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B} Introduction

The business environment of the Japanese automotive
industry is undergoing a period of major change her-
alded by the extreme appreciation of the yen after the
global financial crisis in 2008, the Great East Japan Earth-
quake in 2011, the expansion of production and sales in
emerging markets, and the growing popularity of next-
generation environmentally friendly vehicles such as hy-
brid, plug-in hybrid, electric, and fuel cell vehicles. The
field of automotive materials is also adapting to these
changes. In addition to the conventional requirements
for materials as the basic building blocks of a vehicle,
new technological development has become necessary
to meet the need for higher levels of local procurement,
reduced usage of scarce resources and controlled mate-
rials, identification of replacement materials, and so on.
Consequently, materials are playing an even greater role
in vehicle development than ever before. This article
outlines automotive material trends in 2012.

Ferrous Materials

2. 1. Steel sheets

Steel sheets remain the most important automotive
material type, accounting for 40% of a vehicle’s weight.
In general terms, the aims of material development are
to reduce weight and ensure collision safety performance
while simultaneously reducing costs. One particular fo-
cus of recent papers is technical development that does
not depend on material replacement. This incorporates
efforts to optimize structures and includes the proposal
of next-generation environmentally friendly vehicles us-
ing high-strength steel for 97% of the white body ®?. In
this development, applicable components for steel materi-
als are broadly divided into four categories: (1) parts for
the vehicle frame, (2) outer panels, (3) chassis parts, and (4)
motor parts.

The vehicle frame must be deformation-resistant to

absorb the energy of an impact and to ensure the cabin
space. For this reason, high-strength steel with a tensile
strength in excess of 340 MPa is commonly used. In
addition to conventional dual phase materials, trans-
formation induced plasticity (TRIP) steel sheets using
retained austenite, and steel with a trip aided bainitic
ferrite (TBF) microstructure have also been recently
developed. These advances are primarily for 590 MPa
class materials, but also include 780 MPa and 980 MPa

class materials ©.

There is also growing application of
hot stamping materials (i.e., steel that can be heated and
then simultaneously formed in a die and quenched). One
report describes the use of 1,800 MPa class hot stamping

®  Research is also examining

steel for bumper beams
how to control the microstructure of 2,000 MPa ultra
high-strength steel ®. In Europe, more parts are incorpo-
rating tailored rolled blanks (TRB), which are capable of
modifying part thicknesses at the appropriate locations ©.

Outer panels require high formability and surface
quality to achieve attractive designs. Interstitial free
(IF) steel is widely used to meet these requirements due
to the low amount of impurities and high formability of
IF steel sheets. Since some exterior parts must be dent
resistant, bake hardened high-strength steel sheets are
used for these parts. The yield strength of this steel
is increased in a bake hardening process after forming.
Making these sheets thinner is one way of reducing
weight. These sheets mainly use 340 MPa class materi-
als, with some already adopting 440 MPa class materials.

Chassis parts are safety-critical and have strict re-
quirements for strength, stiffness, durability, and corro-
sion resistance. The use of high-strength steel is not as
widespread as in the vehicle frame. Most chassis parts
use 440 MPa class materials, with some using 590 MPa
or 780 MPa class materials. At the same time, forming
processes for chassis parts frequently include bending,
stretch flanging, and hole expansion. Therefore, in addi-
tion to precipitation hardened steel, high-strength chassis
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materials are manufactured by controlling the micro-
structure and fine precipitates to achieve both ductility
and localized stretching (i.e., hole expansion formability).

Magnetic steel used in the drive motors of hybrid
and electric vehicles requires good formability and high
strength in addition to magnetic properties such as a
high magnetic flux density and low iron loss. Therefore,
development is aiming to improve performance by ad-
justing alloying components, controlling crystal orienta-
tion and size, and so on.

Another recent characteristic of steel sheets is global-
ization. As demand increases in Asia and other emerg-
ing markets, Japanese and Korean steel manufacturers
(including technological tie ups with other companies)
are steadily building more plating lines (continuous gal-
vanizing lines (CGL)) and continuous annealing lines in
Thailand and India.

