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ABSTRACT

By utilizing dynamics and physics principles, establish momentum
conservation model and maximum ball speed model make calculation on
bat impacting problems, and find out best batting point. Through analysis
of best batting point influence factors, it establishes maximum ball speed
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effect model, and utilizesrestoration coefficient and quality defining baseball
bat texture required physical property. Research achievesthat the texture
of iron birch which grows in greater part of Chinaisarelative ideal metal
baseball bat aternative. Model applies theoretical mechanics abstract
analysis of ball and bat impacting problems, used model is easily

understood, impressive and helpful for promoting.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Baseball bat selection actually hasdirection con-
nectionswith battinglevels’ merits, especidly for for-
eignprofessiona baseball players, sdection of baseball
bat should according to persona physical conditions,
local weather dry and wet Statusaswell aspitcher pitch-
ing speed, personal swinging speed, baseball bat light
or heavy hand feeling and other conditions, it must
choose carefully and pay particular atentiontoit. While
higher competitivelevelsleaguematcheshavea soclear
requestson baseball bat. So that hascertainrestriction
on baseball bat textures choosing. Why major league
baseball prohibitsusing metal bat whileonly allow to
usewoodinessbat. Top baseball competitionsall make
restriction on baseball bat textures, however presently
mogt of articlesjust discusswhy they havesuch restric-

tions, not providing dternativetextures. Inthefollow-
ing, it establishesmodé to carry out analysisand dis-
cusson.

BAT BATTINGMODEL ESTABLISHMENT

In order to make problem discussion convenient
and get arelative exact data, weregard basebdl| bat as
rigid body, and take specification of 3linchthat 1.03m
length adultsbaseball bat asresearch object, finaly we
get that under ball asrigid body circumstance, batting
point distancefrom mass center and ball reverse speed,
through analyzing, when mass center and batting point
distance r = 0.6879m, baseball reverse speed can
reach themaximum as 46.9938m/ s, whichistradi-
tional basebd |l bat reverse speed maximum best batting
point.
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Of coursg, itisjust theoretica best batting point, in
practica operation, it should accord people’shand fedl -
ings, daily training and other seriesfactors, therefore,
theconclusionisjust for referencing, which canregard
asstandard motion guiding point whentraining.

Best batting point

When selectsbaseball bat, it hasto give priority to
best batting point, it hasgreat and direct effects on bat-
tingquality andlevels, it can dso play decisiverolesin
baseball bat texture selecting. Inthefollowing, it first
carriesout modd anaysisof best batting point.

Cdculation modd isasFigure 1, then accordingto
theorem of moment of momentum, it has:
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Figurel: Bat calculation model
(J. +ml?)o = F(l +x) @
_ F(l+x)
Jo+ml? @

Informula: J, isbaseball mass center point rota-
tiond inertia Kg.m?; | ishand grip point g and mass
center C distance m; x isimpactingpoint p and mass
center C pointdistancem ; « isbat revolving angular
acceleratespeed rad / s?; F isbaseball actingforce
on baseball bat!¥.

(I +x)F
J.+mi? ©

a, =la=I

Informulaa, ismasscenter C point accelerated

speed m/ s?, then according to mass center move-
ment theorem:

(I +X)F
F-F, =ma.=ml

! ¢ J.+ml? @)
F, =F-ma, =W(Jc —mix) (5)

Informula, F, isimpactingmoment handsto base-
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ball bat actingforce N , whenimpacting point reaches
best position, let F, = 0 impacting moment handsto
baseball bat acting forcearriveat minimumas0, then
handswould not fed impulse, F, = 0 fromformula(3)
it can get!Z:

e (©)
ml

Amongthem:

J
b=|+X=FEI )

Fromrotationd inertiaformula, it has:
Je=J.+ml? )

Informula, p ishandsgrip point g reachesbest
batting point p distancem, J_isbat to hands grip

point g rotationd inertiaK g.m?, thereforemeet formula
(5) point p isimpacting center point, pointisbestim-
pacting point, dueto bat surfaceisarevolution surface
sector, so best batting positionin spaceisacircle; from
formula(4) itisclear that thebigger isl, thesmaller x
valuewould be, whichisgrip position distancefrom
mass center becomesfurther, it getscloser topoint, best
batting point would get closer to mass center®,

Bat massand rotational inertia
(1) Bat mass

Regard bat asconefrustum, itsvolumeisequa to
big conevolumeminussmal conevolume. AsFigure2
shows

Let masstobe  , upper and lower bottom radius

tobe r, R, height to be h homogeneous conefrustum
rigid body, rigid body density is p , throughintegrd, it
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- > +

/

T c
2 % i #y ¥
- L] ‘——__________.‘

—
i

Figure2: Bat massand rotational inertia calculation sketch
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0lves
1
M =§puh(R2+Rr+r2) ©)
4 3 2.2 3 4
JO=3MR +R+RoUr“+Rr>+r (10)
10 RZ+Rr +r?2

And conefrustum gravity center GtoradiusasR
lower bottom distance:

h R?+2Rr +3r?

