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Abstract

Automobiles are very important elements of econoarid social life. Its
development is accompanied by its increasing userasans of transport. This
produced a significant increase in the number dificles, which are realized
through the increasing global consumption of rawemials from year to year.
Great progress in the automotive industry in thastmction of the body,
chassis, and engines are mainly introduced throlighuse of new materials to
build vehicles, and they have a direct impact airttveight, performance, and
fuel consumption. The article presents some aspegtrding material changes
in the construction of passenger vehicles. In gkfidd manner, the analysis of



78 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 3-2016

changes in the use of construction materials fer ¢bnstruction of selected
vehicles is presented.

Introduction

The global automotive industry is currently undengochanges related to
the ongoing global problems of environmental degtiad. This forces
automotive manufacturers to continuously improwrtdesign in order to meet
the new demands of customers. Progress in the @ieldutomotive design
enforces certain changes in the structure of nadserand manufacturing
technologies that are increasingly being optimiederms of their impact on
the environment. Reducing the harmful effects & firoduction of motor
vehicles is mainly associated with the use of tetdgical processes with the
lowest energy consumption and toxicity and planbtgxtion against the
emission of harmful pollutants into the environment

Great progress in the automotive industry in thestmction of body,
chassis, and engines is primarily accomplishedutjindhe introduction of new
materials, and they have a direct impact on thefalility, weight, safety, and
fuel consumption [1]. Material science advancestlie area of vehicle
technology have resulted in easier processing gtit,li high strength and
corrosion-resistant materials, such as modern afumi alloys and modern
plastics, which have significantly displaced tramitl high-grade steels or
forgings and castings, and cast iron [2-5]. Thennmaaterials that are used in
the construction of passenger vehicles should decthe following [6-9]:

— Carbon steels and high alloy materials from d¢ast and steel (e.qg.

forgings, castings);

— Light metals (aluminium alloys, magnesium allaytanium alloys);

— Other non-ferrous metals (e.g. Zinc, copper);etc.

— Polymers (polyurethane, polypropylene, polyethglepolycarbonate,

etc.) and rubber;

— Other materials (including compaosites); and,

— Consumables and auxiliary materials (e.g. brabig, frefrigerant, oil,

etc.).

1. Requirements for materials used in the automote industry

The current requirements for construction matetigksd in the automotive
industry trend are primarily the use of materialdawer density and higher
strength, and superior performance (Fig. 1). Thékes it possible to reduce
vehicle mass and thus reduce fuel consumption, lwlsicassociated with the
lower vehicle emissions of carbon dioxide into ém¥ironment. The use of new
construction materials and supplies as well as faatwring technology should



3-2016 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 79

contribute to an increase in the life cycle of widd and their components. This
reduces the environmental load of waste matergde@ated with servicing and
the liquidation of used vehicles. It also saves maaterials and the energy
required to process the materials and manufactusepicle parts and

assemblies. New materials and the design of thieleeitself should be adapted
to the efficient recycling of vehicles. An importéeature of the new materials
should be their biodegradation. Analogous requirdmere also transport
infrastructure, especially consumables due to thdsson of substances
harmful to the environment.. This also appliesh® fuel, which the reduction

of harmful substances, eg. sulfur and aromatic dgahbons is required (these
impurities, reduce the exhaust after treatmentadsveffectiveness). In contrast,
for economic reasons, it is desirable that the obshaterials and technology
components of vehicles and the transport infraitrecand supplies are kept
relatively low. This task is difficult to meet. Marecological solutions in the

automotive industry are associated with reducirgjprove less favourable for
the environment [6, 7, 10, 11].

Durability Performance

Technological . Recycling
properties ™ "~ efficency

Cost Weight

Fig. 1. Basic criteria of material selection in antdgive industry

2. The model of a passenger vehicle

The motor vehicle is a very complex system, whishcharacterized by
significant variation in design and materials. he tconstruction of a motor
vehicle, one can distinguish several basic systass®ciated with the drive,
braking and steering. Widely accepted divisionstted vehicle systems and
assemblies can be found in the papers [12-16]. bEsic assumption of the
model is shown in Fig. 2, which includes the anehftmodelling of a passenger
vehicle’s production phase, including the firstggtaf its division into units (2),
which is divided in the following order of the cooments in the (P) consisting
of various materials (m).
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Fig. 2. Structure of decomposition model passengkicle

3. Assessment of changes in materials in the consttion of a passenger
vehicle

The percentages of the mass of individual mateimakhe construction of
a passenger vehicle are based on data collectsaldnted SDP for six variants
of one of the most popular car models in Europe iantie world — VW Golf.
The basis for the analysis of changes in materialthe construction of the
passenger vehicle was to determine the initialcatre of the material,
including the individual masses of the materialattimake up the vehicle
immediately after its production in the assemblynafacturer with a special
analysis of the elements made of plastics. Theesmtrue of non-ferrous
metals (copper, zinc, tin, nickel, magnesium). Petages of non-ferrous metals
by weight relative to the weight of the whole véditn successive versions of
the VW Golf increased from just over 1% in 1974rgien Al) to more than 2%
in 2009 (v.A6).

