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In this study, the impact of improvements and modifications to the chassis
framework components, referred to as the Body-in-White (BIW), during
the transition from internal combustion engine (ICE) vehicles to electric
vehicles (EVs) is examined. Additionally, the material requirements and
structural differences compared to ICE vehicles are analyzed. In this
context, the literature has been reviewed and presented in a structured flow.
The battery requirement of EVs emerges as a factor that increases weight
compared to internal combustion engine vehicles. Although advancements
in battery technologies have improved the maximum driving range of
vehicles, they remain insufficient on their own, necessitating additional
efforts towards vehicle lightweighting. The integration of these
lightweighting efforts with new technologies has paved the way for the
development of new production methods and assembly techniques. Studies
examining the compliance of evolving vehicle structures with safety
standards, as well as the impact of weight reduction on vehicle emissions,
highlight the necessity of addressing this transformation holistically.
Therefore, this study investigates the body-in-white structures of vehicles
produced by various manufacturers, closely analyzing the changes in
materials, weight reduction, and safety considerations during the ICE to EV
transition process. Furthermore, the new production methods—such as
pressing, welding, and assembly technologies—that companies have
integrated into their mass production lines to contribute positively to this
transition process and weight reduction have become another focal point of
research. These innovations in part manufacturing methods have also
played a significant role in the evolution of the body-in-white concept
during the ICE to EV transition.

Keywords: Body-in-White; Electrical Vehicle; Internal Combustion Engine; Light
weight Design.

1. Introduction

The historical development of EVs can be
traced back to the early 19th century. It is

known that in 1828, Anyos Jedlik created a
model car powered by a small electric motor,
followed by Robert Anderson’s prototype
electric car in 1832, which ran on non-
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rechargeable primary batteries and could reach
a maximum speed of 12 km/h [1,2]. In 1835,
Thomas Davenport produced an electric
motor-powered vehicle, which is now
considered a cornerstone in the history of
electric vehicles [3].

Figure 1.1 Examples of early EVs (A: 1828 Jedlik
design, B: 1832 Anderson design, C: 1834 Davenport
DC motor) [4,5,6]

Following the development of the electric
motor, the idea of using these motors to
provide propulsion for vehicles emerged.
Between 1897 and 1900, EVs outnumbered
ICE vehicles, accounting for 28% of all cars
[7]. These early vehicles allowed electric cars
to be briefly more popular than fossil fuel-
powered engines. However, the advancement
of internal combustion engines and the easy
access to petroleum caused EVs to fall largely
into the background by the early 20th century.
General Motors' release of the EV1 prototype
in 1996 reignited hope for EVs, gaining
significant popularity almost immediately [8].
Other major automakers, including Ford,
Toyota, and Honda, also produced electric
vehicles. The Toyota Prius, introduced to the
Japanese market in 1997, became the world’s
first mass-produced hybrid electric vehicle
(HEV) [9].

EVs have rapidly evolved into a growing
global market. Significant progress has been
made, particularly in EV  powertrain
technologies and energy efficiency, which are
seen as key components of the evolution and
transformation of these vehicles. This increase
in efficiency has also been an important factor
in extending the maximum driving range of the
vehicle [10]. In addition to advancements in
powertrain technologies and energy efficiency,
improvements and modifications to the chassis
framework components, known as the BIW,
during the transition from ICE vehicles to
BEVs, have been shown to have significant
impacts on both road and battery efficiency.
This study examines the effects of these
systems, as well as the material requirements
and structural differences compared to ICE-

supported vehicles. The current range of steel
used in vehicles addresses safety concerns in
the front, side, and rear body designs.
However, with evolving technological needs,
the use of aluminum and magnesium has been
steadily  increasing.  Furthermore, the
development of plastics and composites in
body design is encouraged, as they
demonstrate good performance in pedestrian
collision scenarios, opening the door to
research into effective recycling solutions for
these materials [11].

2. Materials and Methods
2.1 BIW concept and its role in the ICE to
EV transition process

In the literature, BIW refers to the stage in
automotive manufacturing where the body
structure is assembled before the installation of
components such as the engine, chassis, and
other subsystems. It is also referred to as the
"white body" or "unpainted body" process.
This phase involves methods like assembly,
welding, riveting, and laser brazing to form the
vehicle body [12].

Figure 2.1 BIW design and monocoque structure [12]

As the primary load-bearing structure, the BIW
constitutes a significant portion of the vehicle's
weight. Reducing BIW weight contributes
directly to the overall mass reduction of
vehicles. The BIW is a highly complex and
extensive system, so its design must take into
account various disciplines, such as structural
durability, stiffness, noise, vibration, and
safety performance. The traditional body
design process, including both preliminary and
technical design phases, is often complex.
During the transition from ICE to BEVs, the
automotive industry faces two major

challenges:
1. Meeting safety standards
2. Reducing emissions, improving fuel

efficiency, and controlling pollution
While some advancements have been made in
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battery, motor, and control technologies,
development  continues in  light of
technological progress. In this context,
automotive lightweighting has emerged as an
effective and relatively straightforward
solution to address these challenges.
Lightweight vehicles have taken a prominent
position  in  2lst-century  automotive
technology development and have become a
hot topic of research [13].

Reducing vehicle weight has become a key
area of research in the automotive industry. To
lower development costs and shorten the time-
to-market for new vehicles, it is crucial to
optimize BIW design during the concept
design phase [14].

In this context, vehicle chassis components are
typically divided into three main sections:

1. Front engine compartment
2. Passenger cabin
3. Rear trunk

Each section has its own specific purpose and
characteristics. The BIW is produced using
sheet metal, which is shaped into the desired
form and then joined using spot welding. The
resulting structure is highly rigid, and since it
operates as a unified system, it is referred to as
a monocoque. The monocoque distributes the
dynamic loads of normal vehicle operations
across its entire surface, making it a highly
intricate structure. In the event of a crash, the
monocoque transfers forces through side rails
or lateral elements to the base and roof
structures. In modern vehicles, the engine
compartment is used as a crumple zone,
designed to absorb energy during a collision
and slow down the vehicle [15]. The objectives
that automakers aim to achieve as part of the
BEV transition can be examined under key
themes.

2.2 Meeting safety standards

The expectations from safety regulatory
bodies, such as the U.S. National Highway
Traffic Safety Administration (NHTSA), the
European Safety Council, and other safety
oversight organizations, are that vehicles
continue to be built in a way that ensures
greater safety for passengers. At the same time,
automakers are increasingly focused on
enhancing the safety of travel. One of the
challenges faced by manufacturers of BEVs is

protecting the battery with minimal weight
increase due to its addition. Typically placed in
the lowest part of the vehicle, the battery pack
must be shielded from all potential leaks while
also maintaining thermal stability in the event
of a crash, as any breach could pose a serious
fire hazard [16]. In terms of vehicle body
designs, the front and rear sections of electric
vehicles exhibit several differences when
compared to ICE vehicles. These differences
can vary depending on the production
platform, brand, and model of the vehicle. At
the core of these differences are crash tests
conducted to ensure safety and the structural
integrity of the vehicle body. EVERSAFE
conducted frontal crash tests on two first-
generation vehicles (Volvo C30 and Toyota
Yaris), examining how differences in the
design of the front bumper impact vehicle
safety.

Figure 2.2 Eversafe front crash test (Top: Toyota Yaris,
Bottom: Volvo C30) [16]

As part of the test, both vehicles crash into a
fixed barrier at a speed of 48 km/h, with the
impact directed at the center of the vehicle.
Since first-generation EVs were the initial
transition from ICE vehicles, their body
compositions  had  significantly = more
similarities with ICE vehicles compared to the
current generation of EVs. Many of these early
EVs still had a transmission tunnel underneath
the vehicle, and their BIW structures remained
largely unchanged. According to this crash
test, first-generation EVs converted from ICE
vehicles failed to provide adequate
stabilization in the front area. The absence of
powertrain components and the engine block,
which are present in ICE vehicles, resulted in
increased deformation. When comparing the
two vehicles, it was observed that the front
bumper and attached components of the Volvo
C30 more effectively transmitted the impact
force. This finding indicates that the front
bumper designs in EVs need to be improved to
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enhance protection for the centrally located
battery within the vehicle body [16].

