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ABSTRACT

According to oblique projectile movement principle, assumeinitial speed
is25m/s, throwing height is 1.8m, under different throwing, use computer
simulating javelin movement trajectory, apply comparative analysis, it gets
that under different projection angles, the rangesare al so different; in case
projection angleis45°, it can get maximum range of 68m. By kinematical
analysis of javelin throwers’ right hand throwing cross step technique and
final exertion technique, it is clear that only human body upper and lower
limbs, left and right side each organ coordinately exert the strength can
perfect javelin throwing technique. By analyzing athleteseach indicator, it
gets that during javelin throwing process the cross step phase, left leg
pedaling and stretching opportunity should be proper and cannot let |eft
leg fly so high, while in final exertion whipping phase, it should master
right leg pedaling and stretching opportunity, pay attention to javelin
release angle and oblique angle and improve javelin throwing vertical axis
exertion effects.  © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Athleticsor it calstrack and field, isthe general
termsof track event, field event and dl-round compe-
tition. Jumping, throwingeventsthat their performances
arecalculated by height and distancelength arecaled
as“Field events”; Walking and running events that per-
formances calculated by time are called as “Track
events”. In athletics, every sport event and mechanics
areclosdly connected, the paper establishesmathemati-
cd modd onjavelin, makesmechanica andysisof it,

It getsconclusionthat after all, sport performance
achievement isupto athletesthemsalvesqualities.

In recent years, though Chinahasemerged Zhang

Lian-Biao, Li Rong-Xiang, Chen Qi and othersagoup
of excellent menjavelinthrowers, they till keep greater
paces with Czech Republic player Zelezny created
94.48m world record and Japanese player Mizoguchi
Kazuhiro created 87.60mAsd an record, which requires
us based on reality finding out our country javelin
throwersexisting problems, trying to shorten gap with
Asian or event world athletesasmuch aspossible. A
seriesof researches show that our country athletesex-
actly exist throwing armsexertion in advance and un-
reasonabl e exertion aswell other problems. After al,
our country javelin throwers, before““full bow” form-
ing, they haven’t made “delay” javelin and arms mo-
tions, sothat it will appear exertiontoo early and exer-
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tion order incorrect phenomenon.

Based on above problems, the paper mainly uti-
lizes computer ssmulation under initial speedsarethe
same such circumstance, in which caserelease angle
can arriveat furthest distance, finaly establishesgrey
prediction mode to predict futurejavelin performance
trends. And thenit can morescientificand effectiveguide
javelinthrowerstrainingto providetheoretical support
for thefield multidirectiona scientific researching, and
finaly makesreasonable suggestions.

PROBLEMSHYPOTHESIS

(1) Assumeair resistanceiszero (or excludeair ress-
tanceinfluence);

(2) Javelinobliqueangleand throwing anglearethe
Same

(3) Assumeathleteshave no special diseasesor fatal
injury and so on, physical quditiesarenormal.

MODEL ESTABLISHMENT AND SOLUTION

M echanical modd

Accordingtomechanicd principle, dl javdins, shot
and hammer takes oblique projectile movements. Ob-
lique projectile movement can be orthogonal decom-
posed into constant linear movement aong horizontal
direction and vertica upcast movement along vertical
direction. Object throwing direction and axispositive
directionincluded angleiscalled asprojection angle
that uses g to express. AsFigure 1 show, obliquepro-
jectilemovement object in horizontd direction, it makes

Figurel: Obliqueprojectilemovement chart

congtant linear movement a horizontd initid speed; and
invertical direction, it makesvertica upcast movement

atinitial speed of v, . Oblique projectile movement

curveisasymmetrical curve.
Mathemeatical analysisisasfollowing:

Vv, =V, cosf
v, =V,sSind —gt
X=V,Ccosf*t
y=V,sin@*t-gt?/2
t=2v,sinf/g
Amongthemy v, ishorizonta initial speedy v, is
projection speed, v, isvertical initial speedy g ispro-

jection angleyx is horizontal range, y is highest range.
Objectintimet total displacementis:

r =\/x2 +y? =\/(v0 cos0-t)% +(v,sin@-t—gt?/2)?

