ISSN : 0974 - 7435 Volume 8 Issue 5

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 8(5), 2013 [612-615]

The kinetic analysis of the lifting of waltz’s center of gravity based
on the mechanical impedance model

HuaZeng*, XiachuaPeng
I nstitute of Physical Education, Baoshan Univer sity, Baoshan 678000, Yunnan, (CHINA)
E-mall: 375566733@qq.com

ABSTRACT

This paper studies the lifting technology in the Waltz dance action, by
analyzing the human action in the lifting process of the waltz’s center of
gravity, establishes the transfer function of the lifting process of waltz
center of gravity, on the basis of waltz lifting process, establishes the
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human mechani cal impedance model with five degrees of freedom, obtains
the body’s impedance transfer function of the dancer’s head, waist, thigh
and calve during the lifting process, uses the overall relationship of the
above four transfer functions and the human body system, and establishes
the human chain model of waltz dance. Through the established human
body’s impedance model, this paper tries to produce an illuminating effect

for the research of waltz dancers’ lift technology.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Wadltz originatesfromthefolk Audtria, first ispopu-
lar in 12th century Europe, entersinroya paacein 17th
century called as court dance, and itstechnologiesin-
cludereflexive, swing, tilt andlifting technology. Lifting
techniquereferstothebody’s up and down when danc-
ing, theactioniscompleted intheflexion and extension
movements of knee, ankle and toejoints, the study of
the technol ogy mostly staysin experience. Based on
thelifting technol ogy and mechanica impedancemodd,
this paper analyzestheimpedance model inthelifting
process of thedancers.

For theresearch of impedance model many people
have made many efforts, on the basis of previous ef-
forts, it sudieslifting technology inthewatz action, es-

tablished he mechanical impedance model withfive
degrees of freedom, deduces four separate transfer
functionsthrough modeling principles, and establishes
the human body chain modd of thewatz dancer for the
human body system.

MECHANICAL IMPEDANCE MODEL OF
THEHUMAN BODY

The purpose of the human body’s mechanical im-
pedancemodd isto usetheoretica mode to represent
the human body, the main part of the body ismodeled
asacomplex spring-mass-damper system. Themode
buildingisdividedinto two different methods. Oneisto
consider theentire model asanumber of components,
and obtainthemathematical mode accordingtotheme-
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chanical propertiesof the components. And the other
oneisthrough the experimental method, to study the
human body as a whole, this method is aso called
“black box” approach. The former one is more com-
plex inthesetwo methods, and difficult to achieve; and
thelatter one hasastrong practicability. Themodeling
method of “black box” is shown in Figure 1:
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Figurel: Mechanical impedance modeling process of the
human body

Model building

Thehuman body can besmplified asasystem com-
pasad of mass-spring-damper. Thehumeanvibrationmodd
isdividedinto series, pardld and mixed modd fromthe
form. Theseriesmodd isalso known asachain modd.
But theinternational standard mainly usesthepardlée
modd . Figure2 showsthebody’s lifting dynamics model
in waltz dance, which is composed of mass-spring-
damper after thehuman body smplification.
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Figure2: Thehuman body’slifting dynamicsmodel of Waltz
Dance

Figure 2 showsthe posture of awaltz dancer dur-
ing thelifting process, the establishment of the human
body’s dynamics model with five degrees of freedom,

theestablishment of differential equationsbased on dy-
namictheory, asshownintheformula(1):

mX, + k1(xz - X1)+ Cl(xz - X1)+ kz(xz - X0)+ Cz(xz - Xl): 0
rrgx3+k3(x3—x0)+%(>'<3—>'<0)=0 (1)
m45<4 + k4(x4 - X0)+ C4(X4 - Xo) =0
Thematrix form of Formula(l) isasformula(2):
[M J{}+[Clix}+[K Jix} = [BJia) @
InFormula(2) [M ]representsthe massmatrix, as
shownintheformula(3):

m 0 0 O
0
0 (€)

m,

In Formula(2) [C]representsthestiffnessmatrix,
asshownintheformula(4):

