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ABSTRACT

Chinese soccer has been in low level all the time, so, in order to promote
the development of football, this paper combines the rapidly-devel oping

computer simulation technology in recent yearswith 3D simulation for the Biomechanics;
motion trajectory of Soccer place-kick in air to better reveal the laws of Soccer place-kick;
MATLAB.

soccer motion in the air. First, analyze Soccer place-kick to obtain two
ways of Soccer place-kick, and then combine the kinematics with the
mechanicsto study on the two kicking styles, and establish the differential
equation model, afterwards, solve the differential equation models with
MATLAB software, thus, thetraceimage of football inthethreedimensional
space can be worked out. This study provides theoretical basis for the
soccer motion in air, aimed at making contributions to the progress of

soccer teaching and training.

INTRODUCTION

With the devel opment of sports, soccer fieldisbe-
coming morecompetitive, thetwo competingsdesare
well matchedingrength, inthiscase, theoffensvescoring
opportunitiesareincreasingly reduced, and therefore
the place-kick attack tactics have become animpor-
tant factor in goal. According to the statistics, about
40% of the goal's come from the cooperation among
place-kicks. Thispaper studieson place-kick bdls, in
which ball flight trgjectory differential equationsises-
tablished, thetrgectory isperformed s mulation com-
bined with computer technol ogy, amed a making con-
tributionsto the progress of soccer teachingand train-
ing. Asfor the soccer movement intheair, predeces-
sorsdidlargeamountsof and put forward their views.
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Xu Qingyu (2005) in the mechanical analysisonthe
curveball in soccer, pointed out that the curve bal has
its high timeliness in the game, so, athletes should
strengthen the spin kick training, and he put forward
that theessentialsfor kicking footisto hit theball to-
wards back outside, theanklejoint should revea in-
ward, thefoot dightly upturns. If you play theball with
the outside back of foot, then pay attentionto thetips
of toestwisting inward, thetoefastening downwards,
dados pentadg?.

Zhang Long (2007), in Four-dimensional Space-
timeAnaysisontheModern Footbal Defensive Sys-
tem, pointed out that, |oose defense, defensivemistekes
and protectionfalurearethemainreasonof losnggods,
so athletes should improve psychological quality,
strengthen thetraining to reducetheincidenceof fail-



BTAIJ, 10(4) 2014

Shimin Quan

757

ure?. Xiong Zhifeng (2007), whowrotethearticle The
study on Characteristics of Sports Biomechanics of
Beckham ’curveball, pointsout that Bayesian trajec-
tory arc not only has the trgjectory of parabola, but
alsoit hasstrong sidespin, what” more, acomprehen-
sveand complex motionisformed, which hasthevery
strong concealment. Asto other soccer players, itis
worth learning and stimul ates this aspect!®.

Inthis paper, onthebasisof previousstudies, the
stress conditions of the soccer ball intheair are ana-
lyzed, and aset of differential equationsmodel isbuilt
according tothegravity by football, air resistanceand
Magnusforce. Combined with of therapidly- develop-
ing computer s mulation technol ogy in recent years, the
smulation solution onthethree-dimensiond mationtra-
jectory iscarried out, which targets at a better reveal
onthefootball movement intheair and great contribu-
tionfor the Chinese soccer career devel opment.

THEORETICALANALY SISOFSOCCER
STRESSINFLIGHT

Supposethat trg ectory simulation mode of afoot-
ball intheair istobeset up, first, study thestressinthe
soccer ball intheair. Soccer in theflight processbe-
longsto the kinematics of resistance (may aso have
rotation) motion of aprojectile, suffer gravityG , air

resistanceF, andlift force F, . Combined with theki-

nematicsknowledge, it can beobtainedthat air resis-
tanceand velocity arereverseforever. The soccer will

Fd

Figurel: Forceacting on soccer intheair

————, FyuLL PAPER

rotate during theflight, soit causesMagnuseffect, suf-
fer thelift force. Therefore, thesoccer forceintheairis
asshowninFigurel.

