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ABSTRACT

With the rapid development of new energy vehicles, gear transmission systems are facing increasingly stringent
demands for high efficiency, low noise, high reliability, and performance under high-torque variable-load condi-
tions. The design, manufacturing, and inspection technologies of gears are crucial to the reliability and safety of
new energy vehicles. Firstly, this paper summarizes the influence of tooth flank modification on NVH (noise,
vibration and harshness) in gear transmission design for new energy vehicles. Secondly, the impact of grinding and
power honing on gear manufacturing within the production technology of new energy vehicle gear transmissions
is elaborated. Third, the application of optical inspection and deep learning in gear inspection technology for new
energy vehicles is discussed. Finally, prospects for gear technology are provided, focusing on Al-driven design,

multi-energy field hybrid manufacturing, and non-contact inspection technologies.

Keywords: new energy vehicles, gear transmission design, gear manufacturing, gear inspection.

INTRODUCTION

Gear transmission is widely used in the trans-
mission system of new energy vehicles because
of'its high efficiency, accurate transmission, com-
pact structure, reliable operation, long service life,
wide power range, simple maintenance, and many
other advantages. Compared with fuel vehicles,
new energy vehicles simplify the clutch and tor-
sional shock absorber, and mostly use the motor
to directly couple with the reducer. Thus, the
transmission system structure becomes extreme-
ly compact, and the input speed of the motor is
high, which makes the vibration and noise of gear
transmission more obvious (due to the loss of
the masking effect of the engine). Therefore, the
high-speed and low-noise gear has become the

most ideal component of the gear transmission
system of new energy vehicles, but it still encoun-
ters numerous challenges in practical service: it
must not only meet strict performance indicators
such as high precision and low noise [1-3], but
also solve problems such as ghost howling at high
speed [4], and meshing impact at regenerative
braking [5]. This puts forward strict requirements
on the design, manufacturing and inspection tech-
nology of gear transmission. Gear transmission
design directly affects the key evaluation indexes
such as power output, transmission efficiency and
NVH of new energy vehicles. Reasonable design
of gear transmission can optimize power trans-
mission, ensure transmission accuracy and meet
various complex transmission requirements. The

557


https://orcid.org/0000-0001-9126-7824

Advances in Science and Technology Research Journal 2026, 20(6), 557-571

manufacturing accuracy of gears plays a decisive
role in transmission efficiency, noise control and
service life. The gear employed in new energy
vehicle transmission systems typically achieves
accuracy grades of 4 to 6, which is higher than the
grades of 7 to 8 commonly found in traditional
internal combustion engine vehicle transmissions
[6, 7]. Therefore, the high speed and low noise
transmission demand of new energy vehicles
promote the development of gear manufacturing
technology towards higher manufacturing accu-
racy. In addition, gear inspection is an important
link in the efficient and reliable operation of gear
transmission, which directly affects the reliability
of new energy vehicles. Through high-precision
inspection technology, geometric errors can be
effectively evaluated and controlled to ensure that
it meets the design specifications.

Therefore, the important progress made in
the research of gear transmission for new energy
vehicles is summarized in this paper from three
aspects: design, manufacturing, and inspection
technology. The future development direction
of gear transmission design, manufacturing and
inspection technology for new energy vehicles
is prospected, which provides a reference for the
next stage of research.

DESIGN TECHNOLOGY OF GEAR
TRANSMISSION FOR NEW ENERGY
VEHICLES

Gear transmission design mainly includes
tooth surface modification design and new tooth
profile design [8, 9]. Tooth surface modification
can reduce noise and improve bearing capacity by
local optimization of tooth surface without chang-
ing the basic tooth profile (such as involute).
The new tooth profile can significantly improve
its many properties through the design of tooth
profile, but its application scope is limited due to
manufacturing technology and actual demand.
The gear transmission design of new energy
vehicles mainly adopts the customized modifica-
tion schemes of involute gear, and the new tooth
profile design is rarely used [10]. Typical steps of
gear modification are shown in Figure 1.

