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ABSTRACT

Pole vault belongsto the more complex technique and more difficult sport
intrack and field events; it isjumping movement that carriesvaulting pole
devices. Many predecessors take athletes as research object too much in
previous studies. But the movement as a whole is a system, and only
study part of it has some limitations. So thisarticle startsfromthe athlete’s
gripping pole height, the run-up speed and deformation degree of the
pole, carriesthrough energy analysis on athletes and vaulting pole system,
analyzes the dynamic characteristics of the athletesin the system through
energy conversion law, aims at discriminate the pros and cons of present
technological action, and provide a theoretical basis for technological
improvements. The analysis results show that the athlete’s height, run-
up speed, gripping pole height, vacated height and material properties of
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the vaulting pole determines the results of the movement.
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INTRODUCTION

In present al kinds of sports; pole vault isasport
that athletes acquire speed through hol ding polerun-up
and plugging whol e takeoff. In addition, through the
stored energy of vaulting pole, it then passestheenergy
stored by the poleto athletesto send him over thecross-
bar. Themovementisvery difficult. But throughtheim-
provement of materid and technique, theresultsof pole
vault have devel oped from 3.05 meters of ahundred
yearsago to 6.15 meters now. Thisshowsthat the de-
velopment speed of thissport isvery quick.

Onthebasisof the previousresearch, this paper
uses energy anaysismethod to analyze and study the
dynamic characteristicsof thepolevault, proposesrea

son and method of improvementsin accordancewith
performancereasonsof dynamicscharacteristics, ams
to provideatheoretical foundation for this sport and
expects scores of new high.

SYSTEM MODEL

Inthepolevault, athlete’s vacated height determines
thequality of hisperformance. Thevacated heightis
associated with the run-up speed of the athletes and
the bending polerelated technique. More specifically
thevacated height isrelated to therole of athletesand
vaulting polesystem. Whether the polevault technique
isgood or bad hasadirect impact on the devel opment
direction of thissystem. From thetiming sequence, the
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system needsto go through thetechnical process, as
showninFigurel.

System ener gy conver sion process of pole vault

When athletesfinish run-up, the takeoff initia ve-
locity obtained issupposedto be v, inthedirection of
horizontally forward. In addition assumethedistance
from the body center of gravity tothegroundis h; the
distance from the body center of gravity tothe end of
thevaultingpoleis |, (theheight of thegrip pole). Body
massisindicated by m . When the athletesfinish pole
thrust, theinstant speedleaving thegroundisy, . The
distance between body center of gravity and theend of
vaulting poleisd . Figure2 showsthisprocess.

When athletesiscarrying through action  “$, the
kineticenergy thet athleteshaveisdenoted by E, ,, gravi-
tational potential energy that athletes haveis denoted
byW, , elastic potentia energy that vaulting polehasis
denoted by E_, , thetotal energy of the systemisE,,
their expressonisshowninformula(l):
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Figure?2: Schematic diagram of take-off processand cross-

®
over thehurdleprocess
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Figurel: Schematic diagram of polevault
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When athletesiscarrying through action a$, thekinetic
energy that athleteshaveisdenoted by E,, , gravita-

tional potential energy that athletes haveis denoted
by W), , elastic potential energy that vaulting polehasis

denoted by E., , thetotal energy of thesystemis E,,
their expressonisshowninformula(2):

E., = %mvz2

W, = mgh

E, #0 2
E,=E,+W,+E;,

Asinthetake-off processtheground doesnot pro-
duce torque to the end of the pole and there is great
difference between body weight and the pole weight,
according to moment of momentum theoremthereis
quantitativerelation of processa$showninformula(3):
mv,h=mv.d 3

Subgtituteformula(3) intoformula(2), thenwehave
formula(4):

E2=lm v,h
2 d

When thereisno energy | oss, the el astic potentia en-
ergy isshowninformula(5):

2
) +mgh +E,, (%)
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1 d-h)’
ET2 =§mV12(T) (5)

When athletesiscarrying through action c$, thekinetic
energy that athleteshaveiszero, elastic potential en-
ergy that vaulting pole hasiszero, al of themiscon-
verted totheathlete’s gravitational potential energy. The

tota energy of thesystem E, isshowninformula(6):
E,=E,=mgl, (6)
2.2. System energy conversion efficiency of
polevault
Asthereisenergy lossin the process of the pole

holding and holeinsertion, the el astic potentia energy
owned by the poleafter thejump should satisfy formula

(7).

1 d=hY’
E+r. <EmV12(T) (7

Thenthepoleswill dso havelossinthe process of
deformation recovery. Based on the energy recovery
coefficient of thematerid, inthe case of athletestech-
niqueisstandard, theenergy recovery coefficientisonly
associated withthepolematerid, whichissmaler than
1. The conversion relationship between el astic poten-
tial energy E, andthemechanica energy\w isshown
informula(8) below:

E; =W+ AE;
W =AE, (8)

Informula(8) AE, standsfor thelossof elastic poten-
tial energy.

Subgtituteformula(8) into formula(4) and (6) the
elastic potentia energy in processa$ can be calcul ated,
asshowninformula(9):

1 (v
mg(l-h)-= m(#]
E,= AZ d (9)

Theexpression of mechanicd efficiency inenergy
conversion processisshown asformula(10):

29(1 - h)—[%h]

X 100%
kvf[—; ]

Theformula (10) showsthat, the method to im-
provethe mechanical efficiency istoreducethevaue

= (10)

of d andincreasethevalueofy, . Intheoperationitis

to increasethe bending degree of thevaulting poleand
increasethefina speed of run-up.

