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ABSTRACT

In order to make the level of Chinese Sanda athletes can improve rapidly,
this paper firstly conducts the mechanical analysis and dynamic analysis
on the upper body and left and right arms of Sanda athletes when do flat
hooks, obtains the potential energy produced by the various parts of the
body when Sanda athletes do flat hooks. Then it analyzes that when the
athletes do flat hooks, the correlation between the strength parameters
and the punch speed of the left foot and right foot is more significant; the
ratio of the strength of the left foot and right foot and the athlete’s body
weight, and the time for the left foot and right foot to reach the maximum
strength has quadratic function relationships with the punch speed, the

extreme value of the right foot isx = 0.204, y = 5.643, and the extreme
value of the left foot isx = 0.189, y = 5.587. And as can be seen from the

results, athletes’ enhancing the strength and force speed when pedaling
the ground in training, and shortening the force time are in favor of the
punch speed of hooks.  © 2014 Trade ScienceInc. - INDIA

INTRODUCTION began to sprout from the 1970sto the eighties, from
thebeginning of learningtothelaer trid training, in 1982,

Sandacomesfromtheearliest ancient Ching, dso  Chinese Sanshou competition rules were devel oped,

known as Sanshou, isevolved unarmed self-defense
method to res s theinvas on of the beast, hunt for food,
aswell asconfront to survive against avariety of fights
when the ancient ancestors arein the absence of con-
sciousness by using weapons, and it isthe essence of
Wushu gestated by 5,000 yearsof Chinesehistory. With
the continuous devel opment of human society Sanda’s
technology isconstantly absorb the essence of avari-
ety of traditional martia skillswith thechanging of the
time, and formsinto modern Wushu Sandathrough the
long-term formation and the adjustment. Chinese Sanda

and theNationd Wushu confrontational project exhibi-
tionwill behdd annualy withthespirit of “positiveand
safe”’. In 2012 Chinaestablished anationa teaminthe
field of martial artsfor thefirst time; in the meantime,
Chinese Sanda hasrapidly grown up in the constant
learning.

Modern Chinese Sandacompetitionisintheform of
traditional DaL e, whichtakesonefalingout of thering
firstloseastherulesand determineswinningand losing
inthreegames. Itisvery different from thesimpleand
quick taekwondo and Western boxing, and ismoredif-
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ferent from the mix, capture and swap-based judo, but
dsoisdifferent fromthee bow, kneeand other ferocious
attack-based Muay Thai. During the Sandacompetition
athletesare prohibited to usethe e bow, kneeand anti-
joint martia skills, but aso do not allow attacks the
opponent’sneck, crotch and brain. The skillsof Sanda
have straight and curved formstwo main kinds. Sanda
paysatentiontofist andfoot uses multaneoudy, andthe
fist techniquetakesthewhipping, punching, dashingand
lifting asthe principa thing, and theleg techniquetakes
thekicking, pedding, sweeping, whipping, swingingand
hooking astheprinciplething. When closeto each other,
mostly attack on each other intheform of therapidfall,
the main focus of the theory isto destruct the gravity
center and thewaving circle, and then play theclip play
fal andreact fdl. Defensetakesthe contactlessdefense
and contact defenseasthe principd thing, andinthede-
fenseof playersgood useof hookswill play agoodrole,
the paper will andyzeand study it.

THE MODEL BUILDINGAND SOLVING

Thebasic stepsof upper cut

Hooksisan arc-type close combat boxing, and it
ismorefor their own defensein thecompetition. It can
bedividedinto four kindsaccording to technology, up-
per hooks, oblique hooks, flat hooks and side hooks,
but the basi c position of thefour hooksisbasically the
same, just thehit sitesand directionsare different; the
following studiesthe produced moment of inertiaby
the athletes’ body when do hookstaking theflat hook
for example. When Sanda athletes do flat hooks ac-
tion, first hemust show the basic combat posture, then
the upper body drivethewaist rotateto theright, and
right foot pedal to rotatethe hip joint while pulling the
right shoulder toright, rotate the body to theleft and
maketheright fist hook out laterdly, left fist protect the
jaw, after compl eting the action then rotatethe body to
theright and maketheleft fist hook out lateraly. Inthis
process, the forearm and the upper arm should main-

tainthe gg° angle. Figure 1 and Figure 2 arethe posi-
tiveand s de schematicsof athleteswhen do hooks.

Kineticanalysisof athletes’ flat hook
When Sandaathletesdo flat hooks, first rotatethe
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upper body drivethewaist rotateto theright, and right
foot pedal torotatethehip joint whilepulling theright
shoulder to right, rotate the body to theleft and make
theright fist hook out laterally, | eft fist protect thejaw,
after compl eting the action then rotate the body to the
right and makethe left fist hook out laterally, so this
process can be seen as athletes do fixed-axisrotation
around thebody axis. Figure 3isaschematic diagram
of theathletes’ fixed-axisrotation.

