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1 Introduction

At the beginning of automobile manufacturing, about 100 years ago, customer expectations
concerning performance and quality were relatively low. People drove cars for the purpose of
getting quickly and reliably from point A to point B. Cars were built from conventional engi-
neering materials of that time. Iron and steel constituted 80 % of vehicle weight. Synthetic ma-
terials did not exist then.

Nowadays, this situation has completely changed. Modern cars must meet a large variety of
additional requirements. Among these, the most important are safety, environmental effect, re-
source preservation, climate comfort and favorable cost of ownership.

Ultimate driving performance can be achieved by fulfilling these requirements and, in addi-
tion, by providing an individual driving experience, i.e. superior agility, engine power, elasticity
in speed changes and corner handling. These high demands on automotive engineering can only
be met through the appropriate use of advanced materials in combination with light-weight de-
sign.

Body exterior

Chassis and interior

£ Electrics/
Electronics

| Consumables
/" (incl. fuel)

Consumables Drive train

¢ Thermopl.
Light (incl. fuel) Elastomers
metals Other composites

(Al, Mg, Ti) Textile composites
Paint/Undersealing/
glue

Sound proofing/
deadening

Heavy metals
{Cu, Ph, Zn, Ni)

Vehicle curb weight : 1420kg Weights in kg

BMWAG

Elastomers - Glas
ass/
Thermosets ceramic

Figure 1: Materials in the BMW 5201



As a result, the composition of materials in passenger cars has changed significantly during
the last decades. Fig. 1 shows a typical distribution of the materials of a modern passenger car,
in this case the current BMW 5 series. Iron and steel only make up 51 % of the weight, whereas
light metals and plastics make up 15 % and 12 % of the weight, respectively.

2 The Role of Materials Technologies in Automotive Engineering

Most materials in modern vehicle have been specially developed for the new automotive re-
quirements. The main objective of the development of advanced materials technologies for au-
tomotive applications is to promote the desired properties of a vehicle.

This is usually achieved by:

* technologies improving material properties (e.g. mechanical surface treatment
of metal components)
* technologies where the material has an additional function (e.g. combination
of reduced machining costs and enhanced strength of fracture-splitting materials
for conrods or crankcases)
* technologies reducing the number of processing steps (e.g. bake hardening effect during the
painting process of body panels which subsequently reduces the number of forming steps)
* technologies preparing a material for a new application and enabling it to substitute other
materials (e.g. replacing cast iron by aluminum alloys for crankcases)

Neither the complexity nor the novelty of these technologies is the key factor. Of prime im-
portance is the contribution to enhanced driving performance achieved by advanced materials
technologies. In addition to the manufacturing processes, economical and ecological aspects
must also be considered.

In this respect, notable achievements made by advanced material technologies include:

* reduction of fuel consumption through light-weight material design

* improvement of comfort and handling performance through light-weight material design
for unsprung masses

* increased power output through light-weight material design for oscillating masses

* improvement of crash energy management through optimized deformation behavior

¢ reduction of cost of ownership through wear resistant material systems

*  maintenance of the original appearance and function throughout the lifetime of the vehicle
through corrosion resistant material systems

Many of the above mentioned requirements can only be achieved by increasing the fatigue
strength of highly loaded car components.

The optimal development of the strength of metals requires mechanical surface layer harden-
ing.





























