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[bookmark: _Toc1676235463]Abstract
This case study explores the redesign of a suspension rocker arm using Design for Additive Manufacturing (DfAM) principles. Suspension rocker arms are critical components in high-performance and motorsport applications, transmitting forces from the wheel to the shock absorber in a pushrod suspension setup. Traditional manufacturing methods limit the geometry and performance optimisation of such parts. By leveraging generative design, topology optimisation, and additive manufacturing, this report presents a lighter, more efficient rocker arm fabricated using titanium and aluminium alloys. The report details the component selection, redesign process, material justification, structural analysis, and manufacturing feasibility, providing a comprehensive evaluation of the benefits of DfAM for suspension systems.
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[bookmark: _Toc1253944813]Introduction
The rapid evolution of additive manufacturing (AM) technologies has enabled engineers to break free from the geometric constraints of traditional subtractive and formative methods. With the advent of Design for Additive Manufacturing (DfAM), engineers can now design components with internal structures, consolidated parts, and optimised topology tailored for specific AM processes. Among the wide range of applicable components, suspension rocker arms used in motorsport applications stand out as ideal candidates due to their complex loading paths, high stiffness-to-weight requirements, and the need for rapid prototyping and iterative development.
Suspension rocker arms are key components in pushrod and pullrod suspension systems. They transfer loads between the wheel assembly and the damper/spring assembly, typically undergoing cyclic loading, requiring a balance between stiffness, strength, and low mass. In conventional manufacturing, these parts are often machined from billet aluminium or titanium, leading to significant material waste and design limitations.
This case study explores the potential of DfAM to revolutionise the design and manufacturing of suspension components by leveraging advanced computational tools and AM techniques. It considers how traditional engineering limitations can be overcome by exploiting layer-by-layer manufacturing strategies to enable lightweight, structurally efficient geometries that would otherwise be infeasible. The study also explores how performance, sustainability, and supply chain responsiveness can be improved through digital manufacturing, enhancing the component’s adaptability and lifecycle performance.
Furthermore, the suspension rocker arm serves as an ideal example to illustrate the integration of generative design, lattice structuring, and process-specific constraints into a single, optimised component. With a focus on improving vehicle performance, reducing lead times, and increasing design flexibility, this report highlights the benefits and trade-offs of adopting AM technologies in high-performance engineering applications. The goal is to provide a foundation for expanding DfAM principles to other critical systems in automotive, aerospace, and defence sectors.

[bookmark: _Toc977854361]Component Selection and Justification
The rocker arm was chosen for this study due to its critical role in motorsport suspension systems. In many race cars, especially open-wheel formula vehicles, the suspension system relies on a pushrod or pullrod mechanism that transfers wheel loads to a rocker. This rocker then pivots and activates the damper and/or anti-roll bar. Given its intermediary position in the force transmission path, the rocker arm is subject to multi-directional loads including axial, bending, and torsional stresses. These forces arise dynamically during acceleration, braking, cornering, and road surface changes.
Traditional manufacturing methods for rocker arms include CNC machining from forged aluminium billets. While effective, this process has several drawbacks. First, it is inherently wasteful, as a significant portion of material is removed during machining. Second, the geometry is often dictated by manufacturability constraints rather than optimal performance shapes. This results in a component that is heavier than necessary and less structurally efficient.
In the context of motorsport, where component weight directly affects vehicle handling, fuel efficiency, and lap times, any unnecessary mass is detrimental. Furthermore, manufacturing lead times are critical due to short development cycles and rapid iteration between races. The ability to produce lightweight, high-strength components quickly and cost-effectively is therefore paramount, making the rocker arm an ideal candidate for redesign using DfAM principles and metal AM processes.
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Figure 1: Starting Position of the Original Rocker Arm

[bookmark: _Toc877192262]Redesign Methodology

Design Specifications
To guide the redesign, a comprehensive design specification was developed. This included:
· Functional Requirements:
· Must transmit forces from the suspension linkage to the damper reliably.
· Must maintain precise alignment of bearings and bushings.
· Geometrical Requirements:
· Envelope constraints defined by suspension layout
· Bearing seat diameters and hole locations fixed
· Manufacturing Requirements:
· Compatible with SLM build envelope
· Minimal support structures in internal features
· Environmental Requirements:
· Resistance to fatigue under cyclical loads
· Durability under race conditions (temperature, vibration, impact)

[bookmark: _Toc1819600903]DfAM Principles Applied

The redesign process applied several DfAM principles:
· Component Consolidation Interfaces for the anti-roll bar and damper were integrated into a single build to eliminate joining operations.
· Material Efficiency The model was optimised to remove non-load bearing material, reducing volume without compromising strength.
· Internal Structures and Latticing where applicable, non-critical regions were replaced with lightweight lattice structures to further reduce mass while maintaining stiffness.

