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ANALYSIS OF THE EFFECTS OF APPLYING NEW MATERIALS
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Summary: The paper shows the results of researches on introduction of new materials (new generation plastic masses, high strength steel sheet metal) with the intention to satisfy the regulations, improve the construction or monitor the worldwide trends in car industry. The application of new materials can influence the existing technologies; therefore, when introducing the new materials it is necessary to determine the level of technologies modification, i.e. the need for introduction of new technologies. The paper presents some of considered influential parameters. In order to determine the effects of new materials application, it was necessary to develop the investigation methods, which will be shown in the paper.
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1. INTRODUCTION
One of the reasons for introducing new materials, starting with product development process, is the reduction of weight of each drive unit and vehicle as a whole while satisfying ever stricter demands. The introduction of new materials inevitably leads to rapid changes of applied technologies, both in the designing process and in the processes of manufacture, finalization and, afterwards, exploitation and recycling processes. Regarding passenger car bodies, there are two dominant influences from the regulations aspect: safety and noise. Passenger car body, as a carrying construction, is one of the major car elements. On modern passenger vehicles, self-supporting car body constructions are most frequently applied. Car bodies are usually made of thin-wall sheet metals, which are attached by appropriate procedures (welding, soldering, gluing etc). The carrying construction is influenced by many factors: adopted vehicle style, vehicle concept, vehicle size, vehicle version, application of modern materials, safety regulations influence etc. This paper will analyze only the influence of new materials application on the carrying construction, need for introduction of new materials and influence on the existing technologies. 
2. DEVELOPMENT AND APPLICATION OF NEW MATERIALS
Development and application of new materials for car bodies has been adjusted to general society demands, economic resources saving, energy sources and ecology preservation, improvement of passengers’ safety etc. For that purpose, new materials are applied with the aim of reducing weight: high strength sheet metals, aluminium sheet metals, titan and its alloys, sandwich materials etc. The reduction of weight along with fulfilment of demands regarding car body stiffness decreases the fuel consumption and makes space for additional assembling of elements for improvement of active and passive safety. However, simple replacement and introduction of new materials demand a series of technological adjustments in the existing production process, i.e. formation of completely new forming systems. The main concept of standard selection of materials for car body parts implies the fulfilment of the following demands:

· Low costs (materials and production costs)

· Quality and quality reliability 
· Supply reliability
· Functional properties (weight reduction effect, strength, resistance to corrosion)
· Productivity in mass production (formability, weldability, ability to be attached and painted, change of conventional production process
· Utilization of waste and recycling.
2.1 High strength sheet metals (HSS)
They make possible the manufacture of car body of increased stiffness and reduced weight, with satisfactory performances regarding standard durability tests (energy accumulation at impact, oscillatory comfort etc.). They were first applied in the 70-ties of the last century, as a response to energy crisis and have been increasingly applied ever since, especially in countries with developed industry and for very complex products, such as vehicles. It has been estimated that the application of high strength sheet metals will rise to 43%. Thereat, car body weight is reduced for 10-20%. In comparison with classic low-carbon sheet metals for deep drawing, these sheet metals have unfavourable formability properties and higher cost for the same weight. They are used for obtaining parts which do not satisfy high deformation degree. When considering the application of HSS, technically speaking, there are two cases:

· Possibility for application of HSS within the existing technologies and 
· Designing of new technology which will include the application of HSS for manufacture of new model car body parts.

Generally limiting factors in application of HSS can be systematically shown as a set of following properties: resistance to fracture, ability to maintain form, adaptability to tool shape. Researches aimed at determining the need for developing locally produced HSS, named PHZ 260, which would be used for car body parts production, were realized in Zastava. With the purpose of determining the effects of HSS application, three solution variants for  side door strengthening were made, which are:
· Variant 1 (strengthening in the door zone made of low-carbon steel Č0146b, support thickness 1.6mm)

