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Abstract: Automobile light weight is one of the main directions of automobile industry 

development, which can effectively reduce the weight of vehicle body and realize the 

most important means of energy conservation and emission reduction of automobile. 

This paper mainly introduces three main ways of vehicle lightweight: first, the 

application of lightweight materials, such as aluminum and plastic box composite 

materials. Second, through reasonable structural design to improve the performance of 

the car, vehicle lightweight. Third, the use of light materials or high strength materials 

to replace the original ordinary steel plate to obtain a more ideal lightweight effect. 
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1. The Introduction 

As iron ore and oil prices continue to rise, for the car industry that USES steel, the 

continuous rise in steel prices has put a lot of pressure on Chinese car manufacturers. 

Under this background, the domestic many special automobile manufacturing 

enterprises actively seek technical cooperation, hope that through the use of advanced 

technology and design method to reduce material consumption, lower the 

manufacturing cost to a great extent. 

From an environmental perspective, cars emit up to 4 billion tons of 2CO  into the 

atmosphere every year, accounting for 25% of all 2CO  emissions in the world. Other 

automobile emissions such as nitrogen, sulfide and PM are also important factors in air 

pollution. Car lightweight will effectively reduce the world's energy consumption and 

relieve the enormous environmental pressure. In addition, reduce weight to improve 

car steering, acceleration, braking performance, such as components as well as to 

reduce vibration and noise, improve the comfort performance, increase the durability. 
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2. Research Status 

According to data released by the European aluminum association, if the weight of a 

car is reduced by 100kg, it is reduced by 100km it can save 0.6 L fuel. It can be seen 

that car lightweight plays an important role in the development of foreign cars. In order 

to increase product competitiveness and market share, the lightweight problem of 

automobile is the focus of future automobile development. At present, automotive 

lightweight technology develops rapidly at home and abroad. The main measure of 

lightweight is the structural design and analysis of lightweight, which has been 

integrated into the early stage of automobile design. 

Lightweight materials in automotive applications, including aluminum, magnesium, 

high strength steel, composite materials, plastics, etc., in the early and the structure 

design and the corresponding assembly, manufacturing, corrosion resistant, 

connection technology research and application. 

At home and abroad, the research on automobile lightweight has been started very 

early, and great achievements have been made. Matsu not established a finite element 

model of motorcycle frame, they carried on the sensitivity analysis to the frame, and in 

keeping the original frame stiffness on the basis of in the position of the beam and the 

cross section size as design variables, with the aim to optimize the frame overall quality, 

the frame optimization design was carried out. The optimized frame quality was 

significantly reduced and the optimized effect was very significant [1]. ULSAB project 

team is established the world steel association, trial production of car body, its total 

quality compared with the average quality contrast car was reduced by 25%, increased 

by 80%, while its torsional rigidity bending stiffness increased by 52%, a 58% increase 

over the first order natural frequency of the modal, and trial production of car body 

meet the requirement of safety, while the cost of manufacture body than contrast car 

cost was reduced by 15% [2]. 2012 Gandalf Kopp and others to study the application 

of lightweight materials on sedan car, based on the important parts of the body 

structure on application of lightweight materials to design, discusses the future 

prospects of vehicle modular structure, but also caused by new materials application in 

vehicles and security problems are studied, application of new materials can be 

obtained by changing the structure of vehicle safety of ideal. 

Compared with foreign countries, China's automotive lightweight research started late, 

and the technical level is not very high cooked. There are still many problems to be 

solved in structural lightweight, including in the process of lightweight and automotive, 

the mechanical properties of the body, the improvement of safety factor and so on. 
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3. Study Method of Light Weight of Dump Truck 

Has three ways, the first from the perspective of material, adopt the second from the 

structure of lightweight materials, using reasonable structure design of the third is to 

adopt reasonable structure design at the same time, the application of lightweight 

materials or high strength material to replace the original structure, to achieve the goal 

of lightweight. 

Use of lightweight materials 

The trend of automotive materials in the world indicates that lightweight materials 

contribute greatly to the development of automotive lightweight. Automobile materials 

are the basis of automobile design, quality, quality and competitiveness. The 

development of automobile technology depends largely on the development of 

automobile materials. At present, aluminum alloy, magnesium alloy, high strength 

steel, plastic and composite materials are widely used in automobiles at home and 

abroad.  

Aluminum has good mechanical properties. Its density is only one third of that of steel. 

Its mechanical processing performance is 4.5 times higher than that of iron. Aluminum 

alloy also has high strength, easy recovery, good energy absorption and other 

characteristics. Aluminum is more difficult to process than steel, and it needs to be 

improved. But aluminum is more expensive, the cost control is very important for the 

use of aluminum alloy. 

Magnesium alloys have similar properties to aluminum alloys, but the density of 

magnesium is lower. Generally used for engine cylinder body, crankcase, gasoline and 

air filter housing, intake manifold, oil pump, distribution equipment, fan, etc. At present, 

the application of magnesium alloy in automobile is quite limited, so it is urgently 

needed to be developed and popularized. 

