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Takashi Kawamura', Sekiya Koike' and Kazumichi Ae’: Comparison of upper limb motion energy flow between
high and low bat head speed groups in baseball. Japan J. Phys. Educ. Hlth. Sport Sci.

Abstract: This study examined the flow of energy in the right and left upper limbs of skilled baseball batters
during the forward swing motion at different bat head speeds to obtain basic insights that would be useful for
batting coaching. The subjects were 23 college baseball outfielders in university teams. The subjects were
instructed to hit a ball toward the pitcher from a tee set at a mid-height position. Measurements were taken using
47 points on each subject’s body and 6 points on the bat for a total of 53 points, onto which reflective markers
were attached. The 3D coordinates of each marker were measured using a 3D optical motion capture device (Vicon
Motion Systems’ VICONMX, 12 cameras, 250 Hz). The variables in the kinetics of each hand were measured
using a force detection sensor bat (1000 Hz). The subjects were separated into a faster group of 36.8+0.8 m/s and a
slower group of 34.7+1.1 m/s for analysis. In terms of energy transmission, the data revealed that the faster group,
in addition to showing additional torque on the knob side shoulder joints, were able to transmit more mechanical
energy from the knob side shoulder joints to the end of the upper limbs than the slower group, and that this might
be related to an efficient bat head speed. In addition, the faster group showed an increased positive torque power,
and transmitted greater mechanical energy to the bat from the hand region. In other words, to prevent mechanical
energy from being absorbed while adjusting the bat trajectory near the time of impact, skilled bat control involving
movement of the hand joints appeared to determine the bat head speed.

Key words : sensor bat, kinetics, batting, motion capture, closed loop
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and Monteleone, 2001) A%, T 5DZ I IFIFEH
RIEF OO Z H TV, LicH
WS B % R BN & KT B % TRIfiAN &
MR L T L @R DEENER ) &I, 35K,
TZADY—ERXRETHRESNTVS (FHIZ
A, 2015 5 BHIED, 2004). TFEROFTREHEL
RO H 28y M EIBRER TN T & T
EIBEEH R T TV B EEZONED, MWL
&Koy MR ENS T & S EMREE
ENOREEND B T LRI NS, FEBESHIC
BIL T, #¥8FE (2011) & lEnergetics {3 & Hlj 8 5
EELSEHLTWS ) EBXRTHBO, ITREE
NN T IV F—DmMSHLMNCT 5 T &,
FEDMIZ L TIEE T 20 0MREES C &
KBV TAEEEN DD LEZONS.

UL, i BRI &> TNy R MR E N B 8
BROFTEBICIBNT, W12 2RI K o TR
DFT 47 AT 5701, Nv B
KU EBIC K OBRENEHN—T 2D H 572D
IZ, —EINCHHEE SRV IEE RIS % 05
Wb oTz. ZOREMRROTZSHIT/NE (2010) 1
EABFANONOFERNBECIFHE—AY FO
FHHIZITZ BRI T — - 8w R EBITEL
fe. TORY— 2N 2o TEEROITEOD
EASETEXCEEOF 27 ¢« 7 XICHT 2HE
MNixEN T3S (FYLIEA, 2013, 2014 5 /il
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FHT 2 eMfaeL 2D, THUTK D BFERDFT
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AN ZEEZHTENTER LEZONS.

ARFZEDO HINIE, PEFEGET OITREEICEH
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W7 SR AT M R B R ORBZ[ TV
)