2.3 Reducing emissions, fuel efficiency and
pollution control

To combat climate change, the Paris Climate
Agreement was established in 2015 with the
goal of reducing global warming. One
approach to lowering greenhouse gas (GHG)
emissions is the adoption of BEVs. This can
decrease emissions per kilometer by up to 40%
when renewable energy is used to power BEVs
during their operational phase [17].

Vehicles, particularly in countries where
demand for automobiles is growing, are among
the most polluting sources globally. Since
2000, China has experienced a rapid increase
in automobile usage, reaching a growth rate of
17.5% [18]. Reducing fuel consumption is the
only way to control GHG emissions, as 97% of
automobile-related GHG emissions stem from
the combustion process, which is directly tied
to fuel consumption [19].

Figure 2.3 above illustrates the fuel
consumption pathways and the outcomes of
vehicle technologies for mid-sized sedans. The
current technology assesses fuel production
and vehicle technologies using existing raw
materials and process fuel mixes. Future
technologies, on the other hand, represent
advanced powertrain technologies and low-
emission fuel pathways. In this context:

Black Line: The GHG emissions associated
with current technology for the respective
pathways.

Red Line: Projected future vehicle efficiency
gains. The fuel economy improvement
estimates are based on the adoption of
advanced vehicle and powertrain technologies
within the 2030-2035 timeframe. For electric
vehicles, this line represents the state of a
vehicle using the U.S. electric grid mix in 2035
with projected future technology gains.

Blue Line: The GHG emissions associated
with the production of future technology
vehicles, amortized over the vehicle's lifetime.
This represents the lifecycle GHG emissions
from vehicle manufacturing, assuming the
vehicle operates at 0 gCOze/mile fuel. The
vehicle production assumptions here use
baseline assumptions for the electric grid mix,
materials, and vehicle production practices
from the GREET model, and do not consider
additional solutions such as electrification or
the use of low-carbon fuels for vehicle
manufacturing decarbonization.

Downward Arrows: Potential GHG emissions
reductions from low-carbon fuels and
electricity in addition to vehicle efficiency
gains. The gap between the arrows and lines
can be considered the lifecycle emissions
associated with fuel cycles or vehicle operation
[20].
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Figure 2.3 Fuel consumption rates for mid-sized sedans according to technological developments [20]
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The use of lightweight BIW structures
produced from aluminum and advanced high-
strength steel, which are increasingly
employed in the transition from internal
combustion engines to electric vehicles,
significantly = reduces  greenhouse  gas
emissions. Furthermore, the utilization of
aluminum in BIW contributes to substantial
reductions in life cycle energy consumption
and greenhouse gas emissions, while advanced
high-strength steels achieve greater energy
savings per unit mass [21]. The substitution of
steel with aluminum in automotive bodies
demonstrates  significant  potential  for
increasing energy efficiency and reducing CO»
emissions [22]. However, the adoption of
aluminum in the automotive industry faces
several challenges, including high material
costs, the design of safety structures, advanced
manufacturing technologies, and supply chain
issues [19].

2.3.1 Vehicle dynamics

Vehicle dynamics and behavior are among the
characteristics significantly influenced by
vehicle weight on performance. Many driving
parameters, such as cornering stability,
responsive suspension, high-speed stability,
acceleration, and braking, are directly
dependent on the vehicle's weight [23]. Also,
the total vehicle mass has a direct impact on
performance by increasing inertia, contributes
to environmental effects by accelerating tire
and road wear, and affects fuel efficiency due
to the higher engine load [24]. Vehicle
longitudinal dynamics describe the movement
and response of a vehicle along its longitudinal
axis. This motion encompasses various factors,
including acceleration, deceleration, velocity,
position, and the forces influencing the
vehicle's behavior [25].

(1) Rolling resistance
(2) Aerodynamic drag
(3) Internal friction
(4) Inertial force

(5) Gravitational force

Figure 2.4 Illustration of the different factors affecting
vehicle driving resistance [25]

The total tractive force Ft is given by:
Fe=F+F, + F;+F (1)

In this equation Ft represents total tractive
force(N) which sum of E,. rolling resistance
force (N), F, acceleration resistance force (N),
Fy aerodynamic drag force (N) and F;
gravitational force(N)

The rolling resistance at the wheels, is given
by:

F=fxmxg @)
Where m represent vehicle mass (kg) and g
represent acceleration due to gravity (m/s?)
The acceleration resistance is given by:
F,=mXa 3)
Where a represent vehicle acceleration (m/s?)
The aerodynamic drag, is given by:
Fy=1/5Cp X poir x v? x A (4)
Where Cp represent drag coefficient, pg;,-
represent air density (kg/m’), v represent
vehicle speed (m/s) and A represent vehicle
frontal area (m?)

Gravitational force is given by;

F,=mXx g Xsin (a) (5)
Where a represent road grade(®)

Rolling resistance coefficient is given by:
f=a+bv+cvt (6)
In equation (6), the coefficients usually have
the following values for passenger car tire [26]:
a=04

b=25x%x10"°

c=23,5x 10710

The previous equations clearly indicate that the
primary sources of resistance are directly
dependent on the mass (m).

This situation leads to improved damping
characteristics in roll motions, thereby
benefiting driving dynamics. With reduced
weight, inertial masses decrease during rolling
and yawing movements, positively affecting
steering control and the wvehicle's overall
handling behavior [27].

2.3.2 Passive Safety

Weight reduction through material substitution
and compact packaging has significant effects
on safety [28]. Detailed CAE (Computer-
Aided Engineering) analyses Noise, Vibration,
and Harshness (NVH), crash tests, and the
durability of structures demonstrate the safety
of lightweight structures [29]. Passive safety
systems are activated when a crash becomes
inevitable. Honeycomb  structures have
provided lighter and much safer options for
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advanced vehicles. These structures can be
made from aluminum and  various
thermoplastic materials. The application of
honeycomb structures depends on the required
level of safety and whether they are used on the
exterior or interior of the vehicle. As illustrated
in Figure 2.5 below, the use of honeycomb
structures clearly shows the advantage of
absorbing a large portion of the impact energy

[30].
15001
1346 & No Energy Absorber
# With Honeycomb
1 1101
1001 "
S 1000+ 842
3
780 738 779
750 849
500

Upper A-Pillar Side Rail B-Pillar
Roof

Vehicle Location
Figure 2.5 Impact absorption responses of honeycomb
structures based on vehicle chassis regions [30]

A lightweight material not only reduces the
weight of the BIW but also minimizes the risk
to both the occupants inside and those around
the vehicle [31]. The BIW structure, designed
with multi-material usage, has enhanced
performance while successfully reducing both
weight and cost. By combining aluminum
extrusions, castings, and steel press-formed
parts, the structure maximizes stiffness while
minimizing weight. The selection of multiple
materials in BIW manufacturing offers the best
optimization in terms of material cost and
strength, rather than choosing a single material
for the entire body [32]. The adoption of a
multi-material approach has led to a 35%
reduction in vehicle body weight [19].

