs. 3
and 4. This model is based on classical vehicle–track
coupled dynamics and gear dynamics theory. The model
considered nonlinear factors, such as nonlinear damping
characteristics, time-varying mesh stiffness of the gears,
and the wheel–rail contact relationship. They investigated
the dynamic stress fields of the gearbox housing under
wheel polygonal wear and wheel flat wear. The results show
that the 20th-order polygonal wear can lead to the resonance
in the gearbox housing and increase the maximum stress on
the gearbox. Moreover, an increase in the length of the
wheel flat leads to a further increase in the maximum stress
value on the gearbox housing, especially when the length of
the wheel flat exceeds 40 mm, resulting in a rapid escalation
of the maximum stress value. In addition to simulation
experiments, the authors also performed rig tests in the
laboratory and field experiments on the Beijing–Shanghai
high-speed rail line [26]. The results of the experimental
studies align closely with the simulation, suggesting that
polygonal wear can significantly influence the vibration of
the gearbox housing. Under the 20th-order polygon wear,
the gearbox housing will resonate, leading to severe vibra-
tion of the oil-level sight glass, increased stress, and a
higher likelihood of cracking. Similarly, Zhu et al. [27]
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discovered not only the 20th-order polygonal wear of the
wheel but also the 5th-order polygonal wear, leading to a
significant increase in the local stress of the gearbox due to
the wheelset roll motion. To investigate the impact of the
torque on the vibration and stress of the gearbox housing,
Hao et al. [28] established a multibody dynamics model that
takes into account the elastic deformation of the wheelset
and gearbox housing. Based on the electromechanical

model, the vibration acceleration and dynamic stress of
the gearbox housing are analyzed under three conditions:
without torque, with ideal torque, and with harmonic
torque. The results indicate that the traction torque amplifies
the vibration acceleration and dynamic stress.

The results of the above studies show that wheel flat,
wheel polygonal wear (especially the 20th-order polygonal
wear of the wheel), and the harmonic torque of the traction
torque can induce resonance in the gearbox. When reso-
nance occurs, the stress near the oil window and the bottom
section of the gearbox housing is relatively high. So, during
the service process of railway vehicles, it is important to
closely monitor the changes in the vibration environment of
the vehicle to prevent gearbox resonance. Some studies
[18,20,21,23,26,27] conducted rig tests or field experi-
ments, thereby yielding more realistic results.

The existing dynamic models primarily consist of
rigid–flexible coupling models. In ref. [19], the model
considers the car body and wheelsets as rigid bodies, while
the frame and gear pairs are considered as flexible bodies.
The gearbox housing is considered as a flexible body in
[26]. In ref. [27,28], the models both consider a flexible
gearbox housing and wheelset. Additionally, studies [21–
25] employed rigid-body assumptions, potentially dimin-
ishing the accuracy of the solution. The inclusion of flexible
deformation in the gear pair and wheelset is preferable when
constructing a realistic model and obtaining more precise
calculation results.

3) DYNAMICS UNDER BOTH EXTERNAL AND INTERNAL
EXCITATION. The railway vehicle gearbox generally op-
erates under both internal and external excitations. Hence,
considering internal and external excitations simulta-
neously is essential. To investigate the dynamic character-
istics of high-speed train gearbox housing, Huang et al. [29]
developed a multibody dynamics model that considers both
internal and external excitations. In this model, internal
excitations encompass time-varying stiffness, damping, and
transmission error, whereas external excitation accounts for
asynchronous motor harmonic torque and track irregularity.
The results show that the dynamic characteristics of the
gearbox under internal and external excitation can be
revealed only by establishing the vehicle dynamics model.
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The main frequency of the dynamic response of the gearbox
reflects the harmonic torque frequency of the asynchronous
motor and the gear meshing frequency. When the external
excitation frequency is close to a certain order frequency of
the gearbox, the stress amplitude of the gearbox housing
will sharply increase. Huo et al. [30] conducted experi-
ments to investigate the variation in contact load on the
outer raceway’s maximum loaded position of a gearbox
bearing in a high-speed train. They also studied the char-
acteristics and reasons for the variation in contact load at
this position. It was observed that under specific operating
conditions with small input torque and slow input speed,
modal vibration occurs in the cage and shaft, leading to
significant variations in the contact load. The variation
coefficient of the contact load at the maximum load position
was found to be linearly related to the root mean square of
the acceleration measured at the bearing housing. In the
study by Yang et al. [31], a rail vehicle model equipped
with a helical gear system was developed to investigate the
influence of wheel flats on the railway vehicle’s gear
system. When the wheels were in a healthy condition,
the vibration acceleration of the gear system exhibited
the meshing frequency of the gear system. However, in
the presence of wheel flats, the frequency domain response
showed the appearance of the gear system’s meshing
frequency and energy. If the vehicle speed exceeded
32 km/h, the sidebands and intense noise caused by the
wheel flats gradually increased. As the vehicle speed con-
tinued to increase beyond 50 km/h, the noise generated by
the wheel flats masked the gear meshing frequency. Wang
et al. [32,33] developed a three-degree-of-freedom torsional
vibration model for a spur gear transmission system of a
typical locomotive. The model considers both internal and
external excitations. Internal excitations include nonlinear
backlash, static transmission error, and time-varying mesh-
ing. External excitations encompass motor torque variation
and wheel–rail adhesion force fluctuation. Through this
model, the authors found that the varying speed of the
pinion will change the time-varying mesh stiffness, static
transmission errors, and wheel–rail adhesion torque, which
are called parametric excitation. Furthermore, this paramet-
ric excitation can reduce the performance of the gear
transmission system, resulting in relatively large uncertain-
ties in the dynamic response of the system. Zhou et al.
[34,35] established a coupling model that considers the
dynamic interactions between the electric drive subsystem
and the mechanical subsystem. This model allows for the
analysis of dynamic responses under various complex
excitations, such as track irregularities, wheel flats, and
time-varying gear mesh stiffness. The results show that the
presence of wheel flats will exacerbate the wheel–rail
impact and vibrations in locomotive components. Further-
more, the frequency spectrum of the traction motor current
exhibits the gear mesh frequency and its harmonics. Wang
et al. [36] established a novel vehicle dynamics model that
incorporates gearbox housing, time-varying mesh stiffness,
nonlinear gear tooth backlash, and track irregularities. The
study revealed that wheel flats and wheel polygonal wear
can cause high-frequency fluctuations in both the longitu-
dinal creep force and gear mesh force, resulting in violent
and complex torsional vibrations in the gear transmission
system.

According to the above literature review, we can see
the general principles for dynamic modeling and analysis:
1) by establishing a vehicle–rail coupling model that

includes the transmission system, a more accurate dynamic
response can be obtained; 2) considering both internal and
external excitations in the model ensures a more realistic
representation of the dynamic response; and 3) vehicle–rail
coupled dynamics models can be utilized to assess the
vibrational characteristics of the gearbox under various
complex excitations, such as gear cracks, wheel defects,
and gearbox housing cracks.

B. DYNAMICS UNDER FAULTY CONDITION

The aforementioned study provides insights into the
dynamic behavior of gearboxes under various internal
and external excitations. Understanding the dynamic char-
acteristics of gearboxes in the presence of faults is particu-
larly valuable for the development of gearbox fault
diagnosis methodologies. To this end, the researchers con-
ducted dynamics research under the condition of gearbox
fault. These studies reveal the dynamic characteristics of
gearboxes in a faulty state and provide a theoretical foun-
dation for gearbox fault diagnosis. The types of faults in
railway vehicle gearboxes include fatigue fractures
(i.e., gear tooth crack and housing crack), gear spalling,
gear wear, and misaligned cardan shaft.

1) GEAR TOOTH CRACK. Tooth crack is one of the most
common faults in gearboxes, as shown in Fig. 5. Insufficient
lubrication, excessive loads, or local material defects can
lead to bending fatigue damage in gear teeth, resulting in
tooth cracks. The presence of tooth cracks in railway
vehicle gearboxes can lead to complete failure of the
gear transmission system. Detecting tooth cracks early
on can help prevent such failures. Wang et al. [37] studied
the parametric resonance and stability of a cracked gear
system for a railway locomotive. Time-varying meshing
stiffness caused by tooth root cracks and the nonlinearity
of the cracked gear system leads to the bending of the
frequency response curve, multiple value phenomenon, and
the nonlinear jump in the amplitude. The presence of a crack
in the tooth root diminishes the damping effect on the
resonance amplitude, leading to an increase in vibration
amplitude and unstable operation of the railway
locomotive.

