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ABSTRACT KEYWORDS
Table tennis movement process is very complicated; it includes space Table tennis;
movement and its own rotational movement. In table tennis self-rotating Movement trajectory;
movement, it has non -rotating and rotating two forms; table tennis space Air resistance;

movement tragj ectory iscorrelated to racket and tabl etenniscollision moment Magnus force.
friction force, push force as well as momentum and others, and it can be

divided into horizontal movement trajectory and vertical movement

trajectory. Table tennis in flying process mainly suffers vertical and

downwards gravity, vertical and upwards buoyancy force, air resistance

that inthe opposite direction of movement, aswell as self-rotating produced

Magnus force, its movement trajectory is arc. The paper puts emphasis

discussion on table tennis flying process self-rotating produce Magnus

force that is table tennis running process’s every kind of force status;

finally it defines table tennisfirst trgjectory equation by force analysis.
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INTRODUCTION

In Chinabest known as““nationa ball” tabletennis
has broadly mass base, except for that, to larger com-
petitivesports, tabletennisstill isakind of big difficulty
sport, it isbecause that the sport needs flexible coop-
eration from consciousness, motion aswell asfast pace
and other each aspect. Tabletennis, sinceintroduced
to Chinain 1904, itisrapidly well received by mass.
But Chinesetabletennishaven’t got significant devel-
opment until new China was founded; since 1960s
Chinesetabletennisplayershavegradualy takenworld
tabletennisgamemost even wholechampions. There-
fore, researching on tabletennisisvery important. In
table tennisgame, spin ball isatechniquethat game

playersmost utilize, whichisa so thekey toloop. Table
tennisinrotation process, it includescomplex aerody-
namic principle, and it will suffer al kindsof forceef-
fectsinthewholeflying processand isakind of con-
tinuous process, thereforeit isvery necessary totable
tennisresearch.

For tabletennistrgectory researches, lotsof people
have madeeffortsand achieved results, which provides
favorable conditionsfor scholarsfrom all sectors of
society making research onit, and providesimpetusfor
tabletennis devel opment. For example: Wang Ming-
Yu and othersmade research on robot tabletennisplay-
ingtrack trgjectory prediction problems; inthe paper, it
pointed out trgjectory prediction problemsweretimer
shaft trgjectory tracking further extension, trgectory
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prediction crucial trgjectory prediction algorithm on
robot hitting successratewas mainly divided into two
types of methods based on kinematic model and table
tennisrobot based on experiencemethod, in hitting pro-
cesswe should first judge and predict incoming ball
trgectory sothat could providesufficient timefor sports
controlling systemto drivearmshitting bal; In 1997,
Japanese Osaka University professor Wiki Fumio co-
operated with Shanghal Jiao Tong University Rui Qin
and otherstheoretically researching tabletenniss mula-
tion a gorithm and trgectory prediction, they proposed
akind of linear regression agorithm adopting partia
welght; HanYi-Zhong and othersresearched loop spin-
ning intensity important influenceson tabletennisflying
trgjectory, fast |oop arc wasflat, flying speed wasfast,
and highloop arc washigh, flying speedwassow; in
fact, if it could sufficiently utilizerotational power, ap-
plying loop technique could control drop point and
droppingtime; if it could make quantitative anaysisof
spinning speed influences on drop point, droppingtime
and flying speed, it can create high-level hitting tech-
nique.

Further understand | oop technique has animpor-
tant significance, especialy that present international
tabletennisrulesare congtant changing, andthenit more
needs scientific theoretica method to guidenew rules’
loop technique appli cation and devel opment. The pa-
per mainly researches|oop trgjectory changes causes
by mechanica analysis, it providestheoretical basisfor
tabletennisplayers’ improving their techniques.

TABLE TENNISFLYING PROCESSFORCE
ANALY S SAND TRAJECTORY EQUATION
DEFINING

Tabletennisflying processforceanalysis

When arotating object rotationa angular speed di-
rection misaignsto object flying speed direction, it will
produce ahorizontal forcein rotational angular speed
direction and trand ational speed direction composed
plane’svertical direction. Under the horizontal force
effects, object flying trgjectory occurs deflection phe-
nomenoniscalled Magnus effect. Thereasonthat ro-
tating object can generateforcein horizonta direction
by physical perspective anaysisisdueto object rota-
tion can drive surrounding fluid rotation, | et object one
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sidefluid speedincrease and another sidefluid speed
decrease. Thehorizontd forceisMagnusforce™.
Loop pressure differencethat produced because

of rotationiscalledlift force F, thatisMagnusforce?.

