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1 Abstract

The increasing adoption of additive manufacturing (AM) in the automotive sector enables lightweight, func-
tionally integrated components and shorter development cycles compared to traditional manufacturing [1]. In
suspension systems, AM has been used to redesign wheel and suspension structures with integrated conductions
and improved load paths, revealing outstanding potential for weight reduction and part consolidation [2]. Di-
rect metal AM of automotive parts further supports the production of structurally efficient, topology optimized
geometries tailored to specific load cases while matching performance and reliability requirements [1, 3].

AM encompasses a family of layer-wise processes such as powder bed fusion, material extrusion, vat pho-
topolymerization and binder jetting, each with characteristic resolutions, build rates and thermal histories that
influence part properties [4]. These processes can produce parts from polymers, metals, ceramics and compos-
ites, providing designers with a spectrum of materials whose stiffness, strength and durability depend strongly
on process parameters and scan strategies [4, 5]. In manufacturing and construction contexts, the tight inte-
gration of CAD, slicing and toolpath generation within a digital workflow shifts many design constraints from
traditional tooling toward process-specific limitations such as support generation, build orientation and layer
induced anisotropy [6]. As a result, structural components intended for AM must be evaluated with respect
to these process dependent constraints, motivating simulation driven design and topology optimization (TO)
frameworks that explicitly incorporate AM capabilities and limitations [5, 6].

(AM) overview studies report a transition from rapid prototyping to functional production components
across multiple manufacturing industries, driven by opportunities for part consolidation, design customization
and reduced tooling requirements [5]. In the construction sector, AM-enabled digital workflows and layer-
wise deposition strategies are used to realise structurally efficient forms, internal channels and graded sections
that align with architectural and structural performance targets [6]. Parallel developments in the aerospace
and automobile sectors show that similar capabilities are exploited to produce lightweight, high-performance
components and to shorten development cycles, providing a broader technological context for applying AM-
informed topology optimisation to automotive suspension structures in this work [5, 7].

2 Introduction

Additive manufacturing (AM), or 3D printing, has become an important manufacturing route in the aerospace
and automobile sectors, where components are built directly from CAD data by depositing material layer
by layer [7]. In metal AM, the combination of high design freedom, geometric complexity, lightweighting
potential and part consolidation enables highly integrated suspension and chassis structures that are difficult
to obtain with conventional subtractive methods [8]. These capabilities make AM particularly attractive for
re-engineering load-bearing systems such as automotive suspension arms, where mass reduction and functional
integration must be achieved while maintaining structural stiffness and durability [7]. At the same time, multi-
scale and multi-physics simulations of metal AM processes have shown that numerical models can predict
thermal histories, residual stresses and defect formation across different length scales, offering a robust tool for
process understanding and quality assurance [9]. Building on these developments, the present work investigates
topology-optimized automotive suspension components tailored for metal AM, coupling structural optimization
of an A-arm with process-aware analysis to assess both manufacturability and in-service performance.
Modeling and simulation play a central role in exploiting metal additive manufacturing for structurally
efficient components, with reviews classifying approaches into thermal, thermo-mechanical, microstructural
and geometric models that capture different aspects of the layer-wise process [10]. Multi-scale and multi-
physics frameworks further couple melt-pool scale heat transfer and fluid flow to part-scale stress and distortion
predictions, enabling more accurate estimation of residual stresses, dimensional accuracy and defect formation



in complex geometries [9]. At larger scales, research on multi-robot additive manufacturing uses path-planning
optimisation, deposition-sequence scheduling and interference avoidance strategies to coordinate multiple print
heads over a shared build space, demonstrating how algorithmic control and simulation can significantly improve
build efficiency for large structures [11]. Motivated by these simulation-centric practices, the present work
imports an existing suspension A-arm in STEP format and applies a sequential ANSYS-based pipeline—baseline
structural finite element analysis, density-based topology optimisation, SpaceClaim geometry clean-up and
autofix, and final validation simulations—to obtain an AM-suitable design that satisfies stiffness and strength
requirements.

