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CHASSIS

Trends for New Conditions in
Chassis and Axle Components
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Chassis Trends from Light-
weight Design to Validation

The transition from combustion engines to battery-electric drives is leading to

new vehicle platforms with altered mass distribution, higher total weight, and
integrated battery packs. This transformation has a direct impact on the design,
dimensioning, and virtual validation of chassis components. Hirschvogel high-
lights the trends in materials technology and forging processes for chassis and
axle components under new boundary conditions.
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B The profound transformation in
the automotive industry is reshaping
the requirements for chassis and axle
components and thus their develop-
ment. Electrification, global platform
strategies, and increasing cost pressure
are influencing vehicle architectures
as well as changes to subsystems, such
as those made necessary by brake-by-
wire and steer-by-wire technology. At
the same time, requirements for ride
comfort, vehicle dynamics, crash and
functional safety, and efficiency con-
tinue to increase. As a result, chassis
and axle systems are gaining impor-
tance as function-critical assemblies
within overall vehicle development,
also for the Hirschvogel Group.

Battery electric vehicles in particu-
lar are placing new demands on chas-
sis design compared to conventionally
powered cars. Higher vehicle masses,
altered mass distributions, and new
packaging constraints lead to higher
load spectra and more stringent bound-
ary conditions. The axle is increasingly
evolving from a primarily mechanical
structure to a highly integrated assem-
bly that combines mechanical and
functional aspects.

In this article, key trends in the
development of chassis and axle com-
ponents will be highlighted. In addi-
tion to developments in materials and
manufacturing technology, methodo-
logical approaches to virtual design
and validation are examined to dem-
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onstrate interactions between design,
simulation, system integration, and man-
ufacturing for lightweight forging [1].

SYSTEM-LEVEL REQUIREMENTS
FOR MODERN CHASSIS SYSTEMS

Modern chassis and axle assemblies
today must meet a wide range of con-
flicting requirements. In addition to
classic target values such as stiffness,
strength, and durability, comfort and
NVH properties are becoming increas-
ingly important. At the same time,
aspects such as weight, installation
space, costs, and sustainability are
coming to the fore. These require-
ments can no longer be optimized

in isolation at the component level;
instead, they require a holistic, system-
level approach.

A key driver of this development
is the increasing electrification of the
powertrain. Compared to conven-
tional passenger cars in the same seg-
ment, battery electric vehicles have sig-
nificantly higher overall vehicle masses
in average. Review work of current light-
weight-design strategies estimate this
effect at around 20 to 30 % additional
mass, primarily attributable to the bat-
tery pack. For example, the VW ID.7,
currently the 2025 best-selling electric
vehicle in Germany, has a minimum
curb weight of 2180 kg in its basic ver-
sion. In contrast, the VW Passat with
combustion engine in its basic version
weighs only 1672 kg. The additional
mass has a direct impact on wheel loads,
axle loads, and thus on the design of
load-bearing chassis structures.

The increased vehicle mass not only
raises overall energy demand but also
results in significantly higher road and
rolling loads. For chassis and axle devel-
opment, this means investigations in
higher structural loads from special and
misuse events, changed fatigue strength
requirements, and increasing demands
on elasto-kinematics and NVH tuning.

In addition to the absolute mass, the
altered mass distribution also plays a
key role. The positioning of the high-
voltage battery in the vehicle under-
body shifts the center of gravity and
the axle load distribution, which has
a direct impact on vehicle dynamics.

In particular, rear axle loads increase
significantly. Systematic comparisons
to conventional or electrified drives
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FIGURE 1 Different underbody designs using the example of a Peugeot 3008 depending on
the type of drive: electric drive of the eGT model variant from 2024 (top) and combustion
engine drive of the 1.2 PureTech Allure model variant from 2016 (bottom) (© A2Macl)

(Source: A2MAC1, AOOOO4KSBU1EUO1)

show that these effects must be taken
into account early on in the develop-
ment phase in order to resolve target
conflicts between vehicle dynamics,
comfort, and efficiency.

