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ABSTRACT

The paper considersfrom baseball player availabl e hitting maximum speed
and baseball to hand minimum impact force when hitting (that generates
minimum injury to athletes) these two aspects, it respectively establishes
best hitting point models. Maximum hitting speed point is solved by
momentum and angular momentum theorem as well as other typical
theoretical mechanical models; bat to athlete minimum acting forceissolved
by material mechanicselastic beam model. By additional weight coefficient,
it defines best hitting point model which can produce maximum hitting
speed meanwhileit generates minimum acting force on athlete, and verifies
model stability to weight coefficient. So that it denies people concept that
best hitting point doesn’t lie in bat top terminal, which provides scientific
evidencefor baseball players’ better performancein game aswell asmore
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scientific and effective training.

INTRODUCTION

Baseball isacollectiveand stronger confrontation
ball sport event with mainfeature asbat playing ball; it
iswiddy devel opinginternationaly with great influences,
whichishonored as“competitivenessand intelligence
combination”. Every basebd| player wishestoget good
result in game, there are many factors affect baseball
performance, the maximum factor of whichishitting
position. Based on mechanicd torquetheory, it cansm-
ply proves, “best hitting point” isinthetermina of bat
larger end, but practice provesthat best hitting point
doesn’tlieinthepogition.

By far most of researches ontheproblemsget in-
volvedinbest hitting point that can hit maximum speed,
but meanwhileinvestigation showsbasshd |l player ports
injury rate hasaready arrived at as high as56%, and
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above 40% players’ injury concentrates on handsand
shoulder, which showsbaseball player hitting motions
generate certain degreeinjury ontheir body. Therefore,
thispaper will consider from baseball player available
hitting maximum speed and baseba | to hand minimum
impact forcewhen hitting (that generatesminimumin-
jury to athletes) these two aspects, it respectively es-
tablishes best hitting point models. And by additional
weight coefficient, it defines best hitting point model
which can produce maximum hitting speed meanwhile
it generatesminimum acting forceon athlete, and veri-
fiesmode stability toweight coefficient.

BEST HITTING POINT MODEL

Only consider maximum hitting speed best hitting
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point model

To get better results, batter should let ball get larger
hitting speed™™. Therefore, it firstly exploresmaximum
speed corresponding best hitting point. By torquesmple
principle, it deducesthat best hitting point isthetop of
club, inthefollowing; it defines best hitting point by
modd.

To convenient for mode cal culating, wesimplify
mode asFigure 1 showedcircular table, fromwhich, E
ishand gripping bat position, Cisbat masscenter, D is
bat and ball contact point?.
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Figure1: Bat smplified model
Dueto hitting instantaneous, bat rotatesaround E
point, angular speedisw , therefore mass center speed
iS u=awxl, hitting point speedis v=(l +X) , ac-

cording to momentum conservation and angular mo-
mentum conservation aswell asrestitution coefficient
expressions, it hag¥:

My, + MU, =MV, + MU, (1)
mv, X+ Jo, = mv, X+ Jo, @)
e= U, -V,

v. —u Whilebecausehitting pointisnot mass
1 1

center, weimproverestitution coefficient expressonas.
U, — Xw, — V,
V, —U, — Xy, ©

By(1)(2)(3), it can get ball speed expression after

hitting asfollowing:
mJ(1+e)u,—2m,Jv, + mJe, (1+€e)x
Vo =V + 2
(m+m,)J +mm,X

Information consulting parameters can refer to
TABLEL:

Inthefollowing,it needsto solvebat rotational in-
etia

To solvebat mass center and rotational inertia, ex-

TABLE 1: Baseball and bat parameters

Parameter m \'A U w, e

Value 0.142kg -40m/s 16m/s 34rad/s 0.4

tend above bat model to cone, and then bat volumeis
equal to big conevolumeminussmdl conevolume.

