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Analysis of Sway in Ballroom Dancing and Other Sports
By ®", OF
Tadashi SHIOYA™

*! Independent

The “Sway” is one of the important techniques in ballroom dancing and also is seen in many other sports such as skate,
ski, running, and sports with vehicles etc. According to the authorized syllabi of the ballroom dancing, the sway is defined
as the inclination of the body away from the moving foot and towards the inside of the turn. However, there are some
questions to this definition of sway. which is cleared in the present analysis and a more precise classification is given with
mechanical analysis introducing a new concept of inclination and bending.  First, basic mechanism of the sway is explained
as the balance of the inertia force of the dancer’s body and the force exerted by the inclination of the body using an inclined
one bar element model. Mathematical functions are introduced to simulate the translational body movement and the amount
of inclination in the sway is estimated by the analytical solution. Further a two-element model is introduced in the present
analysis which includes both the inclination and the bending effects. This model explains the control and stability of the
sway and to match the function of the force to explain the swing movement and the function of force by the sway analysis.
The sway process is classified in the three stages, and the change of the inclination and bending angles with time is

demonstrated for each stage with taking examples for some figures.

Key Words : Ballroom Dancing, Sway, Movement, Walking and gait, Energy, Music, Kinesiology

1. #%

R—IWL—IH o ANZET D HIROB) & & S e BLE D BRI 2P 7= b DIz, FLo EFEEICET S
D (A, 2016) BHDD, R—Wb—LZ o ZAOKEEIZE L TRIT & A EITRN T TR0, R—L
— LK ANZBT D EBERFINOONE DI Sway 3B D, Sway ITHKOHERTHY, R——LF L ADYV
T IRARHFEE (ISTD, 1982, Moore, 2002, Silvester, 1977 and ISTD,2001) (Z1%, FHAT 4 X2 7 OFAHITH L
IR ENTWS. Sway DMRMICR LTS, [EHRICHED 2 LAVRBRENTWA, BTSN T
[AAVAS/AN

Centrifugal force
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Fig. 1 Balancing Forces Acting on Vehicles in Turning Movement. (a) Motorcycle  (b) Aircraft
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HIROBERCE Y HOBFNIBI L TiE, Sway & W9 HERIFEDNL TV RWGEATYH, oZ OAR—VITE
WThHLND. T v I, TAAR— ], AF—, QEHE, B—F—( 7R EICBTLH KTV Y
OERNE, R (NHZEETe) OETREN T —7 L5 & X, MIRIZE <=L &80 55 L OBENG
DN T & KR DR E O E bzt b L shs (K 1-a). MZEEOSGAIHERNC XV 50y
\ZHERIDHFLTT DRy Rz TVW D (1K 1-b).

K AFFEOBZIZEB T Y Sway Z [RERICEIT im0 & O#0 BV T EZI T2 > TV AHEN L AL
NN, BUSHZREHEICEE S, @u & iTnaewn. £, R—lb— L F o RTEIT HRERNREERO 7 1 F
=7 T % Natural Turn X° Reverse Turn (25T H, HEOME IAL (FliE) 528, HIEOELOKRKILIE
EACERTEL, IR (L) ITRERELIDBIND E1TB TV 727, FIRBERE Lol
MR BHHDT, FIRIZHNDWIET] (Body force, TEME7]) & LTI Z TS B LD, ABIZEBW
T, RN—IWb—ALZ U AZHIT % Sway DFFHT 2 B2 J1589E T V2 -V TITRYY, Sway D IE LW Efig %
HHyE 4 5.

TVFNCEIRDERN T T D12 B T2 > T, HERO EOFHOERITH-> THRIT L I 7BV AlRETH 5
M, W= /b= LH AT D Sway 1T —MANCERORTT M OBER (RMIDTM, SEmRNOMER) ZEWwL
TW5.