2.4 Weight reduction and BEV material
usage

Weight reduction in automotive research is not
only limited to conventional fossil fuel
vehicles but also extends to the rapidly
developing electric and FCEV [19]. In recent
years, numerous studies on lightweight
automotive body components and BIW
structures have been conducted and published.
Many of these studies have shown excellent
potential for reducing mass while maintaining
performance. Achieving significant weight

reductions in vehicle packaging, while
preserving safety and performance, requires
substantial changes in the body assembly and
paint workshops. To avoid multi-material
joints and galvanic corrosion issues, material
selection in the design of lightweight vehicle
BIW structures is typically limited to a single
material, leading to "all-steel" or "all-
aluminum" designs [33]. To keep the
processing methods as simple as possible and
the final product prices as low as possible,
special high-strength steels began to be
developed in the last decades of the 20th
century. Compared to conventional steel, these
new materials have much higher strength and
meet the required levels for cutting, forming,
and weldability [34]. In this context, the
percentage of hot-stamped components in BIW
structures is steadily increasing. A clear
example of this trend can be observed in the
evolution of Volvo's BIW design. In 2002,
only 7% of the first-generation XC90 SUV was
made from hot-stamped steel; these
components were particularly used in the B-
pillars and bumper beams. By 2015, this figure
had risen to 38% in the second-generation
XC90, with more parts being produced using
Ultra High Strength Steel (UHSS). In 2015,
around 360 million hot-stamped steel parts
were produced, representing a significant
increase from the 124 million parts produced
in 2010 [35]. N
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cker rails
Roof rails
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Vehicle (Year)

Figure 2.6 Use of hot-stamped components in Volvo
[35]
The rise of BEVs represents another factor in
the growth of the hot stamping market. Due to
the weight of the battery itself and the
increasing demand for the protection of the
battery pack, the curb weight of a typical BEV
is approximately 10% higher than that of an
internal combustion engine vehicle [36]. This
increases the need for weight reduction,
making hot stamping a more prominent option
for BEVs. According to a recent report,

Percentage of hot-stamped parts in BiW
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automaker Hyundai Motors uses hot-stamped
steel in approximately 15% of all steel
components in its internal combustion engine
vehicles, while this figure rises to 20% for
electric vehicles. With the growing need for
lightweight  solutions in  automobile
manufacturing, third-generation advanced
high-strength steels (AHSS) have been
introduced. The design of 3rd Generation
AHSS provides both exceptional mechanical
properties such as strength and ductility at
reduced thickness while maintaining superior
safety standards compared to the first-
generation AHSS. Additionally, these steels
overcome issues such as the high costs
associated with using large amounts of
alloying elements and the decreased
weldability observed in second-generation
AHSS. A notable type among these steels is
MMn steels, which contain approximately 3-
12% Mn, 0.05-0.6% C, 0-3% Si, and 0-6% Al
[35]. A lightweight material not only reduces
the weight of the BIW but also minimizes the
risk for both the passengers inside and those
around the vehicle [31]. The BIW structure,
designed using multiple materials, has
enhanced performance while successfully
reducing both weight and cost. By utilizing a
combination of extrusion, casting, and pressed
aluminum and steel parts, stiffness has been
maximized, and weight has been minimized.
Selecting multiple materials for BIW
production provides the best optimization in
terms of material cost and strength, rather than
using a single material for the entire body. The
use of a multi-material approach has resulted
in a 35% reduction in the vehicle body’s
weight [19].

The use of aluminum in the automotive
industry has steadily increased over the years.
In the North American market, the use of
aluminum per vehicle increased from 154 kg in
2010 to 208 kg in 2020, and it is expected to
reach 258 kg by 2030. This increase is
primarily due to the growing use of aluminum
in areas such as BIW, closures, and chassis
components [37].

It is particularly observed that the use of
aluminum (alloy, casting, extrusion) and
hybrid metals is becoming increasingly
widespread. While the use of soft metals is
decreasing, the utilization of AHSS steel and

composite materials is on the rise.
According to a statement by the World Steel
Association (WSA), the types of steel used in
BEVs vary depending on technology and
needs. It is predicted that in future EVs, 48%
of the steel used will be next-generation
materials with over 1000 MPa, which will
directly impact production methods, and the
equipment used [38]. In terms of weight
reduction using steel and aluminum materials,
the use of hydroformed structures and Tailored
Blanks has been shown to provide a 25%
weight reduction compared to a standard
vehicle. Additionally, lightweight aluminum
usage offers a 50% weight reduction [39].
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Figure 2.7 General materials used in BIW(a) and the
ratio of steel materials over the years (b) [35]
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Figure 2.8 Steel types used in BEVs [38]

Studies have explored carbon fiber parts and
carbon fiber-reinforced polymers to provide
ultra-lightweight solutions, enhance crash
performance, and achieve better acoustic
properties [40]. The wuse of polymeric
materials, despite a 14% cost increase, has
reduced weight by 51% and improved
performance by 10%. Carbon Fiber Reinforced
Polymer (CFRP) has been successfully
investigated for application in lightweight
body structures for electric vehicles. The
microstructure model of carbon fiber fabric has
been examined, and the properties in each axis
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have been defined. These properties were then
applied to the Finite Element Analysis (FEA)
package, and the entire body structure was
analyzed under various loading and impact
conditions, resulting in improved crash
resistance. This CFRP structure achieved 28%
weight savings compared to Glass Fiber
Reinforced Polymer [19].

3.Results and Discussion
3.1. Transition from ICE to BEV platforms

The transition from ICE platforms to BEVs has
presented challenges, particularly around
battery protection. Passenger safety has always
been a priority that drives the scope of
engineering  improvements.  Continuous
development has been an ongoing effort across
various areas of the wvehicle, from the
advancement of AHSS for structural
components to specially designed crumple
zones and airbags.

The addition of batteries in BEVs has
introduced the need to protect the battery pack
from both overheating and intrusion. Although
each automaker has developed its own unique
approach, most have positioned the batteries in
modules and placed them at the lowest level of
the vehicle. Automakers have focused their
efforts on reducing the risk of intrusion and
crashing in the event of an accident.
Manufacturers have implemented various
design improvements in line with these
primary objectives during the BEVs transition
process.

3.1.1 EV body front-end modifications

According to the figure above, 6000 series
aluminum extrusion plates are used in region
1, while AHSS 1is applied in regions 3 and 4.
At this point, the modifications made to the
front provide a 10% deformation advantage
during a collision compared to an ICE vehicle.
The front bumper beam has been extended
laterally (along the Y-axis) and its cross-
sectional width has increased compared to ICE
vehicles. Collision boxes have been added to
the front bumper attachment to reduce impact
during a crash. The connection parts between
the front bumper and the upper body have been
extended to increase load transmission. Bolt
connections have been added to the front door
hinge pillar to increase load capacity [41].

One of the efforts to minimize the impact of
damage in the front-end sections of ICE and
BEVs has been to increase the number of front
bumper support barriers. This application has
been implemented on the Volvo XC40 model.

Figure 3.1 Ford Mustang Mach-E front support
component modifications [41]
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Cowl
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\

Side member A

N Ay —
e A 8 B-Pillar
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o =y \ | ©si

) E
Bumper / L Floor
| H Wheel house
Crash box Upper wing member

Figure 3.2 Volvo XC40 BIW Representation [10]
Three innovations stand out when compared to
ICE vehicles. The front bumper support group
extended using aluminum extrusion, the AHSS
steel connection group establishing a link
between this group and the vehicle's lower
chassis frame, and the aluminum extrusion
connection brackets. As part of the studies
conducted, there are other investigations that
directly affect both the vehicle's range and
weight.

Figure 3.3 Magnesium alloy cross bar production via

die casting method [42]
The example of a magnesium cross bar
produced by "GF Casting Solutions" using the
die casting method is shown in Figure 4.3
above. Magnesium alloy provides a
lightweight advantage of 37% compared to
aluminum [42].

>

Figure 3.4 Addition of front support bracket for GM
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Hummer BEVs [42]

GM has added a "K bracket" in the vacant area
on the front engine side of the ICE to enhance
the front strength of the Hummer BEV model.
This not only provides support for the trunk
located at the front of the BEV but also acts as
a shock absorber, reducing the impact that may
reach the front panel on the driver's side [42].

3.2. EV body mid-side body modifications

Within the scope of BEV, particularly
considering impact resistance, side impacts
pose a greater threat to the battery group
compared to the front and rear sections of the
vehicle. New methods and designs that
combine lightweight with robustness and
safety elements are being applied to vehicles
by manufacturers. The traditional material
used in the B-pillar of a lightweight utility
vehicle is low-carbon steel, which offers strong
safety performance at a relatively low material
cost. However, steel can be heavy compared to
lightweight composites and metals, leading to
higher fuel consumption during vehicle
operation. Opportunities for reducing the
weight of the B-pillar involve replacing steel
with alternative materials such as advanced
high-strength steel, fiber-reinforced polymer
composites, and aluminum [43].

