22X WHE o[Zst S S35 #E7| SHe| AIEolM
Simulation of Scooped Swing in High Bar Using Lagrange's Method : A Case Study
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|_Abstract o : 7 ;

The purpose of this paper was to architecture optimal model of the scooped swing in high bar. The
scooped swing was modeled to the double pendulum and was simulated with the Lagrange’s equation
of motion, Lagrange’s method based on a energy approaching method was implemented as a equation
of motion. The subject was a national man-gymnast(age 18yrs, height 153 c¢m, mass 48 kg) and the
high bar of SPIETH company was used to measure the scooped swing. Qualisys system(six MCU-240
cameras, QTM software)was used to capture data for imaging analysis. The solution of a model and
data processing were solved in Mathematicab.0. The results were as follows: First, model value of
maximum bar displacement was longer than experimental value, that is, 0.02 m. Second, both angular
pattern of segmentl(HAT) had a increasing curve but curve patterns had a different concave and
convex curve. Third, the experimental value of maximum angular angle of segment2(total leg) had
larger than model value, that is, 4°. Conclusively, model parameters were quasi-optimized to obtain a
quasi—-match between simulated and actual performances. It hopes to simulate a human model by means
of integrating musculoskeletal and neuromuscular system in the future study.
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Agol B diFEY A= &Y HEY
(traditional giant swing)®] &t=¢l W FE A=
7)€ (release-regrasp skill), A$7]&(transitional
techniques) @ We]71(dismount takeoff) E&to] S
F& ol FAUTH5]L ek Alzte] Aol wet m5H
< A7) 93 A2 7y AEe dFolgn
g &tk AAle FE7] 57 Al iFEy AFES
59 #HE7] 53 U go|hH dBYE E&HeR
FAE + U= F ¥8 3E7I(scooped giant
swing)52He a7l -

(a) Traditionat (b} Scoaped

a8 1. (a) B &S7|(traditional),
(b) & B3 #E7I(scooped).
(Hiley®t Yeadon, 2003)

Az TS AEAA s eH(2], EE F
29 AlE#o]AL Hilley®} Yeadonol Fx3te] $t
t}, & Hiley$} Yeadone QA4S 4842 Rd3}s}
I wH AL ol8std BEY HEY FF
(scooped swing) Al AlA %" ZHwhole body rota-
tion angle)® vFe] ¥ ¢(bar displacement)® )&
L5 E ANEHo|Hsl dYPXet EdR7HY AolE
74z} 1.2°, 0.014m#} 2% 744 &AL - gatgict
[3]. =3, AF7A A=9 vt Sl 388 B9 3%
&7} JEl7] 2Htriple straight somersault dis-
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1. 2% A7A(model design)
1.1 7t
(1) 4 EH(segment)> ZAZHN 34 44¢ 2
Bg 7HZ, AYFAO AP AA%eR 2
Fh
(2) 7 249 FABY A= £ 7 wak gk
(3 2 £4e) AFFHAE/A 9Dl B B4

&
(4) 2 2-9] ol &% FolxE WA geoh
(5) B ¥ AREE B FAFEE HF
st @A (oint) 9] whaEHE-& FAjsich
6) 4+ B39 37 AYHPL FAg
(7) #5913 ngoz 7HE3n,
(8) AARY L2 224 A2 oZ F3)

1.2 A1 Hehd
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(2) 3R] AR, d2H 8L FASHA 3t
At

() Gutar} obd AATE & Al g ol

1.3 x| 238}

91412 HAT(head+arms+torso)$} 8}Al(total leg),
284 744 A2=(linked rigid body system)o.&
st [29 21& 789 3E7] 53 5§ o
FAA Yo g HAed &5 e AL L FgE3t
= Al B o] E(Kelvin-Voight) & ©]-&3 A& o)A
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[29 3]& AHFrE3Q R A2de AFEA =z
th BB W(q), BHIF yEo] o]FE HuP
(gy) ¢ BH29} BHBY y=3} o] Az (gy) e
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38 3. S8 #E7IY XRENE

1.4 299 ANAE

39 FAFAH #A EWE:= Plagenhoef
(1983)9] AR AXF(BSP)E ol&3% T gty e
E 7 SRR BERESL w3 oA E o) &
e BadA EEUAE Fed dugdES FE
stk ojd) JPu A9 s A2wEFS0L
2 z2odgsty AEsgch

1.4.1 HY 2A

4= {q,(¢)sinlg, ()], ¢ (¢) [cos g, (2)], 0},
rg=r1,4t {Ll [Sin(b(t)]a L, [COSq1 (t)]a 0 }1
re=rp+{L,lsing(t)], L,[cosqy(t)],0}. (1)