For the smooth operation of railway vehicles, it is
critical to understand the fault characteristics of the gear
transmission under tooth cracking fault and to find the early
tooth cracking fault in time. In theory, the localized faults of
the concentrated defects, such as broken teeth, tooth surface
spalling, and cracks, can generate periodic shock pulses.
These faults can also generate amplitude modulation and
frequency modulation. Liu et al. [38] established a

Fig. 5. Subway gearbox bevel gear tooth crack [44].
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kinematic model of a high-speed train transmission system,
and the fault characteristics of bearing, wheel, and gear
elements are studied. When a tooth root crack occurs in a
gear, the time–domain response of the driven gear nodes
exhibits a clear period, which corresponds to the rotating
period of the gear with the crack. In the spectrum of the
time–domain response, new frequency components appear
around the natural frequencies and meshing frequencies.
The gear fault frequency primarily manifests in the gear
meshing frequency band. Liu et al. [39] obtained the
vertical vibration acceleration of the locomotive body,
bogie frame, wheelset, and motor under different degrees
of tooth cracking using a dynamic locomotive model with
gear transmission. The results indicate that when a tooth
root crack occurs in the pinion of the gear transmission
system, the vibration signal exhibits the pinion’s rotational
frequency and its harmonics. The vertical acceleration of
the car body is more sensitive to the tooth crack. Jiang et al.
[40,41] investigated the vibration characteristics of gear
fault in the railway locomotive dynamics system using a
spatial dynamics model of a heavy-haul electric locomotive
that accounted for the dynamic coupling effect of the gear
transmission system. The main findings of their research are
that the time–frequency analysis of the dynamic meshing
force, as well as the vertical and longitudinal vibration
acceleration of the wheelset, can reveal the fault character-
istic frequency resulting from tooth root cracks. Addition-
ally, the fault vibration caused by tooth root crack is difficult
to transfer to the bogie frame due to the primary suspension
system. Condition indicators such as Fourth Order Figure of
Merit (FM4), M6A, and M8A were found to reflect the
influence of crack depth on the dynamic characteristics of
the system. The effects of crack depth on the FM4, M6A,
and M8A values for longitudinal and vertical vibration
accelerations of wheelsets are similar. Chen et al. [42]
studied the evolution law of the dynamic response char-
acteristics of the vehicle–track system under the influence
of tooth root cracks. The results indicate that the fault
features associated with tooth root cracks can be obscured
by intensified vibrations. To enhance and extract the fault
features, the author proposed a signal processing technique
that combines the angular synchronous average technique
with statistical indicators calculated from the data series
constructed from the frequency spectrum. The statistical
indicators M8A, calculated from the motor vibration signal,
demonstrated the highest sensitivity to the development of
pinion tooth root crack faults. Additionally, Li et al. [43]
studied the crack propagation characteristics of high-speed
train gears. They developed a finite element model of a
helical gear pair with a crack at the tooth root using
ABAQUS software. The study examined the growth tra-
jectory and propagation life of the crack at the tooth root. As
the load increases, the crack propagation life decreases
significantly. This suggests that acceleration or braking
conditions impose higher loads on the gear system and
can significantly reduce the life of the crack propagation
process.

The above research studies not only revealed the
evolution law of the fault but also put forward fault
indicators for fault identification, which serves as a solid
foundation for subsequent fault diagnosis. The actual oper-
ation of railway rolling stock is more complex and can be
influenced by factors such as wheel polygonization and
wheel flat. These factors make the extraction of fault
features more challenging. The fault vibration

characteristics of the gear transmission system under the
excitations, such as wheel polygonization and wheel flat,
need further investigation.

2) HOUSING CRACK. In railway vehicle gearbox, hous-
ing crack is one of the most common faults. The gearbox is
prone to abnormal vibrations and fatigue damage caused by
internal and external excitations, including coupling excita-
tion [45]. Designers consider the static strength and stiffness
of the gearbox but tend to ignore the fatigue strength [46]. As
mentioned in the introduction, several train series in China
have encountered gear crack or fatigue crack in their gearbox.
The gearbox housing of Portuguese Railways’ 2600 series
locomotives has also experienced the failure of the gearbox
housing [47]. This series of locomotives appeared to have
cracks in the upper area of the cover and in the frontal central
area of the body of the housing [47].

Fatigue failure is the leading cause of mechanical
structural failure. When the material or structure is sub-
jected to repeated changes in load, the mechanical structure
may fail even if the stress value has not exceeded its
strength limit or is lower than the elastic limit. This
phenomenon, known as fatigue failure, occurs when a
material or structure fails under the repeated action of
alternating loads. Vibration fatigue generally includes res-
onant fatigue and nonresonant fatigue. The structural reso-
nance caused by the alternating load can lead to fatigue
fractures at the locations of local stress concentration or
weak positions [48]. The dynamic characteristics of the
gearbox in railway vehicles indicate that it is prone to
resonance when subjected to internal and external excita-
tions, as well as coupling excitation.

To investigate the impact of wheel polygonization on
the fatigue of the gearbox housing mounted on the wheelset
of a high-speed train, Wu et al. [49] established a three-
dimensional multibody system railway vehicle model, as
shown in Figs. 6 and 7. Through the finite element and
multibody dynamics analysis, the authors studied the
dynamic stress distribution on the gearbox housing caused
by variable amplitude polygonal wear on the wheel. Using
the Kernel density estimation method, the authors extrapo-
late the dynamic stress on the gearbox to estimate the stress
levels after a total running distance of 140,000 km. They
then estimate the fatigue damage. The results show that the
fatigue damage with a 20th-order polygonal wear is 63%
higher than without the polygonal wear on the wheel.
Wheel polygon wear significantly reduces the lifespan of
the gearbox housing. Li et al. [50] carried out a macro-
analysis of the crack in the gearbox fracture section and
identified that the fatigue crack initiates at the inside corner

XcZc

βc Yc
ϕc

Carbody

Bogie
frame

Wheelset

Pinion
Gear Motor Gearbox

Fig. 6. Railway vehicle dynamics model [49].
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of the gearbox. The results of the online test indicate that the
exciting frequency resulting from line turbulence can cause
resonance in the gearbox housing, leading to high dynamic
stress amplitude and, ultimately, fatigue cracks in the gearbox
housing. Wang et al. [51] established an equivalent stress and
fatigue strength interference reliability model for the railway
vehicle gearbox. They also investigated the relationship
between the fatigue reliability of the gearbox housing and
the service mileage. The stress level of the gearbox housing
increases with higher train speed and motor output torque.
Moreover, improvements in the casting quality of the alumi-
num alloy housing have led to an extended lifespan of the
gearbox housing. For example, the service mileage can be
increased by a factor of 3.8when the casting pore size changes
from 0.9 to 0.5 mm in diameter. He et al. [52] developed a
method to analyze and assess the strength and fatigue char-
acteristics of transmission gearbox in high-speed trains. This
method was applied to a series of high-speed gearboxes, and
its accuracy was verified through running tests.

3) GEAR SPALLING. Due to frequent and high-load gear
meshing, gearboxes are prone to contact fatigue, which can
result in failures such as spalling. After a long period of
service, the rail vehicle traction transmission system is
prone to gear spalling, as shown in Fig. 8. This issue
diminishes the operational performance of the railway
vehicle. Lin et al. [53] conducted a study on the dynamic
characteristics and fault mechanism of gear tooth spalling in
railway vehicles. Theoretically, gear spalling generates

sidebands in the meshing frequency. However, the time–
frequency spectrum analysis reveals that gear tooth spalling
does not exhibit a significant sideband in the operating
environment of railway vehicles. This phenomenon could
be attributed to the strong noise and nonstationary environ-
ment. The author found that the length and depth of spalling
affect the amplitude of the time-varying meshing stiffness,
while the width determines the range of the time-varying
meshing stiffness loss. In low-noise environments, the crest
factor is the most effective evaluation indicator. In strong
noise, applying a high-pass filter allows the root mean
square and variance to exhibit excellent classification capa-
bilities, unaffected by the vehicle’s speed.

4) GEAR WEAR. Friction damage to the material fre-
quently occurs on the contact surface of gear teeth during
the meshing process. Inappropriate gear material, the pres-
ence of hard particles between contact surfaces, and insuffi-
cient or contaminated lubricating oil supply can lead to early
gear wear, as shown in Fig. 9. Gear wear alters the size of the
contact surface and the tooth shape of the gear, and severe
wear results in gear failure. To investigate the nonlinear
dynamics of high-speed multiple units gear transmission
system with wear faults, Yang et al. [55] developed a
dynamic model of helical gears with wear fault and analyzed
the dynamic response. During the initial stage of the fault,
wear failures have the most significant influence on Root
Mean Square (RMS), kurtosis, and peak-to-peak values. As
the wear area continues to increase, all these indicators
fluctuate with a small amplitude. Vibration signals can be
used to identify and diagnose the wear fault. Liu et al. [38]
found that when the surface of the driving gear is slightly
worn, the time–domain response of the driven gear node
exhibits an obvious periodic pattern corresponding to the
rotation period of the worn gear shaft. The vibration ampli-
tude of the vertical response of the driven gear nodes
increases, and the gear fault frequency ismainly concentrated
in the gear meshing frequency band.

5) MISALIGNED CARDAN SHAFT. The cardan shaft is a
specially designed component in the CRH high-speed train.
It connects the drive motor to the gearbox and transmits the
traction force. Due to its role in coordinating complex
motion relationships, its failure may lead to the failure of
the gearbox. An example of a failed gearbox discovered
during maintenance is shown in Fig. 10. Hu et al. [57]
investigated how a misaligned cardan shaft could result in
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Master degree of freedom defined

Reduced stiffness matrix
Reduced mass matrix

Finite element
model

Substructure
recovery matrix

Flexible body input

SIMPACK
Multibody dynamic model

Define joints, constraints
and force elements

Eigenvalue
analysis

Define the frequency
response mode

Rigid-flexible model

Fig. 7. Rigid–flexible modeling framework [49].

Fig. 8. Teeth spalling on the driven gear [54]. Fig. 9. Extremely worn gear [56].
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the failure of the gearbox in the CRH high-speed train. First,
theoretical kinematic analysis is conducted to determine the
kinetics and dynamics of a misaligned cardan shaft. Then,
numerical simulations are used to calculate the inertial force
and frictional force experienced by the misaligned cardan
shaft. Inertial forces led to a significant bending load on the
flange and bevel gear shaft, resulting in vibration of the
bevel gear shaft. Since the distance between the flange and
the gearbox housing is small, the vibration will cause an
impact between them. The collision between the flange and
the gearbox, caused by the vibration, is the main reason for
the enlargement of the interference fit of the shaft and
fracture of the gearbox housing.