Tooth surface modification (including tooth
profile modification, tooth lead modification and
topological modification) is one of the important
means to improve NVH characteristics of the
gear transmission system, and it is the simplest
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and most efficient way to reduce noise and vibra-
tion, which has an important impact on the com-
fort of new energy vehicles [11]. Baek et al. [12]
effectively reduced the gear transmission error by
tooth profile modification to reduce the noise of
electric vehicles, and obtained the optimal design
conditions considering noise and strength. Wang
et al. [13] obtained the transmission error and
spectral characteristics of the high-speed gear
of the electric vehicle reducer by modifying the
addendum and helix, which provided a valuable
reference for analyzing the influence on the NVH
performance of the electric vehicle reducer. Zhi
et al. [14] took the minimum change of static
transmission error of load as the objective func-
tion, and obtained the optimal tip trimming length
of gear pair, which provided a reference for the
design and optimization of gear transmission
system of electric vehicle. The above research
mainly focuses on the radial gear tooth modifica-
tion of the gear tooth surface, that is, the tip or
root area is slightly cut off to achieve the purpose
of easing the meshing impact and improving the
meshing smoothness. Tooth profile modifica-
tion is a gear tooth modification along the tooth
width direction, which is mainly to compensate
the deflection or assembly error of the gear shatft.
Common forms such as middle crowning, cone
shape and local end modification. Wu [15] deter-
mined the tooth-to-drum modification parameters
according to the transmission error, contact spots
and vibration response of the case when the gear
of the electric vehicle transmission was running,
and verified the improvement of the NVH of the
transmission by modification. Li et al. [16] ana-
lyzed the transmission error and contact spot
in the electric vehicle reducer, and both perfor-
mance indexes were effectively improved after
tooth top modification. Topological modifica-
tion is the combination of tooth profile and tooth
direction modification to form complex modifi-
cation. Zou [17] analyzed the order of the main
noise in the hybrid transmission, and modified the
tooth profile drum, tooth direction drum and helix
angle. The modification effect was analyzed and
further optimized in Romax. In order to reduce
the vibration and noise of the differential gearbox
of electric vehicles, Xiang et al. [18] proposed to
modify the tooth ends of the drum tooth. Thus,
the scheme of addendum modification of tooth
profile is carried out.

In summary, while gear modification is an
important means of reducing vibration and noise,
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Figure 1. Typical steps of gear modification

its effectiveness is constrained by actual operat-
ing conditions such as load, rotational speed, and
assembly errors. If the actual operating conditions
deviate significantly from the design parameters,
modification may even lead to a deterioration in
gear meshing performance. Topological modifi-
cation typically outperforms single-dimensional
modification, primarily because it allows for more
comprehensive compensation of meshing excita-
tions caused by integrated factors such as load-
induced deformation and assembly errors through
the coordinated design of parameters. However,
the determination of such modification param-
eters still relies heavily on empirical exploration,
which limits its further development. Topological
modification is not merely an adjustment of a sin-
gle parameter; rather, it involves the combinatori-
al design of parameters such as crowning amount,
helix angle modification, and tip relief along both
the profile and lead directions, aiming to find the
optimal solution based on the problem type (e.g.,
whining, uneven load distribution) and target
performance (e.g., reducing transmission error,
equalizing contact patterns). The research types,
the modified parameter combinations employed,
and the performance indicators of concern in sev-
eral typical studies are summarized as shown in
Table 1. Additionally, modification accuracy is
often measured in micrometers, requiring high-
precision computer numerical control (CNC)
gear grinding, honing, or skiving equipment for
implementation. In practice, achieving perfect
consistency with the theoretical modification
curve during actual machining remains challeng-
ing. Although academia has proposed numerous

complex modification theories to optimize gear
tooth surface geometry, in practical engineering
applications, the final selection of a gear design
scheme is often the result of a multi-objective
trade-off. Besides pursuing theoretically optimal
meshing performance, manufacturing economy is
another key consideration. Compared to expen-
sive tooth surface modifications, applying sound-
absorbing/soundproofing coverings on the exteri-
or of the gearbox may be more suitable. Further-
more, the viscosity grade of the lubricant directly
determines the oil film thickness, which in turn
affects the contact fatigue strength (pitting) and
anti-scuffing capability of the gear surface. There-
fore, choosing an appropriate lubricant can often
achieve quite satisfactory results.

