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ABSTRACT

With sports devel opment, tabl e tennis has already become afavorite event
among broad masses, no matter in school, or in mass stadium, there are
table tennis enthusiasts. Chinese table tennislevel isalwaysin the lead of
the world, however to remain leading level without changing, it should
make research and reform on table tennis training all the time. Based on
this, the paper researches on table tennis air movement, with an aim to
better reveal tabletennissportsrules. The paper firstly makes decomposition
on table tennis movement each phase, then successively makes force
analysis of each phase, combines with mechanical knowledge and
differential equation modeling relative knowledge to find out each phase
mechanical relations’ differential equations, and finally combinesthem and
getsdifferential equation researches on tabletennisair sportsrules, which
provides theoretical basis for Chinese table tennis training so that propel
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to Chinese table tennis devel opment.
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PREFACE

TabletennisisChinesenationa ball; itiswell re-
celved by Chinese people. With socid progress, table
tennishasbeen widely developedin China, in school,
nearly every primary school, junior school, high schooal,
anduniversity; dl havetabletennisfie dsand tableten-
nistraining. Outside of school, each mgor city stadium
of course has enthusiasts, each mgjor city also exists
lotsof tabletennisclubs, which provides conveniences
for massivetabletennisenthusiasts exchanging. The
paper researches on tabletennisair movement rules,
withanamto build theoretical basisfor tabletennis
traning.

For tabletennismovement rules, lots of predeces-
sorshavemadetheir contributions, just by their unre-
mitting efforts; it lets Chinesetabletennisget widdly
devel opment and popul arization. Among them, YinYan
(2011), made biomechanical anaysisof tabletennis
movement three kinds of footwork’sfoot movement,
he pointed out that foot part movement form after fore-
hand striding step and forehand level step stroke exer-
tionfoot landing had similarities, and foot part move-
ment form after backhand striding step, backhand leve
step and backhand crossover stroke exertion foot land-
ing had similarities, in threekinds of footwork move-
ment, when strokeexertionfoot pedaing off theground,
foot part movement form had smilarities?. Yao Rong-
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Qi (2011), researched on Chinese national tabletennis
trai ning base construction and devel opment statusand
pointed out Chinese tabletennistraining base showed
regiona and seasond featuresin layout, base could not
meet modern sportstraining requirementsin scientific
research service aspect, compared to base hardware
facilities, baseoccurred to obviouslaggingin scientific
research facilities, scientific research serviceand re-
searchers’ equipment. Therefore, it should strengthen
construction on scientific research facilities, scientific
research service and researchers’ equipment!@. Zhou
Le(2013), made researches and analysis of Beijing
amateur tabletennis clubs’ current status, he pointed
out that most of clubs hardwarefacilities could meet
consumers’ demand, the clubsmostly aimed at profits,
which had smdl contributionsto improveamateur ath-
letes” sportslevels, therefore he made suggestions about
organizing tabletennisamateur athletes’ competitions,
and so strengthen broad tabl e tennis enthusi asts posi-
tivity inimproving sportslevel§3.

The paper on the basis of previousresearch, from
the perspective of mechanics, it researcheson tableten-
nisar movement status, withanamto build theoretica
bas sfor Chinesetabletennistraining, sothat prope to
Chinesetabletennisdeve opment and popul ari zation.

STROKINGFORCEANALYSIS

The paper assumesthat when first timestroking
tabletennis, bal isstatic. Generaly speaking, ball will
suffer aresultant, itsdirection and tableforminto cer-
tainanglesthat isset as p . Itscomponent forces: racket

totabletenniselasticforce f, Oracket and ball friction

force f, 0 racket bottom board acting force f ;asFig-
ure 1shows.

