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ABSTRACT

With social progress, people’s life quality gradually improving, aerobics
as a kind of sports event that can build up one’s body and also nurture
spirituality, itisfavored by masses; in order to reduce people’sbody injury
when taking aerobics training, the paper makes research and gets that
aerobics players kick instant dynamical relations and right leg rotational
inertia, it can get by abovethat aerobics playersright leg generated potential
energy’s size when they make kick movement, and according to near-end
to far-end transitive momentum theory, athletes can increase knee joint
momentum by hip joint effective braking effects, and transfer momentum
to anklejoint by kneejoint braking, which playsaroleinaccel erating at the
end. And get when aerobics playerskick, dueto it isrequired to let shank
angular speed to be bigger than thigh angular speed to drive knee joint
acceleration, when athletes land, ankle joint speed is too big and buffer
timeistoo little that causes ankle joint injury rate to be higher and knee
joint will also get injured, but relativeto anklejoint, kneejointinjury rateis
lower. Therefore when broad masses take aerobics’ kick training, they
should focus on ankle joint and knee joint’s protection.
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Aerobicsasakind of sportsevent that can build up
one’s body and a so nurture spirituality, duetoit can
buildfitnessand hasgood lose weight effects; it isfa
vored by many women. By aerobics, it can not only
build health body, but also |et peopl e’sfigure become
more and more even and perfect at the sametime of
taking aerobics. Aerobicsisoriginated in 1960s, but
more exactly, it has prototype asearlier asabove 2000
yearsago. Ancient Greek peopleadvocatebuildingther
body with each kind of throwing, running and jumping
aswdl asother athletics events, gymnasticsand aero-

bics. And ancient Indian yogahighlights human body
postures and their own willpower together with breath
mutua combination, by adjusting postures, bresth and
thought; it buildsbody’s muscle groups so asto get the
effectsof building fithessand prolonginglife. Theseare
modern aerobicspremiseand basis.

Modern aerobicsinitially isphysical training con-
tentsthat are designed to astronauts by human raceto
pedal to space. Andin 80s, withinformation globaiza
tion, aerobicsasakind of entertainment and fitnessevent
has been rapidly devel oped in global and formedinto
fitness upsurge. Dueto aerobics absorb lots of jazz,
disco dance and break dance body movements, mean-
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whileit also mixeswith many folk dancemovements it
can bedividedintolotsof types. It mainly dividesinto
competitive aerobicsand fitnessaerobics.
Competitive aerobicsisathlete with accompani-
ments, making comparison between hiscompletion
movement difficulty coefficient and perfection; it requires
athleteshaverdative high strength that constant shows
high difficulty movement; inthewhole process, it re-
quireshigher continuity, crestivenessand music accom-
paniments conjunctions. Aerobicsismainly spreadin
thefolksthat used for people physical exercisngand
character molding. Therefore, movementsfrom them
aremostly smpleand easy tolearn, andrhythmisd ower
which arefit for every age phase people. Itsmaintypes
can bedivided into aero-Latino, hip-hop, kickboxing,
gentle aerobicsand aerobics so on. Though thereare
differencesintypes, property istoimprove one’sown
physique, cultivatethe mood, perfect figureand keep
mental health so on. Aerobicsrequiresthat movements
might aswell to be standard and flexible and should
have better sense of rhythm. Free gymnastics move-

ments are aerobics basic movements, which arecom-
posed of head and neck, chest, waist, aswell asupper
and lower limbsthesefive parts, basicformsareexten-
son, flexion, surrounding, rotating, swinging, liftingand
shaking. Among them, they are showed aswave move-
ments, swinging, flexionand extension, turning, circling,
leapfrog and dance steps so on. The paper mainly ana-
lyzes and researches on aerobicslegpfrog’skick.

MODEL ESTABLISHMENT AND SOLUTION

Aerobics pacebasic steps

Aerobics pace basic stepsis stipul ated as seven
that arerespectively march, kneelift, kick, jog, skip,
jumping jack and lunge. Among them, when athl etes
kick, they arefirstly leaping, meanwhile another leg
should stretch straight and kick infront or side, inkick-
ing stage, it requires athletesto exert to accel erateand
kick, and maintain upper body upright, waist erecting.
Figures1, Figure2 are aerobicspacebasic seps’ whole
rocess.

Figurel: Athlete march, kneelift and kick

Aerobicskick dynamical analysis

Rotational inertiarefersto arigid body generated
inertiameasurement when it makesfixed-axisrotation
surrounding axis, itisonly relaed torigid body’s shape,
mass and axislocation, and isuncorrelated to angular
speed and other parameters. When aerobics athlete
kick, upper body isupright, |eaping, meanwhileanother
leg stretch straight and kickstoward thefront, inthe
process, it canregard athlete’sright leg asrigid body
that makesfixed-axisrotation surrounding hipjoint, FHg-
ure3isathlete’sright leg rotating schematic diagram.