Sway [T — NV —AH L ADAL o — RFEH, S 5IZZDH O Swing Dance (Waltz, Foxtrot, Quickstep 33 J:
O Viennese Waltz) (ZBWTHETHH I AT T3Z (ISTD, 1982) IZHRESNTEY, ATOXGH LIS
Swing Dance (2351} 5 Sway T 5723, Latin American Dance (Lavelle, 1975), £ X A, X HIZ4 2 ALSt
DAR—VEIZBNTHEAMITEHNATREE B2 TN 5.

2. —ERETIVIZKIEFRRT

2-1 EXEHF —ERBH

Sway [THRDOEBNIRHZ FRICE LA H D & &, MEIEE O Body force & /37 VAT 572D EEZ HNDHDT,
TP, R b —LF 2 ZZEBWT EDOFEED Body Force 233 5 & BFELH > THh D, REHIE LT, Waltz®D
Natural Turn DA 7> b 2 /5 3 OWFS (Sway 23E U DHE8) OB TOEENZ T 5. RO ELOBENZR
L Chi (R, 2016) 12\ T, EhiEFmodifnEs) (EZiER) 2608 L TR L7y, ARfIZBWT
1%, BENREKICIN > 72K AN B L CIEEEE) 2 ET 2. Natural Turn OAZ 72 k3T (B w2 k3 O
FETIRE, TR 2MEIV Rise 2544 T LR ARt O & L, ZORRTOKELFMEENHLETLEEZXT, |1

NEJEIA O IESLEB 25 2. 5. EOOREIZIh > TEEZ LV, KR (xF71a) BOLER X, $HIETH

(y i) BmOEAMLy,, 1/NEORFES (88) T, 1/ETOELOBEREL &35, FOMEX,, B

FOZORE, MEETZNLEN

2
xG=E t—sin Zﬁ(lj ; e L 1—C0$27z(£j ; d XZG =2—ﬂ:‘sin2ﬂ(lj (1)
Tl 27 T dt T T dt?> T T
2
LEDUD. Sway WELSOED DL k2, 3 OBEBETHY, RAOBMEER %§:_§§ b5,

ZOBIEEDMEL, 1/NMAETOBEEREZ L=2 (m) , Waltz OEHZEHEZ 30bpm § 725, T=60/30=2

2
(sec) I, %§2_2f2414(Wﬁ LB, T, MEORKFAC TS RINE & A LTS
MZFWTEY, FHERFIE TR (RIREN) THDHOT, Sway DT HIEFRL.
WIZ, FHROBELOBERNC X VTS B O SN EORREIZ/ 5 0E AL > TH 5. Sway D1 FRfRT 217
OB, FTHLoLbHMATETNVELT, WY TE2 1 RKOMEWHEOESR (FE) S FMmazElmL T\
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BEBERL. BHEROEEZM, BOOMEIT MmNDI, &9, BRI (R) 1 A ThHREETS.

BB W TIEEE DB LOUKE S (B#) OLTE—A L MIFEERWeET 5, ElEAREEICEY, &
DOMLEL, BE x=xg, @S y=y, & LEHAOEBIOLR AT 5. RO Sway %, HHG L ELE

FESROEEMN L OAE O (EFEMEFE, Inclination) THKbT &7 5.

26 _sin@ y_G
G G

=Cco0sd

Inclination @ ZBI9 2iEEHREAIT |

2

Gz?:gsina LIRDIN, BEAR— NI — LK AITHIT D Sway 1E
t

B E Y KE OO THLO T DARNTICIN T O BHUMEHOBE OFERE IV, T72bb,

Xs _tang@=sing=g , cosf=1 + LT,
Yo
&0
IG¥=99 (2)

