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ABSTRACT

Fosbury flop includes three stages: run-up, takeoff and crossing bar. In
this paper, the principles of sports biomechanics are implied for the
analysis of the three stages in fosbury flop technique, and the dynamic

KEYWORDS

Sports biomechanics;
M athematic simul ation;
Regression analysis.

model is established for the three stages of run-up, rake-off and crossing
bar. Using Mathematic software to simulate the movement equation, and
studying the four affecting factors of a athlete’s performance: height,
weight, angle of the run-up and speed of takeoff, the multivariate linear
regression model was established, thus the rationality of the dynamic
model can be verified. Thisstudy aimsto analyze therationality of fosbury
flop technique and the existing technology and provide reasonable
suggestions for the development of the sports and theoretical basis.
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INTRODUCTION

Sportsbiomechanicsisabranch of biomechanics,
which usesmechanical principleand method to study
thetheory of the human body mechanical movement, it
devel opsd ong with themeasurement technol ogy, math-
ematical modeling techniquesand computer technol -
ogy, and thus sportsbiomechanicswill helpalotinthe
study of sports. And theimprovementsof the human
body link parameters measurement technology and
computer S mulationtechnology of biomechanics, study
of biomechanicspromotesthelevel of sportsbiome-
chanics. Thisdisciplinesalso promotethe devel opment
of sportscoaches, athletes, sportsteachersand sports
scientific research personne, through the practical ap-
plication of personnel practices, it can providing better

prospectsfor devel opment for its corresponding sports.

Onthebasisof previous studieson the biomechan-
icsanalyses of run-up, takeoff and crossing bar, and
based on the results the kinetics model is set up. By
using Mathemeatic software model dataare simulated,
andthenmultivariatelinear modd of higher gradesand
other related factorsisestablished to exploretheinflu-
encedegreeof variousfactorson the performance, and
to verify therationality of the dynamic model, which
will provideatheoretica bas sfor fosbury lop highjump
teachingandtraining.

MATERIAL ANALYSISOFEACH PART IN
FOSBURY FLOP

Wecond der thetraditiond theoreticad modd of mul-
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tiplelinear regressions. Thethree partsof un-up, take-
off and crossing bar constitute the main movements of
back-stylehighjump process, theinitia parametersof
crossing bar isprovided by run-up and takeoff, then
the corresponding swing of body will help aathleteto
crossthe bar, and the purpose of whichisto achieve
the highest jump height through the reasonable action
and reasonable position. Thispaper andyzesthemullti-
rigid-body link, run-up, takeoff and crossing bar, and a
dynamic modd isestablishedto carriesonthesimula
tionfor data

Moment of inertia in the calculation part for
weight, height

Because of therotation of aathlete’sbody in pro-
cess of fosbury style high jump mainly concentratesin
thehead, limbsand trunk, so in thissection, the struc-
ture of human body is seen asarigid body that can be
dividedinto the head, upper trunk, lower trunk, thigh,
foreleg, upper amand forward arm, each of the seven
links’ moment of inertiaof theround shape of frontal
axisrepresented by, 1, isthemoment of inertiathat
isaround the sagittal axis, 1, isthemoment of inertia
that isaround thevertical axis. Themoment of inertiaof
hands and feet can be obtain by usngtheParalel Axis
Theoremto collect theweight into the center of mass
and calculating it together with theforward arm and
foreleg. the moment of inertiaof each link can be ob-
tained according to the empirical dataof height and
weight onthemoment of inertiaof dualisticregresson
equation. Theregression equationisshownasformula

(D:

I =Bio +Bu X, +B X, +¢
{E(s): 0,Var(e)= 52 )
Informula(), 1, isthemoment of inertiaof awinding

axisthreeaxis, x,, x, arethe human body weight (kg)
and height (CM) respectively, s representsthevari-
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ance of regression equation
Paralld axistheorem: if thereisany axisthat isparallel
to the axiswhich passes through the center of mass,
and distanceof thesetwo axisis d , the | ismoment of
inertiaproduced by therigid body, asshowninformula
(2
I'=1+md? @
Informula(2), |’isthemoment of inertiaof axis
that isrdativetheaxisthat through of center of mass m
isrelativetothequality of the center of mass. There-
gression coefficientsIN Formula(1) canrefer to Chi-
nese young men and young women data sheet.

Thekinematicsanalyssand model establishment
intheRun-up stage

Figure lisan athlete’sphysica movement condi-
tionintheprocessof run-up.

Thekinematicscharacteristicsof running embodies
inthestep length, step timeand frequency, and itskine-
maticrelaionshipisshowninformula(3)

L=vT
f=i = V=Lxf (3)
T

Informula(3), | standsfor step length, T stand for
steptimeand f standsfor thefrequency, v istheav-

erage speed of the corresponding steps. If theaverage
speed of the corresponding steps can be calculated by
measuring step length and step time, becauseinthepro-
cessof run-up the athlete’s speed isvery fast (instant
speed), thusthe horizontal velocity for the center of
gravity intherun-up processisseen asaasaseriesof
uniform motion. In China, the average steptimeof a
highleve athlete’sstepis0.216 s, thetime of support-
ing account about 40.7% in average, thetimeof flight
phase accounts 59.3% in average.

