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ABSTRACT

In this paper, it conducts mechanics analysis on the force condition and
motion state during the movement of table tennisball, and usesthekinetic
theory and fluid mechanics theory to describe the mechanical features of
the ball. Through the mechanical parameters provestheinfluencing factors
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of the ball’s movement states, obtains effective mathematical equations,
and confirms the scientific principles that the movement process follows.
In the attack, in order to receive better attack effect the ball must have
high-speed movement and strong rotation; in the defending, you must
first determine the speed rotation and drop point of the ball, prepare
preparedness to fight response time and improve defense capabilities.
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INTRODUCTION

Theachievementsof Chinesetabletennisplayers
ininternational competitionsarenot only inseparable
with thelegpsand boundsimprovement of techniquein
peacetimetraining, but aso closely related with theim-
provements of tabletennishitting technique. Predeces-
sors through scientific means and analysis correct
method of madethe hitting tabl etennistechnol ogy con-
tinueto improve, but from another point of view we
can aso draw the appropriate conclusions, and can
developit further.

Thisarticleabandon previousresearch methodsin
these areas, takesthe physical movement mechanics
thisnatural scienceasaresearchtool, conductsade-
tailed introduction on the collision momentum of racket
and tabletennis, forceanalys's, trajectory formation

during themovement of theball, and positioning analy-
sisonthefalling point of theball, from the perspective
of tennis biomechani csconducts s mulation analysisof
tabletennistrgectory to effectively understand there-
lationship between forceand trgjectory intabletennis
movement. It promotestheworld popularity of “na-
tiona sport” sports, improvesthetraining efficiency of
tabletennis, and makesthe physical mechanicsbetter
servethetabletennis.

THEMECHANICALANALYSISOFTHE
COLLISION PROCESSBETWEEN TABLE
TENNISAND RACKET

Thispaper describesin detail the entire process of
the collision between tennis ball and racket, the ball
movement intheair, the collision between thetennis
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ba| and thetable and fly out thetable surface, and con-
ductsthemechanicad anadysis.

Theroleof racket on tabletennis

Racket hitting tabletennisball isacomplex me-
chanical process, thisarticletakestheeffect of theracket
to the ball as the function process of two force, the
impact forceF perpendicul ar to theracket surfaceand
thefriction f tangentid totheracket surface, andthe
initia velocity andtheinitial angular velocity isO. Sup-
posethemassof thetabletennisball ism , thediameter
isD, showninFigure1, theracket isbending forward
and hasaa anglewith the horizonta surface, shoot ac-
tiontimeof theball, tennisracket and speed of impact.

Figurel: Analysischart of racket initial parameter

Theimpulseof 1 intimet, isj =« denotedby!

theimpulseof  intimeisdenoted by.  Gothrough
thecentroid of tabletennishadl, ¢ iswithtangent tennis

- D
ball, sofriction f producesatorque of Ef totable
tennis, theimpulse moment of thismomentintime t, is
D} . D
= | fat =
> J; ,thatis 5 If .

Tennisrotation moment of inertiaof itsown center
isle=§mr2(r=%),thefinalvelocityinthedirection

perpendicular totheracketis v. , thefina velocity dong

adirection parald totheracketisv, , thefina angular
velocity is @ , according to the momentum conserva-
tion law and angular speed law in physics, we can ob-
tan:

I, =mv, )
I, =mv, 2
2I = 3
2 [ ew ()
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Through thesethree equationsthefollowing can be
successfully solved:
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Figure2: For ceexploded view of thetabletennisin X and Y
direction

The horizontal and vertical component v, and v,
need to be decomposed into the horizontal and vertical
directions. AsshowninFigure2, x and y respectively
meansthehorizontal and verticd directions. Thusthe
foll owing rel ationship can be obtai ned:

. [ |
V, =V, sin@+V, cos@ =—sin@+—-cos@ 7
m m

|
v, =V, sin@-v, cos@ =—-sin@ - cose (8
m m

By theformula(7) (8) obtain thetabletennis’ ve-
locity after themoment of collisionwith racket.

Table Tennismovement trajectory

Tabletennistragjectory refersto thetrgectory from
thetabletennisleaving racket tojust touching thetable
board, istheimportant factor to determinethetouching
point of the ball with thetable board. Therefore, the
andysisonthemoving processisvery important andis
an important indicator of playersto hit good shots.
Duringtheflight tabletennismainly sufferstheverticaly
downward gravity, vertica upward buoyancy, also the
resistance brought by air in the opposite direction of
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movement. In the motion process of tabletennis, due
totheroleof theracket, tabletennisa sorotatesaround
itsown axis, so we haveto conduct detailed analysis
ontherotation of thetabletennis.

