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ABSTRACT

Martial arts action takes the jumping, balance, leg technique, hand tech-
nique and other actions as the main elements; the whole body coordi-
nated and formed the climax part of the routine exercise. Meanwhile alot
of actions in martial process will involve rotation, such as roton kick,
720° swivel and so on. This paper takes Newton’s laws of motion as a
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starting point, uses mathematical and statistical analysis method, de-
picts and analyzes the mechanical state of therigid body during rotation
process, including the total energy, rotational kinetic energy and mo-
ment of inertia during the motor process, combining with the case in
actual game process, and puts forward a number of problems athletes
should pay attention to in the rotational dynamics aspect.
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INTRODUCTION

Inmartia artsavariety of boxingtechniqueandleg
technique have ahigh demand for explosivenessand
flexibility, especidly thelarger motionrangeof eachjoint
hasavery good workout action on muscleligaments.
Martid artsincludesavariety of twisting, pitch, retract,
fold and other actions, calling for “hand-to-eye to”,
“hand-eye hand in hand”, “step-go with the body, step
into thebody”, “hand-eye agility step, step eye agility
together” and higher coordination requirements; The
entireexercisemovementsare often composed by doz-
ensof actions, and can completein acertain period of
time, so variousorgan systemsof the body can get the
comprehensive devel opment. Exercise gentle, slow,
brisk boxing, such astai chi, emphasizing guiding the

action by intention, with even and deep breathing, can
maketheblood circulaion of thewholebody, whichis
suitablefor patientswith chronic diseasesasamedical
meansto adhereto exercise, and hasamoresignificant
effect. Confrontational athletic eventslike San hands
push hands, martia artsshort wegpon and martia arts
lengthwegpon areintensesports, inadditiontoenhancing
physicd fitness, but a so devel oping courage, quick wit,
agility and other fine character. Inrecent years, withthe
growing popularity and development of martial arts,
thereisgrowing emphasis on theaspects of mechanica
natureand function of martial arts.

Yao Chun-hong discussed dynamicAndysisof sde
kick and teaching methodsin martid arts, from thetwo
agpectsof phys ology and biomechanics, conducted the
comprehensveanadyssonthesdekick inthemartia


mailto:tiyuxi@qq.com

BTAIJ, 8(12) 2013

Hu Wang

1593

————, FyuLL PAPER

arts, combined with practical experiencein teaching,
essentialy clarified theforceprincipleof sidekick in
martid arts, hasagood guidanceon martia artsteach-
ing and training. MaWen-hai conducted biomechani-
ca analysison roton twist and taking down fork tech-
niqueinmartia arts, used the principlesand methods of
three-dimensiona video DLT law and biomechanics,
anayzed on 4 master grade athl etes’ roton twist and
taking downfork action, provided theoretical basisand
technica parametersfor thetechnological innovation
and difficulty innovation of martid artsaction. MaWen-
tao inthe applications of biomechanicsprinciplesand
research methodsin theresearch of martia arts, through
consulting relevant literature, analyzed the gpplication
Stuation of biomechanicsprinciplesand research meth-
odsintheresearch of martid arts, described the appli-
cation of sportsbiomechanicsprincipleinthemartial
artsspecificaly from kinematics, dynamics, rotational
kinetics, balance mechanics and other aspects, intro-
duced the applicationsof biomechanicsresearch meth-
odsinthe Martia Artsresearch from the kinematics
measurement method, ki netic measurements methods,
bi ol ogical measurement methodsand computer move-
ment s mulation technol ogy and other aspects.

This paper analyzed and studied the mechani cal
propertiesduring rotation of therigid body, introduced
rotationa kineticsinto actual match for martid artsath-
letes, and pointed out somemechanical problemsthat
theathletes should notice during therace.

ROTATIONAL KINETICANALY SISOF
THE CONTINUOUSACTIONIN MARTIAL
ARTSCOMPETITIONS

Martial artsdynamicsisstill based on Newtonian
mechanics, and this paper uses mechanics research
methods. It should be noted that dueto thebody’s struc-
ture, functiona status, psychologicd factors, mentd sta-
tusand other factors playsavery important roleonthe
effect of the human body movement offset, anditis
essentialy different from the mechanica movement of
non-lifeentity. Someof thebiology factorsaretill un-
ableto be quantitatively described. Only through some
direct or indirect measurements can get someindica-
torsreflecting thebiological characterigtics, andyzeand
draw some qualitative conclusions. Hence, thereare

somelimitationsusing thekinetic theory to anayze hu-
man motion. For smplicity, inmartial artsstudiesthe
human body isoften smplified asparticleor rigid body.
Of course, inthestudy of practical problems, weneed
tocongder itslimitations.

