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Abstract. The lightweight development of electric vehicle motors is a prominent future trend,
with the challenge of transmission vibration and noise acting as a key bottleneck that limits the
enhancement of power and speed in electric vehicle drive systems. The noise generated by electric
vehicle transmissions is primarily associated with the transmission system and gear structure. In
line with this, the present study proposes an analysis of transmission error and response
mechanisms through gear modifications. The research delves into the analysis of gear deformation
and error generation characteristics. It further investigates methods for parametric equation
modeling, tooth profile modification, deformation imprint analysis, and vibration response
modeling to examine excitation response analysis and noise reduction techniques pertaining to
transmission errors. The findings demonstrate that, under 40 % torque, the shaped gear exhibited
a maximum reduction in transmission error of 34.2 %, resulting in an overall error improvement
of over 5.7 %. Moreover, the maximum error difference after tooth profile and tooth direction
shaping exceeded 2 %. The gear-shaping-based electric vehicle transmission showcased favorable
economic and technical performance, while its excitation response mechanism provided valuable
guidance for mass production. Overall, these results highlight the significance of analyzing
transmission errors through gear modifications in achieving lightweight electric vehicle motors.
By addressing transmission vibration and noise issues, this research contributes to overcoming
limitations and promoting advancements in power and speed within electric vehicle drive systems.

Keywords: gears, electric vehicle, transmission, driveline, vibration excitation, response
mechanism.

1. Introduction

The increasing promotion of new energy development has created significant growth
opportunities and potential for electric vehicles. The operational performance of electric vehicles
is greatly influenced by their power train and control systems. Among these components, vehicle
transmission plays a crucial role in meeting the driving requirements across various working
conditions. Despite its relatively simple structure, it can achieve maximum speeds of up to 20,000
revolutions per minute [1]. Electric vehicle transmissions consist primarily of gears, drive shaft
systems, bearings, and cases, among other components. However, differences in processing and
manufacturing conditions, installation and commissioning methods, and load fluctuations
inevitably lead to automotive error outcomes. Moreover, the meshing process of gears can
generate noise, which in turn causes vibration in other parts, resulting in radiated noise [2, 3].
When an object vibrates, it emits sound waves that disturb the surrounding air. When these sound
waves interfere with individuals, they are perceived as noise. The vibration and noise produced
by the transmission system can significantly impact vehicle performance. Initially, the assessment
of transmission noise sources relied heavily on vibration and noise tests conducted on transmission
prototypes. Through repeated comparative experiments, the vibration conditions were adjusted
until they met the noise criteria [4]. However, the emergence of noise simulation has expedited
and improved transmission vibration detection, making it faster and more accurate. As a typical

264 ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460


https://crossmark.crossref.org/dialog/?doi=10.21595/jve.2023.23550&domain=pdf&date_stamp=2024-01-03

GEAR ERROR CONTROL AND RESPONSE OF ELECTRIC VEHICLE TRANSMISSION GEARING BASED ON GEAR TRIMMING.
LINLIN ZHAO, ZHONGWANG ZHOU, TAO WU

gear transmission system, vibration noise in electric vehicles is primarily attributed to the gear
meshing process. This process is characterized by wheel deformation and manufacturing errors,
which subsequently give rise to transmission errors [S]. Therefore, this research focuses on
investigating the mechanisms behind transmission errors within the gear transmission system. By
employing gear modifications and designing relevant parameter models, the aim is to reduce
vibration errors and minimize the noise generated during operation.

