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Abstract

Recent progress in electric vehicle (EV) applications has in-
creasingly focused on lightweight structural designs to im-
prove energy efficiency and minimize noise and vibration.
One effective strategy to balance weight reduction and inte-
rior noise control is the use of ribs on the surface of the gear-
box housing. The present paper investigates the influence of
rib dimensions on the noise and vibration behavior of a light-
weight electric vehicle gearbox housing. Several rib configu-
rations are applied to an initial gearbox housing model, and
their impact on the vibration characteristics based on modal
analysis and harmonic response is systematically analyzed by
numerical simulation in finite element software. The results
show that specific ribs with certain dimensions can effectively
reduce vibration amplitudes and noise levels. The study re-
veals that ribs play a significant role in enhancing local stiff-
ness and reducing weight; however, optimizing rib design pa-
rameters such as thickness, height, and length is essential to
achieve effective noise and vibration control in a target fre-
quency range. These insights offer guidance for optimizing
rib configurations before manufacturing, thereby improving
the performance of lightweight gearboxes in electric vehicles
to meet the growing demands for efficiency and passenger
comfort.

Introduction

In recent years, the demand for lightweight structures in
vehicle applications has significantly increased, motivated by
the need for improved fuel efficiency; but requiring specific
consideration to be given to reducing vibrations and noise
emissions. Reducing noise and vibration levels in the gearbox
is important for NVH issues due to passenger comfort [1],
powertrain durability, efficiency and environmental concerns.
To improve energy efficiency and performance, reducing the
weight of an electric vehicle system is critical. However, this
action leads to increased noise and vibrations produced by the
powertrain and transmitted to the vehicle's interior [2].

In electric vehicles (EVs), the gearbox is the main source of
the internal noises such as gear whine originate from gear
transmission errors [3]. These noises are transmitted as
structure-borne noise, where vibrations travel through
gearbox components and the vehicle structure, and as airborne
noise, where sound waves radiate through the air into the
vehicle cabin [2]. Gearbox housing is important in both
transmitting and radiating these noises. Due to the absence of
masking noise from an internal combustion engine, these
noise sources become more prominent in EVs, necessitating
optimized gearbox design, and effective noise and vibration
and harshness (NVH) control strategies to enhance passenger

Comfort [4], [5]. Gearbox housings, a main component in
electric vehicles, are designed to balance weight and noise
emission. A practical approach to achieving this balance is the
strategic use of ribs, which can improve the structural stiffness
without significantly increasing the overall mass. The design
of such a gearbox must consider factors like efficiency, NVH,
and weight optimization to enhance the overall performance
of the electric drivetrain.

This study investigates the influence of rib dimensions on the
noise and vibration behavior of a lightweight EV gearbox
housing. While ribs enhance local stiffness and contribute to
overall weight reduction, their design and placement are
critical for achieving an optimal balance between rigidity and
weight efficiency. The results offer valuable insights for
optimizing rib designs before manufacturing, improving both
performance and material efficiency.

Procedure and Method

In the process of designing the ribs, it is essential to consider
the effect of its each parameter on the vibration and noise level
at both the component and system level. While ribs can im-
prove the stiffness, adding them without understanding their
parameters influence can increase product costs and time,
without desired noise and vibration reduction benefits.

Using Finite Element Software helps to optimize the ribs de-
sign under the various configurations and predicting their in-
fluence on NVH performance from the first stage of the de-
sign process. It requires to have enough knowledge about each
geometry parameters of ribs individually. This paper presents
an approach to study the effects of the main geometry metrics
of a triangular rib: thickness, height and length.

The procedure of this study consists of the following steps,
illustrated in Figure. 1. First, the CAD model of the reference
housing is developed, and the modal analysis and harmonic
response by numerical simulation is performed via Ansys
Workbench by defining the material properties, boundary
conditions, and bearing loads to obtain the results. Then the
different 14 modified housing models with varying rib
dimensions are introduced, and simulations are conducted
under identical conditions. The vibrational characteristics of
each modified model are evaluated through modal and
harmonic response analyses to assess their impact on the NVH
performance of the gearbox housing. The finite element
method for simulation the modal and harmonic response has
been described in detail in previous publications [6].
Therefore, the following sections of this paper, will focus
mainly on the results and their comparison of the numerical
simulation of modified gearbox housing which is mentioned
in the Figure 1.
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Figure 1- Study workflow including: 1-reference gearbox (GB) housing modelling, 2-numerical simulation of reference GB housing, 3- rib
parameter design, 4-numerial simulation of modified GB housing

Design of the housing with Ribs

An EV gearbox housing is taken as the reference housing for
the study of the parameter influence on vibration and noise
radiated from the top surface housing that the ribs are placed.
Material is Aluminium cast with Young’s modulus of 70 GPa,
Poisson’s ratio 0.3, structural damping coefficient 0.02 and a
density of 2700 kg/m?. The gearbox housing was initially de-
signed in Creo Parametric, starting with a reference geometry
half side of the housing and the finite element model is simu-
lated in ANSYS Workbench. The boundary condition of the
simulation considered free, and a tetrahedral dominant mesh
was applied. Unit force is applied as the bearing force on the
bearing locations as an excitation force during the simulation.
Modal and harmonic response analyses were conducted to
evaluate harmonic response function (FRF), and equivalent
radiated power (ERP). Besides FRF, ERP is one of the effec-
tive approaches for quantifying the structural contribution to
noise radiation by evaluating the normal velocity distribution
on the surface [7]. The reference gearbox housing consists of
triangular ribs with parameters length (L), thickness (T) and,
height (H) on the top surface of the gearbox housing for im-
proving its NVH performance. The ribs were designed with
dimensions in relationship to the housing wall thickness on a
symmetric configuration. Fig 2 illustrates the EV gearbox
housing and the ribs on its surface. In the next part we will
have a look at the effect of the rib parameters on the NVH
performance of the 14 variant models.