LRED. ZO—RIL

6= B'sinh(ftj (3)
IG

Thb. 0@/J\éb\%ﬁﬂi9=5'\/|§t , Xg THREIX XG:B\/IEt 4)
G G

L%, BIEOEAETIED DY, BEOOSEIE I & E TR 2 iR

1
2 5 2
corzomige 9% _[ 9 lggnnl( 97l camomsr 9% =2—7Z2L5in27[(£j
it |y e T T

ZHEg, JFUEE< T, sin & sinh Z#EWH D E LT

1
9)P_27 pg_Lb e
Yo T 27

Inclination 6 ZE.LONEE CFR &

[d X J dzxe

dt? ’

0=~ wgnkor s g =1 w27 )
g g T

At 30bpm, L=20 & X, i KO Inclination 1%, #=0.32 (rad.), °C#EV28bpm, L=150D&¢ X, KD

Inclination (%, =021 (rad) &729, Inclination (3 HZOBEE, BEIHKFT D Z E0nEnsd. EERIC

Sway O &ZFHA L72BIE R 620V, CALOEFBEHEORVEEE X DND. BEETIZ, BOICLD

IR T 5 Inclination 13, #EREEVOL X, gV ThHY, BEEHHEOFT v TR=365
ogR

(m), v=9 (m/s) T4, =023 L725%.

72k, ARHEO—FEERMNTIZIVNTIE, Sway DMEEET 2R ARICIIT D L OfRITRE 2B CIIGE o, #f

IEDOHIEOT=DIIT%IR D " BHFRET VPME L 72D,
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22 Sway &k BiEE & MNE

—RENZAR— NN — L F L AZBWTIE, Sway 1 EIRO L 5 IZEEEOBRRICHVOND Z ERZW. Theb
B, HIEOMEENIET M LW THD. LnL, DD T 4 X 2 7 I2BWTIET 10 & S ROEE N R 51 &
ROIE LB AE LS D, T 21X, B D Sway 234 U D Feather Step D 2 #2H (B /g, 4 Sway) 1308
PSS CH H 7)Y, Hover Feather 1 H (B1AER) IZBWTE, Jef14x (Heel Pull) & OBHRICL Y, HEEE:
MeTdh D LMD, LR ->T, 1D Feather Step & 113D/ Sway (272 %. Hover Feather DI ILHE <,
FTITHEHETL2HDOTHLHOT, kA (/) Tik Sway HIHZ 5.

IEED Sway & Edet 9 & DD & LTI Turning lock to Right 723 5. Waltz Ol ¢ Turning lock 1%, %1
/i Sway TH Y, Y477 4 F =27 (Natural Spin Turn 72 &) D Ff&AEN S OBE (f5 Side Lead 738 % D T Body
MO THFGEEE) 2L T\ %. L2 L, Turning Lock to Right (23T, /£ Sway TH 45 Sway T #J,
Lo TS, fE Sway DA, 8% @ Turning Lock & [RIERIZ, B0 &R CX 57238, £ Sway DAY, 71
FHNZIE, AFFNTINEL T2 &5 LB > TV D, R Z EERICHIE L TIEW 72023, Dancer D
IR KO, BE OBUREANIE B MEOL Sway TIEFEBRICA A ROIERH D L ) ITEE D, FRHEE
L CRELSHA D & T HHHEIRT 2 LI Z DM DR A HiLs.

3. ZERETIVIZEDGHER

3+ 1 Inclination Sway & Bending Sway MR

VL EETIE, BROER 72D Sway & L CTHEOMHERH O D& L LTTZ LT& 7. LiL,

Sway |33 7 "R ECEFKE LTI, FMAMER Inclination & SITWAHHOD, FEEE, K7 4 X2 7 Oftabizks
WTIEZT L HEREAE LT (ELD) R E —E L TWRWEE 2. Bz, Waltz ® Natural Turn
D 3 HBBIZBW TS M OEEBNE L A ERWITH DB T, Sway X2 HENLAKEL TS, Zh
X, FEBRELTWAETTh- T, ELOMBEIXIELOMER LICH DO T, 1FEAKFSHONLEE T
WDOTHDH. ZNODOFEEEETH72), 22T Sway DEREZHTIHRET D, HERESKROMER (FELOMHE
) % Inclination Sway (HF} Sway) &35, £7o, HAENEAHIZEMT 5IE% Bending Sway (iffiiF Sway) &
9 5. ISTD O TN ZRWTIE, EFE EIL Inclination Sway TH B3, FEEO T 4 F a7 OB TIRIZEAL
Bending Sway & 72> T\ 5. I 2 TCTiEF L2 2 O Sway DZNEIUTONT, AR), L), EHE)MRHY,
ZOMAEDLEICE VK 2 D 9 FfEHD Sway (LR, LL, LS, SL, SS, SR, RS, RR,RL) 3% 5.

