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ABSTRACT

The triple jump makes the athlete’s body to attach the greatest distance
by the interaction between the athlete’s internal force and the ground.
Thehighlevel training of thetriplejump isnot simply running and jumping.
In the paper, the biologic theory is adopted, and the dynamic analysis of
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thethreetriplejumpsisanayzed, then the rationalization proposalswhich
promote the result by analyzing the results. Moreover, the theory is used
to compare the triple jump results of athletes domestic and overseas to
confirmtherationality of the theory and existing technology devel opment.
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INTRODUCTION

Thetwo purposesof studying the biomechanics:
Thefirg purposeistoimprovetheathl etic ability and
theability includestheathlete’s competitive level and
thenational fitnesslevel; the second purposeisto pre-
vent the sport injury. The biomechanics, whichisan
important part of the sport science, playsasignificant
roleinthefiveaspectsof improving sportstechniques,
improving training methods, design and reforming the
sportsequipmentsand preventing thesportsinjuriesand
injury rehabilitation.

Asfor thetriplejump technology and the study of
mechanica anaysisby many people, thetechnical im-
provements achievethe better effectswith the help of
theresearchresults. The parametersof thetriplejump
techniquewhichiscombined biomechanicswiththegp-
plied mathematicsisless, thenthe studiesof thetriple
jump techniques based on the mathematic model are

necessary.

In thispaper, biochemical theory isused to carry
on thedetailed mathematic analysis onthetechnique
parameters of thethreejumpsin thetriplejump pro-
cessandthe statistical resultsbased on the biomechan-
icsanalysisto confirm thereason on datadifferences
between the national and world triplejump athl etes,
providethereasonable proposalsfor thetraining of the
item, and providethetheoretical basisof improvingthe
performancefor athletes.

THEMODEL OF HUMAN BODY

Thegravity center of human body

Thereisacorrelation exists between the quality of
theathletes’each link and his total body weight Wthe
height H thebinary linear regress on equation between
the quality of each link and W or H according to the
samplefittinginthe national database on human re-
search, Just asshownintheformulal:
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P:ﬁ0+ﬂlw+ﬁ2H
Intheformula(l): P refersto each link quality of
human body, theunitiskg;
Theregression coefficients s,, 5., g, ahd theregres-
sion parameters r2,s isshowninthe TABLE 1.

@

TABLE 1: Thebinary regression coefficients of Chinese
human link’squality on body weight v (kg) and the height

H (mm)
Link Name  Sex By i p, R O
Mde 29.9540 0.0400 0.0001 0.4350 0.3940
Head and Neck
Female 1.6065 0.0240 0.0009 0.4590 0.2690
Mde -5.0010 0.1110 0.0050 0.5660 1.0860
Upper Torso
Female -9.6720 0.0030 0.0077 0.5590 1.2010
Mde  2.2860 0.2980 -0.0027 0.7290 1.2120
Lower Torso
Female -9.4400 0.2610 0.0055 0.7900 1.0820
Thich Mde -0.3230 0.0300 0.0001 0.5980 0.1900
i
d Female 1.1210 0.0390 -0.0011 0.7440 0.1370
L Mde -0.2770 0.0160 0.0001 0.5820 0.1050
« Female -0.2880 0.0140 0.0001 0.7200 0.0620
Mde -0.4240 0.0030 0.0004 0.7800 0.0250
Upper Arm
Female -0.0030 0.0020 0.0001 0.2480 0.0460
Mde -0.0930 0.1520 -0.0004 0.7560 0.6000
Forearm
Female -3.1930 0.1450 0.0022 0.7550 0.6450
Hend Mde -0.8340 0.0610 -0.0020 0.7350 0.2550
an
Female -2.7020 0.0420 0.0018 0.7370 0.2340
Foot Mde -0.7150 0.0060 0.0007 0.8130 0.0450
00
Female -0.6840 0.0100 0.0006 0.4840 0.1220

In theimage resol ution of theathl etes, the human
body gravity coordinateissolved accordingto there-
sultant moment theory, just asshowninformula2:

Intheformula2: (X.,Y,) expressestheathletes’

body gravity coordinate, (X Y.)0=123--9 ex-

pressesthe centroid coordinate of eachlink, and P, is

eachlink’s quality.
Therotation Law of each link in human body

Themoment of inertiaisthephysicd quantity of the

zlogeCAIIo/Oﬂ Ce—
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inertiaof therotating objects. Thegreeter therotational
inertia, themoredifficult changesintherotation state.
Inthestudy of thetechniqueof triplejump, itisneces-
sary to measuretherotation of each link of the body.
Generdly, thelink isregarded asthe collection of the
particle, then theforms of expression of themoment of
inertiaof particlejust asformula(3) :

| = I|m(ZAmr jrzdm

Am0 ©)

Intheformula3, aAmreferstoqudity infinitesmal
of eachlink, r refersto the distance of theaxisof rota-
tion of thelink.

