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ABSTRACT

Baseball is a kind of collective, highly confrontational ball sports event
that main characterized asplaying ball by bat. It iswidely developinginthe
world with great influences, which is honored as “competitiveness and
intelligence combination”. Baseball players divides into attack, defense
the two parties, using bat and gloves, they play game in a fan-shaped
baseball field. In game, two parties aternate attacking, when attacker
successfully runs back to home base, he can get 1 score. Highest score
team in nine innings wins the game. To get high score, besides relying on
athlete himself technique and physical quality, it should also find out
baseball bat batting best position achieved high score. This paper, with
regard to batting best position, it makes systematically analysisin theory
and experiments. It includes applying momentum conservation law, angul ar
momentum conservation law and restitution coefficient, optimal solution,
establishes rigid body dynamical model to research on baseball batting
process, and by impact center concept, it solves baseball bat batting best
position. © 2014 Trade Sciencelnc. - INDIA
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PREFACE

Baseball asworld onekind of extreme high appre-
ciation sport, its speed and strength beauty charmsthe
people. Basebd |l isakind of collective, highly confron-
tationa bal sportsevent that main characterized asplay-
ing ball by bat, ishonored as‘‘competitivenessand in-
telligence combination”, isakind of collective sports
event that combinesintelligenceand courage, interest
and cooperation into one. It combinesactivity and till-
nesswith clear division. During players, it focuseson
individua intelligence and capability, and a so should
pay attention to strategy and tactics, and make mutual

cooperation. Thereisprecisedivisionand clearly re-
sponsi bilitiesamong members, they al so should take
theinitiativeto cooperate and serviceswith each other;
totakeoverall situationinto account if it isnecessary,
individuasshould bewilling to make slf-sacrifice. In
baseball, everyone has an opportunity of beingamas-
ter, and it requires onesd f positioning and hisjudgment
ontheoveral situation. Baseball playersdividesinto
attack, defensethe two parties, using bat and gloves,
they play gamein afan-shaped basebd | field. Ingame,
two parties dternate attacking, when attacker success-
fully runsback to home base, he can get 1 score. High-
est scoreteamin nineinningswinsthegame. Ingame,
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batting, baserunning and diding aswell asothersare
main waysto get scores.

Now, baseball also attracts much more peoples’
attentions, soto players, how to bat can play morehome
run and get high scores so that win the gamealso be-
comesmoreand moreimportant, except for athletehim-
sdf technol ogies, hissuccessful externd factorssuchas
whereisbasebal bat best batting point so that correct
bat baseball to get scores, people generally think the
best batting point isbat end, and then with regard to the
problem where on earth baseball best positionis, we
will further discussit on the paper.

PROBLEMSANALYSIS

By far, internationa generd sgnificanceabout base-
ball best batting point has8 kindsof definitions, andyze
through physical perspective, we can concludeinto one
point that isball received largest flight speed after bat-
ting. To get largest speed, accel erated speed should
arriveat maximum va uethat acting forceto be maxi-
mum, S mpleanayzecan get that maximum torquedoes
not represent forceisthe maximum one. We can draw
geometric schematic diagram (refer to Figure 1) ac-
cordingto bat external features, makethe abstract con-
crete, and do quantitativeanaysisof it. Then combine
with battingways, establish rigid body dynamicd mode,
it can solveball flying away bat i nstantaneous speed
expression. And further solve best batting point. As-
sumethat baseball bat with even texture, baseball to
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Figurel: Baseball section schematic diagram

bat batting ability within bat tolerance, ball doesnot
makesdf rotationinflying process, basebal flying speed
directionisvertical to baseball bat surfacedlice, re-
searched baseball and bat size, mass, shape and speci-
fication arethe same, during thewhole process, it ig-
noresair resistance, neglectsbat and bal frictionforce,
idedlizepeopledifference, itisthought that peopleplaying
way and strength arethe same.

When rigid body makesrotation around thefixed
point under externd force, it will generatelarger addi-
tional forcein support point, theforcetendsto harm-
ful in practical applications. But when external force
acting onrigid body some specid positions, rigid body
arrives at dynamic balance, the additional force can
eliminate. At that time, therotationa support pointis
called freerotation point, even it cancelsconstraints,
rigid body will still rotate around the point, such ex-
ternal force special acting positionisrigid body bat-
ting center. For bat best batting point research, by
physical analysis, weknow that so-called best batting
point ismaximum speed that achieveswhen ball flies
away from bat. When speed islargest that acceler-
ated speedislargest, that isto say, acting forceisthe
largest, regard ball, bat asrigid body, it can regard
“ball-bat” asasystem, and takeit asresearch objects
and make analysisby establishing typical mechanical
model, utilize “momentum conservation law”, “angu-
lar momentum conservation law” and ““ restitution co-
efficient” to research batting position and bal | depart-
Ing speed rel ationship, which can get that maximum
torque does not represent maximum acting force.