6) GEAR ECCENTRICITY. Gear eccentricity refers to the
misalignment of the gear center with the center of the rotating
shaft, often resulting from assembling errors. Wang et al.
[58] studied the coupled torsion vibration responses of a
transmission system in a vehicle–track vibration environ-
ment. The results show that the traction torque and gear
eccentricity have an impact on the gear meshing, vibration
amplitude, and frequency doubling during vehicle accelera-
tion. When the train is running at high speed, gear eccentric-
ity has a significant influence on the torsional vibration of the
system. It increases the amplitude of dynamicmesh force and
wheel–rail longitudinal creep force. The frequency compo-
nents of the system include the shaft frequency, gear mesh
frequency, and their modulation frequencies.

7) GEARBOX BEARING FAULT. Due to the forced vibra-
tions and the induced coupled vibrations with gears, gear-
box bearings are prone to failure. The rolling bearing failure
can generate high-frequency pulse vibrations at high
speeds, resulting in high-frequency components in the
vibration of the gearbox. Consequently, it is essential to
investigate the vibration characteristics of the gearbox with
bearing faults. Cai et al. [59] established a novel dynamics
model of high-speed train bearing-gear system. The results
show that the bearing fault can cause high-frequency
vibration, significantly affecting gearbox vibration and
potentially leading to resonance in the gearbox housing.
Moreover, the bearing fault greatly affects the vibration
amplitude of gear meshing components and increases the
number of reverse gear engagements, thereby affecting the
stability of the gear pair, as observed in the phase diagram.

The types of faults that have been studied are shown in
Table I. The extensively studied fault types are gear tooth
crack and housing crack, which have provided insights into
the causes of gearbox failure and the vibration character-
istics exhibited during failure. However, there is a need for

further comprehensive investigation of gear spalling, gear
wear, and gear eccentricity. Additionally, there is a lack of
studies on the vibration characteristics of faulty gearboxes
with multiple coexisting faults or under the influence of
both internal and external excitation. Furthermore, most of
these studies are based on dynamics models and lack further
verification through experimental or measured data.

To provide a better overview of the current state of
research on the dynamics of railway vehicle gearboxes, we
have further summarized the existing research findings in
Table II based on three aspects: research topics, research
methods, and research models. The research topics include
vibration characteristics, stress analysis, chaotic character-
istics, electromechanical coupling vibration, and fault char-
acteristics. The main methods used in the study of gearbox
dynamics are lumped parameter method (LPM), finite
element method (FEM), test method (TM), and their hybrid
approaches. The methods for calculating the time-varying
mesh stiffness of gears include analytical methods (AMs)
and finite element analysis. For research models, we cate-
gorize them into three main types. The first type of model
establishes a comprehensive dynamic model of the vehicle,
which includes not only the gear transmission system but
also other components such as the frame and car body. We
refer to this as the dynamic model of high-speed train/
locomotive with gear transmission system. The second type
of model is the dynamic model of only the gear transmission
system, which we refer to as the dynamics model of the
high-speed train/locomotive gear transmission system. On
the basis of the first type of model, when the track is
included, it is the third type of model, which we refer to
as the vehicle–track coupling dynamics model of high-
speed train/locomotive with the gear transmission system.
The final summary is presented in Table II.

III. FAULT DIAGNOSIS OF RAILWAY
VEHICLE GEARBOX

The fault diagnosis of gearboxes has garnered significant
attention, resulting in numerous research findings [60]. In
general, the fault diagnosis of the gearboxes can be
achieved by analyzing signals that can reflect the state of
the gearbox, such as vibration, temperature, current, and
acoustic emission signals. However, many existing studies
on gearbox fault diagnosis may not be directly applicable to
railway vehicle gearboxes due to the complex operating
conditions and diverse external excitations they experience.
In this section, we broadly categorize the fault diagnosis
methods into: signal processing and artificial intelligence.

A. SIGNAL PROCESSING ALGORITHMS

Signal processing is a widely used method for fault diag-
nosis. It extracts fault features from the signal for fault
diagnosis. Due to the high levels of noise and nonstationary
environment, we require advanced signal processing tech-
nologies to handle vibration signals effectively. Wan et al.
[61] applied the ensemble empirical mode decomposition
(EEMD) and Hilbert transform (HT) methods to achieve the
fault diagnosis of the high-speed train gearbox. The pro-
posed method exhibits superior performance compared to
the continuous wavelet transform method. In the online
running tests of the locomotive, the method successfully
diagnosed the fault of the driving gear. Chen et al. [54]

Fig. 10. Fracture failure of gearbox [57].

90 Liang Zhao and Yuejian Chen

JDMD Vol. 3, No. 2, 2024



aimed to address the drawback of the mode-mixing problem
in the empirical mode decomposition (EMD) method and
proposed the complementary ensemble empirical mode
decomposition (CEEMD). However, the computational
cost of this method is too high. Therefore, the author further
improved CEEMD to reduce the computational require-
ments and proposed the intrinsic mode functions (IMFs)
evaluation index for selecting IMFs automatically. This
method was validated using vibration signals from in-
service high-speed train gearboxes, and it successfully
diagnosed the continuous teeth spalling and poor lubrica-
tion. Ren et al. [62] presented a method of adaptive time-
varying blind separation based on variable metric empirical
mode decomposition (VMEMD). The fault sources were
separated through sparseness and iterative screening. Then,
the optimal IMF was obtained by adjusting the time span.
Experimental analysis shows that the method can quickly
and accurately extract fault features even under a low
signal-to-noise ratio. This method can be utilized for state
detection and fault diagnosis in railway transportation.
Based on the Wiener state degradation process and
multi-sensor filtering, Cheng et al. [63] proposed a fault
diagnosis method for a running gear system. Considering
the information acquisition and transfer characteristics of
the composite sensors, the author first established the
distributed topology of the axle box bearing. Second, a
distributed filter is built based on the bilinear system model.
Then, they built a nonlinear degradation model of Wiener

process considering the factor of temperature. Finally, the
fault diagnosis threshold is determined according to
Chebyshev’s inequality. In the case study, the effectiveness
of the proposed method is verified using an open dataset of
rotating machinery bearings and temperature data from a
high-speed rail running gear system. To deal with the non-
Gaussian measurement and slow-change faults in running
gear systems, Cheng et al. [64] proposed a time-series
independent component analysis method for fault detection.
The proposed method successfully detects faults in the
motor, bearing, and pinion box and has a stronger ability
to detect early faults than other methods. Hu et al. [64]
introduced a segmentation algorithm based on cubic spline
interpolation, which effectively suppressed impact response
signals caused by rail joint gaps. This algorithm segmented
a single large sample signal into multiple short-term sample
signals, allowing for accurate extraction of useful short-
term signal samples for fault diagnosis.

The gearbox input shaft is coupled with the motor’s
output shaft, and faults in the gears will also be reflected in
the motor’s current and torque. Therefore, the fault diag-
nosis can also be carried out based on the motor current.
Henao et al. [65] investigated the effect of output gear tooth
damage and surface wear faults on the stator current and
estimated electromagnetic torque. The results show that
both the stator current and the estimated electromagnetic
torque can better indicate the gearbox faults. Therefore,
they can be used for fault diagnosis of railway vehicle

Table I. Summary of existing fault studies

Fault type Authors Year Summary

Gear tooth
crack

Wang et al. [37] 2020 When gear tooth crack failure occurs, the vibration amplitude of the gear system
increases. Additionally, the vibration energy distribution of the rotor system shifts to
lower resonance frequency bands, and the gear meshing frequency band exhibits
obvious modulation phenomena. The time–frequency analysis results of dynamic mesh
forces, wheelset longitudinal, and vertical vibration accelerations can reflect the fault
vibration characteristic frequency.

Liu et al. [38] 2022

Liu X, Sun Q,
Chen C. [39]

2018

Jiang et al. [40,41] 2020

2018

Chen et al. [42] 2019

Li et al. [43] 2017

Housing crack Morgado T L M,
Branco C M,
Infante V. [47]

2006 The gearbox undergoes local resonance due to track excitation, leading to higher
dynamic stress amplitudes in specific areas of the housing and resulting in cracks.
Moreover, the service life of the gearbox housing is significantly reduced due to the
impact of wheel polygonal wear.Wu et al. [49] 2019

Li et al. [50] 2017

Wang et al. [51] 2018

He et al. [52] 2018

Gear spalling Lin et al. [53] 2023 From the time–frequency spectrum of the gearbox housing vibration, gear tooth
spalling may not exhibit prominent sidebands. Effective denoising and weak feature
extraction algorithms are needed to extract its characteristic frequency accurately.

Gear wear Yang et al. [55] 2019 From the spectrum of gear vibration, the gear fault frequency is mainly concentrated in
the gear meshing frequency band. Wear failures have the greatest impact on RMS,
kurtosis, and peak-to-peak values at the initial failure stage.

Liu et al. [38] 2022

Misaligned
cardan shaft

Hu Y, Lin J,
Tan A C. [57]

2019 A misaligned cardan shaft can result in vibration of the bevel gear shaft, leading to
impacts between the flange and the gearbox housing. This can ultimately result in
fracture of the gearbox housing.

Gear
eccentricity

Wang et al. [58] 2021 Gear eccentricity increases the amplitude of dynamic mesh force and wheel–rail
longitudinal creep force.

Gearbox bear-
ing fault

Cai et al. [59] 2020 Bearing fault can cause high-frequency vibration and lead to resonance in the gearbox
housing, thereby increasing the vibration amplitude of the gear meshing components.
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gearboxes. In fact, a local fault in the gear causes torque
oscillations that modulate the frequency component of the
stator current signal and generate sidebands in the power
spectrum of the stator current. Hence, Zhang et al. [66]
proposed a fault diagnosis method based on wavelet energy
entropy and dual-tree complex wavelet transform. The wave-
let energy entropy can be used for a preliminary diagnosis of
the signal, while the dual-tree complexwavelet transform can
provide further insight into the fault type. Similarly, based on
the current signal, Zhang et al. [67] proposed a fault diagno-
sis method for locomotive gear based on wavelet bispectrum
(WB) and wavelet bispectrum entropy. Since the motor
current in a faulty gear system contains not only fault-related
frequency information but also power supply frequency and
gear meshing-related frequency, extracting the fault fre-
quency from it is challenging. So, the author developed
an innovative method based on the WB to extract the
characteristic frequency of the fault.