(/) (D O

Fig. 2. Combination of Inclination Sway and Bending Sway ; LR, LL, LS, SL, SS, SR, RS, RR, and RL. (Back view)

Z DX D7 2 D Sway OFLABDOEIIMEDO AR =B TH (HEIIR 2> TWTYH) LidLiIZABR

5. BARBIE LTH—T7 LTHEITT 24 7 O E T A X —DEBOBRRH %, FAR7R Lean with [,
A7DME L TA X —D PHERRICAETHY, EFEEOSFUTLZ239 &, Inclination Sway 138 5 7% Bending
Sway D72 WGAITHE T 5. EREO 1 ERMNT TR TE 5. Leanin (334 7 O X2kt LT E-H M EERD
WHIZA ST 7 =2 TH Y, EFRROHEICL7z239 &, Inclination Sway & Bending Sway 72375 18] D35E 124
M4 %. Leanout [I/31 7 OE XT3 LT EEE ZEHZOIMINCT H L7274+ —ATH Y, Inclination Sway &

Bending Sway 73 [ OGGIZAHY 5. ISTD O 7 /32 TiX, 1@ T2V Sway & LT Broken Sway 737~ &
NTNBNZIA Leanout [(TAHYS 25 & BIFIRTE 5. 7272 LY I ARATIE ERD X 9 I2EE 72 Sway OitiklE
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INTWR. LLTOMIT T, T &=, 20, /51 7 HiETdH 5 Lean with, Leanin, Lean out

% Ballroom Dancing @ Sway OISR 5.
FEERD A2 AT\ T Sway 23HL72 5 Inclination 7217 (Lean with) CT72<, 72 Bending Sway % £ 9 7\ZO0»
TIE, IEEOKIEICHFS L CWbH BN, b L, BLBFREDORIIHD ETIUE, FROELEDOR
hMER A L &L 9 & LT, BHLUEORORE TE— A > F &4 U S CERE Inclination Sway %42 U S+
HZEFTERY. HERORENTIZEAL T, HIRNO@X TREETH 575, Zd Bending Sway (2 KL D JHE
D% BRI 3 L OREENAT 72 5 AT o TS & & 2 5. F£72, Inclination DA FE O 3890 AV DAL
ENLTNEALDLAOHIENZE LT, FKROHIT Bending (2B L TiX, Dancer DEET, E—A2 D
N CERRE L CHERITAEEBINAREE B OND. ZILLOEEONENFIRONEEIZED X D

(BT DR RN 5 Z LICERDB D 5.

EFED L 512 Sway (I EGHE I [E R 2L
\FC& % Bending Sway OXBI3H 5 DT, LU, BAENET VAT TR Z1T729. K3 TRT LI ICHEE

AR ED BT ANEF O 1 4L (Hinge) THrALHIAY > TOT Mz JFUR CHEMIL TV 2 2 BREODET V&2 E X

3.2 ZERMEN
3% Inclination Sway & FZERIZ—MXANICFRIR S 4L TV D IZHERY 72 B (A il

2.

