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A Study on Mechanical Characteristics of
All-weather Type Tennis Court

Kazutoshi KOBAYASHI, Hiroshi MAEDA, Chikara MIYAJI
Takeshi ASAI and Satoru NAKATA

Recently all-weather type tennis court has became popular but its biomechanical characteristics in
playing are few known. This study is to clarify the characteristics of collision and friction between the
court and the shoes. As an analysis of this study, the acceleration of last at the collision and static and
dynamic coefficient of friction were measured, The experiment was done under these condition; 1)
four different type tennis court materials, 2) two. surface conditions (dry, wet), 3) two kinds of shoes
(Fresh and tired sole).

The results were summarised as follows;

1) From the experiment of collision, the mean of maximum acceleration at each collision by falling
the last directly on the court is 715.1 m/s® and that of the last weared shoe is 209.3 m/s2. This results
means that the main factor of shock absorbing ouws to the characteristics of the sole of shoes.

2) In every condition of the experiment, the diviation of the coefficient of static and kinetic friction
which was measured at the various sort of load were small. The results mean that the frictionnal force
between shoes and tennis court is almostly under the Coulomb’s law in this experiment.

3) On the dry surface, the coefficient of friciton between the court and the sole of fresh shoes was
greater than that of tired. This result is not always sure in every condition of the experiment.

4) Generaly speaking when the surface becomes wet the coefficient of friction decreases, but in a
certain condition of this experiment the coefficient of friction increases.
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Fig. 1  Structures of surface of the materials using in this experiment.
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Fig. 2 Schematic representation of the experiment of collision.
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Fig. 3  Schematic representation of the experiment of friction.
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Fig. 4 Acceleration curves of the last at the collision with the test materials of tennis court in two

cases of experiment, the collision with the last directly and the one weared tennis shoes.
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Table 1 Maximum acceleration and contact time measured from the experiment of collision.

MAX ACCELERATION (m/s%) CONTACT TIME (ms)

LAST TENNIS SHOES LAST TENNIS SHOES .
MATERIAL A 867.4 200.2 3.18 20.0
MATERIAL B 711.4 217.1 4.00 18.5
MATERIAL C 465.8 204.4 6.65 19.0
MATERIAL D 815.7 215.5 3.60 17.0
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Fig. 5 An example of traction force in the experiment

of friction with various virtical load, from 10 Kg.

to 50 Kg.
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Table 2 Coefficients of friction measured from the experiment of friction.
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Tired Shoses Fresh Shoses
Material A B C D A B C D
Coefficient of X 0860 0.832 0.821 0919 | 0.894 0845 0.843 0.968
Static Friction | S.D. 0.046 0.032 0.031 0.031 | 0.029 0.013 0012 0.018
Dry Surface | coefficient of X 0814 0785 0.760 0.873 | 0.832 0.811 0.815 0.872
Kinetic Friction | S.D. 0.036 0.019 0.023 0.017 | 0.025 0.003 0.013 0.017
Coefficient of X 0784 0.851 0.940 0.948 | 0.846 0.856 0.915 0.918
Static Friction | S.D. 0.011  0.010 0.023 0.017 | 0.033 0.053 0.009 0.049
Wet Surface | oefficient of X 0717 0.757 0.889 0.896 | 0.778 0.734 0.886 0.869
Kinetic Friction | S.D. 0.014 0.009 0.012 0.037 | 0.021 0.034 0.011 0.027
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Fig. 6 Changes in coefficient of statical and kinetic friction according to the sole condition of tennis
shoes (fresh and tired shoes)
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Fig. 7 Changes in coefficient of statical and kinetic friction according to the surface condition of

materials (dry and wet surface).
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