To ensure that the battery can be
optimally positioned in the underbody
and contribute effectively to a 50:50 axle
load distribution, sufficient installation
space must be available. FIGURE 1 shows,
using the Peugeot 3008 SUV as an exam-
ple, the underbody with a trailing arm
axle compared to one with a multi-link
axle. The multi-link axle provides sig-
nificantly more space for the battery,
which is why it is increasingly preferred
even in compact class battery-electric
vehicles.

In addition, functional integration
within the axle is constantly increas-
ing. Components such as wheel carriers,
control arms, and axle carriers not only
perform load-bearing functions today,
but also serve as interfaces for sensors,
actuators, and brake systems. This mul-
tifunctionality increases design com-
plexity and requires close coordination
between design, simulation, and manu-
facturing. As a result, the axle becomes
a central component in the overall vehi-
cle system, whose properties have a sig-
nificant influence on vehicle dynamics.

Another aspect is the increasing vari-
ety of models. Platform strategies mean
that axle assemblies have to be designed
for different vehicle derivatives and drive
variants. This requires scalable concepts
that can be adapted to varying boundary
conditions with reasonable effort. Modu-

larization and a building block thinking
are therefore playing an increasingly
important role in axle development.

MATERIAL AND MANUFACTURING
TRENDS IN AXLE DEVELOPMENT

The increasing system-level require-
ments for chassis and axle assemblies
have a direct impact on the selection
of materials and the design of manu-
facturing processes. While classic cast
iron or sheet steel constructions con-
tinue to play a central role, high-strength
and ultra-high-strength steels or alumi-
num components are being used more
frequently; these materials enable high
load-bearing capacities with reduced
material usage. The task of compo-
nent suppliers is to resolve the conflict
between weight, stiffness, and service
life as efficiently as possible.

In FIGURE 2, FIGURE 3 and FIGURE 4,
it is illustrated, using the example of
a damper fork, how different material
choices affect component properties.
Three variants are compared here: the
conventional aluminum casting alloy
EN AC-AISi7 T6, the typical aluminum
wrought alloy EN AW 6082 T6 (forging),
and the material 38MnVS6, a forging
alloy frequently used for steel compo-
nents. The same geometry is deliberately
chosen to ensure that material-related
differences can be compared under iden-
tical conditions. Both aluminum vari-
ants, each weighing 802 g, offer signifi-
cant advantages in terms of the un-
sprung mass compared to the heavier
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FIGURE 2 Damper fork as an example: Comparison of plastic elongation for one cast part and two forged

parts at 2.2 mm displacement (© Hirschvogel Umformtechnik GmbH)
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FIGURE 3 Damper fork: Comparison of plastic elongation for one cast part and two forged parts
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steel version at 2323 g. With regard to
stiffness, and consequently ride comfort
properties, the steel version performs
better. When it comes to buckling behav-
ior and service life, the forged aluminum
part provides an excellent compromise
at minimal weight. The deformability of
the aluminum forging prior to fracture is
particularly noteworthy. It reaches maxi-
mum load at a significantly higher defor-
mation displacement than the other two
manufacturing variants. Both alumi-
num components show good corrosion
resistance under the demanding adverse
environmental conditions of chassis
applications, without the need of addi-
tional corrosion protection.

A defining trend is the function-ori-
ented component design in close con-
junction with the manufacturing pro-
cess. Modern forming and forging tech-
nologies make it possible to place the
material precisely along dominant load
paths. Locally adapted wall thicknesses
and optimal fiber orientation in accor-
dance with the main load direction
result in highly resilient axle compo-
nents that also make a significant con-
tribution to weight reduction. Manufac-
turing thus evolves from a mere imple-
mentation step to an active enabler of
component functionalities.

With increasing functional integra-
tion, the demands on process stability
and reproducibility are also rising.

Axle components, such as a forged
aluminum control arm, FIGURE 5, must
exhibit consistent properties not only
under laboratory conditions, but also
across large quantities and, ideally, in
a global manufacturing network. This
requires early consideration of manu-
facturing boundary conditions as early
as the concept and design phase. Toler-
ance strategies, component robustness,
and control of process-related variations
are thus becoming increasingly import-
ant for the overall performance of the
axle assembly.