For thetabletennistrgectory analysis, we should
assume that table tennis exercisesin the plane xoy,
showninFigure3. Andtheflight speed of theball is v,
and theangle between the horizontal lineis g , thean-
gular velocity of theball rotatesaround itself is @ , SO

the linear speed of rotationisy =— , theaxis of its
rotationisperpendicular toplane xoy. Tabl etennisbal’s
gravityis G=mg, wherein, gisthecommonly used
9.8m/ s? - Weassumethat thedensity of airis p , so

bUOYANCY iS Fuew, = £ ro70°. Meanwhile, theresistance
that table tennis suffers in the motion process is

F s =5 CPAV:, WhereisC thedrag coefficient of table

tennis, thisresistance coefficient isrelated with the ge-

isthe cross sectiond

ometry of tabletennis, A= ”'Z

areaof tabletennis. Therotationthat tabletennishas
inmotion processis F,,, = G pD*v, andwhere C, isthe
lift coefficient.

IUI’H

G
Figure3: Theforceanalysisof tabletennisflyingin theair

Figure3istheforceandysisof tabletennisflyingin
theair, theforceanalysisdirectly determinestheflight
path of tabletennis; accordingtothestressanadyss, the
forcecan bedecomposed dong x and y direction, thus
we can list equation expressionsof motion asfollows.

d?x

mF=chD3fvsjn0+%Cdpszcosa ©)]

d?y

Thesetwo equationsaretheforceanaysisduring
the movement processof tennisintheair.

= mg—%pgﬂ‘DS+CLpD3}'VC050+%CdPAV2 sing

Analyzetherotation of theball in the movement
process

Asshownin Figure4: apply aforcethrough cen-
troid point O on the sphere, the sphere can only move
aongthedirection parald totheforce.

AsshowninFigure5: apply aforcedeviate cen-
troid point O onthe sphere, the sphere can generatea
parallel movement and producerotation around itself
under the action of the F. Itsrotation effect is deter-
mined by themoment size of the F on point O.

Fromtheaboveanaysis, givingtheball aforcenot
through the center of the sphere can maketabletennis
rotate up.

Figure 4 : Apply aforcethrough centr0|d point O on the
sphere

L 2 l:p._\_
! 1% \ F
.

., A 4 - .,
T " -

Figure5: Apply aforcedeviatecentroid point O onthesphere
Ball’srotation and friction force

Fromthepreviousanaysis, thekey to maketable
tennisrotate up isthat theforcesacting ontheball isnot
passing through the center, and thisforceisfrom the
friction of the ball ontheracket. Shownin Figure6,
when theracket strikesthe ball, theracket haverela-
tivemovement to the ball, thisrel ative movement can
producefriction.
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Shown in Figure 6, themoment of hittingtheball,
theathletespull theracket upward withforce; theball
suffersthetwoforces, by thistimefg isthroughthecen-
ter of the sphere, and therefore does not produce
torque. Thetimetheball flight forward under the effect
of g, f istangenttotheball, generating the effect that
theball counterclockwiserotates, whichistopspin ball
inthetabletennismovement process. Similarly, if pull-
ingtheracket in different directionsat theracket hitting
ingtant, it will producedifferent direction of thebal and
frictiontangenttotheball.

Figure6: Ball’srotation and friction for ce

Infact, intabletennismovement process:. cut, chop,
twigt, pull, bdt, lift and other techniqueactionsrefer to
maketheracket and thebdl producesiderdativemove-
ment when theracket and the ball contact instant, so
that theball sufferstheeffect of thelaterd frictionand
producesrotation.

Bernoulli’sPrincipleand curveball and rotation ball

Inavariety of tabletennisflight trajectories, often
therewill bemany curveballswhosetrgjectoriesare
notinthesameplane, that is, tabletennis’ flightisnotin
aplane, smilar to bananakick inthefootball. So, why
thebal will appear different and variousarcs, air makes
troublemainly. To solvethisproblem we must under-
stand theBernoulli principle. InFigure 7, blow between
thefreedom of thetwo pendul ouswhite piece of paper,
sothat theair occursflow, wewill find two paperswill
be attracted to each other; according to the Bernoulli
principle, theintensity of pressureissmal whenthefluid
flow rateisbig, and theintensity of pressureisbigwhen
thefluid flow rateissmall, so that two pieces of paper
will receivelatera pressure F,and F,and be attracted
to each other.

