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Abstract: As environmental concerns grow and fuel prices continue to rise, electric vehicles
(EVs) are gaining increasing dominance in the automotive market. This shift has prompted
extensive research aimed at improving EVs performance, particularly through lightweight
vehicle design. Lightweighting is crucial for enhancing efficiency, range, and overall
performance, as reducing weight allows for less energy consumption and better battery usage.
This paper examines seven key methods for vehicle lightweighting, ranging from advanced
materials like carbon composites and aluminum alloys to innovative engineering techniques
such as topology optimization and computational modeling. Each method contributes to
reducing vehicle mass without compromising safety or structural integrity. The paper
concludes by addressing the current challenges, such as the high cost of advanced materials,
and exploring future directions. These include innovations in material science, improvements
in manufacturing processes, and refining computational tools. Overall, lightweighting
research remains critical to advancing the efficiency and sustainability of electric vehicles in
a rapidly evolving market.
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1. Introduction

With the worsening of environmental issues and rising fuel prices, traditional fuel vehicles are no
longer the preferred choice for many consumers. Electric vehicles (EVs) have become increasingly
popular due to their eco-friendly nature and relatively lower overall operating costs. For instance, as
of October 18th, 2024, in Jilin province, the price of gasoline-95 is 8.03 RMB per liter, according to
China Petroleum & Chemical Corporation. Taking the Mercedes-Benz E-300L as an example, with
a theoretical combined fuel consumption of 6.65 liters per 100 kilometers, the cost of driving 100
kilometers is approximately 53.40 RMB. In contrast, electric vehicles offer significantly reduced
costs due to lower energy prices. For instance, 1 kilowatt-hour of electricity costs around 0.62 RMB.
The Stelato 9, developed by the Harmony Intelligent Mobility Alliance and BAIC BJEV, has a
theoretical energy consumption of 12.25 kilowatt-hours per 100 kilometers, amounting to just 7.60
RMB for the same distance. This drastic difference in operating costs makes EVs a more attractive
option for consumers.

The environmental benefits also play a key role in this transition. EVs produce no direct emissions,
contributing to cleaner air and reduced greenhouse gas emissions, aligning with global efforts to
combat climate change. Research suggests that a shift towards a renewable-oriented electricity
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generation mix could lead to a reduction in GHG emissions by up to 5% by 2026 [1]. Consequently,
EVs are becoming the primary choice for environmentally conscious consumers who are also looking
to cut down on fuel expenses. In China, EV adoption has been particularly notable. By the end of
2023, electric vehicles accounted for 11.7% of annual vehicle sales, with a total stock of around 11.7
million vehicles [2]. Over 16.6 million EVs were on road in 2021, and expected 145 million by 2030
by International Energy Agency [3]. This trend is expected to continue as advancements in EV
technology and infrastructure support the growing demand for cleaner and more cost-effective
transportation solutions.

As the number of EV sales continues to grow, new challenges emerge, one of the most significant
being how to make these vehicles as light as possible. Reducing the weight of EVs offers several
benefits. Predictions from a study on mid-size electric vehicles show that a 100 kg weight reduction
can improve energy efficiency by 3.5% [4]. This potential improvement can stimulate further research
and innovation in EV design, which, in turn, could boost sales. Two primary methods for
lightweighting EV's are material substitution and model optimization.

Composite materials have become one of the most popular options in vehicle design due to their
combined advantages from various materials. Qiang Liu et al. stated that carbon twill weave fabric
composites have already become a priority material due to their high strength, low density, and
crashworthiness. Results showed that using this composite material reduced vehicle weight by up to
28%. Consequently, with a 28.8-kilowatt-hour battery, the driving range increased significantly to
230 km [5]. Massimo Delogu et al. mentioned that through Life Cycle Assessment (LCA), the use of
innovative composite materials can result in mass reductions of 16% to 55%. This weight reduction
could potentially extend vehicle lifespans to 150,000 km [6].