Aerobicsathlete generated rotationd inertiais:
| ==M P?

But due to people each body part is continuous,
regard aerobicsathlete’sbody asmass continuousdis-
tributionrigid body, so:

I =[f],P2dm =[], P?pdV

Amongthem, M, ishuman body each part mass,
athleteeach parttoaxisdistanceisp, o ishumanbody
density. Aerobicsathleteright leg hipjoint surrounding

rotation’srotational tensory’ is:
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Figure2: Athletejog, sdekick, jumpingjack, and lunge
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Figure 3 : Athleteright leg fixed-axis rotation schematic
diagram

TW A

Ce=If1, p(P?E-PP)AV
InformuIaB =P, gl+ P, €2+ P, 83 isahletebody

any pointQ radiusvector; twovectors’ productis g p;
Athletebody’sunit tensoris:

1
<>
E= 1
1

Therefore, unit orthogonal curvilinear frame
iS(C;ngz,gs)'
Athletekickingright legrotational tensor moment
equation

When aerobicsathleteiskicking, right leghipjoint

surrounding rotation’sresultant moment vector isy, cc ,
Z) isathleteinertiarotating system’sangular speed vec-

tor, angular accelerated speed vector is; , SO when
athleteiskicking, therotationa tensor moment equa-
tionis

Z:/)c = (l:)c. ;4— :L))X (l:)c. ZO)

Now project moment equation into three coordi-
nate systemsx, Y, z axis, which can see athleteright
leg moment equation in each coordinate axisdirec-
tion.

When athleteiskicking and hipjoint drivesright
thightorotate, it will producearesultant momentT,
formulaisasfollowing:

Ti=0el,
Amongthem, right thighrotationd inertiaisl ,, ¢,
isright thigh angular accelerated speed. And:
M 1r12
2
M, isrightthighmass, r, isright thighradius, right
thighangular accelerated speed ¢, is:

dw; d%e,

dt dt?
Thenright shank find speed except foritsown will
generate angular speed, it hasaninitia angular speed
that isright thigh angular speed ¢, , so angular shank

angular speed ¢, is.

_ +dwl_d292+d291
2% 70 Yot T a2 T a?

When aerobicsathleteiskicking, generated gravity
potentid energyis.
W=mg(H,-H;)

Iy

Q=

BioTechnology — mm—

Hn Tudian Jounual



BTAIJ, 10(4) 2014

Junhong Yang

915

————, FyurL PAPER

Now establish athlete’swholeright leginto three
degreeof freedom mode that rotatesaround hipjoint
and kneejoint, asFigure 4 show.

InFigure4, O pointishipjoint, O, iskneejoint,
length of thigh and shank arerespectively 1,1, , an
tomic angles are respectively y,, y, . Among them,

Oand O, arethreedegreeof freedom, and trivector is

R e Tty B Sty e st e T 3

5

Figure4: Athleteright legrigid body rotation
YV
Now take earth as reference system, . and g,
areathleteright thigh and shank’sangular speed rela

tiveto reference system, kneejoint speedis )',2 ,itssize
IS
;(2 = éZ_ él

By aboveformula, it can get when athleteiskick-
ing, ankleangular speed isrelated to thigh shank angu-
lar speed and keen joint angular speed. Dueto thigh

and shank isrotating, it can get kneejoint O, circular
motion process, shank makesrotation and trandation
inrelative coordinate systemQ, — xyz .Anditisrela-

tiveindependent inrotation and trand ation that will not
influence each other, so thetwo joints movement vec-

torssum isshank angular speed. Then Q point speed
isrelatedto Q point speed relativetoinertiarotation
system and nodeQ, linear speed relativeto reference

system, that:
C(O1)g =7,x Y1 =01x Y1
C(S)L 7% Y2

Informula(%;(cﬁ)l)G iskneejointQ speed vector in
referencesystem, c(Q) _is Q point speedrelativeto
kneejoint Qpoint. él isright thigh rotational angular
speed, 7',1,7',2 arerespectively hipjoint O and knee
joint Q angular speed, \?1 ishipjoint to kneejoint po-

sition vector
Vector.

SolveQ point relativetoeearthspeed(.qG = 8(6)6,

it shouldfirst solvethigh and shank partial movement
influencesonjoints, and get according to vector theo-
rem:

, Iskneejoint to anklejoint position

° - [ - . -

éG =y x Y1+ y,xYo+y,xY2
Accordingtodistributionrate, it gets:

éG = 1./1(71+ ?2) + 1./2>< ?2
Smplify and get:

. . -

. -
Qg =Qgxy1+7,xY2

Among them, éc isanklejoint position vector in
reference system, cross product 5@ % 7',1 ishipjoint et

anklejoint generated speed, and crossproduct ,, v,

iskneejoint et anklejoint generated speed.