Thedynamicsprinciplein Martial arts

Theapplication of dynamicsinthemartia artsis
primarily based on Newtonian mechanics. Newtonian
mechani csthink that mass and energy exist indepen-
dently, and respectively conservation, it gppliesonly to
the situation when the movement of objectsis much
smaller than the speed of light speed. Newtonian me-
chanicsusemoreintuitivegeometric gpproach; in olv-
ingsimplemechanica problems, itismuch convenient
and smplethan ana ytica mechanics.

Among thisthemost widdy usedisNewton’s sec-
ond law of motion. Newton’s second law is with vector
nature. Parameter F isthe vector sum of each forceon
theparticle. Acceeration aisaccel eration co-produced
by externa force on the particle, changing the state of
motion or velocity of theobjects, but thischangeisre-
lated with the state of motion of the object itself. We
have equation F=ma.

Wherein: Fiscombined force; m Standsfor qua -
ity; a Standsfor acceleration,;

Indealing with the problem, often usetheir compo-
nents. In aCartesian coordinate system,

2 2 2

d
F,=ma,=m—%:F =ma,=m—%; F,=ma, =m—2
X rT]a'X dt2’ y rT]a‘y dtz’ z aZ dtZ
Inthenatura coordinate system:
2 2
F =ma =m—%; F=ma=m—
T T dtza rna'n p

Whentheathletesarein movement, thekinetic en-
ergy that athleteshaveiskE,, gravitationa potential en-
ergy that athletes haveis W,, the total energy of the
systemisE,, itsgravitationa potentia energy iskE . Its
vaueisshowninthefollowingformula

k1:%m‘/12
W, = mgh
E.,=0

E =E,+W,

E,

Dynamicsisthe science studying therelationship
between the mechanica movement of objectsand the
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force. Inmartia arts, various parts of the athlete body
areinmotion, the speed and theform of movement is
constantly changing. According to mechanics, any ob-
ject movement or vel ocity changes areimplemented
under the force. Force is the reason to change the
object’s (human) motion state. Since people live in natural
environment, thebody isin forceeither at rest or exer-
cise. Under force, the motion state of the human body
and exerc seequi pment driven by thepeoplewill change
onthevalueanddirection. Inorder torevea thecause
of movement and the changing Situation, wemust study
the dynamicscharacteristic of movement. All human
actions, such astrandationa motion likethelevel box-
ing sportsof martia arts, rotational motion likekicks,
jump motion likevacated flyingkick, flip action like
cartwhesl, etc., areall achieved under force, areover-
all coordination resultsof internal forcesand external
forces. For body movement, on the one hand muscle
strength (i.e. force) playsaleading role, on the other
hand subject to the laws of mechanics; under thejoint
action of thetwoit formscomplex martid artsactions.
Martid artsdynamicsisstill based on Newtonian me-
chanics, and usesmechani csresearch methods. It should
be noted that dueto the body’s structure, functional
status, psychological factors, menta statusand other
factors playsavery important role onthe effect of the
human body movement offset, anditisessentialy dif-
ferent fromthemechanical movement of non-lifeentity.
Someof thebiology factorsarestill unableto be quan-
titatively described. Only through somedirect or indi-
rect measurements can get someindicatorsreflecting
thebiological characteristics; analyzeand draw some
gualitative conclusions. Hence, thereare somelimita
tionsusing thekinetic theory to anadyze human mation.
For smplicity, inmartial atsstudiesthehumanbody is
oftensimplified asparticleor rigid body. Of course, in
thestudy of practical problems, weneedto consider its
limitations

