Development of launcher machine with two
rollers for badminton
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Development of Launcher Machine with Two Rollers for Badminton
Shinobu SAKAI', Ryota NOBE, Sayuri MIZUGUCHI and Sayo MURAGUCHI

“! Kanazawa University, School of Mechanical Engineering
Kakuma-machi, Kanazawa, Ishikawa, 920-1192 Japan

Shuttlecock used in a badminton match is light in mass (around 5 grams), and is strongly influenced by air drag
force. For professional badminton players, the highest initial speed of the shuttlecock exceeds 84m/s (300km/hr), which
is the fastest speed for a ball, racket or projectile sports. The shuttlecocks are of two kinds: one of feather and one that is
a synthetic shuttlecock. A feather shuttlecock is constructed of 16 goose feathers with a cork base mostly. Also, a
synthetic shuttlecock is made of plastic or nylon with a cork. Both shuttlecocks are light and of a complicated shape,
therefore, it is extremely difficult for the shuttlecock to be launched at speeds of more than 42m/s without breaking the
feather, even if the newest mechanical technology is used. In this study, new insertion equipment and the motion control
system were proposed, and an exercise machine for badminton, used to project the shuttlecock at high speeds (over
42m/s), has been developed. The mechanism of the shuttlecock launcher in this machine was achieved using the friction
force between two turn rollers and the shuttlecock. The results of the launcher experiments using the badminton
machine show that the machine can project the feather shuttlecock at the maximum flight distance of about 11.5m, with
a standard error of about 0.32m and the highest initial speeds being 52.8m/s. In the case of the synthetic shuttlecock,
this machine achieved the maximum flight distance of about 9.7m, and the highest speeds being 47.8m/s.

Key Words : Badminton, Badminton Machine, Sport Engineering, Rotary Machinery, Mechanism, Motion Control,
Flight Trajectory
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| d | d |
- Feather |
| ‘ Table 1  Shuttlecock dimensions
Nylon 1 |
i Shuttlecock model Feather Synthetic
li l : - Length of shuttlecock, / (mm) 85.4 80.1
Center of | i Skirt diameter, d (mm) 66.4 66.5
mass Length of shuttlecock nose, /,, (mm) 25.2 23.0
Nose diameter, d,, (mm) 26.2 26.7
Position of center of mass, /, (mm) 30.0 32.0
- o Mass, m (g) 52 5.1

Nose
(cork)

(a) Feather shuttlecock (b) Synthetic shuttlecock
Fig.1 Shuttlecock geometries
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Feather support Shuttlecock

Shuttlecock

Cork holder
Slide block

rd
/Liner slider

Pulse motor

Fig.2 Launcher simulation of shuttlecock Fig.3 Insertion equipment of shuttlecock
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Fig.4 Relation between insertion velocity and initial velocity
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Insertion equipment

Shuttlecock

Feather support

1130

Cork holder

_\ . Inverter P

(c) Close-up view

7 Weight: 100kgf
X (a) Side view (b) Front view Unit (mm)

Fig. 5 Roller type badminton machine
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Fig.8 Shuttle velocity after shot and launcher
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Fig.9 Relation between initial velocity and roller revolutions Fig.10 Relation between distance traveled and roller revolutions
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Fig.11 Measured data of fall position for feather and synthetic shuttlecocks
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Fig.13  Fall position of shuttlecocks in badminton court by badminton machine

©2011 The Japan Society of Mechanical Engineers



=T NI b ORE

4. v MILORMENE

AETIL, Vv MOBEBRAEAZEHL, ANFI VP2 Uk TR LEZY ¥ FLOFERICE D
TRAWNIE & DL, BatE179.

4.1 ¥ MILORTIENR

R EEEm DOV X D, HEy, 80 TRAT 55O TEX L. EEOT Y MoBRIE, K1
DX D TPIRO A 1 — NS BAE R > TR Y, FulEho skt LIEF 727280, AP O > v hUiX BisREE (2
vy S) WEUSTZFTANPRAETH. 20D, BEIZIEY Y MVOERI =Rtk es. LirL, 2o~
T AN ORI 5 LK 14 1R T LD 72 ZIRGTIEIER TR D Z LM TE 5.

EERD L ¥ FLVOFTESREFERZR BT, vy MVOEBERNZMIZELL, v ol (ke
HEE Yy OAFE) Lvx MAOE Y FAL KPS OO 4) 18T (0#4), MEITITAELa (=4
—0) BWEULD., ZOZLEBFEL, FEFERORE 1286025 v MVOEE A EZ W) & FliRE— X > b
T TEDT ERA()~B) 2D, 72771, vy MBI ', Hil, BihBI0 vy F o 7E—A
v NEZENENWF, D, L, M3 5.

