MATERIALS

pectations with the rapid shift toward greater electriﬁca-

1 Introduction 

tion.

The automotive industry is facing a wave of change

2. 1. 1. Body Structure

described as a once in a century event. Underlying this

In terms of protecting occupants in the event of a col-

wave are technological innovations such as electriﬁcation,

lision, body structure parts are classiﬁed into energy ab-

intelligent systems, and information technology. The val-

sorption parts, deformation control parts, and unde-

ue associated with automobiles continues to expand from

formed parts for cabin, where a suitable grade of steel is

simple ownership to usage , and various new non-au-

applied to each of these parts(4).

tomotive businesses are entering the Mobility as a Ser-

1,180 Mpa-class steel is recently often used for cold

vice (MaaS) industry, which is best known for its ride-

press forming(5), and 1,310 MPa-class steel is also found in

and car sharing services. In the ﬁeld of automotive

some applications(6).

materials, the existing focus on developing the funda-

Reports of the use of transformation induced plasticity

mental basic technologies required to achieve higher

(TRIP) steel to achieve high levels of both strength and

performance, manage the risk associated with scarce re-

formability have been followed by reports discussing liq-

sources, and reduce environmental impact is now being

uid metal embrittlement (LME) cracks occurring in spot

complemented with the development of materials infor-

welds attributed to large amount of additive element

matics (MI) and other new technologies that draw on big

content. There is also a growing need to develop applica-

data and artiﬁcial intelligence (AI). The following sections

tion technology in conjunction with the development of

introduce the trends in automotive materials seen in

materials(7).

2018.

Hot stamping, in which a heated steel plate is pressed

2 Ferrous Materials 

with a die and simultaneously cooled and quenched while
the upper and lower dies are still closed, is also used for

2. 1. Steel Sheets

many parts(8). Higher tensile strength steel in the 2,000

Recent eﬀorts to reduce vehicle weight have focused

MPa-class(9) has been developed. Most products manufac-

on the use of multi-materials, which combine steel sheets

tured using hot stamping are subject to laser trimming

with other materials and enhance various characteristics

because delayed fracture due to the residual stress gen-

and functions, to improve automobile fuel eﬃciency. Al-

erated by trimming in case of mechanical trimming, and

though the amount of iron used in automobiles is antici-

the implementation of a trimming process that avoids

pated to decrease between now and 2040(1), it is an abun-

delayed fracture is eagerly awaited to reduce manufac-

dant resource with many advantages such as

turing costs(8).

recyclability and cost, and the inclination to use it to the
(2)

2. 1. 2. Outer Panels

fullest remains strong in Japan . In fact, as shown by the

Outer panel parts require a high degree of formability

Innovative Structural Materials Association (ISMA), iron

and excellent surface quality to realize beautiful designs.

with a high degree of functionality is still actively re-

Until now, ultra-low carbon steel was widely used be-

searched and developed(3). The application of steel sheets

cause it possesses the required formability, but alumi-

can be broadly classiﬁed as follows: (1) parts for the body

num or plastic is being used in an increasing number of

structure, (2) outer panels, and (3) chassis parts and (4)

vehicles. Nevertheless, there are also examples of reduc-

motor parts, which have become the object of rising ex-

ing weight by making steel sheets thinner, or conversely,

Copyright© 2019 Society of Automotive Engineers of Japan, Inc. All rights reserved

eliminating reinforcement parts by making them thick(10)

mitigate the quantity of rare elements such as molybde-

er . In addition, 440 MPa-grade and 1,180 MPa-grade

num and vanadium required to ensure the necessary

steel sheets have been used, and forming technology

characteristics.

with excellent part design ﬂexibility that takes advan-

2. 2. 1. Engine Parts

tage of the properties of mild steel are being devel-

Non-tempered steel with added vanadium is generally

(11)

oped .

used for primary engine component parts, such as crank-

2. 1. 3. Chassis Parts

shafts and connecting rods, in an eﬀort to reduce heat

Chassis parts have strict strength, durability, corrosion

treatment costs.

