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ABSTRACT

Whirlwind Kick is one of the most basic jumpindiskn Martial Arts; the technology has greater uak in fighting
and watching. In order to get a profound acknowkedd whirlwind kick skill and provide scientificetbretical basis
for coaches and athletes, make analysis of whidwkitk skill motion process, so that can get efffegpathway of
the skill motion standard and perfect playing thybuanalyzing the motion process human posture agasorement
equipment monitoring data. During researching wiird kick skill motion process, human posture, orotkey
point, error-prone motions and precautionary measito make preparation for motion skills furthesearching,
analyze human turning stable status affected roteti inertial and eccentricity that generates humatation and
turning, implement mechanical analysis of motioillssicompletion process, finally make analysis tilgh test
equipment’s collecting human posture data, grawiBnter location coordinate and force platform prass
parameters values checking, get successful complethirlwind kick motions’ technical features . ®hgh analysis
method and research results in the paper, it presidesearch methods and theoretical basis for winid kick
motion skill perfect completion.
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INTRODUCTION

Sports biomechanical theory is the main method maly@e sports movement; this paper applies sports
biomechanical theory and method into analyzing Mhb#rts routines’ main jumping skill whirlwind Ki¢ so that
provides scientific experience measures and theatebasis by analysis process and researchindtsesn
whirlwind kick motion successful completion [1].

For sports biomechanical sports movement analyslsMartial arts jumping skill whirlwind kick resesres, lots of
people have made efforts, by which natural scigheery is propelled to penetrate towards humanistement
field, some domestic scholars put forward feastlggestions, from which Liu Jun etc.(2009) on tlsi® of
document literature, mathematical statistics, egpeonsulting and biomechanical experiments testiagry on
biomechanical analysis with an example of whirlvikick body rotation 720, extract motion success rate
improvement experimental data[1]; Yang Jia-Peng2@d2) make theoretical analysis of Martial artshirlwind

kick 720° completion process rotational inertial, flying posts and eccentricity, and propose reasonable
suggestions on such skill completion[2]; Liu Cunedly etc.(2013) summarize sports biomechanics muscle
activities sequence principle, rotational inertiinimum principle, impulse formation principle, egg saving
principle and extension accelerated distance gi@@nd apply them into Martial arts technical rons, it provides
theoretical guidance for coaches and athletegiitrgi[3-5].

Based on previous research, for Martial arts jumpskill whirlwind kick motion process, it utilizesports

biomechanical principle, dynamical principle andthesmatical statistics to carry out analysis, with &m to
explore whirlwind kick motion formation causes artior motions causes so that provides theoretifatences for
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Martial arts athletes successful perfect playinthaskill.

MARTIAL ARTS WHIRLWIND KICK TECHNICAL MOTION BIOMEC HANICAL ANALYSIS

In Martial arts, whirlwind kick is one of basic nnmts in four large jumping, it has higher difficulin fighting and
performance process meanwhile with greater efféstsnotion process generally is composed of runwipdmill
takeoff, turn waist in the air and swing leg inwaiwell as land such four large parts [4, 5].

Whirlwind kick motion difficulty mainly reflects omlismounting of soaring height and landing, fromakanding
dismount divides from easy to difficulty into 5 des as left and right legs successively landinfyaled right legs
simultaneously landing, single leg landing, whirdikick connects with vertical fork and whirlwindck 720°
connects with vertical fork. Therefore, in orderpflay relative successful and wonderful whirlwinatkk skill,
athletes are required to possess better jumpirdijyalaist and abdomen strength, coordination bgs ligament
flexibility. As Figure 1 shows, whirlwind kick maths space image presentation [6-9].

Figure 1: Martial arts skill whirlwind kick motion schematic figure

There are four key points for successful completitdrlwind kick motion as following:

® Swing leg inward should be closer to body;

® When body swings, it needs to be fanwise;

® When completing windmill, skip, body rotation, swgiteg inward and other segments, it requires tbdikeach
segment in harmony with each other.

