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ABSTRACT

Every batter knows that there is a best hitting point in the rough part of
baseball bat, when ball hitsin such point, it can obtain largest energy. This
paper applies dynamics knowledge to make respectively force analysis of
hitting process baseball and bat, when it occurs to completely non elastic
collision, baseball best hitting point in one end of bat. Research shows
baseball best hitting point is between bat one end and far from baseball
oneend Sarea. When bat ishollowed out, itsmassreduces, elastic variable

increases, according to Hooke’slaw F = kx it can get baseball and bat

elasticforceincrease, by momentumtheorem Ft = m(v, —v,) , itisclear that
baseball escape speed increases. When bats textures are different, utilize
control variables methodsto carry on simulation experiment, it gets when
baseball and aluminum bat collide, elastic coefficient is larger than that
when baseball and wood bat collide. Apply return energy and total collision

energy percentage formulaw, = k?z +k3(1-z), it gets that aluminum bat
rigidity islarger than that of wood bat, therefore use metal bat will reduce
major |eague baseball challenge, so that explain the reason of mgjor league
baseball prohibiting using metal bat.
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INTRODUCTION

Every batter knowsthat thereisabest hitting point
intherough part of baseball bat, when ball hitsinsuch
point, it can obtain largest energy. Deduce by torque
simple principle, best hitting point should bethe peak
of bat, but from the perspective of experience, itis
wrong. Why the best hitting point is not in the end?
Construct amodel to explain thediscovery from expe-
rience. Many battersbelieveagood bat can strengthen
best hitting point efficiency, and the so-called best bat

isahollowed out and thenfilledin rubber or cork, which
changeswood bat cap. Explainwhy mgor league base-
ba| prohibitsusing thebest bat, whether thematerid is
the one can be used to make bat that meetsregulation
or not? That isto say, themode predictionisthrough
different responsesfrom bat that ismade of wood (gen-
erdlyisash) or metd (generdlyisaluminum), explain-
ing major league baseball prohibits using metal bat
Calises.

For baseball best hitting point research and tex-
tures problems, many peopl e have made researches,
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for example Zhang Tong etc. by establishing bat calcu-
lation model, according to dynamical theory, and they
made research on bat colliding point problem and fi-
nally found out best calliding point and predicted wood
and duminum bat efficiency, which defined wood solid
bat usedinforma game. Tang Lu-Ming etc. |ooked for
bassbd |l best batting point and bat Motd vibrationmode,
fixed frequency relationsby establishing finiteelement
modd, if bat modd used dastic materia, and boundary
conditionsweretwo freeends, finally it conformed to
practice, inthefollowing thearticlediscussed increas-
ing “best point” effects by basebal “subordination”. At
last by experiments, it verified model accuracy andra-
tiondity. Jiang Quan etc. made deeply andysisof base-
ball hitting process, they established smpleand effec-
tivedynamica modd. It obtained result: (1)By cdcula
tion, it got different initial ball, bat speed and speed
when basebd | hitting mutud relations;(2) Wood bt hit-
ting speed wasfar smaller than that of aluminum bat;(3)
Though restitution coefficient had no effectson colli-
son centra postionand hittingarea, it had larger influ-
enceson bat hitting speed; Besides, themodel analysis
processwasvery smple, it wasvery easily for coaches
and players understanding, thereforethe model could
directly apply in basebal theoretical guiding aspect.
This paper based on previous researchesresults,
by establishing hitting model, it explainsbaseball hit

from best hitting point, hitting speed ismaximum speed.
To state best hitting point not intheend, thenit should
solvewhen baseba | at maximum speed, hitting point
position. Analyze baseball and bat contact till base-
ball and bat separate the whole process. Thereupon,
weget best hitting point isnot in theoneend of bat, in
red life, basebal |l best hitting point isbetween end and
far fromend S, gripping position D getsfurther away
from mass center, best hitting point would get closer
to mass center. When bat is hollowed out, bat mass
and el astic variablewould change. Mg or league base-
ball prohibitsusing the bat, baseball speed variable
increases and so basebal | speed increases. Different
materias corresponding propertiesaredifferent, inthe
subject, it should mainly consider physical property.
Bat and baseball collisonisbetween completely elas-
ticcollision and completely non-elastic collision, if it
permitsof professional playersuse auminum bat, it
can largely increase home run successrate. Perhapsit
will break balanceattack and defenseinthisway, let
professional baseball enjoyable greatly reduce, so
rulesrequirethat professional baseball playersonly
usewood bat.

