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Where We Were…2009 
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Where We’re Going 

2009 2010 2011 

• Aluminium Tubular Chassis 
• Mass: 45kg 
• Poor Aero Package 
• Best fuel efficiency 989mpg 

 

• Feasibility Check 
• Initial Aerodynamic 

Development 
• Needed Structural 

Development 

Shell Eco-Marathon Competition 

Existing Vehicle Composite Monocoque 
Concept 

Fully Optimised Composite 
Monocoque 

 
• Lightest Solution Yet 
• Fully Integral Aero Package 
• Optimised Structure 
• Ready for Manufacture 
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Design Process 

Cost, one of the main drivers in the project influenced the 
design, manufacturing and consequently the optimisation. 

 

  

Manufacture 

Design Basic Shape 

Aero Consideration 

   

Cost Constraints 

Competition 

Constraints 

Tooling Method 

Design 

Material Selection 

Tooling 

Adjustments 

PROIRITY PROCESS 

FEA Optimisation 
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The 2011 Design 
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Computation Fluid Dynamics 
A CFD analysis was done on the design shape to 
ensure is was a valid design to take forward to 
the FEA stage. 
 
• Results showed an vast improvement on last 

years concept. 
• A lift slight lift force was created to decrease 

wheel drag. 
• This validated the design before proceeding 

to the structural optimisation. 
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Model Setup 
2D shell elements modelled the 
composite surface. 
 

• Relatively small element size 
was used to compensate for 
varying changes in curvature. 

• Average element size 8mm 
• Total 69300 shell elements 
 

Concentrated mass elements 
were used to simulate internal 
component masses: 
 

• Engine and Rear Wheel 
• Steering System and Wheels 
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Load Cases 
Driving Forces Driver Ingress 

Seatbelt Test Forces 

Vehicle Transport 

Roll Hoop Inspections 

Longitudinal 

Lateral 

Vertical 

Each loadcase combined 700N over 7 nodes 

700N Foot Force, 150N Hand Support Force, Gravity 

700N Sitting Force, 200N Engine Drive Force, Gravity 

700N Sitting Force, Gravity 

Gravity 
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Hyperlaminate Setup 

Material properties for the chosen 
composites were entered using MAT8, 2D 
orthotropic material cards. 
• UD Carbon Fibre 
• Woven Carbon Fibre 
• Nomex Honeycomb Core  

 
• Only 0o,45o,-45o and 90o orientations 

were used. 
• All laminates started as symmetrical 

layups to balance the structure. 
• Both PCOMP and PCOMPG composite 

properties were utilised based on the 
application. 
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Initial Analysis 
An initial analysis was performed to understand how the structure would deform* 
under the forces it is subjected to in the multiple load cases. 

• Openings splayed outwards each side. 
• Seating area was found to be sagging.  
• Roll Hoop was dipping under the 

inspection force. 
• The centre of the monocoque bent 

between the two wheel supports. 
• Nose flips up as a result. 

 
These displacement could then be controlled 
during the optimisation stage. 

*All images and animations show exaggerated displacements 

Driving Loadcase 

Seatbelt Test Loadcase 
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Modelling of the Honeycomb 

Structure 

Also modelled using a 2D orthotropic material card 
(MAT 8).  
 
E1 and E2 for Nomex Honeycomb Core are almost 
zero but to avoid singularity in the laminate stiffness 
matrix small values were entered. 
 
In general the shear forces normal to the panel will be 
carried by the honeycomb core. Bending moments 
and in-plane forces on the panel will be carried as 
membrane forces in the facing skins 
 
Therefore the important properties for the core is the 
out of plane compressional strength and shear moduli 
that keeps the outer skins separated.  

(Image: HexwebTM Honeycomb Sandwich Design Technology) 
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UD or Woven Material Choice 

For a complex shape such as this it is 
difficult to determine which material 
is the best: 
 

• A basic topology optimisation was 
used to remove the entire ply 
rather than change the thickness. 

• Laminate SMEAR characteristic 
used to discount the ply position. 

• The woven ply usage was much 
more wide spread therefore 
chosen for this application. 

 

UD Plies 

Woven Plies 
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Optimisation Approach 
Based on the initial displacement analysis a dual optimisation approach was 
proposed. In the floor and seatback areas where the greatest bending occurred it 
would be feasible to reinforce with a honeycomb sandwich structure. 

  

FEA 

Setup 

PCOMP 

Free Size 

PCOMPG 

Free Size 

 PCOMP 

Sizing 

  PCOMP 

Sizing  

Composite  

Shuffle* 

Composite  

Shuffle* 

Optimised 

Mass 

Pure Carbon Fibre Approach 

Honeycomb Sandwich Panel Approach 

    

Auto .fem output Auto .fem output 

    

Manual & Interpretation 

Parameter Transition 

Manual Setup 
*No Mass Change  

Optimisation 
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Sandwich Structure Optimisation 

Process 

The reinforced sandwich structure approach started with the same 8 ply layup as 
pure carbon approach with the addition of 12mm honeycomb core in the floor and 
seatback sections. 
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Pure Carbon Optimisation 

Process 
The pure carbon fibre approach consisted of a complete covering of an 8 ply 
symmetrical layup. A three phase optimisation was utilised taking advantage of 
the automatic phase transitions. 
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Results – Thickness Distribution 

The pure carbon fibre (below) solution maintained a minimum thickness of 1.8mm over the 
majority of the surface relying on this to support the structure.  

The Honey sandwich panel (below) solution transmitted the majority of the stress through the reinforced 
floor and seatback allowing the remainder of the surface to reduce in thickness to a minimum of 0.8mm. 
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Results - Stresses 

The stresses in the Honeycomb solution were found to be concentrated in the 
stiffened floor and seatback area compared to the load transfer to the outer 
shell in the pure CF solution. Importantly all the composite stresses were far 
below the material yield strength, hence providing a large margin of safety. 

 

  

Pure Carbon  Approach - Stresses Sandwich Panel Approach - Stresses 
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Results - Mass 
Optimised 

Mass 

Pure Carbon 

14.92kg 

Honeycomb Solution 

13.73kg 

The pure carbon fibre solution had smaller global displacements creating a stiffer overall 
structure. However the honeycomb panel solution provided a stiffer floor and seatback reducing 
the localised deformation primarily around the driver and seatbelt location points. 
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Conclusion 

The optimisation produced two well-engineered solutions which could be 
manufactured at a relatively low cost. 

 

• Reduction of  45% based on current tubular chassis (when including the 
currently inadequate aerodynamic shell). 

• An excellent aerodynamic pack is now integrated within the vehicle 
structure. 

• A composite monocoque that previously may have been outside of 
budgetary  restraints in now within reach. 

 

The project also highlighted the advantages and disadvantage of the both the 
automatic and manual phase transitions when performing a full three phase 
optimisation. Ultimately both have their own purpose depending on the 
application 
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So here is the final design as it would look when it gets 
manufactured… 

Thank You 
 

Any Questions? 
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