Fig. 3. Two-elements Model with Inclination Sway € and Bending Sway ¢

— R & [FIRR, Sway /NS WSO L5, R, MG X fiE (BRiE) 7Ry &%, Hinge OfL

Ea y=y,, X=X,&L, TNLY EHOBERORELLEL y=y,, X=X,, LHEROHEEZmM,,

Hinge &V FTEIOEROHEMIELZ y=y,, X=X, FHOHEE m &2, BEOHE mi,
m=m,+m_, EFOEEENE m=T, oo M, REOTEOIE X, Ve

m m
ThHD. @S, Yoo Yoo Yur Yo (FRUNMAORMELY, &

Xg =My'X, +M "X Yo =my'y,+m 'y,
b2 ke UL /e d. BROELO Inclination 4% @, Hinge #53 Bending fA£ ¢ 1TZNEHL
m,, X m X X y
HZ U™y + L ¢: ) _ U X (6)
(yU_yH) yL(yU_yH) -

MyYy+My, Mgy, +mpy,
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THREND.
2 2
FRER, FRERZATROROINEATNE Fy=m, T, Fom I cn s,

dt?

JF (LR OARFENR =R, +F, F, DfF513 Dancer DAL X F1AIZIE/2 HIET, Floor 23 Dancer
HREFEEM=m, +m_(Z20 5 /1 TH Y, ITIZEBWTRO DXL TH%. Hinge #57 O i o0
1%, K THLOTETEOMEIFONE L0720 272 %, #iF Moment M, X Dancer BB DEETE R

ZTLBNTELEREEZD. £, TAE ¢ 1% Moment DJEIEA & ToREHIFOE THRRMIICIRE L D &
ERD.
TR & LTI, BRD Sway BEAATRTRTA—260, ¢ FiZ X, (L, HIKICHND

JIF,Z k% Z L Th%. Inclinationangle § & Bendingangle ¢ TFEbT &,

F, =mgo+ Yo=Y {MH_mU(yU_yHXmUyH+mLyL)g¢} (7)
V(v = yu) mys
Liph. AN 1A O 0L, SROEMIEENET LI RED | BRETLVOMEROETHS. 2HA
Hinge Moment M, & Hinge f4 ¢ & DIHIE, Bending Sway DZIRTH L. & M, 1T Fy (26 LTIEDORR, ¢

TAOBRTHD. T72bb, HiEEFRIZI Tid Bending Moment M, Z M E 5 Z L1, BRERIIC L0 IK
HNRENH D, FEFE L CTHIN L 72 Bending Angle 13E DRNEEWT 2 Z L1252 LA RL TS, BHLO

2
fiE#} Inclination £ & D2 R1L d_H = F ThHZ, M. =M, - mU(yU ~Yu )(mUyH +m'-y'-)g¢ k<
dt>  my, my,
kr
2
M=i9+% M. ®)

dt* oy myeY(Yy - Yu)
L725. —7, Bending DB

ﬁ__ Yu— Yo 09— mUyU2+mLyL2 M, 9)

dt? yL(yU - yH) mUmLyLZ(yU —Yu )2

Thad. ZnoOIMEEDOHIZLY, Dancer (CXV 52 6NLHITE—AL MM, Db L, Zlx ORFEFEC
&Y Inclination 3 & U Bending DEHZE(LNE £ 5 2 Lic/ked. E2 NIV M 2HET D L

d20 _ Myyy + MY, mUmLyL(yU —Yu )(yu - yL) ﬁ (10)
2 2 2 99+ 2 2 2 10
i’ myy,Semyl T (Y Fmoy myyy” emy, ) dt

LD, A% 1 HEE O OIEIE, Hinge DAZLO7RNE, 4725 Inclination Sway DA DIETH ¥ Hinge &

D1ERET VO THS. 2 HH Hinge fi ¢ DAELROIL, Bending Sway DR TH Y, Dancer (2 2 il

TAE‘@IE'C“&)é % 1A 0 DHIT O 75§/J SN E X IR NS L A2 B O TEMIEN SR BSOS\ &%
WHREER R > TV D L ZERIEO T2 9121%, Bending Sway (2 X Bl MEE 72 5.

