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ABSTRACT

As sports activities are gaining a more and morpdrant position in the mind of Chinese people,ttide tennis
has got an increasing amount of attention. Thisithehows that the movement of the table tennisdiled by two
forms of motion trails and analyzes the impactdifférent forces on the trails by conducting ardiepth analysis of
the moving process of the table tennis and buildimg solving the mechanical model of the whole bimgnprocess
of the table tennis through the combined usagbegfries of mechanics.
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INTRODUCTION

Table tennis is very popular among the Chinese Ipedjith the consecutive successes of Chinesetashie
table tennis in Olympics, this sport has becomeondt the domain of the athletes, but a favorableice of
every Chinese. However, table tennis is a greaiffyjcalt sport which requires the player's agilignd
flexibility, thus, only after a long period of cdast training can a player win his opponent in ilietike
consciousness, pace, action and so on.

In this aspect, many scholars have made theirteffand gained some rewards, which provides faverabl
conditions for scholars from all sectors of theistycto do research on table tennis and motivessfone
people to develop the sport of table tennis. Farple, in their paper, Zhao Lei and other schdagdyze the
flight process of table tennis and the simulatippligation in Matlab, build a model for the wholeopess of
table tennis’s landing on the table after beingliithe racket and then flight away from the tabid they also
analyze this model. Besides, they draw a curvelgbgpusing the Matlab which reflects the motioril$raf
table tennis in a more direct way. Mu Zhiyong wsitepaper analyzing table tennis’ kinematic meadsand
analyzes the influences of sport mechanics on theing process of table tennis from the perspective
physics. In their thesi& Mechanical Analysis on the Improvements of Fareh&echniques to Pull the Ball
Close to the Tabldseng Jie and others study the close-table foretiafehsive techniques of table tennis, find
the restraining factors and their correspondingtgwis through analysis and their great effectabie tennis
competitions.

This thesis analyzes the influencing factors ofetabnnis based on the results of previous stuatielsshows

table tennis’ moving trails are influenced by fastbke the speed and gravity during its flying geses through
stress analysis.
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MECHANICAL ANALYSIS MODEL OF TABLE TENNIS STRESS AN ALYSIS MODEL OF TABLE
TENNIS'S FILIGHT PROCESS

The rotational angular velocity direction of takdsnis after its collision with the racket is agwh in Picture
1
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Figure 1 Table tennis course

When table tennis collides with the racket, if tlight speed directions do not coincide with eatea then a
lateral force and a curve are produced. The cumpesssure difference caused by rotation is cathedlift

forceF,_, there is a correlation between the rotationajjfemcy of the ball and the kinematic velocity, the
corresponding equation is:

F_=C oDV (D

The size of the air resistance that table tennisder is related to the maximum cross-section anehthe
wind velocity as shown in Picture 2:
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Figure 2 Tennis Stress Analysisl

Assuming the airflow that has not reached the isdistate 1", while the airflow that has alreadgcehed the
ball is “state 2", antt, =0, according to the theory we can get the follonéggation:

F)1+%:0V12:P2+%:0‘/22 (2

this is the air pressure per unit volume=Vv, Vv, =0,
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then:

1
Pl - Pz = Ep‘/z
When the positive state 1 of the ball is under sures P1, the air pressure is in a perfect conditioR1

multiply by the maximum cross-section area A, themrorresponding resistance is:
1 2
F, :(Pz—Pl)A:E,oAV (3

But considering the influence of other factors, thsistance coefficient is taken into consideratiben the
final formula is:

F, = %Cd PAV? (4

If the trail analysis of gravity influence is natken into consideration, the stress condition lolietéennis is as
shown in the following picture:

F, \ 4
G

Figure 3 Tennis Stress Analysis2

From this, the following dynamic equation can bé&oted:

dv 1

m— = =C, pAV? (5)
at 2 P
Vv 5

mE=CLpD fv <))

When the formula is deformed by using diameter drdplace the maximum cross-section area A, and
v =V(t), aradius of curvature formula can be obtained:

m
C pdf

THE STRESS DECOMPOSITION MODEL OF TABLE TENNIS
When conducting an orthogonal decomposition ofetabhnis’s stress conditions, the case is as shown

R=R(t) = v(t) )
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Picture 3:

Figure 4  Tennis Stress Analysis3

VERTICAL STRESS ANALYSIS
The initial velocity in the vertical direction i&¥'sin S , the downward force of the direction i, sSinG+G,

and its distance from the ground &, -

During the ball's upward moving process:
vy =vsinfB-agt €:))