Figufe 3.5 Volvo XC90 ICE B-Pillar replacement [10]

Volvo has 1mplemented Tailor Welded
material in the Center pillar component of the
XC90 wvehicle, which is equipped with an
internal combustion engine, in its second-
generation body design. Sheets with different
material properties and thicknesses have been
combined to form the B-pillar. This method is
also applied in the XC40 model, which is the
first-generation EV model.

Audi has implemented a "soft zone"
application on the B-Pillar. In this application,
the base of the 1500 MPa hot-pressed B-pillar
body is made of 550-650 MPa AHSS steel.
Due to its ability to dampen side impacts and
the weight reduction in the relevant part, this
design is also planned for use in future BEVs
[44].

Ford has utilized 1500-1700 MPa three-part
martensitic roll-formed sheet material in the
Mach-E model. This material is connected to
the main body using a bolt connection method,
positively contributing to energy damping.
Additionally, to achieve both lightness and
strength, vehicle manufacturers are applying
the aluminum extrusion method [41].

I 22MnBS (press hardened)
BN 22MnBS5 (unhardened)

Flgure 3.6 Audi soft zone B-Pillar [44]

Figure 3.7 Ford Mach-E Rocker design changes [41]

@ 3
: g

(D)
Figure 3.8 BEVs Rocker de51gns [45]

The above image shows the schematic
representations of aluminum extrusion panels
used as vehicle rocker panels. The structures
indicated by A, B, and C represent multi-
chamber aluminum extrusion structures, while
D and E illustrate sheets with different
thicknesses and strength values that are
pressed together. In the component
development studies, analyses have shown that
the rocker part is examined in two main
sections: energy damping and battery
protection, depending on the manufacturing
method. The homogeneity of structures in
aluminum extrusion and the ability to alter
pore numbers through design changes provide
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advantages for vehicle manufacturers.
Additionally, the combination of different
sheets with various thicknesses and strengths
to create damping and protection layers is seen
as a continuation of the ICE production
method. However, regardless of the method
applied, the primary goal is to achieve
maximum lightness in the vehicle while
ensuring safety [45].

3.3. EV body floor structure modifications

During the transition from ICE to BEV, one of
the most notable changes in vehicle body
components occurs in the central floor section.
With the removal of the driveshaft tunnel in
2nd-generation EVs, which was present in 1st-
generation EVs, battery and battery pack
designs are playing an increasingly active role
in ensuring the structural integrity of the
vehicle body.

Figure 3.9 Vehicle floor structure design (Left:
Monocoque body, Center: Body-on-frame, right:
Skateboard architecture) [12,46,47]

As battery designs have evolved, the vehicle's
floor structure has also undergone significant
changes. The use of a skateboard-type frame
structure has become more prevalent between
Ist- and 2nd-generation BEVs. Brands such as
Audi e-tron, Nissan Leaf, Chevrolet Bolt,
Tesla Model S, and Jaguar I-Pace have started
adopting this method as part of their battery
protection  strategies.  Various  design
modifications have been implemented by
manufacturers to integrate the battery into the
vehicle and ensure its safety [48].

The most significant difference in the design of
the Jaguar I-Pace is the use of a front bumper
support block with a 45-degree angled
structure, compared to the 90-degree
connection to the main body in ICE vehicles.
This block also houses the torque box. At the
rear, a similarly angled body design helps to
evenly distribute the shock across the body in
the event of a crash. The rear torque box is
integrated into the system from the area
indicated in section 2 of the figure.

Additionally, the side rocker panels are
broader in design.

Additional front Wider reinforced
Reinforced front cross member

side rocker
longitudinal beams
- - - -

Large rear torque box

Flat central Rear seat volume optimized
wrt battery pack shape

Reinforced front
torque box floor

Figure 3.10 Jaguar I-Pace floor structure (Left: ICE,
right: BEVs) [48]

Figure 3.11 Ford Mach-E ICE-BEVs floor structure
comparison [41]

The floor geometry used in the Jaguar I-Pace
model is also observed in the Ford Mach-E
model. The front support panels connect to the
rocker panel by enclosing the torque box in a
monoblock structure.

The 2nd Protection Structure

The 1st :Fore-aft members and floor
Protection cross members
Structure

:Body sills

The 3rd Protection Structure

:High-strength battery frame
Figure 3.12 Central floor structure connections [49]

When examining the central floor structure
connections, it can be seen that protective cross
members made of UHSS steel surround the
battery. In addition to these connections, the
rocker design is also optimized to provide a
protective layer for the battery pack. In
vehicles with internal combustion engines, the
floor structures typically use 600-980 MPa
steel sheets; however, for battery protection,
these have been replaced with lighter yet
stronger 1300-2000 MPa steel materials.

Since 2019, VW’s electric vehicle ID.3 has
featured two seat cross members made from
MBW 1900 steel, as seen in Figure 4.13. These
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components are part of the MEB platform
(Modularer E-Antriebs-Baukasten) and can be
used in other electric vehicles in the VW
Group. MBW 1900 is the trade name for a
press-hardened steel with a tensile strength of
1900 MPa. A properly designed MBW 1900
B-pillar can provide 22% weight savings
compared to a Dual-Phase (DP) 600 design and
is 9% less costly than the original Dual-Phase
design [51].

MBW1900

5 160 MPA
<220 MPA
5420 MPA
< 1000 MPA
u> 1000 MPA

1 concept of seat crossbeam
for all variants of platform

Figure 3.13 Sheets used in the Volkswagen ID.3
platform's floor structure [50]

Ford has also demonstrated that using MBW
1900 instead of PHS 1500 can lead to 15%
more weight savings [52]. In line with the
design of 2nd-generation BEVs, alternative
materials have also been tested in the top and
bottom protective plates of battery packs.
While Ist-generation BEVs used soft steel
battery pack plates, the increasing need for
safety and vehicle integrity has shown that
Dual-Phase steels make much more positive
contributions in 2nd-generation BEVs.

3.4 Production Methods

Advancing  technology has  positively
contributed to the change in manufacturing
methods of vehicle chassis parts during the
transition from ICE vehicle to BEVs. Some of
these methods include aluminum casting,
mega casting, patchwork, and new laser
welding methods.

3.4.1 Aluminum casting

Aluminum is one of the three most widely used
metals in modern society due to its excellent
properties such as lightness, good electrical
and thermal conductivity, high strength,
corrosion resistance, and easy machinability.
Aluminum is often alloyed with other elements
[53]. Over the past decade, studies aimed at
energy savings have revealed that the
production of light and economical vehicles
plays a significant role in reducing fuel

consumption. Aluminum alloys are widely
preferred in the construction of passenger cars,
buses, and especially maritime applications
such as trains [54]. Casting aluminum alloys is
quite common and are increasingly finding
more applications in modern industry.
According to various estimates, 20-30% of all
aluminum products produced worldwide are
used as aluminum castings [55]. With CO2
emissions becoming a significant issue in the
automotive sector, the properties of aluminum
alloys, such as energy and fuel savings, as well
as lightness, have been emphasized. The
largest volume of aluminum components in
vehicles includes cast aluminum for engine
blocks, cylinder heads, and chassis parts [56].
New aluminum casting techniques offer
improved material properties and functional
integration to meet the desired requirements.
This trend is driven by the need for automotive
manufacturers to significantly reduce the
weight of powertrain and chassis components.
Additional features to improve vehicle
performance may lead to an unacceptable
increase in vehicle weight [57]. Significant
weight reduction can be achieved in smaller
but high-volume compact vehicles through the
use of aluminum casting, which is already
widely used in high-end car engines [56].

a b
@ _ad f—\’)-\ 4 4{ ‘\
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Figure 3.14 Examples of aluminum cast structural
parts: cross car beam (a), engine cradle (b), control arm
(c), shock tower (d) [58]

Since 1997, high-vacuum aluminum casting
technology, which provides weight savings,
has been applied in vehicle body structures
despite increasing vehicle weights due to
market forces beyond fuel economy. Using
lightweight aluminum casting technology for
net weight reduction is likely to contribute
significantly to fuel economy at a reasonable
cost. The wider application of aluminum
castings and the weight savings achieved
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through best design practices have been
demonstrated in the MMLV (Multi-Material
Lightweight Vehicle) program. The MMLV
body structure was a good engineering
exercise in using commercially available
different  structural materials, forming
operations, and joining techniques for
engineers. Overall, high-pressure vacuum
aluminum castings offer the possibility of
lower mass, part integration, and fewer
assembly processes [59].