MODEL ESTABLISHMENT AND SOLUTION

Symbol description

«a baseball entry angle

F external force when hitting baseball

a, along baseball movement direction accelerated speed
I ball during returning process trgjectory circle radius

W, Wood bat after hitting return energy and total collision
energy percentage

Z, Wood bat generates deformation and baseball
deformation ratio

J. Ball to mass center point rotational inertia

X iscolliding point E to mass center C distance

V, speed when baseball returns
@ bat movement accelerated speed

V, Baseball its own speed when hit
k, Baseball restitution coefficient

W, Metal bat after hitting return energy and total collision
energy percentage

Z, Metal bat generates deformation and baseball
deformation ratio

| ishands gripping point D to mass center C distance

« isbat revolving angular accelerated speed
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| isball to bat impact force

a, ismass center C point accelerated speed
b is hands gripping point D to best hitting point E distance

K, wood bat restitution coefficient

o(t) isfunction
F is hand to bat acting force when colliding
J isbat to hands gripping point D rotational inertia

K, metal bat restitution coefficient

Provebest hitting point isnot in oneend of bat

Baseball and bat collisionisbetween completely
elastic collision and completely non-collison. Baseball
has maximum speed after hitting frombest hitting point.
Hitting processisasFigure 1 show.
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Figurel: Hitting processfigure

If bat and basebd | collisioniscompletely non-€las-
tic collision, after bat and baseball colliding, they com-
bineinto one entirety that owns common speed. The
two haveno rel ative movement. When basebal | sepa-
ratesfrom bat, baseball liesin thetop of bat. There-
fore, baseball and bat best colliding pointisintheone
end of bat.

If baseball and bat in completely eastic collision,
baseball collideswith bat at t entry angle« , no energy
lossafter calliding.

To definebaseball movement trgjectory, we make
orthogona decomposition of bat to basebd | acting force
(along baseball movement direction, vertical to base-

ball movement direction). AsFigure 2 shows.

Figure2: Makeorthogonal decomposition of bat to baseball
acting force

Along basebdl movement direction:
F cosa = mga, D)
Vertical to baseba | movement direction:

vi

Fsno=mg, T @

Now, baseball speed is composed of two parts,
one part isitsown speed, another part is speed gener-
ated by bat acting. To define baseball and bat relative
position, wemakeorthogona decomposition of base-
ball itself speed (dlong bat direction, vertical to bat di-
rection). AsFigure 3 shows.

Along bat direction:
Vo=V, Sina ©)
Vertical to bat direction:
Vo =V, COSa. (4)

Above statements show baseball and bat before
separating, they exist relative displacement S. When
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Figure 3: Baseball itself speed orthogonal decomposition
figure

baseball and bat separates, theposition liesinoneend
of bat, so, inthis case, baseball and bat best colliding
pointliesin S areafar from endpoint.

Above statements show baseball and bat before
separating, they exist relative displacement S. When
baseball and bat separates, theposition liesinoneend
of bat, so, inthis case, baseball and bat best colliding
pointliesin g areafar from endpoint.

Conclusion: Duetoinred life, baseball and bat col-
lision processisbetween completey e agticcollisonand
completey non-collison, inred life, bassbdl best hitting
point isbetween endpoint and Sfar from endpoint.

Definebaseball best hitting point

To moresimplify problems, set: baseball asrigid
evenmaterid thinrod, Eiscolliding point, Disgripping
point, and ball collision directionisvertical to bat, as
Figure4.

According to Figure4 and combinewith moment
of momentumtheorem(, it has.

Uc+ml?) a=(1+x) 18(t) ©)
_ (X+x)18(t)
a= Je+ml? ©)

Figure4: Bat setting model
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According to mass center motion law¥:

18(t)— F =ma, (7)
_E_ m(1+ x)18(t)I
18(t)-F —JC i > )

m(L+x)I8(t) I —mxl
Je+miZ  Jo+ml?
Informula(9): When F=0, it isthe best colliding
position, when colliding, handsto bat acting forceis
minimum as0, at thistime, handswill not feel impulse
force. When F=0, by formula(9), it gets:

F=1(8)t- 1(3)t 0

_Jc
X= poy (10)
—l4x=JD
b=l+x="1 (11)
Accordingtordativetheory, it gets:

So it meetsformula(12)point E iscolliding point
central position®, E isbest colliding point. Because
baseball surfaceisrotative surface, spaceascircleis
best calliding point. From formula(11), it isclear that
when x getssmaller, | will get bigger, so when gets
closer toA point, hands gripping position D distance
getsfurther away from mass center, best hitting point
will get closer to mass center.