2. Related works

Improving the torque vector control of an electric vehicle drive train is of great importance in
terms of safety. Additionally, adjusting the reference understeer characteristics of the vehicle can
effectively reduce energy consumption [6]. Scholar Kim S. proposed a gear control strategy for
parallel hybrid electric vehicles based on speed and torque state feedback. They designed a
multivariable control scheme incorporating H., loop formation. Experimental results demonstrate
that this method improved the performance of observation controllers [7]. In another study, scholar
Lin C. introduced a dual motor coaxial propulsion system suitable for all weather conditions. The
results showed that the dual motor coaxial propulsion system offered superior gear calibration
functionality and application effectiveness compared to a single-motor transmission [8]. Based on
the flexible combination of power and torque at the electrical ports, scholar Zhu X. proposed a
multi-port magnetic planetary gear permanent magnet motor. Experimental results validated the
effectiveness of this method through prototype testing [9]. Scholars Holjevac N. employed
computer-aided engineering to optimize vehicle energy consumption and performance.
Simulation results indicated that the internal combustion engine significantly influenced vehicle
energy consumption. Moreover, the careful selection of the number of electric motors and
transmissions played a crucial role in enhancing vehicle performance [10]. Scholar
Guercioni G. R. analyzed the transmission system of a series-parallel hybrid electric vehicle
architecture and conducted stage analysis and equation design for its shift control strategy. The
results indicated that the controller exhibited good application performance in nonlinear dynamic
models [11]. Scholar Jiang S. conducted theoretical derivations and modal energy analysis on the
multi-stage gear transmission system of permanent magnet synchronous motors, considering
electromagnetic effects and torsional resonance characteristics. The results highlighted the
potential risk of meshing stiffness resonance in synchronous motors during varying gear
conditions [12]. Drawing from the relationship between harmonic torque and electric vehicle drive
system performance, scholar Hu J proposed an electromechanical coupling dynamics model that
considers inverter and transmission system characteristics. They applied a harmonic torque
suppression strategy to the model. The results demonstrated that this strategy effectively reduced
the dynamic load of the system, enhancing the stability and service life of motor operation [13].

Katz A. conducted an analysis of the relationship between the elastic deflection of the cutting
tool and the gear tooth profile error. The results revealed a strong correlation between the
simulated profile error and the lateral measurement profile of the gear. This highlighted the
importance of enhancing the selection and development of electromechanical power train design
parameters in improving the efficiency of electric vehicles [14]. Scholar Schweigert D analyzed
the maximum speed and power of the electromechanical power system based on motor
transmission characteristics. It was found that increasing the maximum speed of the motor had a
significant impact on enhancing the power of the electromechanical power system [15]. In the
field of hybrid vehicles, Tang X. proposed a novel approach that combines vision technology with
deep reinforcement intelligent control algorithms. They applied visual ranging, control strategies,
and energy strategies using deep Q-network learning. Experimental results demonstrated that this
multi-objective control method ensured driving distance while simultaneously prioritizing fuel
economy and driving safety [16]. Scholar Ritzmann J achieved the simplification of the whole
vehicle model by considering torque distribution and gear selection in hybrid electric vehicles.
This method outperformed dynamic programming in terms of performance advantages and
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required less time to implement the scheme [17]. To enhance the performance of
electromechanical brake boosters, Wu J designed a nonlinear control method based on position
tracking. The results indicated that the booster designed using this method exhibited excellent
position tracking and response performance [18]. Li Y. proposed a two-layer scheduling model
that considered demand responsiveness and uncertainty. Simulation results demonstrated that this
method effectively balanced the problem between vehicle charging demand response and energy
uncertainty [19]. Domingues-Olavarria G. developed a cost estimation framework for electric
power systems. This framework enabled effective analysis and comparison of motor transmission
ratio structure, power cost, and overload capacity [20].

From the above results, it can be seen that the construction of dynamic models and the
introduction of computer-aided technology are common research ideas for the performance of
electric vehicles. Previous studies have mostly focused on the torque and controller aspects of the
transmission system, and have optimized the vehicle system model in many aspects. However,
there is less focus on the influencing factors that cause gear changes in the transmission system,
and the response mechanism for transmission error control is less involved. Therefore, research is
conducted on the power analysis of gear transmission systems based on gear modification to better
analyze their error control and vibration response and improve the performance of electric
vehicles.

