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ABSTRACT

This paper uses the motion aerodynamics principle to analyze the javelin
flight process, integrates related factors with athletic performance in the
study of the force condition and movement condition of the human body
and the javelin, numerically simulatesthe different angles of fixed param-
eters by Mathematic software, obtains the theoretical optimum throwing
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angle 40°, that is when the shot angle is 40° and the angle of the javelin’s
long axis with the horizontal surface is 31° the throwing distance reaches
the greatest. The results are very consistent with the actual situation; this
article can make reasonabl e suggestionsfor the promotion of this project’s
athletic performance, provides a theoretical basis for the javelin sports
technique, and confirms the reasonableness of existing theory and tech-

nigue.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

In thejavelin movement, moving trgjectory and
moving resultsof javeinare primarily reflectionsof a
set of human movement. Using the biomechanica prin-
ciplescan reasonably provethe maturity of thetech-
niqueand correct errorsof technique. Whenthejavelin
releasesfromthehand it suffersthegravity and air re-
sistance. Duetoits shape and mass, it determinesthat
theair res stanceof thejavelinduringmovement inthe
air cannot beignored, so when we study the moving
trgjectory of javelin after disposing the aerodynamics
principleisagood theoretical tool. Only by combining
thekinetic characteristicsand moving trgjectory of the
javelin after disposi ng can we determinethe best shot
angle and speed combination of javelin. Therefore, us-

ing sport biomechanicsand aerodynamics principleto
conduct objectiveandysisof thejavelinthrowing move-
ment hasan actively promoting effect on the develop-
ment of sportstechnology.
Javdinthrowingprocessincludes: run-up, find force
andjavelinreeasingflight three phases, wheretherun-
up phasetakesthelongest time, and thisstage provides
thebest posturefor throwing and at thisfoundation stage
theroleof initid kinetic energy isrelated to achieve-
ments, fina stageisalso used to providetheinitia ki-
neticenergy for thejavelinflight, but itseffect isfar bet-
ter than the run-up phase, this stagea so providesthe
throwing angleof javelinflying, whichiscritical stage
related to athletic performance; Duringflightjavelinre-
celvesair res stanceand gravity, dthoughtheresultsdo
not haveasubjectivereation, but it providesresult refer-
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encefor theresearch of validity and rationdity of first
two phases.

In this paper, through biomechanicstheory and
theaerodynamicstheory, it conductsadetailed analysis
for thethree stages of javelin throwing movement, con-
firmsthereasonabl eness of the existing technique of
thismovement combing with theanalysisresults, and
providesrationalization proposalsfor the scientific
training.

SPORTSMECHANICALANALYSISOFLAST
FORCE TECHNIQUE (TAKETHE RIGHT
HAND THROWING FOR EXAMPLE)

Thefind stageof javelinthrowingtechnology starts
from theright foot, through seriesof actionsdelivering
by thelegs, hips, torso, shoulder, elbow, and hand, and
finally throw out thejavelin. The durationtimeof the
final stageisabout 0.12s-0.15s, which isvery short
fromthetimeinterval. But force sequence and speed
change of all aspectsof the body are consistent with
the biomechanicswhipping principles. In the braking
processit has shown avery large instantaneous im-
pulse, makes thejavelin have greater instantaneous
momentum, thusit can haveahighinitia kinetic energy.

In the throwing arm whipping process, when the
hand, forearm and upper arm areinthesameline, the
threelinksdo not exist therelativerotation, but have
thesameangular velocity relativeto the shoulder axis,
asshowninFigurel.
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Figurel: Thesmpleschematicwhenthearmisin straight
line

In Figure 1 Point A representsthe shoulder joint,
point B representsthe elbow joint, point C represents
thewristjoint, 1, 1, respectively mean the moment of
inertiaof upper arm and forearm, », meanstheangular
velocity of thearm rotates strai ghtly around the shoul-
der joint. But in thethrowing process, forearm and up-
per arm hastherelativerotation. We supposethefore-
arm rotates around the elbow point B, wherepoint B is

equivalent to the braking point, asshownin Figure 2.
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Figure?2: Schematicof theforearmrotatesrelatively around
theelbow joint

Therotation moment of momentum of theforearm
relatively around Point B isasformula(1):

M=l @A)

In Formula (1) M representsthetorque generated
intheforearm muscle contraction, B representsthean-
gular accel eration of theforearm around point B.