Inthesprint, Karnd Hoffman pointsout that men’ssprint
worldleve through studying the measured materia of
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Figurel: Sick figuremodel of human movement during run-up
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international major competitions, the cal culation of the
indexesfor thestep length and sep frequency areshown
informula(4)

LZ 1.15
h

,hxf>8.1
L o * @)
TZ 1.24

Informula(4), | standsfor theaveragesteplength, h

gandsfor theheight of theathlete, L, standsfor the

maximum step length. Theindexesinformula(4) are
for sprint athletes particul arly, so thecritica valueis
sel ected asthe optimum takeoff speed for jump player.

The second stage of run-up isfrom athletes’ last
step but threeto thelast but second step whileswinging
legislanding. Theaim of thisstageisto maketheath-
letesget suitable strength and technol ogy for the speed
beforetakeoff. Inthecurverunning, the supportingleg
support kneeto bend, the kneejoint Angleof thefinal
supporting step isabout 120 degrees.

Figure2: Thecurverun-up

Athletes’ curverun-up actudly isacircular motion
of the body center of gravity. when aobjectsdoescir-
cular motion, it needs other aspectsto providesthe cen-
tripetal force, forceanalysisisshownin Figure 3.

AccordingtoFigure3, formula(5) can beobtained

A

futH,

P
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Figure 3 : Sress analysis of tilting objects in a circular
motion

Nsn¥=G
Ncos¥ =N,

my 2
R =N, +fu

©)

In formula (5), N, +f, stands for the centripetal

forcey f, standsfor thefriction forceof human body

ontheground, whenthefriction forceisfixed, thein-
creasing of the run-up speed should reduce y degree,
which meansthat the higher of the run-up speed the
bigger tilt degree of the body.

Thekinematicsanalysisand model establishment
in the takeoff stage

The preparation of run-up for Fosbury flop begins
from thelast but second steps, the movement of take-
off stageisshowninFigure4
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Figure4: Themovement of takeoff stage

The pictureontheleft sideof Figure4 isthelast
step of takeoff, the speed of takeoff isthe maximum

speed: v, thepictureon theright isthe procedure of

takeoff, thebody center of gravity movementsup H2
by supporting leg stretching, the stressanadysisof the
supportingleginthe processof takeoff isshowninFg-
ure5:

InFigure5, Leg bear theforces of force of gravity,
force from the ground and physical pressure on the
legsithe scope of changefor anglex(t) during squatting
and stretching is [0°590°] ithe scopes of change for
6(t)and ¢(t) isrelatively small. Theforce conducted

by the ground on | egs can be decomposed into vertical
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Figure5: Sressanalysisof thesupporting leg

forcer,(t) and horizontd forcer,(t), therolesof thetwo
components are to increase decrease the horizontal
velocity and increase the vertical speed, according to
thetheorem of momentum formula(6) can be obtained

[F, (bt

AV,
m
[ F, (6)
Ay =T

Informula(6), Av,,AV, standfor thevariationsin

thetwo directions during squatting and stretchingy At
isthesupporting time of theground on legs. According
to the conditionsof force platforminthehorizontal and
verticd direction, effects performed by theground on
the supporting legscan beunderstood, asshowninFg-
ure6

A

F, ()

r¥rv
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Figure6: Thestresscondition of theforceplatformin the
horizontal and vertical direction

Accordingto Figure6, the speed of vertical direc-
tion kegpsincreasing, whilethe speed of thehorizontal
keepsreducing reflectsthe essence of takeoff actionis
to make reasonable horizonta speed lossand thever-
tical upward velocity increasesasmuch aspossible.

At the end of the jump the speed gained by the

BioTechnology

human body center of gravity isshowninformula(7)

VxO =V max _AVx
V,o=AV, Y

Vio
VXOJI
Thekinematicsanalyssand model establishment
inthecrossing bar stage

At theend of takeoff, Jthe human body |eavesthe
ground and beginsto crossing the bar form hisback,
theghostimageshownin Figure7isthestageof human
actionfor crossing bar.

Angleof thejumping center of gravity is arctan[
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Figure7: Crossingbar stageof Fosbury Flop

8 momentsof crossing bar stageare collected in
Figure7. Themovement around the vertica axiscon-
ducted by theathleteintheair accordswith formula(8)

da(t) _ d*y(t)]

O="a ="ar
mR2d?y(t)

J=1mR2
2

M (t) = Ja(t)

Informula(8), () isthetorque conducted by the
body around thevertica axisythetorque changesaong
withtheswing of arms; till theawing angle, (t) of body
reachesthel800, thetwo sides of thebody issymme-
try, homogeneousdisk’sformulaisadopted for thecd-
culation of themoment of inertiaaround the vertical
axis.

