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ABSTRACT

The formation of rumba player’s body weight and barycenter, and the
relationship between the barycenter and shifting are the key technology
for rumba technique. There has been some progress on the study of the
weight shift technology in transport step forward and backward about
rumba, but there are still some practical problems in application. In this
paper, we conduct a study on rumba player’s barycenter Shifting technique
with a method of human motion mechanics. We analysis the position
changes when the barycenter shifts and the physical stability in the
process of barycenter shifting. The study shows that the grasp of
barycenter shifting has an absolute effect on rumba players and helps
mai ntai n dance movementsfluent and coherent. By analyzing and applying
thistechnol ogy, players can make new breakthrough intraining and stand
out in the competition, thus has certain practical significance.
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INTRODUCTION

Sportsdanceisacomprehensivedisciplinefrom
an academic point of view; it involvesan extremely
broad range of disciplines, including Human Morphol -
ogy, human anatomy, art, aesthetics, humanities, socia
ethicsand human motion mechanics. Soin order to ac-
complish someachievementsin thefield of sport dance,
master multifaceted knowledge and improve accumu-
lation of comprehensive quaity are musts. Rumbaisa
typical item of sport dance, anditslearning processis
likethe construction of apalatial building, whereneed
the concept of art theory, choreography capacity, high-
quality players, and technical guidance. Rumbatech-

nology isa so acomprehensivediscipline. Researches
on rumbacan cover many aspects with thousands of
topics, but any kind of topicisainvisiblesupport tothe
technol ogy. Playersshould choosethe appropriatetech-
nica support combining with their own needs.
Themechanicsandysisof sportsdancehasbeena
focustopic among Research scholarsin recent years.
Pengping Zhu studied on classical ballet training com-
bined with biodynamic and gaveitscorrel ation anay-
gs Xiling Deng discussed the mechanica problemsthat
impactsaerobics. Liang Xu introduced kinematicsto
sportsdancing skill tests, and focused ontheanalysis
of thebody barycenter shifting. But consder thediffer-
ences between thetwo professions of Dance Sport and


mailto:tiyuxi@qq.com

764

Analysis and application of rumba body barycenter shifting based

BTAIJ, 8(6) 2013

FULL PAPER o

mechanicsaretoo many, universa mechanic sudiesand
analysesthat widely applied to Dance Sport are not
many. Inthispaper weanays sthe scientific principles
inrumbamovement applying theknowledge of human
motion mechanics. We give adetailed description of
there ationship between rumbaplayer’sbarycenter and
movement in use of basic mechanical knowledge, and
study on thefour barycenter shifting techniqueswith
mechanical knowledge, then obtain thebody stability
when enhance dancing.

RUMBABARYCENTER SHIFTINGTECH-
NIQUE SYSTEM

For mation of thecenter of body weight

The pressurethat body givesto thegroundiscalled
body weight. For adancer, to analyze and judge the
location of the center of body weight by body weight
digtribution and transformationisaworth sudying prob-
lem, aswell ashow to convert body weight to achieve
barycenter shift.

Thebody barycenter isthe center vertica line of
the body’sthree-dimensiond pressure, asshowninFig-
urel:
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Figurel: Schematic diagram of the dancer’sbody center
vertical line

Thecenter of massand center of gravity (barycenter)
aretwo different concepts, the center of massrelated
to thedistribution of the quality of each particleinthe
particlesystem, and hasnothing to do withtheforceon
it. Intheabovefigure, human body isdividedinto vari-
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ouslinksand the decomposition principleisthe posi-

tion of each link point. They are connectedtoforma

human link diagram with no massbut tangiblelines
Thetota massof the particle system:

2mx _2my
Mo M

M =Zillm X = )
Informula(1): \ indicatesthetotal massof the

particlesystem, x/, y' represent thehorizontal and ver-

tical coordinatesof each micro- ement in human body.
Body barycenter isaconcentrated expression of
thevariouslinksunder gravity. Therearemany factors
that affect the change of body barycenter, including the
change of posture. Hereis amethod to extract body
barycenter from aphoto:
Principle: moment synthetic principle

PX=Y px, P=1.X=>pXx

PY=2 py,wP=1-Y=3>py, @
InFormula(2): X,Y represent thehorizonta and

vertical coordinatevaluesof thetotal body barycenter,

p, standfor therelativeweight of alink, x,y. arethe

vertical and horizonta coordinateva uesof link’scen-
troid.