2.2. Structural steel

Structural steel has an excellent balance between ma-
terial properties (such as strength and reliability) and
cost. This type of steel is mainly used for strength parts
in the powertrain, suspension, and the like. In addition
to the use of higher strength steel to reduce weight, re-
cent trends include a switch from special steels with a
high content of rare metals such as molybdenum (Mo),
niobium (Nb), and vanadium (V) to standardized steels
with a low additive content to reduce costs.

For engine parts, efforts are aiming to reduce heat
treatment costs and COz emissions in the manufacturing
process by adopting microalloyed steel for heavy indi-
vidual parts such as the crankshaft. However, fillet parts
that require high fatigue strength are partially hardened
in after-treatment processes such as surface rolling,
nitriding, or induction hardening. Technology is being
developed to lower the manufacturing cost of connecting
rods. These efforts include the adoption of heat cracking
to reduce the number of processes, and improving the
accuracy of the matching surface between the engine
and transmission by adopting a heat cracking fracture
surface to eliminate the use of positioning pins .

In addition to the adoption of stronger materials, the
development of drive system parts is focusing on increas-
ing the number of transmission shift speeds to enhance
product appeal, and the reduction of size and weight.
Gears are one of the critical parts in a transmission and
efforts are being made to improve the fatigue strength of
the bottom of gear teeth, and the pitching resistance and

wear resistance of gear teeth surfaces. These include
the development of new steel materials, heat treatments
such as vacuum carburizing and high-carbon carburiz-
ing, and surface reforming technology such as shot peen-
ing. Furthermore, as belt-driven CVTs become more
widely adopted, it is important to improve the reliability
of metal CVT belts. Although conventional metal belts
use tough maraging steels, efforts are under way to im-
prove fatigue strength by reducing the particle size of
the titanium nitrides contained in the steel ®.

Spring steels used in the suspension, engine, and the
like require particularly high fatigue strength. Shot
peening is a key process for these steels to generate
compressive residual stress. Further increasing and
deepening the area of compressive residual stress is a
multi-stage process and requires two or even three ap-
plications of shot peening. Spring steels that use fewer
rare metals are also being developed .

2. 3. Stainless steel

Since stainless steel has excellent heat and corrosion
resistance, this material is generally used for the exhaust
manifold, parts in the exhaust gas recirculation (EGR)
system, as well as for the muffler and other exhaust sys-
tem components.

Ferrous stainless steel is inexpensive since it contains
no Ni. It also has high thermal fatigue strength, which
means it is widely used in the exhaust system. In con-
trast, austenitic stainless steel is used for parts that re-
quire higher temperature strength and greater corrosion
resistance (such as the inner pipe of double-pipe exhaust
manifolds, EGR coolers, and the like).

However, elements such as chromium (Cr), Ni, and
Mo used in stainless steel are expensive. Consequently,
recent developments have concentrated on lower cost
materials that use additives such as copper (Cu) and tin
(Sn) to reduce the rare metal content. Greater adoption
of these materials is likely in the future .

2.4. Cast materials

Castings have a high degree-of-freedom (DOF) for
shape design and excellent formability. In addition, cast-
ings are also reasonably priced and have excellent wear
resistance and damping properties. Consequently, cast-
ings are widely used for engine, drive train, and chassis
parts.

Engine castings include turbine housings, crankshafts,
camshafts, and the like. Drivetrain castings include the
differential case, and chassis castings commonly include
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brake rotors, arms, and the like. However, rapidly cool-
ing molten cast materials causes brittleness and the
formation of white cast iron microstructures with large
heat shrinkage. For this reason, castings are regarded
as challenging to weld. Therefore, research and develop-
ment is under way into joining methods such as solid-
phase bonding using friction stir welding, which takes
place at below the melting point of the material "".
Welded structures featuring drivetrain parts (ring gears)
and the differential case have recently been developed.

In the case of spheroidal graphite cast iron, spheroidiz-
ing and inoculation agents used to create the spheroidal
graphite play a key role in increasing productivity and
quality by extending the fading time of welding, sup-
pressing chilling, increasing the number of graphite
grains, and so on. Issues such as rising prices and the
difficulty of securing stable supplies of rare earths, such
as cerium and lanthanum, which are included in these
spheroidizing and inoculation agents, have accelerated
studies into ways of reducing rare earth usage and the
identification of alternatives.