A ahlete’sarm swing during crossing bar isnot just
thearelativerotation of the body, it also canimprove
human body’s mechanicd kineticenergy. Assuming that
thequdity of thehuman armsaccounted for 11.28% of
total body quality (according to the data of fischer),
When the upward i nstantaneous speed of body center

of gravity at theend of takeoff sV, , centroid speed of
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thearms’ upward swingingis v2v,,, thenthe body pro-
cessesmoreenergy inthearmsupward procedure than
that at the end of thejump. Thearms’ kinetic energy
increment expressionisshowninformula(9)

AE, = %x 11.28%mV )

According to formula(9), the kinetic energy in-
crease of human body is 111.28%, that isto say the
total energy will reduceby 11.28%if thearmsdo not
swing, if theathlete plansto gain more kinetic energy
by swinging arm, conversion rel ationship between ki-
netic energy and momentum can be adopted or analy-
ss. Whenthebody’svertical ly upward momentumin-
creases, itskinetic energy will increaseaccordingly, in
the process of suspension human body isonly affected
by gravity, thewholebody systemto acertain extentis
inamomentum conservation, through thedigestion of
theinternal energy, theoveral momentum of the body
can beimproved, aslong asthe extension of the accel-
eration process can makethe change of momentum of
growth, so theextending of thearmsswing can helpto
improvethe performance of the highjump.

Modd smulation

Mathematic trgjectory simulation, thesmulation
imageisshowninFgure8. Thepurposeof Modd Smu-
lationisto get players’ moving trgectory of theinthe
crossing bar stage, themoving process of the center of
gravity issmilar to parabolic motion, the establishment
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Figure9: Changetrend of scoreand speed
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of theequation of motion requiresthe determination of
initial parameters, Zhu JanhuaChineseditemaleath-
letesis selected asan exampleto conduct aM athematic
smulation, theimageisshowninFigure8

Figure8: Simulation diagram of themoving trajectory of
thebody center of gravity

Figure 8isthetrajectory imageof Zhu Jianhua’s
center of gravity, and which is according with Zhu
Jianhua’s actual grade 2.35 2.39 m, so the dynamics
model can restore the movement through sports bio-
mechanicd andyss.

DATAANALYSISOFTHE
RELATED FACTORS

Thescoredosdy connectstheinitid speed processed
by human body at the end of takeoff. Thefollowing part
of thispaper will explore datarel ationship betweenthe
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highjumpresult andinitia jumping speed|.

By using Forlab, thelinechart asshownin Figure9
isconducted whichisrelated to high jump scores.

Thepictureontheleft upper sdein Figure9relates
to theresultant speed and jumping score, theright up-
per onistheimage of horizonta vel ocity and jumping
score, theleft lower oneistheimageof vertical speed
and score, theright lower oneistheimage of squared
velocity and score, from four image can be seen that
the correl ation between jumping speed and the scoreis
not very close, formula(10) isfour quaternary linear
regress on equation of jumping scoreandthefour kinds
of speed
H =-7.3137-0.2904v> + 4.64773v -0.7333v,, -1.1323v,  (10)
Informula(10), H standsfor thejump score, v stands

for theresultant speed of jumping, v,,v, standfor the

horizontal velocity and vertical vel ocity respectively.
Accordingtoformula(10), H ispostively relatesto
resultant velocity v, which processesthelargest sensi-
tivity, besidesthevertica vel ocity aso affect thejump-
ing score.

Satistical parametersin formula (10) areasfol-
lows:

Residual sum of squares=0.0645; sum of squares
of deviations=0.1058;

Multiple correl ation coefficient =0.6252; variance
=0.1795

According to statistical parameters, the goodness
of fit for themultiplelinear regressionsisgood, which
reflectsthat theinfluence of resultant speed and vertica
speed onthejumping scoreisvery big.

CONCLUSION

For fosbury flop technol ogy research, the human
body can be seen asamultiplerigid body model, by
studyingtherigid motion Situation, theactual movement
of the human body can be reflected; In the process of
takeoff, thefully stretching of trunk canimprove verti-
cal speed, andincreasethe effect of human impulseat
thesametimealsoyafter thejump, in order to increase
themoment of inertiafor thebody to crosstheaxisthe
body, aathlete should makefull use of thearm swing
effect; Trgectory smulation of Zhu Jianhuaisconducted

through dynamic model, and therationality of theguid-
anceof biologica movement mechanicsonthismove-
ment isverified; Through dataanadysisand the estab-
lishment of the quarternary linear regression equation,
thefollowing conclusionisgot that the jumping speed
and vertica speed influencethejumping scoreinadeep
degree, it dso validatestheimportance of thejumping
angle; Through sportshiomechanicd principle, thispa
per makesareasonable anaysison fosbury flop and
reducesthemovement perfectly.
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