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ABSTRACT

Baseball is a worldwide sports event; its high ornamental and
competitiveness charmthe people. And baseball gameisa so agamerelies
on apparatus, therefore bat some physical propertieswill have great effects
on batters’ abilities. This paper targeted market two kinds of textures (all-
wood and all aluminum) bats hitting effects, it makes deeply research from
the two aspects. By deeply researching and analysis of bat hitting process
and establishing physical model, it gets bat maximum delivery speed
expression, therefore it gets aluminum bat maximum delivery speed is
obvioudly larger than wood bat. Aluminum bat speed change curve is
more smoothly than wood bat, which means hitting point position
influences on hitting speed is not obvious so that cannot reflect batters’
levels. By establishing bat elastic beam model, through analyzing, it gets
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wood bat and aluminum bat force status.
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INTRODUCTION

Dueto basebdl isakind of sportsgame combining
with gpparatus, bat quditiesaffect batters’ performance
to greatly extent. Ingenerd, bat dividesinto two kinds
that are respectively made of wood (generally isash)
or meta (generdly isaluminum). Itiswell-known that
auminum bat hasbest daticity and will not crack, when
swinging, only with enough strengthit normaly can play
bal higher and further, whilewood bat isproneto crack,
it had appeared wood bat cracked and flied to bleach-
ersand hit afemal e audiencein mgor league baseball,
which caused personal injury. For beginnersand high
school competitions, it can useauminum bat, sothat is
very easy to generate sense of achievement; but mgjor
league baseball prohibits using metal bat, because

competitive sportsprincipleisimproving performance
by itsown techniquesimprovement rather than appa
ratus propertiesimprovement.

Thispaper, from delivery maximum speed and bat
acting forceon hand thesetwo aspects, it respectively
makes quality analysis of wood bat and aluminum bat.

BATHITTINGMODEL ESTABLISHMENT
ANDANALYSIS

Consulting information, it gets bat each physical
property asfollowing TABLE 1.

Analyzefrom theper spective of maximum deliv-
ery speed

Inorder to convenient for modd caculaing, it sm-
plifiesthemodd asFigure1 showed circular teble, from
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TABLE 1: Bat each physical quality value

Property Wood bat Aluminum bat
Mass 0.142%9
Length 1.05m 1.05m
Density 0.7kg/m? 25kg/ m?
Structure Solid Hollow(thickness 2.5cm)
Restitution coefficient

0.25 0.4

e
Elastic coefficient
\'A 4om/s 4om/s
u1 16 m/s 16 m/s
w, 3urad/s 3prad/s

which Eishand griping bat position, Cisbat masscen-

ter, D isbat and ball contact point.

Figurel: Bat smplified model
Dueto hitting instantaneous, bat rotatesaround E
point, angular speedisw , massspeedisy = @ x| , hit-
ting point speedisv = o (| + ), according to momen-

tum conservation and angular momentum conservation
aswell asredtitution coefficient expression, it has:

my, + MU, =mv, +mu, (1)
mv,X+Jw, = mV,X+ Jo, @)
e= U, -V,

i—4

Because hitting point is not mass center, weim-
proverestitution coefficient expresson as.
U, —Xm, —V,
V, — U, — X@, ©
By (1), (2), (3), it can get ball speed expression
after hitting, asfollowing:
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In order to solve bat mass center and rotational
inertia, extend above bat model to cone, asFigure 2
show, and then bat volumeisequa tobig conevolume
minussmdl conevolume.

o

R R

h=—2_ =

Amongthem: Rz_thz h Rz_thz
Z—th Rihl %ﬁ(@—ﬂ?’) @
Bat massis:

m, = pV ©)

Informula(5): p isbat density, V isbat volume.
Mass center coordinateformulais(6):

(6)

R-R ?
WhilebecauseJ = j x*dm big coneinertiamoment is:

_3 (= Rh 2 12
Jc2—80p[3R2_Rij(4R2+hz)+

Rh \(3 Rh, Y
(3% RX4%—% &j ®

Smadl coneingrtiamomentis:

’eh,
‘{3& RNM%+

Rh,

22|

2
e ©)

c2~

o[ T R |f3 RN,
SR-RJ4R-R

s BioTechnology

An Tudian Yourual



380

Research on biomechanics based bat texture affects athlete injury

BTAIJ, 10(3) 2014

FULL PAPER o
Masscenter inertiamomentis;

Je=Je,—da (10)
E pointinertiamomentisJ, = J. +ml?.
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Figure3: Wood bat and aluminum bat speed and best hitting
point relationship

Collectinginformation, itisclear that small radius
R is12.55mm, bigradiusR, is35mm, input (1)-(10)

into speed v, following hitting point to masscenter dis-
tancex changingfigureasFigure 3. Thereforeit gets
two textures’ bat speed and hitting point rel ationships
asFigure3.

