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ABSTRACT

Thefeaturesof Waltz arefinemotion, big fluctuating gravity center, strong
body inclination, and the coordination of dancer’slimitsthe performance,
especially the combining and step changing, which becomes the major
purpose. This paper measures the gravity center of body by camera, with
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the biological movement mechanics methods, analyzes the mechanical
principle of gravity center movement of human rigid model. The result
indicates the process of the man and woman dancers’ gravity center
movements, conducts the special analysis on gravity center movements
of waltz, explains such principles reasonably, and provides new theoretical
supports for improvements and research of waltz athletes and coaches.
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INTRODUCTION

OriginatinginAustriafolk dancefrom 17th century,
combining with traditional musicin Germanand Ba-
varia, waltz was popular in Europe. After seriesof re-
formsand regulated by British teachersin 20th century;,
waltz becomeoneof internationa standard danceswith
complex motionsand accuraterhythm. Waltz dancers
didefinely, with dow velocity about 20-30 sections per
minute, but it will bedynamicwith powerful music. The
basic step isastep per tempo, which are three steps
for asection. Thehigh leve step can be 4-6 steps per
sectionwithvaried rotations, which demongratesstrong
dynamics.

Currently, there are many researches on standard
dances. For example, Jiao Xibian master, from Physi-

ca Education Department in Chinauniversity of Petro-
leum, accordingto fivetechnol ogiesof standard dances,
summariesin literatureand techniques. It isagood pa-
per, but without specific analysisinamotion. Takean-
other example, Lu Chunxiaand DongWeixin, from In-
stituteof Physica EducationinHunan norma College;
study the system of danceteaching method, with lotsof
scientific performances, which analyzestheteaching
method and teaching situations specifically, but lack of
theoretical basis. Thepreviousresearchersplaned for
future development of dances, but without current
sgnificances.

This paper, bases on biological movement’sme-
chanics, analyzesthe process of gravity center mobility,
and andyzesthe gravity center mobility for combining
and step changing. Therenovationistoexplainitsprin-
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ciplereasonably and provide new theory for improve-
mentsand studies of waltz athletesand coaches.
GRAVITY CENTERMOVEMENTSFOR
RIGID MODEL

Coordination selection

In this study, we classify body into 14 sections,
shownasFigurel1:

&= X
C
Figurel: Distribution of rigid structurein coordination

Rigid model classifiesbody into 14 parts, such as
head, arm, leg, foot, etc. After aposture curtained, the
gravity center isal so curtained, whose position relates
to the coordinates of the mass of the various sections.
Accordingto point of divisonfor fixed-ratio, solvethe
relaivepostionsof mass:

{Xc = (1_ ﬂ“) Xover + ﬂ’xbottom
yc = (1_ ﬂ’) yover + j'ybottom
In formula (1): 4 is mass position ratio,

@

(Xover ' yover )' (Xbottom’ ybottom) iSthecoordi na:eSOf ml ddle

pointsof up and down sections, (., v, ) isthecoordi-

nate of mass center.

Thefunctioning point of gravitiesof dl the sections
of body iscaled ashuman gravity center. According to
therigid model informula(1), separaethe various sec-
tions. Whilethedancer moving, each posturehasagrav-
ity center position, which issolved by torque synthesis
principle, shownasformula(2):
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Informula(2): (X.,Y,)isgravity center coordi-

nate of dancer, (X, y,.)(i =12,3,--,14) ismasscen-
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4 Tu isrelative
Z in Z FYi
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mass on the coordinati on direction. The mass center
ratio 494 0f ChineseyouthisshownasTABLE 1.

ter of various sections,

TABLE 1: masscenter ratio ] 94of Chineseyouth

Young male Y oung women
Hand 50 Hand 50
Forearm 41.87 Forearm 42.72
The upper arm 48.6  Theupper am 46.91
Foot 44 Foot 44
A lower leg 4091 A lower leg 40.63
Thigh 47.71  Thigh 45.87
Upper torso 53.73  Upper torso 54.26
Lower torso 40.54 Lower torso 47.36
Trunk 44 Trunk 44
Head 50 Head 50

Relativemassof ChineseyouthisshownasTABLE
TABLE 2: Relativemassof Chineseyouth

Y oung male Y oung women
Hand 0.64 Hand 0.49
Forearm 1.30 Forearm 1.18
The upper arm 2.61  Theupper arm 2.62
Foot 1.50 Foot 1.38
A lower leg 4.00 A lower leg 4.55
Thigh 14.00 Thigh 14.28
Upper torso 17.00 Upper torso 16.53
Lower torso 25.60 Lower torso 25.87
Trunk 42.70  Trunk 42.70
Head 9.30 Head 8.60
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We can cd culatethe gravity center of dancer with
fixed postureaccordingtoformula(1) (2) and TABLE
1and 2.