A2 289 AA(ry ), 2219 AA(rz ) £
H29) AA(ro B E AE AT Aotk

7= {a (¢) sinfg, ()1/2, g (¢) cos [¢; (£)]/2, 0},
To=rat {0.374 L sin [q2 (¢)],0.374 L, cos [g, (¢)], 0},
7= g+ {0.447 L;sin[g (t)], 0.447 L, c0s g, (¢)], 0}.(2)

4O H0e 39 FAFHY A4y, ), A1)
29 QA(rg, )5t B8] FAZYL AA(rg, )
0% 4% EAE Aol

142 £=9 HYIHE 2N

dr
Vg= D[T,p t]: d—:’
dr
Vp= D[TB, t]= d—tB’
dr
ve= Dlrg, tl= d—tc 3

A3 A)E AeE nEstd 73 B8 &
E(vy), BH19 £5(vp )9 429 $5(v,y ) HH
g EAE Aol
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dr
. _7q
'Uq— D['I"q,t]— dt )
dr
_ _ UG
’Uq— D[rqat]_‘ —26_7
dr
_ _ G
Vo= D[rq,t]— < 4)

Y 4@)& Ao wEse T8 R ¥
A Ry ), 2219 A F49] $E(v, )
o 242 FAFAY S5(vg, ) HEE BN Rk

w; = {0,0,0},
wWy,= {Oa 0, _q'2 [t]}y
wy={0,0,— ¢, [t]}. 5)

461 2%, Bl 229 A4EE 4 A

# ol

I =m,LY/3,
I, = m, (0496 L,)?,

I, = ™y (0.496 Ly)*. (6)

HA6) e FATH HAeIMY BHRAE(L, ),
219 AT AR A BYENE(L, )2 #7429
FAZAL AN BYRIE(L, )E Yebd Aot

1.4.3 88 ol4HX]
T,=—kq,[t]/2— bq,[t] /2,
Ty= (myef, /2)+ (2 u}/2),

Ty= (mgvl /2)+ Z wi/2). (7

AN BB /A AT, BH19] HAw
A AFA(T,), #3829 HAFH FHANARS(Ty)
& A RAolrt

T=T,+ T,+ T, ®
2(8)& oA 9 S-S Yehdch
1.4.4 31} UBK|(external/generalized force)

F,=1{0,m,g,0},
FC-'2= {O,ngyo}y
Fp={0,m;g,0}. )

HOE 22 FAZY AN FUF,), B
Blel FAFHY AANNY FH(F, )% 229
2AZAY AAAN FU(F, )HEE HE ENG
Aol

Q]ZFq d D[Tq,ql(t)]-f—Fq °
D[rq’%(t) + Fq . D[TG“?QI(t)]a

Q= Fcl . D[Tq7Q2(t)]+Fq .
D["'Czy‘b(t) + FG, . D[rquQ(t)]a

&= Fq * D[T'q’q.g(t)]"'FQ *
D["'azxq:;(t) + Fq . D["'qu:;(t)]v

B'rq
(‘?l, D[”'q,yqi (t)]: W) (10)

(100 249 FAZTAHNA Uit A7) g A

w3t 3, Q= Z(F, -

TC
-} & Jehdh
og;

1.4.5 2i02X| 2SWEA(Lagrange's equations)

DIDIT,q,(t),tl- DI T,q,(¢)] - @=0,

DIDI T, ¢,(t),tll— DI T,q,(t)]- Q= 0,

DIDIT,¢(t),tll— DI T, ¢,(t)]— @=0,
. d , T

& DIDIZG(0.d= 5 ().
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DI[T, g(t)]= =—.) (11)

og;
A(1D2 Al A9 SHaEx] $54H4E 99 o
A o2 vkl Aol

1.46 271X ¥ 88 = &Y

A RN 9 si(solution)E e Fad
AHFAE AASAA AP Fagch AAS
Bo2HE m, =11.600kg, m, = 32.544 kg,

my = 15456kg, L, =2.400m, L, = 0.947m,
Ly=0.791m 1831 $3 7M&EEE g=9.800m/s
2 9tk A¥gXNIHEY  2718¢(g = 0.060m,
¢, = —1.1037ad., ¢z= —0.3697ad.) S+ 2 7] & &
¢ =0.152rad/s, ¢’ =3.844rad/s,
¢ = —8.527rad/s & E28 gt @A) HA
AlFE Hiley9t Yeadon(2002)e] #A|3F BRA A
(k=26129 N/m), F4A5(b=174 Nm/s)Z 3l5].on
FHAZE t = 0ol t = 0.463}53Th

2. 88 Xz &5

AYAE 7] A AT WA F7HE A
(o] 184, A% 153cm, A 48kg) 1782 A
3331, Kefgta Az 7] X9 SpiethAte] A%
< ol&st] AYatgich 9A gidAlA A7 B
Ao AAE Agstn AEFE wgit aa #
a8 FRUNE-E 83 AN F | 25S
AFer, gato] 43E w7xl AAsgich

