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ABSTRACT KEYWORDS
This paper conductsthe dynamics analysis on the baseball’s “sweet spot”; Sweet spot;
onthisbasisit analyzesthe striking effect of adding cork in bat and differ- Kinetic model;
ent bat materialsrelative to ordinary wooden bat. In the research conduct MATLAB simulation;
geometric simplification and abstract description on the shape of the bat, Baseball.

and get the geometric description equations of the bat. Then taking the
ball-rod collision system as the study object, use the conservation of
momentum theorem, conservation of angular momentum theorem and re-
covery coefficient to establish rigid body dynamics model, then propose
the calculation method of the sweet spot, and draw that the “sweet spot”
of ordinary wooden bat is at a distance of 66cm from the bat handle seg-
ment. Starting from the variation of bat mass, centroid and rotation mo-
ment of inertiaby adding thefiller, it analyzesthe effect of adding cork into
ball, and obtains the conclusion that “adding cork can decrease baseball
speed”.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION Based on this, this paper takesthe bat’s best sweet

spot asastarting point to research, through the estab-

Taking bal and rod asarigid body, you can estab-
lishthedasscd dynamicsmode for anays staking“ball-
rod” system as the research object. Studies have shown
that, at the hitting moment theimpact force exerted by
the hand on the stick haslittle effect on thebat; the bat
can be approximated asa“free end. Using the “con-
servation of momentumtheorem”, “conservation of an-
gular momentum theorem” and “coefficient of restitu-
tion” to research the relationship between the hitting
position and leaving speed of theball, and thusfind the
“sweet spot” and analyze the effect of cork filling and
thematerid changing onthebadl hitting effects.

lishment of the model discussesthe sweet spotinthe
caseof thebat’s reverse speed gets maximum after hit-
ting, thehands’ impact force gets minimum after hitting
and thehandsreceivetheminimum energy after hitting.
Andonthisbassit analyzesthestriking effect of adding
cork in bat and different bat materidsreaiveto ordinary
wooden bat, thusreducing thedamageontheathlete.

MODEL ASSUMPTIONSAND SYMBOL
DESCRIPTIONS

A. Badl doesnot spinduring flight.
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B. Whenthebat hitstheball, vel ocity direction of the
bat isorthogonal to thebat axis.
C. Bat shape, sizeand weight arethe same.

TABLE 1: Symbolsdescription

Symbol M eaning
e Coefficient of Restitution
C Center of gravity position
J Moment of inertia
M Mass of Bat

THEORETICAL MECHANICSMODELING
AND SOLVING

Abstract description model of bat shape

Literature suggeststhat the general specifications
of wood baseball bat areshownin TABLE 2:

TABLE 2: Thephysical parameter sof baseball racket

parameter Value
Bat length L 0.855m
Bat mass M 0.885kg
Wood density p 649kg/m®
Wood Y oung's modulus E 1.814 x 10" N/ n?
Maximum radiusr, 7cm
Minimum radiusr, 2.5cm
Center of gravity position C Distance from the smaller
end face 0.564m

Bat is arotating body; a cross section aong the
axisisshowninFigurel:
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Figurel: Section alongtheaxisof thebat

Whereinthelength x ,x, of each part can be deter-
mined by bat weight and center of gravity position.
Bat mass:

M=p-V=p[rrix +éner —énrfhwrrf(L—xz)] 1)

h h+x,—x
—=—""2" H=h -
r r, TRTA
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Based on the definition of centroid, both sides of
the centroid of the bat suffer balance center of gravity
torque:

My, =M, )

C
M, :.[:lp~ g-;rrf(C—x)dx+Ll p-gar?(C—x)dx

X2 2 L 2
M, :L p-gar (x—C)dx+.|‘X2p-g-7rr2 (x—C)dx

Wherer isafunction of thevariablex of integration,
foh_ron
X =% X=X
By theformula(1) and (2), put the datain and ob-
tain: x, = 0.3459 x, = 0.6423

Thus, theradiuslength of each part of the baseball:

ae

g 0.025

220 (x—x)=10.025+0.152(x— 0.3459)
2 0.070
r2
Thedetermination of thes mplified bat shapemoded
provides conveniencefor the bat’s moment of inertia
solutionwith different materid's, uneven materia (such
asfill cork).