Inthe forward process of tabletennis, duetothe
rotation of theball therewill haveasimilar Stuation as
shownin Figure8. Rotation ball study: theflow rate of
air abovetheball issmall relativeto the ball and the
flow rateof air below thebdll isbigrelativeto thebdl,

BioTechnologqy — mm—

thus creating downward lateral pressure ontheball.
Theflight path of thebal islow, and topspinball isjust
theopposite. Sidespinball will appear lateral pressure;
theroleof thislatera pressureisto maketheflight di-
rection of theball siderotation, similar to the banana
kick infootball. (Figure9) trgectorytiistheparabolic
trgectory of theno spird bal, whiletrgectoryatiisthe
Stypetrgectory of thestrong sidespira ball.
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Figure7: TheBernoulli principle phenomenon of two white
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Figure8: TheBernoulli principlephenomenon of rotation
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Figure9: TheBernoulli principlemovement tr aj ectory of
therotation ball

THEMECHANICALANALYSISONTHE
HITTING OUT BALL

Analysison topspin ball

Topspinbdl fliesinthear and rotatesforward dong
the horizontal axis(Figure 10); Dueto viscosity, the
bal will rotatea ongwiththe surroundingair. When the
ball flightsforward, theair circulation abovetheball is
incontrast with air resistancein the head-on face, the
ar flow rateof thisregionissmall; theair circulation
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below theball isin accordancewith ar resstanceinthe
head-on face, theair flow rateof thisregionislarger.
According to Bernoulli’stheorem, theintengty of pres-
sureissmall when thefluid flow rateisbig, and the
intensity of pressureisbig when thefluid flow rateis
small, sothe upper edge of the ball hasastrong pres-
sure, thelower edge of theball hasasmall pressure,
thedifferentia pressureisgenerated along the upper
edge and the lower edge and the direction is down-
ward; Asthe spherecirculation of the upper and lower
edgesisperpendicular to thedirection of theair circu-
lation, it does not cause the pressure difference. Ac-
cordingtotheparaldogramlaw, thejoint force(P) acting
ontheball pointsto thefront below of theball. From
theaboveanays's, topspin ball hasadownward trend
duringtheflight, theflight arcisreatively steepandthe
flight distanceis shorter than the non-rotating ball.
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Figure10: Bernoulli mechanical analysisof spin ball
Analysison theunder-spin ball

Under-spinball isonthecontrary, it fliesintheair
and rotatesbackward aong the horizontal axis(Figure
10); theair circulation abovetheball isin accordance
withtheair flow direction, theair circulation below the
ball isincontrast with theair flow direction. Therefore,
theintengity of pressureof thebal’supper edgeissmdl,
theintensity of pressureof thebal’slower edgeishig,
pressure differenceis generated between the upper and
lower edgesandthedirectionisupward; Thefront edge
and back edgeof theball haveno pressure difference,
thejoint force (P) acting on the bal pointsto thetop
rear f of theball. Therefore, under-spinbal hasan up-
ward trend during theflight, theflight arcisreatively
big and theflying speed ismoreand more slow.

Analysison theleft and right spin ball

Left gpinbal inflight rotates| eft al ong theapproxi-
mateverticd lineaxis(Fgurel1l, topview). During flight

theair flow of the upper edge and lower edge of the
ball doesnot change, and no pressuredifferenceisgen-
erated; theair circulation of thefront edge and back
edge of theball isperpendicular totheair flow direc-
tion, the pressure differenceisa so not generated; The
air circulationintheball’sleft isinthe oppositedirec-
tionof air flow, andtheair circulationinthebal’sright
isinthesamedirection of air flow. Theleft and right
sdeof theball generatesapressuredifference, and the
directionisright; thejoint force (P) acting on the ball
pointstotherear right of thebdl, therefore, left Sdespin
bdl hastheright rotation trendintheair. Whiletheflight
curvatureof right sidespin ball isin contrast with the
left spin ball and hastheleft rotation trend.
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Figure 11 : Bernoulli mechanical analysis of the left-spin
ball