Figure3: Theoverlooking schematic of athletes’ fixed-axis
rotation

Inertiameans the measurement of the generated
inertiaby therigid body rotatesaround afixed axis, itis
only related to therigid body’s shape, quality and loca
tion of theaxis, and isindependent of the angular ve-
locity and other parameters. Players’ body will be
treated asrigid body, and then the moment of inertia
generated by theathletesis:
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The athlete’s body parts are seen asarigid body
with continuousmassdistribution, therefore:

| =[]],r’dm=]][,r?pdVv
Intheaboveformula m isthequality of each mass

unit, r isthevertical distance of each massunit tothe
axis, and p isthedensity of massunit. Thefollowing
seekstheinertiaof each point on athletesthat isthe

inertiatensor. Therotation tensor jc of players’ rota-

tion around the center of mass Qs
Je=[I], p(r?1-rr)dv
IntheFormula ¢ = M ei+r,ertr, e, meansthe

rediusvector of any pointo ontheathletes’ body; |/ /is
the product of two vectors; while:

1
1= 1
1
isthe unit tensor of the athletes’ body. Athletes’ unit

orthogonal curvilinear frameis(c: e, e, e5)
The moment equati onsof athletes’ rotation tensor

¥ ,\7| . means the resultant moment vector for athletes’
rotation around pointQ, , meanstheangular velocity

vector of athletesintheinertial system, , isthevector
for theangular acce eration, the athl etes’ rotation ten-

sor is‘jC , therefore, the torque equation of athletes’
rotationtensor is:

- D T S S

XMc=Jcoa+toxIcow
Project thetorqueequationtotheaxisx, y, z inthe
three-axis coordinate system, the torque equation on
direction of each coordinate axis can be obtai ned.
Themoment of Inetiacf ahletes’ ebowjoint: When
Sandaathletesdoflat hooks, the athlete’s el bow joint
may be considered asrotation around the centroid axis,
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inthe meantimethe axisthrough thee bow joint and the
axisof theathlete’sbody aresmilarly parald, asshown
inFigure4.

Figure 4 shows the moment of inertial , of the

ahlete’sforearm: 1, = | . +md?

o
0,

Figure4: Front view of players’ rotation
When Sandaathletesdo flat hook, | eft upper arm
will produceacombined externa torqueM , inrotation
driven by the shoulder joint, the formulais as fol-
|0WS|\/|1 =@ el,.
Where ¢, istheangular acceleration of theleft up-

per arm, therotationd inertiaof theleft upper amisi ;.

Now the left upper arm and | eft forearm are seen as
two cylindrica rigid bodies; then themoment of inertia

2

|, of theleft upper amis: | 5 = mlzrl

Wherer, istheradiusof theleft upper arm, m, is
the mass of theleft upper arm, the angular accelera-

: . dw, d?@

tiong, of theleft upper amisg, = d_tl = TZl

Left forearm a so producesaninitid angular veloc-
ity in additionto an angular acceleration during theflat
hook action, namely theangular vel ocity of theleft up-

per armisg, , o that theangular velocity ¢, of theleft

d?e,
dt?

: dw, dw,
= + =
forearmis ¢, p p

d?o
+ dt21 , therota-

1 1
tiona energy of theahletesisE, = E? mv/ = 2 lw?:
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Flat hook data analysisof Sanda athletes

Thereare 16 elite mae Sandaathletesfrom sports
school, and TABLE 1 showsthebasi c situation of the
ahletes.

Now let the 16 outstanding athletes do warm up
exercisesfor15min , later on attach stress sensor board
ontheathlete’swholebody, search generated datawhen
athletesdo flat hooksand import it into three-dimen-
siond coordinates, useVisual3 D softwareto conduct
datistical anaysisand smooth treatment. Then accord-

ingtothemechanicsformular = /x* + y? + 22 , cdculae

thejoint force of athlete’sleft foot and right foot to-
gether, draw the graph of thejoint force, find out the
timefor lower limbforceto themaximumvaueandthe
strength index when the athletesdo flat hooks. In order
to optimizethe effect of athletes’ body weight onthe
datarecord, so carry through the optimi zation process
onall thefollowing datathat isrelated to thestrength by
using the body weight ratio, that

iISG=F,(N)/9.8(N/kg)/G,

Related vel ocity dataof athletesareobtained; i.e.
thetime of the athletes’ each node reaches the maxi-
mum speed in the three-dimensional coordinatesand

themaximum speed, theformulaisy = /x? +y? + 22
Draw the speed change curve, obtain theinterna
rotation timeof theforefoot and therear foot from the
athlete’slower limbforceto athletes punch out, and get
thetime point at theforefoot landing moment fromthe
lower limbsforce and before the punches. Theresults
obtained are represented intheform of mean+ D .

Then conduct independent sampletest (P < 0.01) on
theratio of thestrength of theleft foot and theright foot
andtheathletes’ weight, thetimefor theathletes’ lower
limbstoreachthemaximumforce, theratioof thestrength
parameters and athletes’ weight. And then it carries
through corrdation andys son therel ationship between
these above parameters and the athlete’s punch speed,
fitsit withthe curve parametersof significant correla-
tion, and then conductsregression analysis(P < 0.01) on
the parameter withthe highest smilarity. Thefollowing

TABLE 1: Athletes’ basic physical condition

Thetotal number of people Age Training period

Posture

Height(M) Body weight ( kg )

16 175£25 3.60+£1.7

57.2+4.1

Positive 12 Negative 4 1.68+0.09

isthe cal cul ation method for the extreme va ue of the
quadratic equation, when X = —b/2a, y hasan ex-
tremepoint, namely:

Y = (-b® + 4ac)/ 4a

Figure 5 showsthetest results of the puncheski-
netics and thereaction on athletes by the ground when
theathletesdo flat hook.

