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ABSTRACT

Under the premise of the same hurdle velocity, based on human body
motion mechanics, this study conducts force and motion analysis of the
human body at three links: hurdle run transforms to crossing, soar and
touchdown of the hurdle transforms to hurdle run. Besides, this study
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also analyses the impact of each link’s responding time on the hurdle
crossing velocity. With human body motion mechanics, such a natural
science asameans of research, this study confirmsthe existing techniques
and obtains the relevant factors to improve the hurdle velocity through
theoretical analysis, in order to provide atheoretical basisfor the 110m

hurdler’s techniques.

INTRODUCTION

Chinahaswon championsof themen’s110m hurdle
intheAsan Games. For example, Li Tong created the
Asian record of 13.25sin 1994; although this sport
suffered certain landslide in the subsequent years,
China’sexcdlent hurdler Chen'Yanhao reached aresult
of 13.37sin2001; and year 2004 isan unusua year for
China, asLiuXiangreached theworldrecord of 12.91s
at theAthens Olympic Games, and in the subsequent
IAAF Super Grand Prix of Lausannehebroketheworld
record for 13 yearswith a12.88sresult.

Hurdling mainly containstwo parts: crossing hurdle
and hurdleran, and hurdletechniqueslinksup thehurdle
vel ocity between two adjacent hurdles. Therapid ad-
vanceof Chineseathletes’ performanceisinseparable
withtheimprovement of training techniques. Hurdle
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techniquesandysisof predecessorsisgenerdly limited
to the basis of comparison. For example, aresearch
associate from Shanghai Institute of Sports Science,
Master Xu Yicheng in the article “hurdle technique
andysisof excdlent men’shurdlers’, compared thetech-
niquesof 8excdlent maeathleteswithtwotop athletes
Liu Xiang and Chen Yanhao, in order to find out the
directionfor athletesto work on; alecturer from North-
west Normal University, Master Deng Yunlinginthe
article“monitoring methods and research meansof spe-
cid ability of Chineseexcdlent men’s110m hurdleath-
letes”, based onthetechnical dataof Chineseexcellent
maehurdlersaswell asLiu Xiang and Chen Yanhao,
transformed these datainto indicatorsfor and reached
aconclusion by comparing theseindicators.

Although thetechniquesof international forefront
athletes are reasonabl e, that cannot beregarded asa
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theoreticd basis. By meansof scientific meansand cor-
rect analysismethod, the hurdletechniqueshave been
greatly improved. Howevey, itisalso possibleto draw
the sameappropriate conclusionsby anaysisfrom other
point of view, and even to develop thetheory. Thein-
novation of thispaper leisin that this study abandons
the methods of previousresearchin thisregard and
confirmstheexisting techni queswith natura science of
human body mechanicd theory asameansof research.
Thisstudy carriesout adetailed analysis of the pros
and consof hurdletechniquesof 110m hurdleat present
by theoreticd andysis.

ANALYSISOFHURDLE TECHNIQUE LINKS

For a110m athletein the hurdling competition, ve-
locity istheultimategoal of every athlete. A quite obvi-
ousphenomenonisthat theaveragehurdlecrossing ve-
locity islower thanthe average hurdlevel ocity for the
sameathlete Althoughtherun distancebetween hurdles
accountsfor morethan 70% in the whole movement
distance, what constraintsthe hurdlemovement istill
thehurdle crossngveocity. Themainreasonisthat the
convergence between the hurdle crossing and hurdle
runisthecomplex point of hurdletechnique, whichis
asothekey point of hurdletechniques.

Hurdle before

Hurdle after Hurdle vacated

Figurel: Schematic diagram of hurdletechniquelinks

Hurdletechniquesaredividedinto threelinksas
hurdleruntransformsto crossing, soar and touchdown
of the hurdletransformsto hurdlerun; ascan be seen
from Figure 1, Hurdle before, Hurdle vacated and
Hurdleafter arerespectively the smplified sketch map
of thethreelinks.

Hurdlebefore

Thecrossing link meansthe moment that the ath-
letereceivesthereaction forcesfromtheground. The
outer force on the human body when crossing comes
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fromtheground, and it isthereaction forceof thekick-
ingfoot totheground. Forceana ysisof the human body
when crossingisshowninFigure2.