® Body rotation angle should be above 270

In whirlwind kick completion process, it will appesome error-prone motions, in order to get rickiwbr motions
and understand error motions, it is required to enakalysis of error-prone situations, regular eri@md correct
approach:

® The next step, body rotation perspective insufficiencoordinated movements.

® Correct approach : do without legs law body rotatB60 east "emancipated jump" exercises to improve
physical-capabilities.

® His back, bend knees in the air, they stick.

® Correct approach: more "turn left, right before afielegs practicing law in practice emphasized r8theorrect
posture.

® After the upper body moved backwards.

® Correct approach : "to the left knee and right megscles jump and twist 360 east of practice, emphasizing
upper body upright, head above.

Rotational inertia influence factors analysis

Whirlwind kick skill movement process is the mairctor that constraints successful completion, andtional
inertia as human rotational mechanics researchifgcts becomes the main factor that constraintioot perfect
completion. Rotational inertia is rotational obgdnertia, is a physical quantity that owns ori¢irsatus
maintaining ability when describes objects rotatismen object rotational inertial becomes bigges,rotational
status would be more stable, rotational status dvoat prone to change [10].

Rotation objects original status maintaining apilieflections’ physical quantity rotational inertraathematical
expression is as formula (1) shows.
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In formula(l), J expresses rotational inertiafaq expresses rigid body quality scattering distiifautrotational
inertial computational method,b() expresses rigid body quality continuously disitibn rigid body rotational

N _ Am, r Am, .
inertial computational method, ! expresses mass element,expresses mass element ! and spindle
distance.

From formula (1), it is clear that athletes whini kick movement process, variables that influeatdetes
rotational inertia are its own body mass, body n@issibution status and spindle location, then enakalysis of
above three influence factors.

Body mass: Heavier athletes have bigger rotatiomaidtial than lighter athletes in flying body rdtat, their
movement status are more stable. On the contrightel athletes have smaller rotational inertiaflyfing body
rotation; corresponding stable status is pronehange; During process from takeoff to soaring bookation,
heavier athletes due to their bigger rotationattiag let their motion status difficult to changetrhelpful for
rotation, so lighter athletes are more easier téepecomplete whirlwind some high difficulty motis, at the same
time in order to reduce injury in competition presgit proposes requests of Martial arts athletgght controlling.
Mass Distribution: If mass concentrates aroundsghiadle, it can make rotational inertia smalletational speed
more fast; when human mass distribution is far afsamy spindle, human rotational inertia would bgdar, and its
rotational speed would be slower. When athletedfikbody relaxes and opens, it is helpful for badgss even
distribution towards four limbs so as to increasgtional inertia let body status keep stabilityiethis helpful for
whirlwind kick smacking motion in the air. But ibly distribution excessive extends that would alsbhelpful for
flying rotation. In order to increase rotation,eafsmacking in the air, it is required to make faese leg and both
arms hug body motions so that helpful for body namscentrating on longitudinal axis, making rotatibinertia
reduce and getting good rotation results. In lagditable phase, athletes’ four limbs extend cabdely mass even
distribution as much as possible, so as to increasgional inertia and achieve reduce rotationdesl results,
which is helpful for landing buffer and increasibgdy stability, therefore Martial arts whirlwinddki motion body
each phase posture has great influences on ragtimartia distribution.

Spindle location: Object in rotation process lieone end of object, Martial arts athletes in iotaprocess, when
spindle is far away from body center, his rotatlanartia would be bigger, motion difficulty woulde increased;
when spindle gets closer to body center, motiorsnaore easily to fulfill. When Martial arts athletehange body
postures, their radius turning around vertical awisild be changed to adjust rotational inertia sizeas to achieve
controlling of angular speed, which let athletesrensmoothly complete high difficulty motions in th&. When
athletes human body in soaring status, they fologular momentum conservation law in horizontaheldn such
status, human body adopts any motion would chatisgeody posture, therefore Martial arts  whirlwikidk skill
every technical motion in the air is surroundingréase or decrease rotational inertia and angpkedsthat used
for propelling body rotation successfully completidthletes’ swing leg inward smacking moment, shéng leg
inward and body draw close to longitudinal axis,tisat rotational axis keeps in the body center dsemuch as
possible and reduces rotational radius, achievedgee rotational inertia propel to rotation results