Gearbox fault monitoring can be conducted using
vibration, temperature, and current signals. Temperature
signals can indicate the overall operation state of the
gearbox but are hard to tell specific types of faults. The
fault diagnosis method of railway vehicle gearbox based on
motor stator current signal analysis does not need additional
sensors, which is more cost-effective and convenient for
continuous monitoring in railway vehicles [67].

However, existing fault diagnosis methods based on
signal processing algorithms can only identify the type of
fault and do not provide a quantitative assessment of the
fault severity. This aspect should be considered in future
research to enhance the accuracy and effectiveness of fault
diagnosis in gearbox systems.

B. ARTIFICIAL INTELLIGENCE
ALGORITHMS

In recent years, there has been significant progress in the
development of AI-based methods in fault diagnosis. The
AI methods include belief rule base (BRB), extension
theory, and machine learning methods such as convolu-
tional neural network (CNN), support vector machine
(SVM), and hidden Markov models.

Based on belief rule base with mixed reliability (BRB-
mr), Cheng et al. [68] proposed a fault diagnosis method.
This model considers two types of interference factors that
affect the observed data in engineering practice: the perfor-
mance of the sensor and the influence of the external
environment. This method quantifies the unreliability infor-
mation in a reasonable manner. The effectiveness and
feasibility of the proposed method have been verified
through numerical analysis and experiments conducted on
a running gear system. Furthermore, the diagnosis method

Table II. Dynamics research summary on railway vehicle gearbox

Research topic Research method Research model Reference

Vibration characteristics LPM, FEM Model A [13,17,19]

Model B [14]

Model C [26,29,36]

LPM, AM, TM Model B [16]

Model C [23,31]

TM / [18,20]

LPM, FEM, TM Model B [21]

LPM, AM Model a [22]

Gear-bearing-track coupling dynamics
model of the high-speed train with gear transmission

[24]

Stress analysis LPM, FEM Model C [25,28]

FEM, TM Model A [27]

TM / [30]

Chaotic characteristic LPM Model B [15]

Model b [32,33]

Electromechanical coupling vibration Electromechanical
co-simulation

Model c [34,35]

Fault characteristics LPM, AM Model b [37]

Model B [38,55]

Model a [39–42,53]

FEM Finite element model of high-speed train gear pair [43]

Model B [52]

TM / [47,50,51]

LPM, FEM Model A [49]

Model C [58,59]

LPM, TM Dynamics model of misaligned cardan shaft [57]
*Model A/a refers to the dynamic model of high-speed train/locomotive with gear transmission system;Model B/b refers to the dynamics model for high-
speed train/locomotive gear transmission system; Model C/c refers to the vehicle–track coupling dynamics model of high-speed train/locomotive with
gear transmission system.
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is validated to have higher fault diagnosis accuracy com-
pared to existing methods, such as BRB, back-propagation
neural network, decision tree, and SVM. Similarly, the
authors combined deep slow feature analysis with the belief
rule base method and proposed a data-driven fault detection
and diagnosis method for the high-speed train running
gears [69]. The superiority of the method is proven by
the running gear test of the high-speed train.

In addition to the aforementioned belief rule base
method, machine learning methods have also been em-
ployed in the fault diagnosis of railway vehicle gearboxes.
For the diagnosis of gear tooth faults, Wang et al. [70]
propose an ensemble decision approach that combines the
dislocated time–frequency representation and a pretrained
CNN. The experimental results show that the method is
applicable and effective in the variable working condition
of the railway vehicle gearbox. He et al. [71] utilized the
EEMD and local linear embedding to extract key features.
The SVM was subsequently used to achieve high perfor-
mance of fault diagnosis on the gear. The analysis results
demonstrate that the proposed method can effectively detect
gear wear, crack, and broken teeth. The detection rate is 5%
higher compared to the existing methods, such as the linear
feature extraction methods. As shown in Fig. 11, Liu et al.
[39] used the principal component analysis (PCA) and the
grey relational analysis methods to detect the degree of
tooth root crack damage in the locomotive gear transmis-
sion system. First, the multidimensional characteristic
parameter matrix is established by calculating various
indicators of vertical vibration of the vehicle body. Then,
the dimension of the matrix is reduced using PCA. Finally,
the degree of tooth root crack damage is detected using the
grey relational analysis method. In addition to detecting
gear faults, the diagnosis of internal defects in the gearbox
shell has also been studied. In order to detect internal
defects in the gearbox shell of high-speed trains during
product testing and maintenance inspections, Ai et al. [72]
proposed the Adaboost_BTSVM algorithm. This algorithm
aims to achieve automatic classification of casting defects in
the gearbox shell of high-speed trains. In this method, three-
dimensional computed tomography (CT) technology is
used to obtain the three-dimensional data of the gearbox
shell. These data are then used to train the classification
model Adaboost_BTSVM. The trained model can achieve
the automatic classification of casting defects in the high-
speed train gearbox shell. Ai et al. [73] collected the
acoustics emissions signals and tensile damage data
through tensile tests. Then, feature extraction techniques
were applied to capture the characteristics of the tensile
damage process. Subsequently, SVM and weighted SVM
were utilized to identify different stages of tensile damage
in the gearbox shell of high-speed trains.

When labeled data are not available, fault detection
algorithms become more applicable. Cheng et al. [74] pro-
posed a new test statistic based on the Hellinger distance and
slow feature analysis, which can be utilized to detect incipient

faults in running gear systems. The authors proposed hidden
Markovmethods for performing reliable fault diagnosis tasks.
The proposed method not only has a good fault detection
ability but also exhibits strong robustness to high-level noise.
Song et al. [75] introduced the dynamic inner into the
framework of multiple statistics and proposed a dynamic
inner slowness feature analysis method for the fault detection
of running gear systems. This method improves the detection
speed and the detection rate of slow-change faults. Tomonitor
the abnormal vibrations in the gearbox, Yao et al. [76]
proposed a joint algorithm of self-learning and fuzzy cluster-
ing algorithm, as shown in Fig. 12. A mechanical vibration
test rig was built to verify the joint algorithm. The experi-
mental results show that the new method can efficiently
identify abnormal vibrations when mechanical failure occurs.
Liu et al. [77] proposed a method based on the extension
theory for monitoring the running condition of high-speed rail
vehicle gearboxes. By extracting appropriate characteristic
parameters, the matter-element model of the gearbox under
normal working conditions is established. The particle swarm
optimization algorithm was utilized to optimize the charac-
teristic parameters of the classical domains of the matter-
element model. Based on the matter-element model and the
dependent function, the author achieves the monitoring of the
running status of the high-speed railway gearbox. Liu et al.
[78] initiated their study with time-series forecasting models
and introduced a vibration signal prediction model based on
EEMD, autoregression (AR), and support vector regression
(SVR). Initially, the EEMDmethod is used to decompose the
signal. Subsequently, an ARmodel and SVR are employed to
predict each IMF. Finally, the two predictions are weighted
and summed together, and the weights are optimized by the
chaos particle swarm optimization algorithm. The proposed
method is expected to be applied to the assessment of the
running state of a high-speed train gearbox.

Existing studies, such as [69,74–79], primarily focused
on monitoring the overall health status of gearboxes rather
than specifically identifying the faulty components. Future
research on diagnosing the specific fault types and degrees
in gearboxes is needed. Additionally, there is a lack of
research on the application of artificial intelligence algo-
rithms for diagnosing gearbox faults using current signals in
railway vehicles.

C. SUMMARY

(1) As shown in Table III, both signal processing and
artificial intelligence methods have yielded signifi-
cant research findings in the field of railway vehicle
gearbox fault diagnosis.

Division of damage 
state

Structure standard
damage mode matrix

PCA

Identification of
damage degree

Calculate the correlation vector
by Grey Relational Analysis

Fig. 11. Flow chart of detecting the degree of tooth root crack
damage [39].
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Fig. 12. The abnormal vibration of the gearbox monitor [76].

Dynamics and Fault Diagnosis of Railway Vehicle Gearboxes 93

JDMD Vol. 3, No. 2, 2024



(2) The primary focus of fault diagnosis for railway
vehicle gearboxes is on gear fault diagnosis. The
main types of signals are vibration signals, current
signals, acoustic emission signals, and temperature
signals. Signal processing methods mainly include
EMD and various time–frequency analysis methods.
Research of fault diagnosis based on artificial intelli-
gence algorithms is relatively extensive. These meth-
ods are primarily used for condition assessment and
abnormal monitoring.

(3) These fault diagnosis methods seldom consider the
influence of track irregularity, wheel out of round,
wheel flat, and so on. Moreover, those methods sel-
dom account for variable working conditions, which
suggests that these methods may lack robustness.

(4) The applications of signal processing methods
depend on various parameter choices and expertise
experience, which limits their applications. The
development of intelligent diagnosis algorithms is a
prominent research area for railway vehicle gear-
boxes in the future. Although traditional intelligent
algorithms are currently employed for fault diagnosis
in railway vehicle gearboxes, it is worthwhile to
explore the application of more advanced and
cutting-edge algorithms in this field.