It isrelated to sphere movement speed and rotational
frequency, itsexpressionisasfollowing:
F_ =C_pD3fv )
Tabletennissuffered air resstancesizeisrelaedto
maximum cross section areaaswell as suffered wind
speed. Asfollowing Figure 1 show, assumeit has not
yet arrived at tabletennisairflow iscaled “sate 17, and
it regarded airflow that hasaready arrived at tableten-

nisas“state2”,v, = 0, by Bernoulli principle, it can
ot

1 1
Py "'EPVf =P, +EPV§ @)

It is unit volume airflow pressure energy, from

1
whichv, =v, v, =0, then P, =P, =§PV2,if it is

thought that table tennisother side suffered pressureis
equal to pressureinfront state 1 B, multiply by table
tennismaximum crosssectionarea p, it getsresistance

Fy B
1 .2
Fg =(P,—Pp)A =EPAV ©)

But consider other factorsinfluences, itintroduces
res stance coefficient G, it can get final formula:

Figurel: Tabletennissuffered air resistance
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Ignoring gravity effectsorbit analysis, tabletennis
forceschematic diagramisasfollowing Figure 2 show.
Thereforeit can get dynamic equation asfollowing:

dv 1 2

m—=—=C, pA
L ©)
V2

mF=CLpD3fV (6)

Deform and sort out formula, usediameter p ex-
pressing maximum cross section area p, and let

v = v(t) ,itcanget curvatureradiusformula

m

R=R(t) = v(t
t) T (t) @
1%
A
o *iC 24 ‘
175 “d F
F,3C,pD o
Figure2: Ignoring gravity effect orbit analysis
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Figure3: Tabletennisforcestatusorthogonal decomposi-

tion

Tabletennisforcedecomposition

Make orthogonal decomposition of tabletennis
forcedtatus, it getsasfollowing Figure 3.

Vertical direction forceanalysis
Vertical directioninitid speedis vsin g, suffered
upwards direction compound forceF,siné+G,

ground distance S .
When tabletennismakes upwards movement:

=vsin 8 —a t,

vertical
F,sin 0 + G
m

4

vertical

a =

vertical

i vsing-m
Itcangetlifttime: - F,sind+G

1 v?sind’m
Lift displacement: S1 = 2F.sn0+G
Verticd directiontota displacement:
S=5+S§
Whentabletennismovesupwards:
S= %at2

Itcangetfdlingtime:
C_|ams, vZsing’m?
> \F,sn0+G (F,sin+G)>

That tabletennismovement timeintheair is,
t=t; +t, 8

Horizontal direction forceanalysis
When tabletennismakeshorizontd movements:

Vhorizontar = V COS 0 - Bhorizontal t,
_ F,cos@
Bporizontal = m 't = tl + t2
Horizonta movement displacement:
1F4cos0 _,
Shorizontal = vcosO-t _E m -t )

Tabletennistrajectory equation defining
Tabletennisflyingfirg trgectory refersto onemove-
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ment processthat tabletennisfliesaway fromracket to
just contact table. Tabletennisinflying processmainly
suffersvertical downwardsgravity, vertical upwards
buoyancy force, and air resistance that opposite to
movement direction. Generdly, tabletennisinflying pro-
cess, it will rotatewith axis, therefore, it should aso
consder Magnusforce.

Assume that table tennis only moves in the
planexoy . Ball speedis v and horizonta lineform g

w
angle, rotation speed is?{?f = Zj , rotationaxisand
verticd plane.

1
= — pgrl’ , resis-

Buoyancy force Fouoyancy 5

2

1 aD* . .
tanceF, =§CdpAV2, A= istabletenniscross

section area. Magnusforce Fy =C, pD3fv

Accordingto Figure4, it carriesout forceanadysis,
decomposesforcealong xand Yy direction, and thenit
canlist out kinematic equation.

2

d°x 3 . 1 2

m—-=C, pD’fvsin0+—=C pAv~ cosd
TR 2CoP (10)
2

m ZT)ZI =mg —%pgﬂ;DB +C, pD%yv COSO+%CdpAv2 sn@ (11)

buoyancy

1I AL
X

Figure4: First trajectory for ceanalysisfigure

CONCLUSIONS

Throughresearching, it findsout gravity and others
effect on tabletennisfirst trgectory, andtheresearchis

asofit for football and other ballsmovements. Table
tennistrgectory inflying processisreaedtoinitid sae
and flying processforce. Tabletennisduring collision
processwith racket, it getsinitial state, andthenit sarts
gpacemovement. Tabletennisinflying process, it mainly
suffersvertical downwardsgravity, vertica upwards
buoyancy force, ar resistanceintheoppositedirection
of movement, aswell assdlf-rotating generated Magnus
force, itsmovement trgjectory isarc.
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