The product of moment of inertiaand angular ve-
locity isangular momentum. In generd, themoment of
inertiais considered to be changein the motion pro-
cess, anditisrelativetoitsown essence. For example,
thestate of human straighteningtriplejumpactioninthe
triplejump processisshownintheFigurel:

Figurel : The lengthwise relative moment of the
straightening jumps

The Figure 1 expressesthewholeangular momen-
tum of the human body M =1, theupper link of thehu-
man body rotates the axis according to angular mo-
mentum M, = I,,, thelower link of thebody rotatesthe
sameaxisaccording to angular momentumm, = I,e,, N
the tate, the aggregate momentum of human body sat-
isfy theformula(4)
M=lo=M,+M, =10 +|,0, 4

The human body isthe motor system of eachlink,
thefunction of the human body isdivided into internal
forceand externd force. Asfor thelink, theforceof the
link onthe other link can be considered to bethe exter-
nal force of thislink, and its movement can meet the
law of theangular momentum, just asshowninthefor-
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mula5:

AM:ZFxr:Iza)Z—Ila)l (5)
Intheformula5, asfor theidentifiedlink 1, =1,,the

theorem of moment of momentum isthe pesk torque of

theforceonthelink equalstothevariation of theangu-
lar momentum.

Tion of biomechanical analysis

The good approach is the precondition of suc-
cessful take-off, and the successful take-off isthere-
sult of better approach. Only with the close coordina-
tion between the approach and take-off isthe com-
pleteefficiency jJumps. Indl kindsof thejumping sports,
the process of take-off exists negative effects. When
take off iscompl eted, the horizontal velocity of the
human motion reduces 10% on average. However,
the speed of vertical directionisincreased. Whenthe
approachisfinished, thetake-off isshownintheFig-
ure2:

¥
Figure2: Thediagram of take-off after approach

a in Figure 2 expresses the touchdown angel of
theswingingleg after approach, s expressesthetake-
off angd of thetake-off after the approach. However,
y=(180—a-p) expresesthevariablequantity of theangle
of supporting leginthe processof thetake-off, whichis
caledthefanfeet. The process of take-off the process
which makesthe supporting leg rotateangdl y withthe

gpeed of o(t) by thefina velocity v, of approach speed.
The processmakesthehorizontal velocity changinto.
Inthe motion process, the body horizontal motion sat-
isfy thetheorem of momentum, and the supporting leg
meet theangular momentum theorem, just asshownin
Figure6:

————, FyurL PAPER

jF(t),, dt :W(v1 —vo)
[F(t).dt=w(v, tan g+, tana)
[F(t)rdt = am = 14
VvV, secf-v, seca

r

(6)
Ao

F(t), intheformula6 expressestheground’s hori-

zontal forceinhuman, F(t), expressestheground’s
force on human body inthe vertical direction, r ex-
pressesthe radiusof therotation of the supporting leg,
Aw eXpressestheangular vel ocity beforeand after take-
off.

It can be known from the formula6, thelessthe
timeof theground force on the human body, thesma ler
thelossof horizonta velocity; the greater the speed of
approach, thegreater horizontal speed of take-off. From
thedirection of theground force on human, we can see
thelossof thehorizontal speedisnecessary. However,
intheprocess of supporting leg strikingtheground, the
vertical velocity beforethetake-off isdown and the
vertical velocity after thetake-off isupper. Thetake-
off can promotethe speed of vertical direction andthe
promoting effect can berelated to thesizeand orienta:
tion of theforce. It can be seen that theincreasesof the
angle of take-off and the decreases of theground angle
promotethe height of take-off, and vicevera, thehori-
zontal vel ocity can be promoted.

