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Abstract

Badminton shuttlecock is constructed of 16 goose feathers from a waterfowl with a hemispherical cork. The shuttlecock is
light in mass (approximately 5.2g), with a highly specific air resistance. For professional badminton players, the highest
initial speed of the shuttlecock by a smash shot exceeds over 80m/s, which is the fastest speed in all ball sports. Generally, it
is extremely difficult to get the shuttlecock to speeds of over 30m/s with a launching machine without breaking the waterfowl
feathers. In this study, a shuttlecock launching machine using two turn rollers for badminton exercises has been developed
with a new launcher mechanism that includes an advanced holder device and a high rotational speed motor installed. In
addition, a continuous launcher system which is able to discharge the 12 (maximum 96) shuttlecocks continuously at intervals
of 1.5 seconds was designed. The results of the launching experiments using the two roller-type badminton machine show
that the machine can launch the shuttlecock at mean initial speeds of up to 81.8m/s, with a maximum flight distance of over
I1m. The standard deviation of the shot and lateral directions are approximately 0.34m and 0.12m, respectively. The
launching performance of the badminton machine developed here has a performance far exceeding almost any commercial
one, so the badminton machine can be used for harder practice by professional badminton players.
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2wy alff, WHE67Tm/s THEINIE V¥ MU, HFEI— FORICEHT 2 0.6 ZICIE 7 m/s RiE D
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Fig. 1 Feather shuttlecock dimensions
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Fig. 2 The appearance and dimensions of the two roller-type badminton machine are shown. The shuttlecock held by the
cork holder and feather support is discharged to be inserted in X-direction between the two polyurethane rubber
rollers using a pulse motor and a liner slider. The badminton machine can launch the shuttlecocks at a wide range of
speeds up to 52 m/s and with various shot types such as smash, clear, drive, etc.
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Fig. 3 The appearance and dimensions of the two roller-type badminton machine with the continuous launcher system are
shown. The launcher system has a supply device for the shuttlecocks in which a maximum of eight dozen
shuttlecocks can be inserted making for a total of 12*8 = 96 shuttlecocks. This system pushes the shuttlecock at the
top position inside the shuttlecock case by moving down the push pole (approximately 20mm at one time), and the
shuttlecocks at the bottom end of the case holder are supplied continuously to the badminton machine.

Shuttlecock supply device (12 X 8 cases = 96 shuttles)
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Fig.4 The relationship between the sum of both roller Fig. 5 The relationship between the sum of both roller
revolutions (N;+N,) and the initial velocity V; is revolutions (N;+)V,) and the flight distance L is shown.
shown. In the high-speed range of up to 30 m/s, the Within a flight distance of up to 7 m, the distance of the
speed deviations become large. Between (N, +N,) and deviations becomes large. There is nonlinearity

V, exists a linear relation. between (N, +N,) and V.
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Fig. 6 The falling positions of the shuttlecocks under each roller revolution are shown. In the case where the roller
revolution is higher, flight distance becomes longer, and the observation of the range of falling positions also spreads

out.
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Fig. 7 This is the standard deviation of the X- and Z-directions for falling positions under each roller revolution. The
standard deviation for the X-direction grows into a bigger value as both roller revolutions reach higher speeds. When
both roller revolutions are higher than 3600 min”, the standard deviation of the Z-direction is an almost constant
value (approximately 0.12 m).
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Fig. 8 Analysis model of the inclined shuttlecock 0 ) . 5 e 0 12 14 16 18

and two rubber rollers is shown. y is the
inclined angle of the shuttlecock. Both
roller revolutions are N;=N,=1800min™".

Time(ms)
Fig. 9 The time-history of shuttlecock velocity for analysis (Ana.)
and experiment (Exp.) during the launch are shown. In the
case of =0°, the shuttlecock speed is higher.



R 100mm

Fig. 10 After launch (y=0°), the flight behavior of the shuttlecock obtained from a simulation is shown. This
stroboscopic image is captured at every 2ms/frame. Initial velocity of the shuttlecock is 28.1 mys.