resistance, and other requirements to ensure their reli-

Partial induction hardening is used to improving the

ability as safety-critical parts in terms of vehicle func-

fatigue strength of the crankshaft ﬁllets to the high lev-

tionality. They do not use high-strength steel as exten-

els they require. High strength has also been achieved

sively as vehicle frame parts. However, 590 and 780 MPa-

by gas soft nitriding in some cases(17). At the same time,

class high-strength steel is increasingly used in parts

the weight of the connecting rods is being reduced to

such as lower suspension arms, and 980 MPa-class high-

decrease inertial force. New forging technologies capable

strength steel has been adopted for use in steel wheel

of imparting diﬀerent levels of strength in the same part

rims and some frame parts. In addition, chassis parts are

by controlling the temperature and cooling rate to en-

required to have various forming characteristics, such as

sure the strength and workability at the required loca-

stretch-ﬂangeability and hole expandability. Consequent-

tions have been developed and put into practical use(18).

ly, high-tensile steel materials suitable for chassis applica-

Furthermore, a high-strength steel with good machinabil-

tions have been developed, and eﬀorts are also being

ity for connecting rods has been developed by optimizing

made to improve the rust prevention performance of arc

the structure and component elements(19).
2. 2. 2. Drivetrain Parts

(12)

welded portions .
2. 1. 4. Motor Parts

Gears, the main components of the transmission, are

The electromagnetic steel sheets that are widely used

usually carburized gears due to the high level of deden-

as the iron core material in electric vehicle drive motors

dum fatigue strength, impact strength, and resistance to

are required to improve the magnetic ﬂux density that

pitting that are required.

contributes to motor performance, as well as to reduce

Although forming these gears via cold forging and

the iron loss that aﬀects eﬃciency. They must also have

high-temperature carburizing has been favored to ratio-

a high level of strength because of the large centrifugal

nalize the manufacturing process and reduce costs, this

forces that act on the rotor during high speed rotation.

approach is unfortunately prone to abnormal austenite

Thinning, adjusting the amount of added alloys, control-

grain growth. To address this issue, the component ele-

ling the texture and crystal grain size, reducing the

ments that suppress abnormal grain growth, such as Ti

amount of impurities, and other techniques are being ap-

and Nb, were adjusted, and a material that achieves the

plied to develop materials that satisfy these diverse de-

same level of required strength was developed by replac-

mands

(13)(14)

.

ing the expensive additive elements conventionally used

At the same time, amorphous magnetism and nanocrystalline soft magnetism are also garnering attention
from the standpoint of further reducing iron loss, and

to give the gears high strength with less expensive elements(20).
At the same time, a new heat treatment that combines

their potential application to electric vehicle motors is be-

induction and vacuum carburizing was developed to

ing examined(15)(16).

make the heat treatment, simpler, shorter, and more en-

2. 2. Structural Steel

ergy-eﬃcient. The use of special materials both reduced

Structural steel is a material that obtains the required

the usage of alloys and improved strength(21).

characteristics by combining processes such as forging,

2. 2. 3. Chassis Parts

heat treatment, and surface treatment. It is widely used

Spring and bolt wire rods are used for the suspension

in high-strength parts such as the powertrain and chas-

springs and bolts, whose characteristics have been im-

sis parts. Various advances in these technologies have

proved by adding alloys to increase their strength and

made spread the adoption materials and processes that

for light weight. Recent eﬀorts to reduce cost and simpli-

Copyright© 2019 Society of Automotive Engineers of Japan, Inc. All rights reserved

fy material procurement particularly for suspensions

eﬃciency(25).

springs, have led to the development of materials that al-

Although cast iron materials are known to be brittle

low the softening and annealing process to be omitted

and diﬃcult to weld, more recent development has

thanks to adjustments to the component elements con-

achieved a reduction in weight using laser welding to

trolled rolling during wire manufacturing(22). This has

join dissimilar materials such as the ring gear and diﬀer-

been combined with composite shot peening, to enable

ential case in drivetrain parts(26).

the use of low nickel content, vanadium-free low cost

2. 5. Ferrous Sintered Materials

springs with a 1,300 MPa shear strength.