Model optimization is another effective way to achieve weight reduction. D. Jin et al. used
topology and size optimization to simulate weight reduction in EVs, showing that weight could be
reduced by up to 36%, with improved stiffness and crashworthiness [7]. Pooja Doke et al. introduced
the concept of a CAE model aimed at reducing vehicle weight through simulation, while also
enhancing overall performance [8]. Although significant progress has been made in the
lightweighting of EVs, research in this area still presents controversies and debates. This paper
reviews seven methods for reducing EV weight through material substitution and model optimization,
highlighting current trends in lightweighting and discussing future challenges and expectations.

2.  Structure Design and Optimization
2.1. Carbon twill weave fabric composite

Qiang Liu et al primarily focuses on developing a multiscale approach to forecast the three-
dimensional elastic model of carbon twill weave fabric composite, which will be used in the
crashworthiness analysis of new energy vehicle structures. The individual modules of the electric car
are first disassembled and analyzed to assess the importance of the body structure. The microstructure
of the T300 carbon twill weave fabric composite is observed to establish a unit cell model, which is
then used to predict the material’s properties through the homogenization procedure. By conducting
experiments involving stretching and bending, all parameters predicted by the approach investigated
in this article are verified.

Furthermore, structural crashworthiness analysis, divided into roof crash analysis and side impact
analysis, is performed to examine the effect of applying this new material to the vehicle body structure
in terms of crashworthiness and weight reduction. The results indicate that the body structure made
from the material predicted by this approach is 28% lighter than one made from glass fiber-reinforced
plastics, and it also outperforms the latter in crashworthiness analysis. These findings suggest that the
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multiscale approach developed in this article is both practical and adaptable. Moreover, this approach
can be applied to other vehicles with body structures made of composites [5].

2.2. Integrated Computational Materials Engineering (ICME)

W. Joost et al mainly discusses the relationship between vehicle weight reduction and U.S. energy
efficiency, as well as the process in developing the lightweight materials. For every 10% reduction in
vehicle weight, the fuel efficiency of passenger vehicles can be improved by 6% to 8%, and the range
of electric vehicles can increase by 13.7%, highlighting the urgent need for lightweight materials. The
author mentions several types of lightweight materials: aluminum alloys, advanced high-strength
steels, advanced polymers, fiber-reinforced polymer composites, and magnesium alloys. All of these
materials are suitable for lightweight design, but finding a single ideal solution for all vehicle
functions and components is unlikely due to variations in performance, manufacturing processes, and
vehicle costs.

A multi-material approach is necessary for achieving vehicle weight reduction. However, it is
difficult to accurately predict the performance of a vehicle when built with different materials. As a
result, the development of Integrated Computational Materials Engineering (ICME), a method that
integrates materials information into computational tools for performance analysis and manufacturing
simulation, becomes crucial. Once ICME is further developed, it could contribute to a more effective
introduction of lightweight materials, more accurate performance predictions, and a less time-
consuming development process. Finally, the author emphasizes that ICME is a supplement to
conventional research technology. As ICME becomes more refined, it may allow lightweight vehicles
to be investigated more efficiently and rapidly [9].

2.3. Aluminum

J. Hirsch primarily discusses the extensive application of aluminum in car design as a key to achieve
lightweight structures and improve the energy efficiency. The author confirms that aluminum is a
priority material for lightweight vehicle design. In Europe, the use of aluminum in car manufacturing
has seen a significant increase, rising from 62 kg per vehicle in 1990 to 132 kg in 2005. Figure 1
below shows the portion of using aluminum in European cars.
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Figure 1: The portion in using aluminum in European cars [10]
Aluminum is widely used in various components, such as fuel systems, engine blocks, cradles,

doors, and more. Two main types of aluminum alloys are utilized: non-heat-treatable AIMg alloys
and heat-treatable AIMgSi alloys. Their properties, such as strength and formability, ensure they are
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key choices for automotive manufacturing. Aluminum is also used in chassis construction. Compared
to traditional steel chassis, aluminum chassis offer a 40% weight reduction. In addition, aluminum
improves ride comfort and driving dynamics. The impact of weight reduction due to aluminum use
in the vehicle structure is notable. For example, in BMW's recent 5 Series, the aluminum-reinforced
front-end structure (GRAV) achieved a 30% weight reduction compared to conventional steel, while
still meeting requirements for stiffness and strength.

