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__________________________________________________________________________________________ 

Abstract: Lightweight cars are based on social, economic, environmental and other 

requirements, through a variety of technical means, under the premise of ensuring the 

performance of the car, reduce the quality of the entire body and parts assembly, in order to 

achieve the purpose of reducing the quality of the car itself. Therefore, the weight reduction of 

a car must not only reduce the quality of the car itself, but also prevent the manufacturing cost 

of the car itself from being increased. There are many ways to realize the lightweight of the 

vehicle body. This paper mainly studies the body structure design, material selection, and 

manufacturing process. 
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__________________________________________________________________________________________ 

1. INTRODUCTION 

In recent years, the rapid development of the Chinese auto industry has made the three major 

issues of energy consumption, safety and environmental protection in China increasingly 

intensified. Under the premise of satisfying the automotive use and economic requirements, 

automotive lightweight technology integrates the entire vehicle and component structure 

optimization design, material application, process development, and environmental control 

(LCA technology) to realize the goal of vehicle quality reduction and cater to the trend of 

technological development in the automotive industry, it is currently the most effective means 

to solve environmental protection and energy conservation issues. The article is based on the 

importance of lightweight technology, focusing on its main application methods and 

approaches and the future development trend of the car. 

2. LIGHTWEIGHT OVERVIEW 

2.1 Significance of lightweight vehicles 

The concept of vehicle weight reduction is to reduce the vehicle's curb weight as much as 

possible, on the premise of ensuring the strength, stiffness, mode, and safety performance of 
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the vehicle, thereby improving the vehicle's dynamic performance and maneuverability, 

reducing fuel consumption, and reducing exhaust pollution.  Lightweighting of automobiles is 

an important part of structural energy-saving and technological energy-saving. It is an 

important means to improve fuel economy and reduce emissions. According to the report of the 

World Aluminum Association, every 10% reduction in car weight, fuel consumption can be 

reduced by 6%-8%, and emissions can be reduced by about 4%. In addition to air resistance, 

rolling resistance, climbing resistance, and acceleration resistance are all proportional to the 

mass of the vehicle. The weight reduction of automobiles at home and abroad is mainly 

focused on the weight reduction of the body structure, involving lightweight design technology, 

lightweight material technology, and lightweight manufacturing technology. 

2.2 Methods and ways of lightweighting automobile body structure 

Lightweight automotive body technology is an integrated application of lightweight design 

technology, lightweight material technology, and lightweight manufacturing technology. 

Specifically, there are three ways to achieve lightweight technology: First, optimize the 

structural design of the vehicle, such as the use of optimized design to remove the redundant 

parts of components (thin parts of the wall, cavitation), so that the components of the 

composite reduce the number of parts, design a new structure, etc.; Second, optimize the 

material design, that is, to use low-density materials instead of steel materials to reduce the 

weight of the parts, the structure of lightweight and lightweight materials complement each 

other and interact with each other; Third, lightweight manufacturing by means of advanced 

lightweight manufacturing technology, lightweight design and lightweight materials are 

achieved. 

With regard to the evaluation of the lightweight design of a vehicle body, a calculation formula 

that is currently recognized in the automotive industry—a formula for calculating the weight 

reduction coefficient—can be cited. Through the calculation of the light weight coefficient to 

compare and judge the industry level of different manufacturers' models. 

L=

t

m

A C  

In the formula, L  is a lightweight factor(does not include four doors and two glasses); m  is 

the quality of white body and the unit is kilograms; Ct is the torsional stiffness of the parking 

space; A  is the area of the four-wheel forward projection (tread wheel × wheelbase). 

2.2.1 Lightweight structure 

The core of lightweight design is to optimize the design of the body structure and related parts 

to ensure that its performance and function after using lightweight materials fully meet the 

requirements of the vehicle. Therefore, lightweight structure design is an important basis for 

realizing lightweight body. Structural optimization can be divided into three levels according 

to the type of design variables, namely, structural size optimization, shape optimization and 

topology optimization. 
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Size optimization refers to optimizing the cross-sectional dimensions of each component under 

the premise of type, material, layout, and shape geometry of a given structure, so that the 

structure is the lightest or most economical. For example, a truss structure with a fixed node 

position is required for each beam. The optimal section size and the optimum thickness of each 

part are determined for the planar plate structure with a predetermined geometry. As shown in 

Fig. 1.  

 

Before optimization                                                Optimized 

Fig. 1 Size optimization design example 

Shape optimization means that the geometry of the structure is optimized on the premise that 

the type, material, and layout of the structure are fixed, such as optimizing the position of the 

node of the truss that has been laid out, optimizing the boundary shape of the continuum, and 

the size and shape of the internal holes in the solid structure are optimized. As shown in Fig. 2.  

 

Before optimization                                        Optimized 

Fig. 2 Shape optimization design Example 

The topology optimization method is to find the optimal structural material distribution scheme 

for a single load or multi-loaded object in a given space region according to known constraints 

such as external load and support, so as to maximize the stiffness of the structure. A structural 

design method that allows the output displacement, stress, etc. to meet specified requirements 
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is a new method of organically combining finite element analysis and optimization methods. 

As shown in Fig. 3. Due to the large degree of freedom of topology optimization design, it is 

usually used in the initial stage of vehicle body design and conceptual design. 