FERYIANT A—=F 2K L, Bending Sway DNEEE % Inclination £ & & 2 DN T Normalized Parameter & L

TR L
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dZ ' d29|
dtf’f =—(dt.2J+Q'9' (11)
L%, ZZT
9 [ Yo (L
¢_P’ 9—(L0jr t—( ])
Q-z{l_m my vy =y, ) }(QT j o (mt,'y?2+m;yf) Yo (12)
( my yu tmoy, ) Yo my mg YL(VU_YH)(YU_VL)

ToH%. O Normalization (¢', 6') 1%, Dancer DHEDILIROMIE (L TFOEMIERE) ORBEE L
DLE®RNDD. ¢ & QIF LERDOBEROEKMED S & TR T 52 LN TE S, BARIZIT Hinge (231 2
Moment M , % Dancer 2352 % Z LIZ X VHilfEd 2 Z L1272 %. 7235, Hinge |Z2351F %5 Moment M, & Hinge 4 ¢
®%Miﬁﬂﬁ% BT DHWED X 5 7 —EDETITA <, BEETICHEVERT 5. Tabb, FHERIC AR
73 Control §~% Parameter Té 5.

3.3 Sway DR, FRHBEOHIT
A== B F 2 AT 5 BRI 72 Sway 1, #URIAYIZIE, Swing DZENHAELT, RO Swing ORIZHEET
5 EDNCFLR STV S, BARBID Waltz @ Natural Turn Tl Sway 1£2 #2H, 3BHTAELD E>T0S. L
MUEIZIRR L 912, 1FEAETIEE 725 34 E TIEAELE~D Inclination 1XIE & A X 2o T A,
Bending Sway (Z & 0 BT ED Sway 23 > T % &9 Z &1Z72%. Foxtrot @ Natural Turn, Reverse Turn 732 &
WZBWTH, 3245H1X Open (BZPALRVY) TBEIT 525, HEROHFITIZEMENL RN E RRELH DT,
Sway |Z Bending Sway D#A LB X 5D, THHDT 4 ¥ =27 Tk 3 4xH 4T Sway (ZAEHEIZHN D .
ZITE, INHOELICLY Sway DifafEE, Sway @ﬁ/ﬁilﬂﬁr‘(Developmen‘[ Process), Sway DHERFIEFE
(Maintaining Process), f#{HiE#2(Diminishing Process) @ 3 BeMEIZ /01T, EARAIZL Sway DI TIEFE & RT3 5.
Sway EB)Dfift & LTI, Inclination Sway ¢'(t')# & O Bending Sway ¢ () ZRRETTICH L TR 2 & TH

2.

Sway DI RIEFE

—#&AIZ Sway IZ Natural Turn <° Reverse Turn 72 &£ Swing BI{ED# J20 Rise DIAREIZIZAR I D Z 3%, B
{RBYIZ Natural Turn B0 B 2L LTE XS, Waltz DFAIEH 72 b 3 DRIHE T Rise 255 D TZ
AVET Swing £ A LTH LW LIveW3, Foxtrot X° Quickstep D1, 3 43 HIX Rise 7372 <, Swing IE
QAT T LR LT 0. Wtict X, Swing #5244 C Swing SO ELOBEINMELT 5 ETE
Swing & L, ZDKERE TO Sway OIEBGERE AT T 5. BRHIZ Natural Turn 5705 FO@EAL SR L T
9%, Natural Turn 1 22 BIZEBW THIROBE) ) & F RO E 3 [E U & Aot 2 BITAA ~ON#HIT 72