2.5. Ferrous sintered materials

Sintered materials are compatible with near net shape
forming, which allows the number of processes to be
reduced. Sintered materials also have a high DOF for
the configuration of the material by changing the raw
material powder composition. Taking advantage of
these merits, sintered materials are used for mechani-
cal structural parts such as connecting rods, planetary
gears, clutch hubs, sprockets, parts requiring abrasion
resistance such as valve seats and bearings, as well as
for magnetic parts. In addition to further reducing the
number of processes for mechanical structural parts "2,
the addition of plastic working is being studied to help
resolve the issue of lower strength compared to molten
metals in gears.

For parts requiring abrasion resistance, sintered ma-
terials with greater corrosion resistance against types of
gasoline used outside Japan that contain a higher propor-
tion of impurities such as sulfur are also being used in
bearings ™.

For magnetic parts, sintered magnets that use 40%
less dysprosium (a rare earth used as an additive to im-
prove heat resistance) are being used in electric vehicle

14)
motors ™.

Nonferrous Metals

3.1. Aluminum alloys

Aluminum alloys have a specific gravity of around 2.7,
which is around one-third that of steel. These materials
have various other merits, such as good thermal conduc-
tivity, formability, corrosion resistance, and recyclability.
However, since the manufacturing costs of aluminum
alloys are higher than steel, these materials are being
phased in gradually. Initially, this means parts that can
substantially enhance the product appeal of the vehicle
by taking advantage of the unique material properties
of aluminum. The adoption of aluminum alloys as an
alternative to steel has spread in recent years to reduce
vehicle weight. High-quality and low-cost technology to
allow the adoption of aluminum alloy frame parts contin-
ues to be studied .

Since aluminum castings are comparatively high
strength and have few internal defects, this technique is
adopted for suspension parts such as arms and knuck-
les that require toughness and reliability. These parts
mainly use 6000 series alloys with excellent strength and
corrosion resistance. Efforts are under way to increase
material strength to achieve further weight reduction.

Various types of lightweight materials including alumi-
num alloys are adopted in particular places around the
vehicle to reduce weight, creating a multi-material struc-
ture. Consequently, the importance of technology to join
aluminum alloys with other materials (i.e., dissimilar ma-
terial welding) is increasing. In addition to conventional
resistance spot welding, self-piercing rivets, and the like,
other methods under development include friction stir

20) 21
) ) and so on.

welding ®, adhesive bonding *
3. 2. Magnesium alloys
Magnesium is the lightest practical automotive mate-

rial. It has a specific gravity one-quarter that of steel

and two-thirds that of aluminum. It is also useful in
weight-saving designs due to its high specific strength
and stiffness. For these reasons, it has been used in
certain vehicles for some time. However, the practical
adoption of magnesium is hampered by various techni-
cal issues such as corrosion resistance (galvanic corro-
sion), heat resistance, formability, and so on, which have
limited possible applications. Countermeasures include
the adoption of coating processes to improve corrosion
resistance, applying surface treatment to steel bolts used

for joining, and the interposition of aluminum washers
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with a smaller potential difference than magnesium. A
common countermeasure in Europe against galvanic cor-
rosion is to use aluminum bolts. Materials with higher
heat and creep resistance (AE44, MRI153M, and the like)
have been developed and adopted by adding calcium (Ca)

@ Examples of current commercially

or rare earths
available parts include steering wheel cores (AM60B)
and cylinder head covers (AZ91D) that use generally
available multi-purpose materials. In addition, a luxury
sports car launched in 2007 also adopted an oil pan using
a special heat-resistant material (MRI153M) ®. Some au-
tomakers are actively developing heat-resistant materials
and adopting these materials in large parts. Examples
include transmission cases (ASZ21), engine blocks (AJ62X),
suspension members (AE44), and the like (22)(23), which
are all die-cast products. However, there are still rela-
tively few applications of magnesium since the cost of
wrought materials such as sheets, extrusions, castings,
and the like is extremely high, and the crystalline struc-
ture of magnesium complicates plastic working. How-
ever, in 2011, Semcon AB developed a new magnesium
alloy called MnEZ21 and created a prototype center pillar
and panels using hot stamping ®. General Motors (GM)
also created a prototype rear deck inner panel using a

25)

450°C hot stamping process in 2012 ®. These trends will

likely draw attention in the future. Ongoing research

and development includes studies into normal-tempera-

2 . . .
@ and anodic oxidation to en-
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ture magnesium forming
able high corrosion resistance through self-reparability
Consequently, magnesium is still regarded as having the
potential to meet the need for automotive weight reduc-
tion.