3. Gear transmission control analysis of electric vehicle transmission based on gear
trimming

3.1. Transmission gearing mechanism under gear trimming

During practical operation, transmission systems can often experience vibration and
noise-related challenges. These issues arise due to the intricate composition of internal
components, leading to varying sources of noise. One major factor contributing to this is the
dynamic meshing force excitation, which induces circular vibrations in the gears. Furthermore,
vibrations occurring in the bearing bore, both radially and axially, transmit into the transmission
shell's side wall. Consequently, the generated noise during this process propagates into the
environment through the surrounding air medium. Figure 1 illustrates a schematic diagram
showcasing the sources of noise excitation and the transmission path within the transmission gear
system.
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Fig. 1. Schematic diagram of transmission vibration and noise generation mechanism and transmission path

In the context of automobile gear trains, vibration noise primarily arises from transmission
errors and excitation vibration noise caused by meshing-in and meshing-out shocks, time-varying
stiffness, as well as mechanical vibration excitation and noise stemming from structural errors.
Therefore, when designing transmissions for electric vehicles, it is crucial to not only focus on the
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performance of gear materials but also to consider their modification methods and parameters
while controlling the error associated with their vibration and noise excitation sources.
Transmission errors, being the intrinsic excitation affecting gear meshing systems, mainly result
from manufacturing errors in gears and tooth profile deformations under load. Geometric
dimensional errors that occur during the gear manufacturing process can change the contact points
and increase vibration noise. However, non-variable errors can be optimized through the
manufacturing process to reduce the impact of vibration noise. The mathematical formula for
transmission error is shown in Eq. (1):

TE(p) = 6(@) + Fo(@) + fp (@) + S (), (1

where, §(¢) represents gear deformation, F,(¢) is tooth shape error under manufacturing error,
f» (@) is tooth pitch error under manufacturing error and 8y, (@) is the trim curve [21]. The
low-frequency noise of electric vehicle transmissions can have an impact on the noise, vibration,
and acoustic roughness of the entire vehicle, and its wide speed range makes it easier for the
transmission to overlap in operation. The internal excitation of the gear system in transmission
has the most significant impact on its overall vibration noise. The extent of this excitation is
influenced by various factors, such as machining and assembly errors, stiffness excitation resulting
from changes in mesh stiffness, and abrupt shock excitation upon gear engagement and
disengagement. Tooth pitch error and tooth shape error can have a significant impact on gear
vibration noise, and both forms of error are shown in Fig. 2.

Ideal tooth
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i Transitional tooth
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a) Tooth pitch error and tooth shape error b) Mechanism of tooth shape error generation

Fig. 2. Tooth pitch error and tooth profile error

In order to achieve optimal meshing, the ideal tooth profile on the driving wheel should
perfectly align with the actual tooth profile on the driven wheel. However, due to tooth shape
errors, the contact point during the meshing process is shifted, denoted as point “a”, resulting in a
change in gear ratio and subsequent dynamic excitation. Gear stiffness excitation refers to the
phenomenon caused by the variation in mesh stiffness over time. To analyze the mechanisms
behind this phenomenon, the study focuses on spur gears as an example. Fig. 3 illustrates the
mechanism’s generation in detail.

Driving wheel ka K(t)
NMNANA TV VNV VNV VYTV

— A K,

Kk(t) —~—
—t-----, s :. ..... ks
A B C D
a) Gear stiffness excitation mechanism b) Meshing stiffness curve
Fig. 3. Gear stiffness excitation mechanism and meshing stiffness curve
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When a single pair of teeth in gears mesh, they bear a relatively lower load, resulting in greater
gear deformation. However, when two pairs of teeth are loaded, the gears experience less
deformation and exhibit increased meshing stiffness. At the transition point between these two
scenarios, a step phenomenon occurs. To mitigate load fluctuations, tooth profile modification is
employed to reduce interference during meshing. The deformation of a single pair of teeth is
primarily caused by the elastic deformation of the gear under load. According to the principle of
deformation coordination, the meshing stiffness of a single pair of gears can be expressed using