2
mﬂ:—Dcosa—Lsinﬁ €))
dt*
2
Y _ _F_Dsin@+ Loosd @)
dr?
2
1¥+c%+dﬁa=0 3)
dt dt |da

ZIZT, L clidENEREL (GR) B OEEE—XA N, BEEETHS.
FEHINEE % g, ZZROFIMEEE Cp, BIMGEE C L35 &, F, D, L%, wXtisn. 7L, 2255
fE%xp (=1.205kgm’), v VD AD— MEOERFEIEEZ A4 (=7d* /4 =347X10°m°) £ 5.

F =mg “4)
D:%cwm# (5)
L:%cuﬁﬁ (6)

ARETIE, ¥ MBEFRBORFMEOMIE 2 K05 Z LNTERBMTH LD, Vv MLOEBRLAMRE
BN THLENRBIREZRINL, ¥ MVOERNBIGERETH. DFV, vy MURAHRIL, Aok
By FALITHICELL (0=, a=0), BEEEE—A 2 RSB IO LI, 51D LTS WML
T4, kY, vy hoERFRENTL, x, y FNOBEZE ve=dx/dt, v,=dy/dt LT DL, kLD,

Ay
Table 2 Launcher conditions

Shuttlecock type Feather |Synthetic

N,+N,= | Initial velocity, v, (m/s) 21.4 21.1

3600 min” | Launcher angle, 8, (deg.) | 5.95 7.92

G: Center of mass N +N,= | Initial velocity, v, (m/s) 29.8 29.0
4800 min™ [ Launcher angle, 6, (deg.)| 8.51 8.15

Drag coefficient, C 0.51 0.54

Mass, m (g) 52 5.1

Y=

Fig.14 Coordinate and 2-dimension force system of shuttlecock

)
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2 2
v, __Cppv” g _CppAv .V_x:_CDpA.vx v v, 7)
dt 2m 2m V 2m
dv C,, pAv? C,pAv? v CppA
Y pPAV . pPAV Yy DP: 2 2
——=—g-——"——.ginf=-g-——— . —=—9og L.y y Tty 8
dt & 2m & 2m % & 2m yves Y ®

EXT), @FFUEFEIET v, v, ZRD, FERWE CHEIEZ1TO &, T v MPORAUENRILTE 5. -
721, Cp lX Reynolds % (Re= pvd/u, ZEROKNEFL=0.018 X107 Pa-s) LCEELEIZ L > TELT D, AW
TIE, ¥¥ FAD Cp IZOWTIHEIRERR TR L7 ATHIZEORER O W2 R3c L. ZOFER, CplitRe
WIRTFT 2 2 EPHME SN TE Y, Re VNS N E X Cp INE L, Re NKREWNE Cp ITKREL DA H - T-.
L)L, TOMITZEZERE REEL/R L, AR TR LR DEE 205 C) O (5<v<50nms,
22 000 <Re <220 000) TIE, KT ¥ MDD Cpldf 049~0.62, T 2P+ R T 0.53~0.59 DZEIE T
Hol=. TNLY, KEITHIT ST v MVORIEGE TIX, RAFO Cp, OEEFIZNEDEL, KET v b
Vi Cp=051, FABr Y FL: Cp=054 D—TEELTND

4-2 RAELBRICED v MLORBEE

BT LI R v b U BT ¥ MVORRERZIT, ZOKTZEHRE T A0 A7 THlE» o
100 fps TR & L7z, FBRSMHE, Mo — T REEKEZ LS L, TORA (N+N,) 25 3600, 4800 min™ 0> 2 FikH,
KB, AU Y MVOZENEIUIDOW T T T2, T OFEGER D ORGP vy & REHMIMA 6, ZHE H L.
72120, 0plZoWTIE, BHFEZD Y ¥ M ORBIIEET— A 0 NEOFETLIE LW, REIMIAG &
FTE—F (0=p) T DHHE (&% 0.08~0.12s) DOFBEA =, B LTZ v, 0p 3 JOWRIZIR 2 B
BOHFEIZHWES Y Y MO Cp b m 2R 21T, 0B, #HES ik, v rO%NEE (H=11m) T

1.8 ; T T T T T T T T

1.6 [roremerdernesees renenes T oot S S e proeeeee prroene
R P NN : Lo

12 "A‘A‘A... ..... E ......... E. ...... 'u ...E ......... E. .....
~ 10 P IR P ERTTR SIA - -}
ED 08 e P P o
é 0.6 = Theory_ F-3600 —— Theory F-4800| """

04 M o Exp.F-3600 & Exp F-4800

0.2 ' ' : : :

