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Abstract— In automotive design, plastics have contributed 

to a multitude of innovations in safety, performance and fuel 

efficiency, but it requires never-ending research and 

improvement. The easiest and least expensive way to reduce 

the energy consumption and emissions of a vehicle is to 

reduce the weight of the vehicle. The ongoing development 

of advanced, high-performance polymers has dramatically 

increased their usage. Plastic solutions are presented in the 

car providing energy absorbing capabilities and therefore 

enhancing the safety performance. The thermoplastic 

structures in the interior serve purpose of absorbing impact 

energy while providing aesthetics and other functionality. 

Originally plastics were specified because they offered good 

mechanical properties combined with excellent appearance, 

including the possibility of self-coloring. Plastics are used 

mainly to make cars more energy efficient by reducing 

weight, together with providing durability, corrosion 

resistance, toughness, design flexibility, resiliency and high 

performance at low cost. 
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I. INTRODUCTION 

Plastic posses numerous advantages for the automotive 

manufacturer and consumer. They contribute to lower 

vehicle weight, important for fuel conservation and emission 

reduction, while permitting the additional weight of new 

safety equipment. Plastics and composites are corrosion 

resistant, so their use can prolong vehicle life, and they are 

an important element in the paints used to protect other 

materials. They offer the designer greater flexibility, 

reducing the constraints that other materials often impose on 

shapes and packaging. If the difficulties of recycling 

automotive plastics present a potential barrier to their use, 

their advantages suggest that the barrier should be 

overcome, rather than deterring their continuedautomotive 

applications. 

II. MATERIAL SELECTION 

Material selection in the automobile industry is an artful 

balance between market, societal, and corporate demands. 

The vehicle manufacturers' materials engineer and 

component release engineer play the pivotal role in 

screening, developing, validating, and promoting new 

materials. The material selection process itself will evolve as 

vehicle and component development processes change to 

become more responsive-in terms of accuracy, time, and 

cost-to market and regulatory demands. This paper describes 

the process as material and component suppliers will find 

the system today. Some thirty criteria used in material 

selection are identified. How critical any one attribute is 

depends upon the desired performance objective. The 

interrelationships among objectives, such as fuel economy, 

recyclability, and economics, are sufficiently strong that the 

materials engineer is always balancing simultaneous needs. 

How the equations of market, societal, and corporate 

demands are balanced determines specific automotive 

material usage. 

 
Fig. 1: Material Selection Decision Making [1] 

III. PRESENCE OF PLASTIC  

 
Fig. 2: Increasing use of plastics in automobiles [2] 

The average vehicle uses about 150 kg of plastics 

and plastic composites versus 1163 kg of iron and steel – 

currently it is moving around 10-15 % of total weight of the 

car. The automotive industry uses engineered polymer 

composites and plastics in a wide range of applications, as 

the second most common class of automotive materials after 

ferrous metals and alloys (cast iron, steel, nickel) which 

represent 68% by weight; other non-ferrous metals used 

include copper, zinc, aluminum, magnesium, titanium and 

their alloys .The plastics contents of commercial vehicles 

comprise about 50 % of all interior components, including 

safety subsystems, door and seat assemblies.During the 

enormous growth of plastics components in automotives, the 

advantages of using plastics have changed. Mounting costs 

are being met by the ability of plastics to be molded into 

components of complex geometries,  

 
Fig. 3: Increasing use of plastics in automobiles [2] 
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often replacing several parts in other materials, and offering 

integral fitments that all add up to easier assembly. Many 

types of polymers are used in more than thousand different 

parts of all shapes and sizes. A quick look inside any model 

of the car shows that plastics are now used in exterior and 

interior components such as bumpers, doors, safety and 

windows, headlight and side view mirrorhousing, trunk lids, 

hoods, grilles and wheel covers.Although up to 13 different 

polymers may be used in a single car model (Fig. 3), just 

three types of plastics make up some 66 % of the total 

plastics used in a car: polypropylene (32 %), polyurethane 

(17 %) and PVC (16 %) 