Calculation and analysisof air resistance

Thegravity of soccer isconstantly G = mginthe

air, for which thereisno further anaysisinfollowing
parts. Besides, theair resistance can not beignored.
Theair res stanceisan instantaneous changein quan-
tity, which isvery complex. The basic theory on for
soccer air resistance study isasfollows. Supposethe
football isregarded asacircular panel (asisinFigure
2).

The direction of movement
-

State 1 State 2

Figure2: TheFigure of Circular plates moving in air of
pressdifferenceresistance

Considering the pressureresistancefor Circular
platein air, the unreached air flow is called State 1,
whilethereached air flow iscalled State 2, combined
with the basic theory of thefluid mechanics, it can be
seenasfollows:

1 1
P1+2PVI =Py + 5PV (1)
InFormula(l), pisthepressureper unitares, if
v, = v (thatis, flat movement), v, = 0, thus, the For-
mulacan be obtained asfollows:
1
p1=p2 =3PV’ @)

Theback of circular plate pressureisequal to p,
in Statel, pressure difference on both sidesismulti-

plied by thearea A of circular plate, then, resstanceF,
can beshown asfollows:

1
Fa=(p1-p2)A=-pAV? ®
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Formula(3) isnot thefinal formulathat wewant,
because we need to consider theloss of velocity, the
gphericd frictionres stlancewhen thegaspassesthrough
the spherical surface, and more complex formsof air
resistance. Thispaper introduced theair resistance co-

efficient C, , and then theformula3 can beimproved as
follows

4

Alisthemaximum section of thebdl, p isair den-
sity, vistheball speed. By equation (4), therelation-
ship betweenair resstanceand dl factorscan beclearly
seen. Air resistanceisproportiona toair density o and
cross-sectional area p , the same aswith the square of
thevelocity.

Analyseson lift for ce of ball by magnuseffect

The Spinning ball inflight meetsalift forcedueto
theMagnuseffect, thelift forcehasimportant influence
on soccer flying arc, becausetherotation axisof flying
infootball isperpendicular to thedirection of theball
motionv, then, becausethe speed of theabovethe bal
and theairflow directionisopposite, theair velocity
there decreases, density increases, pressureincreases,
and the speed below the ball and air flow arein the
samedirection. Theair speed isfaster than that above
theball, dengity issmaller and smaller, and pressureis
thesame. By the principle of theBernoulli (Bernoulli),
the gas pressureaboveislarger than the gas pressure
below, so the gasyieldsanet downward pressureon
theball, and thebal movement deviatesfromtheorigi-
nal trajectories so asto produce arc movement. The
pressuredifferenceiscalled lift force, whichisdueto
rotation of theball inair, andthenitisrelated to thebal
motion speed and rotational frequency, theformula(5):

Fd =%CdPAV2

The second metatarsal

Inctep SRignt foek) and the third metatarsal

can begot asfollows:

F, =C,pD3v (5)

Informula(5), C, islift force efficient, the paper

quoted C, =1.23, whichisput forward by the people

likeCarini J.P. p Isthediameter of thesphere,is; f
istherotation frequency of thespherefor 10rad/s.

DIFFERENT ANALYSISAND MODELING
ON SOCCER-KICKING TECHNIQUE ME-
CHANICS

Soccer playersmost often adopt two waysto play
place-kick: firg, front dorsum-kick; secondly, inddeand
outside dorsum-kick. Asfor Different methods, the
force of soccer isnot the same, so, thetwo situations
were analyzed and modeled asfollows.

