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ABSTRACT

With the development of the society, Cheer aerotéaglop rapidly and also get many companies’ &ttan In
order to let the ordinary people learn the Cheerodécs well in a healthy and scientific way, thiaspage has
carried on studying the High kick of Cheer aerobansd get the moment of inertia when the Cheerlaescathletes
high kick, what's more, we also find out the velpgelationship of athletes’ legs and hips, kneesl ankles
according to analyzing the Dynamics. And get tovknbe potential energy and kinetic energy will veduced
when the Cheer aerobics athlete’s high kick, thabisay the athletes can effectively increagemomentum of knee
joint by the braking of the hip joint. Similarlyehathletes braking the momentum of knee joint amaksfer it to
ankle joint again to accelerate the ankle joint.tBat we get the conclusion that it is more helpduaccelerate the
knee joint if the calf of the angular velocity &der than the thigh of the angular velocity and ees also find out
that to the accelerate the knee joint, Cheer aewlithlete’s need to accelerate out speed of eg Wwhen they
high kick to make the calf of the angular velocityarger than the thigh of the angular velocitys A result, it may
hurt the ankle joint, knee joint as well as thigichuse of the high speed of the ankle joint andshiwet of buffer
time. But comparing with the ankle joint, the speéthe knee joint and thigh is small and has albnffer time so
the damage rate can be slightly lower.

Keywords: Moment of inertia of the analysis, the momenturalgsis, dynamic analysis, the momentum transfer,
biomechanics.

INTRODUCTION

Cheer leading, Chinese named LALA gym, Cheer mehasring, come on. So cheer leading appearingeieaily
tribal rituals, which aimed at encouraging or indento the warriors of war or hunting, with the améing of hoping
the warriors can triumph at the same time. How@&lezer leading officially became a sports projegteaped in the
one hundred years ago in the United States, thmitghe various groups of competitive sports inliméted States.
Cheer leading now turned into a very popular span the just cheering. Because Cheer leading stmsif
exercise, dance, music, fitness, entertainmentpaaidly in the form of collective sports, so thee€hleading has a
strong universality which let it develop rapidlyh&er leading belongs to the scope of the aerobigs Cheer
leading is comparatively easier than the aerolicst appears mostly as the performance of a taamgihalf-time
interval in the ball games and other games. Buh Wit development of the times and the improvemétiving
standards, Cheer leading gradually becomes a pitojecake the game

Because the Cheer leading has the high effectalfthétness, body building and entertainment atiteopractical

value, it is favored by more and more people withrenand more material security times, which alsiitéhe
attention of varieties of ages of consumers andymalevision stations have also made some feattrgrgms
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which take competition, universal as its conteats] get many companies’ attentions as well. Modbeger leading
combined with dance, slogan, and partners’ stutibras and cooperate with the music, garment, telaamges, and
marked items as well, they work as teams to abiderules of the game, which also known as competiti
cheerleading. Cheer leading commonly used thesstyiehand are separated type and combined typlet baind
type, punch, palm and Spa cheer leading, Spanisbedaand type, etc. It absorbed and developed ynfrstin
ballet and modern dance, disco. And every othdrgidahe action of the cheer leading is similan#yobics its basic
form is stretch, bend, turn around, and placetalifd vibration, which show the wavy movement, giig, flex,
swivel, round ring, leapfrog, dance and so onhlsa érticle, we carry on analyzing and studyingttigh kick in leg
movements of cheer leading

2. The establishment of the model and solution

Cheer leading athletes need to keep upright, waist,then the right foot (left foot) ground to mawe center of
gravity to left foot (right), her hands rested cer hips or lift, the left leg (right leg) to hip f@xis on the knees;
Then deep hip to knee up to chest, round the kiaegnd make the left (right) leg straight up, dimally to lift the
right leg unbend above his head, finally back yetirleg (right) when they high kick. Figure 1 lsetwhole process
of cheer leading high kick.