Eq. (2):

Cth = ) (2)

where, ¢, represents the mesh stiffness of the active wheel and ¢, is the mesh stiffness of the
driven wheel. The study focuses on gears with varying tooth shapes, where the meshing process
involves alternating between single and double teeth. The analysis is based on the involute tooth
profile and utilizes a parametric equation model for representing the tooth profile. Mathematically,
this can be expressed as Eq. (3), where the specific equation will depend on the particular gear
shape being investigated:
[n] _ [COS(p — sing ] ) [x] + [rsimp -r <pcos<p] 3)
A —sing —cosp | Ly rcosg + r @sing|’

where, r is the radius of the pitch circle, ¢ is the angle of rotation, (x, y) is the origin and (1, 1)
is the point on the profile of the tangent wheel [7]. By fitting a multinomial function to the gear
deformation curve, an approximate parabolic deformation curve of the gear teeth can be obtained
under load. To study and design the deformation and stiffness curves of a single pair of teeth
during the meshing process, their respective characteristics must be taken into account. This
results in the derivation of Eq. (4), which provides the deformation and stiffness curves of a single
pair of teeth during meshing:

f(x) = fol4(ks — 1)(x — 0.5)2 + 1],

¢’ “4)
[4(k; — D(x—05)2+ 1]

cen(x) =

where, f, is the minimum deformation, ¢’ is the gear mesh stiffness and k; shows the end
deformation amplification factor [22]. Based on the calculation results and the deformation
coordination principle, the single and double tooth mesh stiffness curve can be determined in

Eq. (5):

rean(mx) (r<13)
Cth Cth €q X/, X Ea’

c(x){cm, (1—‘8le£1), 5

a ell
1 1
lcth + Cep (— - x), (x > —),
ga EO[

where, helical gears in the slicing method can be based on the contact line integral for stiffness
and deformation calculations. Gears in the meshing process will be caused by the elastic
deformation of the angle deviation is large. As the load increases, its elastic deformation will
increase accordingly, while the manufacturing and installation and the system deformation of the
error results will make the gear mesh surface, and the theoretical data there is a certain deviation.
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The study analyses the meshing errors in the time-varying state of the gear with the aid of simple
harmonic functions, with base joint error and tooth shape error being the main influencing factors
on gear vibration. The direction of the displacement excitation of the gear mesh on the meshing
line can be expressed as Eq. (6):

mt
e(t) = ey + e,sin <? + (p), (6)

where, e, is the gear error constant, e,. is the magnitude of the error, t is the time, T is the meshing
period and ¢ is the phase angle [23]. Also, the magnitude of the gear error can be expressed as

Eq. (7):

r= prh +ff
—\/E )

where, f,, indicates the base joint error and f is the tooth profile error. The common ways of
trimming are tooth profile trimming and tooth direction trimming, gear trimming is mainly to
reduce the transmission error of gears in the meshing process. The deformation curve in the double
tooth meshing zone will appear as a step, and the curve used in its exponential form when profile
trimming is carried out in Eq. (8):

()

x\° x \¢
Afl 1__ +Aa1 (1_x_) ) (x<x2a),

X1f 2a
Sa(x)0, (xzq < x < x14), (®)
X € X ¢
Ag1 <_ - 1) + Ay (_ - 1) , (x> x14),
la Xof

where, e is the index of the trim curve, Agq, Ag4 is the maximum trim amount for the top and root
of the tooth, and x,4, X14, X1, X are the starting points of trim for both wheels on the meshing
line [24]. When the deformation of tooth meshing and the amount of trimming are minimal,
resulting in low transmission error, the tooth width direction can be adjusted to accommodate
manufacturing errors more effectively. The angle of gear bearing deformation in the direction of
tooth width can be mathematically expressed as Eq. (9):