Sintered materials are created using powder metallur-

2. 3. Stainless Steel

gy, a process in which the metal material in powdered

Stainless steel is widely used in many automobile parts

form is poured into a mold in the shape of the desired

because of its excellent heat and corrosion resistance. In

part, compacted at high pressure, and then sintered. This

particular, ferritic stainless steel is often used for exhaust

results in a product that is in its ﬁnal or almost ﬁnal

system parts because it does not contain nickel, has a

shape and therefore it has excellent material yield, and

low coeﬃcient of linear thermal expansion, and has excel-

provides a high degree of freedom in the material design.

lent heat fatigue characteristics. Many manufacturers

These advantages are leveraged to use iron-based pow-

have begun switching to steel types with lower amounts

ders to manufacture mechanical structural parts such as

of molybdenum, niobium and other rare metals to reduce

connecting rods and planetary gears, as well as wear re-

costs(23).

sistant parts, such as valve seats. Recently, lasers have

In contrast, austenitic stainless steel contains nickel

been used to melt the powder, with a copper-based pow-

and is used in parts that require more corrosion resis-

der used for laser-clad valve seats formed directly onto

tance, such as exhaust gas recirculation (EGR) coolers.

the cylinder head in an eﬀort to improve engine perfor-

More recently, it has also been applied to components

mance(27). At the same time, many magnetic parts are

(e.g., receptacles, high-pressure hydrogen piping, and

manufactured by sintering. For example, neodymium

pressure reducing valves) used in the high-pressure hy-

sintered magnets that possess a high level of saturation

drogen gas environment of fuel cell vehicles (FCVs).

magnetization are widely used for in-vehicle motors, in-

However, cost is an issue for SUS316L, which suppresses

cluding the drive motors for electric vehicles. Until now,

the generation of work-induced martensite and δ ferrite

heat resistance has been improved by adding expensive

by increasing the nickel equivalent through the addition

heavy rare earth elements such as dysprosium to in-

of molybdenum to withstand hydrogen embrittlement in

crease coercivity, which serves as an index of heat resis-

a high-pressure hydrogen environment at −40℃. There-

tance. Due to resource and other risks, however, re-

fore, low-cost stainless steel materials with reduced

search is being actively conducted to develop alternative

amounts of rare metals are being developed to popular-

technologies and better understand the underlying coer-

(24)

civity generation mechanism(28). In particular, the devel-

ize FCVs .
2. 4. Cast Iron Materials

opment of grain boundary diﬀusion technology, grain

Castings are widely used for engine, drivetrain, and

boundary phase modiﬁcation, and grain reﬁnement tech-

chassis parts because they can be easily shaped into a

nologies has made it possible to produce neodymium

variety of forms, have excellent wear resistance and vi-

magnets that possess high coercive force in which the

bration damping properties, and are inexpensive.

addition of heavy rare earth elements is either greatly

Speciﬁcally, castings are used for engine parts such as
turbine housings, camshafts, and exhaust manifolds,
drivetrain parts such as diﬀerential cases, and chassis
parts such as brake rotors and various types of arms.

reduced or even eliminated(29)(30).

3 Nonferrous Metals 
3. 1. Aluminum Alloys

New materials that are both inexpensive and possess

Aluminum materials are replacing steel materials in

excellent heat resistance properties have become the fo-

various automobile parts to reduce vehicle weight. Alu-

cus of development aiming to meet the demand for high-

minum can be used in a large array of diﬀerent forming

ly heat-resistant materials for modern, downsized, super-

and machining processes, such as rolling, forging, extru-

charged engines, as well as to further improve fuel

sion, and various casting methods. The stable supply of
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raw material also makes it applicable to a wide range of

strut braces(32). Industry and academia are also collabo-

parts. With the demand to further reduce the vehicle

rating on research into ﬂame-retardant expanded materi-

weight intensifying year after year, the quantity of alu-

als aimed at broadening the applications of magnesium(33),

minum used per vehicle continues to increase(31).

creating expectations that solutions extending to prob-

The increasing shift toward a multi-material composi-

lem in plastic working, as well as in other peripheral

tion in vehicles requires a body structure that incorpo-

technologies such as bonding and surface treatments,

rates the joining of dissimilar materials such as steel and

will be found.

plastic, including carbon ﬁber reinforced plastics (CFRPs).
This structure has come into use as a result of the development of joining techniques for dissimilar materials and
of technology to prevent electrolytic corrosion.
There has also been an increase in the number of cas-

4 Nonmetallic Materials 
4. 1. Ceramics
The ceramic materials used in automobile parts are divided into structural ceramics and electroceramics de-

es where thin, large-sized casting parts manufactured via

pending on the characteristics and applications of the

high pressure die casting, such as suspension frames and

material.

suspension towers, have been applied to chassis and

Structural ceramics like silicon nitride possess excel-

body structure parts. Integration and highly rigid part

lent wear, heat, and corrosion resistance characteristics,

designs enable rib structures to reduce the number of

and are used in parts such as the turbine rotors of turbo-

parts in comparison to structures made from welded

chargers, the tips of rocker arms, and the vortex cham-

steel sheets.

bers of diesel engines.