A. PP  

polypropylene is extremely chemically resistant and almost 

completely impervious to water. Black has the best UV 

resistance and is increasingly used in the construction 

industry. Application: automotive bumpers, chemical tanks, 

cable insulation, battery boxes, bottles, petrol cans, indoor 

and outdoor carpets, carpet fibers 

B. PUR 

polyurethane materials are widely used in high resiliency 

flexible foam seating, rigid foam insulation panels, 

microcellular foam seals and gaskets, durable elastomeric 

wheels and tires, automotive suspension bushings, electrical 

potting compounds, hard plastic parts (such as for electronic 

instruments), cushions, 

C. PVC 

poly-vinyl-chloride has good resistance to chemical and 

solvent attack. Its vinyl content gives it good tensile strength 

and some grades are flexible. Colored or clear material is 

available. Application: automobile instruments panels, 

sheathing of electrical cables, pipes, doors, waterproof 

clothing, chemical tanks, 

D. ABS 

acrylonitrile-butadiene-styrene is a durable thermoplastic, 

resistant to weather and some chemicals, popular for 

vacuum formed components. It is a rigid plastic with rubber 

like characteristics, which gives it good impact resistance. 

Application: car dashboards, covers, 

E. PA 

polyamide is known as nylon 6.6 or nylon 6. Both these 

nylons have high resistance to abrasion, low friction 

characteristics and good chemical resistance. They also 

absorb water easily and components in wet or humid 

conditions will expand, precluding their use in applications 

where dimensional stability is required. Application: gears, 

bushes, cams, bearings, weather proof coatings, 

F. PS 

polystyrene is very popular, ease to manufacture, but has 

poor resistance to UV light. Application: equipments 

housings, buttons, car fittings, display bases, 

G. PE 

polyethylene has good chemical resistance. Two types are 

used, low density polyethylene (LDPE) and high density 

polyethylene (HDPE) can be manufactured in a range30of 

densities. Application: glass reinforced for car bodies, 

electrical insulation, packaging, where strength and 

aesthetics are important, 

H. POM  

polyoxymethylene (also known as polyacetal or 

polyformaldehyde) has big stiffness, rigidity and excellent 

yield, which are stable in low temperatures as well. Very 

good chemical and fuel resistance. Application: interior and 

exterior trims, fuel systems, small gears, 

I. PC  

polycarbonate has good weather and UV resistance, with 

transparency levels almost good as acrylic. Applications: 

security screens, aircraft panels, bumpers, spectacle lenses, 

Headlamp lenses, 

J. PMMA 

acrylic is more transparent than glass, has reasonable tensile 

strength (shatter proof grades are available) and good UV 

and weather resistance, high optical quality and surface 

finish with a huge colour range. Application: windows, 

displays, screens, 

K. PBT 

polybutylene terephthalate has good chemical resistance and 

electrical properties, hard and tough material with water 

absorption, very good resistance to dynamic stress, thermal 

and dimension stability. Easy to manufacture - fast 

crystallization, fast cooling. Application: fog lamp housings 

and bezels, sun-roof front parts, locking system housings, 

door handles, bumpers, carburetor components, 

L. PET 

polyethylene terephthalate has similar conditions as PBT, 

good thermal stability, good electrical properties, very low 

water absorption, excellent surface properties. Application: 

wiper arm and their gear housings, headlamp retainer, 

engine cover, connector housings, 

M. ASA 

acrylonitrile styrene acryl ate material has great toughness 

and rigidity, good chemical resistance and thermal stability, 

outstanding resistance to weather, aging and yellowing, and 

high gloss. Application: housings, profiles, interior parts and 

outdoor applications. 

In automotive design, plastics have contributed to a 

multitude of innovations in safety, performance and fuel 

efficiency, but it requires never-ending research and 

improvement. Leading experts say that the easiest and least 

expensive way to reduce the energy consumption and 

emissions of a vehicle is to reduce the weight of the vehicle. 

It is estimated that every 10% reduction in vehicle weight 

results in 5% to 7% fuel saving. Thus for every kilogram of 

vehicle weight reduction, there is the potential to reduce 

carbon dioxide emissions by 20kg. The incorporation of the 

lightweight materials in automotives is a necessity and our 

common need.PP and TPO polymers and compounds have 

properties that are balanced and tailored to precisely match 

your application needs. As such they add value through 

helping manufacturers to lower system costs, while 

providing reliable performance to the highest global industry 

standards, as well as enabling faster development-to-

production cycles. 
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And, no less importantly, they reduce both material 

andenergy inputs for enhanced sustainability. 

IV. MECHANICAL BEHAVIOUR OF POLYMERS 

Polymer mechanical properties can be specified with many 

of the same parameters that are used for metals such as 

modulus of elasticity, tensile/impact/fatigue strengths, etc. 