It can be found from analysis that only when
v, =0, javelin arrives at top point, spend time
t=v,sin@/g; Littleball freefalling from top point
required time isthe same asthat rising to top point.
Thereforejaveinflyingtimeis: t = 2v,siné/g.

AsFigure 2 show, within certainanglesrange, jav-
dindistanceisthefurthest, andjavelin performanceis

Parabolic trajectory.

0 0 2 @™ w0 = & 7w
The horizontal distance«
Figure?2: Parabolictrajectory chart
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asouptojavelin rel ease speed, in somecompetitions,
if competitorsrel ease speedsareequal, then throwing
angle importance can be shown off. And, javelinis
streamlineapparatus, it hasbetter diding ability, there-
forejavelin movement except suffersobliqueprojectile
movement influence, it will dso suffer fluid influence.
Javelin hasan oblique angleto airflow, the paper
dividesair effectscompound force( ) intovertical di-
rection component forceand horizontd direction com-
ponent force (as Figure 3). Horizonta component force

Javelin

\
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Figure3: Javelin projection position chart

(F,)isforward resistancethat hindersjavelin forward
flight, it requiresconsuming energy to overcomeit, ver-
tical component force ( F,)duetoitsfunction can let
javdinrise, which extendsjavelinair didingtime, and
helpful for javelin performanceimproving, accordingto
lotsof experiencesand vaid data, it canget most proper
atackingangleis g o-.

Makeevaluation on athletes’ each parameter

Tofind out which qualitiesthat javelin throwers
should possess, it collectsChinesepartia excellent men
javelinthrowers exercisesdataso that it can makeki-
nematic analysisof throwing last two stepsand final
exertion techniques, asTABLE 1 show.

Accordingto TABLE 1 data, draw out javeintrend
chart, asFigure 4 show.

According to Figure4 showed brokenline, weclas-
sfy thetechnica processinto following severa stages
and time phasesto makeresearch.

Stage classification: Crossstep stage(from throw-
ing step the second step | eft foot landing to cross step

TABLE 1: 8research objectsjavelin release parameters
status

Releaseinitial Release Release Javelin Attack
Name speed(m/s) angle (°) height(m) obliqueangle(®) angle(®)
1 27.43 36 2.25 39 3
2 27 40 221 40 0
3 26.57 40 2.07 37 3
4 26.23 39 2.03 43 4
5 25.17 36 7.83 41 5
6 24.92 42 1.96 35 7
7 24.83 36 1.76 34 2
8 23.07 42 1.83 36 6
X 25.65 38.88 1.99 38.13 -0.75

Parabolic trajectory:

)

L 1 1 L L 1 L
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Figure4: 8 athletesjavelintrend chart

right foot groundinginstant); right foot singlesupporting
stage (from cross step right foot grounding instant to
left foot grounding instant); two | egs supporting stage
(Ieftfoot groundinginstant tojaveinreleasing).

Timephasesclassfication:(1) Start crossstepin|eft
foot groundinginstant;(2)!eft foot pedaling out of ground
instant;(3) cross step ending right foot grounding in-
stant : (4) throwing step final step | eft foot grounding
instant;(5) “full bow” instant; (6) javelin releasing in-
Sant.

Crossstep technical analysis

In javelin throwing, cross step is used for make
preparation for javelin throwing and connecting final
exertion motion, the paper assumesthat athletes use
right hand throwing, average cross step speed of some
famousjavelinthrowersis 0.78m/s, generally speak-
ing, it requires athl etesreduce gravity center horizontal
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TABLE 2: 8athletesthrowing step final stepsbody gravity
center horizontal speed (m/s)

A-C speed C-D speed
Name A C D
lossrate (%) lossrate(%)

1 863 691 592 276 19.93 14.33

2 807 536 434 262 33.58 19.03

3 837 654 563 29% 21.86 1391

4 955 6.27 543 177 34.35 134

5 793 747 704 157 58 5.8

6 725 612 526 179 15.59 14.05

7 556 477 318 144 14.2 12.37

8 648 593 421 131 8.49 29

X 773 617 513 203 20.18 16.86

TABLE 3: 8athletesthrowing step final two stepship joint
speed (m/s)

Right hip horizontal speed Left hip horizontal speed
B C D A B C D
961 925 638 603 921 879 6.77 512
883 62 325 303 906 639 416 403
829 872 572 543 883 769 658 454
1163 797 579 6.09 892 808 6.72 107
822 745 573 546 69 783 745 6.17
805 745 573 546 826 648 489 3.39
6.08 565 466 271 447 581 433 328
758 772 621 325 574 539 551 324
X 854 755 527 4048 7.68 698 568 3.86

Note: A In left foot grounding instant, it starts crossstep; B Left
foot pedaling out of ground instant; C Cross step ends, right
foot grounding instant; D Throwing step final step left foot
grounding instant.