If f, issmaller,then A isasosmaller, sotorque
acting ontabletennisissmaller, tablet tennisspinning
property ispoor, flight speedisfast, theball iscalled
quick attack; when f,, gradudly increases, angle p will
also gradually increase, sotorque will also increase,
spinning property will aso gradually increase, flight
speedisstill fast, theball iscaled accelerated loop; If

changesball force point, resultant direction pointsto
obliquedirection as Figure 1 shows, and flight speed

and spinning property aretill very high, thenitiscalled
highloop.
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Figurel: Tabletennisforceanalysis

SPINNINGBALL MOVEMENT ANALYSIS

Ball movement intheair isaffected by many fac-
tors, the paper just discussesairflow such factor. When
strokesball, ball center isnot intheforce acting line,
theforcewill let ball spin, ball spinsaround oneaxisat
angular speed w . If axisof rotationispardle totable
tennistable, and then ball dividesinto topspin or back-
spin; if axisof rotation isvertical totabletennistable,
thenitiscaled sidespin; if ball’saxisof rotation and
tabletennisneither bevertical nor parald, thenit di-
videsinto sidetopspin or side backspin. Ball move-
ment trgectory intheair will suffer » Szeand spinning
direction influences. The paper takestopspinasan ex-
ample, assumesthat planegoesthrough axisof rotation
and vertica toball center is n, spherica surfaceand
plane n intersection’sbottom and top are respectively

aspoint b,a. When force acts on spherical surface
first half part, a,b two points linear speed
ISV, =V, = ar ,ingpinningdirection, assumesthat ball
speedisV/ . According to rel ative movement theorem,

it can regard themovement’sbd |l aszero, angular speed
w , bal will suffer wind resistance, itssizeisv . Inthis

way, a pointar fluidityis(V —V,), b pointair fluidity
is (V -V,) . Therefore, ball spinning causesball bot-
tom and top air speed difference, and appears pres-
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suredifference Af , because Af letball movement tra-
jectory move down and show in arc. Spinning gets
fiercer, and then trgjectory’s changes get more obvi-
ous. If theball issidespin, and then Af will let ball tra-
jectory bend laterdly.

Ball spinningand moment

AsFigure2 show, during ball movement process,
it actson apush forcethrough sphere center tobal, the
ball only movesaongforcedirection, if actsonaforce
that deviates sphere center, the ball can maketransa-
tion and aso spins. Itsmovement trgectory shift extent
iIsupto moment size.

:‘V - =~ (f)
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Figure?2: Schematic diagram of ball movement with for ce
crossing sphere center

On above, it can know if it wantstabletennisto
spin, it should givetabletennisaforcewithout actingon
sphere center.

Ball spinningand friction force

Forceanaysisof spinningball andfrictionforceis
asFigure 3 show.
Accordingto Figure 3, racket in stroking instant, it

liftsracket up, and then it will suffer f,and f_ two
actingforces, f, will gothrough spherecenter, soitwill
not generatemoment, and f,, doesn’t gothrough sphere
center, it will generatemoment on bdl, sobal will spin.
Spinning ball and Ber noulli’stheory aswell asloop

Intabletennisflight process, it will appear lots of
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Figure3: Ball forcein racket
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loopsthat arenot in thesamevertica plane. Tableten-
nis, dueto suffer thefactor influence, it will generate
different loops. To make clear the problem, it should
understand Bernoulli’stheory. Blow between two ver-
tical and paralé scrip, thetwo scripwill get closer in-
ternally, by Bernoulli’stheory, itisclear that small pres-
sureareafluid flow speedisbig, and big pressurearea
fluid flow speedissmdll.

Intabletennismovement process, spinning ball will
generate above status, research on spinning ball, ball
upper air hassmall flow speedstobal, but followingar
hashigflow speedsto bdl, inthisway, it hasadown-
ward laterd pressure, whichwill let ball movement tra-
jectory becomelow, but topspinisjust on thecontrary,
asFigure4 showed trgectory.
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Figure4: Ball movement trajectory