In automotive lightweight materials, high-strength steel plate price is low, with 

superior economy. Using existing car production lines can save equipment investment. 

Steel plate machine superior performance, high strength steel plate under the 

condition of equal strength design can reduce the thickness, but body parts selected 

steel thickness are mostly based on element stiffness, so the actual thickness loss 

cannot achieve the strength of the steel plate increasing rate, impossible to 

substantially reduce vehicle weight. 

Plastic is made up of nonmetal based organic matter, has small density, good 

formability, corrosion resistance, vibration insulation, noise insulation, such as 

performance, at the same time have a metal plate does not have the appearance of the 

color and texture. The mechanical properties of plastics vary with temperature and 

time. In recent years, plastics have been widely used in automobiles. Most of the plastic 
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is used on the interior and exterior parts of the vehicle, such as handrails, windows, 

fenders and so on.   

As automobile materials, composite materials have many advantages: low density, 

flexible and beautiful design, easy to be designed into integral structure, corrosion 

resistance, thermal insulation and electrical insulation, shock resistance, vibration 

resistance, etc. However, there are also some disadvantages, such as low production 

efficiency, poor reliability, poor heat resistance and fire resistance, and non-destructive 

testing, etc., but the application proportion of composite materials is relatively low. 

Other lightweight materials include fine ceramics with high temperature strength, high 

hardness, and corrosion and wear resistance, it also has chemical properties such as 

thermal shock, oxidation resistance and creep. It is used in automobile engine 

combustion chamber and heat exchanger, so that the power is increased and the fuel 

consumption is decreased greatly. 

Reasonable structural design 

Structural optimization design is the application of optimization method in structural 

design. Modern structural optimization design mainly refers to the computer automatic 

optimization of structural design, the method of computational mechanics, numerical 

analysis and mathematical programming theory, combining with large storage capacity 

and high speed processing ability of computer as the tool, the system, automatically for 

structural design, seeking to satisfy all kinds of characteristic constraints such as 

displacement, stress, the dynamic characteristics such as constraints, the best 

structure. Therefore, structural optimization design is to seek the best design scheme 

of component size and structure form under various constraints. 

The traditional structural design method is that designers propose design plans 

according to experience and judgment, and then analyze and check the given plans 

with the mechanical theory. If the scheme does not meet the constraint restrictions, 

manually adjust the design variables and re-analyze and check until a feasible scheme 

is found to meet various conditions. This design process has a long cycle, high cost and 

low efficiency, and the results are only feasible solutions, most of which are not optimal 

designs. With the advent of computers, such requirements have become possible. 

Various computer-aided analysis and computer-aided design technologies have 

emerged one after another. Finite element analysis and optimization design are 

increasingly mature design methods. 

Reasonable structural design can not only improve vehicle performance, but also 

reduce self-weight. Structure of reasonable design can be done by three methods, one 

is the traditional experience design method to improve the structure, the special 

purpose vehicle field at present commonly used method, it needs the designer has a 

certain theoretical basis and design experience, otherwise it is difficult to reasonable 
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improvement measures are put forward. The second is to use the interactive design 

method, first of all, the improved scheme is presented by theoretical analysis, and then 

with the aid of modern analytical software, to check the improved structure analysis. All 

these processes can be completed on the computer, so the research cycle can be 

greatly reduced and the research cost can be saved. However, this method does not 

guarantee that the improvement scheme is the optimal one, which has certain 

limitations. The third is through the design of structure optimization, using the 

advanced optimization design method, by defining the optimal variables, the state 

variables, and the target function to get the optimal solution, to ensure that the car is 

reduced by the requirement of the stiffness, and the car is quantified. At present, the 

method of structural optimization application in automobile design has a wide range, 

and the technology is mature, it not only can continue to use steel, making full use of 

the advantages of its low price, the craft is mature, and can make the car structure 

design more reasonable, the performance is improved. 

High quality material 

Adopt the reasonable structure optimization design at the same time, with a 

lightweight materials or high strength material to replace the original ordinary steel 

plate can get more ideal effect of lightweight, it can give full play to the advantages of 

structure optimization design and lightweight materials. Because in the field of special 

vehicles, the application of some expensive lightweight materials will bring great cost 

pressure to enterprises, so this method is rarely used at present. 

 

4. Conclusion 

Vehicle lightweight is one of the main directions of the development of the automobile 

industry, which can effectively reduce the body weight, and is the most direct and 

effective means to achieve energy saving and emission reduction. In terms of 

quantifiable materials, there is a tendency to diversify, and the single material is not 

enough to guarantee the strength and stiffness of the car, so, in the solution of the 

future car of light quantitative materials, it's more likely to be a mix of materials, to 

make the most of the advantages of materials. In addition, through technology 

improvement to reduce the cost of materials, reduce the use amount of rare metal, 

improve the utilization rate of material and develop better environmental protection 

and recyclability of new materials, and also a focus of lightweight materials research 

and development trend. 
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