Figure 1: Cheer leading high kick schematic diagram

2.1 Dynamics analysis of Cheer leading high kick

Moment of inertia of refers to the production oé thneasure of the inertia when a rigid body movendothe axis
during the fixed axis rotation, which is only redtto the rigid bodies’ shape, quality, and theatmn of the axis,
and has nothing to do with the parameters sucingslar velocity. When cheer leading athlete doek kimp, they
need to let the body upright, use the single laggumeanwhile, the other leg kicks out in straifgittvard, this
process can regard the athletes’ right leg asid bigdy which is doing the fixed axis rotation anduthe hip joint,
Figure 2 is the Athletes’ right leg rotation diagra

&

&

Figure 2: the schematic diagram of athletes’ righteg’s rotation of high leg lifts
Cheer leading athlete’s moment of inertid iss M, Q7
But due to the continuous of all parts of the boslg, regard the cheer leading athlete’s body agid bHody of
continuous distribution of quality, so tha [[] Gdm=]][, Q?pdV

Among therﬂ\/li is the quality of all parts of the body, the distarf each part of the athletes to the axi€)s The
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density of the human body isp . Cheer leading athlete’s right leg rotation tensor
éc is: éc = ”IV o(Q? E- éé)dv The radius vector expression of Athletes’ arbitraoint on the bodQis

Q=Q e+Q,e+Q,es ;The product of two vectors isSQQ ; Unit tensor of athletes’ Body
1

are E = 1 , is Unit orthogonal curvilinear frame.

1

2.2 The torque equation of rotation tensor of CHeading high kick

Joint torque vector of Cheer leading high kick3s] .» @is the angular velocity of the Athletes in the tradr
vector of dynamic system, The angular acceleraterior is , so that the rotation tensor torque equation afeth
leading high kick isZ j . = Sc® 8+ awx Sc* w

Now we project the torque equation to the threedioate system X, y, z on the shaft and get thguequation of
the athletes’ right leg in the every axis directidvihen the athlete is doing high kick, the extetoatjue of right

thigh rotation Njis:N; = x; ¢ |,

Among themy; is the angular acceleration of right thigh, theational inertia of the right thigh ik, .

2
And: 1, = MiR, R is the radius of the right thighM, is the quality of right thigh, The angular accefiena of
1 T 2 g g 1 q y g g ’ g
dw, _d’a,
right thigh Y,is: Y, =——=——~.
O dt dt?

Since the initial angular velocity of the right lemleg is the angular velocity of right thigh), so that the angular
dw, , dw _ d®a, N d’a,
dt dt dt*  dt?

velocity of the right lower leg X, is : X, =

Now we regard of the cheer leading athletes’ riggs as two rigid bodies and build the hip joint &mee joint up
to three Degrees of freedamodel, which is shown in Figure 3.

Figure 3: Two schematic diagram of rigid body withthree degrees of freedom of sportsman’ right leg

260



Haiyan Li J. Chem. Pharm. Res., 2014, 6(6):258-263

H, is knee joint, length of thigh and calf respedivés hl’hZ, the

H

In figure 3, point H is hip joint,
anatomical angle isAl’/]Z. And H and
A1, A2

1 both is three degrees of freedom, and three diimeaisvector is

As for the reference system on earml, and ?2 are angular speed with respect to the referenstersy of

athletes’ thigh and calf. Speed of knee joint/1§, and Az = P= ¢

When cheer leading athletes are doing high kidke, angular speed of thigh, calf and knee jointcalh affect
H, is doing

circular motion, it can drive calf do translationdarotation with respect to coordinate systé#ﬂ B xyz_ Rotation
and translation are relatively independent, so thidlynot affect another’ motion vector of hip jdiand knee joint

angular speed of ankl®® . Because thigh and calf are rotatable, we can kimatvwhen knee joint

and angular speed of calf. AnkIE’ angular speed is relative to its speed with resfinertial coordinate and line

é(|:| 1)s = ixVi = A%V, C(IS)L =/.]2X\72

speed of knee joint with respect to coordinateesysti.e.

in the formula, CUH 1),

H s

is knee joint’ velocity vector relative to coordie system.C(P)'- is speed of 7 with

respectively is angular speed of hip joih{ and knee jointHl. Viis position vector

respect to

from hip joint to knee joint.V2 is position vector from knee joint to ankIB .

In order to get speedDG =C(P)q of ankle P with respect to earth, we must get the influerfdecal motion
of thigh and calf on joints at first of all. Accongg to vector theorem, we can see

Pe = AixVi+ AoxVot AixV, P =A(VitVo)+AxVe et gimplifying:
Pc =PexA1+A2%V 2 position vector of ankle in the coordinate systenf’s . Vector product Pe* A1 is

the speed that hip joint makes ankle make. In éineesway, vector produc{)] 2 X V2 g speed that knee joint makes
ankle make.

