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Good morning everyone. My name is Vincent from Queen’s College, and today I’ll be walking you through the design, modelling, and testing of carbon fibre composite in vehicles


. STUDENT
What is Formula Student? iAo

Formula Student UK is a university-level motorsport competition where students
design, build, and race a single-seat, open-wheel car.

/" Engineering Focus
JHands-on designh & manufacturing

JEmphasis on innovation, cost, and performance

MULA

JIndustry-relevant skills under real-world constraints , NT

% Competition Format
IStatic Events: Design, Cost, Business

IDynamic Events: Acceleration, Endurance, Efficiency
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Formula Student (FS) is Europe’s most established student engineering competition, run by the Institution of Mechanical Engineers (IMechE).
🛠️ What Students Do:
Design, build, and race a single-seat, open-wheel prototype race car.
Develop all vehicle subsystems: chassis, suspension, powertrain, electronics, and aerodynamics. 
Emphasise cost, manufacturability, sustainability, and performance.
Compete against over 100 university teams from around the world.
🎯 Core Objectives:
Apply classroom theory to real engineering practice.
Demonstrate innovation, project management, and teamwork.
🏁 Event Format:
Static Events: Design, Cost, and Business Presentation.
Dynamic Events: Acceleration, Endurance, and Efficiency.
💡 Why It Matters:�Formula Student gives students hands-on experience in automotive engineering and fast-paced product development — under tight budget and time constraints — much like real-world motorsport or industry projects.



Who is Full Blues Racing?

_JEstablished student-led Formula Student team since 2006

1~60 students design, build & race single-seater cars

ICompete in Formula Student UK, Germany, Spain, and more

JApply engineering theory to real-world vehicle systems under time
and budget constraints

JOperate through dedicated sub-teams: Chassis & Composites,
Powertrain & Intake, Electronics, Suspension & Vehicle Dynamics,
Aerodynamics

JEmphasise cross-team collaboration, technical communication, and
design reviews
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🏎️ Who We Are
Full Blue Racing is the University of Cambridge’s Formula Student team, established in 2006 and composed of around 60 students—primarily from the Department of Engineering—who design, build, and operate a single-seat racing car each year to compete both domestically and internationally
🎯 What We Do
Design & Build: Each season, FBR creates a bespoke formula-style race car from the ground up, integrating systems engineering and CAD/FEA analysis to meet competition standards. We have build days every week, and also extra team dinners and team socials every term.
Compete Globally: The team participates in Formula Student events across the UK, Germany, Netherlands, Spain, and beyond—earning accolades such as Best British Team at FS Spain and strong performance in warranty and business judgments 
👥How We Work
Operate through dedicated sub-teams:
Chassis & Composites
Powertrain & Intake
Electronics
Suspension & Vehicle Dynamics
Aerodynamics
Emphasise cross-team collaboration, systems integration, and design reviews
Build essential skills in technical communication, teamwork, and engineering project delivery



Carbon Fibre Reinforced
Polymers

Why Use Them in Cars?
> High Strength-to-Weight Ratio — stronger
than steel, but ~5x lighter

» Excellent Stiffness — crucial for handling
and aerodynamic parts

» Corrosion Resistance — unlike metals,
CFRPs don’t rust

» Customisable — tailored stiffness via ply
orientation and layup

» Complex Shapes — ideal for tight packaging
(e.g. intake plenums, aero)
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CFRPs are lightweight materials made of high-strength carbon fibres embedded in a polymer resin matrix (typically epoxy).
Used in Cars, especially high-performance ones because:

High Strength-to-Weight Ratio — stronger than steel, but ~5x lighter, yield strength of upwards of 2000MPa
Excellent Stiffness — crucial for handling and aerodynamic parts, stiffness can be above 100GPa
Corrosion Resistance — unlike metals, CFRPs don’t rust
Customisable — tailored stiffness via ply orientation and layup, can decide how many fabric layers are needed, more fabrics = thicker component = higher stiffness, lower stress in component
Complex Shapes —because each fabric is flexible and shapable
 ideal for tight packaging (e.g. intake plenums, aero surfaces like the one in picture), where in metal forging casting or CNC machining will be needed to create those shapes, costing hundreds of thousands for machinery 
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w Low Stiffness
) Stiftness of CFRP
_ i _ o IStiffness = Resistance to Bending or Stretching
High Stiffness
AStiffness is quantified by the Elastic Modulus (E)
A e e ] C — the steeper the slope of the stress-strain curve,
the stiffer the material
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ICFRPs are orthotropic, meaning their stiffness
and strength vary depending on direction:

»Very stiff along the fibre direction (0°)

» Much less stiff across fibres (90°)Intermediate
properties in between

£ Strain € Strain
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🟦 Stiffness = Resistance to Bending or Stretching�The top image shows two beams under the same load:
The top beam (low stiffness) bends significantly
The bottom beam (high stiffness, like CFRP) bends far less
📊 Stiffness is quantified by the Elastic Modulus (E) — the steeper the slope of the stress-strain curve, the stiffer the material.

In the bottom-right plot, CFRP typically behaves as “stiff and strong”, especially when fibres are aligned with the loading direction.
🧭 Orthotropic Nature�CFRPs are orthotropic, meaning their stiffness and strength vary depending on direction. This is different from metals or un-reinforced polymers, which are isotropic, where their strength and stiffness are the same in all 3 axis.
Very stiff along the fibre direction (0°)
Much less stiff across fibres (90°)
Intermediate properties in between
This is due to how the carbon fibres are laid up in layers (plies), each with a chosen angle, which designers use to tune stiffness where needed.

