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ABSTRACT

Make mechanics analysis on ball force status and movement states in table tennis process, and apply dynamic
theory and fluid mechanic theory describe ball mechanic features. Analyze table tennis operation process as well as
horizontal and vertical directions joint forces and angles, and get strength angle mathematical model. Make
expansion on model, considering loop in table tennis, establish table tennis dynamics simulation model, and based
on that add buoyancy force and additional mass force, establish improved table tennis simulation model, get
conclusions that strong rotation speed loop can effective control flight distance and make high speed moving table
tennis drops to opponent court.
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INTRODUCTION

Table tennis is hailed as China “national game’has the basis of broad masses in our country.eTedinis
possesses high speed, strong rotation as well #fplemuactical changes feature, it has great difies [1-3].
Among them, loop is indispensible in training. Loagpa kind of strong attack force and high poweack
technology. In loop running process, what cannagghered is Magnus effect that was found by Ger@aWMagnus
in 1852, its essence is a kind of viscosity effbett generated when rotation objects make movenientsscous
fluid [4-6].

Table tennis emergence and development is clogtiyed to mathematics, fluid mechanics, physics atier

disciplines. Table tennis running mainly is servamgl receiving; main concerns in serving and reegiprocess are
peddler’s strength and serve angle problems [7FBis paper establishes table tennis strength amglgel. Then
based on that, considering loop force in runningcpss, establish table tennis dynamics simulatiodain Make

improvement on model based on that, adding coreider of loop running process force, establisheaiennis

dynamics simulation improved model.

TABLE TENNISSTRENGTH ANGLE MATHEMATICAL MODEL

Table tennis development is closely related to ematktics, kinematics, mechanics and other disciglifigoroperly
apply mechanics, mathematics and other knowledgabile tennis technique research, it can changeseoith its
own thought and make ball technique improving tmscextent. And table tennis running mainly is segvand
receiving, main concerns in serving and receivingcess are strength and angle problems. In thewoib, it
makes analysis of table tennis running processidgpdrorizontal and vertical directions strength aamble,
establish table tennis strength angle mathematiodalel [10-12].

Tabletennishorizontal force status analysis

Take right side rotation cross-court shot as amgp@ to carry out analysis. In racket hitting preseracket vertical
center line and table tennis rebound direction haweertain included angle. One paddler from themesea right
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rotation cross-court shot from point A; another glad receives the server ball at point B and Hhit® iopponent
court point C. If ignore table tennis rotation lretprocess, according to image principle, theretédainis running
process hypothetical center line lies in the ceoteangleZ ABC that incident angle is equal to emergencearajl
this timea = B, as Figurel shows.

Figure 1: Table tennisrunning processfigure

But considering practical status, paddler in tabtenis hitting process, table tennis possessesritrotation feature,
therefore if continue to consider table tennis tdonake rotation incident angle is the same as esner angle,
table tennis would deviate towards opponent caght iside to a certain degree and arrive at Figupeint D. To let
table tennis correct drop to point C, then it stdat hypothetical center line left deviate to ata® angle, its angle

is angle ZCBD, and table tennis in running process shouldhgough net and drop to opponent court range. To
make such implementation, it should also adjusketaiand table included angle as well as paddleketohitting
strength.

In order to let table tennis drop into table tersusirt one anticipated point at a certain speedstémaagth, establish
table tennis strength angle mathematical modeleGitable tennis weight 5@1 racket weight ag]Z, racket
surface rubber elastic coeﬁicientqa\ls racket surface rubber friction coefficient t’is table tennis speed YA%

table tennis racket speedvais

Let horizontal direction C point achieving jointrée asFC‘HO“ZO“ta‘, A direction table tennis generated reaction
force asFA. Table tennis rotation generated D direction iictforce isFD .Racket hits table tennis generated

elastic force |4:M . Then joint force = C-Horizontal - expression is as formula (1):

z I:C—Horizontal = z (FA + FD + I:M )

! i dwr dv, .
z FC—HorizontaI = Z[FACOSV+ mflw co+ dl (n1+ m, )d_tl .

to to
I:C—Horizontal = I:A COSV+ rT!I..I:law CO§+ dl (n1+ m2 31 (1)

Tabletennisvertical direction force statusanalysis

Let table tennis arrived at C point force toFBé/e”ica' , and then it has formula (2):

Z Fe verticas = F52 + th 2

F,=d;(m +m2)a; F, =mg

Racket speed |\£,0 table tennis speed that leaves out of rack\e/z’lf jdable tennis touch racket time 4%. Then

accelerated speed is as formula (EF,'V““CG‘ transformation is as formula (4):
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a_vx—vo_v_dv

t-t, t ot .
dv
Fs = dl(rnl + mz)a
— dv 2 2
Fc-VerticaI - [dl(rrﬁ"'mz) E] +(mlg)
(4)

Tabletennis horizontal direction and vertical direction joint force status analysis
According to parallelogram law, solve horizontakedtion and vertical direction joint force F, iigesas formula (5):

2 2 2
Fo= I:C—Horizontal + I:C—Vertical

— 2 2
F= \/FC—Horizontal + FC-Vertical

F= \/[FA cosy +m, f,awcosd +d, (m, +m,)a]® +[d,(m, + mz)%]z +(m,g)°

()

When hits table tennis flying in A direction fromagidler, if according to image theory let incidengie to be equal
to emergence angle, then table tennis would drdap point; to let table tennis drop to specified @, it should let
hypothetical center line left deviate to a certamgle,d0 = £ C B D.