+ cosa
HErr = (fHﬁl fgﬁZ) - i {_n + enl + 0n2' (9)
b

where, Ly, is the gear shaft support span, 8, is the gear misalignment angle, fy5 is the gear helix
angle tilt error, 8,, is the shaft parallelism error, and B is the tooth width. Tooth directional
reshaping mainly deals with the load distribution in the direction of tooth width to reduce the
errors caused by machining and system deformation. The research design applies the axial slicing
method for ellipse length and center position analysis to better accommodate the change in
impression. The total load on the contact line can be expressed as Eq. (10):

Fo=5 [ e~ 5] dz = ke(0)BCI8
) 10
[ lez 8p (z)dz] (19)

kc(60) =1- 60 ’
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where, &, is the maximum deflection of the normal load, z;, z, are the integral limits at the end
of the contact line, k.(J;y) is the stiffness effect function of the modification and k.(8y)c(x) is
the engagement stiffness [25].

3.2. Vibration excitation response analysis of transmission errors

The reduction of transmission errors in automobiles is a dynamic problem that requires careful
analysis. In electric vehicle transmissions, gears with large helix angles are often utilized to
achieve smooth transmission and reduce system vibration noise. However, the complexity of
gearing system components and the numerous vibration factors involved make analysis
challenging. To simplify the problem, this study focuses on the dynamics of the system.
Traditional gear vibration models involve many parameters, making it difficult to identify general
design principles that can be easily applied. Additionally, these models often overlook the
influence of other flexible components such as bearings. Furthermore, research on transmission
systems has been relatively limited in terms of the selection of research objects. The electric
vehicle transmission gear system serves to transmit drive energy through the gears. Accordingly,
this study employs a gear pair meshing coupling model to analyze vibration, transforming it into
a meshing line and establishing its coordinate system around this axis. The resulting transformed
vibration model is depicted in Fig. 4.

Fig. 4. Gear multi freedom vibration model

The transformed dynamical system of the gear consists of four degrees of freedom,
representing the rotational motion of the main driven wheel, and four degrees of freedom,
representing the translational motion along the meshing line. By applying Newton’s second law
and disregarding the damping coefficient, the differential equation that governs gear vibration can
be formulated, as shown in Eq. (11):

[M]{x} + [K]{x} = kr{F}, (11

where, [M] represents the mass matrix of the dynamic system, [K] is the stiffness matrix, and {x},
{F} represent the displacement matrix, and the excitation force matrix. In the case of high-speed
rotation, the vibration noise due to tooth shape error is the main aspect, while the gear deformation
as a periodic function of the transmission error can be expressed as a function of the tooth
frequency as the fundamental frequency. Therefore, assuming steady-state vibration under
consideration of tooth shape error excitation only, the mathematical differential equation for
vibration can be transformed into a two-mass vibration ordinary differential equation in Eq. (12):
{me1(_i2w3)xe1 + ke1Xer + kr(Xe1 + Xo1 — Xez — Xo2) = kTE(2), (12)
mol(_izw%)xol + kelxel + kT(xel t Xo1 = Xe2 — xoz) = kTTE(t);

where, is the mesh line displacement of the active wheel, x,;x,, are the mesh line displacements
of the driven wheel, x,, is the equivalent mesh line displacement of the input shaft, x,, is the
equivalent mesh line displacement of the output shaft, m,, is the unit tooth width mass of the
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active wheel, m, is the unit tooth width mass of the driven wheel, k., is the equivalent elastic
torsional stiffness of the drive shaft, w, is the excitation frequency, k; is the average mesh
stiffness of the gear, TE(t) is the periodic function, and i is the transmission ratio. Different
parameters in the gear system will make the errors show different forced vibrations. According to
the amplitude-frequency characteristic curve of the gear rotation system, the transmission system
can be transformed into a forced vibration model, the curve schematic is shown in Fig. 5.