<, Sway (X772, & &5, CBMIZ XD HROME AETH IR L TRM X 1272 51220, FIROEENI/A
FHOEBR S DBEINLTL 5. Z L THEOEEDIED SPRGRICHR U5 2 A0 D Sway BB E 75> TL 5.
e, HRELERXADEN 1A (BR) 248 (BR) ITER > TWDMITAEA DL EILW & O E
DEITHRD & ZABKREW, KENEE AL 2 BB OLEBICHDIRIENHIE, Sway N TREZHH Z L1274
%. Sway DX Ui Inclination Sway 73T, WEHIZHA LTV E, Bending Sway 28T 52 LiZ7ed. L
THHEBENIER LR (2, 34H) WM. Zof, 248 () IZ3HEHEEZMHALT S (Close) Z &7
%. BAU 2R EIITMORE Y O SENRH Y, 2BANG 3 AR IZT COXEBI LT
Inclination Sway DI/ 3H 503, LV HZT, ZOREEZE LR ‘ﬁﬁﬁ’i’m?‘.

Swing ® HAR7eEh & & U CIERKEEINEY L B2 HiLH 0, —ERET/MITBWTL, FEOE LN A EIZH
D RAHEIZ BT, MRS TH L. —ERET /MBI TL, KIEOEY GUVLED RS =23,
W (M) 252 CTEBIOMN 2T 5L, —~BERETATIEIAMETH /2. Z2TF, “HATT /UK
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v, HELOEE) L U CTIEEEE AV, iR LT ERTEEET A0 E - BRI 21772
7.

Inclination Sway D4 & LTl

Swing BRI

at t=0 @(t)=6, %:o 00=1 (13)
Swing #& T IKf
at t=1 O(t)=0, %:o 0,=0 (14)
FLOER) (Inclination Sway OfiF) (2B L Cld—EHR O IELEENE L 3 5.
2m 1
00 _ orsinzat) 39 - 1icos2at) @'=1-t+-Lsin(2at) (15)
dt dt 27
PPN BVAY - o o= W = 8 N N A
1Y d2o
el 0=01-t (16)
(272'] dt*? i ( )

Bending Sway OPfAalAIEL t'=ty &L, BTRAU=1ETOKXH ({t'<t'<l) O Sway &9 5.

Bending Sway BAAARE
" : de'
tt'=t =0 =0 (17)
! s/ dt’
Bending Sway #& T IFf
] 2
at t'=1 dij:o d—¢=o (18)
dt' dt*?
& FRRGE L 2 B OEE) R
d2¢| dze.
29 _ "9 (19)
dt*? (dt'z J+ Q
%7~ 3" Bending Inclination Dfif% K % &
d’¢' 1 .
2?2 ) = o V+0'(1—t' (20)
e {(MJQ +27r}$|n(27zt )+Q'(L-t)
dg' (1Y 1 )
ol =0 —cos(2at')}-=Q'(1-t' (21)
o CA LTS BT

27 )|\ 2x

¢'= {(;)ZQ'H}(F—FS )- (1){[1JZQ'+1}{sin (27t')—sin(2at' )} + % Q {(1 —t) - (1- t'3)3} (22)

L%, EXCBIHt'=t'y 1%, Bending Sway BAaFD % — Q&R LCEZDND. Bk

Inclination & Bending DR FmFEDH A [X] 4 12~ T .
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05

-0.5
g'= yi@ Inclination @'

de'
e=|nclination velocity

dr' dg'/dt

¢

'= 2 e—Bending¢'
¢ 7 2
d¢
dr'

-15

Bending velocity dd'/dt'

Fig. 4. Development of Inclination Sway &' (t'), do (t) and Bending Sway ¢' (t'), dg' (t) in Normalized Form,
dt' dt'

incaseof (=3857 (example: 28bpm in Waltz, with body proportion of
Yo =10m, y,=16m, y =06m y,=1.0m m,'=0.6, m '=04)

Sway DHERFHE
Inclination Sway (%72 <, Bending Sway M7 TH.MT LD Sway 2R B 728 LT 28 TH Y, HIROFTIH
D723, Bending Sway 4 #E£F9 % 72 Hinge T Moment [ Zf&D.