(28 4= A3 EA5E3 $A¥AE Yepdt
TAFELS 2HERY 334 F, oMEIGHH &
£BE AH)REH oHEAZHEY YHX7F HA %)
HE A oHE3(Fe 2 - RN o] o)gH
AAAE HA A

THAAL B9 ¥(qy), FANEZHE -HA
TFAFA ] YE7} o]F& ZHg,), ¥#¥2(2B4d -
Total leg®] FAFN7} RBAANN Y& H3hSo

o]FE ZHgy)olth 2 WAIAMEEY] ZHS (+)
o] 4o 2 AYstgon 27] A&EE33AH 29 3
oJHE2eNX ERste] 2F WA YYAZ o] &3}
At

TUEA] 298 939 54 d= Agrgo)A
W(dynamic wand calibration method)2.2 &3
et Al2RE AHolHae 7|E BFEAS A
Aotk T3 #9¢ A8 #HHe) 40 mm 7Y 5
TAAE FA8E 2 QualisysAtel H9A 7}
w2k ProReflex-MCU240) 6tHE Al&3tgt} o|w)
AEY &< 240HzZ 2R3} dlolElE Qualisys
Ao A Edgle], QTM(Qualisys Track Manager)
o} Axt A ol FEHT(Moving Average) S o] ¢
ate] BE3lekgict. o] dlo]E]E Mathematica 502
7tR S BARQe] HAYPXE zeaddsid A&s}
Hek

Y¢i33
2

I3 4, BMHat Hel

. g2 ¥ =2

1. 2YX|2t A8X| HEH|w

[2¥ 5l #%9 ¥W4E Yehle azzoloh
Hiley 9} Yeadon(2002)¢] #A18H &4 A4=(k=26129
N/m)¢t HAA(b=174 Nm/s)E slgen Hae
AP, 7He HAE B ASF(Kk=26,129)2 AlEd o
AE Aotk AEA 9 B9 A= 4016 m
2 vehds 2ER)(¢F 0.18m)E 0.02me] Aol B
Ak
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38 5. 39 He

EAlo] Y& o)F& Z2AE veh
Jgx]oln 7hs 44 BdXo|t) ¥ I
Ne 2 JhEAolu ¢F 0.25sec A - FoA ME
gubg Mol Q7|3 girt. o] BA19) e Y&
oA o|ELZFA] oF -52°(% AlA W), el Al
AE o +80°(A1A HEHE vERT

q2[deg]
80

i)
m
2%
ofy mix ro

60
40
20

t[sec]
-20 .
a0}

a3 6. 219 ZHY

[27 71e BHE271 y53t o]F& NS Jehl
o] A AgXe]x, 7he M EExjo|th FA
of WEE dAutHoz A9 FARMA Ueigth 18
U A7 AALES el dAAA Hbs B
ol W RAXE 9 FEoA Aolg Ho|x Jrk
o] zpol EHAX|o} HFA] Ho] delxo] {Fof g
i Algdch $d29] Huize o °= vebgeh

q3[deg)
30

20
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a3 7. 229 2HY

DRSS A A, HBY FAgude 29
(2 0.18 m)7F AER(F 0.16 m)Ect ¢k 0.02 m
o 3A Jeigtth 4, SEIHAT)S 24 d9d
< BF F7HEAE 2o M) o7k el
o AR, £42(total leg)e] Y HHL Auby o
2 AR deigten Aol ZhEde 2EX|(¢F
24°)7F ARG 28°) 2 of 4° ZolE BHTh ©] A
ol UA RYE 28H AARY o2 Ut 99
3 FAEQS OA ZA, @4, FAH 5 Y EY
H Food gt opy|d Aol FEE 4 gloh
aYeg 28 2EL 3 484 w¥ow ggstn
TEAAY $AYE EYHoR I BEY & =
ETE N H4d0d e 2dg 7EE 5 3
o2)g 7ldigd.

FaEHoe A vdS FEs}Y AByolHE
Adgto 24 2Xx @A oA HA)ZHreal time) 22
AHE Fol=-wste Fato) v} wyd dxg
F sleglz AlgHT

v. 28 ¥ He

e Fu8 HE7) T SagA HEY e H8
3te] Al geolAde Fhe A Andt v 22 2
5 EEsgh

A, YA s} Ak HY 2dE FxahA] Rt
Aot 2AR ez Ha & £ AU

=X, 49 2d2) dee] dolde ¢ & UTh

AR, B9 HE7) $49 284 2dye Hx=d}
A dedtd 4 2d9e & & Adth

FF AAN2RE WA WAUZE PR )
T2AAS WAAE BYE 2D FHo| oFfA}
s
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