From an industrial perspective, recent reviews on additive manufacturing in the automobile sector describe
how major manufacturers are progressively integrating AM across prototyping, tooling and low-volume compo-
nent production, while also highlighting market drivers such as electrification, customization and sustainability
[12]. Development-oriented surveys further emphasize that the adoption of AM technology in the automotive
field depends on expanding printable materials, improving process stability and quality control, and reducing
overall manufacturing cost to move from demonstrators toward broader deployment [13]. In parallel, advances
in gradient-structured metals and alloys demonstrate that tailored microstructural architectures can deliver en-
hanced combinations of strength, ductility and fatigue resistance, offering promising material systems for highly
loaded AM components [14]. Within this landscape, a topology-optimised suspension A-arm designed explic-
itly for metal AM contributes a component-level case study that connects emerging materials and industrial
adoption trends with simulation-driven structural design for automotive applications [12, 13, 14].

3 Background

Additive manufacturing is increasingly embedded in digitally driven, green automotive production, where na-
tional and industrial roadmaps identify AM as a core technology for shortening development cycles, improving
part quality, and enabling lightweight designs in highly competitive vehicle markets [13]. Recent mini-reviews
focused on the automotive sector further summarize the range of AM processes already deployed—such as
FFF, SLS, SLM, Binder Jetting and SLA—and discuss their use in functional vehicle parts, rapid proto-
typing and electric-vehicle components, while also emphasizing limitations in build size, production volume,
material /process robustness, post-processing effort and standardization as key challenges for broader industrial
adoption [15]. Beyond process adoption, recent materials research on gradient-structured metals and alloys
shows that tailoring heterogeneous microstructures can simultaneously enhance strength, ductility and fatigue
resistance, offering a pathway to durable yet lightweight suspension links and chassis components [14]. At
the manufacturing-system level, large-scale AM concepts based on multi-robot collaboration address build-
envelope and productivity limitations of single-machine platforms, coordinating multiple deposition robots
to fabricate complex structures with higher efficiency [11]. Together, these developments in automotive AM
practice, advanced metallic materials and scalable manufacturing architectures motivate the present study on
topology-optimized, additively manufacturable suspension A-arms that can eventually exploit gradient alloys
and large-format metal AM systems [11, 13, 14, 15].

4 Objectives

The present work has the following objectives:

e To perform a linear static structural analysis in ANSYS Mechanical on an existing suspension A-arm in
order to establish a baseline response in terms of von Mises stress distribution, total deformation patterns
and deformation magnitudes under representative load cases.

e To carry out density-based topology optimisation of the A-arm, using the baseline structural response as
input, with the goal of reducing mass while constraining stiffness and stress levels.

e To target an approximate 20% reduction in component mass in order to increase the natural frequency of
the arm—wheel assembly, reduce inertial and self-weight loads, and decrease additive manufacturing build
time and material consumption, as discussed in the theoretical framework.

e To reconstruct and clean the optimised geometry and to validate the redesigned A-arm through repeated
static structural and fatigue analyses, verifying that the topology-optimised component theoretically
maintains comparable performance to the baseline design in terms of von Mises stresses, total deformation
and fatigue metrics (life and equivalent alternating stress).

e To assess the suitability of candidate AM materials and processes for manufacturing the optimised A-arm
by constructing a material performance index and applying a decision matrix that combines mechanical
properties, density and AM-specific constraints.



5 Theoretical framework

From a vibration standpoint, reducing the mass of the suspension A-arm has a direct impact on its natural
(resonant) frequency. Approximating the arm—wheel assembly locally as a single degree-of-freedom system with
equivalent stiffness £ and mass m, the undamped natural circular frequency w, and frequency f, are

k 1 /k
n — -y n = 5\ —- 1
w m ! 2r V' m (1)

For a given stiffness k, decreasing the mass m increases f,,. In this study, the topology optimisation is therefore
formulated to achieve approximately 20% mass reduction. If the initial mass is my and the optimised mass is
Mopt = 0.8 My, the ratio of natural frequencies is

Jopt _ [0 L ~1a2, (2)
f() Mopt 0.8

which corresponds to an increase of about 12% in natural frequency for the same stiffness. A higher natural
frequency shifts resonance away from typical road-excitation and operating frequencies, reducing the risk of
large vibration amplitudes in the suspension links and bushings.

A second benefit of mass reduction is the decrease in inertial forces. For a given acceleration a, the inertial
force associated with the A-arm mass is

Finertia =ma. (3)
With mep: = 0.8 mg and the same acceleration a, the force ratio is

Fopt mopt
= P — 038, 4
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so the inertial contribution to joint loads and internal forces is reduced by 20%. The same proportional reduction
applies to the self-weight of the arm, W = myg, and to bending moments generated by that self-weight, which
are directly proportional to W.

