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Effect of String Notches on Tennis Racket Spin Performance
(Ball Spin Rate, Contact Time and Post-Impact Ball Velocity
with Ultra-high-Speed Video Analysis )

Yoshihiko KAWAZOE ™, Yukihiro TAKEDA and Masamichi NAKAGAWA

*4 Department of Human-Robotics, Saitama Institute of Technology,
1690, Fusaiji, Fukaya, Saitama, 369-0293 Japan

There has been no question that some strings do provide a better grip than others, but that did not guarantee that
the ball will produce more spin. Furthermore, experiments with hand-held rackets has been needed to solve the vexed
question of how players can tell the difference between different strings when laboratory tests indicate that they should
play the same. The previous paper of the authors made clear the mechanism of top spin performance in actual tennis
and its improvement by lubrication of notched nylon strings according to the high speed video analysis on the court for
the first time. It succeeded in an experiment showing that as the main strings stretch and slide side ways more, the ball
is given more spin due to restoring force parallel to the string face when the main strings spring back and the ball is
released from the strings. Since the notches of strings decrease spin rate, the lubricant materials are effective to the
notched strings. Furthermore, it showed that the more spin results in the reduction of shock vibrations of the wrist joint
during impact. This paper showed that the ball is given less spin rate (40 % decrease) with the notched used strings
compared to that with the new strings in the case of the nylon in this experiment, which has remained to be seen which
gives more spin between new strings and the lubricated used strings, and it showed that the ball is given more extra
spin (30 % increase) by oil lubrication at the string intersections compared to that with the notched used nylon strings.
Furthermore, it also showed that the used natural gut with notches decrease 70 % of spin rate compared to the new
natural gut without notches in the another experiment, which has remained to be seen whether the same results will be
obtained. It also showed the difference of the topspin behavior when a pro and an amateur hits a ball.
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Fig.3 Spin performance vs. string conditions with average and standard exror.
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Fig6 Calculated effect of contact time on the wrist joint
shock vibrations. Impact velocity: 30 m/s, hitting
location: top side 95 mm from the tip of racket. The
horizontal axis shows the time from the impact to
0.1 seconds.
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Fig9 Ball spin behavior and the mechanism of spin rate
increase by stretching and shiding sideways and
springing back of main strings at the string
mntersections when a ball is released from the string bed
inthe caseof new Gut.

0.0 ms 7.5 ms 15.0 ms 22.5 ms 30 ms
(impact)
Fig.11 Top-spin swing by a pro tennis player.

0.0 ms 1.0 ms 2.0 ms 3.0 ms 4.0 ms

contact release
Fig.12 During Impact of the top-spin by a pro tennis player.

0.0 ms 1.0 ms 2.0 ms 3.0 ms 4.0 ms 5.0 ms

after release
Fig.13 Side view of ball top spin behavior by a pro tennis player in the case of new Gut (about 50 1ps).

Oms 0.6ms 1.4ms 2.2ms 3.0ms 3.8ms
contact release
Fig.14 Top-Spin behavior and the mechanism of spin rate increase by stretching and sliding sideways and springing back of
main strings at the string intersections in the case of new Gut.
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Fig15 Top-Spin behavior in the case of used gut.
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Fig.16 Top-Spin performance of a pro tennis player vs. new and used Guts with average and standard errors.
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Fig.17 Top-spin swing by an amateur tennis player.
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Fig.18 Gut top-spin performance comparison between a pro and an amateur player with average and standard error.
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Dear Prof Kawazoe

Thank you for sending your two papers on spin to me. I
have forwarded them to Stuart Miller ITF), Rod Cross,
and Steve Davis (Prince). Several years ago, Rod Cross
and I figured out how and why SPAGHETTI stringing
gave more spin. We never did an experiment to test our
theory. You have now done a very nice experiment that
proves that low friction leads to more spin. Keep up the
good work and I hope you are feeling well.

Howard Brody
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