· Mass Customisation Potential Design variants could be produced based on driver or team-specific suspension setups without changing tooling, providing flexibility.

[bookmark: _Toc709944860]Tools and Techniques Used
A suite of advanced engineering tools was applied during the redesign process:
· CAD Modelling: Autodesk Fusion 360 was used to model the existing and redesigned parts, integrating parametric design and simulation capabilities.
· Topology Optimisation: The component was subjected to realistic boundary conditions, loading scenarios, and manufacturing constraints. The software algorithm removed non-critical material, yielding an organic geometry optimised for stress flow.
· Lattice Structures: Internal lattice patterns were introduced in low-stress regions, particularly near the centre of the rocker arm, to save mass without compromising integrity. 
· Finite Element Analysis (FEA): FEA simulations under various load cases, including worst-case bump load and braking force scenarios, were used to validate the redesigned geometry.
· Design Isolation and Feature Preservation: Mounting points, bearing bores, and assembly interfaces were preserved as solid geometry. This ensured functionality while allowing optimisation in less critical areas.
· Design Failure Mode and Effects Analysis (DFMEA): Potential failure modes such as stress fractures, dimensional inaccuracies, and fatigue cracking were assessed. Preventive design features and post-processing steps were introduced.
[bookmark: _Toc682508007]Additive Manufacturing Process Selection
Given the performance and detail required, Selective Laser Melting (SLM) was selected for producing the rocker arm. SLM offers high-resolution layer deposition with excellent material properties, making it well-suited for metal parts in critical applications.




Advantages of SLM:
· Fine feature resolution (20–50 µm layer thickness)
· Fully dense parts with mechanical properties comparable to wrought materials
· Ability to produce functional parts with integrated lattice or internal features
Process Constraints:
· Requires support structures for overhangs > 45°
· Surface finish may require post-processing
· Residual stresses from thermal gradients must be managed

Material Selection
After evaluating candidate materials including aluminium alloys, maraging steels, and titanium, Ti-6Al-4V was selected.
· Mechanical Properties:
· Yield strength: 880–950 MPa
· Elastic modulus: 110 GPa
· Density: 4.43 g/cm³
· Reasons for Selection:
· High strength-to-weight ratio
· Excellent corrosion and fatigue resistance
· [bookmark: _Int_22SttZiX]Proven track record in aerospace and motorsport
· Post-Processing Plan:
· Heat treatment to relieve internal stresses
· Surface smoothing of contact and bearing surfaces via CNC or chemical polishing
· Non-destructive inspection (e.g., CT scanning) to validate internal lattice integrity

[bookmark: _Toc1069229279]Generative Design Outcomes and Evaluation
The generative design tool produced four key outcomes using different constraints and manufacturing approaches:

	Design Outcome
	Material
	Manufacturing
	Volume (mm³)
	Mass (kg)
	Max Stress (MPa)
	Min Safety Factor
	Max Displacement (mm)

	Outcome 1
	Ti6Al-4V
	Unrestricted
	38,582.82
	0.17092
	175.64
	5.02
	0.384

	Outcome 2
	Ti6Al-4V
	Additive
	41,014.81
	0.18170
	259.84
	3.40
	0.481

	Outcome 3
	AlSi10Mg
	Unrestricted
	51,711.07
	0.13807
	80.00
	3.00
	0.266

	Outcome 4
	AlSi10Mg
	Additive
	55,313.75
	0.14769
	80.00
	3.00
	0.262



Outcomes 1 and 2 performed better in terms of safety factor and material strength, with titanium being the stronger, albeit heavier and costlier material. Aluminium outcomes were more displacement-prone but easier and faster to print.

[image: ]
Figure 2: Results comparison



[bookmark: _Toc726188025]Material and Manufacturing Method Justification

Material Selection: Titanium 6Al-4V was selected for high-performance applications due to its high strength-to-weight ratio, corrosion resistance, and fatigue strength.
AlSi10Mg was also explored due to its compatibility with laser powder bed fusion and its ease of printing and post-processing.