Thedroppingon tableanalysisof thespin ball

When the spin ball dropsonthetable, in addition
totheinteractionforceinthevertical direction between
theball and thetable(reactionforce), therotation force
of theball inthe horizontal direction also actsonthe
table, therotational force can actson thetable asfric-
tiond force. Thus, thetable givestheball an equal and
opposite reaction force, i.e. the reaction of the rota-
tional force.

i =},

e
—

-
_Fj

Figure12: Bernoulli mechanical analysiswhen therotation
ball dropson thetableboard

1) Thedropping off tableboard anaysisof the upper-
spinbal: Whenthetopspinball dropsonthetable,
therotationforceof theball actsonthetablerear-
ward inthehorizontd direction, and thereaction of
therotationforceisforward (Figure 12). Thisforce
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givestheball aforward speed U, so thereflected
velocity of theball isnolonger V, but V.Anditis
resultant velocity V with U. Thereflection angle of
topspinball sgnificantly isgreater thantheincidence
angle (B> o), but the speed of theball after bounc-
ing up fromthetableisfast, theimpulsionisbig; it
remainsrotation statein advancing process.

2) Thedropping off tableboard anaysisof the under-
spin ball: When the under-spin ball dropsonthe
table, oppositeto the topspin ball, the rotational
forceof thebal isforward along the horizontd di-
rection acting on tableboard, therotation reaction
force of table-board applied to the ball is back-
ward (Figure12). Thisforcegivestheball toin-
creaseabackward speed v, so therefl ection speed
of thebdl isV.Anditisresultant velocity V withv.
After thebdl dropsonthetable, thereflectionangle
issmaller than the angle of incidence (B <a), the
forward speed of theball after arebound isweak-
ened andtheimpulsionisreduced, thebal becomes
higher after dropping onthetable. If theball’sun-
der-spin isvery strong, the forward force of the
ball itself isvery small, and the backward reaction
forcethat tablesgivestheball islarger than thefor-
ward force, then the ball will appear rebound after
droppingonthetable.

3) Dropping table-board analysis of side spin ball:
When side spin ball drops on the table, because
theball isrotating approximatetothevertical axis,
theball doesnot changeitsforceonthetable-board
after being dropped because of left and right side
spin. Therefore, after the side-spin ball drops of f
thetableitsflight arc continuesturning according to
theorigina direction.

Flat block and touchingtheracket analysisof the
spin ball

When thetopspin ball touchestheracket, the con-
tinuing rotation bal will gpply africtionfromuptodown
onaracket, and theracket will givethebal areaction
force from the bottom up (Figure 13), thisforcein-
creasesthe anglethat the ball bounce upwards. So af-
ter theflat block and touching racket thetopspin ball
will rebound upward and easy to be out of bounds.

Theunder-spinball isoppositeto the upper-spin
bal; whenthebdl hitstheracket face, thereactionforce

BioTechnology —

direction of rotationisdownward; theeffect of thisforce
is to decrease the angle of the ball rebound. So the
under-spin ball after flat block and touching racket can
eadly off thenet.

Figure13: Themechanical analysisof thespin ball after the
flat block and touching racket

Based on the above analysis, when flat blocking
(catching theball) theleft-spinball, the ball’sbounce
directionisright, and theball iseasily out of boundsto
theright; whenflat blocking theright-spinbdl, thebal’s
bounce direction isleft, and the ball is easily out of
boundstotheleft.

THEFORCEWHENTHE BALL CONTACTS
WITH THETABLE-BOARD

Ball recaivesfriction of thetablewhenthebdl touch-
ing thetableboard, the size of thefrictionforceisre-
lated with primary inertia forceof theball and thefric-
tion coefficient between the ball and the table board,
therelevancewith thevaueof X issmal (unlessX is
very large). Thedirection of frictionforceis perpen-
dicular to thefront and back direction of theball and
oppositeto the speed direction of theball relatively to
thetable.

After touching thetable the ball bounces, there-
flection angleisgreater than theincidenceangle, shown
inFgure14. Accordingto collisontheory, there ation-
ship betweentheincdent angleA and thereflectionangle
B beforeand after theball touchesthetableboard:

tan A

tanB = ——

Where, k isthe coefficient of restitution, lessthan 1
(which may be determined experimentally). It isthus
clear that, thereisawaysB>A, i.e. themoving route of
ball bouncing after touching thetableisbe ow theline
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that the ball comes; For loop drive ball, because the
ball rotatesintensely even after touching the platform,
themovement route of ball bouncing after touching the
tableneedsto plustheaction ontheball, which contin-
uesto downward bend and side bend.

