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ABSTRACT

As one of China’s traditional martial arts sportar®la has been arresting the attention of variousntdes and
regions. Through research, this paper obtains tleemanics relationship, dynamics relationship anthrg inertia

of athletes doing rear side kick and learns abdt potential energy generated by athletes doing kidk. In the
side kick model of Sanda athletes established i gaper, athletes can increase the momentum of koiat

through the effective braking effect of hip joimtaiccordance with the principle that momentum as$ferred from
proximal to distal. Then the momentum is transfite the ankle joint via the braking of knee, résglin the end
acceleration. This paper also draws the concluglmat the angular velocity of the left thigh of atds doing side
kick depends on the angular velocity of the hiptjaind the velocity of waist, but that of the dalfletermined by
the angular velocity of the knee joint and lefgthi In addition, the angular velocity of the cdlifosild be greater
than that of the thigh, which is more conduciveh® acceleration of the knee joint. When doing &idk, athletes
should fully fold thigh and calf and reduce theHisnrotary inertia to improve the angular velocibf the knee
rapidly. In the meanwhile, muscle groups in sidek kdan be fully contracted to enable athletes’iegscle force to
achieve the best condition and enhance its coritmacpeed. China’s athletes can conduct targetaihitng based
on the research result of this paper.
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INTRODUCTION

As the crystallization of Chinese matrtial arts, S&u has evolved to modern Sanda through five tmaligears of
development. It originated from the self-defensehmés used to resist beasts and foreign enemigsirnitive

society. Nowadays, Sanda consists of a variety aiftial arts by including Chinese traditional mdr@ats and
referring to foreign martial arts. It absorbs tissence from these martial arts and eliminatesaits shortcomings.
With the passage of time, the basic exercise fdrmarlern Sanda is abstracted. Modern Sanda is yneamhprised
of two forms of attack: linear type and arc typantpared with Taekwondo, the attack form of Sandmadse
various and flexible in that it pays attention ke tcombination of fists and feet, flexibility andetintegration of
attack and defense. After many years of war, foldwy the foundation of new China and the comingeédérm

and opening up, China’s Sanda rose again from tiorh. It was approved as an official event in 138l
included in the National Games in 1993.

Technical characteristics of Sanda: Modern Sanda has two forms: linear type and are.typ Sanda, fist position
mainly consists of whipped boxing, forward punchjpvfist and lift fist while foot position predonamtly includes
kicking, heel kick, foot sweep, leg whip, leg swiand hook kick. Characterized with no leaning aamst fvrestling,
close wrestling is mainly about the destructioncehter of gravity and swing circle. The style o&ylincludes
clamping wrestling and reacting wrestling and tleéedse ways of Sanda are comprised of “no touctiefgnse”
and “touching defense”. In terms of competitiorerubf Sanda, the traditional contest in martia Eremployed. If
one party fails in the contest whose competitiostesy is for the best of three games, it loses.obigihh Chinese
Sanda bears strong antagonism, it differs from Waeklo and Western Boxing, not to mention Thai Bgxin
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dominated by such ferocious attacks as elbow-staikeé knee-strike and Judo. Most Sanda athletes haye

morality. According to Sanda rules, Sanda athleresforbidden to use elbow, knee and anti-joinhiégues or

attack the neck, crotch and hindbrain of the opptn8anda is dominated by hitting near, kicking dad close

wrestling. During the Sanda competition procedsietes need to roar loudly to deter the opponemthénmanner.

And relevant research shows that by way of uttera©% of the human body muscle can accelerate 96 o
contraction velocity in the absence of the burdewark. With the burden of work, the acceleratidfeet is more

significant, being about 14%. Therefore, in cotseSanda athletes would yell at each other. Sarfdat position

predominantly includes kicking, side kicking, faateep, leg whip and so on. This paper will focughenside kick

which has good strike effects and precise attacks.

2. ESTABLISHMENT AND SOLUTION OF THE MODEL

2.1 Basic steps of side kick

Side kick is a linear attack form of Sanda. Itsidtd action is as follows. Athletes should firgtiyt on the guard
position, shift the center of gravity toward thghti leg by taking a skip step of the right footckie the knee of the
left leg, tilt the upper body and kick out towartthe attack direction swiftly. In the process ofeskick, athletes
should attack the abdomen, chest and head of thetthy straightening the knee joint of the attéek rapidly,
protecting the jaw with the right hand and sweepinidp the left hand. Figure 1 is the demonstratérbanda side
kick.

Fig. 1: Demonstration of head attack of side kick by athletes

KT Ak

Fig. 2: Demonstration of abdomen attack of sidekick by athletes

The thigh and calf of Sanda athletes are now censitlas two rigid bodies with different volumes e, Tland
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Ts are built into a model with three degrees of fremdas shown in figure 3.