 

Design space                                                      Optimal topology 

Fig. 3 Topology optimization design example 

2.2.2 Lightweight materials 

The use of light weight body materials is an important means to achieve a lightweight vehicle. 

At present, the lightweight materials for the body are mainly high-strength steels, magnesium 

aluminum alloys and non-metallic materials. 

Steel is the most commonly used metal material in the world. It has the advantages of high 

strength, good formability, and low cost. Steels with a yield strength of 210-550 MPa  are 

generally referred to as conventional high-strength steels, and those with a yield strength of 

more than 550 MPa  are referred to as advanced high-strength steels. Fig. 4 shows the 

mechanical properties of different steel grades. Magnesium alloy is especially outstanding for 

its thermal conductivity and strength. Its hardness is several times that of traditional plastics, 

but its weight is only one-third that of traditional plastics, and its compressive strength is also 

strong and it is easy to dissipate heat. Among non-metallic materials, plastics have 

characteristics of low weight (average density is only 1/2 of aluminum) and high specific 

strength (glass fiber reinforced plastic can exceed steel), so the use of lightweight engineering 

plastic materials has become one of the main ways to reduce vehicle weight. It can not only 

reduce the quality of parts by about 40%, but also reduce purchasing costs by about 40%. 
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Fig. 4 Mechanical properties of different steel grades 

2.2.3 Manufacturing lightweight 

Lightweight manufacturing technology refers to the manufacturing technology adopted on the 

premise that lightweight design of the vehicle body is based on comprehensive consideration of 

the characteristics of lightweight materials used and product control cost requirements. At 

present, the most widely used are laser welding technology, hydroforming technology, 

high-strength steel thermoforming technology, high-strength steel roll forming technology, 

electromagnetic forming and other advanced forming technology, and connection technology, 

surface treatment technology and cutting technology, etc. . 

Compared with traditional spot welding products, laser welding technology not only reduces 

the number of parts and reduces the quality of structural parts, but also improves the safety 

performance and durability of the body structure. Hydroforming technology can reduce the 

average cost of hydroformed parts by 15%-20% compared to stamped parts, reduce mold cost 

by 20%-30%, and reduce the weight of formed parts by 30%. Ultra-high-strength steel 

thermoforming technology can improve the strength of parts, reduce the wall thickness or 

cross-sectional size of parts, save material consumption, and the material has good plasticity 

and formability, and can form complex stamping parts at one time. The use of high-strength 

steel roll forming technology to produce variable cross-section body parts, can greatly increase 

the carrying capacity and give full play to the utilization of materials, reduce the weight of the 

structure, reduce the cost of parts production, improve production efficiency. 

3. THE INNOVATIVE DEVELOPMENT OF THE CAR 

Lightweight structure: Nowadays, the automobile industry has a higher and higher level of 

design. More and more automobile manufacturing gradually adopts an ultra-light suspension 

structure and a high-rigidity structure to reduce its own weight and ultimately achieve light 

weight. Therefore, in terms of structural optimization, shape optimization, and continuum 

topology optimization, although science and technology have been gradually developed, there 
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are some aspects, such as multidisciplinary and multi-objective optimization of automotive 

structures, that we still need to continue our efforts. 

Lightweight materials: Nowadays, lightweight cars mainly use high-strength steels, followed 

by aluminum-magnesium alloys, composite materials, and plastics. The role of high-strength 

materials is to reduce the thickness of the steel plate, ensure the stability of the car, and improve 

safety performance; low-density materials play a significant role in replacing and reducing the 

quality of non-structural parts; the new plastics and fiber-reinforced composite materials are 

widely used and have promising prospects. And in fact, a single material itself cannot fully 

meet the needs of lightweight automotive structures. This requires us to study the common use 

of multiple materials, so that the advantages of various materials are reflected, and choosing 

the best combination of materials and features will be a research hotspot for automotive 

lightweight technology. 

Lightweight manufacturing: At the present stage, innovations in the shaping and connection 

technologies of the automobile manufacturing industry emerge in endlessly, flexible sheet 

metal rolling, etc., greatly reducing the weight of the car, and the application of hydraulic 

forming, laser welding and other production processes will be further developed. Nowadays, 

automotive lightweight technology mainly explores the structure of the car itself. Since parts 

and components account for approximately 3/4 of the total mass of the car, lighter weight can 

be used to study components. The in-depth study of automotive lightweight technology plays 

an important role in car safety, reducing consumption, reducing emissions and protecting the 

environment, and promoting social and economic development.  

4. CONCLUSION 

Nowadays, the rapid development of the automotive industry has become a pillar industry of 

national economic development, and the use of lightweight technology is still in an immature 

stage, so the development of automotive lightweight technology is imminent. It is foreseeable 

that lightweight technology will make a great contribution to the automotive industry in the 

future and will have long-term development prospects. To study automotive lightweight 

technology, we must first develop a comprehensive and systematic system of light weight and 

the other multidisciplinary disciplines it involves; secondly, we need our country to play a 

macro role and make a strategic strategy with broad vision. Automotive light-weighted 

technology should focus on innovation, strive to delve into the pursuit of lightweight 

automotive core technology. The lightweighting of automobiles is an inevitable development. 
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