In a simplified unsprung-mass model, the vertical natural frequency of the unsprung assembly can be written

as
1 [k
fu= e\ e )

where k; is the effective tyre stiffness and m,, is the unsprung mass (wheel, brake, arm and associated hardware).
Reducing the A-arm contribution to m, leads to

fu,opt _ My,0 (6)
fu,O 7nu,opt7

so that a lower unsprung mass shifts the unsprung natural frequency upward and improves wheel contact with
the road surface for the same excitation spectrum.

Finally, for metal additive manufacturing processes such as laser powder bed fusion, both build time ¢4
and powder consumption Mypewder scale approximately with the part volume (and hence mass). Assuming
constant process parameters,

tbuild,opt ~ O-Stbuild,07 Mpowder,opt ~ 0.8 Mpowder,0, (7)

for a 20% mass reduction. This directly translates into shorter build times, lower material usage and reduced
manufacturing cost. Taken together, the increased natural frequency, reduced inertial and self-weight loads,
improved unsprung-mass characteristics and lower AM process effort provide a theoretical justification for
targeting a 20% reduction in component mass while maintaining or improving the structural performance of
the suspension system.

6 Methodology

The proposed methodology follows a simulation-driven workflow that starts from a CAD-based suspension
component and progressively refines it into an additively manufacturable, structurally verified design. The
baseline double-wishbone A-arm is first imported in STEP format and checked in SolidWorks for dimensional
consistency and critical geometric features, after which it is transferred to ANSYS Mechanical for material
assignment, mesh-convergence studies and linear static finite element analysis to obtain von Mises stress and
deformation fields under representative suspension load cases. Similar FE-based verification of load-bearing AM



components is routinely employed before fabrication in recent automotive suspension and bracket case studies
[2, 3]. Based on these results, a density-based topology optimisation is performed in ANSYS to minimise
compliance subject to volume and stress constraints, consistent with literature where topology optimisation is
coupled with AM to reduce mass while maintaining structural performance [2]. The optimised density field
is then exported to SpaceClaim for facet and overlap clean-up, autofix and shrink-wrap operations, followed
by reconversion to a watertight solid that respects minimum feature sizes and other AM-related geometric
constraints. This interpreted geometry is re-imported into ANSYS Mechanical for validation simulations, where
the redesigned A-arm is evaluated through stress, displacement and a material performance index combining
mass and stiffness, an approach aligned with multi-scale and multi-physics modelling frameworks that link
geometry, loading and predicted mechanical response in metal AM structures [9, 10]. If target performance is
satisfied, the validated model proceeds to slicer configuration for subsequent AM process planning.
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Figure 1: Simulation and design workflow for a topology-optimised, additively manufacturable suspension A-
arm.

The ANSYS Workbench project is organised into three linked systems: an initial static structural analysis, a
topology optimisation system that reuses the same engineering data and geometry, and a final static structural
system for validation of the optimised design.
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Figure 2: ANSYS Mechanical environment used for structural validation of the optimised geometry.
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Figure 3: Simulation and design workflow for the topology-optimised suspension A-arm.



7 Double Wishbone Suspension A-Arm component dimensions

The baseline geometry of the simulated component, referred to as the Plan, is shown in Figure 4. The part is a
front suspension A-arm with a Y-shaped layout, where the two chassis-side bushings are spaced approximately
251.54mm apart and connected to the wheel-side bushing by curved arms of length about 158.38mm. The
overall span from the rear chassis joint to the wheel-side joint is about 303.54mm, while the arm thickness in
the vertical direction is on the order of 50mm, giving a relatively slender bending member. Large fillet radii (e.g.
R110 and R27.77) smooth the load path between the arms and the central pocket region, reducing local stress
concentrations, and the cylindrical interfaces for the bushings (diameters 36mm, 30mm and 48mm) define the
mechanical joints through which suspension loads are transmitted. These dimensions collectively establish the
stiffness, lever arm and packaging constraints of the A-arm and form the reference geometry for the subsequent
finite element analysis and topology optimisation.
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Figure 4: Plan and orthographic views of the baseline suspension A-arm (Plan) with key dimensions.