- de’ d’o'
Inclination Sway @'(t')=0 ——=0 = (23)
y 0(t) dt' dt*?
1 2
Bending Sway ¢' (t') =¢', (Constant) ((jj¢ =0 (iit_f =0 (24)
tl 1

Sway DFFHEIETE
Sway ZfEIH T DiEFfRIE, Sway 23 2 IRHED D Inclination $ Bending & 72V VEHRKEEIC R TEfE CTH D . REM
\Z1E Sway fETH DOBRAARE LTI CITIEM 12372 <, 977205 Inclination Sway 2372 <, L7273 T Bending Sway

2 n 2,
ORNGEEE & 72 %. B FE LCIE, Sway WAGBEEOSS & FR ‘;tf{ _ _[‘;tﬁj 1Qe

Tdb. Sway fRiHbiaiZ t'=0, KRz (2:')=1 & LTmoRME LT

BALARE at t'=0 Inclination Sway €'(t")=0 %fll =0 Bending Sway ¢'(t') = #'s % =0 (26
Sway fi#i41% Bending Sway DA & L,

TR at t'=1 #(t')=0 (31?':0 LT5. (27)
Sway OffH & IEZBSE L, WD RIE&im 7= 3Bk s LT

( ; j¢l:{1_t'+217rSin(2m')} ( : quj‘ = —{L-cos(2at')} ( ¢l sz¢'=—(2ﬂ)3in(2ﬂt') (28)

b #s) dt g ) dt?
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K& U ColE) A il 72 97 Inclination Sway % 3K % &
(LJQ-: 2] Gin(ont)+ (20)Q 2 sinh(Q‘; t'J (29)
#s)  Q+(rx)
ZOfifiEt'=0 (2381 5 Inclination Sway 72 L DSAEIRI 72328, BiffE & & Hic @I k&< o, =
72 L, FEBED Inclination @

QZ(L%'T%éhé@T,E%@ﬁﬁmﬁéLﬁméﬁhﬁH%ﬁﬁT%é.%%Ku,%¢®0ﬂ%
Ys

- T Bending Sway fi#1HIRE R Tl )7 O & ~D3EBEIPTHOND.

4. ¥ B L # B

Dance (23517 2% Swing SEENCBI L, A CIE L TES), A CIIACES MO Ofiftr 2 Lo L1z, SHEDR
BIZHOWTIE,  ETE#EENIE LTl Dancer D& RIZBIRZR < Moty ~HETh o 7228, AU K 2 KFEH I
BILTIE, &R (EOSS) & Swing FERE (i) DAY Parameter Th 5 Z & AVR ST,

AHD Sway FEHT D it
1. Sway X, EHAIZFEDGENLVR, O THIT 5 XKV b Swing 72 EIMJEGEEE O ENET) & D90 S
T 2 0@ TH 5.

2. Sway % Dance 155 & L CITHUCH RO M OMRLE SIVTHD D, J1IEm 6L, FOOMR Inclination
&, FEROHIT Bending (2531 THAT L TH 5.

3. ARFRFTO 1| BHEET/WVIZLY, Inclination &, 1B & OBMRI RS, BRI B IRZ2FRF0LERN D Swing
\Z K DIEMET) & EFRO Sway OEPERINCZ Y THDH Z LaVvRESh-.

4. Sway OiEFEIE Inclination DA% K F 1 HRET /L TILTE RV, AN TlE Bending DR Fie 2 BHE
TIVETZT, Sway Oiafed, JERGERE, MERHEEE, ARMERRICST, #TRREA BRI, ZoET L
DFFATIZE Y, BT ED Sway E1EMET1 2T 5 Sway & OB B#EIC LT,

5. Bending IZ &% Sway (TR & ECTORIEOTZDIZHMETHDL Z L AR LTz

6. AFEHTIZH ROF D ORI Z A U S MO AR —VICHICHFIRETH 5. 1B 204 9 ), #fEicxL
T, #E72 Inclination, JEY)7¢ Bending DFHAE W A2 EEIIIRD H Z L BAHETH 5.
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