M echanicsanalysisand modeling of front dor sum-
Kick

(1) Themechanism of front dor sum-kick

Combined with thehuman foot structure knowl-
edge, it can be seen that the ball positions of contact
arerespectively onthefirst, the second or third meta-
tarsals and phal anges when a person kicksfront dor-
sum. Asisseen fromthefront, thefirst metatarsal dor-
sa metatarsal isapyramid, and the second, thethird
metatarsal and thephdanxisarrangedinparald toform
aplane, thustheareaof contacting ball issize, but the
actud contecting positionfor theball isnotintherange
of thewholefoot. Theaccuracy outsideishigh, which
isasothemainreasonsfor deviation of front dorsum
when one playstheball. In order to avoid weaknesses
and devel op the advantages, many experienced play-
ersoften adopt theway of dightly (somewhat outside

e
The first metatarsal / /

I
\
/ I\B\

Figure3: Themechanism of front dor sum-kick
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instep) hitting the ball with toe point so astoimprove
the accuracy of the mechanism, asisshowninFigure3.
S0, thereisalmost no soccer rotation, when players
adopt front dorsum-kick, meanwhile, whichwill benot
influenced by Magnuseffect.

(2) Forceanalysisand physical modeling for front
dorsum-kick

From above, thereis almost no soccer rotation,
when players adoptsfront dorsum-kick, meanwhile,
whichwill benot subject to Magnuseffect.. Therefore
only the ballsarefunctioned by gravity andtheair re-
sstanceduringflight. The centreof sphereastheorigin
of coordinates, x shaft and y shaft areinahorizonta
plane, accordingto theright-hand screw rule, the shaft
Z canbeobtained, a3D rectangular coordinate sys-
temishbuilt, and thefootball force anaysisisas shown
inFigure4.

Figure4: Theforcemode of front dor sum-kick

Accordingtoforceanalysisin Figure4, Takethe
throw point asthe origin point, and build 3D rectangu-
lar coordinate systemQXxYZ , both Ox and QY are
alongthehorizontd direction, Oz isinthevertica di-
rection. Becausetheball isonly subject to thegravity
andtheroleof air resistanceduring theflight, and the
two forcesarein the same plane, the plane Qyz can
beonly considered.

Accordingto Newton’ssecondlaw F = ma, the
differentia equation of soccer motion can beexpressed
asfollows

ma=mg-F, (6)

put formula4 intoit, thefollowing formulacanbelike:

mi—m —lc Av? E
el g 5 dP v (7)

Let b=1/2C, pA, thedifferential equation of soc-
cer motion can berewritten asfollows:

d’y b L
?=—H(V +V )2 Vy
d?z b = ®)
?=— —F(Vf, + V§>2 v,

Fromformula(8), themode belongsto nonlinear
ordinary differentid equations, whichiscomplex. Inthis
paper, thesolutiontoinitia value problem of ordinary
differential equationsinthe MATLAB isadopted, and
theinitid conditionsaredetermined asy , theinitid ve-
locitiesfor thedirectionof 7 arerespectivelysm/ s,

7m/sand 10m/ s, solve the equations 3 for times.
d

Yy

Usingthevariablesubstitution, let y, =y, Y2 = d
t

d,
Yo =2,Ya"= q then, theorigind equationsaretrans-
t

formedintofirst order differential equationsasfollows:

dy,
—= =V
dt y

dy,

?_——()% +Y4TYZ

According to the formula (9), write the docu-
ment 1 , and put the initial value into it, football

massm = 0.43mg , diameter d = 0.22m, thedensity of

theair p =1.20, theair drag coefficientC; = 0.5. Af-

ter MATLAB operation, resultscan begot asshownin
Figure5:

AccordingtotheFigure5and MATLAB opera
tion result, it can beknown that whentheinitia vel ocity
of the directiony andz , are respectivelysm/s,
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Figure5: Thefootball flight trajectory of front dor sum-kick
in different muzzlevelocity

7m/ s and10m/ s, the highest point of thetrgectory

arerespectively1.22m, 2.30mand 2.44m, fromthis,
thefootball flight trajectory of front dorsum-kick be
drawn at different initia speedinstepkick footbal flight
trgjectory.