In parallel with increases in the strength of the materi-

Electroceramics like alumina and zirconia possess

als themselves, the conﬂicting problem of stress corro-

strong insulating characteristics, high electrical conduc-

sion cracking is being taken into consideration in the de-

tivity (ion conductivity), and piezoelectric properties, and

velopment of chemical composition and the reexamination

are used in spark plugs, oxygen sensors, NOx sensors(34),

of design structures for bumper reinforcement extrusion

and knock sensors.

parts that use high strength materials.

Cordierite, with its excellent thermal shock resistance

Advances in aluminum recycling technology are mak-

(low thermal expansion), and silicon carbide, with its ex-

ing it possible to move from the conventional cascade re-

cellent thermal shock resistance and high thermal con-

cycling approach, in which the aluminum ingot reclaimed

ductivity, are the main ceramic materials used in catalyst

from waste aluminum is used for engine blocks and other

carriers for exhaust gas treatment and in particulate col-

purposes, to a new type of recycling where the same alu-

lection ﬁlters.

minum material is turned into a product exhibiting the

4. 2. Plastics
Plastics have low speciﬁc gravity, can easily be formed

same level of quality.
3. 2. Magnesium Alloys

into nearly any shape, and possess good workability, and

With a speciﬁc gravity one-quarter that of steel and

are used more and more in automobiles to reduce

two-thirds that of aluminum, magnesium is the smallest

weight, lower costs, and add functionality through en-

of the metals used in vehicles, and has been used in some

hanced performance. In addition to improved physical

automotive parts for the lightweight designs made possi-

properties, a higher quality external appearance, better

ble by it high speciﬁc strength and speciﬁc rigidity. How-

recyclability in the context of environmental preserva-

ever, the many technical issues that arise in actual use,

tion, and other increasingly sophisticated and complex

such as corrosion resistance, including galvanic corrosion

performance requirements are being imposed on plastics.

with dissimilar metals, heat resistance, and plastic work-

4. 2. 1. Exterior Parts

ability, has limited the number parts where it is applied.

Polypropylene (PP), a plastic with a low speciﬁc gravi-

Magnesium is mainly used in die cast parts such as

ty and excellent cost performance, has been widely used

steering wheel frames cylinder head covers and engine

in exterior automobile parts such as bumpers for a long

oil pans, and can also be found in the expanded material

time. Talc and other ﬁllers are mixed into it to improve

of a few sports car roofs. In 2018, Audi used die cast

rigidity and heat resistance, and reformulation, such as

parts made from a magnesium alloy called AZ91 for

the addition of rubber, is often employed to improve im-
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pact resistance. PP is still widely used in automobiles to

velopment of technologies that can achieve both low cost

this day and its use has also recently extended to back

and a high-quality texture is being pursued enthusiasti-

door outer panels.

cally. In luxury automobiles, technologies that use three-

Carbon ﬁber reinforced plastics (CFRPs), which are

dimensional decorations and shadows to promote a

widely used in the aviation industry, are expensive and

greater sense of luxury and texture have appeared(40).

present challenges in terms of productivity. Consequent-

This trend toward genuine decorations will continue to

ly, their use in the automotive industry, where mass pro-

draw attention.

duction is the norm, had limited their use to a few luxury

Mobility as a Service (MaaS) initiatives to establish car

cars and sports cars. However, they are gradually seeing

sharing and other mobility-related services, are also in-

greater adoption in vehicles with relatively larger pro-

tensifying. Unlike a conventional vehicle with a single

duction runs, as exempliﬁed by the use of carbon sheet

owner, these services involve vehicles used by numerous

molding compound (C-SMC) in back door inner panels(35).

unspeciﬁed people, and interior materials that are more

Stampable thermoplastic CFRP materials have greater

damage resistant, stain resistant, and reduce odors will

productivity than CFRPs that use thermosetting resins,

become more important. One of the challenges will be

(36)

the development of materials that can maintain these

but until now have only been used in the stack frames

of fuel cell vehicles. However, there are also plans to use

characteristics over a long period of time.