MANUFACTURING TECHNOLOGY
OF GEARTRANSMISSION FOR NEW
ENERGY VEHICLES

New energy vehicles impose demands on high
quality, precision, and reliability in gear process-
ing to meet the needs of efficient transmission,
low-noise operation, and lightweight construc-
tion [19]. Traditional machining methods such
as gear hobbing, gear shaping, and gear shaving,
though mature in technology and cost-effective,
have certain advantages in mass production but
are generally limited to manufacturing gears of
medium-to-low precision, making it difficult to
fully satisfy the stringent performance require-
ments for gears in new energy vehicles [20].
Grinding and power gear honing have become
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Table 1. Research on tooth profile modification in gear design

Research type Modification parameters Problem types\Performance References
Engineering Lead crowning, tooth tip Contact and strength performance, transmission error, NVH [12]
research type performance
Theoretical Profile crowning, helix Contact performance, transmission error, NVH performance [13]
research type Crowning
Theoretical Tooth tip Static transmission error, tl_mt-z_-val_'ylng meshing stiffness, load [14]
research type distribution
Engineering Lead crowning, lead slope, Peak-to-peak transmission error, tooth surface load, radiated [15]
research type involute crowning noise
Engineering Lead crowning, lead slope, | Transmission error, contact spot, dynamic stiffness of bearing

. [16]
research type tooth tip seat, NVH performance
Engineering Tooth tip, lead crowning helix Gear howling, transmission error, vibration noise [17]
research type angle
Engineering Lead relief, lead crowning, Contact performance, transmission error, structural noise [18]
research type tooth. end, tooth tip

essential processes for improving the machining
accuracy and surface quality of gears for new
energy vehicles due to their notable advantages
in high efficiency and precision in high-precision
gear machining [21]. In actual production, the
scientific selection between grinding and power
gear honing must consider multiple factors such
as specific technical requirements, material char-
acteristics, application scenarios, and production
volume. The corresponding selection process is
shown in Figure 2.

Grinding technology

According to the relative motion principle
of grinding wheel (disc grinding wheel, conical
grinding wheel and worm grinding wheel) and
gear, gear grinding is mainly divided into gen-
erating grinding and forming grinding [22]. The

principle of generating grinding is to use the
meshing motion of the grinding wheel and the
gear to contact the cutting edge of the grinding
wheel with the tooth shape of the gear, thereby
cutting out the tooth shape of the gear, as shown
in Figure 3. Although generating grinding offers
high machining accuracy and efficiency, and is
applicable to various gear types, such as straight
teeth, helical teeth, arc teeth, etc., and has a wide
range of applications, but it requires high-preci-
sion equipment and technical support [23].

Chen [24] studied the key technology of
grinding gear with worm wheel, established the
mathematical model of worm wheel and gear,
and put forward the error compensation scheme
after grinding, which improved the manufactur-
ing accuracy of gear. Yu et al. [25] established a
mathematical model of gear grinding for helical
gear generating grinding, studied the relationship

The gear finishing (grade 4-6)

Small and medium batch, multi-variety Multitudinous
Surface integrity Heat treatment -
requirements deformation Gear tooth modification
High fatigue  Standard Large Small Complex Standard
strength  requirements; : deformation  deformation :ii: tooth profile gear
Power Generating : i Generating Power Form Generating
honing grinding grinding honing grinding grinding

