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ABSTRACT

This paper studiesthe javelininclined projectile motion. According to the
inclined projectile motion principle, itisassumed that theinitial velocity is
25m/s and throwing height is 1.8m. Under different throwing conditions,
use computer to simulate of the movement trajectory of thejavelin. Through
comparative analysis, we obtained that the throwing range is different
with different throwing angle. When the throwing angle is 45 degrees, the
range reaches maximum with 68m. Finally, it uses gray model to predict the
future javelin achievements trend, which can more scientifically and
effectively guide the training of javelin throwers, providing theoretical
support for the multi-faceted scientific research in this field. The study
shows: the greater the javelin release speed is, the greater the horizontal
throwing distance of javelin becomes. In the process of training and
competition, it isnecessary to speed up thejavelin throwers’ release speed
through a variety of means, when thereisno air resistance, the horizontal
distance of thejavelin throwing reachesthe maximumusually in 45 degrees.
Athletes have to go through a long-term training in order to achieve this
effect. The horizontal distance of the javelin will also increase with the
increase of the release height. Almost with each 1 millimeter rising, the
horizontal distance has an increase of about 1 millimeter or so. In the
javelin thrower selection, to choose tall athlete is also a necessary
condition. © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Javelinthrow developsearly in our country. There
arefour peoplethat have already broken through the
80 metersmark. Especially thewomen’sevent once
was China’'sstrengths; they havewon the honor for our
motherland inthe World Series, so we should better
sum up the experience of successful training and com-

petition. Many scholars have carried through alot of
research on thefinal force action of javelinthrowing.
Especidly inrecent years, the application of three-di-
mensiona photographictechniquein scientificresearch
makes peoplehaveafurther understanding ontheform
and substance of thefinal force of Javelin throw. But
thereare still differences on the understanding of the
final forceaction. Some scholarsbelievethelast force
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isthat right foot movesover support point from right
hip after landing. It starts from the right foot pedal
stretched beforetheleft foot landed, and endswith the
throwing javelin. Someother scholarsbelievethat fina
force startsfrom theleft foot (support foot) landsand
from doublesupport.

Althoughinrecent years Chinahasemerged Zhang
Lianbiao, Li Rongxiang, Chen Qi, agroup of outstand-
ing men’sjaveinthrowers, thereistill abig gap awvay
from the 98.48m world record created by Czech play-
ersZeliezini and the 87.60m Asiarecord created by
Japanese player Mizoguchi Kazuyo. Thisrequiresus
to be based onredlity, identify the problemsof our jav-
einthrowers, andtry to narrow thegap fromAsiaand
theworld’sathletes. Seriesof studieshave shown that
problemslikethrowing arm forcein advanceand force
unreasonably of our athletesindeed exist. Inthefinal
analysis, our javelinthrowersdon not “delay” the Jav-
elin and arm movements before theformation of “full
bow”, consegquently phenomenon likeforce premature
and wrong force order appear.

Based on the aboveissues, thispaper mainly uses
computer tosmulatethat inthesameinitid vel ocity con-
ditions, with what throwing angle can reach the maxi-
mum distance. Findly, it buildsgray modéd to predict
thefuturejavelin achievementstrend, which canmore
scientifically and effectively guidethetraining of javelin
throwers, providing theoretical support for the multi-
faceted scientificresearchinthisfield.

QUESTIONASSUMES

Assumethat theair resistanceiszero (or exclude
theinfluenceof ar resstance);

Thetilt angleand throwing angleof javelin arethe
SME;

Assumethat athletesdo not haveaparticular dis-
easeor fata injury, and physica quality isnormal.

MODEL BUILDINGAND SOLVING

Thebest throwinganglemodd of javelin

Javelinthrowing can betaken asainclined projec-
tilemotion. Projectile motion can be orthogondly de-
composed intothe uniform linear motion aong thehori-
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zontd directionand vertica up-throw motionadongthe
verticd direction. Theanglebetween the objectsthrow-
ingdirection andthepostivedirectionof X axisiscaled
the projectionangle, shown asy . Themaximum height
that objects can reach is called throwing height; the
horizontd distancefrom thethrowing point to theland-
ing point caled throwing range. Theinclined projectile
moving object goes on uniform linear motion by the
initial horizonta velocity inthehorizonta direction; in
thevertica directionit goeson vertical up cast motion
by theinitid velocity v, ; obliquethrowing motioncurve
iIsasymmetrica curve.
Themathematicd andyssisasfollows:

Vv, =V, cosd

v, =V,sing — gt X =V, Cos@*t

y=v,sinf*t-gt?/2 t=2v,sind/g
Whereinv , isthehorizontd initid velocity, v, isthepro-

jectilevelocity, v istheverticd initia velocity, g isthe

projectileangle, x isthe horizonta range, yisthehigh-
est range.