For the construction vehicles are used in a var@tymaterials. Their
composition and participation in the mass of thhisle have a significant
impact on the course and the effectiveness of liegycThe determination of
the material composition of vehicles is difficuledause each manufacturer's
vehicles have a different structure. However, therage share of car weight
materials is as follows:

— 70% — Metals;

— 17% - Liquids, glass, rubber, textiles and othaterials;

— 13% — Plastics.

Changes in the composition of the material in thenstruction of
automobiles are primarily due the environmental saigty requirements of the
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buyers having regard to their comfort, quality, ahility, fuel consumption, and
also with the principles of competitiveness. Whk tlevelopment of automotive
and technical progress, the changing weight of gah of the vehicle as is
apparent from Figs. 3—6. The impact of individuariants of passenger car
model VW Golf on the structure of the material ire tconstruction phase is
visible mainly in the use of aluminium alloys anidgtics, which confirms the
trend of increased participation of these materialsvehicle technology.
However, with each new version of the car, the Weif steel relative to the
total weight of the vehicle decreased. Therefdrerd is a significant reduction
in the materials such as steel, cast steel andircasi{a reduction of approx.
10%) for materials such as aluminium and its allars increase of more than
2% of the weight of the entire vehicle), or plastend rubber (an increase of
almost 5% of the weight of the entire vehicle).

Basic steels, cast stedl, cast iron
The percentage by mass of each material with réspdbe weight of the

whole vehicle (VW Golf) is shown in Figs. 3—6.
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Fig. 3. Percentage of the weight of steel, castlsand cast iron in relation the weight of the
whole vehicle (VW Golf) 1974-2009

In the VW Golf, elements of steel, cast steel, aast iron in the mid-70s
(version Al) accounted for almost 70% of the entiedicle. With each new
version of the car, the weight of steel elemeniire to the total weight of the
vehicle decreased. In the case of the A6 versioth@f2009, the percentage
weight of steel fell almost 10% in comparison wite Al version 1974
(slightly more than 60%).

Aluminium alloys

The share of aluminium and its alloys with each nansion of the VW
Golf increased. In the early years of productiogrgion Al), aluminium, and its
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alloys were less than 6% by weight of the wholeialeh In the version of the
A6 VW Golf with 2009, the percentage weight of almimm components
amounted to more than 8% of the weight of the vehic

Other non-ferrous alloys

The same is true of non-ferrous metals (coppec, tim, nickel, magnesium).
The percentage of non-ferrous metals by weightivel#o the weight of the whole
vehicle in successive versions of the VW Golf iased from just over 1% in
1974 (version Al) year to more than 2% in 2009geer A6).
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Fig. 4. The percentage by weight of aluminium asdilloys compared to the weight of the whole
vehicle (VW Golf) 1974-2009
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(VW Golf) 1974-2009
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Fig. 6. Percentage of the weight ratio of plastiche weight of the whole vehicle (VW Golf)
1974-2009

Steelswith high strength and wear resistance

There are two essential premises for the applicadiohigh tensile (HT)
steels in the construction of motor vehicles:

— The reduced of unloaded vehicle mass, and

— The increased strength and rigidity of the strrect

The first aspect is particularly important in thenstruction of trucks. The
use of HT steel in the elements of the supportiragné allows minimizing
weight of the truck. For trailers this can be as &s about 4000 kg. The weight
loss resulting from the use of HST steels is ed#ohdo be approximately
800 kg. Currently, weldable HST steels constityteta 50% of the materials
used in the construction of trailers. The role lbége steels will gradually
increase, with increasing participation of largecks in road transport [18, 19].

