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Surface wear is a common phenomenon in the service life of gear transmission sys-
tems [1]. Gear wear is the material loss from gear engaging surfaces due to sliding and
rolling motions. In general, the propagation of gear wear would change the surface tex-
ture (at micro-level or macro-level), lubricating oil film thickness (if it has), and friction
of the engaging gear pairs. The change in surface texture and friction can directly im-
pact the gear contact load distribution and stress concentration. Consequently, the gear
wear propagation can accelerate the occurrence of some functional failures and lead to
the unexpected shutdown of the gear transmission system, which could cause enormous
economic loss. Therefore, it is vital to monitor the gear wear progression so that reliable
predictive maintenance-based decisions can be made to ensure a safe operation of the gear
transmission system.

In general, the vibration signal measured from the gear transmission system can be
affected by the surface wear progression [2]. The reason is that the gear mesh excitation and
gear transmission ratio are sensitive to the gear surface geometry [3]. Therefore, vibration
analysis can be a powerful tool for monitoring gear wear propagation. Also, compared with
the wear particle analysis, vibration analysis has its unique advantages [4]. For example,
the vibration characteristics can indicate the instant gear transmission performance change
caused by gear wear. Thus, it can avoid the delay caused by the process progression of
wear particle analysis. Therefore, vibration-based gear wear monitoring has attracted
significantly increasing attention from researchers in recent decades. This editorial will
give an overview of the development of vibration-based gear wear monitoring.

Some research works use the vibration features to monitor the system degradation
behaviors caused by gear wear. For instance, as a prevalent health monitoring indicator,
the gear meshing harmonic was applied to track the gear wear propagation in reference [5].
Also, the research [5] revealed that the higher-order gear meshing harmonics are closely
relevant to the gear wear propagation progression. A similar conclusion was also drawn
in [6]. In addition, the features of the cepstrum of vibrations were utilized for gear wear
monitoring in [6], and the experimental results prove the effectiveness of the features from
the spectrum and cepstrum in gear wear monitoring. However, the system degradation
behaviors caused by gear wear propagation are highly complex. The dynamic interaction
of multiple gear wear mechanisms and dynamic characteristics makes the wear propa-
gation rate and patterns not constant. As a result, limited gear meshing harmonics do
not have the capability of fully revealing the gear wear propagation status. Therefore,
multiple gear meshing harmonics were included in [7] to track the gear wear propagation
progression. In [7], the gear meshing harmonics were selected by a specific rule to derive
two new gear wear monitoring indicators. With the help of the two developed gear wear
monitoring indicators, the accumulated degradation behaviors and instant health status
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change induced by gear wear can be well indicated. Two endurance tests were arranged to
demonstrate and validate the performance of the two gear wear monitoring indicators [7].
In addition to the gear meshing harmonic, some other techniques were also employed for
gear wear monitoring. For example, the bispectrum of vibration signal was used in [8]
to evaluate the gear wear progression. Based on the modulation signal bispectrum, the
authors proposed a sideband estimator in [8], and its effectiveness was verified using the
signals from a two-stage gearbox system.

In general, gear meshing harmonics and the bispectrum are closely relevant to the wear-
induced gear tooth profile change. In the progression of gear wear, the micro-level surface
morphology also changes significantly. To quantify the gear wear-induced micro surface
morphology change, the cyclostaionary analysis was applied and proved to be a promising
tool. The relationship between surface roughness and the second-order cyclostaionary
(CS2) indicator was briefly investigated in [9,10]. However, due to the complex gear
wear propagation process and the limitation of the experimental arrangement, insufficient
conclusions were drawn in [9,10]. Later, the internal relationship of gear wear tribological
features with the measured vibrations were proposed and proved in the study [11], as
shown in Equation (1)

fv ∝ νs· fs (1)

where fv (Hz) represents the frequency of the dominant sliding induced vibration signal,
νs (m/s) denotes the sliding velocity of the engaging gear surface, and the dominant spatial
frequency of the engaging surface morphology is written as fs (1/m). In the research [11],
the wear mechanism identification was first achieved using the online approach. More
specifically, the abrasive wear and fatigue pitting were identified using the cyclostationary
properties of the measured vibration signal, and the corresponding wear evolutions were
accurately tracked. Inspired by the research [11], the capability of another cyclostationary
analysis tool (cyclic-correntropy) in gear wear monitoring was evaluated in [12], and a
novel gear wear monitoring indicator, namely the weighted cyclic correntropy operator,
was proposed. Some endurance tests were conducted to demonstrate the performance of
the developed gear wear monitoring indicator.

The above-discussed research works have contributed to the development of vibration-
based gear wear monitoring and wear mechanism identification, significantly benefiting
nondestructive gear wear monitoring and ensuring the safe operation of the gear trans-
mission system. However, the characteristics of the vibration signal can only reflect the
degradation trend of the gear transmission system, and the details of the contact status
of the engaging gear can not be revealed. The knowledge of the gear contacting status
is valuable for gear maintenance and gear design/optimization. The digital twin is an
emerging technique for gear health management and has attracted significant attention
from the research community and industry practices [13–15]. The digital twin model can
help reflect the degradation status of the gear transmission system during wear progression,
which can help the analyst understand the in-depth degradation mechanisms. Also, the
remaining useful life (RUL) of the gear transmission system can be well predicted using
the digital twin models. Therefore, the digital twin technique is of high practical value to
gear wear monitoring and gear health management.

Based on the frame of the digital twin technique, the abrasive wear-induced tooth
profile change was well predicted in [16]. In research [16], the root mean square (RMS) of
the measured vibration signal was compared with the simulation signal to help update
and calibrate the wear coefficient of the Archard wear model. Through the real-time
communication between measurements of the physical structure and simulation models,
the wear propagation rate change can be timely captured so that the abrasive wear-induced
system degradation behaviors can be well indicated and the RUL of the gear system can
be accurately predicted. Later, an improved Archard wear model was developed in [17],
and this improved Archard wear model has been integrated into the digital twin frame
for gear RUL prediction. Two run-to-failure tests with different lubrication conditions
were used to verify the effectiveness of the developed vibration-based updating (digital
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twin) scheme for abrasive wear propagation prediction. The above two methodologies
focus on the abrasive wear progression. However, in practice, multiple wear mechanisms
interact with each other, resulting in highly complex system degradation progress [18,19].
Therefore, the technique which can handle multiple wear mechanisms is of great value
for industrial practices. To this end, a novel fatigue pitting model was developed in [20]
based on the Lundberg-Palmgren fatigue theory [21]. Then the dynamic model, developed
fatigue pitting model, and Archard wear model were combined into twin models of the
gear transmission system in [20]. To realize the real-time connection of twin models and
the physical structure of the gear transmission system, a novel updating scheme, including
RMS and second-order cyclostaionary indicator ICS2 [22], was also proposed to update
the parameters of the twin models if necessary. The developed digital twin-based gear
wear propagation prediction performance was illustrated and proved by two endurance
tests [20].

Even though the above introduced digital twin-based gear wear methodologies have
achieved satisfying prediction results, the prediction accuracy is highly enslaved to the
fidelity of the digital twin models. Establishing a high-fidelity digital twin model is very
costly, and high-level expert knowledge is required. Therefore, the intelligent digital twin
model establishment technique/methodology is in vital need, which can help increase
the practical value of the digital twin techniques for gear wear monitoring. Moreover, the
digital twin technique will be a research hotspot in the area of wear analysis and gear
health management.
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