8 Simulation Setup

In the baseline static structural setup, the inner bushing of the A-arm is constrained with a Fized Support, so all
translational and rotational degrees of freedom are suppressed at the chassis-side joint. On the opposite bushing,
a surface-based pressure load of 5e6Pa is applied to the inner cylindrical face in the global loading direction,
converting to a distributed resultant force that represents the combined wheel-side reaction transmitted through
the joint. Because the load is imposed as a uniform pressure rather than a point force, it is spread over
the contact surface and avoids artificial stress concentrations at individual nodes. Together, these boundary
conditions idealise the A-arm as a cantilevered link fixed at the chassis and loaded through the wheel joint,



providing a representative suspension loading scenario for evaluating von Mises stress and total deformation
(Figure 5).
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Figure 5: Applied boundary conditions for the baseline static structural analysis of the A-arm.

9 Structural Analysis Results

Resultl — Total deformation

The total deformation plot in Figure 6 shows the global bending response of the baseline A-arm under the
applied load case. The maximum displacement is approximately 1.2mm at the loaded outer bushing, while
the inner bushing at the chassis side remains essentially fixed. This smooth deflection shape confirms the
expected cantilever-like behaviour of the component and provides a reference for later comparison with the
topology-optimised geometry.
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Figure 6: Resultl — total deformation of the baseline A-arm under the static load case.

Result2 — Equivalent elastic strain

Figure 7 presents the equivalent elastic strain distribution for the same loading. Elevated strain levels are
concentrated around the fillet regions near the bushings and at the junction where the two arms meet, while
the mid-span of the arms experiences significantly lower strain. The peak equivalent elastic strain is on the
order of 1073, indicating purely elastic behaviour for typical metallic suspension materials and highlighting the
geometric transitions that govern local stiffness.
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Figure 7: Result2 — equivalent elastic strain distribution in the baseline A-arm.



Result3 — Equivalent (von Mises) stress

The equivalent (von Mises) stress field in Figure 8 follows a similar pattern, with maximum stresses of about
2.0e8Pa located in the same fillet and junction regions identified in the strain plot. Large areas of the arms
carry considerably lower stresses, suggesting potential for material removal in those zones. These stress hot
spots therefore define the critical regions for static strength and motivate the subsequent topology optimisation
to redistribute material while controlling peak von Mises stress.
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Figure 8: Result3 — equivalent von Mises stress distribution in the baseline A-arm.

10 Fatigue Analysis Results

The fatigue life results in Figure 9 (Lifel) indicate a minimum life of about 2.4e4 cycles concentrated at the inner
fillet near the loaded bushing, while most of the arm remains well above 1e5 cycles. The equivalent alternating
stress distribution in Figure 10 (Life2) shows a matching hotspot in the same fillet region, confirming that this
transition governs the fatigue performance of the baseline A-arm.
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Figure 9: Lifel — predicted fatigue life distribution for the baseline A-arm.
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Figure 10: Life2 — equivalent alternating stress distribution in the baseline A-arm.

11 Topology Optimization Setup

11.1 Region — Optimisation region definition

For the topology optimisation step, the optimisation region is defined as the solid volume of the A-arm excluding
the functional interfaces, as illustrated in Figure 11. The blue area represents the design region in which the
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density-based algorithm is allowed to remove or retain material, while the red exclusion regions correspond
to the bushing contact surfaces and end faces that must remain unchanged to preserve mounting geometry,
load application areas and boundary conditions. By freezing these twelve interface faces, the optimisation can
redistribute material only within the structural links between the joints, ensuring that the resulting topology-
optimised geometry remains compatible with the original suspension assembly and can be directly compared
with the baseline design.
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Figure 11: Region — design (blue) and exclusion (red) regions used in the topology optimisation setup.

Retain — Mass response constraint

In the topology optimisation setup, the response constraint is defined on the Mass of the optimisation region
with a Percent to Retain of 80%, as shown in Figure 12. This setting limits the algorithm to remove at most
around 20% of the baseline mass while minimising compliance, ensuring that the optimised A-arm remains
sufficiently bulky to satisfy the static strength and fatigue requirements identified in the baseline analysis.
Similar mass-constrained topology optimisation strategies are reported for additively manufactured suspension
and bracket components, where weight reduction must be balanced against stiffness and stress limits [2, 3].
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Figure 12: Retain — topology optimisation response constraint with 80% mass retained in the design region.

Settings — Topology optimisation parameters

The topology optimisation analysis settings, shown in Figure 13, use a maximum of 500 iterations with a
minimum normalised density of 1073 and a convergence accuracy of 5e-2, providing enough iterations for the
density field to stabilise while avoiding excessive computational cost. A penalty factor of 3 is adopted for
the SIMP scheme to promote a clear black—white material distribution, which is standard practice for stiffness-
driven topology optimisation. Manufacturing constraints are set to Include Exclusions, while minimum member
size and AM overhang constraints are applied only to the design region, and a program-controlled filter is used
to suppress checkerboarding and mesh-dependent artefacts.
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Figure 13: Settings — topology optimisation analysis parameters in ANSY'S.

