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Effect of Mass and Position of Center of Gravity of a Baseball Bat on

Hitting Performance '
Masato MAEDA*

Abstract

The purpose of this study was to investigate the effect of the mass and position of the
center of gravity of a baseball bat on its hitting performance. Twelve skilled baseball players
were used in the study. A bat was developed for which the mass (869.2 - 912.4 g) and
position of center of gravity (30.1 - 32.8 cm : the distance from bat head) could be adjusted.
In this experiment nine different settings for the position of the center of gravity and the mass
were used. The motion of the bat during swings was analyzed by the three-dimensional direct
linear transformation method using two cameras, and kinematic data were calculated for the
moment of impact of the bat with the ball and also for the entire hitting process. The main
results are summarized as follows:

1) The head velocity was greater when the subjects swung a baseball bat with the center of
mass located near the grip than when they swung another baseball bat with the center of
mass located far from the grip.

2) For all the baseball players, the bat’s mass did not affect the head velocity of the bat at
impact.

3) The head velocity was greater when the subjects swung a baseball bat with a larger
moment of inertia about the axis passing through the grip than when they swung another
baseball bat with a smaller moment of inertia.

4) In some cases, the mass of the bat had a significant influence on the angular velocity on
impact for a player who had a translational swing. In this case, the characteristic of the
swing type was shown to affect hitting performance.

When choosing a suitable bat for each player, the swing style of the player needs to be
considered. This finding suggests that when characterizing bats, not only should the mass
of the bat and the position of its center of gravity be used as indexes, but also the moment of
inertia, which is related to the grip of the bat, should be employed.

Key words : Baseball Bat, Bat Swing, Position of Center of Gravity of Bat, Mass of Bat
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Table 1 Physical characteristics and career of baseball in subjects
; 3 Width of Career of
Height Weight palm baseball
(cm) (kg (em) (yrs)
Subjects  175.7£5.4 71.2+4.6 8.4+0.3 11.5£1.5
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"Far" position

"Middle" position

"Near" position

Construction of the measuring bat

Table 2  Sets of characteristics for measuring bats

Mass  Position of Centerof Moment of Moment of

weight™ gravity™ inertia® inertia®

(g) (em) (em) (kg-m2) (kg-m2)
LN Light  Near 869.2 32.0 32.8 0.0439 0.222
LM Light  Middle 869.2 23.0 31.3 0.0442 0.235
LF Light  Ear 869.2 16.0 30.3 0.0459 0.245
MN  Middle Near 890.2 32.0 32.8 0.0437 0.227
MM Middle  Middle 890.2 23.0 31.2 0.0441 0.240
MF Middle  Ear 890.2 16.0 30.1 0.0460 0.251
HN  Heay  Near 912.4 32.0 32.7 0.0433 0.232
HM  Heaw  Middle 912.4 23.0 31.3 0.0442 0.244
HF Heavy  Far 912.4 16.0 30.2 0.0468 0.256

% Distance from head

§ Moment of inertia about center of gravity

§ Moment of inertia about 8 centimeters position from knob
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Fig.2a Effect of bat characteristics to head velocity

32

Angular velocity (rad/s)
N 2
T T

[}
o
T

16

Near

OLight EMiddle OHeavy

Middle Far

Fig.2b Effect of bat characteristics to angular velocity
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Table 3 Head velocity of bat and angular velocity in the swings of all subjects and their averages in each subject

Head velocity (m/s) Angular velocity (rad/s)

Bat Swings of Average in Swings of Average in

all subjects each subject all subjects each subject.

mean S.D mean S.D mean S.D mean S.D

LN 283 1.9 284 0.8 241 26 243 16
LM 284 1.7 285 0.7 247 24 247 14
LF 277 16 278 08 243 23 243 1.5
MN 285 1.7 285 08 244 24 245 1.5
MM 283 1.9 284 09 243 2.8 244 1.7
MF 278 16 279 08 240 25 242 1.6
HN 284 1.8 286 0.7 244 2.8 245 1.4
HM 280 19 281 0.7 240 23 241 1.4
HF 277 1.7 278 09 240 25 24.1 1.5

Table 4 Angular velocity of bat, head velocity and their ratio in each group

Angular Head
Group velocity velocity ratio
(rad/s) (m/s)
Group 1 n=4 26.1£1.9 20.0=1.1 0.90
Group2 n=4 24.7£1.6 28.7=1.8 0.86
Groupd  n=4 22.3£2.2 26.8=1.4 0.83
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Table 5a  Effect of bat mass and the center of gravity to head velocity