Table 1: Skipping previous step’s step length andep forward angle parameters

Type Step length(cm) Right leg and horizontal axis included anglg(| Step Index( Step/lower limbs length)
Athlete 1 71.90 cm 104.35 0.83
Athlete 2 70.65 cm 102.3Z2 0.86
Athlete 3 66.23 cm 106.17 0.83
Average value 69.59 cm 104.28 0.84
Variation 8.15 % 3.69 % 4.19 %

Human each segment parameter influences analysis @rhirlwind kick motion completion

The process of one step ahead of whirlwind kickiomogkipping is the beginning of whole skipping peaduring

its movement step plays a very important role ewvgy center can rational shift to supporting legiot. In order to
provide more standard motion constraints for atislespecially carry out test analysis of threeestisl steps in
phase before skipping when complete whirlwind Kickly rotation 720 connecting with horse stance motion, as
Table 1 shows skipping previous step’s step lenggimt leg and horizontal axis positive directiorcluded angle
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and step index.

From Table 1 data, it is known that three athles&gdping previous step’s step length have cerdé#fierences, its
maximum value is 71.90cm, minimum value is 66.23twtgl average value is 69.59cm, its variation.86, and
also dig out that the three athletes have certdiarences in height and lower limbs length. In @rdo control
athletes’ height and lower limbs length, it bririgi step index concept, three athletes’ step irfthere significant
differences, the maximum value is 0.86, minimunuegak 0.83, total average value is 0.84, its vianais 4.19%. It
can be concluded that athlete has certain indiVidifierences in lower limb length and other aspetherefore
coaches and athletes make research on step integitfarences is helpful for scientific analysis.

Data in Table 1 also reflects that skipping presistep right leg footing angle has an influenceskipping quality
and skipping way, three athletes’ footing anglesrage values are respectively 106.17102.32 and 104.35 ,
total average value is 104.28 variation is 3.69%, right leg heel and right teg connection line and horizontal
axis positive direction included angle should dlighove right side ankle joint lateral and toe @ion line and
horizontal axis positive direction included andieperiences summary thought that in order to ekl body
gravity center shifts towards supporting legs sat tmprove skipping results and provide guaranteenhirlwind
kick 720" connecting with horse stance motion smoothly cotigleit is proper to control right leg footing dag
around 104.28.

Smacking in the air and body rotation phase playsrgortant role in the whole whirlwind kick bodgtation 720
connecting with horse stance motion. From the dspietime distribution, smacking in the air and lgawtation
phase accounts for 48.11% of whole technical motlnom the perspective of Martial arts competitivdes,
insufficient body rotation degree and soaring swigwy inward moment swing leg height cannot achigteedard
level, then the whole motion is assessed as faiiresmacking in the air and body rotation phaskrtieal motions
merits have direct effects on whole technical mo#aad participate grading.

Data in Table 2 shows three athletes’ lumbosaaratjon position and body rotation angle statusmt@mpleting
soaring swing leg inward motion, so as to get reabte smacking time. From Table 2 data, it is ctbéat three
athletes in completing soaring swing leg inward iomt average rotate hip joint 137.7%t 0.685s. It can be
concluded that athletes body surrounding vertiga eotation angle is not very big when soaringrepieg inward.