According to thedefinition of angular acceleration
theangular momentum theorem can be obtained asfor-
mula(2) below:

_ O, -0,

B=

=>MAt=1,(0,-®,) @

InFormula(2) At showstheactiontimeof forearm
musclestorque M; by theformula(2) theexpression of
angular velocity w, can beobtained asformula(3):

MAt
I, ©)

Theformula(3) showsthat theangular velocity of
theforearmisincreasing onthebasisof w, inthepro-
cesswhipping of throwing arm, and theincreased value

_ MAt
IS I .
2

W, =0, +

When therotation angle of forearmaround point B
isvery small, according to therelationship of angular
and linear velocity, we have theexpressionsinformula

(4):
Vl = 0)lrll
V2 = O)ZrZ

SV=0r+0,, @)
V=V, +V,

InFormula(4) v representsthelinear velocity of
thepoint Cinwrist relatively to theshoulder joint, v,
representsthelinear velocity of thepoint B in e bow
joint relatively to the shoulder joint, v, representsthe
linear velocity of the point Cinwrist relatively to the
elbow joint, andr_, r, respectively representsthelength
of theupper arm and forearm.
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Substitutetheformula(2) and (3) into theformula
(4) formula(5) can be obtained:
_ r,MAt
v—col(r1+r2)+|— ®)

2

Accordingtoformula(5), whenforearmwhips, the
r,MAt

line speed of thewrist increasesby comparing

I 2
withnowhipping.

Inthefina force stage, thebody’s center of gravity
gpeed isconstantly declining; human kineticenergy is
also reducing. Thedirection of the braking by theleft
leglanding and theinertiaby thethrowing arm onthe
javelinin the acceleration processis oppositeto the
acce eration direction of thejavein. Sothebody’s speed
isdeclining, if inthelast throwing process of throwing
arm, throwing objects, the stronger theforce of inertia
of thethrowing matter is, the much thorough that mo-
mentum transfer of the body onthejavdinis.

AERODYNAMICANALYSIS

After disposingin additiontoitsown gravitationa
force Javelin dso suffersair resistance. Studying the
movement condition of javelin releasing canreflect the
rel ationshi p between movement characteristicsand ath-
letic performancewhen releasing the Javelin, anditis
theentry point to study the movement’s throwing tech-
nique problem of non-forcesinfluencing factors, soitis
necessary to study the movement of thejavelin after
disposing.

For any onekind of javelinit hasitsfixed shape
and quality. We can use the polynomial fitting way to
dispose each measurement point, and get thephysical
characteristics parametersof thejavelin. This paper
takesthejavelinfor adult males asthe research object,
usestheprevious4 order polynomid function asamoded
base bel ow. Thejavdinphysicsparametersin TABLE
1 can be obtained.

TABLE 1: Javdin physicsparameter tablefor adult male

Parameter name

Physical magnitude

Total mass of Javein

Distance from the gun breech to the centroid
Distance from centroid to gun head

Surface area of Javein

The maximum projected area of javelin

The rotational moment of inertia around its own shaft (the axis perpendicular to the javelin direction)
The rotational moment of inertia around its own shaft (the axis along the javelin direction)
The rotational moment of inertia around its own shaft (another axis perpendicular to the javelin direction)

811.59
1585mm
1055mm

2.098x105mm2

6.352x104mm?2
0.4563x109g* mm2
0.1379x106g* mm2
0.4563x109g* mm2

Theinitid kinetic parameterswhenreleasingjavelin
include: theshot height of javelin centroidish,, theshot
velocity of centroidisv,, theangleof javelin centroid
shot velocity withthehorizontd surfaceis6,, theangle
of javelinwiththehorizontal planeisa,, thepitch angu-
lar velocity whenreleasingthejavelinisw,, theangle of
theprojection of thejavelinlong axisinthexoy surface
andtheprojection of thejavelin centroid velocity inthe
xoy surfaceisy, generaly known astheyaw angle, the
releasing moment of thejavelinisinthespatia coordi-
nate system asshowninFigure 3:

Javelin suffersgravity vertica ly downward and re-
sistance generated by air during movement intheair.
Airresstanceisdivided intofrictiona resstance, pres-
suredrag and theinduced drag. Thefriction resistance
isrelevant with theair viscosity coefficient, and the

Figure3: Theinitial ¢ateof javelinreleasinginstant in the
coordinatesystem

expression of thefriction resstanceisinformula(6):
1 >
F = HEPC*VTdS (6)
St

In Formula(6), F, meansthefriction of air onthe
javelin, p meanstheair density, C, meanstheviscosity
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coefficient of air, § meansthe surface areaof thejav-
din, andv indicatestherelaivepardld velocity of jav-
elincentroidtothegas.

Theexpression of the pressuredragisasthefor-
mula(7):

Fp =.”%pCpV,2/dS (7)
Sp

InFormula(7) v, meanstherelativevertical veloc-
ity of javelin centroid to thegas, and S meansthe pro-
jected areaof thejavdin.