Amongthem:h=Lhz,hl=Lhz

R,-R R-R
v =%R§h—%an=%ﬁ(R§—Rf) @
Bat massis.
m, = pV (5)

Informula: p isbat dengity,V isbat volume.
Mass center coordinateformulais:

_dm 3 R-R b )
m 4 R-R R-R ©
lzxc_Rle_thi )

Whilebecause J = j x*dm big coneinertiamo-
mentis

_i T Rghz 2 | |12
Jez _80/0(3 Rz_le(A’Rz +hz)+

LT

SR-RN4R-R

Smadll coneingtiamomentis;

3 (xR )| e [ RR Y
J°2_80”(3 RZ—RJ!“RI {RZ—RI”

r R 3 ’
i (5 Rsz—thlj(Z ah XC] ®
Masscenter inertiamomentis:
Je=Jco—Jdu (10)
E pointinertiamomentis:
Jg=J. +ml? (1)
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Collectinginformation, itisclear that small radius
R 1s12.55mm, bigradiusR, is35mm, bat length h, is

1050mm, wood bat density o is700kg / m®. Input

(1)~(11) into speed v, following hitting point to mass
center distancex changing figureasFigure 3.

FromFgure3, itiscear tha bl hitting speed firgtly
increases and then decreaseswith distance x changes,
itisobviousthat best hitting point isnot inthetop of
club, whenx=0.074m, speed arrives at maximum that
iIs54.57m/s.

= Ve,

50} /;/ %
a5t s
40+ ™
3BsE ,

30} e

25 %

20 1 1 1 1 1 1
0.1 0 01 0.2 0.3 04 0.5 0.6

Figure 3 : Hitting speed as well as hitting point to mass
center distancerelationship diagram

Only consder handsactingfor cebest hitting point
model

Investigation showsbaseball player sportsinjury
rate has already arrived at as high as56%, and above
40% players’ injury concentrates on hands and shoul -
der, which showsbaseball player hitting motionsgen-
erate certain degreeinjury onther body. Based onthat,
we makeresearch with baseball bat best hitting point
asentry point, by establishing moddl; it plays protec-
tion roleson handsto the greatest degree™.

According to moment of momentum theorem, it

1
has: (3. +mi*)a =(1+x)Q, &= g:fgﬁ

BioTechnology —

In formula, J. is bat to mass center rotational

inertia,l is hands gripping point E to mass center C
distance x isimpacting point D to masscenter Cdis-
tance, o isbat rotational angular accel erated speed,Q
isball to bat impacting force, and then:

(1+x)Q

=la =1
% Jo+ml?

Informula, a. ismasscenter C accel erated speed.
According to mass center motion theorem

m(1+x)Ql
Q-F=ma, @=F =7 "7
S omI+xQl 1 )

InformulaFishandsto bat impacting forcewhen
impacting.

Inthefollowing, it needsto solveball to bat impact
forcewhen impacting. Dueto consider that hand grip
point displacement basi cally not changethat the posi-
tionisbasicfixed, ball to bat impact force can besolved
by mechanicsof materids. Thatis smplify betintodadtic
beam model® asFigure5.

Figure5-aiscdculaion mode, Figure5-bisunder
dynamicload deformation Figure, Figure 5-cisunder
static load deformation figure; then, according to me-
chanicsof materid sknowledge:

Qb’°
Ay = 3] (13)
2
1 V2
K, =1+ /1
¢ +\/ +(1+me/rrJ gA, (14

Informula: A, isstatic deviation, Eisbat Young
modulus, |, isbeam crosssectionto neurd axisinertia
moment, K, isdynamic load coefficient, m, isbat

equivaent mass, m, = 33m, /140, m isball mass, v

iscollidingmoment ball speed.
When ball speedislarger, dynamicload coefficient
canbesmplifiedinto:

2 2
Ky = 14| —— Yoo, =
1+m/m ) gA,’ w
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Figure4: Bat smplified model
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Figureb5: Bat elastic beam model simplified diagram
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Figure6: Bat tohandsimpact for ceaswell ashitting point to
masscenter distancerelationship figure