Convert formuIaFC‘HO”ZO”ta‘ , it can get formula (6):

I:C—Horizontal = I:A C05y+ rnlflaw CO§+ dl (nl+ m2 al

(6)
cosf = Fe torizoma ~FaCOSy—d, 0+ m,
m f,aw
So that further solves table tennis running stielagid angle mathematical model formula (7):
dv
F= \/[FA cosy +m, f,awcosd +d, (m, +m,)al” +[d,(m, + mz)a]2 +(m9)* -

cosf = FC—Horizontal ~ FA cosy - d1 (ml +m, h
m f,aw

TABLE TENNIS MOVEMENT PROCESS MODEL EXPANSION IN ACTUAL COMPETITION AND
TRAINING

Combine aerodynamics and classical mechanics theoayyze and set table tennis dynamics simulatiodel that
including gravity, air resistance, Magnus force th@ basis of the model with consideration of bumyaforce and
additional mass force, it establishes improvedetédhnis dynamics simulation model [8, 9].

Table tennis dynamics simulation model

The model main concerns table tennis mainly sufjeavity, air resistance, Magnus force in movenpntess, as
Figure 2 shows.

1071



Yingwe Fu J. Chem. Pharm. Res,, 2014, 6(3):1069-1076

Alr resistance

1

L

Figure 2: Table tennisforce analysisfigure

Gravity is G, direction is downward. Air resistardieection is opposite to table tennis movemengdtion, its size

is up to air densitp. windward area A line speed v and resistance coefficiecr;’tj etc., according to fluid dynamics
formula, calculate formula (8) as following:

F, = 1Cd PAV?
2 8)

Among them, resistance coefﬁcienq:OI is got by wind tunnel experiment. This paper asssimesistance
coefficient is only up to table tennis translatibspeed and angular speed, adopt following metlodatculate
formula (9):

C, = 0508+ ( 1 ; )?®
22053+ 4196(—)*"?
w 9)

When table tennis rotates in air, it will be affstty Magnus force. When a rotational object rotatingular speed
vector mismatches to object flight speed vectosjlitgenerate a horizontal force in vertical ditiea of a plane that
composed of rotation angular speed vector andl&@msal speed vector. Under the horizontal forgecfion, object

flight trajectory would appear deflection. The pberenon that objects flight trajectory appears dtifs@ under the
horizontal force function is called Magnus effébg horizontal force is Magnus force. It can beduseexplain ball

type movements (table tennis, tennis, football smdn) loop generation.

Set flight speed vector as v, angular speed vesor then Magnus force isFm, vertical to v andb, computational
formula is as following formula (10):

- 1 2 _V
I:m = _CmpNV|2 [EReNE]
2 g™ .

C, . . . . e C,

Among them, ~™ is Magnus force lift force coefficient that got byperiment measuring.”™ Compares to ¢,

it is quite small. Assume tha?rn is only up to linear speed v and angular speecidopt below method to
calculate formula (11):

1

C =

m

2022+ 0981
w (11)

Make force analysis of it as Figure 3shows: Sdetédmnis translational speed as v, air resistzailszcé:UI , Magnus
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force as = ™M, gravity as G, translational speed v and XOY elartluded angle asg translational speed vector in
XOY plane projection and x axis included anglegasMagnus force and XOY plane included anglepas
Magnus force projection in XQOY plane and x axislinled angléd, according to Newton the second law F = ma
list out following equation, get table tennis dynesrsimulation model formula:

cosacosp cospcosd O Fy av dv. d
Vx y Vz

T
i ind OllF |= ﬂ —x ¥ Tz
cosasm¢ COS,BSII’] m G dt dt i|

sina sing 1| G (12)

Figure 3: Tabletennisforce analysis

Table tennis dynamics simulation model improvement
This model on the basis of table tennis dynamicmikition model adds buoyancy force and additioredsrorce to
make improvement on table tennis dynamics simulatiodel, analyze different rotation speeds infl@snen loop.

Rotational table tennis in running process mainlyfess gravity, buoyancy force, additional masscér air
resistance and Magnus force effects as Figure wshAmong them, gravity is vertical and downwardpyancy
force is vertical and upward, air resistance diogcts opposite to table tennis movement direction.