00 i i i i i

0.0 1.0 20 3.0 40 50 6.0 70 8.0 9.0 100
Longitudinal distance, X [m]
(a) Feather shuttlecock

1.8 T " T T T T T T T

L e prenenes R S P e proeeeee prroene
é 14 [reeeeesd S R """"" g e

12 Lo : . B YW provrene froereee
P40 feeeee oo TR SRR R g e oo
ED 08 T T EECETEEE LR EE TR e S ,AA’ ...... ......... ........
2 06 [| =—Theory $-3600 —— Theory S-4800 """+ iy " "{ "\ - rormrasiereesas

04 I o Exp5-3600 & Exp.5-4800 | S N e

0.2 . : ; ; —- e ..... X ........ _AA ....... ........

00 i H i i i i Qi 15 i

0.0 1.0 20 3.0 40 50 6.0 70 8.0 9.0 10.0
Longitudinal distance, X [m]
(b) Synthetic shuttlecock

Fig.15 Calculated and measured flight trajectories of shuttlecock
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b5,

R 2T T ZODRKGEMEEZHNT, X(7), 8) DRI LIZAKBBEINT A v vy MOMEGRRMELE &
FEP IR O FHAI L 72 RFIGE 2 X 15(a), (b) ICFNZIURT. T d 0, FEBREIXEBEIOCHLN T2 %)
FTYRNHDHN, KE, FA ol biRn—F EEEAY 3600 min” O & X (THEEE, FEREE BITF-HE LT
W5, feu—Z AR 4800 min' DA, EBREITHERE X 0 HoREOIREIENE L e > TR Y, AR
S, ATRERBEEE L2 V/INEL o TV B I ENbnnd. £, WK E LRHEROEREOTRE 1%, Hin
EED H00ME. Z ol E L CERATIE, BREZO Y v ML ORI EE SR EIE S Cp,
C, MEDTAZEFE L TN EARESARFRNTHY, HE v AN GelEldizs - 4800 min) 4, Zh
LORBNRELIRDIIEZDTHDHEEZEZLND.

4 15 7> 5 SZBRE & PRRRE O KA Z T Uiz, KIS Y v RV Tl KRR S 0.02 m, i KAREERHE0.16 m
iy, FA vy MVTIRRRINE S 0.04m, HKRMREESE0.18m TH Y, R(7), O L HEEREDOIEEN
FHFZEELI W ERNbnD. ZUE, HEVIZED Cp, C, MZEOELZEZEE L2 TYH, v MO
BT ZIUZ ER2 D Z 8130 D LB BN, Vv MLVORFIIIE L, WL v, FEHHT 44 0, , Reynolds
B O(FERE(EST) G0 C) D= 2OETIRFREINDI O LHEINS.

PUEDZ XD, vy MVORIITBIFO YIS L > TRFEZORIHEIXZ VD EEBINDI LOOD,
REIE AN KR E S ELT B Z L1, DFD, v MUIED L ) RUHIESA TR RS- LT
B, vo, 0o Cp DO THRFMNEIZIZIFRET D EERD. ZDOZ &L, SHONNRI U hr~< r ORFHERE
O EIZB L CEERZ LE2RBLTEY, vy MUPIROBEEZEET 2 483H 508, v & LTUIv Y
NVORREE LMD —SZ2FIT 5 Z E MR BEETHD Z LIRS

5. #
AR TIE, FREOANRI VN OBEEHELE LT e —F AN RIV b U HRL, v DR
FEPE, FRSERRE, ATERSEESORAEREICOWTEIR L. F77, % MLOBRERRHIIE & BRI X A
BIE & OB, it E1T, RO mE 7.

() BRLE o= NN IV b~y OREIEEITIKES Y MV 52ms, A a3y ML48mis, fix
RAEEEBEIIAKS 11.5m, 4 122 9.7 m, ¥ FALEREEILE > v ML & BHE0.32m, #0222 m LINTH -7z,
BAF Lz~ i, FHEADNRI U N URTFRAOEREEK S L THo2tiEs /LT 5.

() ZEXREHEEBE L v MV OMEGRARFIHNE 2 R L, IR L DRAMIE & O E T 72, 2O
K, Tx MVORFIHGELL, FEHTIELRFFOYHILEENTIH F 0 ZBEINR. vy MVORFINE %
RET HEERTIE, FEPLHE, FEHIA, Reynolds #02ii U= Hi itk Tdh 5.

7R, ARWFRO—ERIX, MNATEGEAN BURHTRENEE 0ST) Ok 21 45 o — X%k A (No.07-064)
OEZZ T Tz b O ThD. 2212, #ELZETS.
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