Javelind so receivesinduced drag during theflight.
Theair resistance actson thejavelin, decomposethe
resistanceinadirectionrelatively parallel to air flow
andrelatively perpendicular toair flow. Sinceinthejav-
einflight theair joint forcethat it receives does not
necessarily act onthejavelin centroid, it will produce
torsond moment onthejavelin. Thejavelin movement
can be seen asthe plane motion in yoz; according to
the synergistic effect of therotation law of rigid body
and the proj ectile movement of the objects, theresult-
ant moment equationsintheyaxia directionand zaxia
direction can beobtained, asshowninformula(8):

. o 1 . .
Fy = —sin(r)x [ 5pC,v*sinysinaf (s
F, = —Ill"l%pcf v?cos® y cosarf ()dg
F,= _sin(y)x_[jl"l%pcpvzsinzycowf (e)e

0 2 2 g 8
F, =]} 5pC,v*cos’ ysinof (£)dz X

M = sin(y) ‘[I?l%pcpvzsinzyf (e)de

Theformula(8) showsthat theair resistance will
generaterotation torque on thejavelin, and the gravity
goesthe Javein center of gravity, sothegravity will not
generate rotating torque and the movement of thetwo
forces can be superimposed. Thenumerica simulation
resultsindicatethat when the pitch angular velocity is
zero, for theaverage athlete therange of best shot angle
isbetween[38°, 449, if thepitchangular vel ocity isnot
zero, we should appropriately increasethe shot angle.
Whentheinitid attack angleis0, thethrowing distance
of javelinisthefarthest; thesmaller theair viscosity
coefficient is, thebetter throwing distanceis.

==, FyULL PAPER

INITIAL PARAMETERSAND THROWING
DISTANCE NUMERICAL SIMULATION
WHEN JAVELIN RELEASESAWAY FROM
THE HAND

Based onthe aboveforcecondition of javein after
disposi ng, conduct numerica smulationfor formula(6)
(7) (8), wecan obtain thethrowing distance of thejav-
einwithdifferentinitial parameters. TABLE 2 shows
the centroid speed of thejavelinwhen shot, theangle of
thevel ocity and the horizontal direction, the angle of
javelinlong axisand the horizontal surfaceandtheini-
tial yaw angle. In order to explore the problem of shot
angle, thispaper selectsthe shot speed 26m/sthat ath-
|etesgenerdly canreach in mgjor match, theyaw angle
1s0°, theair viscosity coefficientis0.003, pressuredrag
coefficientis1.2, theair density is1.18* 10-5g/mms3,
It usesM athemati ¢ softwareto conduct numerical Smu-
lation for javelin throwing distance, thesimulation re-
sultsareinTABLE 2.

TABLE 2: Thecombination comparison table of computer
simulation results

Shot Theangle a, of Javelinlong ~ Throwing
angled, axisand thehorizontal plane distance (m)

30° 15° 62.6
30° 18° 63.4
30° 21° 64.4
30° 24° 65.3
30° 27° 65.8
30° 30° 66.0
30° 33° 65.9
30° 36° 65.9
30° 39° 65.8
30° 42° 65.6
30° 45° 65.0

Thechangetrend of throwing distancewith o, when
0,is30°isshowninFigure4:

5.8 B6 B5.965.9 65.8 5.5
65

65,3

Figure4: Thecomparison chart of throwingdistanceand «,

when , = 30°
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Becausetherearetoo much data, it isshowninthe
form of bar graph dsothefinal result, respectively 6, =
32°, 34°, 36°, 38°, 40°, 42°; the corresponding «, is
showninFigure5 - Figure 10.

Figure5: Thecomparison chart of throwingdistanceand a,
when 6, =32°

Figure6: Thecomparison chart of throwing distanceand
when 6, = 34°

Figure7: Thecomparison chart of throwing distanceand a,
when 6, = 36°

. 70 q T1.1 7 g
77 10.9 0.9 ...
0.7 1 57 70.5

Figure8: Thecomparison chart of throwing distanceand
when 6, = 38°

Figure9: Thecomparison chart of throwing distanceand a,
when 6, = 40°

Figure10: Thecomparison chart of throwing distanceand
when ¢, = 42°

Figure4 - Figure 10 showsthefollowing results:

1) When 6 =30° and o, = 30° the maximum throwing
distanceis66.0m;

2) When ), =32° and &, = 32° the maximum throwing
distanceis67.5m;

3) When ¢, =34° and a,= 31° the maximum throwing
distanceis68.8m;

4) When 6= 36° and &, = 27° or 30° the maximum
throwing distanceis 70.5m;

5) When 6, =38° and o, = 29° the maximum throwing
distanceis71.1m;

6) When ), =40° and &, = 31° the maximum throwing
distanceis71.3m;

7) When 6, =42° and o, = 30° the maximum throwing
distanceis71.2m;

According to thesimulation results, when 6, = 40°
and &, = 31° we have the maximum throwing distance,
and then with the assumed parameters, this combina-
tionisthebest throwingangle.

CONCLUSIONS

Thispaper uses sports biomechanicsand aerody-
namicstowell explainjavelin movement, and propose
thebest throwing angle and precautions of throwing;
obtainsoptimd throwing anglecombination by numeri-
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cd smulation. Aerodynamicsisthetheoretica basisto
sudy thejavelin movement after rleasingit, whichwell
explainstheair resstance of thejavelin; inthesatisfied
condition air resistance hasarotational torqueroleon
thejavelin, sothat during theflight it can generaterota-
tion; Thenumerical simulation resultsshow that when
the shot angle 6, = 40° and the angle o, = 31° of the
javdinwiththeground thethrowing distanceisthegrest-
est, and thiscombination isthebest throwing angle.
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