Therigid body dynamicsmodel of the sweet spot

By analyzing the batting action of thehitters, there
aretwo rotating systemsin hitting instant: therotation of
armand bat dong theaxisof thebody center of gravity,
therotation of thebat along thewrist axis.

Take point B of the body center of gravity asthe
axiscoordinate origin, bat axisasx axis, thedirection
perpendicular to the axis asthey axisto establish Car-
tesian coordinate system.

L et bat centroid coordinateis C, the body center
of gravity coordinateisB, handheld point coordinateis
W. Hitting point coordinateis P, bat coordinate that
closeto thebody part isx,. Thedistance between BW
ISR, the distance between WC isH, the distance be-

r(x)=<r+

o,

B ! L. J
0 P—f—) T [

Figure2: Abstract illustration of batting process

s BioTechnology

An Tudian Yourual



1068

Mathematical model research of baseball sweet spot

BTAIJ, 8(8) 2013

FULL PAPER o

tween CPisS SchematicisshowninFigure2:

Inthecollisioninstant, theforce between the ball
and therod is much larger than the ball gravity, rod
gravity, and staminaof the hand; therefore, taking the
ba|-rod system asthe study obj ect, there havethe con-
servation of momentuminy axisdirection:
my, +mu, =my,+mu, 3

Whereinm, isthemassof theball, m,isthemass
of thebat, v, istheinitial velocity of theball, v, isthe
leaving speed of theball, u, isthe centroid speed of the
bat before hitting, u, isthe centroid speed of the bat
after hitting.

Let theangular velocity of the bat before and after
hitting arerespectively ., w,, then:
U, =o,(R+H),u,=o,(R+H) 4

Recovery factor eistherel ative approach speed of
the collision contact point beforethecollisonisdivided
by therel ative speed away after the collision, namely:

Vv, =U,—@,S
s ®

Establish ball-rod system angular momentum con-
servation equationstaking the body center of gravity as
shaft axis, taking thebat centroid asaxis, ball- rod sys-
tem hasno externd torque, so wehave conservation of
angular momentum, namely:

my (S+R+H)+Jo,=my(S+R+H)+Jo, (6)
From (3), (4), (5), and (6) the expression of ball
speed after batting can be obtained:
Voov - J(A+e)[v,—a(S+H +R)]
2t J+m(S+R+H)?

Wherethemoment of inertiar 3= [* prr xax
The derivative of v, on &

v, _-J(1+&a,(J+m(S+H +R)*) - 2mxI(1+e)(v—m(S+H +R))
s (J+m(S+H +R)?)? '

Seat % =0 and obtain the best batting position.

Statigticd literature suggeststhat kinemeatic param-
etersof basebadll batting instantaneousareasfollowsin
TABLE3:

The sweet spot position was70cm from the end of
thebat handle.

Changing the position of the batting, leaving vel oc-
ity curveafter basebdl hittingisshowninFigure3:

BioTechnology —

TABLE 3: Kinematic par ameter sof batting instant

Kinematic parameter Values
2 27.7m/s
w1 17.288rad/s
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Figure3: Therelationship between the batting positions
with theball leaving speed

Influenceanalysisof bat filler

Baseball player adds cork in the sweet spot. The
corkisgenerdly acylinder Linchindiameter (2.54cm),
10inch (25.4cm) deep. Cork density is260 ~ 320 kg/
m?; density rangeislarge, whichisdetermined by the
density of regiona bark, usually no morethan 340 kg/
m?, lessthan the density of thewood bat kg/m?. There-
fore, filling the bat with the cork will bring thefollowing
changes: (1) Bat massbecomessmadl, inertiadecreases,
which can increasethe controllability of the bat (bat
contral). (2) The bat centroid becomescloseto hold-
ing point, which can reducethebat’s angular momen-
tumwhen hitting the ball, thereby affecting the batting
results. (3) Therotation moment of inertiabecomes
smdler, thereby affecting the sweet gpot and maximum
ball speed.