IV. RESEARCH PROSPECTS
Compared to other key components of vehicles, such as the
motor, axle box bearings, and wheels, research on vehicle
gearboxes is relatively limited. However, with the increase
in train speed, the operating environment of the gearbox
deteriorates. Therefore, it is necessary to study the condition
monitoring and fault diagnosis technology for railway
vehicle gearboxes. Due to the complex structure and oper-
ating environment of the gearbox, there are still some
difficulties and technical bottlenecks that need to be over-
come in the existing dynamics research and fault diagnosis
technology.

(1) To speed up the simulation, some components, such
as wheels and housing, will be set as rigid bodies in
the existing dynamic models. However, this may
result in the omission of crucial information in the
simulation results. Therefore, it is necessary to further
develop a rigid–flexible coupling dynamics model
that can better reflect realistic information.

(2) Temperature and acoustic emission signals are useful
for fault diagnosis. However, studies on the thermo-
dynamic coupling and acoustic vibration coupling of
gearboxes were not enough.

(3) A gap exists between fault mechanisms and fault
diagnosis in the context of rail vehicles. The complex

Table III. Fault diagnosis of railway vehicle gearbox

Technology
category Authors Key techniques Signal type

Signal processing
algorithms

Wan et al. [61] Ensemble empirical mode decomposition, Hilbert
transform

Vibration

Chen et al. [54] Complementary ensemble empirical mode decomposition Vibration

Ren et al. [62] Variable metric empirical mode decomposition Vibration

Cheng et al. [63] Wiener state degradation process, multi-sensor filtering Temperature

Cheng et al. [79] Time-series independent component analysis Temperature,
current

Hu et al. [64] Cubic spline interpolation Vibration

Zhang et al. [66] Wavelet energy entropy, dual-tree complex wavelet
transform

Current

Zhang et al. [67] Wavelet bispectrum (WB), wavelet bispectrum entropy Current

Artificial intelligence
algorithms

Cheng et al. [68] Belief rule base, Dempster–Shafer theory Temperature

Cheng et al. [69] Deep slow feature analysis, belief rule base Vibration

Temperature

Wang et al. [70] Dislocated time–frequency representation, convolutional
neural network

Vibration

He Xiaoqin and Chang
Youqu [71]

Empirical mode decomposition, local linear embedding,
support vector machine

Vibration

Liu et al. [39] Principal component analysis, grey relational analysis Vibration

Ai et al. [72] Adaboost_BTSVM algorithm Three-dimensional
CT data

Ai et al. [73] Weighted support vector machines Acoustic Emission

Cheng et al. [74] Hellinger distance, slow feature analysis, hidden Markov Temperature

Song et al. [75] Slow feature analysis Temperature

Vibration

Yao et al. [76] Self-learning, fuzzy clustering algorithm. Vibration

Liu et al. [77] Extension theory Vibration

Liu et al. [78] Ensemble empirical mode decomposition, autoregression,
support vector regression

Vibration
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operating conditions of rail vehicles make it challeng-
ing to establish a clear mapping relationship between
gearbox faults and external responses. Limited
research progress has been made in understanding
fault initiation and dynamic fault evolution mechan-
isms, resulting in a lack of fundamental theoretical
support for early fault detection, composite fault
analysis, and remaining useful life prediction. The
latest simulation studies can lean toward composite
fault scenarios and full-life simulations, providing
more theoretical support for gearbox fault diagnosis,
condition monitoring, and life prediction.

(4) The reported methods for diagnosing gearbox faults
mostly rely on common approaches. It is meaningful
to incorporate more advanced and cutting-edge signal
processing or artificial intelligence algorithms into
railway vehicle gearbox fault diagnosis.

(5) Most of the existing fault diagnosis methods focus on
stationary working conditions and rarely consider the
influence of track irregularity, wheel out of round,
wheel flat, and variable working conditions. It is
meaningful to further study these influences to
improve the robustness and versatility of these meth-
ods, so that the diagnosis methods become more
practical.

V. CONCLUSION
The gearbox of the railway vehicles is a crucial component
of the bogie, ensuring the smooth operation of the vehicles.
In this paper, the vibration characteristics of the gearbox
under internal and external excitation and fault conditions
are summarized. Additionally, the method and research
status of fault diagnosis of railway vehicle gearboxes are
reviewed in detail. Although the existing research results
are extensive, they are somewhat disconnected from prac-
tical applications. Additionally, there are still technical
difficulties and bottlenecks that need to be addressed.
Considering the complexity of the actual working environ-
ment of railway vehicle gearboxes, future research should
focus on practical applications, developing dynamic models
that accurately reflect the vibration characteristics of rail-
way vehicle gearboxes and validating the fault diagnosis
methods using data collected from real trains. With the
development of signal processing techniques and artificial
intelligence, more advanced fault diagnosis technologies
should be developed to meet the high accuracy and real-
time requirements of railway vehicle fault diagnosis, and
advanced fault prediction techniques or residual life pre-
diction techniques could be developed in the future. Simul-
taneously, the integration of dynamic research with fault
diagnosis research is essential, as dynamic research can
guide the development of fault diagnosis techniques.
Dynamic models also have the potential to be combined
with data-driven approaches to develop holistic health
management technologies for railway vehicle gearboxes
throughout their life cycle.

ACKNOWLEDGMENTS

The research is sponsored by the National Natural Science Foun-
dation of China (Grant #52375115), Shanghai Rising-Star Pro-
gram (Grant #22YF1450500), and Fundamental Research Funds

for the Central Universities. Reviewers’ and the editor’s efforts are
also much appreciated.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

REFERENCES

[1] E. Bernal, M. Spiryagin, and C. Cole, “Onboard condition
monitoring sensors, systems and techniques for freight rail-
way vehicles: a review,” IEEE Sens. J., vol. 19, no. 1, pp. 4–
24, Jan. 2019. DOI: 10.1109/JSEN.2018.2875160.

[2] Y. Chen, Y. Li, G. Niu, and M. Zuo, “Offline and online
measurement of the geometries of train wheelsets: a review,”
IEEE Trans. Instrum. Meas., vol. 71, pp. 1–15, 2022. DOI:
10.1109/TIM.2022.3205691.

[3] C. Su et al., “Failure analysis on abnormal cracking of
polycarbonate plates used in the gearbox oil level gauge
for high-speed train,” Eng. Fail. Anal., vol. 143, p. 106871,
Jan. 2023. DOI: 10.1016/j.engfailanal.2022.106871.

[4] J. Liu, W. Feng, and H. Tao, “Research on gear oil failure of
high speed train under over-voltage condition,” Lubr. Eng.,
vol. 44, no. 6, pp. 143–148, 2019. DOI: 10.3969/j.issn.0254-
0150.2019.06.023. (In Chinese).

[5] Z. Chen, Y. Liu, Z. Zhou, and J. Ning, “Summary of
dynamics research on traction power transmission system
of rail transits,” J. Traffic Transport. Eng., vol. 21, no. 6,
pp. 31–49, 2021. DOI: 10.19818/j.cnki.1671-1637.2021.06.
003. (In Chinese).

[6] Y. Liu and Y. Chen, “Dynamic reliability evaluation of high-
speed train gearbox based on copula function,” IEEE Access,
vol. 10, pp. 51792–51803, 2022. DOI: 10.1109/ACCESS.
2022.3174043.

[7] S. Xie, H. Tan, C. Yang, and H. Yan, “A review of fault
diagnosis methods for key systems of the high-speed train,”
Appl. Sci., vol. 13, no. 8, p. 4790, Apr. 2023. DOI: 10.3390/
app13084790.

[8] A. Alemi, F. Corman, and G. Lodewijks, “Condition moni-
toring approaches for the detection of railway wheel defects,”
Proc. Inst. Mech. Eng., Part F: J. Rail Rapid Transit,
vol. 231, no. 8, pp. 961–981, Sept. 2017. DOI: 10.1177/
0954409716656218.

[9] W. Fu, Q. He, Q. Feng, J. Li, F. Zheng, and B. Zhang,
“Recent advances in wayside railway wheel flat detection
techniques: a review,” Sensors, vol. 23, no. 8, Art. no. 8, Jan.
2023. DOI: 10.3390/s23083916.

[10] G. Yan, J. Chen, Y. Bai, C. Yu, and C. Yu, “A survey on fault
diagnosis approaches for rolling bearings of railway vehi-
cles,” Processes, vol. 10, no. 4, Art. no. 4, Apr. 2022. DOI:
10.3390/pr10040724.

[11] M. Z. Shaikh et al., “State-of-the-art wayside condition
monitoring systems for railway wheels: a comprehensive
review,” IEEE Access, vol. 11, pp. 13257–13279, 2023.
DOI: 10.1109/ACCESS.2023.3240167.

[12] W. Hu, Z. Liu, D. Liu, and X. Hai, “Fatigue failure analysis of
high speed train gearbox housings,” Eng. Fail. Anal., vol. 73,
pp. 57–71, Mar. 2017. DOI: 10.1016/j.engfailanal.2016.12.
008.

[13] G. Huang, N. Zhou, and W. Zhang, “Effect of internal
dynamic excitation of the traction system on the dynamic
behavior of a high-speed train,” Proc. Inst. Mech. Eng., Part

Dynamics and Fault Diagnosis of Railway Vehicle Gearboxes 95

JDMD Vol. 3, No. 2, 2024

https://doi.org/10.1109/JSEN.2018.2875160
https://doi.org/10.1109/TIM.2022.3205691
https://doi.org/10.1016/j.engfailanal.2022.106871
https://doi.org/10.3969/j.issn.0254-0150.2019.06.023
https://doi.org/10.3969/j.issn.0254-0150.2019.06.023
https://doi.org/10.19818/j.cnki.1671-1637.2021.06.003
https://doi.org/10.19818/j.cnki.1671-1637.2021.06.003
https://doi.org/10.1109/ACCESS.2022.3174043
https://doi.org/10.1109/ACCESS.2022.3174043
https://doi.org/10.3390/app13084790
https://doi.org/10.3390/app13084790
https://doi.org/10.1177/0954409716656218
https://doi.org/10.1177/0954409716656218
https://doi.org/10.3390/s23083916
https://doi.org/10.3390/pr10040724
https://doi.org/10.1109/ACCESS.2023.3240167
https://doi.org/10.1016/j.engfailanal.2016.12.008
https://doi.org/10.1016/j.engfailanal.2016.12.008


F: J. Rail Rapid Transit, vol. 230, no. 8, pp. 1899–1907, Nov.
2016. DOI: 10.1177/0954409715617787.