(o - 0 O

[C]: -G (Cl+CZ) 0 O
O 0 ¢ O @
O 0 0 c

InFormula(2) [K ] representsthedamping matrix,
asshownintheformula(5):

k, -k, 0 0
[K]: _Oki (kl"c')kz) l? 8 5

3

0 0 0 Kk

In Formula(2) [B] representsthe coefficient mar
trix, asshownintheformula(6):

0 O

B]-

k,
k, c, 6)
Ky G

Therefore conduct Fourier transform on
theq{x, %} informula(2) asshownintheformula
(7):
Q(w):{xo(a)) ja’xo(w)} ()
s BioTechnology
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Conduct Fourier transform on theformula(2) as
shownintheformula(8):

o’ [MJX(@)i+ jo[CX (o) +[K X (@)} = [BlQ(w)} 8
If[A]=-0°[M ]+ jo[C]+|K] thenwehavetherela
tionshowninformula(9):

|
- o) .

Thetransfer function of the human responseisin
formula(10):

LCRORC

If[E]={L jo} thenwehavethesimplified ex-
pression of theformula(10) asshownintheformula
(1):

H(w)=[A]"[B]E]
Thetransfer function of Waltz dancer’svarious
body parts

(10)

(1)

Formula(11) representsthe genera formulaof the
human body’s transfer function; the transfer func-

tionH 1(5) of thedancer’s head is in formula (12):

_Xi(s) _ (estk)c,stk,)
SRS E RS
InFormula(12),s= jw.

(12)

Thetransfer function H,, (s) of thedancer’s waist is
informula(13):

o) X,(s) (c,s+ kz)(mls2 +CS+ kl)
e WSS

Thetrangfer function H ,(s)of thedancer’s thigh is
informula(14):

HS(S): X3(S) _ C;S+ k3

Xo(s)  ms?+cs+k,
Thetransfer functionH ,(s) of thedancer’s calf'is
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(13)

(14)

informula(15):
c,S+Kk,

H,(s)= X(s) _
N m,s” +c,s+K,

Xo(s)
In Formula(12) and (13) theexpression of A(s) is
intheformula(16) bel ow:
A(s)=[m,s* +(c,+6,)s+ (k +k,)[ms* +cs+k - (s+k,
Human body chain model

The apparent mass of dancer’s body model is ob-
tained by theratio of theexciting forceacting onthe

(15)

(16)

mass piecem, and theaccd eration of thedriving point,
asshownintheformula(17) below:

"

Theforcebaanceequation of themasspiecem, is
showninformula(18):

M+ 360X+ Dk (- )=F

i=2 i=2
By theformula(2) and formula(18) theformula
(19) can be obtai ned:

4
F=> mx

i=0

(17)

(18)

(19)

Theapparent mass of the model responsivenessis
informula(20) below:

F(s) L mX(s)
M(s)=——<=m+ > 7
& %@ ™ X

Depending on the quality apparent masswe can

obtain the mechanical impedance Z(s) of thedriving

point of the human body model, asshowninformula
(22):

(20)

(21)

When the body is exposed to whole-body vibra-
tion, itwill typically exhibit nonlinear characteristics. If
the applied vibration acceleration islessthan 4m/s2
when determining themechanica driving point’s imped-
ance of the human body, the human body can be ap-
proximated seen asalinear system. For alinear sys-
tem, thetransfer function of the human body’s chain
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model isdefined asformula(22):

Zai =]
H(p)="3
i=0
InFormula(22) o, = J,, ¢, = 6;,, nindicatesthe
number of degreesof freedom.

Theliftinghuman body model of thewatz dancer
studied inthis paper isachain model with 5degree of
freedom, and thetransfer functionisinformula(23)
below:

Zslai P'
— i=0

H(p)

(23)

.M“ A
Y
i)

CONCLUSIONS

Thispaper studiesthe application of the principles
of mechanica impedance modd in the human move-
ment, and establishesthetransfer function of thelifting
processof watz center of gravity; onthebasisof waltz
lifting process, establishesthe human chain modd with
five degreesof freedom; calculatesthebody’s imped-
ancetrandfer function of thehead, waist, thighand cave
during thelifting process, and usesthe overal relation-
ship of theabovefour transfer functionsand thehuman
body system, establishesthe human chanmodd of watz
dance. Themodel established inthispaper can be ap-
pliedto other anadysisof smplehuman movement.
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