In summary, the changes of rumbadancers’ body
posture, would inevitably lead to centroid changes of
the various links, resulting in the movement of the
barycenter perpendicular.

Themovement of body barycenter

Rumbadancers’ moving isessentialy the process
of body gravity lineshifting verticaly inthespace. Us-
ing the center line of the body, we can analyze the
completion of barycenter moving through transforma:
tion of the body weight, how to keep balance by con-
trolling the center of gravity, and how tomaintain graceful
dance and toreflect the change at different speedsin
theprocessof moving.

Asisshown in Figure 2, the famous Lombardy
dancer Slavik firstly concentrated 95% of the body
weight ontheright foot. Theleft foot bearsonly 5% of
thebody weight. And then hemade gravity conversion
fromright foot to theleft. When theline of the body
barycenter reached the middle of the feet, each foot
bore 50% of the body weight. Then thebarycenter line
continued moving toward theleft until the barycenter
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lineandtheleft leglinescoincided, and that showed the
weight conversion process from theright foot to the
|eft.

Figure2: Thethreeposition of Savik’ barycenter linewhen
moving

In conclusion, theweight that both foot bears satis-
fiesthesituation showsin figure 3and match formula

3

vertical line
X
right foot L left foot

Figure 3: Simplified schematic diagram of the position of
barycenter line

Theweight that theright foot bearsexpressed asr,,.
andtheleft expressed asr... They satisfy formula(3)

L-x
Figw =G 0
X - G =F i + Fig (3)
Fe =Gf

TheGinformula(3) indicatesthetota gravity that
human body owns.

Sability analysisof thebody

Theareasurrounded by the support pointscalled
the support surface. The support surface of rumba
dancer ishisfeet and theareabetween thefeet. A dancer
should keep hisbarycenter linein areasonable posi-
tion, when dancing. If the barycenter lineisdeviated
fromtwo feet and theregion, it will causeabody de-
flection. The stability of the body isdiscussed asfol-
lows.

Thehuman balanceisdivided into four casesac-
cordingtothedegree of stability:

1) Stableequilibrium: When deviated from the bal anced
position, barycenter rises, and thegenerated weight

moment forcethe body moveto equilibrium posi-

tion. When back to the equilibrium position, the

resultant forceiszero, and theresultant moment is
zexo;

2) Unstableequilibrium: When deviated from thebal-
anced position, barycenter drops, and the gener-
ated weight moment force the body continue to
deviate. Thissituation occursonly inthedown sup-
port balancemotion.

3) Limited stableequilibrium: When thedeviationfrom
theequilibrium positioniswithin certainlimits, the
body barycenter rises. The generated weight mo-
ment forcethe body moveto equilibrium position
until restoring the balance. But if beyond acertain
limit of deviation from theequilibrium position, the
human barycenter would drop, and the produced
weight moment force the bodies continueto devi-
ae.

4) Indifferent equilibrium: When deviated fromtheorigi-
nal position, the height of barycenter stays un-
changed, and will not generatethewe ght moment
that forcebody moving.

By summing up thefour aspects above, wecan see
that thebody stablestateisactualy an equilibrium state
indisguisewhichisdynamicequilibrium or static bal-
ance.