· Variant 2 (same material class, support thickness 2.0mm)
· Variant 3 (newly developed HSS) 
Version 3 gave the most favourable results. HSS could also be applied for supports of less complex form. However, based on obtained results it can be observed that the replacement of materials is not sufficient itself to solve the numerous problems in car body designing. New solutions involving introduction of new materials need to be combined with improved constructive solutions. In the actual case - strengthening of the side door zone – it is necessary to find the solution which will include forming of closed support section with introduction of HSS as a material for closed support elements.
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Fig. 1 Analysis of effects of HSS application 
2.2 Application of Al-alloy sheet metals
Application of aluminium for manufacture of some passenger car body parts (hood, doors, outer coatings etc.) started by applying alloy Al-Mg-Zn in the 80-ties. According to the researches of the Japanese Association for Light Materials from 1990, the share of aluminium alloys in the total cars mass was 8.3%. On the world market, there are already cars whose entire car body is made of these alloys (Audi 8, Mazda AZ550, PorscheEXP...). The share of special aluminium alloys in the total cars mass is expected to be around 15%, and around 25% for high performance cars.
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MAXX
Fig. 2 Application of Al-alloys (whole car body or carrying construction)
Small weight, resistance to corrosion and recyclability are the main properties of Al-alloys, especially regarding application in car industry. Three groups of Al-alloys are most often used for car body parts: Al-Cu(series 2000), alloys Al-Mg-Si (series 6000) and alloys Al-Mg (series 5000). Al-alloys are less formable compared with steel sheet metals. Cars producers are interested in applying aluminium for passenger car bodies manufacture. Audi manufactured the model A8 whose entire car body was made of aluminium. By applying Al, car body weight can be reduced for 30-50%. The application of aluminium requires the change of style, where outer form must be adjusted to aluminium properties. Extremely rounded form is needed, with as few sharp edges as possible. Aluminium application is becoming interesting for the manufacture of small cars as well, in combination with plastic. Fig. 3 shows the exterior of vehicle MAXX, and Fig. 2 the carrying construction of that vehicle made of Al. By the application of aluminium profiles, the desired carrying construction was obtained which allows unrestrained vehicle exterior.
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Yugo

Fig. 3 Application of Al-alloys
In Zastava cars, the concept of car body parts manufacture out of aluminium sheet metals was applied. Figure 3 shows front outer mudguard of vehicle Yugo. The existing pressing tools were used for manufacture of parts. Sheet metals thickness was increased but not as much as requested by aluminium parts. The entire car body was manufactured, with aluminium parts, and it underwent the existing car body protection process. Aluminium parts satisfied the requested quality level completely. This was the verification of the concept of manufacturing aluminium parts which are hung onto steel car body. 
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BMFT-carrying construction
Fig. 4 Application of plastic masses for car body parts manufacture
2.3 Application of plastic
Plastic masses are increasingly more applied for cars, for manufacturing both the exterior parts and the interior parts of the vehicle. There is a constant tendency of raw materials producers to apply plastic for manufacture of car body coatings, carrying construction and, afterwards, the entire car body. There are many examples of manufacturing outer coatings, see Fig. 3, of parts which are not under load and need to be replaced quickly and frequently. With the aim of reducing vehicle mass by applying plastic masses, comprehensive researches are being carried out, especially on the side of raw materials producers. Initially, application was limited to outer coatings. On vehicle FIAT Tipo, front inner mudguard coating and the fifth door were made out of plastic masses, see Fig. 4. At that time, front inner coating (mudguard) made out of plastic mass was an innovation, especially since the sheet metal pressed parts were eliminated. On this point, the application really made sense because this part has a very complex form, and plastic masses are also resistant to corrosion. The fifth door was also in focus, due to its weight and complex form. In the course of application of plastic masses on the fifth door, connecting of door coatings and hanging of other elements onto it was a huge problem. There were some attempts to make the carrying construction out of plastic masses, see Fig. 4, where the result of BMFT project, realized by VW, is shown.
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recyclable materials
Fig. 5 Points of plastic masses application
Fig. 5 shows some points where it is possible to apply plastic masses. New possibilities are found on a daily basis. However, car industry is facing the problem of recycling its products, especially after their expiry. This was an additional limitation for   application of plastic masses.

In recent times, new solutions for plastic masses application in passenger car body have appeared. Valid regulations, which are constantly becoming stricter and are changing all the time, especially regarding safety, have created the possibility to apply plastic masses for preservation of car body joints. These demands are even stricter for cars which are manufactured or are about to be manufactured serially. This paper will look into the materials of company Dow automotive, i.e. the application of their materials for strengthening car body junctions. The advantages of applying these materials are the following:

· Possibility to satisfy regulations
· Minimal changes on construction, i.e. existing car body parts.

Fig. 6 shows the points where it is possible to apply these materials, as recommended by company Dow. The selected points are generally sensitive on most car body types. The idea is to increase the stiffness of car body as a whole by increasing the stiffness of car body joints.  With the purpose of determining the effects of application of new generation plastic masses, appropriate static and quasi-static investigation of car body joints were carried out. In addition to determining the influence on stiffness, the effects of secondary influences related to noise and vibrations of observed car body joints were measured. By the application of plastic masses of new generation, increase of stiffness of car body joints, and especially of car body as a whole, was obtained. The application of these materials does not require the change of existing technologies.
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Fig. 6 Application of plastic masses of new generation
3. CONCLUSION

Development and application of new materials in car industry is a necessity. Both material producers and the entire cooperation must be involved into such trends. . The responses of car producers are various, but they are all following the trend of introducing new materials. 
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