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Formula SAE (FSAE) represents the pinnacle of collegiate engineering competitions, challenging students to 

conceive, design, fabricate, and compete with small, formula-style racing cars. The competition is not merely a race 

of speed but a rigorous evaluation of engineering design, cost-effectiveness, and manufacturing feasibility. Central 

to this process is the Design Report, a critical document that serves as the technical narrative for the vehicle's 

development. Looking back at historical benchmarks, such as the 2012 Dalhousie University Formula SAE 

Design Report, provides invaluable insights into the iterative nature of automotive engineering and the rigorous

standards required for success in international competitions like FSAE Michigan.

The Theoretical Framework of Formula SAE Design

The engineering philosophy behind a successful FSAE vehicle rests on the balance of four primary pillars: mass 

properties, structural rigidity, suspension kinematics, and aerodynamic efficiency. For teams like Dalhousie

University, the 2012 season marked a significant "design departure" from previous years, emphasizing the

transition from iterative refinement to foundational redesign. This shift is often necessary when a team reaches the

performance ceiling of a specific chassis architecture or when rule changes mandate a structural overhaul.

The Role of the Design Report

A technical design report is more than a summary; it is a defense of engineering choices. According to the 2012

Dalhousie documentation, the report must communicate research findings and design decisions with absolute

clarity. It covers several critical sub-systems:

•  Chassis and Frame: The primary structure that supports all vehicle components and ensures driver safety.

•  Suspension Geometry: The system of linkages that controls the motion of the wheels relative to the chassis.

•  Powertrain and Drivetrain: The integration of the engine, transmission, and differential to provide optimal 

torque delivery.

•  Unsprung Mass Components: Specifically the uprights (or knuckles), which serve as the interface between 

the suspension arms, braking system, and wheel hubs.

Technical Analysis of Chassis and Impact Structures

One of the most critical safety components in an FSAE vehicle is the Impact Attenuator (IA). The 2012 FSAE

Impact Attenuator Data Report requires specific test schematics and energy absorption data. The IA must be

capable of absorbing a specific amount of kinetic energy to protect the driver during a frontal collision.

Impact Attenuator Energy Calculations

The engineering requirement for an IA typically involves decelerating a 300 kg mass from a velocity of 7.0 m/s to a

complete stop. The energy ($E$) involved is calculated as:

E = 0.5 × m × v²



For a standard test, this equates to approximately 7,350 Joules. The design must ensure that the average

deceleration does not exceed 20g and the peak deceleration does not exceed 40g. Teams must provide physical

test data or a highly detailed quasi-static FEA (Finite Element Analysis) to prove compliance.

Chassis Structural Comparison

In the 2012 era, many teams transitioned between Steel Space Frame and Composite Monocoquestructures.

Below is a comparison matrix of these two common design paths:



Feature Steel Space Frame Composite Monocoque

Material 4130 Chromoly Tubing Carbon Fiber / Aluminum Honeycomb 
Core

Weight Higher (~25-40 kg) Lower (~15-25 kg)

Manufacturing Complexity Moderate (Welding/Jigging) High (Curing/Autoclave/Layup)

Torsional Stiffness Moderate (Approx. 1000-2000 Nm/
deg)

High (Approx. 3000+ Nm/deg)

Repairability High Low

Advanced Engineering of Suspension Uprights

As highlighted in the technical study on Design and Fabrication of an Upright for Student Formula Car, the upright

is a high-stress component that significantly impacts the vehicle's unsprung mass. The unsprung mass is the

weight of the car not supported by the suspension springs; reducing this is vital for maintaining tire contact with the

track surface over irregularities.

Optimization and Material Selection

The 2012 Dalhousie design utilized Aluminium 6061-T6 for its uprights due to its excellent strength-to-weight ratio 

and machinability. The optimization process involves Topology Optimization, where software removes material

from non-load-bearing areas of the component's design space.

FEA Analysis Workflow

To ensure the upright can withstand the forces of 1.5g cornering and 2.0g braking, engineers follow a specific FEA

workflow:

1.  Load Case Definition: Calculate forces at the tire contact patch (Longitudinal, Lateral, and Vertical).

2.  Constraint Mapping: Fixing the points where the upright attaches to the control arms (A-arms).

3.  Mesh Generation: Applying a tetrahedral or hexahedral mesh to the geometry, ensuring convergence in high-

stress regions like radii and bolt holes.