Center of Gravity Mass
Near > Middle **  Light Middle ns
Group? Middle > Far **  Middle Heavy ns
Near > Far #%  Light Heavy ns
Near Middle ns Light Middle ns
Group2 Middle > Far **  Middle Heavy ns
Near > Far **  Light Heavy ns
Near Middle ns  Light Middle ns
Group3 Middle > Far **  Middle Heavy ns
Near > Far **%  Light Heavy ns

#*p=<0.01, *1p=<0.05

34 r Olight EMiddle OHeavy
Near=>Far (p<0.01)

! =Middl 01 Middlle=Far (p<001) '

Head velocity (m/s)
)
oo

Near Middle Far
Fig.3a Effect of the center of gravity of bat to head velocity (Group 1)

3 r DLight EMiddle CHeavy
Near=Far (p<0.01)
Middle>Far p<001)
2L —— ) ] ; 3

Head velocity (m/s)
(%]
o«

24 L

22

Near Middle Far
Fig.3b Effect of the center of gravity of bat to head velocity (Group 2)
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22
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Fig3c Effect of the center of gravity of bat to head velocity (Group 3)

Table 5b  Effect of bat mass and the center of gravity to angular velocity

Center of Gravity Mass
Near Middle ns  Light Middle ns
Group1 Middle Far ns  Middle Heavy ns
Near > Far * Light Heavy ns
Near Middle ns Light < Middle *
Group2 Middle > Far #*  Middle > Heavy **
Near > Far #%  Light Heavy ns
Near Middle ns  Light Middle ns
Group3 Middle Far ns  Middle Heavy ns
Near Far ns Light > Heavy **

¥*p<0.01, *:p<0.05

32 Light EMiddle OHeav
Near=Far (p<0.05) Olig - = ¥

T 1

24

Angular velocity (rad/s)

20 F

16

Near Middle Far
Fig.da Effect of the center of gravity of bat to angular velocity (Group 1)
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Fig.5a Relationship between the moment of inertia of the bat and head velocity at impact
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Fig.5b Relationship between the moment of inertia of the bat and angular velocity at impact
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ML TWaEEAGNS.
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4.2 Ny bOBHEE—AY FPITEICRIE

THE

Ny FOEEE—A > BT, Ny hOTE
LML R ETHRIESNSWMINSINT A—F
D—DTHY, A1 2TOEIZIZ/Ny b OEL
g L3R HMEEES 20, /Ny PO
K CHOL ST RIZH A 8 E RN 51z
&, 7V TEEDDOHIEE—RA S B &S
BEDEFREWNSMIT L Z EAIERITH &
BHTHHD.

Fig5a IR LNy bOF YU v TEH DO
PEE—A FENY POy REEDRMIZIZ,
HEBADOHY = — 0.853 : p<0.05) Ai2®
S5z, ZONy FOHEEE—AS FIRKESL
BHENY FOANy FHEENRNS </2DHH5E
%, Ny botEMEE—A S MCHET S ERITR
755 % D0 Koenig et al.” O & [AEEDFEHT
Hofz. UL, FigshiZiL/Ny b7 w
TEDLDOWEETE—A FENY FOMHEED
HziE, AERMESEDhaho/z. Th
5 DOFEHIE, Fleisig et al.'” D i & —HL TH
D, Fig2b T/RLUAZ/NY kDFEDOITIEADE
BOMPHERES -BL TS, DFED, Ny
ko fdg IR, RS LR DA RS
ZRIFLTHBST, HEE—A> MEOMIZH
FEEMBIZRVWHEDOO, Ny hO~Ny FEiE
IO SRS E L THD,
PEE—A > b EOMITHEAAHBEREENH S Z
EMHSE NI

AWFFE D% E T 9 FREOMER Ny kD F
Dy 7ZHb0DOMHEET—A L FPOKEIOM
%, HF>MF>LE>HM>MM>LM>HN>MN>LN T
Hol- (Table2). DD, FYwTExbho
T — A > M OMIZ RITTHEII/N Y M
OEED BNy bOILLEDOELD AR
EMolEGA5. Fig2adDEHIT/Vy ME L
DEIZH L THEREEGED ST, Ny
kO FLTE OAEITH LTI A B 8GR
MHENEOIE, ZOLIBHEENy MIFAL
ToPED ERIBR O NN L TW D TIda
nELEZLNGS,