Theapplication of rotational dynamicsprinciple
intheMartial arts

Intheresearch of mechanica movement of thebody,
thebody hasshapeand size; it candotrandation, rota-
tion, and even more complex motion. The shapechange
of the bone constituting the human body in motion part
isnot sgnificant. Thereforeintheresearch of therota
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tion of the body, without consi dering the deformation
of human muscle and other soft tissue, every segment
of the human body can be simplified asarigid body,
that isonly consider thesize of each segment inmotion,
regardless of the deformation of each segment, so that
the body can be seen asarigid body system composed
of severd rigid bodies. Thetrand ationa motion of rigid
body can betreated asaparticle. Thischapter mainly
studiestherotation movement after human body sim-
plified asrigid system, aswell astheapplication of ro-
tation principlein martial arts. Various aspects of hu-
man movement isrotating around thejoint axis; the
body’s walking, running, jumping and other actions are
implemented through the rotation of thelink. Sothe
rotation of various aspects of the human body isthe
basis of human movement. In martia arts, such asthe
roton rotation, tai chi Se““circle” and a variety of flip
action, somebel ong to therotation of the entire human
body; some belong to the rotation of thelocal limb
movements. Rotational movement iswidespreadin
Martid Arts.

(@) The trandational and rotational motion in
Martial arts

If inthe motion process, the position of any straight
linesintherigid body at al timesisalwaysparallel to
each other, then thismovement hasbecomeatranda
tiona motion. Obvioudy during trand ational motion,
motion of any point intherigid body can be represen-
tative of thewholerigid body movement, asshownin

Fgurel:
&8
e N
Figurel: Thetrandational motion of rigid body

Inthefield of martial arts, wearededing with rota-
tion of arigid body, likeroton rotation and kicking and
so on. For rotation, we define each particleof therigid
body carry through circular movement around thesame
ling; thismovement iscalled rotation, asshownin Fig-

ure2:
Inorder to better describetherotation, theangular

velocity vector w istheintroduced anditssizeis % ,

thelineve ocity of any eement Pontheaboverigid can
be expressed by angular velocity as:
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Onthebasisof theangular vel ocity vector, asthe

: d
angular velocity vector o: “:(tha

Figure2: Therotational motion of rigid body

Inthefixed axisrotation of rigid body, therotation
speed of therigid body goesfaster, and then aisinthe
samedirection with @. Therotation speed of therigid
body goes dlower, and then  isinthe oppositedirec-
tionwith @.

(b) Rotational kineticenergy of Martial artsath-
letes

Rigid body moveswithangular a, rigid body isseen
asasystem composed of individua particles, suppose
the displacement vector of thei—th mass point P, isr,,
themassisAm, thespeedisv, anditskineticenergy is.

1

B = EA”NZ = %Am Ko’

Thekinetic energy of theentirerigid body is:.
Ei = Z%Am\/f ==%(ZA”1 riz)wz

Wherein ZAm " isthemoment of inertiaof arigid
body which canbewritten as. E, :%sz

Intheformula 2 =2.Amr”
Themoment of inertiaisshownin Figure4:
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Figure3: Themotion of particleP

Figure4: Themoment of inertia of arigid body

Moment of inertiaistheinertiameasurement of a
rigid body rotated around the axis (the rotation object
maintainsitsuniform circular motion or sationary char-
acteristics), indicated with letters| or J. Itsvalue de-
pends on the shape of the object, the massdistribution
and the position of the shaft. Moment of inertiaof a
rigid body hasanimportant physica meaning,isalsoan
important parameter inscientific experiments, engineer-
Ing, aerospace, electrical, mechanicd, instrumentation
and other industrial aress.

Moment of inertia depends only on the shape of
therigid body, massdistribution, and position of the
shaft, and has nothing to do with therotation state of
rigid body around the axis (such asthe size of theangu-
lar vel ocity). For homogeneousrigid body with regular
shape, itsmoment of inertiacan bedirectly calculated
by equation. For non-homogeneousrigid body withir-
regular shape, itsmoment of inertiaisgenerally mea-
sured through experimenta method, and thus experi-
mental methodisvery important. Moment of inertiacan
be applied to the dynamicscal culations of avariety of
rigid body movement.

Expressionforthemoment of inertiais | =) mi*ri®.
If therigid body’s mass is a continuous distribution, the
cd culation formulaof themoment of inertiacan bewrit-
tenas: | = [r*dm=[r*pdv

Wherein: mi representsaqualitatived ement’s mass
of therigid body, ri indicatesthevertical distancefrom
thequditativedement totheaxis, p meansthedensity
of thispoint.