Thefollowing conductsquantitativeandysisof the
effect of filler onthebal from the above three aspects.

Qudlity reductionamount: AM = (p—p )V,

Centroid changing distancee AC=C-C’

In the established coordinate system, the original
centroid abscissaC = 56.4. Let the centroid abscissa
after fillingis C’; according to the centroid definition,
gravity moment balanceintheleft and right sdesof the
center of mass, wehave:
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c 2 . L-d 2 .
IO p9rr, (C —x)dx:J'C‘ I, (x—C)dx

L 2 2 2
] Lpar(ly —12)+ p.grrilix
By thisformulathe centroid coordinates C’ after
filling can be calculated. When layershit theball, the
rotational inertiaof the swing bat taking the body cen-
ter of gravity asrotation axisis:

' X+L-d 2 2 Xo+L 2 2 2
J = Lo prrl, Xedx+ wad[pﬂ(l’(x)—rs)-i- porr2]dx

Moment of inertiareduction: AJ=J—J’

Utilizationthe proposed model of problem (1) itis
easy to know, the cal cul ation of sweet spot after filling
cork in bat and the maximum leaving speed of the ball
just need therotation moment of inertiain the corrected
formula namdly:
I @+elv,—wx]

J +mx?

Conduct derivation we can easily get the ball’s

maximum |eaving speed and the corresponding sweet
spot. The change of maximum leaving speed:

V, =V,

AV=V, -V,

Substituting density lower limit of cork p, = 260
kg/m?® and density upper limit of cork p_ =320 kg/
m3, we can obtain the effect range that inserts the
cork:

TABLE 4: Theaffect resultsof bat filler

Item AM AC AJ Av
pu=320kg/m* 40g 0.0lem 0.02kg-m? 1.1m/s
pe=260kg/m® 46g 0.0lcm 0.03kg-n? 1.6m/s

G T
— ——I=0.213

= T =0.203
2 1=0.193
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Figure4: Theball leaving speed changes with the hitting
point under different moment of inertia

TABLE5: Themaximum leaving speed of the ball with differ-
ent moment of inertia

J 0.163 0.173 0.183 0.193 0.203 0.213

Maximumbatting 595 0617 0638 0660 0682 0.702
speed point

Maximum Speed  31.517 32.085 32.645 33.198 33.744 34.283

Resultsandysis. through theaboveresults, adding
filler into the bat does not have apositive impact on
hitting effect, mainly duetolighter bat, bat’s moment of
inertiadecreases, and the transmission efficiency of
collision energy becomeslow. However, themain ad-
vantage of thisgpproach mainly reflectsintheability to
control the bat better, and faster accel eration can ex-
tend thereactiontime.

Thebatting effect of baseball with different mate-
rials

Different dengity and different massresult indiffer-
ent moment of inertia; different materialscanresultin
different recovery coefficientsand different adticity co-
efficients. Using the classical theoretical mechanics
model, supposetwo bats’ shape are the same with the
front abstract model; from the perspective of the mo-
ment of inertiaand the recovery coefficient, study the
bat performance of two materials, itiseasy to get the
J1+e)[v, —@X]

J+mx?

Consulting relevant informationto get therecovery
coefficent of thead uminumrod, integral to cdculatethe
auminumrod’s moment of inertia; substituting the repre-
sentdtivevauesof thewooden stick and metd bar  into
theabove equation, we obtai n the rel ationshi p between
the sweet spot and the ball speed showninFigure5:

Ju

bal’s maximum leaving speed: V2 =V~

wooden

aluminum
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Figure5: Theball speed comparison of wooden bat and

aluminum bat
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Rough modding resultsshow that compared with
thewooden bat hitting using the aluminum bat iseasy
to play ahighandfar fly bal. The purpose of the com-
petitive sportsistoimprove baseball players’ physi-
cal quality and skills, rather than engaged in sports
equipment race, so theregular gameisnot alowed to
usethemetal rod.

