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ABSTRACT

The paper firstly startsanalyzing from racket hitting to colliding with table,
and then to ball flying out of table the whole table tennis flight process, it
makes mechanical analysis and modeling, subsequently uses VB writing
codesto solve mechanical model and draw out flight route, analyzes different
playing methods occurred different arcs, intuitively reflects table tennis
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flying such physical process and movement rules, et physicsto get closer
to life, better serveto sportsand better let athlete to understand and judge
each kind of playing method, coaches’ teaching as well as comprehensive

improvements.

INTRODUCTION

Tabletennisisasportsevent that loved by many
people, al themoresoin China, nationa peoplegresatly
valuetabletennis, even honor tabletennisasnational
bdl. Ping-pong English officia nameis“tabletennis”, it
means as “tennison thetable”. Tabletennisisorigi-
nated in 1900; it isfamousby giving out sound as““ping-
pong” when playing. Up to now, peoplefondnessfor
tabletennisisdtill ontherise, tabletennisishonored as
Chinese“nationa bal”, it haswidely massfoundation
inour country, however tabletennisisan event with
certain difficulties, to most of tabletennisenthusiasts,
dueto tabletennismotion processiscomplex and vari-
ous, for amateur players, itishard to essentidly havea
comprehensive understanding on tabletennis.

The paper startsfrom table tennistechniques’ me-
chanica perspective, for theball that giveninitid speed
rotational speed, it drawsout flight tragjectory by VB
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simulation, and carriesout andys's, sothat effectiveun-
derstand tabletennishitting process exertion technique
and trgectory relations.

FORCEANALYSISAND MODELING

After rdeasingfrom athlete, tabletennismainly suf-
fersthreeforces:

(1)Gravity G = mg , inwholeflight process, it always
suffersgravity influence, gravity directionisvertica
and downward;

(2) Air resistance F, tabletennisdiameter isp , rota-
tional angular speedis w , air viscosity coefficient
isn7 (canrefer toTABLE 1), air dendity is p , table
tennisforward trandation speedis v, tabletennis
auffered ar resstancesizeismainly upto Reynolds
number R, and trandation speedv ; Reynoldsnum-
ber ismeasureof fluid inertiaforceand viscousforce
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ratio, two geometricsimilar flow fields’ Reynolds
numbersare equal, then corresponding micellein-
ertiaforceand viscousforceratioisequd. Reynolds
number getssmaller, it meansthat viscousforce
impactsaremore significant, whileit getsbigger
andtheninertiaforceimpactsaremoresignificant.
Reynoldsnumber least flowing (asflowinginlubri-
cant film), itsviscidity impactsarethroughout whole
flow fidd. Reynoldsnumber largest flowing (asgen-
erd arcraft streamingaround), itsviscidity impacts
areimportant only in object surface nearby bound-
ary layer or trail.

R =PV

Wetakeindoorstemperatureas 10°¢C , SO ViSCos-
ity coefficient 7is17.8x10°¢, p =1.205kg / m™2, There-
fore, wefirg cd culatetabletennismovement Reynolds
number:

vD
R = P somereslts
n

Resistance F, sizeisindirect proportiona totrans-
|ation speed sSize squares: F. = %Cpsz :

TABLE 1: Viscosity coefficient under different tempera-
tures

Temperature (°C) Viscosity coefficient
0 17.2x10°°
10 17.8x10°
20 18.3x10°°
30 18.7x10°°
40 19.2x10°°
50 19.6x10°°
60 20.1x10°

A istabletenniscrosssection area
C,, isresistance coefficient, accordingto different
Reynoldsnumber ranges, it has:

Co=20R (R <Y

C, = %(u RE%)(l< R <1000)

C, = 0.44(1000< R, < 2x10°)

————, FyurL PAPER

(3) Tabletennisspinning generated MagnusforceF,,

Magnuseffect isakind of viscidity effect; itisgen-
erated when spinning objectsmoveinviscidity fluid,
tabletennisair movement process can beregarded as
evenditribution spheremovement processinfluid. Gen-
erdly speaking, object movement influidwill suffer lift
force, resstanceand latera pressureeffects, itiswhen
tabletennisrotates, circul aion generatesinitssurround-
ing boundary layer, front incoming backflow and circu-
lation common acting result issamedirection of incom-
ing flow and circulation one sideflow speed quickens,
and intheother side of reversedirection, flow speed
slowsdown. According to Bernoulli principle, flow
speed quicken one side pressure reduces, flow speed
dowing down’sside pressurerises, two Side pressure
gap generated effect on table tennis that becomes
Magnusforce.

By Zhukovski circulation theory, it can solve

8
Magnusforceas: F, = §ﬂwa3v

Laezg”pD3=SOme results, and then: Fu=Gaov

Concrete direction can be defined by right hand
rue

Right hand thumb, index finger and middlefinger
areinpaired vertica , thumb pointsto rotationa angular
speed direction, index finger pointsto movement speed
direction, andthen middlefinger directionisthedirec-
tion of Magnusforce.

