High performance of two roller-type badminton
machine
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Abstract

Badminton shuttlecock has a complicated shape consisting of 16 goose feathers from a waterfowl and a hemispherical cork.
Also, the specific air resistance of the shuttlecock is large and its mass is lightweight, weighing approximately 5.2 g. When
the shuttlecock is hit with a racket or launched by a machine at speeds higher than an initial velocity of 30 m/s, the feather
parts of the shuttlecock are typically damaged or broken by large impulse load. In this study, a badminton launching machine
using a revolving launch arm has been developed with a new launcher mechanism that can discharge at high speeds to reduce
the damage to the shuttlecock feathers. The launcher mechanism of the shuttlecock was rotated at a high speed from the
launch arm, which held the shuttlecock with a grip tool at the end of the arm rod. The results of the launching experiments
using the arm-type badminton machine show that the machine can project the shuttlecock the highest at initial speeds of 36.0
m/s, with a maximum flight distance of approximately 9.2 m and the standard deviation of the shot and lateral directions of
0.30 m and 0.17 m, respectively. In addition, the dimension and the shape of the grip tool with the shuttlecock were examined
to determine their influence on the launching performance of the badminton machine.
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Fig. 1 The appearance and dimensions of the arm-type badminton machine are shown. The rotational power of the motor is
transformed into the expansion load of the spring for the launching shuttlecock through the chain, sprocket, attached
pin, arm rod, and crank shaft. The machine can discharge the shuttlecock in the speed range of 25 - 40 my/s.
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Fig. 2 The appearance and dimensions of the launch arm in the badminton machine are shown. The grip tool at the end of
the arm rod can adjust freely from -40 to +40 degrees to the grip angle a.
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Fig.3  The schematic of the shuttlecock shooting mechanism of the badminton machine is shown. The left figure shows the
tension process of the spring before launch. The right figure shows the compression process of the spring at the time
of the shooting shuttlecock.
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Fig. 4 The inserting motion of the shuttlecock is shown. The shuttlecock is held perpendicular by the hold device. And the
shuttlecock is scooped up with the grip tool. When the angle of the launch arm turns of approximately 15 degrees, the
shuttlecock is stabilized and the inserting motion to the grip tool is completed.
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Fig. 5 The shapes and dimensions of actual grip tools are shown. The left figure is an R-type shape which cuts the tip into a
rectangle. The center figure is a T-type shape which cuts the tip into a triangle. The right figure is a section of the
T-type grip tool and inserted shuttlecock. The shuttlecock posture of the grip height and angle are controlled using the
adjustment screw in the cork stand.
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The stroboscopic image of the motion of the shuttlecock and launch arm during shuttlecock shot is shown. The shot

conditions are initial elongation of the shot spring 6=22 mm and grip angle & =40 degrees using the T-type grip tool.
When the arm angle 6,,,, =103.5 degrees (7=340 ms), the shuttlecock is shot by the launch arm with the grip tool.
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In the case of an initial elongation of the shot spring Jis changed 12, 22, 32 and 42 mm, and the relationship between

peripheral velocity V,,, and arm angle 6,,, of the launch arm are shown. If the value of & becomes large, the
peripheral velocity V,,,, of the launch arm is also faster. Regardless of &, the launch arm reaches its top speed at 8.,

=130-150 degrees.
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Fig. 8 The stroboscopic image of the motion of the shuttlecock and launch arm after shuttlecock shot is shown. The shot
conditions are 6=42 mm, T-type grip tool, grip angle & =30 (a) and 40 (b) degrees, respectively. In the case of a =30
and 40 degrees, the flight trajectories are drawn for the cases of both the drive and smash shots, respectively.
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Fig. 9 After the smash shot, flight behaviors of the shuttlecock by racket (a) and arm-type machine (b) are shown. The shot
initial speeds ¥V} are (a) 28.0 m/s and (b) 29.5 m/s, respectively. The flight trajectory and posture of the shuttlecock for
both shots are similar. It is thought that the arm-type badminton machine can reproduce an actual racket shot.
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Fig. 10 The shot initial speed V; of the shuttlecock in the Fig. 11 The elevation-depression angles € in the arm type
arm type badminton machine is shown. Vj is fast badminton machine is shown. 6, is mostly decided
when J and o become large. The standard by the grip angle a. The standard deviation of &, in
deviation of ¥} in the T-type is smaller than in the the R-type is larger than in the T-type.
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Fig. 12 Measured data of the fall position of the shuttlecock by the arm-type badminton machine is shown. The grip angle &
=40 and o =30 degrees are the short and long distances, respectively. It is thought that the shooting accuracy in the
T-type grip tool is higher than in the R-type one.
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Fig. 13 The average (a) and standard deviation (b) of the flight distance after the shuttlecock shot are shown, respectively.
The average flight distances of the R-type and the T-type grip tools are almost the same. The standard deviation of the
flight distance of the T-type grip tool is smaller than the R-type one. It is said that the shooting accuracy of the T-type
grip tool in the badminton machine is high.



10

—J7, WM (Z H510) O THEICERTH L, a=40° D2~ v 2 TIHIEE Z=0 THITAC s & 9k
HLUE L7250, a=30" O RT7A 7 TlE, v b BTHAI (+Z J71) 12 0.5m Bl T AL EICHE T LT 5.
ZHUE, VX bLD 16 BLDPUR DB VIRIEBIC L > TR Z D U v FMAVRHIE D O AR E L TR, BiH
IZZDEMR D BB T 5 ZIRGEORFEZ N T D b0 & THISS.

Uy MVOTETFALED/NT Y X 2 EBANCTHIT 5720, BRSBTS 2% FALEORF M (X J5H)
ERES IR (Z 1) OIS & Y FEE AR Lz, TOMEZX 12, 13ICENFIURT. 2k, 5
FFIAF L ORETIE & & PHmEREE, R o 7 LR ERR T, I EAE g IC > URERE D Z &b
27,

—77, FEUHEEIL, TREEEE S (TR DRI R o7, a=40° D X HFAOEREREL, R A4 Ik b
OREERZE L W HREVEE 22> TWD. v MLOE FALEL, FEEEO S v LV OYIEREE &8 OZEH)
DRELSEET L0 L PRSI, ABRFEROFHFHNTIZa=40" O LE, ZTNOLOEEN—FREL 2722
ERFDORRTHD EEZBND. T, HEEZ A 7L LT, TN TORNEMT T Rtype £V & T-type D
FIERERZEIT NS IR TWA., ZhE D, ARRIV ho~T v O R A4 7L LT, (ERENE
T-type EFFEAEZ WAL HFR L WEF 2 5.

7E, NI R AETIE, RIS — FE3X3D9IODY — B LR TERE N, K FE
FEE LTE, &Y —r0¥sy e b5 5 (X H5A) Lim, 851 (Z F50) 1.0m INAREE S5 (EH:
fitl, 2011). BAFE L7277 — AN KX U b v U U ONCER L, R R 2 1 712 67, S KT H 54 517 0.71m,
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4 &
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¥ MR EOROEND, ¥ MLVORRERRIZS 2 2B W TR Lz, B fEidko@Ey ¢
H5.
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B\, AWFED—E0E, JSPS BHFE No.24560255 DB A= T 1= b D Th 5. Z ZITHEARTH. Ik,
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