MODEL EXTENSIONS

Letthemassof theball ism, theradiusisR , initial
velocityisV,, themassof thebat isM, and thelengthis
L. Bat suffersthegrip force by the hand, and assuming
the contact surface of bat and the hand isnarrow shape.
Supposea, istheacceleration of theball after hittinga,
istherod’s tangential acceleration of collision end, @, is
the centroid acceleration of therod, and f istheangu-
lar accel eration of therod. Supposetheimpact force of
theball ontherodisF,, thecompression deformation
isd,; the contact force of thehand ontherod isF,, the
compression deformationisd,.

&,
&2

Figure6: Contact surfaceof therotating body
Throughout the collision process, there are kine-

& —a, =dy,,

maticrelations{‘""2 &+ps
a1:a'c7Hﬂ:7§2(t)

According to Newton’s law, centroid motion theo-
rem and centroid angular momentum, we have:

—F =ma,
F +F,=Ma,

F(R+H+S)-F,R=Jp

=

H(R+H+S) 1

S :F(_E_L_M) F(i_i)
)R D)

2t T J

Thefunctionrelationship of F, and 6, F,and 4,
can bedetermined by theformulain Hertz contact me-
chanics

(1) R 3_
=
_ 2
Sy = 2R g TEE Ly r,r,)+0.814
nEe 21-u9)PR,

w: Poissonratio, hereitis0.25.
The impact force of the ball and the rod:

F=ra’p= %ﬂaz Po

Combineformula(P) themaximum e astic defor-
mation of the contact point of theball and therod can
be obtained:

2
1— 12
5max = ﬂz [Tﬂj RO p02 (9)
Substituting formula(9) into formula(7) and sub-
dtituting parameterscan obtain:

3

3
5“ —K[6y]7 + K30y, 5 = K[y 1> — 2K,

1

1 1
K,=3.46x10"m 2.s%;K, =7.69x10"m 2.s7;

=6.20x10°m

After the collision, the system angular momentum
conservation:

K, =2.18x10"s?; 5,

1max

ImV, =~ImV mf; y'\l/'— dy[ @y -8y |=-1mV, _|§ M G, +% MI%e

=[-8y ~V Sy |11

WhereV _ indicatesthefinal speed of theball.
Therefore, theenergy lossbefore and after the col -

1
liSonis AE= 8M[5z<t 1

Energy of thesystem |loss before and after the col-
lisonisindirect proportion tothe massof therod, the
squareof thefirst derivative of the compression defor-
mation. Adding thefiller inthebat canincreasethefirst
derivative of the compressi on deformations, soit does
not producethe desired good hitting ball effect. Using
aluminum rod will causethe bat massreduction, and
reduce the system energy loss, so as to have better
batting results.
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CONCLUSIONS

Thispaper used theoretical mechanics, contact me-
chanics, wave mechani csand so many theoriesto con-
duct analysison thebdl-rod collisonfromthe outside
performance, theinternal mechanism processand muilti-
angles. Conduct abstract ssimplification on bat shapeto
makeit easy to describe and modeling the study ob-
ject. This paper takes the bat’s best sweet spot as a
starting point to research, through the establishment of
themodel discussesthe sweet spot inthe case of the
bat’s reverse speed gets maximum after hitting, the
hands’” impact force gets minimum after hitting and the
handsreceivethe minimum energy after hitting. Andon
thisbasisit anayzesthe striking effect of adding cork in
bat and different bat materials relative to ordinary
wooden bat, thus reduces the damage on the athlete
and playsaguiding rolefor thematerial selectionand
design of the baseball bat.
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