12 SpaceClaim geometry clean-up and export

Shrinkwrap

After importing the topology-optimised density field into SpaceClaim, a Shrinkwrap operation is applied to
generate a watertight faceted body around the iso-surface of the material distribution, as shown in Figure 15.
This step removes internal voids and highly irregular cells while preserving the overall topology, producing a

single, closed triangular mesh that is suitable for further geometric repair and conversion.

13



s¥s-5 g% - Ansys Discovery

D Desion  fDispiay U Measure  MbFacers X, Repair G SimuLaTION

Symmetry (@ Simulation Options @ Global

o2
- o M Natural Frequency 2 @ Local
QuickScope Z==  Materials Structural Fluid Flow Solid Thermal Simulation

Quick START PHysics ResuLts FiDELITY

e =A

Physics

Structural steel, $275N

i

RN
KA
AL

R

WaTAva VAN

LVAAADIA
DT,

vat

Simulation 1

@

<ARTCTER >

Click an object. Double-click to select an edge loop. Triple-click to select a solid.

Figure 14: Topology-optimised A-arm geometry in ANSYS Discovery.
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Figure 15: Shrinkwrap — creation of a watertight faceted body around the topology-optimised geometry.

Conversion to solid

The shrinkwrapped facet body is then converted to a solid model using the Convert to solid command with
face merging enabled (Figure 16). This operation stitches the triangulated surface into larger analytic patches,
reduces the number of faces and generates a single solid body that can be meshed robustly in ANSYS Mechanical
and used for subsequent validation simulations.
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Figure 16: Conversion to solid — merging facets into a single solid body.

Facet error check

Finally, the Check Facets tool is used to detect non-manifold vertices, gaps or inverted elements in the repaired
mesh (Figure 17). A zero—error report confirms that the cleaned geometry is free of topological defects, ensuring
a consistent volume and boundary representation before exporting the solid back to ANSYS Mechanical for
structural re-analysis.
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Figure 17: Facet error check — verification of the cleaned faceted body prior to export.

Material Selection for Additive Manufacturing

For the topology-optimised A-arm, candidate alloys must support structural performance, fatigue resistance
and manufacturability in metal AM:

Suspension and wheel-end AM demonstrators show that chassis parts demand high stiffness-to-weight
ratio and robust fatigue performance under multiaxial loading [2].

Metal powder-bed fusion processes (e.g., LPBF) are the most mature routes for dense structural AM
parts and dictate that materials be available as weldable, fine powders with suitable thermal properties

[8]-

Process—structure—property simulations highlight that residual stresses and defects depend strongly on
alloy thermal behaviour and scan parameters, so material choice must be consistent with the AM process
window [9].

Automotive AM surveys emphasise cost, qualification status and industrial availability as key criteria in
addition to mechanical performance [15].

Emerging gradient-structured metals offer potential for locally tailored strength and ductility in highly
loaded AM components and motivate consideration of future multi-material or graded designs [14].
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Table 1: Candidate AM materials for manufacturing the topology-optimised A-arm.

Material family

Example alloy

AM process

Rationale for A-arm applica-
tion

Reference

Al-Si casting-type
aluminium

Maraging / tool

steel

Stainless / struc-

tural steel

Titanium alloy

Gradient-
structured metals

AISi10Mg

Maraging steel

(e.g., 18Ni)

Austenitic or
martensitic stain-
less steels

Ti-6Al-4V

Graded steels / al-
loys

Laser powder bed
fusion (LPBF)

LPBF or DED

LPBF

LPBF

Advanced LPBF
with tailored scan
strategies

Low density, good specific
stiffness and strength after
heat treatment; widely used
for lightweight automotive
AM parts

High yield strength and good
toughness for highly loaded
brackets and mounts; demon-
strated in direct AM of auto-
motive structural parts

Good strength and fatigue
resistance with established
AM process windows; suit-
able where corrosion resis-
tance and robustness are pri-
oritised over minimum mass
Very high specific strength
and corrosion resistance,
attractive  for  aggressive
lightweighting of suspension
links subject to high stress
Conceptual option for future
designs where localised gra-
dient microstructures could
enhance fatigue resistance in
critical fillets while maintain-
ing overall stiffness

(4]

[14]

14 Material performance index

For the topology-optimised suspension A-arm, the principal material drivers are specific stiffness, specific

strength and suitability for metal additive manufacturing (AM) [2, 3, 4, §].

