
Lightweighting Optimisation 

of an Aircraft Tyre

Dr Christophe Bastien

aa3425@coventry.ac.uk

Dr Hua Guo

Prof Mike V. Blundell

1

mailto:aa3425@coventry.ac.uk


• Complex tyre structure, 

independent  material 

behaviours, non-linear material 

properties

Motivations

2To create a lightweight aircraft tyre for safety landing assessment



3D Finite Element Model

3Wheel Hub model

Tyre Model



Tyre Material Validation

• Experimental test and model correlation of tyre rubber and fabric

RUBBER

3rd order Yeoh model (*MAT_77)
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FABRIC

Non-linear elastic discrete beam (*MAT_67)

Uniaxial tension test and simulation 



• Inflation scenario, results and comparisons 
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Tyre cross-section before and after inflation, Points of measurements

Tyre Inflation Validation

Section 

Width (mm)

X deform

(mm)

Out diameter 

(mm)

Y/Z deform 

(mm)

DATL test 330.00 2.5 1034.00 20.35

LS-Dyna CAE 329.4 2.2 1032.60 19.65

Difference (%) 1.08% 12% 0.14% 3.44%
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Tyre Crush Validation

• Static load scenario, results and comparisons 

Tyre cross-section (after static load)

Load through tyre measured from rigid platform

6Dynamic Impact scenario

Dynamic load is simulated (not validated)



Optimisation Opportunity

• The current tyre weighs 20.70kg

• The design performance:

• The current tyre is over engineered, hence there is an opportunity

for weight saving

Investigation of an optimisation method to 

lightweight the aircraft tyre 7

Mass 

(kg)

Displacement 

between 

nodes on tyre 

top and side 

wall (mm)

Stress 

on Rim 

(MPa)

Stress 

on Bead 

(MPa)

Bottom 

Load 

(kN)

Current 

performance
20.70 21.59 204.32 487.53 151.32

Target limits N/A 25.00 250 800 316.32



Method
• The optimisation will look at the normal landing with empty weight loadcase

• Relationship between density and stiffness in rubber materials

𝑣 =
𝜌

𝑀𝑐
– Crosslink density = 𝑣, rubber density = 𝜌, 

– 𝑀𝑐 = Molecular weight of rubber segments between two cross-links

– For tensile strain, 𝑀𝑐 may be calculated from determined young’s modulus 𝐸

𝐸 =
3𝜌𝑅𝑇

2𝑀𝑐
– R = gas constant

– T = absolute temperature

Combine the above equation 1 and equation 2:

𝐸 =
3𝑣𝑅𝑇
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Although other affects, such as adding binary accelerator in rubber vulcanization process, will 

significantly change (improve) the mechanical properties, it is still reasonable to assume that 

rubber elastic stiffness is increasing with progressive crosslink density (material density).
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Method

• Consequently, a formulation (estimated and correlated with limited material data) has

been applied to describe the scaling of material densities.

𝜌𝜇 = 𝜌𝑜𝑟𝑖 (1 +
𝜇 − 1

1.5
)

Where: 𝜌𝑜𝑟𝑖 = original density, 𝜌𝜇 = density under specified scaling factor

• Basing on the assumption that progressive material (cross-link) density will result in 

increasing stiffness, material density and stiffness in the CAE model have been linked 

through scale factor 𝜇.

• For this initial optimisation study, 𝜇 has been set to values between 0.7 to 1.2. The 

scaled Stress-Strain curves are shown below:
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Method

• Use of DOE to investigate tyre/ wheel system response:
• Full factorial (design domain boundary)

• Hammersley (within internal design domain)

• Build Meta-Models using Least Square and Hyper-

Kriging based DOE responses

• Optimisation will use Meta-Models:

– Single objective

• Minimise mass

• Bound all other requirements

– Multi-objective

• Minimise mass

• Maximise Load

• Bound all other requirements
10



Regressions
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Mass vs. Tread and Belt Body Ply stiffness

Displacement vs Apex and Belt Body Ply Stiffness 

Hyper-KrigingLeast Squares



Regressions
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Mass vs Side Wall and Belt, Body Ply Stiffness. 

Displacement vs Side Wall and Belt, Body Ply Stiffness. 

Hyper-KrigingLeast Squares



Final Results
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Final Results
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Final Results
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Optimisation Animation
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Dyna Simulation
Mass 

(kg)

Load 

(N)

Displacement

(mm)

Multi-Least

square
16.58 1.543e5 21.58

Multi-Kriging 16.57 1.652e5 21.81

Single-Least

square
16.58 1.497e5 21.29

Single-Kriging 16.56 1.682e5 21.90



Discussion

• The study has generated stable computer models during the DOE 

phase

• The optimum solution has successfully been recomputed

• Least Square results have shown:

– A small deviation for Mass (1% difference) 

– A small difference for Load prediction (1 to 2%)

– However the displacement predictions show more significant differences. (2 to 

3% difference)

• Hyper Kriging results have shown:

– An accurate prediction for tyre displacements (0.3 to 1%)

– However:

• A less accurate mass prediction (2.5 to more than 10%)

• An excessive load prediction (more than 10%)
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Conclusions

• An optimisation process to reduce an aircraft tyre has been 

proposed by linking rubber density and stiffness

• A DOE was computed using Hammersley and Full factorial design 

domains, leading the responses extrapolated with Least Square and 

Kriging response surfaces

• Least Square optimisation seems to predict aircraft tyre response 

more reliably in this case study.

• The optimisation process based on Response surfaces can achieve 

approximately 4kg mass reduction per tyre (20% in 20.7kg, original 

mass)

• Sufficient data on relationship between rubber material density and 

stiffness will support and enhance the process, therefore achieve 

more accurate predictions.
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Thank you
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