M echanics analysis and modeling of inside and
outsidedor sum-kick

At themoment of kickinginsideand outside, apart
fromforceof playing ball, thebal sufferstorque, sothe
ba | will rotateinflight. Duetotherotation, theball will
be affected by the Magnus effect so asto producealift
force. Ontheanalysisof the stressanalysisit can be

obtainedinFigure6

Accordingto pressanalysis, build 3D rectangular
coordinate sysemQXYz , both Ox and QY aredong
thehorizontal direction, Oz isinthevertica direction.
According to Newton’s second law, the differential
equation of soccer motion can be expressed as fol-
lows

sz - 1 2 K; 3¢
mdt—2=mg—ECdpAv V+C,_pD fv
During theflight of thebdl, thedirectionsof veloc-

ity and angular velocity arerespectively asfollows:

(10)

§=vxf+vyj+vzi (11)

v_\;=wxi+wy]+wZE (12
Accordingtop — wx v, h canbeexpressed asfol-
lows

>

i j kK
h=w, w, w, =(Wyvz—wzvyf
Vi Vy Vg (13)
+(wzvx—wxvz)]+(wxvy—wyvx)_{
o (WyVZ—WZVy)2+
‘ ‘ (Wsz‘W><Vz)2"'("v><vy_WyVX)2 (9

According to the knownc=C, pD*f,

r4

A

B

Y

Figure6: inner(A), outer (B)dor sum-kick mechanics model
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Figure7: Thefootball flight trajectory of outside dor sum-kick

Figure8: Thefootball flight trajectory of insidedor sum-kick
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1 Inside the instep
2 Outside the instep

5*-1:___‘_

Figure9: Thefootball flight trajectory of insideand outside dor sum-kick

thenF, = cv, thedifferential equation of soccer motion
can berewritten asfollows:

d’x b = F
—2:——(vf+v§+vfﬁvx+i
dt m m
d? b = F
—yz——(v§+v§+v§)2vy+l
dt? m
; ) (15)
dz b( 2 2 2y Fi,
7dt2 :_g—a Vi+Vy+V; 2VZ+W
Amongthem:
- [ 2 2 2 )
Vi+Vy+V,
Fix = > >
(Wyvz—wzvy) +(WZVX —Wsz)
2
+(vay—wyvx)
(Wyvz—wzvy
[,2 2 2
Vi VY +V;
Fiy = 2 2
(Wyvz—wzvy) +(WZVX—WXVZ) [
2
+(vay—wyvx)
(Wsz_Wsz) (16)
. [,,2 2 2
Vit VY +V,
Fix = > >
(Wyvz—wzvy) +(WZVX —WXVZ)
2
+(vay—wyvx)
(WxVy_WyVX)

Themechanica mode of outsdedorsumof theright
footissimilar to that of insdedorsum of theright foot,
but the angular vel ocity and speed arein different di-
rections, whichlead to the different tracks.

Inthismodd, theinitid condition, namely, velocity
componentsof x, yand z are 10m/ s, angular ve-

locities are 2zrad/s; The soccer mass is
m = 0.43mg ;thediameterisd = 0.22m, thedensity

of thearisp =1.20,thear drag coefficientC, = 0.5.

Lift forcecoefficientis1,23. Throughthe MATLAB
program, The chart can be obtained, which showsthe
relation betweentheball trgjectory and velocity vary-
ingwithtimeinthedirectionof x, Yy, z,theFigures
areasfollows(Figure7 and Figure8).

In order to comparetheflight trgjectory of inside
and outsidedorsum-kick, inthe paper, theve ocity com-
ponentsof x, yand z areset respectively assm/ s,
andangular velocitiesare 2, , angular velocity, trgjec-
tory comparisonisshowninFigure9.

CONCLUSION
Thispaper first analysesthe commonly used way

of Soccer place-kick, and study forceof football inair,
what’ smore, the commonly used way of Soccer place-
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kick isdivided into two categoriescombined with the
knowledge of kinematicstheory and thedifferent kick-
ing styles. And study thetwo kicking styles. Based on
three forces (the gravity, air resistance and Magnus
force), themovement situation of the soccer under two
different wayswas studied and built acorresponding
differentia equation modd ; targeting thebuilt differen-
tid equationmodd, itsreasonable parametersvauecan
be obtained, and thesimulation flight trgjectory in 3D
Space can al so be obtained on thebasis of application
of theMATLAB software.
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