M Aluminum Castings

Spring Bucket

Jnge Pillar

B

Mid Rail

2

Frt Rail Kickdown

<
“

Figure 3.15 MMLYV body aluminum casting parts [33]

The eight castings in the MMLYV consist of the
front shock tower, hinge pillar, kick-down rail,
and rear mid-rail castings on the left and right
sides. Most of the aluminum castings in the
MMLV are mechanically joined to steel
materials using a structural adhesive. The most
commonly used method for such connections
is SPR (Self-Piercing Rivets).

Figure 3.16 Example of a SPR [33]
SPR is a cold mechanical joining process in
which a rivet passes through the top sheet or
both the top and intermediate sheets and locks
into the bottom sheet with the help of a suitable
die. SPR is currently the primary method used

in the assembly of lightweight automotive
structures made from aluminum and composite
materials. SPR emerged half a century ago but
has made significant progress in the last 25
years due to the automotive industry's need to
join  lightweight materials, especially
aluminum alloy structures, aluminum-steel
structures, and other composite materials [59].
The automotive industry is the largest
consumer of aluminum casting alloys, where
they are used in various components such as
engine blocks and transmissions in ICE
vehicles and BEVs. Additionally, the urgent
need for the transition to carbon neutrality is
accelerating trends in weight reduction
(lightweighting) that contribute to energy
savings and the reduction of greenhouse gas
emissions in the automotive industry. The
application of lightweight materials in
automobiles, combined with increasing
electrification, will lead to changes in the
demand for processed and cast alloys in the
near future [60].

3.4.2 Mega-giga casting

Numerous studies have demonstrated that the
use of aluminum in lightweight vehicles has
been increasing for decades. Specifically, it
has been observed that aluminum usage per
vehicle has surpassed 227 kg in North America
and 180 kg in Europe. Although casting has
been the dominant product form until now, in
recent years sheet and extrusion applications
are expected to show the highest growth rates
[61]. The primary reason for using aluminum
has always been to achieve weight reduction.
However,  higher  aluminum  content,
particularly in sheet metal and extrusion
assemblies, also translates into higher costs.
Moreover, if primary aluminum is being used,
it results in a higher carbon footprint. Original
equipment manufacturers (OEMs) and their
suppliers are working to reduce the material
and processing costs of their components,
improve production quality, and enhance
sustainability—meaning,  increasing  the
recycled content in all types of aluminum parts
[62].

In the automotive industry, trends have
emerged among OEMs toward producing
Mega-Cast body components. As of May 5,
2024, Tesla and Volvo have shown on their
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websites that they are adopting approaches to
producing Mega-Cast aluminum components
in the underbody of their vehicles [63]. In
2018, the electric car manufacturer Tesla
patented Mega-Casting, making it possible to
produce an entire car body in one operation
using aluminum high-pressure die casting
(HPDC) in the future [64]. The aim of this
invention is to reduce operating, production,
and tooling costs, along with cycle time. Other
companies planning to use Mega-Casting
include Mercedes-Benz, which refers to this
technology as “Bionic Cast,” as well as
Chinese OEMs XPeng and Nio [63].

In recent years, with the trend initiated by
Tesla, giga-castings (referred to as “mega-
castings” by some OEMs) have started to be
used in BEVs components. With this method,
it is possible to combine many parts used in the
vehicle body into a single component [61].
Examples of this application can be seen in
Tesla’s Model Y. In Figure 3.17 below, the
design of the front and rear body parts of the
Tesla Model 3 and Model Y is shown.

Figure 3.17 Giga casting example: TESLA Model 3
(left) — Model Y (right) [58]

Compared to the Model 3, these two castings
replaced 171 parts and 1,600 welds, removing
300 robots from the assembly line, which
significantly reduced the necessary capital
investment and floor space. Additionally, it
made a significant contribution to lowering the
logistical costs and carbon footprint associated
with the 171 parts [58].

Recently, Volvo and the premium electric
vehicle brand Polestar have adopted giga-
presses, also referred to as mega-castings, and
begun using this technology. As shown in
Figure 3.18, Volvo plans to use this technology
to create a single-piece mega-cast aluminum
base [58].

The mega-cast bases for Volvo’s next-
generation BEVs will already be designed to
include mounting points for parts like
suspension arms and electric motors, which
will eliminate the need for a rear subframe.
Compared to using methods like welding

multiple small parts in chassis production,
mega-casting is expected to enable the
production of monolithic chassis components.
This way, many additional steps in the
assembly phase are removed, aiming to reduce
costs and provide energy-efficient vehicles.
German automaker Mercedes-Benz s
targeting maximum cost and weight reduction
(enabled by mega-casting) to extend the
electric vehicle range by managing energy
consumption [58].

There are several brands that either following
this method or have announced plans to do so.
Among these brands are Mercedes-Benz,
Volkswagen, Toyota, General Motors,
Hyundai, and Chinese BEVs manufacturers
Nio and Xpeng.

7

Figure 3.18 Volvo mega-casting example [58]
3.4.3 Patchwork and BEVs relationship

Today, reducing the weight of components in
the aerospace and automotive industries has
become a crucial step toward lowering gas
emissions and fuel consumption. One of the
most commonly used manufacturing processes
is sheet metal forming, and in this process,
continuous optimization 1is carried out
regarding the weight, strength, and thickness
of the formed sheets. For this purpose,
designers need to predict the strain limits and
localized necking of the formed part; this
subject has been extensively studied in the
scientific literature [65]. With environmental
issues becoming increasingly severe, energy
conservation and environmental protection
have become two critical problems that need to
be addressed in the automotive industry.
Patchwork hot forming technology can be used
to produce lightweight and high-strength parts,
and it is increasingly being applied in the
production of automotive body components.
Since the main sheet and the patchwork sheet
must be joined with spot welds before forming,
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the arrangement of these weld points has a
significant impact on the formability of part
[66].

In recent years, to enhance crash safety, it has
become necessary to design special
components with segmentation of strength and
toughness in some structural parts made of
boron steel. Patchwork hot forming technology
is a new method that offers good applicability
and low-cost advantages, and it is being
increasingly used in the production of such
special components. Currently, the primary
welding methods used in patchwork hot
forming are resistance spot welding, laser
welding, and arc welding [67]. Considering
automotive  manufacturing  costs  and
efficiency, resistance spot welding is a widely
used joining method. In the patchwork sheet
hot forming, the main sheet and the patchwork
sheet are first joined by spot welding, and then
both are heated and hot-formed together. As a
result, patchwork parts with a specific
segmentation of strength and toughness are
obtained [66]. In patchwork sheets, one or
more “patch sheets” (reinforcements) are
superimposed on a “main sheet” and joined by
spot welding. These spot-welded sheets are
then heated in a furnace and hot-formed in a
single operation. The final part will have
increased thickness in the areas of interest. As
shown in Figure 5.6, patchwork sheets can
reduce the need for reinforcement assemblies
after forming.

N

Tnmar
Figure 3.19 Geometries of the main blank and patch for
the B-pillar: (a) before, (b) after the spot welding
process, (c) after hot forming [68]

Since the spot welds in the patchwork process
are also austenitized and annealed, the
hardness distribution is generally better than
that of spot welds made after hot forming [68].
Overlap patch blanks are a subset of patch
sheets. As shown in Figure 3.20, instead of a
shaped main sheet and bracket, two (or more)
flat sheet sub-parts are joined over the “overlap
zone” using the spot welding method, creating

a structure like a specially laser-welded part.
This technology was initially applied to cold-
formed components [69].