When thereisaforce acting on sphere and let it
occur to spin, dueto tabletennisflight moment air and
circulationmutua acting results, bal spinning extent and
directionwill havedifferences, generated effectsared o
different. Topspinisrotating forward a ong horizontal
axiswhen movesintheair, because of viscosity, ball
will driveitssurrounding air spinning together. When
ball moves, faced air resistance and ball top edge’sair
circulation areopposite, theregion air flow speed will
be small; but air resistance will be consistent to ball
bottom edgeair circulation, theregion air flow speed
will bebig. According to Bernoulli’stheory, ball top
part and bottom part will generate pressuredifference;
becausebal front and back circulationisvertical toair
direction, it will not generate pressuredifference, the
directionisasodownward. From aboveresearch, itis
clear: ball will bein declining trendin movement pro-
cess, movement trgjectory isrelative steep, and flight
distanceisshorter, asFigureb.

Backspinwill oppositeto topspin, therefore, back-
spinwill beintherising trend in movement process,
movement trgjectory will get bigger, movement speed
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e Backspinfdlingisoppositeto topspin, pinningforce
Y — TNN— .. .
—”///\ o%\"‘" 2 =14 F/%: isacting onthefront of table, and counter-acting force
—\ ¢ —s ‘@_;R . directionisbackward, but reflection angleafter ball fall-

§\ {// \x—é—“ ingtotableissmaller thanincident angle, forward speed
after ball falling diminishes, impulseforceissmdl, and

Figure5: Topspin, backspin forceduring runningin theair

will becomed ower and dower.

When ball moves, top edge and bottom edge will
not generate pressure difference; ball front edge and
back edgewill also not generate pressure difference;
ball left sideair circulationisoppositeto air flowing
direction, ball right sdeair circulationisconsistent to
ar flowing direction. Thereforeleft spinhasright pin-
ning posturesintheair, right spinisoppositetoleft soin,
asFigure6.

“+— Ball

Figure6: Sidespin forceduringrunningin theair

Spinningball falling research

When spinning bl fallsto thetable, except for giv-
ing rebound forceto tabletennis, thereisan another
force acting ontabletennis, tabletennistablewill give
bal anequa s zecounter-acting force, and spinning force
counter-acting force.

When topspin ball fallsto tabletennistable, bal
spinning forcedirectionisaong horizonta direction
backward acting on thetabl e, but spinning force counter-
actingforceisforward. Theforcegivesball aforward

speed U , thereforebal| reflection speedisnot v/ butV,.

Topspinincident angleisobvioudy smdler than reflec-
tionangle, ball speed after rebounding fromtableistill
very big, and continueto maintain spinning statein pro-

ball turnsto be higher after faling. If ball backspin ex-
tendisvery high, ball will appear bounding phenom-
enon, asFigure?.

N/

Figure7: Backspin rebounding dir ection after falling

Sidespin, duetoitisgpproximately verticd axisspin-
ning; thereforeit will not givetabletennistableanacting
force, sdespinwill continueto turnlaterally according
toorigind direction.

FORCEANALYSISWHEN TABLETENNIS
CONTACTSWITHTABLE

When ball contactswith table, it will suffer table
tennisacted frictionforce, frictionforcesizehasrela-
tionswithinertial forceandfriction coefficient, friction
forcedirectionisvertical to ball positivereaction’sdi-
rection, whichisoppositeto bal relativeto tabletennis
table speed direction.

Ball will spring up after contactingwithtable, its
incident angleissmaller than reflection angle, according
tocollisontheory, it will havefollowingrdation:

tanB = (%) tan A @

Amongthem, k isrestitution coefficient, it dways
havethe statusthat reflection angleislarger thaninci-
dent angle, that isto say, after bal contactingwithtable,
rebounding running routineawaysislower thaninci-
dent ball routine; But tobal, it till will intensely spin,
thereforeit will continueto bend down or bend | ater-
dly.
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AsFigure8show, v andplumblineincludedangle
iISa , intheinstant that incident ball fallsto table, ball

surrounding horizontal axisangleis a,, thenit collides
withtable, duetofrictionforceeffects, horizonta speed
iszero. Ball restitution coefficientisk , ball radiusisr ,

tabletennismassism, according to masscenter colli-
sion movement theorem, it can get:

Figure8: Movement trajectory after ball contactingwith

table

mu—my=s @
Amongthem, s isimpulse, u isball rebounding

instant sphere center speed, project formula(1) toward

Xaxis

mu, —mv, =S, 3)

mu, —mv, =s, @)
Take spherecenter as center of moment, by impul-

svemoment theorem, it gets.