[14] Y. Hu, J. Zhang, Z. Chen, and J. Wang, “Evaluation of
gearbox vibration response in high-speed train under internal
excitation,” J. Beijing Jiaotong Univ., vol. 46, no. 4, pp. 148–
156, 2022. DOI: 10.11860/j.issn.1673-0291.20210173. (In
Chinese).

[15] J. Wei et al., “Dynamic analysis and effects of nonlinear
factors of a gear transmission system for high speed locomo-
tive,” Zhendong yu Chongji/J. Vib. Shock, vol. 31, pp. 38–43
+50, Sept. 2012. DOI: 10.3969/j.issn.1000-3835.2012.17.
007. (In Chinese).

[16] W. Zhu, H. Lin, W. Sun, and J. Wei, “Vibration performance
of traction gearbox of a high-speed train: theoretical analysis
and experiments,” Actuators, vol. 12, no. 3, p. 103, Mar.
2023. DOI: 10.3390/act12030103.

[17] Z. Ren, X. Xin, G. Sun, and X. Wei, “The effect of gear
meshing on the high-speed vehicle dynamics,” Veh. Syst.
Dyn., vol. 59, no. 5, pp. 743–764, May 2021. DOI: 10.1080/
00423114.2020.1711955.

[18] H. Zhu, Z. Zhu, P. Wu, C. Wang, Y. Yuan, and Q. Xu,
“Vibration characteristics analysis of high-speed emu gear-
box housings under service conditions,” Noise Vib. Control,
vol. 41, no. 2, pp. 15–20+27, 2021. DOI: 10.3969/j.issn.
1001-8360.2017.11.007. (In Chinese).

[19] G. Sun, Z. Ren, X. Xin, and X. Wei, “Dynamics of gear
transmission system of high-speed vehicle,” J. Mech. Eng.,
vol. 55, no. 18, pp. 104–111, 2019. DOI: 10.3901/JME.2019.
18.104. (In Chinese).

[20] G. Yang, G. Li, Z. Liu, and W. Wang, “Vibration character-
istics analysis of gearbox housing system of high-speed train
subjected to wheel-rail excitation,” J. China Railway Soc.,
vol. 39, no. 11, pp. 46–52, 2017. DOI: 10.3969/j.issn.1001-
8360.2017.11.007. (In Chinese).

[21] P. Liu, S. Yang, and Y. Liu, “Full-scale test and numerical
simulation of wheelset-gear box vibration excited by wheel
polygon wear and track irregularity,” Mech. Syst. Signal
Proc., vol. 167, p. 108515, Mar. 2022. DOI: 10.1016/j.
ymssp.2021.108515.

[22] Y. Zhao, Q. Li, J. Yang, C. Liu, and J. Wang, “A Lagrangian
approach for the railway vehicle with gear system coupled
model considering wheel polygonal faults under traction
conditions,” J. Vib. Control, p. 10775463231162135, Mar.
2023. DOI: 10.1177/10775463231162135.

[23] Z. Wang, G. Mei, Q. Xiong, Z. Yin, and W. Zhang, “Motor
car–track spatial coupled dynamics model of a high-speed
train with traction transmission systems,” Mech. Mach. The-
ory, vol. 137, pp. 386–403, Jul. 2019. DOI: 10.1016/j.
mechmachtheory.2019.03.032.

[24] Z. Wang, Z. Yin, P. Allen, R. Wang, Q. Xiong, and Y. Zhu,
“Dynamic analysis of enhanced gear transmissions in the
vehicle-track coupled dynamic system of a high-speed train,”
Veh. Syst. Dyn., vol. 60, no. 8, pp. 2716–2738, Aug. 2022.
DOI: 10.1080/00423114.2021.1928246.

[25] Z. Wang, P. Allen, G. Mei, Z. Yin, Y. Cheng, and W. Zhang,
“Dynamic characteristics of a high-speed train gearbox in the
vehicle-track coupled system excited by wheel defects,”
Proc. Inst. Mech. Eng. Part F-J. Rail Rapid Transit,
vol. 234, no. 10, pp. 1210–1226, Nov. 2020. DOI: 10.
1177/0954409719890731.

[26] Z. Wang et al., “Effects of polygonal wear of wheels on the
dynamic performance of the gearbox housing of a high-speed
train,” Proc. Inst. Mech. Eng. Part F-J. Rail Rapid Transit,
vol. 232, no. 6, pp. 1852–1863, Jul. 2018. DOI: 10.1177/
0954409717752998.

[27] W. Zhu, W. Sun, and H. Wu, “Vibration and stress response
of high-speed train gearboxes under different excitations,”
Appl. Sci. Basel, vol. 12, no. 2, p. 712, Jan. 2022. DOI: 10.
3390/app12020712.

[28] H. Wu, P. Wu, K. Xu, J. Li, and F. Li, “Research on vibration
characteristics and stress analysis of gearbox housing in high-
speed trains,” IEEE Access, vol. 7, pp. 102508–102518,
2019. DOI: 10.1109/ACCESS.2019.2931424.

[29] G. Huang, X. Wang, G. Mei, W. Zhang, and S. Liang,
“Dynamic response analysis of gearbox housing system
subjected to internal and external excitation in high-speed
train,” J. Mech. Eng., vol. 51, no. 12, pp. 95–100, 201,. DOI:
10.3901/JME.2015.12.095. (In Chinese).

[30] Y. Hou et al., “Variation in contact load at the most loaded
position of the outer raceway of a bearing in high-speed train
gearbox,” Acta Mech. Sin., vol. 37, no. 11, pp. 1683–1695,
Nov. 2021. DOI: 10.1007/s10409-021-01141-8.

[31] J. Yang, Y. Zhao, J. Wang, C. Liu, and Y. Bai, “Influence of
wheel flat on railway vehicle helical gear system under
Traction/Braking conditions,” Eng. Failure Anal., vol. 134,
p. 106022, Apr. 2022. DOI: 10.1016/j.engfailanal.2021.
106022.

[32] J. Wang, G. He, J. Zhang, Y. Zhao, and Y. Yao, “Nonlinear
dynamics analysis of the spur gear system for railway
locomotive,”Mech. Syst. Signal Process., vol. 85, pp. 41–55,
Feb. 2017. DOI: 10.1016/j.ymssp.2016.08.004.

[33] J. Wang, Y. Xiao, X. Yang, Y. Zhao, and X. Fang, “Nonlin-
ear characteristics of gear transmission systems of locomotive
excited by torque fluctuation of traction motors,” Zhongguo
Jixie Gongcheng/China Mech. Eng., vol. 29, pp. 1296–1302,
Jun. 2018. DOI: 10.3969/j.issn.1004-132X.2018.11.007. (In
Chinese).

[34] Z. Zhou et al., “Dynamic response feature of electromechan-
ical coupled drive subsystem in a locomotive excited by
wheel flat,” Eng. Failure Anal., vol. 122, p. 105248, Apr.
2021. DOI: 10.1016/j.engfailanal.2021.105248.

[35] Z. Zhou et al., “Dynamic performance of locomotive electric
drive system under excitation from gear transmission and
wheel-rail interaction,” Veh. Syst. Dyn., vol. 60, no. 5,
pp. 1806–1828, May 2022. DOI: 10.1080/00423114.2021.
1876887.

[36] Z. Wang, Y. Cheng, G. Mei, W. Zhang, G. Huang, and Z.
Yin, “Torsional vibration analysis of the gear transmission
system of high-speed trains with wheel defects,” Proc. Inst.
Mech. Eng. Part F-J. Rail Rapid Transit, vol. 234, no. 2,
pp. 123–133, Feb. 2020. DOI: 10.1177/0954409719833791.

[37] J. Wang, B. Lv, R. Sun, and Y. Zhao, “Resonance and
stability analysis of a cracked gear system for railway loco-
motive,” Appl. Math. Modell., vol. 77, pp. 253–266, Jan.
2020. DOI: 10.1016/j.apm.2019.07.039.

[38] Y. Liu, Z. Dengbo, Y. Yueting, and R. Liang, “Fault char-
acteristics analysis of high-speed train transmission systems,”
Shock Vib., vol. 2022, p. e7109507, Nov. 2022. DOI: 10.
1155/2022/7109507.

[39] X. Liu, Q. Sun, and C. Chen, “Damage degree detection of
cracks in a locomotive gear transmission system,” Shock Vib.,
vol. 2018, p. 5761064, 2018. DOI: 10.1155/2018/5761064.

[40] J. Jiang, Z. Chen, W. Zhai, T. Zhang, and Y. Li, “Vibration
characteristics of railway locomotive induced by gear tooth
root crack fault under transient conditions,” Eng. Failure
Anal., vol. 108, p. 104285, Jan. 2020. DOI: 10.1016/j.
engfailanal.2019.104285.