While aluminum plays a crucial role in lightweight design, it's not the only solution. Alongside
aluminum, multi-material design is being developed to balance costs, safety, and performance. Today,
European vehicles contain approximately 132 kg of aluminum components, and this figure is
expected to continue increasing as manufacturers pursue further weight reduction while meeting key
requirements such as safety [10].

2.4. Topology optimization and size optimization

D. Jin et al primarily discusses the conceptual design of the body structure of a mini electric car
through topology and size optimization. A design process based on CAE (Computer-Aided
Engineering) analysis is necessary, which should simultaneously consider the key performance
indicators: crashworthiness, lightweight, and structural performance. The conceptual design process
consists of two phases: identifying load paths through load cases and modeling a simplified structure
based on those load paths. Topology optimization is employed in the first phase, while size
optimization is used to refine profile parameters for optimal results.

The design process takes into account four critical factors: static stiffness, crashworthiness, modal
performance, and lightweight design. OptiStruct, using the Solid Isotropic Material with Penalization
(SIMP) interpolation method, is used for topology optimization by setting up a mathematical model,
defining the design space, and optimizing parameters to maximize stiffness, which translates to
minimizing flexibility. The subsequent size optimization is conducted based on the results of topology
optimization, with the primary goal of minimizing weight. Figure 2 shows the result of the topology
optimization.

Figure 2: The topology result [7]

The final result, after both optimizations, satisfies all design requirements and shows a significant
reduction in total weight by 36%. Additionally, both torsional stiffness and stiffness under
crashworthiness conditions are improved to varying degrees. This result provides a solid foundation
for the detailed design of the electric vehicle's body frame [7].
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2.5. The concept CAE model

Pooja Doke et al primarily discuss a modeling method aimed at reducing vehicle structure weight:
the concept CAE model. The detailed CAE model is typically used later in the design process, where
only minor changes are feasible. Therefore, the concept CAE model, a time-saving and relatively
simple approach introduced at the beginning of the design phase, plays an important role in car
structure design. In the experiment, the author used the LMS measurement system to analyze global
frequency modes in comparison with modal structure analysis. In the frequency range of 0-200Hz,
the Body in White (BIW) was tested to help analyze global vibration frequency modes.

The experiment also involved calibrating the input and output signals from 133 node points on the
vehicle body. Standard accelerometers were used to capture signal inputs from three directions of
body vibration. HYPERWORKS and NASTRAN were employed as analysis tools in this experiment.
A comparison was made between the structural dynamic analysis results from the model and the
modal test results, and the Modal Assurance Criteria (MAC) and natural frequency differences
between the concept and advanced models were calculated to verify the noise, vibration, and
harshness (NVH) concept model. The results demonstrated good consistency between the testing and
modeling data, indicating that this concept model can be effectively used for vehicle weight reduction
and the optimization of overall performance [8].

2.6. series aluminum alloy

M. Imal et al primarily discusses the advantages and applications of 6063 series aluminum alloy in
manufacturing electric vehicles, focusing on its lightweight properties and strength. Due to rising fuel
prices and environmental pollution concerns, electric vehicle sales have recently increased. Given the
weight and number of batteries in a single vehicle, reducing overall weight has become one of the
key methods to enhance range and safety. The 6063 series aluminum alloy, which is approximately
34% lighter than standard steel while still providing sufficient strength, is one of the best material
choices for building an electric car chassis. A birdcage chassis design is identified as a suitable option
to meet these requirements.

To implement the birdcage chassis design, the researchers began with computer modelling. First,
SolidWorks is used to create a 3D solid model of the chassis. The model incorporates 30x30 mm box
sections with 3 mm wall thickness and 20 mm diameter tubes with 2 mm wall thickness, all made of
aluminum. The 6063-T6 material, in 6-meter lengths, is cut to appropriate sizes and joined with the
30x30 mm box sections using MIG welding. The chassis is illustrated in Figure 3.