Thebiochemical analysisof flight phasein hop

The purpose of the take-off isto flight when the
human keep certain horizontal speed and acquire cer-
tain vertical speed and achievethemaximum degree of
thedistance. Theflight of hopinthefirst jump of the
triplejumpsisshownintheFigure3,

IntheFigure 3, v, expressestheinitial vel ocity of
thetakeoff; h(t) expressesthedisplacement of thegrav-
ity center of human body inthevertical direction at t
time. Theexterna force exertsonthehumaninthepro-
cessof theflight istheair resstanceand gravity. Com-
parewiththeair resstance, thesmal human gravity can
be negligible, and then the motion of gravity center of
human body inthe horizonta and vertical directioncan
satisfy the newton’s second law. Thus, the motion of
theflight phase can satisfy theformula7,
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slt)=wit }: o0)= 2v, x(v, tan B)

h(t):vltanﬂ—%gt2 g )

W

s(1)
Figure3: Theend of take-off of thehop top and diagram of
flight

Intheformula7, istheacceleration of gravity.

It canbeknown fromtheformula7, if themaximum
vaued st ) istobeadbtained, theangd of v,and s should
beincreased & thesametime. Oneisincreasing thehori-
zonta speed andtheother isincreasingthevertica speed.
Just asthesaying ‘ no height, no distance’, the athletes
pursuethe speed type, andtheheight isput in the second
leve to pursuethemaximum horizonta speed. Inthepro-
cess, the speed of two directionscan achievethe effects
of complementation. Testing and verifyingtheathletes’
datapursuethe maximal angle of take-off of horizonta
displacement. Of course, theverticd shift of thegravity
positioniscontrolled by humanintheflight phase, that is
to say, thetrunk is pressed down, and to some extent,
thetime of flight isincreased to provide more operating
timefor thehorizonta displacement.

Thebiochemical analysisof step jump

Thebeginning of thestepjumpisthetakeoff legin
the hop touch down onthe ground, the athl ete needsto
drop the body from high to low in the process. The
human body is exerted counter-acting force by the
ground inthefailing process, thenthebody flight again
by the interaction of the human interna forceand the
ground reaction force, and the movement situationis
shownintheFigure4,

IntheFigure4, o' isthetouchdown angleof end-

ingthehop, ' istheangleof takeoff inthe step jump,

and y' istheangd variation of supportingleginthestep

jump, whichisaso called thefan angle of thestepjump.

Itsmotion situation satisfy theformula6 and formula7.

Figure4: Theend of hop and thediagram of theleap

By andyzingthekinematicsformula, increasing the
horizonta displacement of the step jump setsabout the
horizonta speed of flight of the step jump and thetime
of theflight. In the premise of reducing the minimum
horizontd velocity, hetimeof flight need to beextended.
Because the body producesthegreet braking impulse
fromtheheight to theground, when islessthanthe 90
degree, theground producethebrakingfunctiononthe
humanimpulse; when o' ismorethan 90 degree, the
ground producesthe dynami ¢ effect onthemomentum
of human body, and thetime of thebrakingimpulseis
reduced to makethe center of gravity shiftinto the par-
ale position of supporting leg. Whenthe center-of -
gravity positionfalsinthefront fulcrum, g’ isreduced
toincreasethehorizonta velocity. Inthe processof the
flight, thegravity center of human body wasdownward
toincreasetheflight timetoincreasethehorizonta dis-
placement of human body.

Thebiochemical analysisof jump

Thethird stageof thetriplejumpsiscalled thejump
stage. The stage between take-off leg touching down
theground inthe step jump and the athl etes’ two legs
touching down on theground a thesametimeiscdled
thejump stage. Thethird jump after thetwo jumps, the
horizontal velocity of the athl etes had dropped signifi-
cantly comparingwith the previous stages. Butin order
toachievethegreatest distance of thehorizontal veloc-
ity, themaintask of thethird stageisto makefull useof
speed of horizontal vel ocity and improvethevertical
speed. Themotion speedisshownin Figure5,

The Figure5 showsthe processof thethird jump,
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and the process comprises atake-off process, aleg up
off the process and the process of two opposite bod-
ies

£33¢

Figure5: Thediagram of thethird jump process

Thetake-off process satisfiesthe formula6, the
processof flight after take-off existsthe positiveswing
of thetake-off leg followed theswinging leg. Inthepro-
cess, the positive swing of theswinging leglead tothe
motion lag of the gravity center of the human body so
that therelative movement of standing up processex-
ists. According to the formula 4, the process which
comesforwardto meet the oppositemovement through-
out thebody part of thelaw of conservation of angular
momentum. Accord to theformula?, itisnecessary to
lower the gravity center to prolong theflight timeto
achieve the maximum of distance, that isto say, the
gravity center isto beraised to reducethetimeof the
falling gravity center. The secondary torso isaccel er-
ated when both feet touch down the ground to make
thehed isthefina body landing ontheground.

