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Prediction and Estimation of Shock Vibrations of Handled Tennis Racket
with Wheels Replacing Conventional Grommets on the Sides
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The lightweight racket with head-heavy configuration is recent tendency of high-tech rackets, increasing power with an
increasing racket swing speed. Racket frames as light as 200 grams have appeared in the market. However, the predicted results
showed that the lightest racket at present in the market has advantageous for racket head speed, but disadvantageous for
coefficient of restitution, rebound power, and post-impact velocity for ground stroke, and it has also large shock vibrations at the
racket handle compared to the ordinary super-light weight racket. This means a limit to the weight lightening of tennis racket
from the viewpoint of performance. The engineers and racket designers at the racket companies seem to be under intense
pressure to keep pumping out new and better technologies every year. This paper investigated the physical properties of a new
type of racket appeared in the market with wheels replacing conventional grommets on the sides, predicting racket performance
in terms of the impact shock vibrations of player's wrist joint, which might be related to the feel. It is based on the experimental
identification of the racket-arm dynamics and the simple nonlinear impact analysis. The result showed that the magnitude of
shock vibration at the handle and the wrist joint with this new type racket is rather small compared to the conventional rackets
due to the small vibration during impact. Rackets with wheels replacing conventional grommets on the sides might be expected
to provide a comfortable feel during impact.

Key Words: Dynamics of Machinery, Sports Engineering, Impact, Tennis Racket, Wheels Replacing Conventional
Grommets, Shock Vibration, Feel, Wrist Joint, Racket Handle, Performance Prediction
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Fig.1 Model for the prediction of the shock force transmitted to the arm joint from a racket.
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Fig.2 Location of wrist joint
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Fig.3 Predicted shock vibrations of a wrist joint compared
with the experimental.
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Fig.5 Peak-peak value.
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Fig.6 Predicted shock vibrations peak values at the
handle of freely suspended rackets vs. impact locations
of string face (impact velocity: 30 m/s).
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Fig.7 Predicted shock vibrations components at the
handle of freely suspended rackets vs. impact locations.
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Fig.4 Predicted shock vibrations at the grip 70 mm from the grip end when a ball strikes the suspended racket
(impact velocity: 30 m/s).
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Fig.8 Predicted shock vibrations at the grip 70 mm from
the grip end when hitting a ball with flat forehand
drive (impact velocity: 30 m/s).
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Fig.10 Predicted shock vibrations at the wrist joint when
hitting a ball with flat forehand drive at the various
impact locations of racket face (impact velocity: 30
m/s).
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Fig.9 Predicted shock vibrations at the wrist joint when hitting a ball with flat forehand drive at the various impact
locations of racket face (impact velocity: 30 m/s).
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Fig.11 Predicted shock vibrations components at the
wrist joint vs. representative impact locations of string
face (impact velocity: 30 m/s).
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