Center of gravity

After kicking leg

Figure2: Forceanalysisat crossing moment

According tomomentum theorem:
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Informula(2): F,,..expressestheforceof theground
to thebody center of gravity viathe back kicking leg
anditsangd isa ;F.. F... r'espectively meanthe aver-
age components of the back kicking forcein the hori-
zontd directionand avertica direction; mindicatesthe
human body mass,v,, v..... respectively meanthevel oc-
ity (vector) of thebody center of gravity in thehorizon-
tal direction and vertical direction when the athlete
crosesthehurdle; t meansthe actiontime of theground
to thehuman body;v,.. .v...... Fespectively mean theve-
locity (plusor minus) of the body center of gravity in
the horizontal direction and vertical direction before
crossing.

Judgingfrom formula(l),arein positive proportion
with,isin negative proportion with theangle,isin posi-
tive proportion with theangdl.

Hurdlevacated

Thehurdlevacated link refersto thewhole process
that the athlete takes off the ground. The human body
suffersfromtheair resistance aswell asgravity and
internal forcesof thebody. In order to crossthehurdle
railling, themotion state of the human body should meet
thefollowing equation:

Figure 3 showstheforceanaysisof thehurdleva-
catedlink:
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Hurdle vacated

Hurdle railing

5
Figure3: Sketch map of hurdlevacated link

According to momentum theorem:
s=V,_, ot + j:l j';a,, (r)drdt
1, ty et 2
NSV, ot =50t + [ [, (r)dect @

Informula(2): smeansthehorizonta distance be-
tween the body center of gravity and thehurdlerailing;
t, meansthetimeof theathletefrom off theground to
crossingtheralling; g9 meansthevaueof thegravita-
tiond acceleration; a, (r).a, (r) respectively meansthe
verticd accderation and the horizonta accderation gen-
erated by the athlete’sinternal forcesat any moment
(vector, plusor minus, instantaneousvalue); hmeans
theminimum vauethat the center of human body needs
toincrease.

Judgingfromformula(2):when a, (r) ispositiveand
continualy increases, thegenerated horizonta distance
within thesametimeincreaseswithit, and viceversa;
when a, (r) ispositiveand continually increases, the

Figure4: Forcesketch map when the swing leg off thehurdle
andtouchdown

generaed verticd distancewithinthesametimeincreases
withit,and viceversa

Hurdleafter link analysis

Off-hurdle and touchdown refersto that the body
center of gravity vacatesto thehighest level and begins
tofdl downuntil themoment that theswing leg’stouch-
down. Forceanaysisof theswingleg’soff-hurdleand
touchdownisshownasFigure4:

According to momentum theorem:
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Informula(3): F. (t) indicatestheinstantaneous
force of ground on the body center of gravity, wherein
B(t) meanstheforcedirection; Vv, ., V.. respec-
tively meansthehorizonta velocity andthevertical ve-
locity of the human body when thefoot touchdown and
off theground (vector); V, ;.. V.. respectively means
thehorizontal velocity and the vertica velocity of the
human body when thefoot just touchestheground and
does not suffer force (vector); T meansthe period of
timefrom finishing crossing to the beginning of touch-
down (without force).

Judging fromformula(3): Vv ;..
B(t) increases, and viceversa; V.., increaseswhen
B(t) increases, and vice versaare both in the same
changerateas.

decreaseswhen

RESULTSANALYSIS

Comparativeanalysisof theresultsfrom hurdle
beforelink

For hurdler, theback kicking leg’slanding and be-
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ing kicking state, isthe beginning of the hurdle action.
Good crossing determinesthe prosand cons of cross-
ing effect.

Crossing and inter-attack railing action directly de-
terminesthehurdle crossing velocity. And the specific
reflection of hurdlecrossng velocity isthevdueof v, ;
thehurdle crossing vel ocity increaseswhenthe cross-
ing angle decreases; the hurdle crossing velocity in-
creases when the reaction force of the ground to the
back kickinglegincreases.

When crossing hurdle, hurdlers must reasonably
select the before hurdle distance, asthe before hurdle
distance determinestheszeof thecrossngangle. Theo-
retically, thecrossng angle decreaseswith theincrease
of thedistance, and asaresult the hurdle crossing ve-
locity increases. However, thevelocity inthevertical
direction will decrease, thusthelifting distance of the
center of gravity isvery limited. Therefore, when choos-
ing crossing distance, not only to control theliftingdis-
tance of thebody center to crossthe hurdleisneeded,
but also to decrease the angle and increase the hori-
zontal crossing velocity isnecessary.