Supposethe speed of the coming ball off thetable
isv, v andtheangle betweenv and thevertica lineisa;
theinstantaneousthe coming ball dropsonthetable,
theangular vel ocity of the ball around the horizonta
axisQis,  gafter thecollison with thetable, dueto
theinstantaneousfriction effect, thehorizonta velocity
of theball at the contact point isO, recovery coefficient
of thebdl isK, theradiusof thebdl isr, themassof the
balism.

By the collision centroid motion theorem:
mu-mv=s (11)
Whereinsistheimpulseactingonthebdl, uisthesphere
center speed when theball bounces. The projection of
theformula(11) intox axisis:
mu, —mv, =S, (12

Take sphere center O asthe centroid, by theim-
pulsivemoment theorem:
J(o—o, =51 (13
J. istheMoment of inertiaof theball, and the ball

ishollow, withJ_ = (2/ 3)mr?; asthehorizonta veloc-

ity of thetouching point after the collisonisequd to 0,
S o)

ro=-u, 149
Substitute theformula (13) into formula(14) and
eliminates, by theformula(12) to obtain:

Y
T T Vi

Figure14: Motion state diagramwhen theball dropson the
tableboard

mr’v. —Jr .
u :*—%:%(3vsna—2rwo)

b J, +mr? (1)
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After thecollisonthe bdl’smovement inthe verti-
ca directionisrelated to therecovery factor, therefore:
(16)
So the bounceangle 8 when the ball rebounded
fromthetable-boardis:

u, =—Kvy = Kvcosa

u 1 2ro
tanp=—=—(3tana—-—>—
P u 5K( vcosa) (17)

y

CONCLUSIONS

InTabletennis, whentheathleteisontheoffensive,
torecelve abetter offensive effect theball must have
high-speed movement and strong rotation. Themain
way isincreas ng the hitting power of the pat onthebal
toincreaseagreater acceleration of the ball, making
the ball produce agreater speed in an instant. In de-
fense, you must first determine the speed rotation and
placement of theball, prepare preparednessto fight for
thereactiontimeand improve defense capabilities.

Thispaper conducted detailed mechanicsanaysis
and specific physicscd culation onthevarious stages of
the tabl e tennis movement process, obtained the de-
tailed calculation formulaof tabletennismotion law,
madethetennisfanshave adegper understanding and
understanding of physicsknowledge; at thesametime,
a o provided sometheoreticd foundationfor tabletennis
playersand tennisenthus aststo better grasp thetech-
nology, made the mechani cstheoretical knowledgein
physicsbemoreclosdly appliedtored life.

REFERENCES
[1] BingZhang, Yan Feng; The Special Quality Evalu-
ation of the Triple Jump and the Differential EQua-
tionModel of Long Jump MechanicsBased on Gray
Correlation Analysis. International Journal of Ap-
plied Mathematics and Statistics, 40(10), 136-143
(2013).
Cai Cui; Application of Mathematical Moddl for
Simulation of 100-Meter Race. International Jour-
nal of Applied Mathematics and Statistics, 42(12),
309-316 (2013).
Fang Jie; The studieson Table Tennis Collision us-
ing computer simulation.Journal of Tianjin Ingtitute
of Physical Education, 18(3), 47-52 (2003).
Haibin Wang, Shuye Yang; An Analysis of Hurdle

[2]

[3]

[4]

s LBioTechnology

An Tudian Yourual



1180

Mathematical analysis of the table tennis hitting process based on dynamics and hydrodynamics

FULL PAPER o

[5]

BioTechnologqy —

BTAIJ, 8(9) 2013

Performance Prediction Based On Mechanical
Anaysisand Gray Prediction Modd. International
Journal of Applied Mathematics and Statistics,
39(9), 243-250 (2013).

Hongwei Yang; Evaluation Model of Physical Fit-
ness of Young Tennis Athletes Based On AHP-
TOPSIS Comprehensive Evaluation. International
Journal of Applied Mathematics and Statistics,
39(9), 188-195 (2013).

[6]

[7]

Sun Zai, Yu Guang-xin, Guo Mei; The aerodynam-
icsprincipleand flight trgjectory simulation of loop
table tennis ball. China Sport Science, (4), 69-75
(2008).

Zhou Yu-qing, Ye Zhao-ning, Hao Zong-han; The
calculation and analysis of air resistance in ball
movement. Physics and Engineering, (1), 55-60
(2002).

Hn Tudian Jounual