h' = QR HRTHS
4 RZ4+Rr+r? ()
| —h_p = 3R’h+2Rrh-r’h X
AR?+Rr +r?) (12)
b Jg mi?+],
LA 13
h  mlh mlh (13)

(2Handsgrip point E position influenceson best
batting point D:

Assume that baseball bat smaller end radius r is
12.25mm, bigger endradiusRis 35mm, length of bat
his 103mm, woodiness baseball bat proportion, It

solves: M =962.9617g, J, =362761g-mm’,

| =593.8043mm.
Maximum ball speed mode

Inthefollowing, it triesto make use of extremism
problemsfinding out the point | et batted ball reverse
speed reach the maximum. After batting, to let ball get
bigger speed that issimilar to let ball gets maximum
power. Dueto batting pointsaredifferent, bal suffered
forcesaredifferent, besides, ball and racket angular
momentum aredifferent, from baseball bat batting base-
ball process, we can get mass center speed as:
u=woH (14)

Among them, H representsbat mass center to sup-
porting point distance. Batting point speedis:
v=o(H+r)=u+wor (15)

Represents batting point to mass center distance.
According to momentum consarvation, angular momen-
tum conservation and restitution coefficient, it can get
expresson:

17

mqvir +lw, =myv,r +lw,
Retitution coefficient is:
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e U —Vvp

Vi—U
It can smply deducethat batting point isnot masscen-
ter, sowemakefurther optimization of restitution coef-
ficient eexpressonas:

(18)

e' _U2+I’w2—V2

h Vi—U; —I®;
From (14) to (17), it can get basebal | received speed
after battingis:

(19)

_Jw,(1+e)fh—b)+myv,(h-b)* -ev,J
& m,(h-b)’ +3J (20)
Inaboveformula m,, isbaseball mass, m, isbat
mass, v, isbaseball initia speed, v, end speed, u, is
bat initia speed, u, end speed, | isbaseball rota-
tiond inertia, ¢ isrestitution coefficient, input datainto
them, it can get schematic diagram asfollowing, asFig-
ure3 shows:
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Figure3: Woodinessbaseball batting point and baseball speed
after impacting correlation

BASEBALL BAT TEXTURE INFLUENCES
ONTECHNICAL PLAYING

Model analysisof baseball bat texture

By best batting point model calculation, it can get
from formula(20) that baseball final speedisrelated to

e and m,, whilebecausebaseball bat volumeisbasi-
s BioTechnology
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caly fixed, which meansit hasdirect relationshipwith
baseball bat p , which hasrelationship with baseball
bat dengity. It gets best batting point and baseball bat

texturerdationships.
Redtitution coefficientis
432 &cos%/cosq—%cosh ¢' /cosh ¢; 26,%a

e= Z ; sn22  (21)
hiL 1/cos? ¢; —1/cosh? ¢‘+2M/¢ L2

Amongthem, | isbaseball bat length, a isbest
batting point baseball bat redius, ¢, isimpactingangle,

t.isimpactingangle,

From aboveformula(21), itisclear when consid-
ering restitution coefficient isnot aconstant but anim-
pacted object massaswell aselasticrod lengthinflu-
ences.

For thetopic, sinceto aprofessiona basebdll bat-
ter, hishand feeling has already fixed. For bat length,
mass, it hasitsown standard. Thereforewhen baseball
bat texturesare different, only el astic coefficient isthe
uniquevariable. Whilesincedastic coefficient can dso
be expressed by Yung Modulus. Through consulting
data, it is known that woodiness Yung Modulus is
11GPa., dloy Yung Modulusis190GPaGivendloy
baseball bat mass and woodiness baseball bat mass
arethesame, then:

_21.81mys

Y

2wood 2aloy —

49,87 ~0.4373m/s (22

Alloy, woodiness baseball bat batting point and
basebal | speed after impacting asFigure4 shows:
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Figure4 : Alloy, woodiness baseball bat batting point and
baseball speed after impacting relationshipscomparison

From Figure4, it canintuitiveanayzeonthesame
case maximum speed playing by aloy baseball bat is

2.29timesof that playing by woodinessbaseball bat. It
serioudy effectson competition levels, sothat it will not
indicateahletebatting skills, and violates*higher, fagter,
stronger” sports competition spirits, and will cause
sportsmisunderstanding “equi pment competition”, there-
foremagor league baseball game prohibitsusing meta
texture baseball bat.

Baseball bat texture selection analysis

From above context, it isclear sSncemgjor league
baseball prohibitsusing metal texture baseball bat, to
get good competitionresults, whether it canfind abase-
ball bat not with metal texture but can possess metal
texture property as producing “maximum ball speed
effect” when batting baseball . Inthefollowing, wemake
simplelist and comparison of severa kindsof baseball
bat common textures, asTABLE 1 shows.