Figure 2- the EV gearbox housing and the ribs on its surface
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Modified Model

The main lightweight parameters influencing the NVH
performance of a gearbox housing are material properties and
geometric parameters [6]. In this study, we focus only on
variations in rib parameters to assess their impact on the
transmission of noise and vibration across the housing surface
where the ribs are located.

In this paper, the effect of three main triangular rib parameters
i.e., rib thickness (T), rib length (L) and rib height (H), are
studied. All of these parameters are changed below and above
from the nominal initial values and all the remaining
parameters are maintained at constant levels during the
analysis. The objective is to mention the impact of these
changes on the housing's performance while potentially
achieving lightweight structure. The mass change across all
the models is less than 1%.

The rib thickness was varied between -30% and +30% relative
to the reference design. The rib height was adjusted from -
30% to +20%, as further increases were constrained by space
limitations. Similarly, due to spatial constraints on the
housing surface, the rib length was only reduced, with
variations up to -30% in 10% increments.

The modal and harmonic responses of reference and modified
housing models were calculated based on the structural model
described in the previous section. The resulting FRF of the
housing’s top surface, shown in Figure 3 for the three rib
parameters, reveals that vibration levels are particularly
sensitive to variations in rib parameters at certain frequencies,
especially within the 3000 — 6000 Hz range. This sensitivity
reflects an increase in structural stiffness and altered dynamic
behavior, despite minimal changes in mass. This effect is
attributed to the mode shapes corresponding to these
frequency ranges, which exhibit higher deformation on the
surface of the housing. Consequently, changes in rib
parameters have a more pronounced influence on these
modes. In these frequencies changing of the vibration
amplitude by rib parameter modifications reaches up to 10%.
Furthermore, increasing rib metrics do not guarantee a
reduction in vibration amplitude across all frequencies. For
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Figure 3- FRF distribution on the top surface of the gearbox housing
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for the reference and models with varying rib parameters: a) +30%
of reference rib thickness, b) -30% to +20% of reference rib height,
c) -30% from the reference rib length

example, at modes near 3800 Hz, increasing the rib thickness,
by 30% from the initial value results in increase in vibration
amplitude. Similarly, near to 5700 Hz, configurations with
+20% and +30% rib length and thickness show increased vi-
bration amplitudes instead of the expected reduction. At a fre-
quency near 3400 Hz, increasing the rib height from -30% to
the reference height reduces the vibration amplitude by 7.8%,
while further increasing the rib height by 20% above the ini-
tial value results in a 3% reduction.

Figure 4 illustrates the ERP distribution across the housing's
top surface to evaluate its impact on radiated noise
performance. While the ERP exhibits similar behavioral
trends, these manifest across distinct frequency ranges and
varying noise level magnitudes. Notably, at frequencies near
4200 Hz and 4700 Hz, increasing rib parameters correlate
with enhanced noise radiation from the surface. The system
demonstrates sensitivity not only within the 3000-6000 Hz
range but also at frequencies below 3000 Hz, where
significant variations in radiated noise occur. The reduction in
vibration and noise amplitude between +10% and +20% rib
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thickness and height are less, compared to the increase from -
20% to -10% according to Figures 3 and 4. This highlights the
need for a balanced design approach, where rib parameters are
optimized for effective NVH performance across all critical
frequencies. This highlights the importance of finding an
optimal rib dimension rather than simply maximizing it [6].

The comparison of the FRF results indicates that all three rib
parameters (L, H, T) have a similar influence on the
vibrational behavior. In contrast, the ERP results reveal that
rib length has a more significant impact on noise radiation
compared to the other two parameters. This is highlighting its
critical role in shaping the acoustic performance and noise
characteristics of the gearbox housing. Figure 5 shows a bar
chart comparing the ERP of the reference and modified
housing, with a 30% reduction in rib parameters from the
reference housing, at frequencies with the highest peak
values. The chart clearly demonstrates that rib length induces
the most significant variation in noise levels.

Summary, Discussion and Outlook

In this study, a comparative analysis of vibration behavior and
noise radiation was conducted for an EV gearbox housing us-
ing finite element software Ansys Workbench. The investiga-
tion aimed to assess the effect of different dimensions of rib
parameters, thickness, height and length on the noise and vi-
bration behavior of a lightweight gearbox housing.

By developing a variant model of a gearbox housing, the ef-
fect of the rib parameters on the surface vibrations and noise
radiation were analyzed. The results of this study show that,
an increase in rib dimensions does not consistently lead to a
reduction in vibration amplitudes and radiated noise across all
frequencies. However, carefully selection rib geometry and
dimensions can significantly improve the noise and vibration
performance of lightweight EV gearbox housings. The key
strategy is to implementing targeted increases in local stiff-
ness while minimizing added mass, focusing on specific fre-
quency ranges where noise reduction is most critical. This
highlights the importance of a balanced design approach,
where rib parameters are optimized for effective NVH perfor-
mance for target frequencies. The results, also showed that the
rib length has a greater influence on radiated noise than the
rib thickness or height across both high and low frequency
ranges. Although adding ribs increases the local stiffness,
their dimensions and spatial arrangement are crucial attention
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Figure 4- ERP distribution on the top surface of the gearbox
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during design and before manufacturing phase to achieve a
possible optimum model.

Future work should focus on optimizing the geometry of rib
to further improve the noise and vibrational behavior, reduced
the localized noises, especially in a specific range of fre-
quency. The application could also enhance effect of the rib
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parameters by balancing lightweight and vehicle comfortabil-
ity.
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