F,sing+
a, = Fasinf+G 9
m

the rise time is

vsingm
. = —'B (10
F,sinB+G
the rise displacement:is
1 v®sing?
= __—ﬂrn 11D
2F,;sinf+G
the total vertical displacement
S=§5+S§ (12)
When the ball is moving downward:
1
S=—at, (13
2
the fall time is
2m vZsin B*m?
t, = . 2, . A > (14
F,sin+G (F,;sing+G)
the time of the ball moving in the air is:
t=t +1, (15
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HORIZONTAL STRESS ANALYSIS
When the ball moves horizontally:

v, =vcosf-a,t (16
F, cos,
a, = Fycosp an
m
t=t +t, (18

Horizontal motion displacement is:

F
S =vcos,8[ﬁ—%Losﬂ [° (19
m

THE TRAJECTORY MODEL OF TABLE TENNIS
There are two interactive forces---friction and thextical impact force F---when the ball collidegtwthe
racket. Assuming the diameter of the ball is d,ligqugs m, the initial angle is 0, the initial veliy is O, the

timeis t;, the speed of the rackets the corresponding parameter analysis is as shoRictore 4

[\

Figure 5 Parametric stress analysis Figure

the impulse of fis|,; , then the corresponding impulse of Flg , therefore, the torque that the friction is

df fl
produced on the ball is?, and as a result of it, the impulsegsz—, when the rotational inertia of table

tennis is in the barycenter:

2 d
l,==mr? (r=—) (20)
3 2
on the basis of relevant theorems:
lr =mv. -0 (2D
I, =my. -0 (22)
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4y =1 w-0 (23)
2

G is the final velocity of the angular velocity/; means the final velocity is in the direction of ¥ means the

final velocity is in the direction of F.

From the above, we can get:

Tn

Vi =— (24)
m
I

Ve =— (25)
m

_di, 31,

Ww=—=— (26)

2l md

The component velocities along the horizontal aextical axes are:

. e . |
VvV, =V singB+v, cosp =-FsinB+—cosp (27)
m m

. e I
Vv, =V sinB+V, cosf :Efsm,8+ﬁcos,8 (28)

(27) (28) refer to the corresponding initial velocities dbfetennis.
In its moving process, the ball is also under thpdct of rotations of the axis due to the resistatite gravity and
the buoyancy force. The gravity can be inferredibing the formula:

G=mg (29
the buoyancy force of the ball is:

F?a—?:%pgz:d?’ (30)

the resistance is:

=%dev2 (3D

Thus, its kinematic equations are:

ilt;(_c od® fvsm,[>’+ C AV* cosfB

(32

%tZ-C od yvcos[a’+;C AVsing - —g,oml3+mg

THE CONTACT MODEL OF TABLE TENNIS AND THE DESKTOP
Assuming the velocity of the centre of the baWjs When the ball hits the desktop, this velocity bancategorized

into two directions both horizontally and vertigallnamely, V,, - Vey s its corresponding friction impulse is

S, —,uOth the elastic impulse S, = th and the correspondlng analysis is as shown in frei&u
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Figure 6 Mechanical Analysis ball collision with the desktop

From the above formula, it is knowN, =V,, —I'a), and the velocity at the point of Ovg .
If v, <0, then V., >ra,, the ball relatively slides forward, or, the balh®ving along the negative direction of

x axis. On the contrary, wheN,, >Tda),, the ball will move along the positive directionyobxis, therefore, we
should take these two conditions into consideration
If v, >0, we can get the following equations according tdallision theory of rigid body motion:

mu, —mv,, = -S; (33
mu, —my,, =-s, (34)
a, -l =s;r (35

2
Since the rotational inertia of the ball is, = Eml’2 , then we can know the following equation with théphaf the

recovery coefficient:

u, =-ev, (36>
And we can get the following formulas based onabeve formula:
Uy = ~€%
3u
V = y_mvey(e'i'l) 37

u, =v, + ,uvey(e+1)

(1)if v, <0, the equations can be solved by using the colliieory of rigid body motion

Uy = €%
y = y+3—’uvey(e+1) (38
arr

ux = Vex _:uvey(e+1)

The above-mentioned two equations are similar @ir ttormulations and thus a correlation can becbbigtween
them since the ball is under the gravity, the buayaforce, the air resistance and the Magnus fomesed by
rotation.

CONCLUSION

This thesis conducts an in-depth mechanical rekeafrtable tennis by building a mechanical model analyzes
the moving process of table tennis. It also anayeeery procedure from the ball's release fromthad to its
return and the influencing factors by using somehmaical theories. The mechanical models it hak breé not
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only applicable to table tennis, but also to otfems of sports like football. This paper will hageprofound
influence on the development of table tennis.
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