Figure 2. Selection processes of the gear finishing based on grinding and power honing
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Figure 3. Gear development method machining

between tooth surface distortion and gear param-
eters, reduced the error of tooth surface modifica-
tion, and improved the stability of gear transmis-
sion. Cao et al. [26] established a mathematical
model based on the generating grinding method
of bevel gears, which is used to evaluate the influ-
ence of factors such as worm wheel dressing on
the accuracy of grinding gears in the grinding
process, so as to effectively improve the grinding
accuracy of gears. In the above research, math-
ematical models are established based on the gen-
erating grinding principle, and the key process
parameters are optimized to improve the machin-
ing accuracy and tooth surface quality of the gear,
so as to finally suppress the vibration and noise in
the transmission process. At the same time, there
are also some studies to improve the accuracy and
bearing capacity of the gear by adjusting the spa-
tial relationship between the grinding wheel and
the machined gear or proposing new processing
methods. Yoshikoto et al. [27] designed a grinding
process with a large cross-axis angle between the
internal gear and the grinding wheel, which not
only improves the processing efficiency, but also
takes into account the manufacturing accuracy of
the gear. Zhang et al. [28] proposed a new method
to predict the torsion of the gear flank based on the
characteristics of the generating grinding, which
improved the bearing capacity of the gear.

Form grinding is a kind of copying machin-
ing in essence, which has high machining effi-
ciency [29], but it has limitations and can’t pro-
cess all types of gears economically and effi-
ciently. The gear machined by form grinding is
easy to produce tooth surface distortion, which
affects the meshing performance of the gear.
Many scholars have carried out a lot of research
on this, among which grinding wheel dressing

is an effective method, as shown in Figure 4.
In order to solve the problem of tooth surface
distortion in gear form grinding, Li et al. [30]
quantified the tooth surface distortion in grind-
ing process, and inhibited the influence of tooth
surface distortion on gear meshing performance
by optimizing the dressing parameters of grind-
ing wheel. In solving the problem of tooth sur-
face distortion, the best optimization scheme can
also be sought by establishing various algorithm
models. He et al. [31] used a genetic algorithm
to jointly optimize the axial movement at each
position when studying the twisting error in heli-
cal gear machining, which made the actually
machined tooth contact trace close to the theoret-
ical contact trace, reduced the twisting error and
improved the grinding accuracy. Wang et al. [32]
used neural network to optimize the parameters
of the contact line optimization model of heli-
cal gear forming grinding, which improved the
tooth twist phenomenon of helical gear grinding.
In addition, the new machining method provides
a new technical approach to address this issue,
complementing the method of optimizing and
compensating tooth surface distortion via algo-
rithm models. Shih et al. [33] proposed a high-
order tooth surface modification grinding meth-
od based on degrees of freedom to achieve tooth
surface distortion correction, thereby improving
the manufacturing accuracy of gears.

In summary, the existing generating grind-
ing is mainly through the optimization, control
of process parameters and the establishment of
new processing methods to improve gear perfor-
mance. Forming grinding is to optimize the pro-
cess parameters by algorithm and study the tooth
surface distortion mechanism to improve the gear
performance. The above two gear processing
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contact wire

Figure 4. Gear forming method processing

methods play a vital role in enhancing gear accu-
racy, reducing noise, and improving transmission
performance. The research on generating grind-
ing and forming grinding in gear manufacturing
is summarized in Table 2.

Honing technology

According to the meshing mode of honing
wheel and workpiece gear, honing is divided
into external gear honing, internal gear honing
and worm wheel honing [34]. The Powerful gear

honing technology is developed on the basis of
conventional gear honing, integrating multi-axis
synchronous control of the electronic gearbox
into the machine tool [35]. This new processing
method breaks through the free meshing form
between the honing wheel and the processed
gear in the traditional honing processing, and
engages with a specific transmission ratio. The
function of traditional gear honing is to deburr
and refine surface texture, and the powerful gear
honing can also be used to reduce the errors
caused by traditional gear honing and improve

Table 2. Research on generating grinding and form grinding in gear manufacturing

Classification

Research content

References

An error compensation scheme for post-grinding operations was developed, which
contributed to improved accuracy in gear manufacturing.

(24]

stability of gears.

The relationship between tooth surface distortion and gear parameters was investigated,
which reduced the error of tooth surface modification and improved the transmission [25]

Generative

grinding dressing on gear grinding accuracy.

This research established a mathematical model combined with the generating grinding
method for bevel gears, investigating the influence of factors such as worm grinding wheel [26]

efficiency and manufacturing accuracy.