If complete body rotation 620at such angular speed, it would need 1.237s, valtilketes average soaring time is
0.685s, three athletes during completion whirlwkick body rotation 720 connecting with horse stance motion,
their body soaring time are respectively 0.7428648s and 0.650s, their total average value is 8.685

Table 2: Lumbosacral junction position and body roation angle parameters when smacking

Type S1 S2 Al A2 T
Athlete 1 1526.44 1633.43 232.39 253.22 0.383
Athlete 2 1348.59 1482.91 237.51 256.96 0.342
Athlete 3 1320.44 1433.43 244.81 265.64 0.325
Average value 1398.49 1516.59 238.24 258.61 0.350

Note: S1 represents lumbosacral junction in Z akisction displacement when smacking(mrsR2 represents lumbosacral junction in Z axig
direction displacement after smacking(mn#A1 represents hip axis already rotated angle whmacking(®’ ); A2 represents hip axis already
rotated angle after smacking(); T represents the time after body soaring wherjdii rotation arrives at 270/(s).

According to oblique projectile theory in mechaniitds clear that object in oblique projectile neswent, when its
particle arrives at top point, the time is the saameparticle moves from top point to landing posd,when three
athletes’ body total gravity center arrive at tagnp, their body soaring time generally that isoaksaving ground
0.371s, 0.322s and 0.325s, average value is 0.a#8sat time athletes soaring swing leg inward ckimg motion

occurs, while actual occur time are 0.308, 0.328@ @.225s, average value is 0.275s, smacking mbtmpens
0.068s ahead of gravity center arriving at top poin

Athlete motion completion landing moment postures @so regarded as grading, its parameter statialsle 3

shows, Table 3 showing landing moment right kneglearright hip angle, two legs included angle adl a® trunk
and three coordinate axis included angle.
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Table 3: Athlete completing motion landing moment bdy posture parameters

) ) ) ) ) Landing moment trunk and coordinate ax|s
Type Lancli(mg momlent right Landr|1r?g morlnent right Lan§i|n|§; gwcijmentltwo legs included angle(®)
nee angle(® ip angle(® included angle(®
gle() p angle() gle() X axis Y axis Z axis

|Athletel 147.94° 111.34° 53.85° 76.60° 106.94° 21.8
Athlete 2 148.51° 125.83° 50.93° 90.83° 112.34 22.3
|Athlete 3 145.70° 110.62° 54.16° 83.78° 108.37° 649.
cgﬁfgge 147.39° 115.93° 53.85° 83.74° 109.22° 21.291

From Table 3 data, it is clear that three athletes’legs have already apart to a certain exterwanding so that
it plays an important role in increasing body sunding vertical axis rotational inertia and decegsbody
rotational angular speed, which can also reducdeakkee joint loading and impulse force when lagdand
achieve improve landing stability results. Througlnk and each axis included angle, it is knowrt tithletes’
trunk will slightly bend forward in front left whelanding.

Influence analysis of human gravity center statusféecting motion completion

Human gravity center coordinate will continuous rfiag with Martial arts athletes’ whirlwind kick rtion
implementation. Explore successful complete skilsameter change rules by gravity center coordiclamges, as
Figure 2 shows gravity center height correlatecpeeters analysis.
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Figure 2: Four times’ motion process body gravity enter three directions’ coordinates changes

From Figure 2 image, it is clear that four timestioms gravity center Z axis trajectory changesauite small; its
crest top point is soaring maximum height momeawigy center location. In soaring process, riglgt ike fanwise
swinging from right side and turning onwards; whiegoes through front side of body, left hand snsadght foot,

data indicates that athletes still have short fyravity center rising after smacking, then grawiénter starts to fall,
four times smacking motion happens moment, théfierdinces with maximum soaring height are all 0.62m

From whirlwind kick body rotation 720 connecting with horse stance time distributioris itlear that from run-up
last step to soaring and landing accounts for miffetime of whole motion will generate differemsults; From
success two times time distribution, total time e same, the second success case leg closinigoaydotation
time after kicking is longer than the first successe, it can be concluded that proactive fastpgkgpcan make
better takeoff.

Athletes’ gravity center Z axis coordinate maximwalue shows athletes’ maximum soaring height. Toieae
perfect soaring process, athletes are requiredvtognod jumping ability. If athletes have strongenping ability,
it can let their whirlwind kick motion completiorol and graceful.