At the same time, aspects of industri-
alization and scalability are moving fur-
ther into focus. OEM platform strategies
require component solutions that can
be transferred to different vehicle deriva-
tives without the need to establish new
manufacturing processes in each case -
worldwide. Standardized semi-finished
products, modular geometry concepts,
and flexible process chains support this
approach and help to shorten develop-
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ment and ramp-up times.

In addition to mechanical targets,
sustainability aspects are increasingly
influencing the choice of materials and
processes. Resource-efficient use of
materials, reduced scrap rates, and the
recyclability of the materials used are
becoming more relevant. Modern steel
grades in particular offer significant
potential for reducing the CO, footprint
of axle components without compromis-
ing safety or performance.

TRENDS FOR SIMULATION
AND VIRTUAL VALIDATION

In parallel with developments in mate-
rials and manufacturing technology,
methodological approaches in chassis
and axle development are undergoing
fundamental changes. Virtual develop-
ment and validation methods continue
to gain importance and are now an inte-
gral part of modern engineering pro-
cesses. The goal is to complement physi-
cal testing in a targeted manner and to
reduce development time and cost with-
out compromising the quality or robust-
ness of the components.

Simulation-based methods for design-
ing structure, kinematics, and elasto-
kinematics are already used in early
development phases. Multi-body sim-
ulations, coupled with FEA-based struc-
tural models, make it possible to virtu-
ally evaluate chassis behavior under
various load cases and driving maneu-
vers. This enables early identification
of conflicting requirements and sup-
ports iterative optimization.

Another trend is the increasing cou-
pling of simulation and test bench envi-
ronments. Hardware-related models
and real-time simulations allow axle
components and assemblies to be
tested on test benches under realistic
boundary conditions. These so-called
X-in-the-Loop (XiL) approaches form
a bridge between the virtual and phys-
ical worlds and contribute significantly
to maturity validation. They offer par-

FIGURE 5 Typical forged aluminum control arm (rear axle) that fits well into the
available installation space (© Hirschvogel Umformtechnik GmbH)

ticularly high potential for complex
axle systems with active components,
where functional interactions must be
reliably validated.

The consistency of the tool chains
plays a central role in this context.
Reliable results require coherent mod-
els and data that remain consistent
across all development phases and
already account for manufacturing
influences. At the same time, close
cooperation between OEMs, suppli-
ers, and engineering services provid-
ers is essential to clearly define inter-
faces and avoid data loss. The over-
arching goal arises to reduce testing
effort through simulation driven val-
idation, thereby increasing develop-
ment speed and lowering costs.

COLLABORATION ALONG
THE VALUE CHAIN

The trends described before are
leading to a shift in collaboration
along the holistic value chain. De-
velopment responsibility is increas-
ingly being shared between all
companies involved. Early involve-
ment of all stakeholders is crucial to
make conflicting requirements
transparent and to develop efficient
solutions.

Joint development models, coordi-
nated simulation approaches, and
clearly defined responsibilities form
the foundation of successful co-devel-
opment projects [2]. Especially for highly
integrated axle assemblies, iterative

exchange between design, simulation,
and manufacturing is necessary to
keep rising complexity manageable.

OUTLOOK

Chassis and axle assemblies will play

a key role in future driving experience
and overall vehicle performance. With
the transition to software-defined vehi-
cles, active and controllable systems will
continue to gain importance. Mechani-
cal excellence remains indispensable
but must increasingly be considered in
close conjunction with simulation, soft-
ware, and manufacturing. End-custom-
er-relevant functions in the overall sys-
tem must also be understood by compo-
nent suppliers and integrated - among
other things - into simulations.

The successful development of future
axle systems therefore requires suppli-
ers such as the Hirschvogel Group not
only to drive technological innovation,
but also to adapt their development pro-
cesses and engage in intensive coopera-
tion of all departments from develop-
ment to production.
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Rear Axle Wheel Carrier From one of the world’s largest manufacturers

Thanks to the wrought alloys used by Hirsch- of forged and machined components made of
vogel, the wheel carrier demonstrates signifi- steel and aluminum, you can be sure of quality
cantly higher strength and elongation than typ- gains — notably a win in terms of strength and
ical cast aluminum components — a valuable durability.
contribution to lightweight design on the rear See the difference for yourself!
axle and to the overall efficiency of the vehicle.
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