them in truck cargo beds . These materials can be

4. 2. 3. Powertrain and Electric Drive Unit Parts

molded into more complex shapes than prepreg material

Among plastics, polyamide (PA) is oﬀers a relatively

(37)

consisting of continuous carbon ﬁber (CF) impregnated

high heat resistance and is therefore used for some en-

with resin. They can also be processed more quickly

gine parts such as intake manifolds and radiator tanks.

than with production methods that use an autoclave, and

The use of plastic to reduce weight has even been ex-

their application is expected to expand to a larger num-

tending to side covers and other parts in the transmis-

ber of parts. Recycling carbon ﬁber (CF) has proven diﬃ-

sion(41), and is expected to expand even further over time.

cult, but the recent appearance of vehicles with frames

Various plastic materials are also used in fuel cell (FC)

that use recycled CF(38) is raising expectations for ad-

units, which are anticipated to become next-generation

vances in this ﬁeld.

powertrains. In particular, the majority of hydrogen

Existing examples of hard-coated polycarbonate (PC)

tanks used to store high-pressure liquid hydrogen are

resin glass have been limited to back windows and quar-

made of CFRPs. Plastic materials are also used for the

ter glass. However, the worldʼs ﬁrst automobile with a

liner inside the type 4 hydrogen tanks used in some FC

plastic front windshield was unveiled last year(39), and

vehicles(42). Making FC vehicles more widespread calls

this new development will be watched closely.

for reducing the cost and increasing the performance of

4. 2. 2. Interior Parts
Interior materials must provide both a high level of
comfort and a sense of high-quality to vehicle occupants.

these materials.
4. 3. Rubber
The unique viscoelastic properties of rubber materials

Recently, volatile organic compound (VOC) regulations,

make them irreplaceable for functional parts, which in-

odors and other aspects of air quality are receiving an

clude tires and hoses, weather strips, vibration-absorbing

increasing amount of attention. China is moving toward

rubber in parts such as engine mounts and bushings,

establishing regulations in that respect, and there is a

and seals such as O-rings, and gaskets.

global shift toward low-odor and low-VOC materials for

The requirements for tires include a longer service life

materials such as PP and urethane, which are used in

and balancing the contradictory demands of both re-

large quantities in vehicle interiors.

duced rolling resistance and improved wet grip perfor-

High quality interior decoration now tends to be ex-

mance. Tire manufacturers are tackling development

pected in light-duty vehicles as well, spurring the adop-

from the raw material stage to achieve these required

tion of materials with more vibrant colors and surface

performance parameters for tires. In particular, technolo-

materials that possess a more luxurious feel. In addition,

gy that improves silica dispersion is key to improving

the use of surface material decoration that simulates the

these tire characteristics(43).

appearance of stitching (seams) is increasing, and the de-

As engine compartments become more compact and
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the number of downsized engines with superchargers in-

CO̲2 and regulating chemical substances, and new tech-

creases, engine parts are being subjected to an ever

nologies (materials, processes, and equipment) tying into

more severe thermal environment. Consequently, their

energy conservation will be necessary. The simple sub-

rubber hoses are made from materials with excellent

stitution of materials is no longer suﬃcient to reduce ve-

high-temperature durability, such as ethylene propylene

hicle weight, and a radical reformation of the vehicle

diene rubber (EPDM), acrylic rubber (ACM), and ﬂuoro-

structure is becoming necessary. Studies are now under-

carbon rubber (FKM). Vibration-absorbing rubbers, such

way to determine if the designs and functions that were

as those used in engine mounts, have primarily been

previously provided by paints can be replicated with al-

made from natural rubber (NR), but the development of

ternative wrapping ﬁlms. The current trend involves ex-

more heat-resistant formulations is now underway.

panding the application of designs and stripes with Bi-

4. 4. Glass

tone colors and decals.

In addition to basic performance such as safety and

Autonomous driving and safety technologies for CASE

visibility, the development of automotive glass is also ex-

vehicles will also require adapting paints to the light or

pected to provide advanced functions such as weight re-

radio waves from LIDAR or radars (penetration and re-

duction, appealing design, and greater in-vehicle comfort

ﬂection).

in response to vehicle electriﬁcation, the introduction of
intelligent systems, and the use of information technolo-
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