The grinding process scheme for the large intersecting shaft angle between the internal
gear and the grinding wheel was investigated, which improved the gear machining [27]

A novel method for predicting the torsion of the gear flank face was proposed, which
improved the load-carrying capacity of gears.

(28]

The dressing parameters of the grinding wheel were optimized, which suppressed the
influence of tooth surface distortion on the meshing performance of gears.

[30]

The tooth surface contact trace was highly consistent with the theoretical contact trace,
which reduced the distortion error and improved the gear grinding accuracy.

[31]

Form grinding

distortion.

An innovative neural network-based approach was proposed to optimize the contact line
parameters in helical gear form grinding, which significantly suppressed tooth alignment [32]

accuracy of gears.

A high-order tooth surface modification grinding method based on degrees of freedom was
proposed to achieve tooth surface distortion correction, thus improving the manufacturing [33]
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the quality of tooth surface. Therefore, the pow-
erful gear honing technology has been widely
used in the gear manufacturing of new energy
vehicles, especially in the field of precision
reducers and gearbox gears [36].

In order to study the influence of tooth
surface roughness produced by gear grind-
ing process and power gear honing process on
gear meshing noise and vibration, Jolivet et al.
[37] carried out numerical simulation through
the gear transmission system, and thought
that reasonable selection of gear grinding and
power honing process could effectively reduce
gear meshing noise, subsequently, based on
the multi-scale analysis of continuous wave-
let decomposition, the time-frequency domain
characteristics of tooth surface morphology
and vibration spectrum of gear grinding and
power honing transmissions are extracted to
reveal the differences of different processes
in reducing gear noise [38]. In order to meet
the strict requirements of high-end gear manu-
facturing for precision control, and to deeply
explore the role of powerful honing technology
on gear manufacturing accuracy, Han et al. [39]
first established a regression model of surface
roughness by response surface method at the
macro-technological level, and made clear the
quantitative influence of honing wheel speed
and feed on tooth surface quality, furthermore,
through numerical simulation and experiment,
the microscopic mechanism of motion control
and machine tool adjustment errors on tooth
surface profile is analyzed, and the source of
machining errors is accurately identified [40],
as shown in Figure 5. Silva et al. [41] conducted

Workpiece gear/
Dressing tool

Headstock

X =Radial feed

Z1 = Axial feed

Z2 = Rapid feed

C1 = Rotation of honing wheel

C2 = Rotation of workpiece/
dressing tool

A = Swivel rotation of honing head

B = Swivel rotation of pedestal

a series of studies with the help of internal gear
honing machine tool, aiming at the tooth profile
accuracy, optimized the honing process param-
eters through particle swarm optimization algo-
rithm to improve the gear accuracy, through the
machining experiment of small gear in steering
systems, it is proved that the surface roughness
of gear machined by powerful honing process
is better than that of hard hobbing process [42].
In summary, the current powerful gear hon-
ing has developed from the traditional free
meshing finishing to an optimized and control-
lable precision gear machining method. At the
level of process mechanism, from macro pro-
cess parameter optimization to a deeper under-
standing of the micro-mechanisms underlying
tooth surface texture formation and machine
tool motion errors is strengthened, which lays
a theoretical foundation for controlling tooth
surface quality. At the process control level,
through the response surface method and parti-
cle swarm optimization algorithm optimization
strategy, the precise control of powerful honing
process parameters and machining accuracy
is realized, and the stability and repeatability
of the process are significantly improved. The
research on power honing in terms of gear
meshing noise and manufacturing accuracy
is summarized in Table 3. From a production
cost perspective, grinding technology, due to
its high equipment depreciation and longer
cycle times, is mainly applied to commercial
vehicles or high-end passenger cars that require
extremely high load capacity. For large-scale
production focused on efficiency, hobbing is
more cost-effective compared to grinding.

Motion Andcoordinate transformation In the Honing
1 process N

Figure 5. Honing gear processing [40]
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Table 3. Research on power honing in terms of gear meshing noise and manufacturing accuracy

Classification

Research content References

The influence of gear grinding and meshing noise.