However, polymers are, in many respects, mechanically 

dissimilar to metals. To a much greater extent than either 

metals or ceramics, both thermal and mechanical properties 

of polymers show a marked dependence on parameters 

namely temperature, strain rate, and morphology. In 

addition, molecular weight and temperature relative to the 

glass transition play an important role that are absent for 

other type of materials. 

A simple stress- strain curve can describe different 

mechanical behaviour of various polymers. As shown in 

figure – 11.4, the stress-strain behaviour can be brittle, 

plastic and highly elastic (elastomeric or rubber-like). 

Mechanical properties of polymers change dramatically with 

temperature, going from glass-like brittle behaviour at low 

temperatures to a rubber-like behaviour at high 

temperatures. Highly crystalline polymers behave in a brittle 

manner, whereas amorphous polymers can exhibit plastic 

deformation. These phenomena are highly temperature 

dependent, even more so with polymers than they are with 

metals and ceramics. Due to unique structures of cross-

linked polymers, recoverable deformations up to very high 

strains / point of rupture are also observed with polymers 

(elastomers). Tensile modulus (modulus) and tensile 

strengths are orders of magnitude smaller than those of 

metals, but elongation can be up to 1000 % in some cases. 

The tensile strength is defined at the fracture point and can 

be lower than the yield strength. 

 
Fig. 4: Increasing use of plastics in automobiles [3] 

As the temperature increases, both the rigidity and 

the yield strength decrease, while the elongation increases. 

Thus, if high rigidity and toughness are the requirements, 

the temperature consideration is important. In general, 

decreasing the strain rate has the same influence on the 

strain-strength characteristics as increasing the temperature: 

the material becomes softer and more ductile. Despite the 

similarities in yield behaviour with temperature and strain 

rate between polymers, metals, and ceramics, the 

mechanisms are quite different. Specifically, the necking of 

polymers is affected by two physical factors that are not 

significant in metals: dissipation of mechanical energy as 

heat, causing softening magnitude of which increases with 

strain rate; deformation resistance of the neck, resulting in 

strain-rate dependence of yield strength. The relative 

importance of these two factors depends on materials, 

specimen dimensions and strain rate. The effect of 

temperature relative to the glass transition is depicted in 

terms of decline in modulus values. Shallow decline of 

modulus is attributed to thermal expansion, whereas abrupt 

changes are attributable to viscoelastic relaxation 

processes.Together molecular weight and crystallinity 

influence a great number of mechanical properties of 

polymers including hardness, fatigue resistance, elongation 

at neck, and even impact strength. The chance of brittle 

failure is reduced by raising molecular weight, which 

increases brittle strength, and by reducing crystallinity. As 

the degree of crystallinity decreases with temperature close 

to melting point, stiffness, hardness and yield strength 

decrease. These factors often set limits on the temperature at 

which a polymer is useful for mechanical 

purposes.Elastomers, however, exhibit some unique 

mechanical behaviour when compared to conventional 

plastics. The most notable characteristics are the low 

modulus and high deformations as elastomers exhibit large, 

reversible elongations under small applied stresses. 

Elastomers exhibit this behaviour due to their unique, cross-

linked structure. Elastic modulus of elastomers (resistance to 

the uncoiling of randomly orientated chains) increases as 

with increase in temperature. Unlike non-cross-linked 

polymers, elastomers exhibit an increase inelastic modulus 

with cross-link density. 

V. MECHANISMS OF DEFORMATION AND STRENGTHENING 

OF POLYMERS 

An understanding of deformation mechanisms of polymers 

is important in order to be able to manage the optimal use of 

these materials, a class of materials that continues to grow in 

terms of use in structural applications. Despite the 

similarities in ductile and brittle behaviour with to metals 

and ceramics respectively, elastic and plastic deformation 

mechanisms in polymers are quite different. This is mainly 

due to (a) difference in structure they made of and (b) size 

of the entities responsible for deformation. Plastic 

deformation in metals and ceramics can be described in 

terms of dislocations and slip planes, whereas polymer 

chains must undergo deformation in polymers leading to 

different mechanism of permanent deformation. Unique to 

most of the polymers is the visco-elasticity – means when an 

external force is applied, both elastic and plastic (viscous) 

deformation occur. For visco-elastic materials, the rate of 

strain determines whether the deformation in elastic or 

viscous. The visco-elastic behaviour of polymeric materials 

is dependent on both time and temperature. 