Datain TABLE 1 most are approximate numbers,
but it can provide certain reference va ues. We can ana-
lyzefromit that metal woodinesstexture alternatives
areironbirch, Ausgtralianash, Americanmaple, Russan
ashwood, bamboo. Thenwe comparetheir meritsfrom
economic perspective, availablesupply of “maximum
ball speed effect” aswell ashand feeling after people
using. AsTABLE 2 shows:

From TABLE 2 data, itisclear that duetoAustra-
lianash, American maple, Russanashwood dl areim-
ported, price arerelative expensive, whilemost part

TABLE 1: Baseball bat several kinds of common textures
physical propertiescomparison

Yung Modulus
Density (E)/GPa
Material
g/cnt (approximate
number)
Oak (represents general wood) 0.45-0.7 11
Metallic aluminum 2.7 69
Carbon fiber reinforced plastic
0.66 150
(one-way, particle surface)
Alloy and steel 7.87 190-210
Iron birch 0.723 190
Australian ash 0.65 10-12
American maple 0.74 10-12
Russian ash wood 0.67g 10-12

Bamboo 1.49 10-12

BioTechnology — amm—
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TABLE 2: Several kindsof baseball bat textur espropertiescomparison

Material Price (vuary m*) Maximum ball speed m/s Hand feeling
Iron birch 200 37.13 similar to metal baseball bat
Australian ash 350 23.73 normal
American maple 6000 24.21 normal
Russian ash wood 4700 24.33 normal
Bamboo 150 21.81 Good elastic, worst hand feeling

hasdready used asbasebd | bat texturesfor many years,
while bamboo hand feeling is too bad. To sum up,
through comparing, we get therelativeidea metal a-
ternativewood textureisiron birch. Whileitstextureis
very superior, isadapted to make plan and ship aswell
asother high strength plywood, isavery important mili-
tary materid: wood air-dry volume-weight 0.723g/cm?,

bending strength 1304kg/cm? , end hardnesss24kg/cm? .
Iron birch wood hardnessis onetime harder than nor-
mal stedl, threetimesthan oak, isworld hardest wood,
peopleuseit asdternativeof meta. Former Soviet Union
had ever usediron birch making grounder, bearing for
speedboat. Iron birch hasa so some marvel ous prop-
erties, duetoitstextureisextremely compact, it will
soon sink once be put into water. Andiron birch hard-
nessistwiceof sted.

Then through comparing its “maximum ball speed
effect” withthat of aloy, woodinessbasebd | bat, input
theminto formula(20), it getsthesekindsof different
textures” maximum ball speed asFigure5 shows:
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Figure5: Several kinds of different textures’ baseball bat
maximum ball speed comparison

We can seethat iron birch “maximum ball speed
effect” approximatesto aloy, it can approximately re-

place metal baseball bat.
I'ron birch and metal bat comparison

After al, iron birchiswood, its density is quite
smaller than metal . Subsequently, through maximum
stressmodel, comparethetwo differences.

Qb 1 v2 3Eyl,
W 1+m./m; J\ g Qb? (23)

Informula, o, isironbirch bat maximumimpul-

04 =Kgo4 =

svestress MPa, E, isironbirchYungModulusGPa .
When adoptsa uminumrod:

Qb 1 /vz 3E,l,
= K = —
Gar =R d%s =y (1+me/m1) g Qbd (24)

Informula o4, ismetal bat maximumimpulsive

stress MPa, E, ismetal bat Yung Modulus GPa '®.

Sa _ |E2
Cd1 E; (25)
Among them, iron birch baseball bat

E, =190GPa, dloy bat E, = 210GPa, then:

O42 sz
—<% = [—% =1.1053 26
Cg1 E, (26)

Alloy baseball bat maximum impulsive stressis
1.1053timesof that fromiron birch basebd| bat, when
iron birch baseball bat maximum impulsivestressis

o4, =10MPa, aluminum rod maximum impulsive

stressis o, =11.053MPa. By comparing, the two

differencesarenot great; it isfit for children or begin-
ners.

Whilebecause, 0410, > Piron banyan tree » WhEN SAME
mass different texturesbasebd | bats, fromwhich dloy

s LBioTechnology

An Tudian Yourual



54 Research on mechanical model-based bat texture and batting point affect

BTAIJ, 10(2) 2014

FULL PAPER o

baseball bat will be hollow, whileiron birch baseball
bat will besolid, thenindastic, it will bedight inferior
to aloy basebal bat.

Inconclusion, it gets, for dternative of aloy base-
ball bat, it can chooseiron birch asreference, which
not only meets premise of league constraints, but aso
canimprove performance, double benefit.

CONCLUSIONS

Through using mechanicd modd that ismomentum
conservation theorem and others, it carried out respec-
tively researching and discussion on baseball bat bat-
ting point and textures. Made abstract smplifying the
bat shape, |et research objects easier to describe and
modeling: Used theoretica mechanics, physicsand so
on multipletheory toimplement abstract andyze ball-
bat impacting problems: Applied modd iseasly under-
stood, impressive, hel pful for promoting, which could
promoteto billiards movement analysis, golf clubim-
provement and so on series of sportseventsthat would
applied mechanica analysisand hasball speed analy-
Ses.

For xylotomy, investigation isnot deep enough, ac-
knowledge of materia isalso not mature enough, the
recommended materia isasotheoretica one, it cannot
well reflect objective fact that needsto be tested by
time. Thereforeinfuturework, it can carry out further
researching and investigation on above aspects, get
better results.
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