Figure5 showsthat when the athletesdo the hooks,
thetime point when thel eft foot rotatesinward before
punching out isthe start time of theleft foot’s active
force At thelanding moment of theright foot thestrength
of thelower limbsincreasesfromzero, andthepointis
thegtartingtimefor theright foot to taketheinitiativeto
send theforce. By combining with theforceof | eft foot
and right foot - time curve, we can seethat when the
athletes’ legs carry through active force, and it can
achievethe maximum valuein avery short period of
time; and the maximum data points of thelegsarethe
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end points of the active force. TABLE 2 showsthe
relationship between the abovere ated parametersand
fast srength.

Therelationship between thefast strength and the
various parametersof athlete’sleft foot andright footis
normally distributed through test. For the kinematics
study of athletes’ body, the average maximum speed of

athletes’ punchesis6.69+1.089y's. Thecorrelation

. M

Ieft foot force

FiG

Right foot forae

Al
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Time

Figure5: Thestrength and weight ratio- timecurveof ath-
letes’ Ieft foot and right foot
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between the strength parameters and punch speed of
theleft foot and theright foot ismore significant, and
theratio of left and right foot’s strength and athletes’
weight, thetime when the strength of athletes’ lower
limbsreachesthemaximum, and theratio of thestrength
parametersand athletes’ weight a so show asignificant
correlation. TABLE 3 showsthe correlation between
fast strength and punch speed of athlete’s|eft foot and
right foot.

By regression analysis, theration of theleft foot
andright foot’smaximum strength and weight, theratio

of fast strength parametersand weight, thelinear rla
tionship fitting of the punching isthe closest, and the
positivecorrel aionisextremely significant; thetime of
theright foot reaches the maximum and punch speed
hasaquadratic functiond relaionship, and theextreme

vaueof theright footisx = 0.204, y = 5.643, theex-

treme value of the left foot isx = 0.189, y = 5.587.

TABLE 4 showstheregression analysistable of the
fast strength and punch speed of athletes’ I eft foot and
right foot.

TABLE 2: Relationship between thefast strength and the variouspar ameter sof athlete’sleft foot and right foot

Parameter The maximum strength value/weight

Thetime of the maximum strength( ms)

Fast strength index/weight

Left foot 1.706 £ 0.395 0.156 + 0.038 10.12 + 6.564
Right foot 1.845+0.410 0.146+ 0.036 13.077+6.618
TABLE 3: Correlation between fast strength and punch speed of athlete’sleft foot and right foot
Thetimeof the
Thetime of theleft
Maximum right foot reaches Fast Maximum Fast
foot reachesthe
Parameter strength/weight of the maximum strength/weight of  strength/weight of strength/weight of
theright foot (ms) theright foot the left foot maximum (mS) the left foot

The correlation

- 0.905* * -0.765* 0.857** 0.901** QA 08B
coefficient

p <0.01 <0.01 <0.01 <0.01 <0 <001

value

TABLE 4: Theregresson analysisresultsof thefast strength and punch speed of athletes’ left foot and right foot

Independent variable n Equation F T P
Maximum strength/weight of the right foot 16 Y =2.04x+211 122150 11101  0.001
Thetime of the right foot reaches the maximum 16 Y =255%x 2—-104x+16.6 15.541 0.000
Fast strength/weight of the right foot 16 Y =0.015x+5.21 60.744 7.801  0.000
Maximum strength/weight of the left foot 16 Y =2.24x+2.41 68.210 8.223  0.000
The time of the left foot reaches the maximum 16 Y =290x 2—-114x+16.7 14.011 0.001
Fast strength/weight of the left foot 16 Y =0.144x+ 4.84 44.980 6.733  0.000

CONCLUSIONS

Firstly, thispaper conductsthemechanicd anadysis
and dynamic analysison the upper body and | eft and
right arms of Sandaathleteswhen do flat hooks, ob-
tainsthe potentia energy produced by thevarious parts
of the body when Sandaathletesdo flat hooks. Thenit
andyzesthat when the athletes do flat hooks, the cor-
relation between the strength parametersand the punch

speed of theleft foot and right foot ismoresignificant;
theratio of the strength of theleft foot and right foot
and the athlete’sbody weight, and thetimefor theleft
foot and right foot to reach the maximum strength has
quadratic function rel ationshi pswith the punch speed,
theextremevaueof theright foot isx = 0.204, y = 5.643,
and the extreme value of the left foot
iSx=0.189, y = 5.587. And as can be seen from there-
aults, athletes’ enhancing the strength and force speed
when pedaling the ground in training, and shortening
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theforcetimearein favor of the punch speed of hooks.
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