Inthe hurdle crossing process, according to there-
lationship between action and reaction based on
Newton’s Third Law, the greater theforceof back kick-
inglegtotheground, thereaction forcewill begreater
that thekicking leg receivesfrom the ground. Onthe
basis of momentum theorem, a conclusion can be
reached that theinstantaneous momentum received by
the center of thehuman body increasesif theback kicking

leg’skicking velocity increases, i.6. |V %yua +V Zoweicn
in2.1increases.

To sumup: toincrease back kicking leg’skicking
velocity and reasonably select the crossing angle can
increasethehurdlecrossing velocity.

Compar ative analysis of theresultsfrom hurdle
vacated link

Inthisarticle, thewholeprocessthat thehurdler is
off thegroundisregarded ashurdlevacatedlink. Inthe
hurdlevacated link, the human body receivesonly an
external force, gravity, except for air resistance. If the
human body hasno movement, thehurdlevacated link
isjust aprojectilemotion. However, thehurdleathl etes
canincreasethe hurdle crossing vel ocity by adopting a
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seriesof aeria posture and movement. The study will
andyzetheimpact on hurdle crossing vel ocity fromtwo
aspects. adjustment of thegravity height and thelimbs
movemen.

Position change of the athlete’s center of gravity
requirestimeand energy, so by adjusting theposition
of the center of gravity in the vacated processto keep
basically stable, the physical consumption can bere-
duced. Maintaining the gravity center hold highwhen
crossing and pressing the gravity center forward and
downward can add to adynamic rotation moment. In-
creasing thehorizonta velocity canraisethecrossing
velocity. Athletesshould have the awarenessto adjust
the position of the gravity center in advance when of f
thehurdle, inorder toformahurdlerun postureasfast
aspossbleafter hurdling.

Asthehurdlingveocityismainly reflected asahori-
zontd velodity, generdly athletes’ hurdleve ocity ishigher
thanthehorizonta velocity of hurdiecrossng. Asare-
sult, itisvery necessary to end the hurdle vacated link
as soon as possible and enter the hurdlerunlink. To
end the hurdlevacated link quickly, ontheonehand, it
needstoincreasethehorizonta ve ocity of hurdlecross-
ing; on the other hand, it needsto reduce the hurdle
distance. Inthe hurdle vacated process, the back kick-
ing leg outreachesand thethigh pullstheleg forward.
With the active downward pressing of swingleg, this
contributesto form ashear twist action for the benefit
of moving on. Thus, the horizonta velocity inthehurdle
vacated processincreases and thehurdlecrossingtime
reduces. When thegravity center passesthe up side of
therailing, athletes should pressthe swing leg down-
ward actively and adjust theorigind motiontrack. Land-
ing ahead and reducing the back hurdle distance also
havetheeffect of reducing thehurdlecrossingtime.

To sum up: themovement of thehuman body grav-
ity in the hurdle vacated process should try to keep
graight andin gentlefluctuations, whichwill help save
energy andimprovethe conversion of horizontal veloc-
ity; thegravity positionwhen crossing the hurdleshould
beasforward as possibleand form adynamic rotation
moment with the body fulcrum, toincreasethe hurdle
crossing velocity; after passing the hurdle, thetorso
should kegp dightly backwardsand theswingleg should
pressdownward actively. Under the premiseof asmal
amount of lossof horizontd velocity, it can reducethe
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hurdlecrossingtime.

Comparativeanalysisof theresultsfrom hurdle
after link

After athletes’ crossing, the swing leg continuesto
run, and the purposeisto reducethelossof horizontal
velocity, to form thefirst posture for hurdle run and
maintai n the body balanced. M echanical theoretical
anaysis of thetechnica movementsfrom thesethree
aspectsisconductedin 2.3 asfollows.

The swing leg and the ground form an anglewith
the off-hurdle and touchdown of theswing leg. Thus,
the center of gravity of the human body isbehind the
fulcruminthehorizontd direction, whichhelpstoform
abackward rotation moment in the oppositedirection
of the horizontal velocity of the center of human body
gravity. Thiswill generateres stlancetotheathlete’sad-
vancing and thusreduce the hurdlerun velocity after
landing. Theresi stance moment can produce a back-
ward accel eration and decrease thevaueof and. There-
fore, to reducethe acceleration, it isnecessary tore-
ducethedistance between the supporting point and the
center of body gravity asthe swingleglanding. The
effect of reducing the resi stance accel eration can be
achieved by reducing thelevel arm of theresistance
moment. Besides, movethe human center of gravity to
thefront of thefulcrum asfast aspossible, in order to
convert theres tance moment to dynamic moment and
acceleratethehurdlevel ocity.