RIS — A==l L, e 3 e E EhE)
YESrHT2EE (Vicon Motion Systems 1%, VICON-
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EHNT, &~—h—0 3 JorEEaEFHIl L 7.
ERESETOF 2T ¢ 7 ANZEROFHINCE, 7]
i (2010) AFEFEL IR > — - )3y b
ZHWz (1000Hz). &35, 7—XUEDITIEI
DV, FITLIED (2013,2014) EFR—& L7z,
AWIZETIE, 73y b o~y REASLIVEL 2D
w Ty RillE ) Tl £l T 5.
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1%, Wells and Winter (1980) D /5iE7%Z W TIRE
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ENTEEEWTE R (7.5—15H2) 269 21
F1 9" 41 D 7% U Butterworth low-pass digital filter 7
AW TR LR T > T2, Z D%, 3 ROAT
T A 2 BEUE FIV T 1000 Hz 07— 2 Al
T3 LICEHLT, EY— Ny FOY VT
VIR CY ) Y TRIEOT—&2 & L
7z.
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BXU RO S&20IK) > 7ETIVELTET
b Uiz, 3 JotEifEZRHiiS 5 7zic, B
 (2014) EJRIRRIC, FRGSREETIC BRERRE AT
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WAL (EIod cE, BN ED O2 HHEE L.
FHEfOMZEMICOVTIE, HEiYE (@ F,
B ), BXUOBERE B E, R &)
D2 HHEE Uz,

3.2 LEBEEOFRT 1V ANER

AEFFETIE, FREEEIOF 3T 0 7 ANER L
LT, E9tsY— - nN\y b SEHIL A%
FORy MEHNBICIEHE—AY MDA
EREOMB I IAER R T, SREEICERT %)
BRUEE—AV L, $xbbRRT B KX CBE -
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MV I ZRINT, BT —, B sV 78T
—, YAV MVINRT—, BRUSIHENE
ZRM L.

KA O LRGBS &, j U= 2NV 7 TS j=
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— Py BRORTAY S MV IST — Pyt I,
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Py = Tiy * Wi 3)

C T T, F, EBEEIC/ER I 5888, 7,138
TS 2B V2, Y S BEETOMERE, W,
RO, w & T AV b G=TF, wil,
L) ofEEZZNFIURLTWS. ZLT,
INHOENRNT—DS 5, B~V I T %57
WX B XGRS OIEERICR RS 5 T ki
XoThmftE (LUF Mg 2iIgd) ZHi
L7z,

BB, {ET AL FOMBENY RV w, 1D
W, BT AV MCERELIE T AV M EBEER
I BRI RIOHA AR S VRS %
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W ICDWTHE, BT 287 Ay MadEXRY
NVORAEE (w,,, — we) & L TR,

3.3 BMDEE
AT, JIFED (2008) Z5EICLT,
N R ey RAE— REBE OB 555
MR L ER L TRmEEZ 2 BRC T . o
B 23 BT B3y ke ANy FAE— RDIR
KMEITBT 5z L, FAEKD &M
KEWoTz 1280 7% Al (High), FHAEID &
EDVINE Do Tz 11 7% FAiBE (Low) & L7z,

34 DFEEDERE, 7T—2DBEBILE LU
s
IHTHIFIC DV T, FIVLIEA (2013, 2014)
DEFRIHE, Ny kAN RAE—=FR& TV
TAE— ROMH 3 m/s B8 Z TR mih 51k
WPZEATOHIETDINY b« Ny RAE— KRB
WIS % 1 a<aiOlE (AN T4 287 )
L#EY) FTLLTC, COXMETFT—FR - A
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Fig. 1 Definition of the individual phases in forward swing batting motion.
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il o SR, FACRE  AfD. FL T, S
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RY. ETe, HREICBWTHEADNR DN
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frfil - FED.
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%%&ULHM&%Lﬁ%& SHAERIE A5 N
Mo Te M, 70% (5530 LIS B W THENAN O I E
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LTV,

X/ T ERCOWT, FREEE (D) T,
WAl KRN & B ICHEEREEAIEH S
N o 72h, 30% LI IV TR AL O
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KO BPEHFICKREN STz, HIlEER () T, I
Al K CEM & BICHERLZHERRA SN
T o Teh, 35% (LIS B W RO IE
A, 3B & T 70% 53 LRI F5W Tl oo £
Y, LI BARED FOIREK D & BEFZICKED
Sz, T () T, Rl X eEME
WKCEBEEZHERIEA S NG > 20, 80% ff
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12 €AV M MIVIINT—
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Fig. 2 The mechanical energy flow done by the joint force power of the individual upper

limbs in the forward swing motion.
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Fig.3 The mechanical energy flow done by the segment torque power of the individual
upper limbs in the forward swing motion.
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The mechanical work done by the joint torque of the individual upper limbs for each phase.

e 3OV F—DRNCEHT S 2 Lic k>
T, BEROITBENEICHT B FIRDOT I FRIT 3V
F—ORNORHMZHSENMCTT 5. DEIC LAk
& MIRHC B 2 1A T 3V F — DN OHE
ZHSMCT BT X T, fIBIFEANDREZ
"/HILLTB.