Gravity center control status

If aleg or foot takes on thewholegravity of body
intheprocess, it will beinthecomplete gravity center
status; if only apart of gravity, it will bein the non-
completegravity center status; if nogravity forit, it will
beinthenon-gravity center status.

Inthe process of dancing, whenthe gravity center
movesfrom aleg to the other onecompletely, thetrans-
feriscalled asgravity center compl etetransformation.
When thegravity center isbetweentwolegs, whichthe
gravity center lineisbetween two legs, thenthetransfor-
mationiscaled asnon-completetransformation. For ex-
ample, in combining and changing step, thefirst stepis
thegravity center completetransformationfromright foot
toleft foot, and thesecond stepisthenon-completetrans
formation from | eft foot to right foot. To keep balance
and rhythm harmony, control the gravity center linebe-
tweentwofest, thentransformit toright foot dowly.

Keep gravity center stablein dynamic balance. We
can classify thebaanceinto 4 categories.

(1) Stablebaance: whiledeviating from balance pos-
tion, the gravity center increases, and the gravity
torque makesit to movetowardsba ance position.
After arriving the balance position, the synthesis
forceiszeroand synthesistorqueiszero.

(2) Ungtablebadance whiledeviatingfrom baancepo-
gtion, thegravity center decreases, and thetorque
makesit toincline continuoudy. Only existinthe
down supporting motion.

(3) Limited stablebalance: whiledeviating from bal-
ance position to some degree, the gravity center
increases, and the torque makes body to moveto
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the balance position, finally reaching balance. But
when it exceedsthe certain balance position, the
gravity center will decrease, and thetorque makes
it to deviatefrom ba ance position continuoudly.

(4) Neutrd baance whiledeviatingfromorigind pos-
tion, the height of gravity center does not change,
or notorqueisgenerated to makeit to move.

F
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Figure2: Sabletorqueand incliningtorque
Figure 2 showsthe stable coefficient is:
Gx*r
K =
F*h ®
Sowhenk >1,theobjectisstable, otherwiseit
rotates.
K representsthe stable content of static object, dso
reflectsthe stability of human. Fromformula(3), de-

creasethe gravity center, whichistoreduceh, or in-
creasethe angl e between gravity center lineand human

section, whichistoincrease 3, thestability isincreased.

/

GRAVITY CENTER MOVEMENT FOR
THREE STEPS

With thetransformation of gravity center line, the
gravity center transformationisconducted betweentwo
feet. Intheprocess, the step order, rhythm, step method,
foot method, position and up and down should be mas-
tered.

Gravity center movement for malethree steps

TABLE 3: malestep

Step# Rhythm Step Footwor k Alignment Riseand Fall
1 1 right foot first strides Hedl-tiptoe facing skew center rising on the end
2 2 left foot dightly anterior the other one tiptoe facing skew center goonrisng
. : . . goonrisng
3 3 right foot combines Ieft one Tiptoe- Heel facing skew center fall on the end

ItisshownasTABLE 3:
Male’s preparing postureistwo feet onthe board,
body keeping naturaly straight, two kneesdightly curv-

ing. Thegravity onthefoot plate. All the body moves
gravity center front and exceedsthefoot plate. Keep
two shouldersrelax and horizontd . Thebreeze should
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not expand. Keep spine vertical. Keep head, should
and breast onthesameline.

To keep body balance, the gravity center should
beinfront of two feet. When dancer stepsforward or
backward, hisbody will havetwo baancepoints, gravity

| 3
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% 3 ~

e
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-

Figure3: Maleright foot combining and changing step

center isalocated between two feet and forward body.

Right foot combining and changing Sepisbascone,
whosegravity center movesat thetimeof two feet com-
bining. Itisbasictechnology for right transformation
step. It is aso the basic step for some ends. Corre-
spondingly, left foot combining and changing Sepissame
asthat.

According to figure 3and TABLE 3, thegravity
center moving of maeright foot combining and chang-
ing stepisexplained:

First step: right foot strides, with gravity center
moving, the hed touchesfloor firstly and then thetoe,
whichisthegravity center linechanging. The posture
facesskrew center and thegravity center increasesfrom
the beginning of rhythm.