Nonmetallic Materials

4.1. Ceramics

Ceramics used in automotive parts can be categorized
as structural ceramics and electroceramics.

Structural ceramics are made from silicon nitride
and have excellent wear, heat, and corrosion resistance.
These materials are used in turbocharger turbines, rock-
er arm tips, diesel engine swirl chambers, and so on.

Electroceramics are made from alumina, zirconia, and
the like, and have high resistance, electroconductance
(ionic conductivity), and piezoelectric properties. These
materials are used in spark plugs, oxygen sensors, NOx
sensors ®, knock sensors, and so on.

Other materials include cordierite, which has excel-

lent thermal shock resistance (i.e., low thermal expansion
properties) and is used in the carriers of emissions treat-
ment catalysts, and silicon carbide, which has excellent
thermal shock resistance and thermal conductivity and is
mainly used in diesel particulate filter traps.

4.2. Plastics

The utilization of plastics in vehicles is steadily in-
creasing due to the growing importance of mass reduc-
tion, the need for greater design DOF, lower costs, and
so on. The DOF of shape design is a particular merit of
plastics. In addition to interior and exterior style parts,
more plastics are being used in functional parts as part
modularization increases.

In addition, rising corporate awareness of global envi-
ronmental issues means that the use of recyclable and
plant-derived plastics is also increasing as an environ-
mentally friendly measure.

Development is also actively focusing on carbon fiber
as an extremely promising future lightweight material.

4.2.1. Exterior parts

Since plastics have excellent design properties and
mass reduction potential, these materials are widely
used for bumpers. Recently, polypropylene (PP), which
provides excellent stiffness, impact resistance, and cost
performance, has become the mainstream plastic. The
excellent design properties and chipping resistance of PP
means that this material is also widely used for rocker
moldings, over fenders, back door panels, and the like ®.

Although there are fewer examples of plastics used
for exterior panels in Japan than in the U.S. or Europe,
development is continuing with the aim of achieving the
same quality as steel sheets. This includes decreasing
the coefficient of linear thermal expansion, as well as im-
proving stiffness, heat resistance, and surface quality.

Polycarbonate (PC) is being used to manufacture plas-
tic sun roofs and quarter glass. The use of this material
is likely to expand in the future as manufacturers make
progress in enhancing properties such as damage and
weather resistance.

Some models have started to use carbon fiber rein-
forced plastic (CFRP) for flat surfaces such as the hood
and roof. There are also many cases of CFRP developed
for structural members. To widen the application of
CFRP to mass-production vehicles, future technical de-
velopment will have to achieve breakthroughs in mate-

rial cost reduction and shortening forming lead-times .
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4.2.2. Engine parts

The development of polyamide (PA) materials with
excellent heat resistance has enabled the application of
plastics to engine parts such as the intake manifold, cyl-
inder head cover, and radiator tank. In addition, recent
developments have seen greater application to intake
and cooling system parts to reduce cost and weight. In
the fuel system, more vehicles are using blow-formed
polyethylene (PE) fuel tanks, polyoxymethylene (POM)
fuel pump modules, and the like for improved corrosion
resistance and lower weight. Research is also under
way to develop functional parts using super engineering
plastics such as aromatic PA and polyphenylene sulfide
(PPS), which are capable of withstanding even harsher
use environments.

4. 3. Interior materials

The development of interior plastics is actively aiming
to improve external appearance as a means of enhanc-
ing material textures. Low-gloss plastics with greater
scratch resistance that can improve the appearance of
the interior without applying a coating have been de-
veloped. Weight reduction measures are also making
progress to help improve fuel economy. For plastics,
this means adopting materials suitable for injection foam
molding and developing stiff materials that can help to
reduce product thicknesses.