Figure 3: The production of chassis [11]
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The results indicate that using aluminum for the chassis reduces total weight by 49% compared to
the original design, which represents an impressive 82% weight reduction when compared to a
traditional steel chassis. Furthermore, this weight reduction makes the vehicle more environmentally
friendly, as lower energy consumption leads to higher performance and an extended range [11].

2.7. Weight optimization of leaf spring

S. Shohel et primarily focuses on the design of the leaf spring in electric vehicles, specifically
addressing fiber orientation, lamina thickness of composite materials, and stacking sequence. The
author first outlines the design specifications of the leaf spring, noting that the rear eye of the leaf
spring needs to be connected through a shackle, while the front eye is connected to the car chassis via
a joint with a fixed support. The composite leaf spring is created by using a layer-by-layer approach
with materials including carbon fiber, glass fiber, and resin epoxy. In this setup, resin epoxy serves
as the matrix, while carbon fiber and glass fiber act as reinforcements. The thickness of the carbon
fiber and glass fiber layers is 1mm, while the resin epoxy layer is 0.5mm. For comparison, the article
also discusses the use of structural steel as the conventional material for leaf springs.
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Figure 4: The reduction in weight [12]

The results show significant weight reductions with composite materials. The carbon fiber/epoxy
composite reduces weight by 73.5%, while the glass fiber/epoxy composite achieves a 65.83% weight
reduction. Both materials maintain the necessary strength and load-bearing capacity. Figure 4
highlights this significant weight reduction. Additionally, static analysis reveals that the composite
leaf spring demonstrates superior energy storage capacity compared to its structural steel counterpart.
This enhanced energy storage capability translates to improved performance in the vehicle's
suspension system, ultimately resulting in better ride quality and comfort for passengers [12].

3. Conclusion

This paper primarily focuses on reviewing seven key methods for lightweighting in car structure
design and optimization. These methods reflect two main approaches that dominate current research:
materials and software. Of the seven methods, four are focused on materials, including carbon twill
weave fabric composite, aluminum, 6063 series aluminum alloy, and composite materials such as
carbon fiber/epoxy and glass fiber/epoxy composites. These materials are explored for their high
strength-to-weight ratios, crucial for reducing vehicle mass while maintaining structural integrity.
The other three methods focus on software-based approaches, which include Integrated
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Computational Materials Engineering, topology optimization and size optimization using OptiStruct,
and the concept CAE model. These software tools and methods are employed to simulate, design,
and optimize vehicle structures, enhancing both efficiency and precision in the lightweighting process.
The integration of materials and software approaches has become central to vehicle lightweighting
research. This focus is likely due to their direct relation to the manufacturing process and their
potential for significant, tangible improvements during development and testing phases.

Lightweighting has emerged as a crucial area of focus for electric vehicles (EVs), as it directly
impacts critical factors such as vehicle range, production costs, and energy efficiency. This makes
lightweighting not just an engineering challenge but also a key factor in the future sustainability and
affordability of EVs. This paper aims to fill a gap in the existing literature by providing a
comprehensive overview of seven key methods in vehicle lightweighting, encompassing both
material and software-based approaches. It can serve as a useful reference for researchers looking to
research deeper into related topics, especially those focused on material innovations and software-
based weight reduction techniques. While this review provides valuable insights into several key
lightweighting methods, it's important to acknowledge that the field is vast and rapidly evolving, with
many additional studies and approaches yet to be explored. There are many other ideas and
approaches that could further optimize vehicle weight reduction, and their inclusion could lead to
even more significant advancements in this field. Future iterations of this paper will incorporate a
wider array of references and methods, offering a more comprehensive overview of the vehicle
lightweighting landscape. This will not only offer a more complete picture but also inspire further
research and innovation in lightweighting strategies for the automotive industry.
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