Themechanical property of vaulting pole

The continuous devel opment of science and tech-
nology makesthematerid of vaulting constantly change
too. Thedirection of changeis: 1) themassislight; 2)
fatiguestrengthishigh; 3) thebending canwithstandis
large. Thevaulting poleused inmodern Olympic Games
ISFRP (fiber reinforce plastic) composte materid sthat
satisfiesthese conditions.

Suppose the inner diameter of the vaulting pole
ISp , and theouter wal thicknessof vaulting poleisy .
Parameterchangeswith thelength of. Thedengty of the
homogeneousvaulting poleis. Theexpression of the
vaulting polemassisasformula(11). Thedeformation
schematic diagram of homogeneousvaulting poleis
showninFigure3.

4
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Figure3: Defor mation schematic diagr am of homogeneous
pole

InFigure3 ‘$isafront view, a$ isasectional
view.

|

M = Dpx[ y(x)dx

When the polereceivesthe axial force, the pole
can bend fredly. Becausethe poleishomogeneousand
elastic, the curved shape should becircular arc, and the
radiusof curvatureistheradiusof thecircular arc. The
deformation of the poleisnot endlesschange. Whenit
issubjectedtoacriticd force, thematerid will produce
theinitid deformation, and satisfiesformula(12):
_=’ED*

min |2

1)

F (12)

Informula(12) istheyoung modulus, and isthe
length of the pole. Theformula(12) showsthat in order
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to makevaulting pole producetheinitial deformationit
need to add alargeforce. If the momentum that ath-
letesproducedislessthantheinitia vaueto makethe
polebend, theeffect of thevaulting poleand therigid
poleisthesame, and thiswill increasethe energy loss
whenthrustingthepole. If addinitial deformationinthe
process of polevaulting, then can begreatly reduced.
Thecrosssection of vault poleusedin Olympicsisovd.
When plugging theholemakethelongaxispardle to
theground can easily reach thisand achieveaminimum
energy loss.

Other factorsof polevault system

Sincethemassof thepoleisrdatively very smdl to
themassof the athlete, according to formula(1)-(6)
athlete’s final pole vault resultcan be approximately ex-
pressed astheform of formula(13):

v,> E,-E,-W-AE,
2" mg
Seenfromthisthat thelarger theathlete’s mass is,
thesmallerbecomes; thesmaller grip poleheight is, the
smalerbecomes. From experiencetherel ationship be-
tween grip poleheight and athlete’s height is shown in
formula(14):

(2H,)<1,<(2H, + 20cm) (14)

Formula(13) and (14) showsthat the performance
of athletesisnot only related to athl ete’s mass but also
tolifter arm’s height of athletes; one with high height
canachievere atively better results.

Tosumup: thekinetic parameters, speed and height
in polesystem are fundamental factorsto reflect the
results. In the course of movement, reducetheloss of
effective speed. Through the system internal forcerole
maketheinitial velocity (alsoknownasinitia kinetic
energy) whentake-off convertintotheelastic potentia
energy of theelastic polewith maximum extent. Then
deliver it to the human body through the vaulting pole
and transformit into gravitational potentia energy of
the athletes. Inthetransformation process, thereisthe
energy loss. Inorder to increasethe takeoff speed, one
canincrease the shape variables of the vaulting pole
and increasethefinal speed of therun-up, which can
effectively improvethetake-off speed and mechanical
efficiency. For thematerid propertiesof thedasticpole,
we shouldfollow the characteristics. When athleteis

BioTechnology —

H=

+1, (13)

plugging thehole, heshould makethelong axispardld
to theground, which hel psreduce mechanical energy
loss, and hel psto increase the mechanical efficiency
and athletic performance. Athletes’ performance to
some extent isrelated to the gripping pole height, the
persona height and individual weight. The higher the
height is, the higher the standard gripping pole height
becomes and the better personal achievementis. The
lighter theathlete’s weight is, the better personal achieve-
ment becomes.

CONCLUSIONSAND SUGGESTIONS

Conclusions

1 Thispaper usesenergy analyssmethodto observe
Kinetic parameters in the motor process of pole
vault, whichwdll reflectsthissport;

2 Increasingthefina velocity of run-up contributes
to the take-off speed, which is of great help for
athletes performance;

3 Duringthetake-off process, oneshouldtrytoin-
creasetheshgpevariablesof thevaulting pole, which
will hdpsavetheuseful mechanicd energy, and plays
agood raleinimprovingthemechanica efficiency;

4 Increasetheheight of thepolegripping canimprove
athletic performance;

5 Thecross-sectiona shape of the poleisdesigned
into an ova shape, which helpstoreducetheinitial
deformationforceof theed astic pole, makethepole
quickly produce deformation, and reducethe me-
chanica energy lossfrom theground impulse;

6 Players’ height problem largely determines the
athlete’s standard height of gripping pole. The stan-
dard height of gripping poledsoincreaseswiththe
increaseof lifter arm height. Increasestandard height
of gripping polehd psimproveahl etic performance;

7 Theathlete’s personal body weight also determine
theresults of the movement on the one hand, and
achievements increases with the decrease of
weights,

8 Theenergy andyssmethod wel andyzedthesys
temmode composed of athletesand vaulting pole;
the scientific formulation of kinematic parameters
reflectsthetechnica feasbility of themovement.

Suggestions
1 Weshoulddevelop new materia sto makethema
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terial properties devel op toward the direction of
lighter mass, larger fatiguedegree, greater bending
degree, contributing to the record refresh of pole
vault;

2 Inthetraining processathletes should focusonthe
study of the theory knowledge, and constantly con-
firmthetheory in practice. For new discoveriesone
shouldtest positively, and contributeto thefuture
technologicd innovations;

3 Asforthesystemenergy andysis, it can begpplied
to other sportsmovement, such astabletennis.
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