To further clearly describe the speed relationsimng hip joint, knee joint and ankle, the relasinip of the angle
of hip joint and knee joint and the position of Enin figure 3 can be writed as following:
x, =V cos A +V, cos(A + A,)
v, =V sin A +V, sin(A + A,)
z, =V cos A +V,sin(A + A,)
To do differential angle of hip joint and knee jpithe relationship with position vector of anklncbe differentiate
from the above formula:

dx = X (i 4p) a,+ X (A, A,) ai,
oA, 04,
YAy | OY(AA,) o)
oA, 0, z
_0Z(AA,) L 0Z(A ) o)
oA, 0, 2

dy

dz
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To diverse this into matrix form:
X(Ah) X (Anhy)

oA, oA,
dy |=| YAA)  OY(AA,) [dAlJ
47 oA oA, dA,
0Z(A,A,)  0Z(A1,A,)
oA, oA,

According to the nature of the matrix and the cq@sxiuct method, we can write above formulalike fiiiowing:

dp;= Qd/].lnthat formula,Q is

0X oX
0, 9,
aY oaYy
0, 0,
0Z 0Z
a0,

O
1l

—

Q is the differential relationship between the iitBsimal displacement of joint angular displacereamd ankle in
the current structure. Bring the matrix relatiotoithe above formula, we can see:

dPG_éﬂ - oot AT
dt < dt o Pe =QA1,12]

Bring it into the relative velocity formula of ar&lwe can get:

x ox
a1, oA,

Pe = % ‘;’TYz [A,A2]" it 22XV
oz oz
a1, oA,

From the analysis we can know when cheerleadingtathare doing high kicks, in order to make motioherence
good, they must fast the foot speed. Only in th'fs/,wPG can get maximum of velocity projection in the z

0 1 2 0
direction, and only when )ll’)lz is satisfied the constraint conditior?0° <A +A7<90"  4pg

0 <A< /]2, speed of ankleP can get maximum on vertical plane. This requesés ftexion degree of

athletes’ left thigh calf cannot be more thé'rpo, and the shifting time must be short when athletes doing
preparation of high kicks. If leg’ submergence itexdegree is too much, the muscles can be loosause of the
shrink of long time on muscles.

When /11’/12 meet their constraint condition, with the incregsof A1 and /12, the change rate of anatomical
angle of thigh and calf in unit time when athleses doing high kicks will requested to reach maximand during
this time, the change rate of anatomical angleatffraust be bigger than thigh’. According to caansfer theorem

of rigid body, we can see that when right leg legxaund, the angle between thigh and calflgoo, and power
will convey along thigh axis to calf. But becauke thigh and calf are connected, so that the palklose during
the transfer process. So the angular speed obizajer than thigh’ is more benefit to the acceierabf knee joint.
And from the mechanical analysis of athletes’ hkitks, we can see that when athletes are doing kiks, they
need to speed up calf’ foot speed to make the ealfular speed bigger than thigh’ in order to fadteee joint’
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acceleration. In that athlete’ ankles, knee joartd thighs will be injured because the ankles’ dpe¢oo much and
the buffer time is too short when athletes reaehgitound. But as far the speed of ankles, knegsjaind thighs era
relatively little, and the buffer time is much l@rgso the rate of injury will be less.

CONCLUSION

Through the research, this text get right leg’ motnaf inertia when athletes are doing high kicksgd &now the
speed relationship among athletes’ thigh, calf,jbipt, knee joint and ankle through analysis adrthodynamics
and kinetics. And we already have known that whitetes are doing high kicks, the right leg produpetential

energy and kinetic energy i.e. athletes can iner&ase joint’ kinetic energy by hip joint’ affecébraking effect. In
the same reason, through knee joint’ braking effedtansfer momentum to ankle to get the resufasten ankle.
So that this text knows that angular speed of shfuld be bigger than thigh’, and it is benefitkizee joint’

acceleration. And we can find that when cheerlegndihletes are doing high kicks, they should spgedalf’ foot

speed to make the angular speed of calf biggerttiigh’ in order to drive knee joint’ acceleratidn.those athletes’
ankles, knee joints and thighs will be injured hessathe ankles’ speed is too much and the buffez is too short
when athletes reach the ground. But as far thedspgankles, knee joints and thighs era relativiglhe, and the

buffer time is much longer, so the rate of injuriyl e less.
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