Through numerical simulation, it was demonstrated that both gear
grinding and power honing processes can effectively reduce gear [37]

power honing on gear meshing noise

yields better results.

The research further clarified how gear grinding and power honing differ
in their ability to reduce gear noise, demonstrating that power honing [38]

The quantitative influence of honing wheel speed and feed rate on tooth
surface quality was clarified.

[39]

The microscopic mechanism of action of motion control and machine
tool adjustment errors on the tooth profile was analyzed.

[40]

The influence of power honing on gear
manufacturing accuracy

With the goal of tooth profile accuracy, the honing process parameters
were optimized through optimization algorithms.

[41]

process.

Gears processed via the power honing process exhibit superior surface
roughness compared to those manufactured using the hard hobbing [42]

INSPECTION TECHNOLOGY OF GEAR
TRANSMISSION FOR NEW ENERGY
VEHICLES

Compared with fuel-powered vehicles, new
energy vehicles achieve shorter acceleration time
while their transmission systems are subjected
to higher dynamic loads, which is more likely
to cause gear performance damage and lead to a
corresponding reduction in the service life of key
components. To ensure the reliability of gear trans-
mission systems and eliminate defective products
during the production process, the inspection of
gears for new energy vehicles is therefore partic-
ularly important. In recent years, driven by sen-
sor technology, signal processing algorithms and
artificial intelligence, two measurement methods
— optical inspection [43] and deep learning [44]
have become research hotspots. The typical gear
inspection methods based on optics and deep
learning are shown in Figure 6.

Coordinate measuring machine (CMM)
inspection enables precise quantification of com-
plex geometric features by guiding a probe to
accurately position in three-dimensional space
and acquiring massive discrete point cloud data.
Kumar [45], Stein [46], and Chen [47] et al. pro-
posed measurement procedures and accuracy
evaluation methods for tooth surface deviations,
effective contact area, calibration strategies, as
well as tooth profile and helix deviations in cylin-
drical and helical gears using CMM. Suh et al. [48]
measured tooth surface points of spiral bevel gears
with CMM and applied NURBS curve fitting to
the measured points. By comparing with the CAD
model, they obtained deviations in tooth profile,
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lead, and pitch. In addition, CMM is frequently
employed for experimental validation. Pisula et al.
[49] designed a custom gear life test rig to ana-
lyze wear mechanisms of cylindrical gears made
of different materials under load and compared
the results with CMM scanning data, thereby con-
firming the reliability of their experimental out-
comes. Shao et al. [50] developed a precise mea-
surement model for spiral bevel gears using CMM
and, based on the measurement results, proposed
a high-order machine tool adjustment correction
method that accounts for normal deviations of the
tooth surface, enabling reverse adjustment and
correction of tooth surface errors. Although CMM
is currently one of the essential tools for gear
accuracy inspection, the errors introduced during
the measurement process still affect the accuracy
of the measured results.

Laser interferometry is a high-precision
inspection technology for gear geometric param-
eters based on optical interference, which can
accurately calculate key parameters such as tooth
profile error, tooth trace deviation, and cumula-
tive pitch error. Fang et al. [51-53] first used a
laser interferometer to collect interference fringe
patterns and analyze the relative shape deviation
between the interference fringe patterns of the
measured tooth surface and the standard tooth sur-
face; subsequently, they proposed a ray-tracing-
based method to simulate the interference fringe
patterns. The optical surface directly determines
the feasibility, accuracy, and reliability of the mea-
surement. To this end, Zhu et al. [54, 55] fabricated
an optical surface as the measurement reference;
based on the ray-tracing-based shielding analysis
method, the occlusion by adjacent tooth profiles
was avoided, and a complete set of tooth surface
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Figure 6. Typical gear inspection methods based on optics and deep learning