Following Ashby’s selection

methodology, a stiffness-limited index for bending-dominated members may be written as My o E/? /p,
while a strength-limited index is M, « o,/p, where E is Young’s modulus, o, is yield strength and p is density.
Because precise property values are not required at this stage, the candidate alloys from Table 1 are scored
qualitatively on a 1-5 scale (5 = best) for:

e Sp: specific stiffness, reflecting E/2/p.

e S, specific strength, reflecting o, /p.

e Sanr: AM suitability (process maturity, parameter availability and automotive track record) [8, 3, 15].

A combined, dimensionless material performance index I; for material j is then defined as

Ij =wgSg,j +wsSsj +wanSanm.j,

(®)

with weighting factors wg = 0.4, w, = 0.3 and w4p; = 0.3 to emphasise specific stiffness while still accounting
for strength and AM practicality. Table 2 summarises the resulting decision matrix and overall index values

(scores 1-5).
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Table 2: Decision matrix and material performance index I; for candidate AM alloys (scores 1-5; higher is
better).

Material Se S Sam I; Rank
AlSil0Mg (Al-Si) 3 3 5 3.6 3
Maraging steel 3 ) 4 3.9 2
Stainless / struc- 3 = 2 4 3.0 5

tural steel

Ti-6A1-4V tita- 5 4 4 4.4 1
nium

Gradient- 4 4 2 3.4 4
structured metals

(concept)

Within the assumptions of this index, Ti-6Al-4V offers the highest combined performance for a lightweight,
highly loaded A-arm, followed by maraging steel, while AlSi10Mg provides a good compromise between per-
formance and AM maturity. Gradient-structured metals show promising specific properties but currently score
lower on AM readiness because of their limited industrial maturity [14].

15 Decision matrix

Based on the material performance index, the two best candidates for the topology-optimised A-arm are Ti-
6A1-4V and maraging steel [2, 3, 4]. Table 3 summarises their scores and final ranking.

Table 3: Reduced decision matrix for the top two candidate materials.

Material I; Rank
Ti-6A1-4V 4.4 1 (preferred)
Maraging steel 3.9 2 (alternative)

Ti-6Al1-4V is therefore selected as the primary AM material for the A-arm, with maraging steel retained as
a high-strength backup option.

In ANSYS Engineering Data, the Ti-6Al1-4V alloy is selected from the Additive Manufacturing Materials
library for the optimised A-arm, as shown in Figure 18.
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of Ti-6A1-4V from the Additive Manufacturing Materials library in ANSYS Engineering

- =R Context  D: Copy of Static Structural - Mechanical [Ansys Mechanical Enterprise] - &8 X
_ Home = Materials  Display  Selection  Automation  Add-ons  Learing and Support Quick Launch 20 ~
]D 4Cut X Delete | My Computer %} d W Snamedseiection [F Commands (@ images~ . E E VTags (D Manage Views & Print Preview HiManage~
=" Bcopy QFind v Distributed il EIW i coorainate system CIComment [l section Plane o Owizara  [BSelection information 4 Report Preview Huser Defined ™
i Solve i W
DUPIICate |3y pcte S Treew | Cores|s ohe Pespurce | AMabSiS g pemotepoint  LliChat  EAnnotation | UMS Worksheet Keyframe b chow Ermors BB Unit Converter [EIKey Assignments | siaen (JReset Layout
Qutiine Solve & Insert Tools Layo!
Outline v B O X Engineering Data: Material View v ix
(I project .
= Hodel (D4) @ Ti-6Al-4v L
B/ Geometry Imports ‘Sample data representative of TI-6AI-4V &
. /% Geometry Import (D3) Ths
&,/ Geometry
fx@ SYS-5-FreeParts|Sys-12
x® SYS-5FreeParts|sys-1 B
&,/ Materials Desiy 2
® et~ —T
-
- Structural v
e Isotropic Easticity 2]
Bilinear lsotropic Hardening m
 hotropic Secant Cosficint of Thermal Expansion
125,
-4/ @ Equivalent Elastic Strain
/@ Equivalent Stress N g
& »//m Fatigue Tool Coefficient of Thermal Expansion
ases
23wz ade
Details of "Ti-6AI-4V" v4oOx Zero-Therma-Sirain Reference Temperature 1985 *C
=1 Common Material Properties
Density table(T) = 43681 kg/m* Themal =
Young's Modulus table(T) = 9.3991e-10Pa 7 :
Orthatrapic Thermal Conductivity
Thermal Conductivity i - - ] -
Specific Heat table(T) = 630.27 Jkg~"C Geometry Data: Material View
Tensile Yield Strength s cBx
Tensile Ultimate Strength )
Nonlinear Behavior Troe v/ Show Errors (0) v Show Warnings (1) v/ ShowInfo (0) v Merge Messages v| Pop-up Messages
Full Details Click To View Full Details |Text |associ | Timestamp
1| Statistics Monday, December 8, 2025 2:20:39 AM
Assigned Bodies [o

