
Design Of Formula Sae Suspension Tip
Engineering

Formula SAE Suspension: Mastering the Art of Tip
Engineering
The Formula SAE (Society of Automotive Engineers) competition pushes engineering students to the limit,
demanding innovative solutions for high-performance vehicle design. One critical area demanding meticulous
attention is the suspension system, specifically the design of the Formula SAE suspension tip engineering.
Optimizing this seemingly small component can significantly impact handling, ride quality, and overall vehicle
performance. This article delves into the intricacies of Formula SAE suspension tip design, exploring various
aspects including material selection, geometry, and the impact on critical performance characteristics like bump
steer and camber change.

Understanding the Role of Suspension Tips in Formula SAE Cars
The suspension tip, often overlooked, serves as the crucial interface between the suspension upright/hub carrier
and the control arm. Its design directly influences the kinematics and compliance of the suspension, influencing
several key performance aspects. A poorly designed suspension tip can lead to unwanted geometric changes



Design Of Formula Sae Suspension Tip Engineering

Design Of Formula Sae Suspension Tip Engineering
2

under load, compromising handling and potentially causing safety concerns. This is particularly critical in
Formula SAE racing, where high cornering speeds and aggressive driving maneuvers place significant demands
on the suspension.

Key aspects we'll explore include:

Material Selection: The choice of material (e.g., aluminum alloys, steel) directly impacts weight,
strength, and stiffness.
Geometry Optimization: Proper design of the tip's geometry influences suspension kinematics,
minimizing undesirable effects like bump steer and camber change.
Manufacturing Methods: Methods like CNC machining, casting, and 3D printing impact precision, cost,
and lead time.
Finite Element Analysis (FEA): FEA is crucial for validating the design and predicting its performance
under various load conditions. This is a vital tool in Formula SAE suspension design.
Testing and Validation: Rigorous testing, including on-track testing, is essential to validate the design's
effectiveness.

Optimizing Suspension Tip Geometry for Enhanced Performance
The geometry of the suspension tip significantly impacts suspension kinematics. Specifically, minimizing bump
steer and camber change are paramount.

Bump Steer: This refers to the change in toe angle as the suspension compresses. Excessive bump steer
can lead to unpredictable handling, especially during braking and acceleration. Careful design of the
suspension tip's mounting points and geometry can minimize this effect.
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Camber Change: This is the change in camber angle (the angle of the wheel relative to the vertical) as
the suspension moves through its travel. Managing camber change is crucial for maintaining tire contact
patch and consistent handling characteristics throughout the suspension's range of motion. A well-
designed suspension tip contributes to predictable camber change, maximizing grip and stability.

The optimization process frequently involves iterative design, often utilizing CAD software and FEA. Engineers
will model different geometries, simulate loading conditions, and assess the resulting kinematics. This iterative
process allows them to refine the design, maximizing performance while staying within the constraints of
weight, manufacturing cost, and overall vehicle design.

Material Selection: Balancing Strength, Weight, and Cost
The choice of material for the suspension tip represents a crucial trade-off between strength, weight, and cost.
Common materials include:

Aluminum Alloys: These offer a good balance of strength-to-weight ratio, making them popular in
Formula SAE applications. Specific alloys like 6061-T6 are frequently chosen for their high strength and
machinability.

Steel: Steel offers superior strength compared to aluminum, but at the cost of increased weight. It may be
considered for applications where extreme strength is required, though weight penalties need careful
consideration.

Titanium: While offering exceptional strength-to-weight characteristics, titanium is significantly more
expensive than aluminum or steel, making it less common in student Formula SAE projects unless
sponsored or working with extremely advanced designs.
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The selection process involves careful consideration of the anticipated loads, the desired stiffness, and the
overall weight budget of the vehicle. FEA simulations are invaluable in determining the optimal material and
dimensions for the suspension tip.

Advanced Techniques: Finite Element Analysis and Optimization
Modern Formula SAE teams leverage advanced simulation techniques, particularly Finite Element Analysis
(FEA), to optimize suspension tip design. FEA allows engineers to virtually test the component under various
loading conditions, identifying potential weaknesses and areas for improvement before physical prototyping.
This reduces development time and cost, crucial for student teams working to tight deadlines and budgets.
Optimization algorithms can be coupled with FEA, allowing for automated exploration of the design space,
leading to designs that are lighter, stronger, and more efficient.

Furthermore, simulations allow for investigation of different manufacturing processes. The FEA model can
incorporate imperfections or inaccuracies expected from different manufacturing methods.

Conclusion: The Unsung Hero of Formula SAE Suspension
The seemingly insignificant Formula SAE suspension tip plays a vital role in overall vehicle performance.
Through careful attention to geometry, material selection, and advanced simulation techniques, teams can
optimize this critical component, leading to improved handling, enhanced stability, and a competitive edge. The
design process necessitates a deep understanding of suspension kinematics, material science, and engineering
analysis tools. Mastering the art of suspension tip engineering represents a significant step towards building a
truly high-performance Formula SAE race car.
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FAQ:
Q1: What is bump steer, and how does it affect Formula SAE car performance?

A1: Bump steer refers to the change in toe angle (the angle between the front of the tires and the direction of
travel) as the suspension compresses or extends. Excessive bump steer causes unpredictable steering
behaviour, especially during braking or acceleration. It can lead to loss of control and reduced stability,
significantly hindering performance in Formula SAE races.

Q2: How does camber change affect tire grip?

A2: Camber refers to the angle of the wheels relative to the vertical. Positive camber means the top of the wheel
leans outwards, while negative camber means it leans inwards. Camber change is how this angle alters as the
suspension moves. Optimal camber maximizes tire contact patch for grip, so predictable and controlled camber
change is crucial for consistent handling.