Overlap
: ,Blank 1 region

Blank 2
t

Spot welds ti+t;

PHS 1500 - POS 550
Toior Welded Blank

PHS 1500
Partially Hardened

POS 550

h | ‘\\ 3
o W

Figure 3.20 Overlapped patch sheet welding (a) and
Jaguar [-Pace B-pillar (b) [70,71]

The B-pillar reinforcement of the Jaguar I-
PACE, an aluminum-intensive electric SUV
introduced in 2018, was made from a
patchwork sheet. Unlike previous applications,
the main sheet was made of PQS450, which
can be easily added to the rest of the vehicle
through mechanical joining. The patch was
made of PHS1500, improving side impact and
roof crush performance [71].

In the automotive sector, many companies,
including Honda, Volvo, Jaguar, Ford, and
Mercedes, are known to apply the patchwork
method to produce high-strength lightweight
body parts, reducing the need for spot welding
processes, thereby achieving cost and
equipment savings. This method also plays a
significant role in the global reduction of
greenhouse gas emissions.

3.4.4 Laser screw welding

Elements such as formsty, reliability, and
chassis stiffness, which form the basis of
vehicle performance, play a crucial role in the
assembly of the vehicle body’s structure. Most
of these assembly processes are carried out
with spot welding. However, due to current
distribution, it is not possible to shorten the
welding intervals, limiting the number of
joining points, and it is difficult to fully reveal
the strength and stiffness of the structural
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components. The LSW (Laser Screw Welding)
technology developed by Toyota was
introduced to resolve the problem of narrow
plate gap tolerance, which was previously an
issue with laser welding technology. By
applying laser welding to the vehicle body’s
structure, the goal is to enhance vehicle
performance [72].

Short-pitch
with LSW

Figure 3.21 Toyota factory Lexus LSW application
method [73]

In 2011, the LSW process was integrated into
Toyota’s Lexus production factory, adding
approximately 150 LSW welding points, thus
commercializing this technology as a means to
enhance driving stability and comfort. From
the early stages of development, the primary
purpose of LSW has been to renew the
structural integrity and improve vehicle
performance, such as crash safety [73].

LSW is approximately three times faster than
traditional spot welding and can be applied
throughout the vehicle. Replacing some of the
thousands of spot welds in a vehicle structure
with LSW can increase productivity. The
welding process in the vehicle chassis with
LSW can be shortened by up to 40% by
replacing the spot welds with LSW. The main
objective of LSW development is to enhance
the fundamental performance of the vehicle
structure. LSW is also used flexibly between
aluminum and steel materials on assembly
lines. Toyota claims that thanks to the
versatility and speed of this technology,
assembly line length has been reduced by
approximately 50%. This also brings with it a
reduction in factory CO2 emissions [73].

4. Conclusions

The ongoing efforts to generate and store
electrical energy from renewable energy
sources, combined with advancements in
automotive technology, have played a
significant role in reducing fossil fuel

consumption and carbon footprints. These
developments have contributed greatly to the
transition from ICE vehicles to BEVs. Efforts
to reduce the weight of electric vehicles, driven
by the added weight of batteries, have opened
the door to new technologies and the use of
innovative materials in the automotive
industry. It can be concluded that vehicle
lightweighting is not only important for
increasing battery range but also for enhancing
fuel efficiency by reducing emissions and
controlling pollution. The trend toward
producing  lighter vehicles has also
necessitated changes in materials and
manufacturing methods in the vehicle's welded
underbody parts to meet safety standards. In
particular, the integration of aluminum casting
methods with giga-mega presses and the use of
hot-formed sheet materials have demonstrated
that electric vehicle dynamics can yield better
results than the monocoque body structures of
internal ~ combustion  engine  vehicles.
Emerging technologies, such as LSW,
Patchwork, and Giga-Mega aluminum casting
methods, are expected to facilitate the
transition from internal combustion engine
vehicles to electric vehicles by offering
advantages in lightness, durability, cost
efficiency, and safety, while also enabling
longer ranges and more environmentally
friendly features.

Declaration of Competing Interest

The authors declare that they have no known
competing financial interests or personal
relationships that could have appeared to
influence the work reported in this paper.

CRediT authorship contribution statement

Murat Onat: Conceptualization, Data
curation, Formal analysis, Investigation,
Methodology, Software, Validation,
Visualization, Writing — original draft, Writing
—review & editing.

5. References

1. D. Maresch and J. Gartner, "Make
disruptive technological change happen - The
case of additive manufacturing," Technol.
Forecast. Soc. Change, vol. 155, p. 119216,
2020.https://doi.org/10.1016/j.techfore.2018.0
2.009

2. Yong J, Ramachandaramurthy VK,
Tan KM, Mithulananthan N. A review on the



https://doi.org/10.1016/j.techfore.2018.02.009
https://doi.org/10.1016/j.techfore.2018.02.009

138 International Journal of Automotive Engineering and Technologies, IJAET 14 (2) 123-141

state-of-the-art  technologies of electric
vehicle, its impacts and prospects. Renewable
and Sustainable Energy Reviews.
2015;49:365-385.
https://doi.org/10.1016/j.rser.2015.04.130

3. Molina-Ibanez EL, Rosales-Asensio E,
Pérez-Molina C, Mur Pérez F, Colmenar-
Santos A. Analysis on the electric vehicle with
a hybrid storage system and the use of
superconducting magnetic energy storage
(SMES). Energy Reports. 2021;7(Suppl.
5):854-873.
https://doi.org/10.1016/j.egyr.2021.07.055

4, Sabonnadiére JC, editor. Renewable
Energies. London (UK), Hoboken (USA):
ISTE, John Wiley & Sons; 2009.

5. Guarnieri M. Looking back to electric
cars. In: Proceedings of the 3rd IEEE History
of Electrotechnology Conference
(HISTELCON "2012); 2012 Sept 5-7; Pavia,
Italy.

6. Davenport T. Improvement in
propelling machinery by magnetism and
electro-magnetism. US patent 132A. 1837 Feb
25.

7. Rahman M, Wang X, Wen C. A review
of high energy density lithium-air battery
technology. J Appl Electrochem. 2014;44:5—
22.

8. Chang C. Factors affecting capacity
design of lithium-ion batteries. Batteries.
2019;5:58.

9. Ntombela M, Musasa K, Moloi K. A
comprehensive review for battery electric
vehicles (BEV) drive circuits technology,
operations, and challenges. World Electr Veh

J. 2023;14:195.
https://doi.org/10.3390/wevj14070195
10.  Enriquez J. Body in white architecture

for an electric vehicle concept [Master's
thesis]. Chalmers University of Technology,
Sweden; 2016.

11.  Davis G. Materials for Automobile
Bodies. ISBN: 978-0-08-096979-4, 2012.

12. Pradeep SA, Pilla S. Applied Plastics
Engineering Handbook. 2nd ed., 2017.

13. Zhang J, Hu S, Guo X, Zhou Q.
Multidisciplinary Design Optimization of
BEV Body Structure. SAE Technical Paper
2015-26-0229, 2015.
https://doi.org/10.4271/2015-26-0229.

14. Liu B, Zhan Z, Zhao X, Chen H, et al.

A Research on the Body-in-White (BIW)
Weight Reduction at the Conceptual Design
Phase. SAE Technical Paper 2014-01-0743,
2014. https://doi.org/10.4271/2014-01-0743.
15. European Aluminium Association. The
aluminium automotive manual. Version 2013.
European Aluminium Association; 2013.

16.  Léost Y, Boljen M. Crash simulations
of electric cars in the EVERSAFE project. In:
X1 International Conference on
Computational Plasticity: Fundamentals and
Applications (COMPLAS XIII). Fraunhofer
Institute for High-Speed Dynamics, Ernst-
Mach-Institut (EMI), Freiburg, Germany; n.d.
17. E. G. Vogt, L. Gebel, C. Meyer, M.
Mennenga, and C. Herrmann, "Methodology
for qualifying the use of green steel in body
components: A contribution to the life cycle
engineering of steel," Procedia CIRP, vol. 122,
pp- 473-478, 2024.
https://doi.org/10.1016/j.procir.2024.01.069.
18. Hao H, Wang S, Liu Z, Zhao F. The
impact of stepped fuel economy targets on
automaker’s light-weighting strategy: The
China case. Energy. 2016;94:755-765.
https://doi.org/10.1016/j.energy.2015.11.051.
19. Shinde P, Ravi K, Nehru N, Pawar S,
et al. Light Weight BIW Solutions for
Improving Functional Properties: A Review.
SAE Technical Paper 2016-01-8138, 2016.
https://doi.org/10.4271/2016-01-8138.