Plastic polymers deform elastically by elongation 

of the chain molecules from their stable conformations in 

the direction of the applied stress by the bending and 

stretching of the strong covalent bonds. In addition, there is 

a possibility for slight displacement of adjacent molecules, 

which is resisted by weak secondary / van der Waals bonds. 

Plastic deformation in polymers is not a consequence of 

dislocation movement as in metals. Instead, chains rotate, 

stretch, slide and disentangle under load to cause permanent 
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deformation. This permanent deformation in polymers might 

occur in several stages of interaction between lamellar and 

intervening amorphous regions. Initial stages involve 

elongation of amorphous tie chains, and eventual alignment 

in the loading direction. Continues deformation in second 

stage occurs by the tilting of the lamellar blocks. Next, 

crystalline block segments separate before blocks and tie 

chains become orientated in the direction of tensile axis in 

final stage. This leads to highly orientated structure in 

deformed polymers. 

Elastomers, on the other hand, deform elastically 

by simple uncoiling, and straightening of molecular chains 

that are highly twisted, kinked, and coiled in unstressed 

state. The driving force for elastic deformation is change in 

entropy, which is a measure of degree of disorder in a 

system. When an elastomer is stretched, the system’s order 

increases. If elastomer is released from the applied load, its 

entropy increases. This entropy effect results in a rise in 

temperature of an elastomer when stretched. It also causes 

the modulus of elasticity to increase with increasing 

temperature, which is opposite to the behaviour of other 

materials. Fracture of polymers is again dependent on 

morphology of a polymer. As a thumb rule, thermosets 

fracture in brittle mode. It involves formation of cracks at 

regions where there is a localized stress concentration. 

Covalent bonds are severed during the fracture. 

However, both ductile and brittle modes are 

possible mode of fracture for thermoplasts. Many of 

thermoplasts can exhibit ductile-to-brittle transition assisted 

by reduction in temperature, increase in strain rate, presence 

of notch, increased specimen thickness and a modification 

of the polymer structure. Unique to polymer fracture is 

crazing – presence of regions of very localized yielding, 

which lead to formation of small and interconnected micro 

voids. Crazes form at highly stressed regions associated with 

scratches, flaws and molecular in homogeneities; and they 

propagate perpendicular to the applied tensile stress and 

typically are 5 μm or less thick. A craze is different from a 

crack as it can support a load across its face. The 

deformation of plastic materials can be primarily elastic, 

plastic, or a combination of both types. The deformation 

mode and resistance of deformation depends on many 

parameters for different plastics. The following factors 

influence the strength of a thermoplast: average molecular 

mass, degree of crystallization, presence of side groups, 

presence of polar and other specific atoms, presence of 

phenyl rings in main chains and addition of reinforcements. 

Effect of every one of these factor can be used to strengthen 

a thermoplast. Thermosets are, however, strengthened by 

reinforcement methods. 

Strength of a thermoplast is directly dependent on 

its average molecular mass since polymerization up to a 

certain molecular-mass range is necessary to produce a 

stable solid. This method is not used so often as after a 

critical mass range, increasing the average molecular mass 

does not greatly increase its strength. In general, as the 

degree of crystallinity increases, the strength, modulus and 

density all increase for a thermoplast. Another method to 

increase the strength is to create more resistance to chain 

slippage. This can be achieved by addition of bulky side 

groups on main chains, which results in increase of strength 

but reduces the ductility. Increased resistance to chain 

slippage can be achieved by increasing the molecular 

bonding forces between the polymer chains. E.g.: 

introducing a chlorine atom on every other carbon atom of 

main chain to make polyvinylchloride (PVC). Introducing 

an ether linkage (i.e. introduction of oxygen atom) or amide 

linkage (i.e. introduction of oxygen and nitrogen atoms) into 

the main chain can increase the rigidity of thermoplasts. One 

of the most important strengthening methods for 

thermoplasts is the introduction of phenylene rings in the 

main chain. It is commonly used for high-strength 

engineering plastics. The phenylene rings cause steric 

hindrance to rotation within the polymer chain and 

electronic attraction of resonating electrons between 

adjacent molecules. Another method of strengthening is 

introduction of reinforcements like glass fibres. Glass 

content ranges from 20 to 40%, depending on trade-off 

between desired strength, ease of processing and economics. 