AWFZELE, Ny R OHPRESTRICED
EOREEEGATNWLIOMEWHSNIT S
WIZ, HREBOIEEND DO HERIZEH
LTA /87 BRED Ny by Rl B U
W R E T RN L, MY aim”,
Bahill & Karnavas” |Z/%y F DA v hO
Ay RAE— RIZEEZRIZTERELTVS
M, AWFETIE/N Y RO GENA 280 BIFO
INw R DNy R R UM (T % 1 E Y
ClidRESshimoiz. L, Ny hORR
EHMLEREIZE > ThELHEMEE—A b
A3 2287 FREDIN w B DAy Rz s
ZRIFLTWS 2 ENBEDEN-Z M5,
Ny FEBABOHLE LTHERDE I IT/N Y
OB R EMLE LT T, Efke—A>
MEEZOIREEEEDERS T LR Ik,

5. & &

AWFIETIE, /Ny b OB B LM AT
HMeMETDZR=IITH L TNy DAy B
HESHREICEDOLIITEEERIFILTY
LDz, 3FEIOEE (8692 ~0124g) &3
O FEMEE (N B s OfEEA 301 ~
32.8cm) IZ@ETEDMUEM/N Y FEMBEHL,
IRICEEMAT S AT LT D40 - BEtL
1=

ZOfEE, LT EMHEMTIR- /.
@O 2N RO~y RN, EOEN T

) AWy bEHWEREOIES A, &

MR T ) TinsigEnNy k& A0k

KDBRENST.
QERARELTIX, Ny FOEEIZT 2N

7 RO ANy REEITA R E LEL T

Wiaho iz,

@ %7 FEO ANy REEER, Uy TED
DOWEE—A > FBRKEVWNy bEHWE
BDIZ5H, ZVU v 7EDLDOHEE—A >
FAVhEv Ny fZEHWEREE D H/NEho
&

@)\ b OAEENNE WHEBRETIE, Ny
R DELEEATA 2257 RIGED N kO£ i
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AR EERIEL LR SN 8E0H

D, RAA 2T TNRIeD EEBENDH
HHREDIENHD T EMNRINT.
FIRTFITHEL 2Ny b ZRSEIE, RTTH
ETNDRAA TR EEZEET B L, e, 1€
A D XD I R HELLE T TR 50T
1372<, BOMEEDLDOHEE—A > MBI
PEETR 0G5 T EARME N/,

7B, AWETIE 9 MO - FULALEIT
RETEDMEM/NY L TORRTH
D, foNAEEENS OFREHHZBA T
IEHTER WA H D T EEZEATH
SBENDHD.

2 £ X W

1) SESRtR— IO, KRN, dad
1992,

2) Messier, S. P. and Owen, M. G. ! Bat dynamics of
fast pitch softball batters, Research Quarterly for
Exercise and Sport, 55(2), pp.141-145, 1984.

3) NG A 2N MEATICH TSNy bO
BE, HANAFANZY ZERE, SHKE
T DFEIV, pp2l6-221, HFkHEHEE, HE
1983,

4) FEEE : BEROZA 2 TRED N w kDA
FRAE—FICKRFTESE AMTIY 3403,
pp-151-155, 1998,

5) WiMIE® : BHERNy ORI > T
BAEd i E, AR—VMEXFENE 130D,

6)

7)

8)

9)

—

10

11)

12)

13)

103

pp.45-51, 2003.

Koenig, K., Mitchell N.D., Hannigan, T.E. and
Clutter, J.K.: The influence of moment of inertia
on baseball/softball bat swing speed, Sports
Engineering, 7 (2), pp.105-117, 2004.

VU HE— 1 T ST % & ST %, Japanese
Journal of Sports Science, 12(6), pp.340-345,
1993,

HHAHERD @ /Ny bDIPERTERI S W\ T 1
> OFE, Japanese Journal of Sports Science, 4
(10), pp.723-728, 1985,

Bahill, A.T. and Karnavas, W.J.  Determining
Ideal Baseball Bat Weights Using Muscle Force-
Velocity Relationships, Biological Cybernetics, 62,
Pp.89-97. 1989.

Fleisig, G. S., Zheng, N., Stodden, D. F. and
Andrews, J. R. : Relationship between bat mass
properties and bat velocity, Sports Engineering, 5
(1), pp.1-8, 2002.

BPRREA G, AGIHIEGE, HPH4836E © BEk/N » b
DRGE, WREFEE 7 1y MEISITET 5 00F
7%, TH 2 R AR—UF 18, pp.141-149,
1997,

B : TN 7 21 > 7ho BB Eo#%
Bl NI, 26(2), pp.81-86, 1990.
BUWE, KA, FE# - HERONY b
D E R U NITEET D TRIEOE
b @id &, AR—v HiEFurgE, 9,
pp-127-139, 1996,