Second step: | eft stepisdightly anterior than the
other one. But the gravity center should on the center
position of right foot beforetheleft foot touching the
floor. Thel€ft tiptoe didesto 2 positionsa ong the step
line. When tiptoetouchesthefloor, the gravity center
linemovestothemiddleof twofeet. It endsuntil theleft
feet touching thefloor. Keep gravity center increasing
inthe process.

Third step: right foot combines|eft foot. Right foot
away fromfloor refersto right heel keepsaway first,
thendowly combineswithleft oneastherhythm. Then
movesgravity center lineto theleft foot. When theright
foot exceedsthe second step, thegravity center should
decrease. When the right foot reaches 3, the gravity
center completey transformsto left foot. Meanwhile,
theright tiptoetouchesthefloor first, and takeson some
part of gravity, until thegravity isbaanced ontwo feet.

Gravity center movement for femalethreesteps

TABLE 4: femalestep
Step# Rhythm Step Footwor k Alignment Riseand Fall
1 1 right foot backstep Toe- heel backward skew center rising on the end
2 2 right foot slightly backwards the other one Toe backward skew center goonrisng
3 3 left foot combines right one Toe- heel backward skew center ?aloloc?nriﬁggn d

ItisshownasTable4:

Female’s preparing posture is same asmales, but
the section up thewai st can betowardsleft and expand
backwardsdlightly.

The center line of body should be between two
feet and anterior section. Two bal ance pointsexist to
keep body statically stable.

Left foot combining and changing stepisbasicone,
whosegravity center movesat thetimeof two feet com-
bining. Itisbasctechnology for left transformation step.
It isalsothebasic step for someends.

Accordingtofigure4 and TABLE 4, thegravity
center moving of fema el eft foot combining and chang-
ing Sepisexplained:

BioTechnology —

Firgt step: left foot backstops, and the body gravity
center lineisthroughright foot. Until theleft toetouch-
ing the floor, it moves between two feet. The heel
touchesthefloor first, whichisthegravity center line
fdling on theleft foot center position. Thebody posture
backwards skrew center. The gravity center increases
at thebeginning of rhythm.

Second step: right step backwardsthe other one.
But the gravity center should on the center position of
right foot beforetheright foot touching thefloor. The
right toedlidesto 2 positionsalong the step line. When
toetouchesthefloor, thegravity center linemovesto
themiddleof twofeet. It endsuntil theright feet touch-
ing thefloor. Keep gravity center increasingin the pro-
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Figure4: Relativereal object and distancefor femaleleft
foot combiningand changing step

Cess.

Third step: left foot combinesright foot. Left foot
away from floor refersto left heel keeps away first,
then dowly combineswith right oneastherhythm. Then
movesgravity center lineto theright foot. When thel eft
foot exceedsthe second step, the gravity center should
decrease. When theright foot reaches 3, the gravity
center completely transformsto left foot. Meanwhile,
theright toetouchesthefloor first, and takeson some
part of gravity, until thegravity isbaanced on two fedt.

CONCLUSION

Thispaper, according to biologica movement me-
chanics, anayzestheforce changing processof gravity
movement. Conduct some specia anaysison gravity
movements of waltz combining and changing step. It
explansthe principlereasonably. Waltz isadancefor
two peopl e, requiring two people matching. This paper
andyzesthegravity center transformation between two
people. Itssymmetric qudity should beconsistent with
rhythm. Select human gravity coordination’sinlook-up
table, which reduces cd cul ation contentsand increases
theanalysisvelocity. To keepthegravity center upand
downscoordinately, thegravity center should bepressed
inthe preparation, besides, theve ocity for decreasing
and increasing gravity center should becontrolled. The
gravity center will change suddenly in such process, the
overturn torquewill be generated. Toreduce overturn
torque and increase the stability of body, the velocity
and distance of gravity center changing should be con-
trolled.

We advise: inthe process, keep therhythm of up
and downsof body. Regul ate gravity center position
ahead of time, whichiscurvingthekneeand inclining

forward (mae) or dightly backward (femde). Decrease
position ahead of time. Risng gravity center dowly with
therhythm. Keep the body in dynamic balance, which
isinthemoving processwith onefoot as support, the
gravity should beintheforcing status. K egp theexpan-
sion. Thegravity center fallson the proper position at
oncewhilecombining. At that time, thebody iseasy to
beunstable. The moving distance should be controlled
small, toreducetorque, so asto meet K<1; whiletraning
on some dancer, select the gravity center in camera,
and studiesthefine shortages.
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