(4) Air buoyancy F,, , directionisvertical and upward,

. 1
by dynamics, it easily gets: F, =gﬂp9D3

MODEL SOLUTIONS

Taketabletennisbottom sideas x axis, vertical
tabledirection as Yy axis, bottom side centra point as

Vo 4
7=

Figurel: Tabletennistable schematic diagram
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origin O to congtruct plane, through point O, it makes
xOy planeverticd lineas z axis, establish spacerect-

angular coordinate system, asFigure 1.
According to Newton’s Second Law, we can get
tabletennisforcechart, asFigure2.

m%:FRoos@sjnga+(sinasinecos(p+oosa008(0)FM
mﬁz—F sin6+}7rpgD3-mg
a K 6
dv, N :
ma:FRcoseoos<p+FM(snasnesnga—oosasn(p)
dx
— =V,
dt
dy
— - v
dt y
dz
— =V,
dt

Amongthem, m istabletennismass, v,,V,,V, re-
spectively represent tabletennismovement speed com-
ponentsin X, Y, zaxis, @ istrack angle, isformedangle
by tabletennisspeed directionand xz plane; ¢ isazi-
muth angle, isformed angle by tabletennis speed pro-
jectionin xz planeand z axispositivedirection; ¢« is
angleof hed, isformed angleby F,, forceanditscom-
ponentin xOz plane(asFigure2); X, Y, Z represent
table tennis located space position; in above equa-
tionv,,v,,V,, x,¥,2, 0,a,¢ arefunctionsof time t,
therefore, after givinginitia values, wecanget and solve
V., V,,V,, and further solveX, Y, Z, so that can define
tabletennistrgectory;

Figure2: Tabletennisforcechart

Therefore, by table tennis movement equation
modd, it needsto first define some parameters, these
parametersinclude:

When leaveform racket or service devices, table

tennisspaceposition S(x, y, 2);
Trandaionmotioninitid speedv,;
Rotationspeed w ;
Initial moment track angled, , azimuth angleg, and
hed anglea, ;
According to trandation motion speed v,andé,,

@, anda, aswell asothersthreeangles, it can get table

tenniscomponentsin three coordinateaxisunder initia
dtate, parameter relaionsareasfollowing:

_f, 2 2 2 .
Vo = 4/Vyo +Vy0+vzo'

v
tan g, = £ =%;
z0

Vo
tang, = + sin g,
x0

In motion process, corresponding parameters con-
stantly updating a so adoptstheformulato obtain; air

resstance F,aong X, y, z axiscomponentsare respec-
tivey:

Fec :%CDPAWx
_1
M2

Fr. = %CDIDAWZ

F CopAw,

AsFigure3 setinitial speedv, componentsalong

coordinateaxisarerespectivelyVv,,, V,,, V,, , itsincluded

Figure3: Air resistance F along X, Y, Z axiscomponents
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anglewith xOy planeisg, itsprojectionin xOy and
x axisincluded angleis 8 . Bal rotationa axis wand z
axisincludedangleis ¢ . Asfollowing Figure4:

Rotation frequency vector w = (0, wsin ¢, wcosg) ,
thereforeit can get Magnusforce componentsin coor-
dinate axisarerespectively:

Fux = CLpD%(v,sing —v, cosg);
Fuy =CLpDy (v, sing);
Fu. =CLoD%v,sing;

Therefore, iteasily gets X, Y, z axisrespectively re-

sultant forcesare

F = m(jj\;x =C_pD%(v,sing-v, cos¢)—%CDpwa;

X

dv, s . 1 ,
F, = mE:CLpD 7(szn¢)_ECDpAWyl

dv.

F,=m—%=-mg +%ﬂp9D3 —C,_pD%(v,sing) —%CDPAWZ

dt
Speed v componentsa ong coordinate axisare:

————, FyurL PAPER

ox_ Vv, =Vvcosé cosf
at

dy .
— =V, =Vvcosfsin
a7 p
$:VZ =vsing
dt

UTILIZEVBTO SOLVE MOTION EQUA-
TIONAND DRAW TRAJECTORY CURVE

Set up parameter: Tabletennismassm = 2.7g, di-
ameter D = 40mm, ar denSityp=1.205k%13 , lift forceco-

1
efficient® ’(2_022+0_981(1)) , resistance coeffi-
[0

X

Figure4: Magnusforce coor dinateaxis

The firzi Iall time
The firzt pomt

Leave the tahle ime
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Click to display the trajectory of

Ordinary shot process

tshle tennis |
Figure5: Ordinary shot motion trajectory chart

The fle=c 2l clme . B950
The firsi point 2.23 Hanging high rotating arc ball
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velocity of the ball 0.38
P — -
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Figure6: Hanging high rotating arcball motion trajectory chart
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Figure7: ForwardArcing ballsmotion trajectory chart
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1 2

¢, = 0508+ *  dlidingfriction coeffi-

cient 22,053+ 4.196()?
w

cient 4 = 0.15, restitution coefficiente = 0.8 . Initia
state: x directioninitia positionis Om, initia speedis
4mZ, Y initid positionis0.3m, initial speedis25m,,
tabletennisrotation speedy 1007w/ . After thet, it can
input corresponding motiontrajectory in VB. AsFig-
ure5-7 by changing codesinitial conditions, the paper
implementsdifferent motiontrgectoriessmulation, and
outputsimportant moment timing, position, initiad ball
angle, whichisvery beneficid to athlete master table
tennismotionrules.

CONCLUSION

By forceandysis, the paper establishestabletennis
motion trgjectory model, s mulation obtained trgjectory
comparesto actual flight, itiswell matchingto actual
trajectory, but table tennis such motionisbroad and
profound, the paper can only partialy reflect problems,
the paper only can use concrete anaysisof the prob-
lemtolet physicstoget closer tolife, and et physicsto
better apply into tabletennisand serveto universities’
tabletennisteaching.
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