Section Planes | Details

it into the current Outline location.

19




LIER Context D Copy of Static Structural - Mechanical [Ansys Mechanical Enterprise] - & X
Home | Materials  Display  Selection  Automation  Add-ons  Leaming and Support uick L 20 ~
D %C X Delete | My Computer - % [ on [E Commands (@ images~ o-g |=: E D Tags (D Manage Views & Print Preview fiManage~
Bcopy QFind | v/ Distributed i Eid CIComment [Hsection plane ™ — Owizard  [[xselection Information " Report Preview [T user Defined~
Duplicate Solve Resource | Analysis Units srksheet Keyframe Full
= Bpaste fwTree~ | Cores 8 S prédiction e t |t Chart [ Annotation S Animation L& Show Errors & Unit Converter EdKey Assignments | screen (JReset Layout
Outline Solve & Insert Took Layout
Outline v } O X Engineering Data: Material View v ix
[ Project - T
- @ Model (D4) 0 Ti-6Al-4v ]
BB} Geometry Imports L8 — L3873 ’
/% Geometry Import (D3)
&% Geometry Structural v
x® SYS-5FreeParts|svs-12 .
«@ SYS5FreeParts|SYS-1 otrapic Sty i)
/{8 Materials Silnear sctropic Hardening |
& Structural Steel  lsotropic Secant Coefficient of Thermal Expansion
v THeAl-av 1755,
/3K Coordinate Systems
&) Connections
/B Mesh o
-~ {8 Named Selections Coeficient of Thermal Expansion X
-/ Static Structural (D5)
[l Analysis Settings sees
»®, Fixed Support -2.3e42 A 82e+2
@, Pressure
Wi Zero-Thermal-Strain Reference Temperature 1985 °C
=8 Solution (D6) =
(%) Solution Information
/% Equivalent Blastic Strain Thermal v
/@ Equivalent Stress Orthatropic Thermal Conductivity E
-3 Fatigue Tool -
4
Details of “Ti-6A1-4V" v B O X Spactic Hex Constant Pressure £
=| Common Material Properties
Density table(T) = 4368.1 kg/m* Sae2
Young's Modulus table(T) = 9.3991e-10Pa Dhez c  17e
Thermal Conductivity | Orthatropic | v
Specific Heat table(T) = 630.27 J/kg"C Geometry | Engineering Data: Material View
Tensile Yield Strength | Messages -
Tensile Ultimate Strength
N R T v Show Errors (0) v Show Warnings (1) v Showlnfo (0) v  Merge Messages v Pop-up Messages .
Full Details Click To View Full Details | Text | Associati | Timestamp.
ol Statists Warninc| One or more objects may have lost some 5copina attachments durina the aeometry updaf Project Monday. December 8, 2025 2:20:39 AM
Assigned Bodies [o

Section Planes | Details

4 1Message  NoSelection 4 Metric (m, kg, N, 5,V,A) Degrees rad/s Celsius

16 Topology-optimised A-arm T.O Geometry Validation: Struc-
tural Analysis

After topology optimisation, geometry cleanup and material reassignment, the optimised suspension A-arm
is re-analysed under the same static loading and boundary conditions as the baseline steel arm, now using
Ti-6Al1-4V, the top-ranked material from the performance index and decision matrix. The results below show
that the deformation shape and hotspot locations remain consistent with the baseline case, while stresses and
strains increase to levels that are still reasonable for Ti-6A1-4V. Overall, the fields look smooth and physically
coherent, with no spurious peaks caused by the faceted surface, so the results can be considered qualitatively
reliable for static comparison.