Fig. 3: Freedom degree demonstration of leg attack of side kick by athletes

T, Tland IE stand for the hip joint, knee joint and ankle joof Sanda athletes respectivelﬁf,l"g2 the

anatomical angle of the thigh and the calf, ahd’ L, the length of the leg. Set that the three-dimeradiwectors
T. 1,42

of Tand '1 are , i.e. the actual angular velocity of the thigh axadf of athletes and that the speed-lc-)t

is€2, then we havé2 = A2= A1,
When Sanda athletes do side kick, the ankle’smtateeous velocity of the attacking leg is relateds initial speed.

In other words, the angular velocity (;|1:3 is subject to the angular velocity of the thighd aralf of the attacking

leg and the angular velocity -gtl. Therefore, the speed o-lf-3 and its relative velocity is related to the speé-gll.
The expression is

\7({-1)6 =&1% bl = &% Dy, V(-|:3)L =&2% bz

V(T:)s V(T,), h

,Dl and Dzrepresent the actual velocity vector gi, the speed 0fT3 relative to

!

, the

and the position vector frorr-1II and IE respectively. According to the vector
Loon &

position vector from T to

theorem, the impacts of the local motion bﬂand 2on 1 are figured out.

T3(3 = &1X D1t £2x D2+ £1x Do, T3(3 = &£1(D1+ D2) +£2%X D2
Simplified into
T, = Xt €2x D2

XE1 T

In this formula, T3G is the position vector 01:I-3 in the reference system-l,-3<3 the speed of 1 generated

by T and €2%D2 the speed ofT3 generated b-3|/-l.
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The relationship between the anglesT)fand T, and the position ofT3 in figure 3 is decomposed and written
as

X, = D cose, + D, cos, + ¢,
Yy, = D,sing, + D, sing, +¢,)

z, = D cose, + D, sing, +¢,)

Then the angles ofl and T, are differentiated and the relationship betweenathgles and the position vector of
T, can be obtained through the derivation of the atfovmula.

dX — ax(gl'gz) dfl + ax(gl'gz) dfz
0&, 0&,
dy = aY(gl"gz) + aY(‘gl’gZ) d£2
0&, ¢,
dZ - aZ(‘gl’gz) + 02(81,52) d‘g.2
0&, 0¢,

Transformed into the following matrix form:

0X(£,&,) OX(€,&,)
dX 0g, ¢,
dy | = Y (£,,8,) OY(&,E,) dglJ
4z o€, 0&, de,
0Z(£,,6,) 0Z(&.,¢,)
0&, 0&,

In the light of the property of the matrix and wactproduct method, the above formula can be written

AT c=Wde w

is shown as follows.

X ox
dg, 0¢,
w=| Y 9Y
dg, 0&,
0z 0Z
95, e,

Wis the differential relationship between angulaspthcement of nodes in current structure and iefimnal

displacement ofT3. Substitute the matrix equation into the abovenfda, the following formula can be obtained:

-

dTe _\y,de = oot
ﬁ:WE or T3G :VV[gl, gZ]T

Substitute it into the calculation formula of thedative velocity of T3, the following formula can be obtained:
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x X
og, 0¢,

-i_e= a—Y ﬂ [;‘1,;'2]T<;,'1+<;:2X|52
dg, 0&,
0Z 0Z
9e, e,

2.2 Rotary inertia analysis of shooting basket hghet by basketball athletes
When Sanda athletes do side kick, their leg movésrame shown in figure 4.

Fig. 4: Demonstration of leg attack of side kick by Sanda athletes

As the attacking leg is rotary when athletes de $igk, rotary inertia of the whole body of Sandhaletes can be
obtained based on the rotary inertia theorem. Bhat

P=2my

In this formula, m stands for the quality of each participle of hurbady and I represents the length from each
participle to the axis of athletes. The continufwretion of the human body is

P=[]], r’dm=[[] r’pdv

Thus, when Sanda athletes do side kick, the rotatinsolc of the attacking leg is

R.=I[[, p(r? E= r r)dV

. . . L= + +
Vector expression of any pon‘p in the body of Sanda athletesrls rEutnEatrE 3,

product of two vectors. Then the unit tensor is

-

I'T represents the

1

; Ex, Ez, Es)

The unit orthogonal curvilinear frame

When Sanda athletes do side kick, the resultantenbrector of the attacking IegZ Ye is represented as

Zy, =R x+wx Re y
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The moment equation on each coordinate axis oftsilattacking legs projects the original momentagion onto

the three coordinate systems. Therefore, when tathldo side kick, the resultant mome-El generated by
attacking leg rotation is

leﬂ. ll

qrepresents the angular acceleration of attackiggreside kick andI1 the rotary inertia of the attacking leg.
And there is

| =M’
o2

The angular acceleration of the thiﬁ is

:d_v%:—dz)(l

4 dt df

Then the angular acceleration of the cglf is

_dw dw _ dyx, dx
dt dt dft df

)

Through the Lagrange equation, the constrainedcfaiinetic equation is established, i.e.
D=H-P

D s the difference between system kinetic eneﬂdyand potential energyP . The system kinetic equation is

Fi :E a_.D—a_D i:1,2,"‘,n
dt ap an

In this formula, P stands for the corresponding velocity of particlg,the coordinate of the particle kinetic

€&, represent the angle between

energy and potential energy aﬁd the force exerted on thia coordinate.
the thigh and the coordinate axis and the angled®t the calf and the coordinate axis respectivé‘ty, L, the
corresponding length anc?ﬂ’ qzthe distance between the center gravity positiothefthigh and calf and the

T

center of I and 't respectively. It can thus be seen that areal ¢oatel of the thigh igxl’Yl).