Other recent trends include the development of artifi-
cial urethane leather as an alternative to real leather for
seat coverings. This artificial leather is more durable
and lighter than real leather. In addition, there are also
moves to replace specific halogen flame retardants that
are defined as a substance of concern (SOC). The devel-
opment of carbon-neutral materials such as plant-derived

] .
8D However, bioma-

biomaterial is also making progress
terials are still more expensive than conventional petro-
leum-derived materials and full-scale adoption has not
yet started. Accordingly, new ecological materials that
combine economic and environmental performance, such
as Bio-PET (polyethylene terephthalate) and the like
have been developed and are starting to find applications
as fiber covering materials for interior parts %2,

4.4. Rubber

Rubber has unique viscoelastic properties and is an
irreplaceable material for functional parts. For example,
vibration isolating rubber is used for tires, hoses, weath-
er strips, mounts, bushings and the like, and rubber is

also for sealing parts such as o-rings and gaskets. Fuel

economy is increasingly being included as a requirement
for tires.

The adoption of rubber with low rolling resistance to
tires is spreading due to the development of material
mixture designs that substantially lower hysteresis loss
through the addition of silica compounds and terminal-
modified polymers.

In the case of vibration isolating rubbers for mounts,
bushings, and the like, increasing demands for size and
weight reduction are promoting the use of rubbers with
greater durability and the optimization of adjoining
metallic parts. Furthermore, heat resistance and other
durability requirements are becoming more demanding
due to the harsh heat environment in many markets
such as those close to the equator. Consequently, rubber
materials with superior thermal properties are also being
developed.

Solid weather strips are being replaced by lightweight
foamed materials with greater expansion ratios. Tech-
nology has been developed and incorporated into parts
in practical use to resolve the trade-off relationship be-
tween expension rations and compression set or material
strength.

For boots, dust covers, and similar parts, the use of
thermoplastic polyester elastomers (TPEE) and other
ester-based elastomers with excellent resistance against
bending fatigue is growing as a replacement material for
conventional chloroprene rubber (CR).

Conventionally, the inner tubes of fuel system hoses
frequently used nitrile rubber (NBR). However, fluoro-
carbon rubber (FKM) or plastic tubes are now in general
use to improve hose durability as fuels diversify and ve-
hicle lifetimes increase.

4.5. Glass

The basic performance requirements of automotive
glass include safety and visibility. In addition, the de-
velopment of glass parts must also consider style design
and interior comfort. Reinforced glass with a similar
ultra-violet and infra-red ray blocking performance (ap-
proximately 99%) as the laminated glass used for wind-
shields has been developed and adopted for front door
glass .

Large plastic panorama roofs and quarter panels have
also started to enter use as a means of reducing weight.
However, since these materials still have issues in terms
of weather, damage, and wear resistance, low-cost coat-

ings are also being developed as a countermeasure.
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4.6. Paint

Recent years have seen the adoption of a larger vari-
ety of exterior colors to enhance the product appeal of
vehicles. This trend was particularly noticeable in Japan
in 2012 with a major promotion of pink as a color for
luxury vehicles and the growth of two-tone color options
for mini-vehicles. Technologically, studies have exam-
ined how to create multi-layer paints to enhance vehicle
style. Functional distribution of the first and second
base layers has achieved unprecedented levels of both
distinctiveness and depth ®” and a powerful metallic ap-

B Ag these stylish colors enter the market in

pearance
greater number, more optional colors are becoming avail-
able in addition to the traditional pearl white. In the last
few years, stylish expressions such as matte finishes and
colored clear coats, which were previously adopted on
luxury vehicles, have begun to be used in compact cars,
particularly in Europe.

Trends in paint materials and processes continued
from 2011.

borne primers and topcoats and the recovery of thinners

These included the introduction of water-

to reduce volatile organic compound (VOC) emissions. In
addition, three-layer wet paint processes and shorter pre-
heating processes entered more widespread use to re-
duce COz2 emissions. Waterborne three-layer paints were
also introduced in emerging markets such as China and
Brazil *.

Trends that began several years ago also continued
in the field of chemical conversion and electrodeposition
coating. For example, zirconium oxide conversion coat-
ings with a zero phosphorous and nickel content were
introduced as a replacement for conventional zinc phos-
phate conversion coatings to reduce environmental load.
In addition, high throwing power e-coats were adopted
to reduce costs by optimizing exterior panel paint film
thickness and reducing the amount of paint required for

each vehicle.
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