[41] J. Jiang, Z. Chen, C. He, C. Pan, and X. Hua, “Fault vibration
features of heavy-haul locomotive with tooth root crack in
gear transmissions,” in 2018 International Conference on

96 Liang Zhao and Yuejian Chen

JDMD Vol. 3, No. 2, 2024

https://doi.org/10.1177/0954409715617787
https://doi.org/10.11860/j.issn.1673-0291.20210173
https://doi.org/10.3969/j.issn.1000-3835.2012.17.007
https://doi.org/10.3969/j.issn.1000-3835.2012.17.007
https://doi.org/10.3390/act12030103
https://doi.org/10.1080/00423114.2020.1711955
https://doi.org/10.1080/00423114.2020.1711955
https://doi.org/10.3969/j.issn.1001-8360.2017.11.007
https://doi.org/10.3969/j.issn.1001-8360.2017.11.007
https://doi.org/10.3901/JME.2019.18.104
https://doi.org/10.3901/JME.2019.18.104
https://doi.org/10.3969/j.issn.1001-8360.2017.11.007
https://doi.org/10.3969/j.issn.1001-8360.2017.11.007
https://doi.org/10.1016/j.ymssp.2021.108515
https://doi.org/10.1016/j.ymssp.2021.108515
https://doi.org/10.1177/10775463231162135
https://doi.org/10.1016/j.mechmachtheory.2019.03.032
https://doi.org/10.1016/j.mechmachtheory.2019.03.032
https://doi.org/10.1080/00423114.2021.1928246
https://doi.org/10.1177/0954409719890731
https://doi.org/10.1177/0954409719890731
https://doi.org/10.1177/0954409717752998
https://doi.org/10.1177/0954409717752998
https://doi.org/10.3390/app12020712
https://doi.org/10.3390/app12020712
https://doi.org/10.1109/ACCESS.2019.2931424
https://doi.org/10.3901/JME.2015.12.095
https://doi.org/10.1007/s10409-021-01141-8
https://doi.org/10.1016/j.engfailanal.2021.106022
https://doi.org/10.1016/j.engfailanal.2021.106022
https://doi.org/10.1016/j.ymssp.2016.08.004
https://doi.org/10.3969/j.issn.1004-132X.2018.11.007
https://doi.org/10.1016/j.engfailanal.2021.105248
https://doi.org/10.1080/00423114.2021.1876887
https://doi.org/10.1080/00423114.2021.1876887
https://doi.org/10.1177/0954409719833791
https://doi.org/10.1016/j.apm.2019.07.039
https://doi.org/10.1155/2022/7109507
https://doi.org/10.1155/2022/7109507
https://doi.org/10.1155/2018/5761064
https://doi.org/10.1016/j.engfailanal.2019.104285
https://doi.org/10.1016/j.engfailanal.2019.104285


Sensing, diagnostics, Prognostics, and Control (SDPC), C.
Li, D. Wang, D. Cabrera, Y. Zhou, and C. Zhang, Eds. New
York: IEEE, 2018, pp. 113–118. DOI: 10.1109/SDPC.2018.
00030.

[42] Z. Chen, W. Zhai, and K.Wang, “Vibration feature evolution
of locomotive with tooth root crack propagation of gear
transmission system,” Mech. Syst. Signal Process.,
vol. 115, pp. 29–44, Jan. 2019. DOI: 10.1016/j.ymssp.
2018.05.038.

[43] G. Li, X. Li, J. Ren, X. Qin, and Y. Pang, “Study on the crack
propagation life of the high-speed train gear,” J. Mech.
Trans., vol. 41, no. 2, pp. 17–21, 2017. DOI: 10.16578/j.
issn.1004.2539.2017.02.004. (In Chinese).

[44] D. Liu, J. Yang, X. Li, J. Wang, and H. Zhu, “Crack
propagation path and life prediction of helical gear root in
metro gear boxes under the operating conditions,” J. Mach.
Design, vol. 37, no. 3, pp. 59–66, 2020. DOI: 10.13841/j.
cnki.jxsj.2020.03.010. (In Chinese).

[45] B. Zhang, A. C. C. Tan, and J. Lin, “Gearbox fault diagnosis
of high-speed railway train,” Eng. Failure Anal., vol. 66,
pp. 407–420, Aug. 2016. DOI: 10.1016/j.engfailanal.2016.
04.020.

[46] J. Zhang, X. Li, and H. Xie, “Fatigue finite element analysis
of certain type of emu gearbox box,” Appl. Mech. Mater.,
vol. 789–790, pp. 236–240, Sept. 2015. DOI: 10.4028/www.
scientific.net/AMM.789-790.236.

[47] T. L. M. Morgado, C. M. Branco, and V. Infante, “A failure
study of housing of the gearboxes of series 2600 locomotives
of the Portuguese Railway Company,” Eng. Failure Anal.,
vol. 15, no. 1, pp. 154–164, Jan. 2008. DOI: 10.1016/j.
engfailanal.2006.11.052.

[48] S.-I. Moon, I.-J. Cho, and D. Yoon, “Fatigue life evaluation
of mechanical components using vibration fatigue analysis
technique,” J. Mech. Sci. Technol., vol. 25, no. 3, pp. 631–
637, Mar. 2011. DOI: 10.1007/s12206-011-0124-6.

[49] H. Wu, P. Wu, F. Li, H. Shi, and K. Xu, “Fatigue analysis of
the gearbox housing in high-speed trains under wheel poly-
gonization using a multibody dynamics algorithm,” Eng.
Failure Anal., vol. 100, pp. 351–364, Jun. 2019. DOI: 10.
1016/j.engfailanal.2019.02.058.

[50] G. Li, Z. Liu, W. Wang, and G. Yang, “Fatigue crack
mechanism study on high-speed EMU gearbox,” J. Mech.
Eng., vol. 53, no. 2, pp. 99–105, 2017. DOI: 10.3901/JME.
2017.02.099. (In Chinese).

[51] W. Wang, Y. Zhang, J. Qu, G. Li, and X. Dai, “Dynamic
stress response and fatigue reliability of gearbox housing for
g-series high-speed train,” China Railway Sci., vol. 39, no. 6,
pp. 90–97, 2018. doi: 10.3969/j.issn.1001-4632.2018.06.12.
(In Chinese).

[52] Z. He et al., “Simulation analysis of the strength and fatigue
of high-speed train transmission gearbox and evaluation
method,” J. Mech. Trans., vol. 42, no. 4, pp. 130–133,
2018. DOI: 10.16578/j.issn.1004.2539.2018.04.026. (In
Chinese).

[53] Y. Lin, J. Li, P. Chen, Y. Su, and J. Wang, “Dynamic
characteristics and fault mechanism of the gear tooth spalling
in railway vehicles under traction conditions,” Appl. Sci.-
Basel, vol. 13, no. 8, p. 4656, Apr. 2023. DOI: 10.3390/
app13084656.

[54] D. Chen, J. Lin, and Y. Li, “Modified complementary
ensemble empirical mode decomposition and intrinsic
mode functions evaluation index for high-speed train gearbox
fault diagnosis,” J. Sound Vib., vol. 424, pp. 192–207, Jun.
2018. DOI: 10.1016/j.jsv.2018.03.018.

[55] J. Yang, R. Sun, D. Yao, J. Wang, and C. Liu, “Nonlinear
dynamic analysis of high speed multiple units gear transmis-
sion system with wear fault,” Mech. Sci., vol. 10, no. 1,
pp. 187–197, Jun. 2019. DOI: 10.5194/ms-10-187-2019.

[56] K. Feng, J. C. Ji, Q. Ni, and M. Beer, “A review of vibration-
based gear wear monitoring and prediction techniques,”
Mech. Syst. Signal Process., vol. 182, p. 109605, Jan.
2023. DOI: 10.1016/j.ymssp.2022.109605.

[57] Y. Hu, J. Lin, and A. C. Tan, “Failure analysis of gearbox in
CRH high-speed train,” Eng. Fail. Anal., vol. 105, pp. 110–
126, Nov. 2019. DOI: 10.1016/j.engfailanal.2019.06.099.

[58] Z. Wang, Z. Yin, R. Wang, Y. Cheng, P. Allen, and W.
Zhang, “Coupled dynamic behaviour of a transmission sys-
tem with gear eccentricities for a high-speed train,” Veh. Syst.
Dyn., vol. 59, no. 4, pp. 613–634, Apr. 2021. DOI: 10.1080/
00423114.2019.1708008.

[59] J. Cai, Y. Li, and J. Liu, “Vibration features of high-speed
train gearbox induced by bearing fault,” in 2020 Asia-Pacific
International Symposium on Advanced Reliability and Main-
tenance Modeling (APARM), L. D. Xing, Z. G. Tian, R. Peng,
and M. J. Zuo, Eds. New York: IEEE, 2020. DOI: 10.1109/
APARM49247.2020.9209391.

[60] Y. Lei, J. Lin, M. J. Zuo, and Z. He, “Condition monitoring
and fault diagnosis of planetary gearboxes: a review,” Mea-
surement, vol. 48, pp. 292–305, Feb. 2014. DOI: 10.1016/j.
measurement.2013.11.012.

[61] G. Wan, J. Lin, and C. Yi, “Vibration characteristic analysis
and fault diagnosis of high speed train gear-box,” Mech.
Sci. Technol. Aerosp. Eng., vol. 37, no. 1, pp. 115–119, 2018.
DOI: 10.13433/j.cnki.1003-8728.2018.0117. (In Chinese).

[62] B. Ren, S. Yang, and R. Hao, “Multivariate signal time-
varying blind source separation for locomotive gear trans-
mission,” J. Mech. Eng., vol. 52, no. 20, pp. 8–15, 2016.
DOI: 10.3901/JME.2016.20.008. (In Chinese).

[63] C. Cheng, W. Wang, H. Luo, B. Zhang, G. Cheng, and W.
Teng, “State-degradation-oriented fault diagnosis for high-
speed train running gears system,” Sensors, vol. 20, no. 4,
p. 1017, Feb. 2020. DOI: 10.3390/s20041017.