Thermosets are strengthened by reinforcements again. 

Different reinforcements are in use according to the 

necessity. Glass fibres’ are most commonly used to form 

structural and moulding plastic compounds. Two most 

important types of glass fibres are E (electrical)- and S (high 

strength)- glasses. E-glass (lime-aluminium-borosilicate 

glass with zero or low sodium and potassium levels) is often 

used for continuous fibres. S-glass (65%SiO2, 25%Al2O3 

and 10% MgO) has higher strength-to-weight ratio and is 

more expansive thus primary applications include military 

and aerospace applications. Carbon fibre reinforced plastics 

are also often used in aerospace applications. However they 

are very expansive [3] 

VI. PLASTIC FUNCTIONALITY AND ITS PURPOSE 

A. Head Impact Analysis (Fmvss201): 

According to FMVSS 201, the standard’s test procedure 

requires that a head form with 165mm in diameter and 6.8 

Kg in mass impacts the interior at an initial velocity of 19.2 

Km/h with an airbag and 24.1 Km/h without it, respectively. 

The standard regulates that the acceleration at the center of 

the head form should not exceed 80g during any 3 

milliseconds interval. A mesh applied to the unified 

approach is composed according to the impact analysis 

standard. Figure 2 shows the FE model used in this 

approach. The steering column and wheel are eliminated in 

the assembly because they don’t play a great role in the head 

impact analysis. The head form is considered as a rigid body 

B. Natural Frequency Extraction Analysis: 

The FE model for this analysis is shown in Figure 7. At the 

initial development phase, dynamic stiffness of steering 

column structure that contains a steering column, a steering 

wheel, cowl cross members, and brackets for left/right sides 

and mountings should be predicted to avoid resonance with 

engine idling frequency. Generally, a vertical and a lateral 

mode of the steering column and steering wheel (Figure 8) 

are first or second mode of concern. Since the FE model was 

constructed under the standards of impact analysis, several 

adjustments are necessary for this analysis. Both S3RS and 

S4RS elements used in the previous analysis are not suitable 

for natural frequency extraction analysis so that they were 

substituted for S3R andS4R, respectively. The unit system 

was changed to kg-mm-sec to get insight from the results 

with ease. It is also obvious to change the procedure 
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definition and related output variables in an appropriate 

manner.[4] 

C. SAG Analysis: 

The sag due to gravity of the cockpit module was analyzed 

to simulate shipping, loading, and assembly conditions. 

Disagreement in location of even a single bolt hole of the 

cockpit module may cause trouble in the assembling stage. 

Thus dimensional variations of each bolt hole center should 

be checked with care. The same mesh used in the head 

impact protection analysis was used again except the rigid 

head form. For a sag analysis the cockpit module was fixed 

at the points where jigs are set up for shipping and handling. 

There is no chance of plastic deformation since it only bends 

due to self weight. The maximum displacement of 3.55 mm 

occurred at the front HVAC duct. The lower part of the 

cockpit module showed a relatively small displacement 

since steel made cowl cross members support the whole 

module.[4] 

D. Creep Analysis: 

The interior parts of the vehicle cabin are exposed to 

temperature variations from under freezing temperature of 

water in winter to over 100°C due to radiation effect of sun 

ray in summer. Plastic parts appear to be more thermally 

susceptible than steel parts in temperature variations since 

its thermal expansion coefficient is at least 5 times greater 

than steel. The incompatibilities of thermal expansion 

between materials cause permanent deformation of plastic 

parts in conjunction with constraint conditions. Therefore it 

is one of the key issues to minimize thermal deformation 

while developing the IP. In addition to the material data for 

the sag analysis, visco-plastic data for each plastic part is 

necessary to conduct a long-term basis and temperature 

dependent structural problem – creep.It is assumed that the 

highest temperature at the surface where it was exposed on 

direct sun ray could reach up to 120°C . No creep data is 

necessary for the steel parts such as the cowl members since 

steel may creep at a much more higher temperature than the 

plastic materials do.[4] 

VII. CONCLUSION 

The interior parts of the vehicle mostly comprises with 

plastic parts and which actively support the all requirements 

in terms of safety, comfort ,vibrations etc. yet has other 

good characteristic as light weight, strength, good 

manufacturing feasibility.  

Recycling of degraded plastic may be treated as 

temporary limitation but future research on biodegradable 

plastic and recycling process will have great scope. 
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