100mm

Fig. 11 After launch (y=0), the flight behavior of the shuttlecock captured using a high-speed video is shown.
This stroboscopic image is captured at every 2ms/frame. Initial velocity of the shuttlecock is 29.4 my/s.
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VA X Cork holder -, Cork
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(a) Without shuttlecock (b) With shuttlecock

Fig. 12 Appearances of the advanced holder device for the shuttlecock are shown. The advanced holder device is installed
with a cork holder, cork bottom support, feather support and knife-edge type guideway, and the shuttlecock is
discharged smoothly in X-direction while keeping its posture. Using the advanced holder device, the badminton
machine can launch shuttlecocks at higher speeds.

|_|1 00mm 100mm
X (b) By advanced holder
Fig. 13 Stroboscopic images at every 2ms of flight behavior after shuttlecock launch by conventional and advanced holder
devices are shown in Figs. (a) and (b), respectively. Looking at both images, the flight postures of the shuttlecock
differ clearly. In the advanced holder device, the rotation moment of the circumference in the Z-axis after launch is

(a) By conventional holder

reduced.
60
10 R Sppupuyt SRRy USRNSSR S 79/ Table 1 The mean (Mean) and standard deviation (SD)
E 0 Conventional of the initial velocity 7, and launcher angle 6,
= \ / by both holder types are shown, respectively.
b= U e e el EEEEEEEE EEEEEEEE The mean values of V; and 6, of the advanced
an .
E S S B 7/__9/ ________ 74{ holder are quicker (5.0 m/s? and smaller (4.0
L degrees) than for the conventional one.
N N
A Advanced - .
0 & 6o i Initial velocity, 7o (m/s) [Lancher angle, 8 (degree)
0 50 100 150 200 250 300 Holder type
Mean SD Mean SD
Longitudinal dist , X i
ongitudinal distance, X (mm) Cor'lventlonz?l holder 93 28 86 28
(Without guideway)
Fig. 14 The flight trajectories at the nose end of the Advanced holder 543 i1 46 17
shuttlecock at every 1 ms by both holder devices (With guideway) i ' ' i

are shown. The launcher angle 6, of the advanced
holder is small compared to the conventional one.
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90
I R S e

7L T ] S S o
I R e
I aa e ¢
L e GIGRaRt COTPCACRR EEPPEERES SEPERLES
80 femmmmmmh e
P T L
LU R e e

Initial velocity, Vo (m/s)

0 2000 4000 6000 8000 10000
Both roller revolutions (Ni1+MN2) (min-1)

Fig. 15 The relationship between the sum of both roller revolutions (V,+/,) and the initial velocity ¥V, by the advanced two
roller-type badminton machine is shown. In the high-speed range of up to 60 m/s, speed deviations become large.
Between (N;+),) and ¥} is almost linear relationship. The highest initial velocity of the advanced machine reached
approximately 81.8 m/s (295 knvh). Therefore, this machine has a high shot performance.

100mm
S

Fig. 16 For example, the flight behavior of the shuttlecock under the highest initial velocity is shown. This stroboscopic
image is captured at every 1ms/frame using high-speed video. Initial velocity of the shuttlecock is 82.0 m/s.
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Longitudinal distance, X [m]

Fig. 17  The falling positions of the shuttlecocks under each roller revolution by the advanced machine are shown. In the case
of the roller revolution to 8000 min™ is higher, the flight distance and the range of falling positions become longer.
The flight distance decreases adversely when the roller revolution is higher than 8000 min™".

0.70

0.60 f---mmmorommm oo
0.50 fommmmmm oo
040 f-------comoooee- e B aneE

030 fo--m-mmorommme oo -

020 fo---mmmdrommmeod oo de T

Standard deviation (m)

010 f-----= , IS SoEEeL \

0.00
0 2000 4000 6000 8000 10000

Both roller revolutions (N1+N2) (min-1)

Fig. 18  This is the standard deviation of the X- and Z-directions for falling positions by the advanced machine. The standard
deviation for the X-direction grows into a bigger value as both roller revolutions reach higher speeds. When both
roller revolutions are higher than 6000 min™, the standard deviation of the Z-direction is an almost constant value
(approximately 0.09 m).
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