5
4
3
2

1

B1/B2/B(B1/B2)

5L
Fig. 5. Amplitude frequency characteristic curve of gear rotation system

When the excitation frequency is zero, the forced motion of the two gears differs. However,
as the excitation frequency increases, the gear motion becomes opposite to the excitation force,
leading to a resonant phenomenon. The amplitude change of the gear train is influenced by the
excitation frequency. To investigate this phenomenon, a dynamic model of the gear train and its
internal dynamic excitation is constructed. The gear shaft system is parametrically modeled,
considering factors such as the geometry of the shaft segments and their surface finish.
Additionally, the gears are analyzed in terms of their drive train and the connection between the
tooth shaft system. Fig. 6 illustrates the key elements involved in the technical construction of the
dynamical model, including the gear train, internal dynamics excitation, gear shaft system, and

differential analysis.
axis
Bearing |—

Gear shaft Transmission

[ syst‘em charging
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Transmission Gear teeth A . Couleix ?i"namlC
modeling __l Gear pair Mo e ror
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Defining Load Cases

Differential
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Fig. 6. Technical route of transmission power simulation model

The transmission system is modeled by considering the gear train, gear subsystem, and
differential shaft system. It is analyzed based on the charge and load conditions of the gearbox to
construct its dynamics model. When studying transmission errors, the error signal in the time
domain is represented by the rotational angle between the two gears. Eq. (13) provides a
commonly used formula for calculating these errors:
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TE=i-92—91=Tb2'92—7‘b1'91, (13)

where, 8, 8, represent the rotational angular displacements of the master and driven wheels and
Tp1, Tpe are the base circle radius of the master and driven wheels. To ensure accurate and
consistent analysis of the error curve and sampling frequency of the gearing system, a
meticulously designed test bench is implemented. This test bench comprises three main
components: a precision mechanical system, a measurement and control system, and a software
design. The measurement and control system, an integral part of the test bench, incorporates
sensors and gratings. HBM flange torque transducers are utilized for both the drive and the loader,
enabling precise measurement of torque. This system facilitates the collection of transmission
error data, which is subsequently filtered and characterized to obtain relevant time domain
characteristics. By employing this comprehensive test bench setup, the error curve and sampling
frequency of the gearing system can be thoroughly analyzed with excellent repeatability and
compatibility.

4. Application analysis of gear transmission error and response effect based on gear
trimming

The gear transmission error situation reflected the quality of the gear mesh and the machining
effect. An experimental design was carried out in a gear transmission error test rig. To avoid signal
distortion caused by excessive data sampling frequency, the study conducted the transmission
error test at low speed. The tooth ratio was set to 41:43, the gear speed ratio was set to 20 r/min,
and the gear trim transmission error was analyzed at different torque levels. The results of this
analysis are presented in Fig. 7.
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Fig. 7. Transmission error of gears before and after modification
under torque conditions of 20, 40, 60, and 80 %

In Fig.7, at 20 % and 40 % torque, the shaped gears show a slight increase in mesh
displacement and a greater increase in the smoothness of the two operating curves, with a more
significant reduction in the peak and trough values of transmission error for 20 % torque and a
maximum reduction of 34.2 % for 40 % torque. The gears were shaped to show a change in
transmission error of more than 30 %, which was a significant effect of gear shaping. The results
of the error curve of the gears before and after the studied shaping method were then analyzed at
100 Nm, and the results are shown in Fig. 8.

In Fig. 8, before the gear was reshaped, the time domain curve of the period error was not
smooth and there were abrupt changes. The time domain curve of the transmission error varied
between the range of [-10, 10] and there were large magnitudes on the 1st, 3rd, and 4th order
respectively, indicating that there were other disturbances in the gear in addition to the meshing
excitation.
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Fig. 9. Transmission error before and after tooth profile and tooth alignment modification

After gear modification, the periodic error curve of the gear exhibited a certain periodicity,
and the fluctuation of its transmission error time-domain curve was improved to a certain extent,
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with a variation range of time domain curve [-7, 6]. The overall improvement in error shown
before and after gear reshaping was over 5.7 %. The transmission errors before and after tooth
profile and tooth orientation reshaping were analyzed at a consistent speed of 12,000 r/min for
different operating conditions, the results of which are shown in Fig. 9.