One of the factors that affect body stableis the
stable angle, the angle of the connection from the
barycenter lineto theedgeof the supporting surface, as
isshowninFigure4:

Figure4: Schematic diagram of thesupport surfaceand the

stableangle
s, BioTechnology
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In the above fig-
GIAE = L) ZKAE = £, gy; ZFAE = £ g i ZDAE = £l
thefour anglearefour stableanglesrespectively for the
left, right, front and back. Theincluded angle between
the barycenter vertica projection line and the connec-
tion from the barycenter lineto the edge of the support-
ing surfaceisthe Stable edge of human body in one
direction. And theangle of equilibrium isthe sum of
stableanglesinadirection.

Thedahility factor K isanimportant indicator when
judging the stability. It representsthe quotient of the
stabilizing moment and overturning moment, asisshow
infigure5. Thediscussion of stability coefficient:
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Figure 5 : Schematic diagram of stabilizing moment and
overturning moment

Theexpression of gability coefficientis.

Gx*r
"= F*h “)

Informula(4), G «r indicatesstabilizingmoment and
F «h indicatesoverturning moment.

So, whenk > 1, theobjectisto maintain stable,
whereastheobject will generateinversion.

For a rumba dancer, the stable movement of
barycenter when moving can beregarded asdynamic
equilibrium stable. Whento maintain substantial move-
ment, he should lower the barycenter to increasethe
stability angle, and reduce the overturned armtoin-
creaseitsstability, in order to achievethe smooth per-
formance.

THEANALYSISOF STEPAND TURN STEP
BARYCENTER MOVEMENT

Theanalysisof barycenter movement when step
forward

In Figure 6, “aone-way track” and heel inward
rotation are shown. When step forward with the feet
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front and back, the heel sshould rotateinward slightly
without affect the balanced movement, but not exces-
sive. If theinward rotation excessiveand make knees
valgus, it would directly restrict the dancer’s body
movement. So make surethat thekneeisawaysfor-
ward, lookslikeaone-way track.

Forward step into the track

-

Figure6: Schematic diagram of forward step intothetrack

Thefirst stepintheforward stepping isleft foot
forward. Thebody barycenter linereach the center be-
tween theleft and right foot point through theleft foot
center pointinamusic beat. Theline of spineand leg
needsto stretch, and the hip needsto do pressureturn
action when body barycenter reach the center of |eft
foot. Thesecond stepistheright foot forward, and the
technica movementsarethe sameasthefirst step. The
third step isleft foot forward, and this step is com-
pleted within two music beats. Inthe beat of & 4, the
body barycenter linefirstly reached theright foot point,
and then moveto theintermediate position betweenthe
left and right foot during thelatter half of 4& andthe
first half of 1&. Leg lineand spinestretching, do hip
pressuretransfer action whenthebarycenter linereached
the center of | eft foot.

Thetechnicd principlesof “pressureturn”inrumba
isnot agtatic dance style, but anatura stepwith Straight
kneesto pull the buttocks, put the hip and turn separate
action. Aslong as the body barycenter of each step
passesthe solesforce point, buttockswill naturaly form
a“ shapetrgjectory. Somedancersdeliberately pursue
the ““ shapewith hip, and in aresult, the gravity line
mi ssed solesforce point, and destruct the fluency of
body movement.

TheMost perfect movement is consistent with the
beat of themusic, so asto completethemovewiththe
music smoothly. Many dancers cannot make the
barycenter line passthe solesforce point at theright
time. If the dancer movesthe barycenter alittle early
or late, thereisapossibility for the barycenter to be
unsteady and |ose balance, and could not step for-
ward. Inthiscase, the dancer can dlightly slow down
the control of barycenter shifting and doesareatively
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static buttocks pressureturn, to avoid theloss of bal-
ance.

Rumbakeeps pursuing the beauty of flowing and
fluency. When body rhythm is out of the music, the
dancer should use proper method to save himsdlf.