The second aspect (increased strength and rigafityhe structure) is
particularly important in the construction of pasger vehicles. Rigidity and
resistance to stress of the roll cage in roadi¢raffllisions are critical to minimize
injuries to passengers. Steels of this type haee bsed for that purpose for over
20 years, and their weight proportion in the cartdion of passenger vehicles has
increased from 5% to 20%. Particularly attractikethe advanced ferritic-bainitic
or ferritic-martensitic steels (known collectivelg advanced high-strength steels,
AHSS), subject to thermo-plastic processing [2(, 21

An extreme case of high-strength materials are giagasteels. US Patent
6475307 from 2000 describes a technology for theyetion of automotive
components from those steels. Their high price, dwan limits their use to
those cases where the service life is most crei2), for example diesel
injection systems [23]. Apart from the high strdngnd stiffness, long service
life is one of the most desirable features of stmad materials. This issue is
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particularly important in the construction of veei for the transport of bulk
cargo, such as aggregates, fossil fuels, and waste.combined effects of
erosion and corrosion may dramatically shortensémeice life of conventional
steels. In physico-chemically active environmemygpjcal corrosion processes
may also be accompanied by hydrogen degradationepses of materials,
leading to susceptibility to brittle fracture (Fig). [24] and reduced resistance to
erosion fatigue (Figure 8) and erosion (Figure2®) [
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Fig. 7. A decrease in toughness according to Cha@yin2 under long-term operation in
environments rich in hydrogen [24]
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Fig. 8. The results of low-cycle fatigue tests 8Mh2 steel and micro-alloyed Domex steel [25]
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Fig. 9. The loss of mass of 18Mn2 and micro-alloyamex steels in cavitation with variable
load; time [25]

The higher resistance of micro-alloyed boron steekyosion and corrosion
makes it possible to use them in extremely diffi@dnditions of bulk cargo,
usually associated with severe abrasion and comd&6-28]. In addition, the
high resistance of these steels to fatigue justifieir increasingly common use
as a structural material of in monocoques and thags similar range of
applications is indicated for the advanced higkraith steels [29-32].

Magnesium alloys

The growing role of magnesium alloys in automo®veineering is mainly
due to their low density. The use of Mg alloys caduce vehicle weight by
more than 100kg. This translates into a reductib@©2 emissions by more
than 5% [33].

Property Magnesium Aluminium
Density at 20°C (g/cm®) 1.74 2.70
Elastic modulus (10° MPa) 44.126 68.947
Tensile strength (MPa) ~240 ~320

The main advantages of magnesium alloys includéatlaving:
— The preferred ratio of elastic modulus to density

— Good casting properties, and

— Good damping capability.
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Their main disadvantages are relatively low coonsiesistance (which
requires the unconditional application of anti-osion protection),
a susceptibility to hydrogen cracking, and the ggkgnition. The first attempts
to use Mg alloys were made after 1920 (Porsche ,1B@&atti 1935), mainly in
motorsports [34].

A comprehensive overview of the use of magnesidoyslin automotive
engineering was conducted by Kulekci [35]. The igapions of Mg and its
alloys include the chassis, car body componentd, the drive unit. It is
indicated that even more than 20 kg of Mg and litsya may be used in mass
car production. The manufacturing of Mg alloys &séd mainly on different
varieties of casting processes with particular essjghon high-pressure die-
casting. The processes of squeeze-casting [36,aB¥]also technologically
promising.

Summary

Automobiles are very important elements of econoanid social life, and
their role is transportation is increasing. Theictet presents some aspects
regarding material changes in the construction opagsenger vehicle in
a simplified manner.
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Zmiany materialowe w budowie pojazdéw osobowych iowarowych

Stowa kluczowe

Pojazdy samochodowe, projektowanie ekologiczne,stkakcja pojazdow,
materiaty.

Streszczenie

Motoryzacja jest jednym z najwaiejszych elementéwycia gospodar-
czego i spotecznego. Jej rozwojowi towarzyszy pezedzystkim zwikszenie
liczby wykorzystywanych srodkéw transportu, w szczegokud pojazdow
mechanicznych. Wzrost liczby zytkowanych i wytwarzanych pojazdow
przektada si na zwikszenie globalnego zycia. Jednym z istotnych czynnikéw
rozwoju motoryzacji w konstrukcji nadwozia, podweziub silnikow g przede
wszystkim nowe materiaty do budowy pojazdéw, kidwega bezparedni wptyw
na zmniejszenie ich masy, zmniejszenieyeia paliw i ogélne zmniejszenie
oddziatywaniasrodowiskowego. W artykule przedstawiono wybranee&sp
dotyczce istotnych zmian w doborze materiatdw w przémgamochodowym.