Dimension of themoment of inertiaisinthesystem
of Sl units, and theunitiskg - ne.

If an athlete haslargeweight and thick limbs; itis
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not easy to completethisaction. Ided routine athletes
should have small figure, relatively stout trunk, more
dender upper limbs and morethick lower limbs. For
these martial artsathlete’s theoretical analysis based
on biomechanicsisideal. Small figure can success-
fully completemany difficult Martial Artsactionslike
tuck, flip action; sturdier trunk can give apowerful
feeling. It also does not increase the moment of iner-
tia, you can easily completetheair rotation and other
movements; Slender limb can better reflect the effects
of flowing, elegant, long and distant. Thelower limbs
are shorter and rough, which can ensure the stability
of the action and sufficient strength, but does not af-
fect the speed of jump, leap and dexterity. By study-
ing and observationswefind that the height of male
martia artsathletesis160~179 cm, femaeathletesis
150~160 cm, aswell asfinger span and height can
a so beused asindicatorsto eva uatetherdativelength
of the upper limb. However, how to establish amore
appropriate method about selection of martial artsath-
lete through biomechanicsindicators has not yet per-
fect, biomechanics researchers need to conduct in-
depthresearchinthisarea.

(c) Torqueand angular momentum conser vation
law

For arigid body rotation around afixed axis, the
impact of externa forceonrotation stateisrelated with
not only thesize of theforce, but also thedirectionand
the action position of theforce. If thedirection of the
forceisalongtheaxis’s direction or force line is inter-
sect withthe shaft, and thenin any caseit cannot change
thefixed axisrotation state of therigid body. We can
decompose F into components F, and F, within the
planeof rotation, asshowninFigure5:

L T - '_""'l
A
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o
b
Figure5: Schematic figureof torque
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Thetorqueof forceF actingonarigidbody isM =
rxF=rx(F, +F,)). Duetotheshaftisparalel toF,,
itsroleisbeing offset by the constraint action of the
shaft, and weonly consider the effect of force on the
rigid body intherotationa plane.

Supposetheexternd force F actsat point P, isthe
displacement vector of P, the vector product of dis-
placement vector r and force F isdefined asthetorque
of force F onthe shaft Oz, represented with M, i.e. M
=r x F,itssizeis M=rFsing

Wherein g istheangleof F andr. Thedirection of
M isthedirection of thevector product (r x F). Sup-
posethenforcesact on arigid body at the sametime,
thei-thforceF, isappliedto the point P,, the displace-
ment vector of thepoint P, isr,, andtheangleof r, and
Fis¢,thetorqueof F onshaftisM. =r,F sin ¢, then
the combined externd torquerigid body sufferedis:

M=>M, =>rFsing

Thetotal external torque of fixed axisisequal to
thetorquea gebraic sum of each external force.

If thecombined externd torquerigid body suffered
iISM =0, then have: L = J@=constant

Thisistheangular momentum conservation law of
rigid body rotation around afixed axis. It stated that
when thetotal externa torqueiszero, theangular mo-
mentum of therigid body remainsunchanged, in par-
ticular when Jisconstant, theangular velocity doesnot
changewithtime. Inamoreextensivestudy of particle,
if combined external torque M =0, therewill be: L=
constant

Inmartia artscompetition, aerid body movements
of whirlwind rotation 720° to horse stance action be-
comeanimportant factor affectingtwist. Andysisfrom
the Pergpectiveof SportsBiomechanics thehuman body
goesintotheflight phase, thebody only suffersgravity
(ignoring air resistance); regardless of how complicated
theformof aerial actionis, wemust follow thelaw of
angular momentum conservation. (L = Jw=constant),
that is, the product of moment of inertiaand theangular
velocity isconservation. It isthusclear that the vacated
statein order to speed up thetwist’s angular velocity,
we can only changetherotationd inertia. Thus, only by
changing the body positionintheair can athletesre-
ducethebody’s moment of inertia, revving, and com-
plete 720° swivel.
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CONCLUSIONS

Throughthemathematica andysisof rotationa dy-
namics, we can better understand the effect of forces
on the object movement, which providesagood theo-
retical support for college martia artsathletestraining
and stability play during therace; meanwhilewiththis
principle, it can better train thecomprehensiveability of
martid artsathletes.
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