TABLE 4: 8athletesthrowing step final two stepskneejoint
speed (m/s)

Name

0o N o o0~ WN P

Right knee horizontal speed L eft knee horizontal speed

Name

A B C D A B C D F
1 103 1064 574 529 6.77 7.83 804 431 -0.89
2 1133 794 923 423 72 636 57 215 -014
3 10.16 901 618 441 751 757 758 442 0.66
4 135 765 448 454 626 802 81 438 -0.18
5 6.88 864 564 327 736 7.89 816 573 -01
6 9.32 836 768 416 544 6.08 698 4.36 -0.27
7 6.3 719 445 3.03 754 543 645 314 -091
8 9.47 883 625 392 7.06 732 757 421 -0.13
X 9.66 8.53 6.2 41 652 706 7.32 4.09 -0.17

speed loss, it gets 8 athletes throwing step final two
steps body gravity center horizontal speed (m/s), as
TABLE 2 show.

Hip joint speed changesanalysis

After crossstep, hipjoint isin accelerated phase,
to makegood preparationfor “full bow” phase, gener-
ally athletes’ left hip horizontal speed continues to re-
duce, asTABLE 3 show.

Kneejoint speed changesanalysis

Kneejoint movement playscrucia rolesinjavelin
throwing; well kneejoint movement cankegpwell cross
step movement, and let pedal and stretch movement
arriveat standard. Sorting out data, it can get 8 athletes
throwing step final two steps knee joint speed, as
TABLE 4 show.

By TABLE 4 data, itisclear that |eft kneespeedin
knee bending phaseisin reducing trend, under effects
of left leg pedaing and stretching, right knee speed ar-
rivesat peek till faling.

Crossstep’s step length, time and gravity center
flight height analysis

Tojavelinthrowers, cross step should try to keep
step height lower, paceflat, quick; if crossstepistoo
smadll, it cannot connect with throwing motions, by sort-
ing, it gets8 athletesthrowing step final two steps’ step

TABLE5: 8athletes’ throwing step final two steps’ step length,
completion timeand gravity center flight height

T4 T5 T1 T2 T3 T6 T7
m mM & & © M O
242 176 023 02 014 013 7317
229 154 03 022 018 02 8573
215 164 023 019 014 0.09 74.82
271 145 026 018 015 0.15 8126
161 129 024 018 014 014 7512
183 148 023 016 0.17 009 8391
145 132 018 02 017 004 8081
217 203 031 028 015 012 8316
208 163 026 021 016 012 79.75

Note: T1: refersto cross step flight time; T2: cross step ends,
right foot grounding instant to final step left foot grounding
time; T3: left foot grounding to javelin releasing time; T4:
crossstep’s step length; TS: final step’s step length; T6: gravity
center flight height; T7: left leg ground angle
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length, completiontimeand gravity center flight height,
asTABLE 5 show.

CONCLUSIONS

The paper firstly makes mechanica andysisof jav-
€lin movement according to mechanicd relations. Jav-
elinmovement bel ongsto obliqueprojectile movement,
apply oblique projectilespecidtiesto analyzejavelin
movement, and make eval uation on athlete each pa-
rameter, the paper selects 8 typical athletesto make
andysis. Anayzefrom crossstep technicad andysis, hip
joint speed changesanays's, kneejoint speed changes
anaysis, crossstep’s step length, time and gravity cen-
ter flight height andlysi sthesefour aspects, and get rela-
tivereasonablemovement phase analyses. Incrossstep
phase, |eft |eg pedding and stretching opportunity should
be proper and cannot let left leg fly so high, whilein
findl exertion whipping phase, it should master right leg
pedding and stretching opportunity, themaost important
point ispaying attention to javelin release angle and
oblique angleand improvingjavelinthrowing vertica
axisexertion effects.
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