1. EfBETUBICHBONENIRIVF—D
wn

11 R4 5ai%¥ B1HKUE 2 5@

INUIVIILER T,/ 70 B & Le TR
NT—BROCET AV N MV IRT—IC K BT1%
MRV F—DBEEZRANEH SN G- T2
(Fig.2 (@), ), (o), Fig3 (@), b), (). T
OFERIE, BHIED (2004) ZBEICLUTERL
7z Fig.5 OJRyEI R LTz I T 3 )V F— D%
NOBXHNS LI TEB725 5. )IFIEH
(2008) &, AA U BARAER TIE NLIVEIERL
IS U TN BEE 2 Ji th U 72 & 2 8 BT O 25 5@ B



44 JIARHE A

KBV THBEZ ANz EMELTWS. L
o> T, NUIVALERTIE, A1 > 7hiEhn S
50% I CREICB RN X 2EEN TN S
M5, EROKEANDYEEZ AT X)L F—
DIZEDRHRSNED STz eEZBNS. A TH
g, (2014) 1%, AA 2 7BEN SSLIVHTE
BEETENEE BV 7 BXOIED bV 78T — Iz 3¢l
LT, fREHICBIS AL R - T FDA
A VTR DIz kD BEERTT> TS
CHELTWS., Ok, [FFmcBIT S/ L
IV ERE D@2, 73y RASER O Uziug, W
DB RT « AL VT EERNE DIy b
BRPRICHD TEHEL EWS Mgz D Th s
LEZLNS.

JI7NLERTE, 87 A2 MLIRT—IcEB
WT RIS RIS & Cailihic B /maiih 5 D
N TRV F— DAL X TEMANDFR A
HH5N (Figd (@, (), (), BEHII/RT—IC
BT, B CEEMAD ST 7V F—
DOFHD, BB TIN5 DA L Uizl
ANDFEHBA SN (Fig2 (@), (), ).
DXLV IS R T /T L T,
Fig5 () "HdDONBKIICAA Y THIEDNS

(a) 1st & 2nd phases

ARAAR

0% < >50%

(b) 3rd & 4th phases
50%+ >100%

Barrel-side ; Knob-side

BB XTI A b MV RT—ICc X% 1%
T 3L F— DR D BEE 75 22 MARWIFE DFE R
SIHSME oz, g (2003) &, /7l
RIS B D CHEE AR LTI X B
EfEERHRSNIzC D, / THlO FIGREENE
Ny BTGNS [ E T T LICEHBNT % T &2l
HLTW3B. Lo T, AAVTRENS /T
fioE, Wik UTFHEEICBOTHEE R MV Y5
fiztrs c eid, /7 ERIC BRI B
MANE NI IV F—ZRRELFHT T LICE
D, TOERIKE DSy MEaiANE KE LN
HENBLeEZOSNS. T/ TR LTI, FF
SRS/ 8T =12 & B _EREBOENAND SN T
FIVF—DFH I X CRIFEROIRA SR ED
Too PE - KEE (2005), WEE - ALl 2007, F
KO/NIED (2009) &, BFEROLEREFDOT =
ADY—TEL Vo Tl A AV TS
% FIARSGD A — RERICH LT, BL/1ea
VAV o FzlallisEENIC R T 5 I K B H
Bk, Wb 2 SHENHE O EBKEIC K B EkA K
BT EZHELTVS. LizhoT, BHEK
DITEEEIC BV T B RHTRE R ML 7 A A]
RETdH %/ 7Moo E BEEESNIC X > TAE RBIHi

Barrel-side i Knob-side

Fig. 5 Diagram of mechanical energy flow done by the segment torque power and joint

force power of the individual upper limbs in the forward swing motion.
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