Thetotal displacement of theobjectintimetisas
follows

r :\/x2 +y :\/(v0 co-t)* + (v, Sing-t—gt* / 2)

Seenfromtheanaysis, and only whenv, =0, jav-
elinreachesitshighest point, and used-timet = v, sin6/g;
thetimeof javeinfreefaling fromthehighest pointis
the samewith therequired timerising to the highest
point, sojavelinflighttimeist = 2v,sné/g.

Using matlab to draw the projectiletrajectory as
showninFigurel, theprogram codeisasfollows:

globa locationv0dphag;

options={ ‘Initia podition (coordinates)’,” initia ve-
locity vO',” projectileangle’,” gravitationd accderation
g’} ; topic="s&ting’;

lines=1;

def={‘[0,0]",°20',’[0,45]",’9.8};

h=inputdlg (options;topic,lines,def);

location=eva (n{1});

vO=eva ("{2});

alpha=eval (1{3});

g=eva (h{4});

a=location (1);

b=location (2);

dfa=dpha* pi/180;
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tEnd=v0*sin (alfa)/g+((v0*sin (afa)/g)*2+2* b/
0)"0.5;

t=linspace (0,tEnd);

x=vO*cos(dfa)*t+a;

y=vO0*sin (dfa)*t-0.5* g*t."2+b;

plot (x,y);
holdon
plot (x (100),y (100),’0’)
xlabd horizonta disance/m
yiabe height/m
titleprojectiletrgectory
= FProjectile trajectory
20 g /{/ e _13\\
Heigh a5t / ,//’: L e N
ok /’L/’;’ & e
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Figurel: Projectiletrajectory drawn by matlab
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Figure2: Schematic diagram of force

Javelin resultsare mainly determined by shot ini-
tial speed of instruments. However under the consid-
erable conditionsin therace, theimportance of throw-
ing angleisvery prominent, whichreflectsan athlete’s
or certain throw’stechnique condition. Javelinisa
streamlined device with good gliding performance.
Thereforeinaddition to theinfluence of inclined pro-
jectilemotion, air dso hasacertainimpact onjavelin’s
flight. Whenjavdinflights, it need to discharge part of
theair laterally or push forward. Thusthereisfield
that increasestheair pressurein thefront of thejav-
elin, and vortex that makestheair formintoirregular

intherear, whichisknown asthe “turbulence” field.
Javelin hasatilt angleof airflow. Thejoinforce(g) by
air can bedivided into vertical component and hori-
zontal component (Figure 2). The horizontal compo-
nent (r, ) isafrontal resistance, hindersthejavelin
flight forward, and needsenergy consumption to over-
comeit. Sincethevertical force component (r, ) has
the effect of making thejavelinrising, it extendsthe
timethat javelinglidesintheair, which helpstheim-
provement of thejavelin performance. Themost suit-
ableattack angleis g2 on thebasis of extensive ex-
perienceand valid data.

Gray system GM (1, 1) model is aggregate data
based on avariety of known factorsinthe system. Fit-
ting thisdatatime seriesby differential equationsto ap-
proximatethedynamic processdescribed by abovetime
series, and then extrapol atesto reach the purpose of
prediction. Thismodel obtained by fittingisthefirst-
order differentia equationsof time series.

Thegray systemisto establish differential equa-
tionsGM (1.1) for the discrete sequence.

X

Hax-u GM (L.1)

By the definition of derivative:
%:“mx(wAt)—x(t)
dt At—0 At

When At isvery smal and takethe approximation

unit 1, then approximately have: x(t+1 -x() = %

Written in

% = x(k+1) = x(K) = A® (x(k +1))

discrete form as:

Suppose the non-negative sequence
iSX© = (x(1),x (2)---x (3)), conduct one-timeaccumu-
lationto x (0 and obtain the generating sequence:

X1 = (X(l) @), x9(2) - x® (3))
Wheren:

x® (k) = Z X(i), x© (K) +az® (k) =b

Smplifiedas:

xO (k) = B —ax®(k-1)
Wheran:

B= b a

a =
1+0.5a’ 1+0.5a
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Performancepr ediction mode