CFRP allows targeted reinforcement — you get stiffness where you need it, without unnecessary weight elsewhere.


Why is CFRP Difficult to
Model?

Orthotropy: can’t use simple isotropic material
assumptions like you would with metals.

Layered Structure: It’s made of many thin layers, each
with different angles — that makes calculations difficult.

Inconsistent Material: Small differences in how it’s made
can affect strength and stiffness.

Breaks in Complex Ways: It can crack, snap, or peel
apart between layers — not just snap like metal.

Takes Lots of Testing You often need real-world
experiments to check your models.

Stress resultants

+ Define force and moment resultants: N, Ny, Nxy,Mx, I\/Iy,

Ny = [ odz  (1.2)
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1. Direction-Dependent Properties (Orthotropy)
CFRP has different stiffness and strength along the fibre, across the fibre, and through the thickness.
This means you can’t use simple isotropic material assumptions like you would with metals.
2. Layup Complexity
Real components use multi-ply layups (e.g. [0/90/±45]s), where each layer contributes differently.
You need Classical Laminate Theory to account for ply orientation, sequence, and thickness.
3. Nonlinear and Brittle Failure
CFRPs fail suddenly, without yielding — but only once the weakest ply fails.
Modelling needs to capture progressive failure (fibre breakage, matrix cracking, delamination).
4. Fabrication Variability
Voids, fibre misalignment, and inconsistent resin curing affect properties.
Hard to predict how a real part behaves unless manufacturing quality is near-perfect.
5. FEA Limitations
Finite Element models for CFRP require layered shells or cohesive elements, increasing computational cost.
Geometry simplification is difficult — no quick back-of-the-envelope estimates.



What is an Intake Plenum?

It’s a big air box that stores and distributes air
going into the engine.

Helps each cylinder get even airflow for better
performance.

Reduces sudden changes in airflow when the
throttle opens or closes.

Shape and volume affect how much power
the engine can make.

In racing, it must be light, strong, and space-
efficient — perfect for carbon fibre!

| i §

,
b 0y | I--g' 3 gl
o il Al & fa
- 1 . - 1 L = 2 )
ms . e i A Ly

- 8= Can i = u \ %
£ . | e 31 ¥ -

I I

NOTE: THROTTLE BODIES NOT INCLUDED
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This is the intake plenum — basically, it’s an air chamber that sits just before the engine. Its job is to hold and distribute air evenly to each cylinder, which helps the engine run smoothly and make more power. It also helps smooth out the airflow when the driver suddenly opens or closes the throttle, like during acceleration or braking. Because of how engines work, the shape and size of the plenum really matter. If it’s designed well, the engine ‘breathes’ better and performs more efficiently. For race cars, we also care about weight and packaging, which is why using carbon fibre to make the plenum is a great choice — it’s light, strong, and can be shaped exactly how we need it.


My Project

Pressure inside plenum creates complex 3D
stresses (bending + tension + compression)

CFRP hard to model - simulations need
Finite Element Analysis (complex & slow)

My project: Create a simple equation-based
model for FBR to use

Ran 4-point bending tests on laminates with
different fibre directions and thicknesses

Used Classic Laminate Theory to decide
plenum wall thickness

M
More layers = less stress, 0 = kt—z, but also
heavier - find the balance
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Now, we saw that it is hard enough to model CFRP in simple axial loads such as tension and compression. But pressure loading creates a 3D stress state in the CFRP laminate, which is a combination of bending, compression and tension all at once. Complex computer simulation methods such as Finite element analysis must be used which is time consuming and requires a steep learning curve on how to set up the model correctly. My project aims to find a model that easily encapsulates all those stresses into some simple equations, for my colleagues at FBR to use.

I used material testing comprising of a series of 4-point bending tests of different laminate thicknesses and fibre orientations to figure out the strength and stiffness of the CFRP laminates. Then, I used thin-walled vessel theory and beam theory to create a model for me to find the forces to input into a Classic Laminate theory calculator to figure out how thick the laminate needs to be. Remember: more fabrics = thicker component = higher stiffness, lower stress in component. We want a balance that the intake plenum won’t collapse under the suction load, yet there won't be too much material so that the plenum is not too heavy and bulky.


Manufacturing with CFRP

_ITested samples with air bubbles and layer
separation, much lower stiffness/ strength

_ISolved by using hand lay-up + vacuum
bagging

_!Made a glass fibre mould coated with wax

_!Layered carbon fibre + resin inside the mould

!Used vacuum bag to suck out air and cure the
part

_!Result: strong, stiff, and lightweight plenum
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After figuring out the thickness and amount of layers of the carbon fibre that is needed, the manufacturing method is studied. 

From looking at the broken laminate samples, we can see that delamination and voids create weak points in the laminates making it lose its stiffness and strength. This is something we need to address in the production method, to reduce stress in the matrix epoxy resin.

There are a lot of ways to manufacture CFRP to a high standard, however methods like pultrusion require expensive machines which we cannot afford. Therefore, we chose to hand lay-up the carbon fibre and to use vacuum pump to remove any voids.

To hand lay-up, we need a mould of the plenum, which is in the form of a female mould and created using glass fibre. The mould is prepped using wax as a release agent, so the finished and cured CFRP can slide out easily. The carbon fibre fabrics are then laid-up layer by layer, with resin coating and infusing the fibre before another layer is put on.

The CFRP is left to cure inside the mould after being left inside a vacuum bag with air pumped out, to reduce voids in the laminate to a minimum, this ensures high quality laminate product and good strength and stiffness is achieved.


Thank you
for listening!

Questions?
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