Q3: What are the advantages and disadvantages of using aluminum for suspension tips?

A3: Aluminum offers a high strength-to-weight ratio, making it lightweight and strong, ideal for Formula SAE.
However, it can be more expensive than steel and is susceptible to fatigue under cyclic loading.

Q4: What role does Finite Element Analysis (FEA) play in suspension tip design?

A4: FEA allows engineers to virtually simulate the performance of the suspension tip under various loads and
conditions, predicting its strength, stiffness, and behaviour. This enables optimization before physical
prototyping, saving time and resources.
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Q5: How can I minimize bump steer in my Formula SAE car's suspension?

A5: Minimizing bump steer involves careful design of the suspension geometry, specifically the location and
orientation of the suspension tip mounting points. This requires iterative design and simulation using software
like CAD and FEA.

Q6: What are some common manufacturing methods for Formula SAE suspension tips?

A6: Common methods include CNC machining (for high precision), casting (for complex shapes), and 3D
printing (for rapid prototyping and customized designs). The choice depends on budget, lead time, and required
precision.

Q7: How does the suspension tip design affect the overall handling characteristics of the car?

A7: The suspension tip's design directly influences the suspension's kinematics (how it moves), affecting bump
steer, camber change, and caster. These factors directly impact steering feel, stability, and responsiveness,
influencing the overall handling.

Q8: What are some potential failure modes of a poorly designed suspension tip?

A8: Potential failure modes include fatigue failure (due to repeated loading), fracture under extreme loads, and
deformation, leading to changes in suspension geometry and compromised handling. FEA can help predict and
mitigate these risks.
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Designing Winning Formula SAE Suspension: A Deep Dive into the
Tip Engineering
Formula SAE Formula Student is a challenging global collegiate contest where student teams design and
construct a open-wheel car to compete against other universities. A critical component of any successful FSAE
car is its chassis system, a system that directly impacts handling, velocity, and overall event victory . This article
will delve into the nuanced engineering of FSAE suspension, focusing on the crucial tip engineering that
differentiates winners from contenders.

The FSAE suspension system requires reconcile conflicting needs . It must be lightweight to minimize unsprung
mass , improving acceleration . Simultaneously, it needs provide sufficient compliance to absorb bumps and
irregularities on the course, maintaining contact patch grip for optimal traction. Furthermore, the system
requires be tunable to allow drivers to calibrate the car's characteristics for diverse course situations .

Pushrod vs. Pullrod: A Fundamental Choice

One of the first crucial selections in FSAE suspension design is the adoption of either a push-type or pull-link
suspension . Pushrod systems position the damper underneath the upper control arm, while pullrod systems
place it on top of the bottom control arm. The choice impacts space utilization , center of gravity, and the
geometry of the suspension. Pushrod systems often provide better dimensional constraints and allow for easier
accessibility to components , while pullrod systems may offer improved braking characteristics and a more
uniform geometry under load.

Spring Rate and Damping: The Heart of the System
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The spring stiffness and damping attributes are paramount. The spring rate determines how much the
suspension yields under a given load. A higher spring rate provides better handling but sacrifices ride quality .
Conversely, a lower spring rate improves ride comfort but may lead to excessive body roll and reduced handling.

Damping, provided by the shock absorbers , controls the bouncing of the suspension. The vibration attenuation
properties are typically expressed as a damping coefficient . Fine-tuning damping is crucial to balance between
controlling body motions and maintaining tire contact. Over-damping will lead to a harsh ride and reduced grip,
while under-damping will result in excessive bouncing and loss of control.

Anti-Dive and Anti-Squat: Engineering for Optimal Performance

Braking geometry helps to minimize the variations in ride posture during acceleration and braking. Braking
geometry aims to reduce weight transfer during braking, helping to maintain consistent tire contact. Similarly,
anti-squat geometry helps to reduce weight transfer during acceleration, ensuring optimal traction. These
geometries are carefully designed by adjusting the arrangement of suspension components , such as the position
of the articulation points .

Aerodynamics and Suspension Interaction: A Holistic Approach

Finally, it's crucial to consider the relationship between the aerodynamics of the car and the setup. The
downforce generated by the aerodynamic elements can significantly influence the performance of the car, and
the setup requires be developed to manage these loads . This often involves tuning the spring rates to
compensate the changes in load distribution as the car's speed elevates.

Conclusion:
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Developing a high-performing FSAE suspension is a challenging task that requires a deep grasp of vehicle
dynamics . The tip engineering discussed in this article — from choosing the right pushrod system to tuning
geometry and considering aerodynamic interactions — is essential for achieving competitive results. By carefully
considering all these factors , FSAE teams can engineer a champion suspension system that allows their car to
excel on the track .

Frequently Asked Questions (FAQs):

Q1: What is the most important aspect of FSAE suspension design?

A1: There's no single "most important" aspect, but achieving the optimal balance between lightweight design,
sufficient compliance for track irregularities, and adjustable handling characteristics is paramount.

Q2: How do I choose between pushrod and pullrod suspensions?

A2: The choice depends on several factors, including packaging constraints, desired kinematic characteristics,
and team expertise. Pushrod systems are often simpler, while pullrod systems can offer advantages in certain
areas.

Q3: How do I determine the correct spring rate and damping for my FSAE car?

A3: This requires extensive testing and simulation. Start with estimations based on similar vehicles and then
iteratively adjust based on track testing and driver feedback.

Q4: What software is commonly used for FSAE suspension design and simulation?
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A4: Popular software packages include MATLAB/Simulink, Adams Car, and MSC Adams. Each offers different
capabilities, and the best choice depends on team resources and experience.
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