THEKINEMATICSPARAMETERANALYSIS
OF THETRIPLEJUMP

The average kinematics parameter analysisof the
Li Yanxi and Zhu Shujing, who isthe nationwidefa-
moustriplejumpersand the Edwards, whoistherecord
holder and other elite athletes in each phase can be
collected.

Thedataanalysisof approach speed

Thehigh correlation results exist between the spe-
cific performance of approach speed andthefinal long
jump performances, the TABLE 2 iscomparison Table
of theresults.

According to theformula 3, the three-meter ap-
proach result istheindependent variableand thefinal
resultsof thetriplejumpisthedependent variable, then

————, FyurL PAPER

theleast squaremethod isused to obtainthefitted equa-
tionjust asshownintheformulas,

y=-0.8794+1.759x (8)

TABLE 2 : The comparison of the results between triple
jumpsand thethree-meter approach

paes Thefinresits TR
approach(m/s)
Edwards 18.29 10.90
The world elite athletes 17.48 10.43
Li Yanxi 17.12 10.24
Zhu Shujing 17.03 10.18

The datistical parametersof thefitted curveareas
follows

Residual sum of square=0.0004; Sum of squares
of deviations=0.9882;

Multiplecorrelation coefficient =0.9998; Variance
=0.0004;

From theaboveresults, thehigh correlation exists
between thefinal resultsand the approach results. As
long asthe approach results accel erate the Im/sand
thefinal result of thetriple jump will accelerate the
1.759m.

Thedataanalysisof thehop

Thehigh corrdaionexigsintheground speed, liftoff
Speed, reactiontime, angle of projection of body grav-
ity center andthefind resultsof triplejump. The TABLE
3isthe comparison table shows biochemical param-
etersof thehop and thefina results of the Chineseand
Foreigntriplejump.

TABLE 3: Thecomparison of hop technique parameters

The athletes Final Ground Liftoff Reaction The
Results(m) Speed Speed Time angle

Edwards 18.29 9.92 9.89 0.10 15.3

Theworld

dite athletes 17.48 9.77 9.51 0.11 155

Li Yanxi 17.12 9.69 9.34 0.12 16

Zhu Shujing 17.03 9.58 9.20 0.12 16

Ascanbeseenfrom TABLE 3, itispositiverela
tivity between theground speed or theliftoff speed and
thefind resultsof thetriplejump; itisnegativere ativity
between the action time or the angle of projection of
body gravity center and thefind results. Theincreasing
ground speed, the reduction of reducing the loss of
speed, the reduction of the actiontimeand the reduc-
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tion of angleof body gravity center helptoimprovethe
find resultsof thetriplejump.

Thestudy showsthat theided ratio of theditemde
athletesis 36:30:34; asfor theathlete of high approach
speed, theideal distanceratiois35:30:35. Fromthe
TABLE 4, we can not see the proportion brings out
better achievements, the scope of the takeoff is be-
tween 35% and 38%; the scope of the step jJump is
between 29% and 30%, and the scopeof thethird jump
isbetween 33% and 35%. Theathletes can adjust the
biomechanica parametersinthemovementsaccording
to thebest ratio.

CONCLUSION

Improving the approach speed helpsto improve
thejumping performance; reducing thelossof horizon-
tal speedinthehop and step jump phases help to ath-
| etic performance; during the step jump and thejump
phases, the gravity center stride down to extend the
athlete’s flight time to help to improve the overall per-
formance; Inthethird jump phase, thefirst dow stand-
ing motion of the opposite movement and thefast mo-
tion hemtorso can be controlled to helpto extend the
flight time; Inthethird stage, the second slow sanding
motion of therelative movement should be quick to
prevent leaning back; Increasing the ground speed and
liftoff speed helpstoimprovethe performance; Reduc-
ing theflight angle helpstoimprovetheinitia speed of
weight transfer to improve the
performance; Strengthening athl etestheoretical knowl-
edge, so that thetheory guide practiceto create more
achievements.
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