20.  Kelly JC, Elgowainy A, Isaac R, Ward
J, Islam E, Rousseau A, Sutherland I,
Wallington TJ, Alexander M, Muratori M,
Franklin M, Adams J, Rustagi N. Cradle-to-
Grave lifecycle analysis of U.S. light-duty
vehicle-fuel pathways: A greenhouse gas
emissions and economic assessment of current
(2020) and future (2030-2035) technologies
(ANL-22/27 Rev.l). Argonne National
Laboratory; 2020.

21. Lewis A, Keoleian G, Kelly J. The
Potential of Lightweight Materials and
Advanced Combustion Engines to Reduce Life
Cycle Energy and Greenhouse Gas Emissions.
SAE Technical Paper 2014-01-1963, 2014.
https://doi.org/10.4271/2014-01-1963.

22. Muttana S, Mubashir S.
Lightweighting of Passenger Cars: A
Comparative Lifecycle Analysis of Energy
Consumption and CO2 Emissions. SAE
Technical Paper 2013-26-0072, 2013.



https://doi.org/10.1016/j.rser.2015.04.130
https://doi.org/10.1016/j.egyr.2021.07.055
https://doi.org/10.3390/wevj14070195
https://doi.org/10.4271/2015-26-0229
https://doi.org/10.4271/2014-01-0743
https://doi.org/10.1016/j.procir.2024.01.069
https://doi.org/10.1016/j.energy.2015.11.051
https://doi.org/10.4271/2016-01-8138
https://doi.org/10.4271/2014-01-1963

International Journal of Automotive Engineering and Technologies, IJAET 14 (2) 123-141 139

https://doi.org/10.4271/2013-26-0072.

23.  LiL, Sandu C. On the impact of cargo
weight, vehicle parameters, and terrain
characteristics on the prediction of traction for
off-road vehicles. Journal of Terramechanics.
2007;44:221-238.
https://doi.org/10.1007/s11044-006-9007-5.
24, Sun, Z., Premarathna, W. A. A. S.,
Anupam, K., Kasbergen, C., & Erkens, S. M.
J. G. (2024). A state-of-the-art review on
rolling resistance of asphalt pavements and its
environmental impact. Construction and
Building Materials, 411, 133589.
https://doi.org/10.1016/j.conbuildmat.2023.13
3589

25. Abdullah, M., Idros, S., Toha, S. F., &
Md Said, M. S. (2024). Modelling of Vehicle
Longitudinal Dynamics for Speed Control.
Journal of Advanced Research in Applied
Mechanics, 123(1), 56-74.
https://doi.org/10.37934/aram.123.1.5674

26. Candela, A., Sandrini, G., Gadola, M.,
Chindamo, D., & Magri, P. (2024).
Lightweighting in the automotive industry as a
measure for energy efficiency: Review of the
main materials and methods. Heliyon, 10(8),
€29728.
https://doi.org/10.1016/j.heliyon.2024.e29728
27.  Shevket C, Re P, Ciulla L.
Development of Low Friction and Light
Weight Wheel Hub Units to Reduce Both the
Brake Corner Un-Sprung Mass and Vehicle
CO2 Emission - Part 2 - Weight Reduction.
SAE Int. J. Passeng. Cars - Mech. Syst.
2011;4(3):1422-1431.
https://doi.org/10.4271/2011-01-2375.

28. An F, DeCicco J, Ross M. Assessing
the Fuel Economy Potential of Light-Duty
Vehicles. SAE Technical Paper 2001-01-2482,
2001. https://doi.org/10.4271/2001-01-2482.
29. Sithik M, Vallurupalli R, Lin B,
Sudalaimuthu S. Simplified Approach of
Chassis Frame Optimization for Durability
Performance. SAE Technical Paper 2014-01-
0399, 2014. https://doi.org/10.4271/2014-01-
0399.

30. Hallas A, Carruthers J. Honeycomb
Materials: A Solution for Safer, Lighter
Automobiles. SAE Technical Paper 2002-01-
2113, 2002. https://doi.org/10.4271/2002-01-
2113.

31.  Evans L. How to make a car lighter and

safer. Traffic Safety. 2004.
https://doi.org/10.4271/2004-01-1172.

32. Skszek T, Zaluzec M, Conklin J,
Wagner D. MMLYV: Project overview. SAE
Technical Paper 2015-01-0407, 2015.
https://doi.org/10.4271/2015-01-0407.

33. Conklin J, Beals R, Brown Z. BIW
design and CAE. SAE Technical Paper 2015-
01-0408, 2015. https://doi.org/10.4271/2015-
01-0408.

34, Lesh C, Kwiaton N, Klose F. Advanced
high strength steels (AHSS) for automotive
application — Tailored properties by smart
microstructural adjustments. Steel Research
International. 2017, 88(10):1700210.
https://doi.org/10.1002/srin.201700210.

35. LiJ, Tong C, Zhang R, Shi Z, Lin J. A
data-informed review of scientific and
technological developments and future trends
in hot stamping. International Journal of
Lightweight Materials and Manufacture. 2024;
7(2):327-343.
https://doi.org/10.1016/].ijlmm.2023.11.003.
36. China  Society of  Automotive
Engineers. Annual evaluation of technology
roadmap for energy saving and new energy
vehicle 2019. Beijing: China Machine Press;
2020.

37.  The Aluminum Association. Roadmap
for automotive aluminum; 2022.
38. Czerwinski F. Current trends in

automotive lightweighting strategies and
materials. Materials. 2021; 14(21):6631.
https://doi.org/10.3390/mal4216631.

39.  Langerak N, Kragtwijk S. The
application of steel and aluminum in a new
lightweight car body design. SAE Technical
Paper 982285, 1998.
https://doi.org/10.4271/982285.

40.  Adam H. Carbon fibre in automotive
applications. Materials & Design. 1997; 18(4-
6):349-355.  https://doi.org/10.1016/S0261-
3069(97)00076-9.

41.  Mikolaiczik M. Ford’s 2021 Mustang
Mach-E. Great Designs in Steel Symposium;
2021. Track 1 - Session 1.

42. Seiter D, Veal Jr J, Dissler S, Perry W.
GMC Hummer EV SUV body structure.
Presented at: Great Designs in Steel 2023
Symposium; 2023; USA. Track 1 - Session 1.
43, Ivkovi¢ D, Adamovic D, Arsic D,
Ratkovic N, Mitrovi¢ A, Nikoli¢ RR. Review



https://doi.org/10.4271/2013-26-0072
https://doi.org/10.1007/s11044-006-9007-5
https://doi.org/10.1016/j.conbuildmat.2023.133589
https://doi.org/10.1016/j.conbuildmat.2023.133589
https://doi.org/10.37934/aram.123.1.5674
https://doi.org/10.1016/j.heliyon.2024.e29728
https://doi.org/10.4271/2011-01-2375
https://doi.org/10.4271/2001-01-2482
https://doi.org/10.4271/2014-01-0399
https://doi.org/10.4271/2014-01-0399
https://doi.org/10.4271/2002-01-2113
https://doi.org/10.4271/2002-01-2113
https://doi.org/10.4271/2004-01-1172
https://doi.org/10.4271/2015-01-0407
https://doi.org/10.4271/2015-01-0408
https://doi.org/10.4271/2015-01-0408
https://doi.org/10.1002/srin.201700210
https://doi.org/10.1016/j.ijlmm.2023.11.003
https://doi.org/10.3390/ma14216631
https://doi.org/10.4271/982285
https://doi.org/10.1016/S0261-3069(97)00076-9
https://doi.org/10.1016/S0261-3069(97)00076-9

140 International Journal of Automotive Engineering and Technologies, IJAET 14 (2) 123-141

of the advanced high-strength steels used in the
automotive industry: Review of advanced
high-strength steels and their manufacturing
procedures. Mobility and Vehicle Mechanics.
2023; 49(3):47-64.
https://doi.org/10.24874/mvm.2023.48.03.04.