From Figure 3, itisclear when aluminum bat in
x=0.204, speed arrives a maximum vaue 68m/s. Alu-
minum bat hitting speed isobviouslarger than wood
bat. And a uminum bat change curveis more smoothly
than wood bat. Even aluminum bat minimum hitting
speedislarger than wood bat maximum hitting speed.
That bringsinto obviousunfairnessto game. Aluminum
bat curve changesissmooth, whichindicateshitting point
position hasno big effectson hitting speed, whileavery
important factor that decides hitting positionisathlete
level. It showsthat using aluminum bat isdifficult to
reflect athletelevel. And wood bat curve changesare
larger, whichindicates athletelevelscan obvious affect
hitting speed, which conformsto competition signifi-
cance. To sum up, gameisrequired to use wood bat
and prohibit using aduminum bat.

Analyzefrom bat to hand actingforce
Accordingtomoment of momentumtheorem, it hes:

BioTechnology —

1+ x)Q
(Jo+m?)a=(1+x)Q 06:%

Informula, J. isbat to masscenter rotationa in-

ertia, | ishandsgrip point E to mass center C distance,
x iscolliding point D to masscenter C distance, ¢ IS
bat rotational angular accelerated speed, Qisball to
bat collidingforce, and then:

(1+x)Q

=la =1
% Jo+ml?

(1)

Informula(11), a. ismasscenter C accelerated

speed. According to theorem of motion of mass cen-
ter:

m(1+x)Ql
Fo =<
Q-F=ma. Q I +m?
F :Q—m(1+X)Q| __ 1 (I -md)Q (12)

Jo+m? 3 +ml?

Informula(12): Fiscolliding moment hand to bat
collidingforce.

Dueto consider that hand grip point displacement
basically not changethat the positionisbasicfixed, ball
to bat impact force can be solved by mechanics of ma-
terids. That is. smplify bat into el astic beam modd as
Figure4.

—r B
? a7/ al |/
g [t}
Fil
O . 9 = 25
b Vi
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b Under dynamic load
deformation diagram

Figure4: Bat elasticbeam model simplified diagram

a Calculation model

Figure4-aiscdculaion mode, Figure4-bisunder
dynamicload deformation Figure, Figure4-cisunder
static load deformation figure; then, according to me-
chanicsof materid sknowledge:

3
A, =P
3El,

(13)
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2
1 Vs
K,=1+,/1
d +\/ J{“”U”J gA, (14)

Informula(13) (14) : A, isstaticdeviation, Eis
bat Young modulus, |, isbeam crosssectionto neurd
axisinertial moment, K isdynamicload coefficient,

m, isbat equivaent mass, m, =33m, /140, m, isbal mass,
v iscollidingmoment ball speed.

When ball speedislarger, dynamicload coefficient
canbesmplifiedinto:

2 5
Kd:\/1+( 1 J v asl:Q—b
1+m/m ) gAg W

Informula: W isbend section modulus

_Qp
W 14+m/m

1 V2
)
gA

Oy = RyOy

F, = KdQ
Informula(15), o, ismaximumimpact force, F,

isbdl impacting bat moment dynamicload.
Simultaneousformula(12) to (15), it gets oppo-

nents’ impact forceaswel ashitting point to masscen-
ter distancefigureasFigure>b.

(15)
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Figure5: Bat to hand acting for ce changediagram

FromFigure5, itisclear that inthe position that
x=0.05, bat to hand acting forceiszero. But, with hit-
ting position changes, a uminum bat tohand acting force
obvioudy changes, the highest can arriveat morethan
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4000N, which bringsinto extremely big security risks
to baseball players, if it deviatesreasonable hitting re-
gions, itwill causeinjury to athletes, therefore, game
should prohibit usngauminumbat.

CONCLUSIONS

Fromtheresearch, itisclear whenduminumbat in
x=0.204, speed arrivesat maximum 68m/s. Aluminum
bat hitting speed obviousislarger thanwood bat. And
auminum bat change curveismoresmoothly thanwood
bat. Even duminum bat minimum hitting speedislarger
than wood bat maximum hitting speed. Aluminum bat
curve changeissmooth, whichindicateshitting point
position has no big effects on hitting speed, and one
very important factor that decideshitting positionisath-
leteleve. It showsusing aluminum bat isvery difficult
toreflect athletelevel. And wood bat curve changeis
larger, it indicatesthat athletelevel scan obvioudy ef-
fect on hitting speed, which conformsto competition
ggnificance

By research, we can get following conclusions. du-
minum bat maximum delivery speed isobviouslarger
than wood bat. And a uminum bat speed change curve
ismore smoothly than wood bat, which meansthat hit-
ting point pogition hasno obviouseffectson hitting speed.
With hitting position changes, aluminum bat to hand
acting force obviouschanges, it hasgreet injury on bat-
ters’ body, and to wood bat, force changeisrelative
gently.
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