[64] Z. Hu, J. Yang, D. Yao, J. Wang, and Y. Bai, “Subway
gearbox fault diagnosis algorithm based on adaptive spline
impact suppression,” Entropy, vol. 23, no. 6, Art. no. 6, Jun.
2021. DOI: 10.3390/e23060660.

[65] H. Henao, S. H. Kia, and G.-A. Capolino, “Torsional-vibra-
tion assessment and gear-fault diagnosis in railway traction
system,” IEEE Trans. Ind. Electron., vol. 5, no. 58, pp. 1707–
1717, 2011. DOI: 10.1109/TIE.2011.2106094.

[66] Z. Zhang and J. Yang, “Current-based gear fault detection for
locomotive gearboxes,” in 2018 Prognostics and System
Health Management Conference (PHM-Chongqing 2018),
P. Ding, C. Li, R. V. Sanchez, and S. Yang, Eds., in
Prognostics and System Health Management Conference.
New York: IEEE, 2018, pp. 1200–1207. DOI: 10.1109/
PHM-Chongqing.2018.00211.

[67] M. Zhang, J. Yang, and Z. Zhang, “Locomotive gear fault
diagnosis based on wavelet bispectrum of motor current,”
Shock Vib., vol. 2021, p. 5554777, Jul. 2021. DOI: 10.1155/
2021/5554777.

[68] C. Cheng, J. Wang, Z. Zhou, W. Teng, Z. Sun, and B. Zhang,
“ABRB-based effective fault diagnosis model for high-speed
trains running gear systems,” IEEE Trans. Intell. Transport.
Syst., vol. 23, no. 1, pp. 110–121, Jan. 2022. DOI: 10.1109/
TITS.2020.3008266.

[69] C. Cheng, X. Qiao, H. Luo, G. Wang, W. Teng, and B.
Zhang, “Data-driven incipient fault detection and diagnosis

Dynamics and Fault Diagnosis of Railway Vehicle Gearboxes 97

JDMD Vol. 3, No. 2, 2024

https://doi.org/10.1109/SDPC.2018.00030
https://doi.org/10.1109/SDPC.2018.00030
https://doi.org/10.1016/j.ymssp.2018.05.038
https://doi.org/10.1016/j.ymssp.2018.05.038
https://doi.org/10.16578/j.issn.1004.2539.2017.02.004
https://doi.org/10.16578/j.issn.1004.2539.2017.02.004
https://doi.org/10.13841/j.cnki.jxsj.2020.03.010
https://doi.org/10.13841/j.cnki.jxsj.2020.03.010
https://doi.org/10.1016/j.engfailanal.2016.04.020
https://doi.org/10.1016/j.engfailanal.2016.04.020
https://doi.org/10.4028/www.scientific.net/AMM.789-790.236
https://doi.org/10.4028/www.scientific.net/AMM.789-790.236
https://doi.org/10.1016/j.engfailanal.2006.11.052
https://doi.org/10.1016/j.engfailanal.2006.11.052
https://doi.org/10.1007/s12206-011-0124-6
https://doi.org/10.1016/j.engfailanal.2019.02.058
https://doi.org/10.1016/j.engfailanal.2019.02.058
https://doi.org/10.3901/JME.2017.02.099
https://doi.org/10.3901/JME.2017.02.099
https://doi.org/10.3969/j.issn.1001-4632.2018.06.12
https://doi.org/10.16578/j.issn.1004.2539.2018.04.026
https://doi.org/10.3390/app13084656
https://doi.org/10.3390/app13084656
https://doi.org/10.1016/j.jsv.2018.03.018
https://doi.org/10.5194/ms-10-187-2019
https://doi.org/10.1016/j.ymssp.2022.109605
https://doi.org/10.1016/j.engfailanal.2019.06.099
https://doi.org/10.1080/00423114.2019.1708008
https://doi.org/10.1080/00423114.2019.1708008
https://doi.org/10.1109/APARM49247.2020.9209391
https://doi.org/10.1109/APARM49247.2020.9209391
https://doi.org/10.1016/j.measurement.2013.11.012
https://doi.org/10.1016/j.measurement.2013.11.012
https://doi.org/10.13433/j.cnki.1003-8728.2018.0117
https://doi.org/10.3901/JME.2016.20.008
https://doi.org/10.3390/s20041017
https://doi.org/10.3390/e23060660
https://doi.org/10.1109/TIE.2011.2106094
https://doi.org/10.1109/PHM-Chongqing.2018.00211
https://doi.org/10.1109/PHM-Chongqing.2018.00211
https://doi.org/10.1155/2021/5554777
https://doi.org/10.1155/2021/5554777
https://doi.org/10.1109/TITS.2020.3008266
https://doi.org/10.1109/TITS.2020.3008266


for the running gear in high-speed trains,” IEEE Trans. Veh.
Technol., vol. 69, no. 9, pp. 9566–9576, Sept. 2020. DOI: 10.
1109/TVT.2020.3002865.

[70] J. Wang, J. Yang, Y. Wang, Y. Bai, T. Zhang, and D. Yao,
“Ensemble decision approach with dislocated time-frequency
representation and pre-trained CNN for fault diagnosis of
railway vehicle gearboxes under variable conditions,” Int. J.
Rail Transport., vol. 10, no. 5, pp. 655–673, Sept. 2022. DOI:
10.1080/23248378.2021.2000897.

[71] X. He and Y. Chang, “A novel approach for reliable gearbox
fault diagnosis in high-speed train driving system based on
nonlinear feature extraction,” Modern Manuf. Eng., no. 6,
pp. 31–39, 2015. DOI: 10.16731/j.cnki.1671-3133.2015.06.
016.

[72] Y. Ai, N. Wang, H. Que, B. Yang, and W. Zhang, “Material
casting defect recognition of high-speed train gearbox shell
based on industrial CT technology,” J. Harbin Inst. Technol.,
vol. 47, no. 10, pp. 45–49, 2015. DOI: 10.11918/j.issn.0367-
6234.2015.10.009. (In Chinese).

[73] Y. Ai, C. Sun, H. Cui, and W. Zhang, “Characterization and
damage identification of acoustic emission signal in tensile
process of the material of high-speed train gearbox shell,” in
2016 IEEE International Conference on Industrial Engineer-
ing and Engineering Management (IEEM). New York:
IEEE, 2016, pp. 1875–1878. DOI: 10.1109/IEEM.2016.
7798203.

[74] C. Cheng, M. Liu, H. Chen, P. Xie, and Y. Zhou, “Slow
feature analysis-aided detection and diagnosis of incipient

faults for running gear systems of high-speed trains,” ISA
Trans., vol. 125, pp. 415–425, Jun. 2022. DOI: 10.1016/j.
isatra.2021.06.023.

[75] Y. Song, S. Yang, C. Cheng, and P. Xie, “A novel fault
detection method for running gear systems based on dynamic
inner slow feature analysis,” IEEE Access, vol. 8,
pp. 211371–211379, 2020. DOI: 10.1109/ACCESS.2020.
3039464.

[76] H. Yao, C. Ulianov, and F. Liu, “Joint self-learning and fuzzy
clustering algorithm for early warning detection of railway
running gear defects,” in 2018 24th IEEE International
Conference on Automation and Computing (ICAC’ 18), X.
Ma, Ed. New York: IEEE, 2018, pp. 693–700. DOI: 10.
23919/IConAC.2018.8749115.

[77] Y. Liu, C. Zhao, M. Xiong, W. Xu, and Z. Zhang, “Applica-
tion of extension theory to monitoring the running state of the
high-speed railway’s gearbox,” Trans. Beijing Inst. Technol.,
vol. 35, no. 11, pp. 1135–1139, 2015. DOI: 10.15918/j.
tbit1001-0645.2015.11.007. (In Chinese).

[78] Y. Liu, N. Qiao, C. Zhao, and J. Zhuang, “Vibration signal
prediction of gearbox in high-speed train based on monitor-
ing data,” IEEE Access, vol. 6, pp. 50709–50719, 2018. DOI:
10.1109/ACCESS.2018.2868197.

[79] C. Cheng, S. Yang, Y. Song, and G. Liu, “Time-series
independent component analysis-aided fault detection for
running gear systems,” Int. J. Control Autom. Syst.,
vol. 20, no. 9, pp. 2892–2901, Sept. 2022. DOI: 10.1007/
s12555-021-0276-9.

98 Liang Zhao and Yuejian Chen

JDMD Vol. 3, No. 2, 2024

https://doi.org/10.1109/TVT.2020.3002865
https://doi.org/10.1109/TVT.2020.3002865
https://doi.org/10.1080/23248378.2021.2000897
https://doi.org/10.16731/j.cnki.1671-3133.2015.06.016
https://doi.org/10.16731/j.cnki.1671-3133.2015.06.016
https://doi.org/10.11918/j.issn.0367-6234.2015.10.009
https://doi.org/10.11918/j.issn.0367-6234.2015.10.009
https://doi.org/10.1109/IEEM.2016.7798203
https://doi.org/10.1109/IEEM.2016.7798203
https://doi.org/10.1016/j.isatra.2021.06.023
https://doi.org/10.1016/j.isatra.2021.06.023
https://doi.org/10.1109/ACCESS.2020.3039464
https://doi.org/10.1109/ACCESS.2020.3039464
https://doi.org/10.23919/IConAC.2018.8749115
https://doi.org/10.23919/IConAC.2018.8749115
https://doi.org/10.15918/j.tbit1001-0645.2015.11.007
https://doi.org/10.15918/j.tbit1001-0645.2015.11.007
https://doi.org/10.1109/ACCESS.2018.2868197
https://doi.org/10.1007/s12555-021-0276-9
https://doi.org/10.1007/s12555-021-0276-9