Explain major leaguebaseball all prohibit “cor k-
ing”
After batishollowed out (or fill withrubber or cork),

bat massreduces, el astic variableincreases. (AsFig-
ure 5 show) according to Hooke’s law:

Figure5: After hollowing out hitting processdefor mation
degree, without hollowing out bat hitting processdefor mation
degree
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F = kx 13)
When elastic variable getsbigger, bat and baseball

elasticforceincreases. Meanwhile, bat and baseball

contact timeincreases. According to momentum theo-

rem:

Ft=m(v,—v;) 19
It is clear baseball speed variable increases, so

baseball speed increases.

Major league baseball prohibitsusing metal bat
causes

After basebdl bat textures change, bat mass, elas-
tic coefficient al would change. Different texturesgen-
erated collisionresponsesare different, to get the con-
clusion, wemake collision experiment (AsFigure 6
show).

AT T The poszition of the ball releaze

g _ AH,
¥ The location of the ball rebn:z}u:r&' +

L

: | y ﬂ / ;f]
Ietal Calurminuen) Wood

Figure6: Different texturescollision reaction experiment
schematicfigure

Thisexperiment isto different texturescolliding
baseballs possessed el astic potentia energy. Put same
szewood block and meta block inthesamehorizonta
plane, release same baseball from sameheight at zero
initial speed. According mgAH = E,

Comparetwo ballsbounce heights, if wood block
colliding and bouncing bassbd| heightishigher that metd
block calliding and bouncing basebal one, thenit shows
baseba | and wood e astic potentia energy islarger than
baseball and metd dastic potentia energy. On the con-
trary, itindicatesthat meta contacted elastic potential
energy islarger.

Conclusion: By experiment comparing, it can get
meta eastic potentia energy islarger. Dueto meta bat
massislight, when athletes use same sizeforce swing
bat, bat possesses speed islarger. While dueto metal
bat elastic potentia energy islarger, speed that base-
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ball leavesbat will get larger. Therefore, use metd bat
haslessdifficulty than using wood bat, it will reduce
gamechallengeand enjoyable.

For bat rigidity, wood bat and higher speed bat

restitution coefficient isnearly thesame, it recordsask ,
and aluminum bat restitution coefficient isrecorded
ask,.In collision process, wood bat generated defor-

mation and baseball deformationratioisrecordedasz, .
Aluminum bat generated deformation and basebd | de-
formation ratio isrecorded as z,.Thereupon, it can

caculate after hitting return energy and total collision
energy percentage, formulaisasfollowing:

W, = k7z, +kg(1-2,)

W, = k2222 + kg(l_ Zz)
By consulting relative documentsiy,
k,=k, =045, k, =09, z =2%, z,=10%, in-

put above formula, it gets W, = 20%, W, = 26% .
Therefore, in caseother conditions not change, ball hit
by duminumbat, itsinitia speedislarger. Therefore,
ball hit by it will befurther; wehavereasonsto believe
that if permit professiond playersto useduminum bat,
it canlargely increase homerun successrate. Perhaps
itwill break balance attack and defenseinthisway, let
professiona baseball enjoyablegresatly reduce, sorules
requirethat professiona basebd| playersonly usewood
bat.

CONCLUSIONS

Themodd reasonableillustratesbasebd| best hitting
pointisnotinoneend of bat, meanwhileit explainsdif-
ferent texturesbatseffect on hitting basebdl, weverifies
wood bat ismoresuitableto gameby smulation experi-
ment modd . Inthe process, wetill have shortcomings,
ignoring ar res tanceinfluences, but theproblemhasn’t
generated moreinfluenceson conclusions. Themodd
obtained conclusionscan begppliedinto Chinabaseball
players’ training process, which playspositiverolesin
improving our country bassbdl players’ performance The
subject involved mode canaso gpply into tabletennis,
badminton and other ball type sportsbest hitting point
problemby reviang relaive coefficients.
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