TO1 — Equivalent elastic strain distribution

The equivalent elastic strain plot in Figure 19 shows that the maximum strain in the optimised Ti-6Al-4V
arm is about 3.9e-3, concentrated at the inner fillet of the loaded bushing. Along the main arms, strain levels
drop by an order of magnitude, indicating that stiffness is still governed by the Y-branch region near the joint,
similar to the baseline component. Compared with the original steel arm, the strain hotspot is located in the
same region but with a higher magnitude, which is consistent with both the reduced mass of the optimised
geometry and the lower Young’s modulus of Ti-6Al-4V.
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Figure 19: TO1 — Equivalent elastic strain distribution in the topology-optimised Ti-6A1-4V A-arm.

TO1A — Deformed strain field view

Figure 20 provides an alternative view of the same equivalent elastic strain field, highlighting the global bending
of the Y-shaped span. The cantilever-like deflection pattern is preserved, and the strain gradient remains smooth
from the fixed bushing towards the loaded end. This confirms that the topology optimisation preserved the
overall load path while trimming non-critical material from low-strain regions.
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Figure 20: TO1A — Alternative view of equivalent elastic strain in the optimised Ti-6Al-4V A-arm.

TO2 — Equivalent von Mises stress distribution

The equivalent von Mises stress plot in Figure 21 shows a maximum stress of about 4.1e8, again localised at
the inner fillet of the loaded bushing. The rest of the arm experiences substantially lower stresses, with large
portions of the span working at roughly half of the peak value. This pattern closely matches the baseline steel
design, but with higher peak stress due to the reduced cross-sectional area in the optimised geometry. For
Ti-6Al1-4V, whose static yield strength is significantly higher than that of structural steel, the obtained stress
level is still within a realistic static margin, indicating that the mass reduction has not driven the design into
an obviously unsafe regime for one load case.
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Figure 21: TO2 — Equivalent von Mises stress distribution in the topology-optimised Ti-6A1-4V A-arm.

Comparison between Conventionally fabricated component and Topology opti-
mized component

Table 4: Comparison between the baseline steel A-arm and the topology-optimised Ti-6Al-4V A-arm (approx-
imate values read from FE results).

Metric Baseline A-arm (steel) TO A-arm (Ti-6Al-4V)
Material Structural Steel Ti-6Al-4V
Relative mass m/myg 1.00 0.80

Max von Mises stress oym, max [MPa] ~ 200 ~ 414

Max eq. elastic strain €eq max -] ~1.0x1073 ~3.9x 1073
Approx. yield strength Rpo.o [MPa] ~ 250 ~ 880

Static safety factor ng = Rpo.2/0vM, max ~ 1.25 ~ 2.1

Minimum fatigue life [cycles] ~ 2.4 x 10* N/A (no fatigue data)

Discussion and limitations

Comparing these results with the baseline structural steel arm shows that: (1) deformation and strain/stress
hotspots remain in the same physical locations (around the loaded bushing fillet and the Y-junction), (2) the
overall deflection shape is still consistent with a cantilever arm under end loading, and (3) the increases in strain
and stress magnitudes are in line with expectations for a lighter, optimised geometry made from a stiffer-but-
lower-density AM alloy. This coherence suggests that the topology-optimised Ti-6Al-4V design is mechanically
comparable to the original component under static loading.

However, a full fatigue assessment of the optimised arm cannot be carried out within this model, because
the ANSYS material library entry for the selected AM Ti-6A1-4V does not provide the detailed fatigue (S—N)
properties required by the fatigue tool. As a result, the present comparison between baseline and optimised
designs is limited to static metrics (total deformation, von Mises stress, and equivalent elastic strain).

17 Computational power and limits

All simulations in ANSYS Mechanical, SpaceClaim and Discovery were executed on a personal laptop with the
following configuration:

e Operating system: Windows 10 Pro (64-bit).

e CPU: 11th Gen Intel® Core™ i7-1165G7 @ 2.80 GHz.
e RAM: 16 GB.

e GPU: NVIDIA GeForce MX350 (discrete laptop GPU).
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This mid-range mobile configuration is adequate for linear static analyses and density-based topology op-
timisation of a single A-arm, but it imposes practical limits on mesh density and model size. To keep solve
times reasonable and avoid running out of memory, the meshes and optimisation settings were chosen as a
compromise between accuracy and computational cost, and all results reported in this work were obtained
under these hardware constraints.
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