4.  Stress Analysis: Evaluating Von Mises stress against the yield strength of the material (Safety Factor "e 1.5).

Steering System and Kinematics

The steering upright is not just a structural member; it defines the Ackermann Steering Geometry. This geometry

ensures that the inner and outer wheels follow different radii during a turn, minimizing tire scrub. The Dalhousie

2012 report emphasizes the need to reduce weight while maintaining steering precision.

Key Steering Parameters

•  Scrub Radius: The distance between the kingpin axis and the center of the tire contact patch. Minimizing this 

reduces steering effort and "kickback."

•  Caster Angle: The forward or backward tilt of the steering axis. This provides self-centering torque.

•  Kingpin Inclination (KPI): Helps in reducing scrub radius and contributes to the camber change during 

steering.



Field Guide to Formula SAE Competition Scoring

Competition results, such as the Formula SAE Michigan 2012 Overall Results, show that a car must be a

balanced all-rounder. The scoring is split into Static and Dynamic events.



Event Type Category Points Primary Engineering 
Focus

Static Design Event 150 Engineering Logic and 
Documentation

Static Cost &amp; Manufacturing 100 Production feasibility and 
budget

Static Presentation 75 Business Case and 
Marketing

Dynamic Acceleration 75 Tractive Force and Mass

Dynamic Skid Pad 50 Steady-state Cornering / 
Lateral G

Dynamic Autocross 150 Handling and Transient 
Response

Dynamic Endurance 300 Reliability and Fuel 
Economy

Dynamic Efficiency 100 Thermal Management and 
Combustion

Technical Documentation: Writing an Effective Design Report

The 2012 Dalhousie report serves as a benchmark for how to structure technical data. A high-scoring design report

must follow a logical flow that mirror the engineering cycle:

1. Problem Identification and Research

The report should begin with the goals for the year. For Dalhousie in 2012, this was a redesign of the frame. This

section must cite previous failures or areas for improvement, using data from the 2011 season to justify the 2012

changes.

2. Design Methodology

Describe the tools used. This includes CAD (SolidWorks/CATIA), FEA (ANSYS/NASTRAN), and Multi-Body 

Dynamics (ADAMS/Car). It is essential to explain why a specific tool or simulation was chosen over another.

3. Manufacturing and Assembly

A design is only as good as its execution. Documentation must include fabrication methods, such as TIG welding 

for the frame or CNC milling for the uprights. Evidence of Design for Manufacturing (DFM)is highly rewarded by

judges.

4. Testing and Validation

Closing the loop is vital. Teams must compare their simulated data with real-world physical testing. For example, if

the FEA predicted a chassis stiffness of 1500 Nm/deg, the team should present the results of a physical torsion

test to validate that claim.



Case Study: Addressing Failure Modes in Student Racing

Engineering at the limit often leads to component failure. Analyzing common failure modes in the FSAE context

allows for more robust future designs. Based on the 2012 Dalhousie and similar technical reports, the following are

common challenges:

Fatigue in Suspension Tabs

Suspension tabs are often thin plates welded to the chassis. Under cyclic loading (the constant vibration of the 

track), these can develop stress cracks. The solution is the use of double-shear bracketsand proper weld

penetration analysis.

Overheating in Braking Systems

Due to the small wheel diameters (typically 10 or 13 inches), heat dissipation in rotors is a challenge. Technical

reports often detail the thermal analysis of rotor venting and the selection of brake pad compounds that operate

efficiently at high temperatures.

Aerodynamic Lift vs. Downforce

Without proper CFD (Computational Fluid Dynamics) analysis, a "wing" might actually create lift or excessive drag.

Successful teams use 3D CAD drawing renders and wind tunnel testing (or coast-down testing) to verify that their

aerodynamic packages provide a net gain in lateral acceleration through downforce.

The Evolution of FSAE Engineering

The 2012 Dalhousie University Formula SAE project exemplifies the transition into modern data-driven design. By

focusing on weight reduction in uprights, structural integrity in the impact attenuator, and clear communication in

the design report, the team established a framework for future engineering cohorts. As the competition moves

toward electric vehicles (FSAE EV) and autonomous systems, these foundational mechanical engineering principles

—rigorous documentation, mathematical validation, and iterative optimization—remain the bedrock of automotive

innovation. The pursuit of a high design score is not just about building a fast car; it is about proving that every bolt,

weld, and carbon fiber ply was chosen with purpose and verified through the scientific method.
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