Usegray prediction method to predict thejavelin
achievementsover theyears, thejavelin achievements
of the Norwegian javelinthrower Andreas Tuoxierde
over theyearsisshownin TABLE 1, TABLE 2 and
TABLE 3. Using Matlab to predict theresults, the pro-
gram codeisasfollows:

x0=[85.31 85.26 88.37 86.83];

n=length (x0);

lamda=x0(1:4-1)./x0(2:4)

range=minmax (landa)

x1=cumsum (X0)

fori=2:4

z(i)=0.5* (x1(i)+x1(i-1));

end

B=[-z(2:4)’,0ones(4-1,1)];

Y=x0(2:4)’;

u=B\Y

x=dsolve(‘Dx+a*x=b’,’x (0)=x0);

x=subs (x,{ ‘@,’b’,’x0% {u(1),u(2),x1(1)});

yucel=subs(x,’t’,[0:5]);

digits(6),y=vpa(x)

yuce=[x0(1),diff (yucel)]

epsilon=abs (x0-yuce)

delta=abs(epslon./x0)

a=min (epslon);

b=max (epsilon);

p=0.5;

s=epsilon+p*b;

gixs=(atp*b)./s,

gldu=sum(glxs)/n

pjz=sum (x0)/n

pf1=(x0-pjz)."2

sl=sgrt (sum (pf1)/(n-1))

deta=sum (epsilon)/n;

pf2=(epslon-deta) ."2;

2=ggrt (sum (pf2)/(n-1))

C=s2/s1

0=0.6745*s1

ek=abs (epsilon-deta)

Usetheathlete’sjavelin achievementsof year 2004-
2007 inTABLE 1 toforecast thejavelin achievements
of year 2008-2009, theresultisshownin TABLE 3.

TABLE 1: Thejavelin achievementsof year 2004—2007

Y ear/achievements

Achievements (meters)

Average achievements (meters)

2004 86.5. 84.12 85.31

2005 85.18, 86.13, 85.29, 85.44, 84.13, 84.44 85.26
89.50, 89.78. 90.13. 84.98, 85.18,

2006 87.43, 86.97, 90.34, 90.59 88.37

2007 89.51, 88.36, 86.14, 86.28, 87.79, 80.71, 89.49, 86.39 86.83

TABLE 2: Thejavelin achievementsof year 2008-2009

. Average
year/ Achievements )
. Achievements
achievements (meters)
(meters)
2008 87.73, .85.19, 87.59, 90.57 87.778
2009 89.50 89.50

Accordingtotheresultsin TABLE 3, get Figure 3
and Figure4 by meansof Excel:
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Figure 3 showsthefold lineof the athlete’sactua
valuesand predicted valuesin year 2004-2009. Seen
fromthetwofoldlines’ intensvedegree, theactud va-
ues and predi cted val ues can have good combination,
and can haveagood fitting result. Figure4 isthefold
linechart of the predicted val uesand the actua values.
We can seefrom Figure 4 that the error rateisgradu-
aly reducing over time, whichindicatesthat the predic-
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tioniseffective.

TABLE 3: Comparison tableof the predicted achievements
with actual achievements

Year/ Predicted Actual
. Achievements Achievements Error rate
achievements
(meters) (meters)
2004 85.3100 85.31 0
2005 86.0426 85.26 0.918%
2006 86.8171 88.37 1.757%
2007 87.5986 86.83 0.885%
2008 88.3872 87.78 0.692%
2009 89.1828 89.50 0.354%
a0 =
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Figure3: Actual and predicted valuesof year 2004 - 2009
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Figure4: Theerror ratebetween thepredicted valueand the
actual value
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CONCLUSIONS

Thegreater thejavelinrelease speedis, thegreater
thehorizontal throwing distance of javelin becomes, and
the impact is much more obvious. In the process of
training and competition, it isnecessary to speed up the
javelin throwers’ release speed through avariety of
means.

Whenthereisno air resistance, inthe case of the
samerel ease speed, the horizontal distance of thejav-
elinthrowingwill correspondingly increasewiththein-
crease of thereleaseangle. Usually whentheangleis
45 degrees, thehorizontd distanceof thejavein throw-
ing reachesthemaximum. Inthetraining process, itis
necessary tol et athletes maintain proper release angle.
Onehasto gothrough along-termtrainingin order to
achievethiseffect.

Under thecircumstancesthat release speed and re-
|ease angl e are the same without angle of attack and
thereisnoair resistance, thehorizonta distance of the
javdinwill dsoincreasewith theincreaseof therelease
height. Almost with each 1 millimeter rising, the hori-
zonta distancehasanincreaseof about 1 millimeter or
so. Inthejaveinthrower selection, to choosetall ath-
leteisaso anecessary condition.
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