RIGID BODY DYNAMICAL MODEL ESTAB-
LISHMENT AND SOLUTION

Dueto callisoninstantaneous, bal and bat acting
forceisfar larger thanitsown gravity and hand support
force. So, take ball-bat system as research objects,
and then it can get y axisdirection momentum conser-
vaion:myv, + mu, = myv, + mu,

Given baseball angular speeds are respec-
tivdym,, @,,then:u, = 0, (R+H),u, = w,(R+ H).

Restitution coefficient eiscollision contact point
relative approximate speed dividesrelativefar speed

thatis
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- -V, + @, (S+R+H) @
Takebody gravity center asaxis, establish ball-bat
angular momentum conservation equation, the equa-
tion takes bat mass center asaxis, ball-bat system has
no exterior torque, therefore angular momentum con-
sarves, thatis:
mV,(S+R+H)+Jo, =mv,(S+R+H)+Jw, (2
Thereupon after colliding bal speed expressionis:
v - Jo,(1+6)(S+R+ H)+mlv1(28+ R+H)?-ev,J 3
m(S+R+H) +J
Fromwhich dim stick rotational inertiaj canbe
approximately solved:

=
3
It solveswhen speed arrives a maximum, best bat-
ting positionis70m far from baseball handle.
Inthefollowing, it usesanother method to verify it:
Batter batting process can beregarded asarigid
body rotates around fixed axisand particlecollision
processin plane, as Figure 2 show, so that establisha
collision mode. Because bat hasmasssymmetry plane,
baseball masscenter cm, issurdy inthebat symmetry
axis. Inthemoment bat and bd | collide, bdl givesbat a
collidingimpulsel effect, it transfersto batters’ arms

4

through bat, solvearmanti-collisonimpulsel , and |
asFigure 3 show.

Take Oy axisthrough masscentercm,, xaxisis
vertica to y axis, by impulsetheorem, it gets

oy

!

Mv, —-Mv_ =1, +1_,
4 —

Mv, -Mv, =1 +1,

In above formula, |\, is baseball mass, v, V.,

andV,,, v, respectively represent beforeand after col-

liding masscenter speeddong X, y axisdirectionspro-
jection. If hand positionsarefixed without play, then it

vV, =V, =0
o
on:M(v::x_ch)_Ix ®)

L 4
L 4

Bat centroid
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Figure2: Collision model figure

ja; X
O
s »
a | L
* Bat ceptroid
b i
v
lmpact center

- |9
'

Figure3: Collision impulsevertical toy axis

| =l (6)
oy y
When bd| battingin the collision center, our hands
will not get recail force. When batting pointisfar from
collision center, it will have net force on our hands, in

thiscaseit will let handsthat grip theracket get injured.
Therefore, whenl,, = 0,1, =0, itistheoptimal.
Andyzeformula(5)(6),it gets.
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l,=0
L =MV, V)

By formula(5), it getsthat if itisrequired that exter-
nal collidingimpulsevertica toy axis, then | must be
vertica to OC, asFigure (6) show.

By formula(6), it getsthat mass center to O distance

isa, L,,, L, arebaseball inthebeginningand ending of
collison moment to ocaxismomentum moment.
Given @, and w, arerespectively instantaneous
angular speed, Jisbasebd | rotationd inertia, it gets:.
|, =Ma(w, - @) ™
According toimpuls vemomentum theorem:

L,-L,= ZM (Ii(E))
i-1

Angular speedtransformationis:

2 M)
w,—wo, =2 3
Input intoformula(7), it gets:
IL
ML, ==

Informula, L isOto colliding point distance, thenis
K optimd collision point, when ball battingto K point,
O net profitbeminimum, it solves:

_J
Ma
Given baseball density to be p , decompose base-

ball into three parts, respectively solve bat to support
point rotationd inertia

L

p7tr2 3
J, = 3 L

3
Jzng—cl)'z(r2+3Rr+6R2)

3= ,07;R |:(L2 + %)3 - '—ﬂ

Finally it gets bat entirety to support point rota-
tiond inertia
J=J+J,+J;

J
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3 3 3 3
3= par? 101 + L N 5(L, + L) PR + prRrL
30 15 10
It solvesbaseball massis:

M :zzp[l_lr2+ L3R2+%L2(R2+ Rr+r2)}

Input Jand \q into(4),itgetsL. By caculation, it
isclear that best batting point isnearly 30cm distance
from bat end.

CONCLUSIONS

The paper established model is correct and rea-
sonable, itimprovesestablished modd quality; Moddl
principleissimpleand clear, easy to understand and
flexibleusing; established model iswell-considered; it
has closely connection with actua status. The model
correctly showsbest batting point position, but on the
premiseof ideal model, best batting point will havedif-
ferent changes due to bat texture changes, so when
meaking qualitativeanaysisof best batting point, taking
frictionforceand other resistance, it will let themodel
become morepersuasive.
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