shape information was successfully collected, as
shown in Figure 7. Urbas [56] proposed an optical
three-dimensional scanning method, which was
first tested on the simulated scanning data of ideal
shapes with different mesh resolutions, then further
validated on simulated scanning data with synthet-
ic deviations, and finally its reliability was con-
firmed by comparing with coordinate measuring
machine (CMM) inspection results. With the rapid
development of artificial intelligence technology,
deep learning has shown remarkable advantages
in complex data processing, with its most promi-
nent one being its ability to automatically extract
features. Li et al. [57] proposed a convolutional
neural network model based on deep learning
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In summary, research on gear tooth surface
inspection has focused on improving the accu-
racy, integrity, and automation level of tooth
surface defect inspection. A wide range of tech-
nical approaches have been adopted, including
contact-based measurement, modeling and sim-
ulation based on optical principles, and three-
dimensional surface reconstruction combined
with deep learning. On this basis, multiple col-
laborative inspection schemes that integrate digi-
tal simulation and physical measurement have
been developed. The abovementioned research
has broken through the bottlenecks of traditional
contact measurement methods in terms of mea-
surement accuracy, inspection efficiency, and
data utilization, and promoted the development of
gear inspection technology toward the direction
of high precision, high efficiency, and high inte-
gration. The research on optical inspection and
deep learning in gear inspection is summarized in
Table 4. Contact inspection remains an important
criterion, but compared to non-contact inspec-
tion, its longer inspection time cannot meet all
inspection requirements. Although non-contact

inspection requires higher initial investment in
equipment, its high-speed characteristics allow
costs to be spread over a large number of prod-
ucts, effectively controlling overall manufactur-
ing costs. However, for gears with higher preci-
sion requirements, the accuracy of non-contact
measurement is still insufficient.

RESEARCH PROSPECT

In summary, although significant research
progress has been made in the field of gear trans-
mission design, manufacturing and inspection
technology of new energy vehicles, there are still
many problems worthy of in-depth discussion.
The future research focus can be summarized as
the following aspects:

Intelligent gear drive designing

The development of new energy vehicles
will put forward multi-dimensional ultimate
performance requirements for gear transmission

Table 4. The research on optical inspection and deep learning in gear inspection

Classification

Research content

References

deviations

Proposed measurement procedures and accuracy evaluation methods for gear tooth
deviations, effective contact area, calibration strategies, as well as tooth profile and helix

[45-47]

CMM through comparison

Conducted measurement of spiral bevel gear tooth surfaces using CMM, applied NURBS
curve fitting to the measured points, and obtained tooth profile, lead, and pitch deviations [48]

inspection

findings

Analyzed the wear mechanisms of cylindrical gears made of different materials under load
and compared the results with CMM scanning data to validate the reliability of experimental [49]

tooth surface errors

Developed a precision measurement model for spiral bevel gears using CMM and, based on
the measurement results, proposed a high-order machine tool adjustment correction method
considering normal tooth surface deviations, enabling reverse adjustment and correction of

[50]

standard tooth surface were analyzed.

Interference fringe patterns were collected using a laser interferometer, and the relative shape
deviations between the interference fringe patterns of the measured tooth surface and the

[51-53]

Optical
inspection

surface shape data.

An optical reference surface was fabricated as a measurement benchmark. By employing a
ray-tracing-based occlusion analysis method, interference from adjacent tooth profiles was
effectively avoided, thereby enabling the successful acquisition of a complete set of tooth

[54,55]

An optical three-dimensional scanning method is proposed, and its reliability is verified through
comparative analysis with coordinate measuring machine results.

[56]

A deep learning model was constructed for the inspection of surface scratches and missing
teeth on gears. Compared to conventional machine vision-based approaches for gear surface [57]
defect inspection, this method exhibits superior generalizability.

Deep learning

A machine vision system was proposed utilizing deep learning technology, employing an
R-CNN network to automatically identify defective gears.

(58]

An improved defect inspection model based on YOLOv5, named YOLO-CNF, was proposed
for gear side surface defect inspection, achieving an accuracy of 86.7%.

[59]

The improved YOLOVv5s performs detection of broken teeth, tooth surface wear, and tooth
loss, enhancing the accuracy of gear inspection.