In formula: W is bend section modulus

_Qb

1 V2
Za=Kaou =y 1+m, /m

: 9Ag

F, =K,Q
Informula(15), o, ismaximumimpact force, F,

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

nents” impact forceaswell ashitting point to mass cen-

ter distancefigureasFigure®6.
FromFigure6, itisclear, withx increasing,F vaue

(15)

———— FyLL PAPER
firstly reducesthenincreases, by caculation, it can get

J
whenX= ECI =0.0438m pt to handsimpact forceis

minimumthatis0. At thistime, best hitting pointto mass
center distanceis0.0438m, now bat to handsforceis
0.

Simultaneously consider maximum hitting speed
and opponent minimum impact forcemode

Becausein baseball game, thelarger baseball hit
speedis, thebigger possibility of athlete scoringwould
be, to get better results; baseball player should pursuit
larger hitting speed. Meanwhile, baseball gameinjury
rateisa so higher, whichisdueto bat to baseball player
excess veimpact forcewhen hittingwill harmful for ath-
letes’ hands. So, to ensure baseball players’ safety, re-
duceinjury probability, it isrequired that when players
hitting, it pursuits minimum impact forcefrom bat to
hands. Simultaneoudy consider thetwo Statuses; it gives
best hitting point mathematical expression asfollowing:
Z=F+Alv

Amongthem, 4 isweight coefficient. In order to
defineweight coefficient,wediscuss,F maximumvaue
and minimum value gap areroughly 2500, minimum
speed reciprocal and maximum speed reciprocal gap

1 1
are roughlyz—S-%:O.OZZ. Thereforewelet ) tobe

F = 1 /v =113636, wedefine=100000.Z and X rel a-

tionshipfigureisasFigurey.
Uselingo solving optimal solution, resultisasfol-
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Figure7: Z and xrelationship diagram
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lowing
Variable Value Reduced Cost
Ml 0. 1420000 0. 0ooooon
M2 1.400000 0. 0ooooo
1 =40. 00000 0. 000000
U1 16. 00000 0. 000000
W1 34, 00000 0. 000000
I 0.4170000E-01 0. 0opoon
MU 0. 000000 0. 000000
E 0.4000000 0. 000000
X 0.43884T4E-01 0. 000000
Row S5lack or Surplus Dual Price
1 1841. 438 -1. 000000
2 0.43884T4E-01 0. 000000
3 0. 5610526E-01 0. 000000

FromFigure7, itisclear when x=0.0438m, it gets
optimal solution, at this time force
F=0.918N, v=54.3055m/s.

Inthefollowing, discuss 4 vauesinfluencesonre-
sultsthat arethe model stability. We discuss optimal
solution x changeswith 4 changing such relationship
asFigure8.

/

! 15 5 55 § 65 T

Figure8: xand 4 logarithmreationship figure

From Figure8, itisclear before 108, Best hitting
point coordinate position basically do not change. By
analysis, wethought that in 0.0438 with x changing, F
vauesbasi caly not change,which meansFisnot sens-
tivetox;Whileforcev hasgreat changessothat v is
sengitivetox, itindicatesmode stability.

RESULTSAND CONCLUSIONS

From abovemodd, it can concludethat if only con-

sidering maximum hitting speed, when hitting point to
mass center distanceis0.074m, speed arrivesat maxi-
mumthat is54.57m/s. If only considering bat to hands
impact force, when hitting point to mass center distance
1S0.0438m, bat to handsimpact forceisthe minimum
thatisO. If amultaneoudy cond dering thetwoand weight
coefficient 4 =100000,when x=0.0438m, it gets opti-
mal solution, now force F=0.918N, v =54.3055m/s, and
themoded isnot sensitiveto weight coefficient.

The paper can make expansion to themodel from
vibration model, adding energy and vibration transfer-
ring aswell asother aspectsfactors, and considershit-
ting process baseball rotation, bat internal stresswhen
hitting and so on, it makes optimization onmodd.
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