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Project Overview 

Biomechanics Research Team 
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Background 
Traction in tennis: 

 

*Dunn et al. Assessing tennis player interactions with tennis courts,  

29th international conference on biomechanics in sport (2011). 

* 
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Background 

Injury Risk: 

 
 

Acrylic Hard Court – higher occurrence of injury.  

 

 

 

Clay – lower occurrence of injury.  
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Background 

Injury Risk: 

 
 

Acrylic Hard Court – higher occurrence of injury.  
COT ~ 0.8 – 1.2 (Nigg, 2003) 

 

 

Clay – lower occurrence of injury.  
COT ~ 0.5 – 0.7 (Nigg, 2003) 
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Background 

Injury Risk: 

 

Surfaces which do not allow sliding 

increase the potential to cause injury. 
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Project objectives 

• Identify parameters that influence traction 

• Design and develop a test rig 

• Develop predictive models 
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Methodology 

Bespoke UoS1

   

STM 603 

Slip resistance tester 

   



Methodology 
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Results 
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y = 13.743x-0.408 
R² = 0.9783 
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Strong power relationships were found  

between Normal Force and COT. 
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Results 

• Effect of Roughness 

31.77 

67.01 

0 

10 

20 

30 

40 

50 

60 

70 

80 

A B 

R
o
u

g
h

n
e

s
s
 (

R
a
, 

µ
m
)  

Surface Sample 

A>B A=B A<B 

y = 13.185x-0.386 

y = 7.758x-0.301 

0 

0.5 

1 

1.5 

2 

2.5 

0 100 200 300 400 500 600 700 800 900 

C
O

T
 

Normal Load (N) 

A 

B 



11/05/2012 © The University of Sheffield 

Results 

• Effect of Roughness 

A>B A=B A<B 

y = 13.185x-0.386 

y = 7.758x-0.301 
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Surface B: 
Lower Loads: 

Low real contact area 

Higher Loads: 

Real contact area increases 

Hysteresis friction 

Abrasion 
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Results 

• Effect of Stiffness 
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Results 

• Effect of Stiffness 

31.33 32.56 
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y = 17.537x-0.437 

y = 7.8764x-0.29 

0 

0.5 

1 

1.5 

2 

2.5 

0 100 200 300 400 500 600 700 800 900 

C
O

T
 

Normal Load (N) 

C 

D 

D>C D<C 
D= 

C 



11/05/2012 © The University of Sheffield 

Results 

• Effect of Stiffness 

Lower Loads: 

Low deformation 

Higher Loads: 

Surface Deforms 

Energy losses 

y = 17.537x-0.437 

y = 7.8764x-0.29 
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Initial Findings 

• Loading conditions change the tribological 

interaction at the shoe-surface interface 

• Testing under inappropriate loading 

conditions may give misleading results 

11/05/2012 © The University of Sheffield 



UoS1 Rig - Limitations 
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Further Testing 
STM 603 - Slip resistance tester 

   

7° 
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Results (observation) 

11/05/2012 © The University of Sheffield 

Ra = 10.43 (± 1.68) µm 

 

Ra = 56.77 (± 10.09) µm 

 

Surface A 

Surface E 

200 µm 

200 µm 
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Test Rig (UoS2) 
Pneumatic  

cylinders 

Surface Platform 

Load Cells 

and LVDTs – 

Force and 

Displacement 

Shoe Plate 
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Initial Testing (UoS2) 
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Initial Testing (UoS2) 
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Initial Testing (UoS2) 
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Initial Testing (UoS2) 
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Initial Testing (UoS2) 
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Results Example (UoS2) 

Comparison of surface: Average Dynamic Traction 

y = 8.49x0.70 
R² = 0.95 

y = 0.68x1.04 
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Results Example (UoS2) 

Influence of Hard Court Roughness:  

Peak Traction Force 
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Future Work 

Parametric study 

Biomechanical 

Testing at 

Exeter 

Generate boundary 

conditions 

Develop predictive 

model 

Validate 

Mechanical Testing 
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