(60]
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systems, such as lightweight, low noise, and high
efficiency. Nowadays, the limitations of tradi-
tional design methods are gradually becoming
prominent of single-objective optimization, and
multi-objective optimization and multi-disci-
plinary coupling models are becoming more and
more important. Therefore, machine learning can
be used to establish a nonlinear mapping relation-
ship between design parameters and performance
indicators, and then the gear parameter selec-
tion can be realized by swarm intelligence opti-
mization algorithms. In addition, with sufficient
sample data, machine learning and big data tech-
nology can analyze and integrate historical data,
further optimize the design process and adjust
the design scheme in time, as shown in Figure 8,
thereby accelerating the gear transmission design
process and shortening the development cycle.

Multi-energy field hybrid manufacturing
of gear

Currently, the transformation and upgrading
of the high-end equipment manufacturing indus-
try is advancing towards deeper development.
As one of its key sectors, the new energy vehicle
industry imposes increasingly stringent require-
ments on gear performance. Consequently, gear
manufacturing technology should not be confined
to traditional mechanical processing methods but
should evolve toward multi-energy field hybrid
manufacturing technologies. This gear manufac-
turing technology can compensate for the short-
comings of conventional mechanical processing
in terms of quality, precision, cost, and efficiency
through the synergistic application of multiple
energy fields. Compared to single-energy field
approaches (such as electrochemical reactions,

laser processing, or ultrasonic vibration-assisted
machining), multi-energy field hybrid manufac-
turing enables the adjustment of material pro-
cessing properties to achieve superior compre-
hensive outcomes. Furthermore, it is necessary
to conduct in-depth research on the relationship
between single or multiple special energy fields
and the mechanical energy field during gear pro-
cessing. This involves clarifying the processing
mechanisms and material removal principles of
each energy field, rationally selecting and com-
bining special energy fields with mechanical
energy fields, and elucidating the coupling rela-
tionship between them through a combination of
theoretical analysis and experimental validation.
Ultimately, this will enable quality control in gear
manufacturing via multi-energy field processing
as shown in Figure 9.

Non-contact inspection of gear

Future gear inspection will no longer be lim-
ited to geometric error analysis and other para-
metric assessments. Instead, it is evolving toward
multi-scale integrated sensing. In terms of physi-
cal inspection, a comprehensive tooth surface
information system will be constructed by inte-
grating various non-contact sensing technologies
such as laser scanning, infrared thermography,
and ultrasonic testing. This will enable the inspec-
tion of gear geometric accuracy (e.g., tooth pro-
file and helix deviations), surface integrity (e.g.,
roughness, micro-defects), and thermodynamic
properties (e.g., temperature gradients, thermal
deformation). In the inspection data processing
stage, algorithms based on models such as CNN
can enhance features and eliminate redundant
information from multi-source inspection data,
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Figure 8. Collaborative design of gear transmission based on multi-objective intelligent optimization
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Multi-energy field hybrid manufacturing of gears
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Figure 10. Multi-scale fusion-oriented non-contact inspection of gears

including visual imaging, infrared thermogra-
phy, and ultrasonic imaging. This improves the
usability and effectiveness of raw inspection
data and facilitating the automatic identification
of defects with different types and severity lev-
els, as well as error tracing. Finally, by employ-
ing time-series prediction models, data from the
entire lifecycle of gears can be integrated to fore-
cast trends in failure modes such as tooth surface
wear and crack propagation at the tooth root as
shown in Figure 10.

CONCLUSIONS

This paper systematically reviews the
research status and application progress of gear
transmission in new energy vehicles from three
aspects: design methods, manufacturing technol-
ogies and inspection technologies, and prospects

568

the future research work. In terms of design, an
intelligent integrated design for gears of new
energy vehicles is established based on the multi-
objective collaborative optimization theory and
multi-physics field coupling modeling method.
In the aspect of gear manufacturing, an appro-
priate multi-energy field composite manufactur-
ing scheme is selected on the basis of research
into the multi-energy field machining mechanism
and material removal mechanism. In the field of
inspection, defect classification, error tracing and
trend prediction of gears are realized through
multi-sensor physical measurement combined
with deep learning models.
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