X,=qsing;, Y= qcost,
X, = qsing +q,sin(e,+&,)  Y,=-qcoE,~ q, cofe +¢ )

Y,)

Likewise, the areal coordinate of the caﬁ?(Z’ can be figured out. The expressions of systemtikine

E
energyEk and system potential energy P are
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1
Ek:Ek1+Ek27 Eklza ”1@55
1 1
=Emz|-i‘912+_2 mzcﬁ(fl’“fz)z’f nELzoigzongq)cosg‘

p2?

E,=Ex+En Ep= rng(l—cossl)

=m,gg[1- cos(£1+£2)] +m th( T+ cosl)

T

Therefore, M and M kwhich represent the moment df and that of '1 respectively are as follows.

s alait MR AR

B,
In the above formula, ¥ is

A;=0 A,,=0 A,=0 A,= mzdz
=md+ md+ mE+2 m | goost
A=(mqg+mL) ging,+ m g gin(e+¢ )
=m+ mLgcoss, A= mg+ mlqcos ,
A,,=-mLagsing, A= mLgsine,
|Ap=2mLgsing, A= Ayt Ay A =mgosin(e,te,)

From the above analysis, we know that when athldteside kick, they should raise the speed of d¢getd the

maximum as soon as possible. That is to say, thiegion speed ofT3 on theY axis is elevated to the maximum
at the final stage to maximize the speed of thechkibg leg on sagittal plane. Therefore, in thétligf the pr|nC|pIe

of matrix vector product, only wherf’$2 meet the constraints oft® < g+£°<90 and0<‘9l < ‘92

and‘g1 52|ncrease could the speed df be the maximum on the sagittal plane. This requites at the

preparatory stage of side kick, the diving flexioh I'1and L, should not exceed*® and that the anatomical
angle change speed of the left thigh and calf rbasfast and live up to the muscle relaxation charestics in
muscle mechanics.

If the diving flexion of the left thigh and calf excessive, muscle relaxation will be caused becatishe muscle

contraction. Also, 1. meet the constrained conditions, which makes €2increase. In can be seen that when
athletes do side kick, it is required that anat@mnangle change rate of the left thigh and calfuldhaeach the
maximum within unit time and that anatomical ancgfi@nge rate of the left thigh should be greatem that of the
left calf. To meet these conditions, the mechaaiwslysis is conducted on the left legs of athlei@ag side kick.
Since the calf is considered as a rigid body, &gklare subject to three forces when doing leg witeép reaction
force of the ground to calf, frictional force oktlground and stress of the joint. At the prepayadtage, the speed of
each node is 0 and the force of the leg is in & sthequilibrium. Then at the kicking stage, masiibers are fully
activated, which increases the force on the graonsthntaneously, destroys the equilibrium state @rahges the
speed of each node, thereby altering the angulacie of the leg. By virtue of the transmission afrigid body,

when the attacking leg goes above the ground, rigée detween the thigh and the calf reaches n@gt@ The
force is transmitted to the thigh along the actioe of the thigh. But as the thigh is joined witie calf, the force
will fade. Therefore, that the angular velocitytbé calf is greater than that of the thigh is moseducive to the
acceleration of the knee joint.
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CONCLUSION

This paper firstly obtains the potential energy egated by athletes doing side kick by studying kleematical
equation of basketball shot. And it draws the cosidn that when athletes do side kick, the angegtocity of the
left thigh depends on the angular velocity of thp joint and the speed of the waist while that loé¢ tcalf is
determined by the angular velocity of the kneetj@ind the left thigh. When athletes prepare foe diitk, the

diving flexion of the left thigh and calf should/tnot to excee@d . That the angular velocity of the calf is greater
than that of the thigh is more conducive to theelmation of the knee joint. Then, rotary inertiaalysis is
conducted to obtain the momentum relationship aheaode. Through the Lagrange equation, the cdnstia
particle kinetic equation is established. The tasyl side kick model shows that athletes can irsxethe
momentum of knee joint through the effective brgkeffect of hip joint in accordance with the priplei that
momentum is transferred from proximal to distal.ehthe momentum is transferred to the ankle joiattke
braking of knee, resulting in the end acceleration.
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