In order to more precise describe each joint and
anklejoint speed relations, now it canwrite Figure 4
modéd joint angleand anklejoint positionsrelationsas.

Xp =Y, €08y, + Y, Cos(y; +72)
Yp=Yisiny; +Y,sin(y; +7v5)
Z, =Y cosy; +Y,8n(y; +75)

Classfy hipjoint and kneejoint anglesintoinfinitely

s LBioTechnology

Au Tudian Yourual



916

Aerobics kick dynamical model and injury parts research

BTAIJ, 10(4) 2014

FULL PAPER o

smdll displacements, and relationswith anklejoint po-
sitionsvectorscan get by aboveformuladerivation:

ax = Rt g | Xa¥a) g
o, o1
! gy =t O (ava) g
or1 or2
dz = 9200Y2) 821 v2) o
o1 or2

(3)((71172) ax('Yl’Yz)\

oy, oy,
oY(v1,72) OY(Y1,72)

Writeaboveformulainto matrix formis;
0yq oy,
0Z(Y1,Y2) 0Z(v1.,Y2)

dX (q

ay |= 'Yl)

dz \2
L o oy, )

By matrix attributesand vector product method, it

can write above formula into: d(SG: B d ; , from

which Jis
(ox  ox)
oy, 0y,

5| oY
oy, or,
oz oz
\Ov1 Or2)

5 iscurrent structureinfinitely smal nodeangular

displacement and anklejoint infinitely small displace-
ment relations. Input matrix relationsinto abovefor-

dQG d_7 or is
dt

dt

mula and can get:

6@ = 6[7./1'7./21T’ input it into ankle joint relative
speed computationa formulaand can get:

x
0yq

x

2
S I A A S
2
oy o, vTE R YZ
07 oz

Ooy1 Ovy
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By aboveformulaanalysis, it can get when agro-
bicsathleteiskicking, he should try to speed up legs

speed sothat canlet Q,; vertical direction projection

speed to be accel erated to maximum value, and ac-
cording to matrix vector theorem, it is clear only

wheny,,y, meet constraint condition

45° <yt + 9% <90°% 0< 7'/1 < ]',z,anklejointspeed

can get maximumvaueinsagitta plane. Thet let athlete
kicking movement preliminary phaseleft thigh and | eft

shank descending flex should try to not surpass 45°,

and itsanatomic angle changing speed should befast
so that can arrive at muscle mechanics musclerelax-
ationfeature. If legsdescending flex istoo big that will
cause musclerelaxation due to muscletime contract-
ing.

And becausewheny, , y, meetitsconstraint con-

ditions, )'/1and )'/zincre%, when aerobics athleteis

kicking, it should et athletethigh and shanksanatomic
anglechangeratearrivea maximumyvauein unittime,
and also require athlete shank anatomic angle change
rateto bebigger than thigh angle changerateduring the
process. By rigid body transferability, it can know that
whenright legisoff the ground, right thigh and shank

arenearlyinygq°, forcetransfersto thigh alongthigh

axis, but due to thigh and shank are connected, and
thenit will lead to force attenuation, therefore shank
angular speed bigger than thigh angular speedismore
beneficia to kneejoint accel eration.

By aboveandyss, it can get when aerobicsathlete
iskicking, duetoit should let shank angular speedto
be bigger than thigh angular speed to drivekneejoint
accderation, when athleteislanding, anklejoint speed
istoo big and buffer timeistoo littlethat causesankle
jointinjury rateto behigher, and kneejoint will also get
injured, but rdativeto anklejoint, kneejoint injury rate
isdightly lower.

CONCLUSIONS
By researching, the paper getsthat aerobicsplay-

erskick instant dynamical relationsand right leg rota-
tiona inertia, it can get by abovethat aerobics players
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right leg generated potential energy’ssizewhenthey
make kick movement, and according to near-end to
far-end transitive momentum theory, athletescanin-
creasekneejoint momentum by hipjoint effective brak-
ing effects, and transfer momentum to anklejoint by
kneejoint braking, which playsarolein accelerating at
theend. Therefore shank angular speed should try to
bebigger than thigh angular speed sothat it will more
beneficid tokneejoint acce eration. And get when aero-
bicsplayerskick, duetoitisrequiredto et shank an-
gular speed to be bigger than thigh angular speed to
drivekneejoint acceleration, when athletesland, ankle
joint speed istoo big and buffer timeistoo little that
causesanklejoint injury rateto be higher and kneejoint
will also get injured, but relativeto anklejoint, knee
jointinjury rateislower.
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