Magmx

i“

Figure4: Tabletennisforce analysisfigure

. F _ .
Gravity 9 expression as following formula (13):

1
F, =mg == mp,d’g
6 (13)
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From which, Pa is table tennis density,d is table tennis diameter, table tennis diametet08T, mass is
around 2.8 .

Buoyancy force Ry is equal to table tennis sphere arranged samemeohir mass force, its computation formula
(14) is:

1
F, =m,g =Efzoad39

(14)

From them, Pa is air density?
For induction magnetic field generated additionabmforce, its size is as formula (15):

1 sdv_1 dv
I:m’ :_mad i L N

12 d 2 " dt (15)
1
- m, |
2 Is always recording 4% , is called additional mass. Additional mass faraa be ignored when table tennis

speed hasn'’t greatly changed.
When table tennis takes movements, it always sufiaesistance that on the opposite direction ofemment in the
range of high Reynolds number area, its computatifommula (16) is:

Fo =Cp éwadz\/z
(16)

From them, Co is resistance coeﬁicient\,/ is absolute speed. Research found that it careequD according
to different Reynolds number ranges with three gsoef different formulas as formula (17)-(19):

c, -2
R, R <1 (17)
2/3
c, =24+ R
R, 6 ° 1<R, <1000 (18)
C, = 044 (1000< R, <2x10°) (19)

Among them, R, is Reynolds number? For Magnus effect, its dontinagchanisms are:

1) Dissymmetry displacement thickness;

2) Dissymmetry centrifugal force;

3) Dissymmetry wall friction stress;

4) Dissymmetry transition;

5) Dissymmetry separation and body vortices;
6) Dissymmetry secondary flow.

For sphere, Magnus force can be expressed by fiolgpfermula (20):

Fy = 1 m,dVw
8 (20)
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Among them, & is rotational speed? According to Newton the sedamd it can establish rotational table tennis
horizontal and vertical dynamics equations:
Horizontal formula (21):

d’x 1 dx _d., 1 dy
m+m)—=-=C,ov—m—=)* +=rpd°* T w
( )dt2 2 "mdtﬂ(z) siwd dt 1)
Vertical formula (22):
n a2y 1 dy dy, 1 __5dx
m+m)—=-F, +F -—-C,ov—r(—=)" —= —w
( )dt2 ¢ 2 “mdtﬂ(z) 8 dt 22)

Among them, t is time. Calculation adopted bordwet mitial condition as table 1 shows, table tennigal speed is
11m/s, angle isl5'; sphere is the standard 40mm large ball, 2.7g hte@mbient air is in normal pressure and
temperature; rotational speeds are calculateddifférent levels as 0 40. 80. 120. 160r/s.

Table 1: Modd initial parameters

Parameters Values
Initial translational speed /2115 P= 15
Initial rotational speed | 0. 40. 80. 120. 160r/s
Sphere m=2.7g, d=40mm
Initial position x=0, y=0
Environment T7=20"C, p=1atm

Through above research, it can get that table $emoivement is a gravity, buoyancy force, additianaks force,
resistance and Magnus force combined action pro€&sstional speed has great influences on talieigelight
trajectory, Figure 5 draws table tennis movemeajettory at different rotational speeds. From Fedurit is clear
that table tennis serves at same initial speedhénsame position, different rotational speeds wdatdtheir
movement trajectory different. Finally it concludimat strong rotational speed loop can controhflidistance in
some extent and make table tennis drop into oppamemt in high speed movement.

QO 0rs @ 40ms t BOors @ IEGras/’ 160178

/
0.4 % \ /
,

, fté;‘mﬁx%:

0.3
02
0.1
0.0
0.1

0.0 0.5 1.0 1.5 2.0 235 30 x5 4.0

Figure5: Same start point different rotational speedstable tennisrotation trajectory
CONCLUSION

Through researching on table tennis running prooegbematical model, considering table tennis sancereceive
process, carried out analysis of table tennis momrocess suffered horizontal direction force tigat direction
force as well as horizontal and vertical directigmist force, established joint force angle mathtoah mode. The
model considered running trajectory when table igewidn’'t rotate, and base on that it combined vgthctice,
considering table tennis rotation running trajegtdt was relative intuitive. After that, it expaed model,
considered from table tennis running process sdfgravity, air resistance, Magnus force, estabtistable tennis
dynamics simulation model by force analysis andhapg fluid mechanics knowledge. Then on that badis
considered buoyancy force and additional mass festablished table tennis dynamics simulation @wpd model,
the improved model researched loop running trajgcod speed, analyzed different rotational spafildences on
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loop, and got the conclusion that strong rotatiemsed loop can control table tennis flight distaimcsome extent
and make table tennis drop into opponent courtgh bpeed movement.
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