Je(@—mg)=s,r ©)

J. is bal rotational inertia, bal is hollow, it

hasJ. = % mr? | dueto after colliding contacting point

horizontal speedisequal to zero.

ro=-u, (6)
Input formula(6) into formula(5), by formula(2)

diminaings, ,itges

2
Uy =W\]\:‘+;n‘:rczmo=%(3vsjna—2rmo) )
Dueto after colliding ball vertica direction move-
ment isrelated to restitution coefficient k , soit has:
=-kv, =kvcosa )]
Therefore when rebounding form table, ball re-
boundangle gis.

Uy

reg
)

u 1
t =—2X=—"(3t -
anp u bk (3tana vV Ccosa ©

y
Momentum theorem and receiving
When ball contactswith faceof racket, it let racket

face spongeor colloidal particle get deformed and ab-
sorb ball kinetic energy. When dastomericrestoresand
deforms, it let ball suffer easticforce. Elasticforcedi-
rection hasrelationswith incoming direction: whenin-
coming ball doesn’t vertical collidewith racket face,
ball contacted colloidd particleor spongepressuredis-
tributionwill different fromvertica colliding racket face
moment pressuredistribution, so ball suffered elastic
forcedirectionwill changewithincomingbal directions
asFigure 9. Set that it strokesin table height 4 , by
principleof conservation of energy, it gets.

u h 4
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Figure9: Ball movement processschematic diagram

%mu2=%muf+mgH (10)
By formula(9), it gets:
u; =yu?-2gH Uy =u,;sinp Uy =u,Ccosp (11)

Amongthem, u, isball instantaneous speed before

ball contacting with racket. By mass center collision
motiontheorem, it gets:

mu,—mu; =S; (12)
Informula u,—— instantaneous speed after ball
contacting with racket:
s— Badl sufferedimpulse
Project formula(11) towards X, Y, zaxis:
MU 5, = MUy, = Six (13)
MUy = MUy =Sy (14)
mu,, =S, (15)

By formula(11)—(14), it can get formula(16)0(17):

Six

S
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(17)

According toformula(16)(17), it can get ball mo-
tiondifferentia equation after strokingas:

(18)
i=1
d?y <
m ? = Zl Fyl =-—mg (19
d’z
m Tzz = Zl F, =0 (20)
Informula, F,—— ball suffered acting forcein
movement
By formula(18)——(20) smplify integrd andthen
ot
X= Uyt (21)
y=—%gt2+u2yt+H (22)

Accordingtoformula(22), it isclear that spinning
bal| and racket fact contact moment, it a so suffersfric-
tionforce, andyzefrictionforceand directionisthesame
asabove ball contactswith table, only dueto sponge
or colloidal particlefriction coefficientisfar bigger than
that betweentableand ball, movement after ball is off
racket faceincludesforward and sidespin, which will
be moreintense than movement after contacting with
table.

CONCLUSIONS

The paper makes force analysis of table tennis
movement intheair, it establishesdifferentia equation
model, comprehensive detailed reveal s table tennis
movement rulesintheair, which buildstheoretica basis
for futuretabletennistraining. By mechanica anaysis
of tabletennisand establishing differential equation, it
findsthat Magnusforceplayscrucia rolesintableten-
nismovement trgectory, it should strengthen research
on Magnusforcein future table tennis scientific re-
searches, so that better reved stabletennis movement
rules. Inresearching process, it findsthat table tennis
regularitiesarevery obvious, thereforeinfutureresearch,
it should focuson itscombinationwithincreasingly de-

veloped computer S mulation technique, establishtable
tennismovement simulation trg ectory, so that make
contributionsto Chinesetabletennis progress.
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