Manufacturing Method: Given the performance and detail required, Selective Laser Melting (SLM) was selected for producing the rocker arm. SLM offers high-resolution layer deposition with excellent material properties, making it well-suited for metal parts in critical applications.  
Electron Beam Melting (EBM) was considered for larger batch production of titanium components.
Post-processing included stress-relieving heat treatment, support removal, surface finishing, and non-destructive testing (NDT).

[bookmark: _Toc229048541]Challenges and Opportunities

Challenges:
One major challenge of implementing additive manufacturing for high-performance parts such as suspension rocker arms is the high initial capital cost of AM machines. Metal AM systems, particularly those using PBF or EBM technologies, are expensive to acquire and maintain. The need for controlled environments and experienced operators adds to operational complexity.
Another challenge is the requirement for extensive post-processing. Components printed via metal AM often require support structure removal, heat treatment to relieve internal stresses, and surface finishing to achieve required tolerances. In motorsport applications, where precision and reliability are paramount, these post-processing steps are crucial but time-consuming.
Additionally, AM introduces unique issues related to thermal distortion and build orientation. Incorrect orientation or insufficient support can lead to warping, dimensional inaccuracies, and even build failures. This necessitates careful planning during the design and pre-processing stages.
Qualification and certification for functional, load-bearing components also present difficulties. Motorsport and aerospace components must meet rigorous standards, necessitating thorough mechanical testing, CT scanning, and compliance with industry-specific certification schemes.

Opportunities:
Despite these challenges, AM offers a suite of transformative opportunities. One significant advantage is rapid prototyping and short iteration cycles. Engineers can develop, test, and modify complex geometries in a fraction of the time required for traditional CNC manufacturing. This is particularly valuable in motorsport, where iterative design and rapid deployment can provide a competitive edge.
AM also enables substantial weight savings through lattice structuring, topology optimisation, and part consolidation. This contributes not only to enhanced performance but also to reduced environmental impact through lower material usage and improved fuel efficiency.
Another opportunity lies in supply chain simplification. With AM, parts can be produced on-demand and near the point of use, reducing the need for warehousing and global logistics. This is especially beneficial in motorsport, where spare parts are needed quickly and in limited quantities.
Furthermore, AM enables functional integration. Multiple mechanical functions or features can be embedded into a single component, eliminating assembly steps and potential failure points. This improves reliability and reduces cost over the part's life cycle.

[bookmark: _Toc1632291436]Conclusion

This case study demonstrates the power of Design for Additive Manufacturing in reimagining high-performance mechanical components. By applying DfAM principles, generative design, and advanced simulation tools, the suspension rocker arm was significantly optimised in terms of weight, cost, and performance. Titanium and aluminium variants provide flexibility for application-specific needs, balancing strength, cost, and processing speed. Additive manufacturing allows customisation without tooling changes, making it ideal for motorsport and aerospace industries.
The redesigned rocker arm achieved significant weight savings (up to 43%), enhanced safety margins (FOS > 3), and reduced production lead times. These gains are particularly valuable in motorsport, where rapid prototyping and performance optimisation are continuous processes. While AM introduces new challenges—such as post-processing and certification—it offers unmatched design freedom and sustainability benefits.
[bookmark: _Int_zD0wwsiI]The results confirm that using generative design techniques, components like suspension rocker arms can achieve greater mechanical efficiency and material utilisation while enabling rapid iteration and prototyping. Despite initial investment costs and post-processing challenges, the long-term advantages in performance and agility justify the implementation of AM processes for critical parts. The reduction in part count, machining effort, and waste further enhance the environmental and operational benefits. 
Future work will involve physical testing of the redesigned component under race conditions, further optimisation using generative design, and exploring hybrid manufacturing techniques that combine AM and conventional methods. Additionally, integrating smart material sensing and data-driven design enhancements could elevate component intelligence and lifecycle traceability. 
Moreover, the DfAM process used in this case can serve as a blueprint for redesigning other high-load components across multiple industries. As AM technologies mature, their integration into mainstream production lines will become more prevalent, enabling faster development, enhanced sustainability, and more efficient use of materials and resources in a circular economy. This transition represents a significant step toward the digitalisation of manufacturing and the future of intelligent design.
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