In Fig. 9, the drive error was significantly reduced at 150 Nm and 200 Nm after profile
reshaping, and the overall error curve exhibited significantly fewer fluctuating nodes and a
smoother overall curve with a maximum error amplitude of 2.16 %. The tooth direction, after
shaping, also showed a maximum difference of 2.34 % at 150 Nm. The results of the analysis of
the peak transmission error situation under different methods of shaping are shown in Fig. 10.
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The differences in the transmission error curves under different algorithms are shown in
Fig. 10(a), where the peak transmission error curve after tooth profile trimming decreases
significantly, with the peak error within 10 um of the trimmed amount changing from 1.30 um to
0.18 pm, the difference in magnitude of change (1.12 um) being much smaller than the 1.18 um
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and 1.14 um of the theoretical method and the software Romax method. The reduction in the
transmission error curve was also apparent after the profile had been reshaped, and although there
was a certain rise in the peak value after the reshaping amount was greater than 10 pm, the value
was still smaller than the other two methods. The nodes in the front, middle, and rear of the gear
housing were selected for vibration response analysis and the results are shown in Fig. 11.

In Fig. 11, the vibration acceleration at different nodes of the housing was reduced to varying
degrees after gear reshaping, with most of the speed range being around 50 % and 40 % in the X
and Y axes, and the reduction in the input axis being particularly pronounced at 7000 rpm. The
transmission case naturally vibrated forcibly when external loads were present, and the vibration
of the transmission was improved to a greater extent by reshaping the gears. The results of the

analysis of the radiated noise at each measurement point of the transmission gear are shown in
Fig. 12.
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Fig. 12. Radiated noise of transmission gears at various measurement points

In Fig. 12, the radiated noise at all six measurement points of the transmission changes to
varying degrees before and after gear reshaping, with an average reduction of 8.25 dB at the six
measurement points, with the most significant differences being at the right-hand and rear
measurement points, with a maximum reduction of 12.11 dB and 10 dB.

5. Conclusions

The enhancement of optimal transmission design plays a crucial role in improving the driving
performance of electric vehicles. This study focuses on analyzing the mechanism of error
generation and response control through gear reshaping, as well as designing a performance check
analysis system for transmission error control. The results revealed that the reshaped gear achieved
a maximum reduction in transmission error of 34.2 % at a torque of 40 %. In terms of the time
and frequency domain curves of gear transmission error, fluctuations occurred to some extent at
100 Nm. The time domain curves exhibited variations within the range of [-7, 6], with an overall
improvement of more than 5.7 % in error. The maximum magnitude of error difference between
profile and tooth orientation after trimming was found to be 2.16 % and 2.34 % respectively.
Furthermore, the peak error in tooth orientation within a trim amount of 10 pm ranged from
1.30 pm to 0.18 um using the trimming method proposed in this study. Importantly, the magnitude
difference (1.12 pm) was significantly smaller compared to the theoretical method and the Romax
software method, which reported magnitudes of 1.18 um and 1.14 pum respectively. Regarding
vibration response, the results demonstrated that gear reshaping led to a reduced vibration
acceleration at the case nodes, especially notable in the X and Y axes where reductions of
approximately 50 % and 40 %, respectively, were observed across most speed zones. Remarkably,
the input axis experienced a particularly pronounced reduction at 7000 rpm. Overall, these
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findings highlight that a transmission design reliant on gear trimming can effectively improve both
driveline errors and vibration response noise in electric vehicles. However, future research should
focus on further investigating the influence mechanism between the machining process and
transmission error, warranting additional attention.
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