With hurdlers’ landing, the swing playstherole of
forward kicking aswell as supporting. The non-uni-
form downward pressof the swing legwill generatethe
acceleration in the opposite direction, and thus pro-
duceresi stance hindering the body forward. When the
reactionforcerece ved by theswing legfromtheground
gradudly strengthens and exceeds the human body’s
own accd eration, the dynami cs pushing thehuman body
forward is generated. This processisin accordance
with themomentum theoremin formula(3), meaning
that the accumul ation of force with time changesthe
velocity. In order to overcometheformer resistance
and fast increasethelatter vel ocity, thefoot of athlete
when landing should possess arel ative backward ve-
locity to thecenter of human body gravity. Thisvel ocity
generatestheingtantaneousimpulsionandincreasesthe
actionforceof theground to theswingleg. Increasethe

forcethat conducted to the center of human body gravity
rapidly. Although the reduced resi stanceisnot much,
the dynamicsincreases and can contributeto the con-
version of landingto hurdlerun acceleration.

With the touchdown and supporting of athlete’s
swing leg, the position of the gravity center of human
body should convert to the position for hurdlerun di-
rectly in the descend process, which can get rid of the
process of descent and ascend again. Thisisbecause
through the usel ess up and down process, the human
body wastesphysical energy. Besdes, theathletewastes
asotimeintheconversion of hurdlierun.

Insummary, withtheathlete’slanding and theswing
leg’s touchdown, the gravity center of human body
should rapidly moveto thefront of thefulcrum of the
rigid human body structure, in order to reducethe ac-
tion time of resi stance moment and theloss of horizon-
tal velocity; theswing leg should haveare ative back-
ward vel ocity to the gravity center of the human body
when landing, which can generateinstantaneousimpul -
sontotheground; thusthereaction forceof theground
to the human body increases, aswell asthe dynamic
timeandthehorizonta ve ocity; theathletewill directly
turn into hurdle running after landing, so reasonable
control of the descent velocity of thegravity center of
human body can reduce the action time of ground on
human body and the hurdle crossingtime.

CONCLUSIONS

Hurdleathletesshould focuson thelearning of theo-
retical knowledgeinthetraining process. Andtheim-
provement of techniquesand perfection of movements
should be confirmed form the scientific principles, in
order to improvethe 110m hurdle. Thereflection of
hurdlecrossingvelocity leisintheincreasng of crossing
horizontal vel ocity and the decreasing of the crossing
distance; adjusting the center of body gravity before
crossing to ahigh position helpsto reducetherising
time of the gravity center and to reduce the crossing
angle; under the premise of reasonable control of the
front railing distance, increasethefront railing distance
aspossible, to reducethe crossing angle; theincreasing
of back kicking leg’svelocity when crossing contrib-
utesto increasethereaction forcefrom theground; the
increase of actionforceof ground to thegravity center
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of human body and the decrease of crossing angle both
helpstoincreasethe horizonta velocity when crossing;
keep themotion of thegravity center of human body in
thevacated hurdleprocessas straight aspossible, or in
dightly fluctuations, which can savethephysica energy
consumption and promotethe conversion of horizonta
velocity; theposition of gravity center when crossing
should beat front and form adynami c rotation moment
with the body fulcrum, in order toincreasethehurdle
crossing velocity; after passing therailing, thetorso
should bedightly backwardsand the swing leg should
actively downward press. Under the premiseof asmal
amount of lossof horizontal velocity, reducethe after
hurdledistance, in order to reduce crossing time; with
the athlete’slanding and swing leg’stouchdown, the
gravity center of human body should rapidly moveto
thefront of theful crum of rigid human body structure,
to reducethe action timeof resi stancemoment and the
horizontal velocity loss; thisstudy confirmsthe theo-
retica basisfor experientia techniquesandrestoresthe
gtuation of dl hurdelinksbased onrationd useof naturd
scientifictheory.
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