The analysis of barycenter shifting when step
backward

In Figure 7, “aone-way track” and heel inward
rotation are shown. When step backward with thefeet
front and back, the heelsshould rotateinward dightly
without affect the balanced movement, but not exces-
sive. If theinward rotation excessiveand make knees
valgus, it would directly restrict the dancer’s body
movement. So make surethat thekneeisawaysfor-
ward, lookslikeaone-way track.

Backward steps trajectory
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Figure7: Schematic diagram of backward stepstrajectory

We havehad adetalled analysisof thetechnique of
barycenter shiftingwhen step forward above. Thetech-
niqueof barycenter shifting when stepping back isnot
compl etely the samewith theformer, becausewhat in
front of the dancer hedl isthe solesand toes, whilenot-
ingintheback. Sothere aredifferences betweenfor-
ward and backward on barycenter shifting technique.
Figure 8 showing the contrast of theright and wrong

foot point when stepping back.
St=o back the wrong foot point
PPl sl ~®
Step back the right foak point
_—.._{“T“‘-'-f" -l = -— e *T.——p

Figure8: Schematic diagram of theright and wrong foot
point when step backward

Themove modeof forward step isto promotethe
barycenter go over the solewith mainforcefoot, and

then the swinging foot step. Whilein case of backward
steps, theswinging foot firstly movesto theback with-
out the barycenter, then the barycenter linemovetothe
proper placewithit.

In the case of the forward step, after forcing the
tallbone pointing to theground, thereisno need to con-
trol thecdf toleaninward. Whileinthe backward case,
inorder to control the pacesize, after forcing thetail-
bone pointing to the ground, both knees should lean
inward to each other.

When step forward, tiptoe, solesand heelstouch-
down successively. The pace get smaler whenretrieve
the barycenter. Whileturn to backward step, thetiptoe
cannot touch the ground, but with thefeet. Sincethe
barycenter would move out when step backward, the
range of pace should be decreased.

Stepping backward with ti ptoe touchdown uncer-
emonioudy causesseparation of thesupporting foot and
swinging foot and cannot completethebody barycenter
shifting. Inthiscase, the dancer forcesthe barycenter
moveto the back foot, which completdy destroyed the
perfect body shape and | ost the sense of mel odly.

Sointheprocessof step backward, make sureto
control the magnitude of space and thelocation of the
barycenter well.

CONCLUSION

Inthetraining process, the rumbaplayers should
focusonthelearning of theoretical knowledge. When
thinking about technol ogical improvement and action
improvement, they not only need consider the aesthet-
icsand art forms, but al so should seek confirmsfrom
the scientific principles, so astoimprovetheir tech-
nique faster; In this article, considering the sport of
rumba, we usethe knowledge of the mechanicsof hu-
man motion, confirm the stabilizing factorsinthe pro-
cessof barycenter lineshiftingwhichareincreasingthe
StableAngleand lower the position of barycenter. Hu-
man motion mechani cs have agood known effect on
rumba.

For rumbaplayers, the move modesof barycenter
are not completely the same when step forward and
afterward. Inthis paper, we analyzed the contrast be-
tween two kinds of step mode, and draw the corre-
sponding conclusions. From thisarticle, weconcluded
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that rumbadancersdo not haveto force hipsto draw “
shapetrgjectory deliberately. They should master the
location of the barycenter linewel | through the position
of the soles. Mastering rhythm well, and noticing the
movement of the barycenter line, dancerscan havea
compl ete and beautiful body shape; We anayzed the
wrong way of barycenter shifting when step
backwardand pointed out that the phenomenon of mov-
ing outward will appear to the barycenter linewhen
soletouch the ground. So dancers should control the
amplitudeandlower thebarycenter. Thestudy onrumba
inthispaper authentically reconstructed and anayzed
thiskind of sport. And we a so provided some anayses
and explanations for some unreasonabl e actionsand
detail sthat easy to overl ook, which providetheoretica
material for the sport of rumba.
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