Human rotation process eccentricity formation and nfluence analysis of its effects on motion completn
Movement status after human body soaring is a camganovement of translation and rotation. Such camp
movement formation causes is when whirlwind kick-up and skip, the takeoff leg generates groungwsacd

action force F According to Newton third law, it is known thatogind would generate takeoff leg a upward

reaction force F', when makes forward braking, it gets backward tn'miorceQ, above two human bodies force
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bearing are not just pass total gravity centertp(Q'l, so that the two forces are the eccentric forcesatth other,
their torque with gravity center form eccentricit?la ande, the eccentricity has directions, only when body
rotates in counterclockwise direction, the momentauple Fa would be root cause of propelling whirlwind
kick rotation, therefore reaction forcE' and vertical axis form into eccentricity, backwartiction force Q
generated torqueQbis causes of side somersault turns surroundingdh#al axis.

According to human rotation motions differences;esdricity directions are changing at any time,Fagure 3

shows mechanical analysis of athletes in skippiogrdd takeoff, intuitional reflect human rotationopess
eccentricity formation and functions.

Figure 3: Eccentricity formation and function schematic figure

From above analysis, it is known that whirlwind ki€¢20° such high difficulty motion completion is requiréal
achieve higher moment of momentum as much as pessdfore soaring. Only athletes get enough moroént
momentum, store energy when takeoff leg supportls @riound, till achieve propelling body rotatiorsudts after

body soaring. Both increase eccentric forbeor force arm I can achieve eccentricity increasing resulist
human body complete a certain turning over motiorike air.

Force platform parameters analysis

For athletes four times whirlwind kick motion preseskipping process, it carries out force measunerued gets
force platform records Z axis pressure oscillogramFigure 4 shows two times success two legs ymegsvalue,
backwards falling two legs pressure Z value andléef two legs acting pressure Z value.
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Figure 4: Whirlwind kick skipping moment force platform parameters values oscillogram
In Figure 4, parameter value waveform | represérgsground left leg suffers ground impulse foreggveform Ii

represents right leg grounding moment impulse tagd, left leg supporting buffer makes wavefornthig time is
relative gentle, waveform Il represents after lefy swinging and leaving ground, body ground fostaats from
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right leg squatting, its value expresses swing sspositive swinging and right leg pedaling atrétshing
received ground action force. From images, it caisden that when takeoff pedal and stretch ane lgeevground,
body gravity center speed is not always totallyidiedt by the maximum pedaling ground force in pedpkind
stretching process, waveform | and waveform Il gloexpress buffer and braking process when leffuegtions
as supporting. Waveform curve slope is athlete sty process techniques and body ability recondsseform
crest slop can explain hip and waist remnant spstatus, if crest appears point, then result isgoatd, if crest is
relative smoothly then athlete hip and waist hdwesaly good participated in buffer and takeoff @

CONCLUSION

Through analyzing whirlwind kick motions movemembgess, athlete body posture as well as motionpkeéyts

and error-prone motions correct approaches, itigealvspace image basis and experienced expecfati@ports
analysis; In researching whirlwind kick processatimnal physical quantity rotational inertia fumets, through
analysis of rotational inertia computational foraislvariables, human mass, mass distribution amdlkgplocation

effect on rotation status stability, got rotatidatss reasonable changing motion postures thatigedwtheoretical
basis for athletes making stable and perfect msti@arried out biomechanical parameters analysigiofan each
segment in whirlwind kick motion process, achievkdt last step before skipping, the optimal smagkimoment
and stable landing, proposed data basis and erperieferences; By human gravity center coordinaiaitoring

data analysis, it got reasonable soaring height soating process human gravity center change riHes;
eccentricity formation causes and functions, it lenmented theoretical analysis that revealed ratadiod turning
causes from dynamical perspective; Made image aisaty human foot's action force on force platfamonitoring

data when skipping, it got that human body acti@mtus on skipping board in whirlwind kick motionogess, and
put forward deducted athletes hip and waist fumctigsults in buffer and takeoff process by cresbatin extents
situations.
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