44.  Taylor T, Clough A. Critical review of
automotive hot-stamped sheet steel from an
industrial perspective. Materials Science and
Technology. 2018; 34:1-53.
https://doi.org/10.1080/02670836.2018.14252
39.

45.  Great design in Steel presentation. EV
structure lightweight combo made of OLPB
door ring wave rocker; 2023.

46. Sarmento A, Luiz A, Pereira J, Barbieri
C, Sakuramoto C. Body structure contribution
for automotive energy efficiency improvement
- INOVAR Auto program. SAE Technical
Papers. 2013; 13.
https://doi.org/10.4271/2013-36-0142.

47. Kumar S, Verma A, Kumar K,
Baburajan A. Skateboard chassis system with
battery for a three-wheeler electric vehicle.
USD919026S1; 2021 May 11.

48.  Singh H. Body structure evolution from
internal combustion engine to electric vehicles.
In: Global automotive lightweight materials;
2019 Feb 20.

49, Uwai H, Isoda A, Ichikawa H,
Takahashi N. Development of body structure
for crash safety of the newly developed electric
vehicle. 2011.

50.  Liikken I, Tenneberg N. Volkswagen
ID.3. Presented at: Aachener Karosserietage;
2019 Sep 17-18; Aachen, Germany.

51. Hoffmann O. Lightweight steel design
in the modern vehicle body. In: Werkstoff-
Forum  Intelligenter  Leichtbau; 2011;
Hannover, Germany.

52. Lanzerath H. Simulation: Enabler for
the efficient design of lightweight boron
intensive body structures. Presented at: Insight
Edition Conference; 2011 Sep 20-21;
Gothenburg, Sweden.

53. Graedel TE, Reck BK, Miatto A. Alloy
information helps prioritize material criticality
lists. Nat Commun. 2022; 13:150.
https://doi.org/10.1038/s41467-021-27829-w.

54.  Zeytin H. Aluminum alloys and
automotive applications in future. MAM
MKTAE Project Number: 5S0H5602; 2000.

55.  Criqui B. Proc. Int. SLC Conference on
innovative developments for lightweight
vehicle structures; 2009 May; Germany. p.
157.

56.  Kaufman JG, Rooy EL. Aluminum
alloy castings: properties, processes, and
applications. ASM International; 2004.

57. Baser TA. Aluminum alloys and
automotive  applications.  Journal  of
Engineering and Machine. 2012; 53(635):51-
58.

58. Baser TA, Umay E, Akinci V. New
trends in aluminum die casting alloys for
automotive applications. In: International
Conference on Technology, Engineering and
Science (IConTES); 2022 Nov 16-19; Antalya,
Turkey. ISSN: 2602-3199; 2022. p. 79-87.

59. Li D, Chrysanthou A, Patel I, Williams

G.  Self-piercing  riveting—a  review.
International Journal of Additive
Manufacturing Technology. 2017;

92(7):1777-1824.
https://doi.org/10.1007/s00170-017-0156-x.
60. Wang B, Zhang Z, Xu G, Zeng X, Hu
W, Matsubae K. Wrought and cast aluminum
flows in China in the context of electric vehicle
diffusion and automotive lightweighting.
Resources, Conservation and Recycling. 2023;
191:106877.
https://doi.org/10.1016/].resconrec.2023.1068
77.

61.  Hartlieb A, Hartlieb M. The impact of
giga-castings on car manufacturing and
aluminum content. Light Metal Age: The
International Magazine of the Aluminum
Industry. 2023; 18. p. 1-3. June 12, 2023.

62. Hart C, Afseth A, Zuidema B.
Aluminum value in battery electric vehicles.
The Aluminum Association; 2022.

63.  Burggrif P, Bergweiler G, Kehrer S,
Krawczyk T, Fiedler F. Mega-casting in the
automotive  production  system: Expert
interview-based impact analysis of large-
format aluminium high-pressure die-casting
(HPDC) on the vehicle production. Journal of
Manufacturing Processes. 2024; 124:918-935.
https://doi.org/10.1016/].jmapro.2024.06.028.
64. Schuh G, Fiedler F, Bergweiler G,
Dworog L. Chancen und Risiken von Mega-
Casting in der Fahrzeugproduktion - Die
Karosserie aus dem Aluminium-Druckguss. wt
Werkstattstechnik online. 2022; 112:580-585.



https://doi.org/10.24874/mvm.2023.48.03.04
https://doi.org/10.1080/02670836.2018.1425239
https://doi.org/10.1080/02670836.2018.1425239
https://doi.org/10.4271/2013-36-0142
https://doi.org/10.1038/s41467-021-27829-w
https://doi.org/10.1007/s00170-017-0156-x
https://doi.org/10.1016/j.resconrec.2023.106877
https://doi.org/10.1016/j.resconrec.2023.106877
https://doi.org/10.1016/j.jmapro.2024.06.028

International Journal of Automotive Engineering and Technologies, IJAET 14 (2) 123-141 141

https://doi.org/10.37544/1436-4980-2022-09- 67. Technical Report I-CAR New Zealand.
52.

65. Sorrentino L, Parodo G, Giuliano G.
Lightweight structures: An innovative method
to uniform the thickness of metal sheets by
patchwork blanks. International Journal of
Lightweight Materials and Manufacture. 2022;
5(1):20-28.
https://doi.org/10.1016/].ijlmm.2021.08.003.
66. Li W, Zhang Z, Jia H, Ren M. The
optimization of welding spots’ arrangement in
A-Pillar patchwork blank hot stamping.
Metals. 2023; 13:14009.
https://doi.org/10.3390/met13081409.

67. Yang J, Xiao M, Wu L, Li Z, Liu H,
Zhao Y, Guo W, Tan C. The influence of laser
power on microstructure and properties of
laser welding-brazing of Al alloys to Al-Si
coated 22MnB5 steel. Optics & Laser

Technology. 2023; 162:109318.
https://doi.org/10.1016/j.optlastec.2023.10931
8

68. Lei C, Xing Z, Xu W, Hong Z, Shan D.
Hot stamping of patchwork blanks: Modelling
and  experimental  investigation.  The
International Journal of  Advanced
Manufacturing Technology. 2017; 92:Article
10.1007/s00170-017-0351-9.

69. Pinard F, Cretteur L, Sener JY. State of
the art regarding design, modeling and
processing of spot-welded patched blanks for
the automotive industry. In: Proceedings of the
2004 International Deep Drawing Research
Group (IDDRG) Conference; 2004; pp. 174—
181.

70.  Bodin H. Method of hot-shaping and
hardening an object from a metal sheet, and a
B-pillar for a wvehicle. US Patent
US10155545B2; 2018.

71.  Black S, Rowlings S, Dietrich C.
Jaguar [-PACE. Presented at: EuroCarBody;
2018 Oct 16-18; Bad Nauheim, Germany.

72. Koreishi T, Makino J, Ogura S,
Kumagai T, Cheng M. L —% — [ ERE
kA AW T2 IR F#BA%  [Development
of Vehicle Body Structures Using Laser
Circular Scanning Welding Method]. Toyota
Technical Review. 2018; 64(122). ISSN:
0916-7501.

73.  Lane M. Auto body technologies: A
look into Toyota / Lexus welding methods on
the production line. PanelTalk. 2018 Dec; 64-


https://doi.org/10.37544/1436-4980-2022-09-52
https://doi.org/10.37544/1436-4980-2022-09-52
https://doi.org/10.1016/j.ijlmm.2021.08.003
https://doi.org/10.3390/met13081409
https://doi.org/10.1016/j.optlastec.2023.109318
https://doi.org/10.1016/j.optlastec.2023.109318

