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Mathematical Analysis and Motion Control for
Horizontal Bar Gymnastic Robot

Hidekazu Kajiwara®', Yukio Hashimoto*?, Toshihiko Matsuda*? and Takeshi Tsuchiya*?

This paper discusses a motion control of horizontal bar gymnast robot with two links and one passive joint on the
bar. First, we show that the amplitude of the swing of the first link increases with resonance and parametric exci-
tation by swinging the second link periodically. Next, we propose the control method using entrainment to produce
each excitation by swinging the second link ‘in phase’ with the motion of the first link. In our method, the control
input is consisted of periodic solution of van der Pol’s equation inputted the angular velocity of the first link. Finally,
we present experimental results that swing—up control and continuous giant swings can be realized in the real robot.

Key Words: Gymnast Robot, Resonance, Parametric Excitation, Entrainment, Van der Pol’s Equation

1. & U & (I

AAZANY AT LB ANz A2 28D, #
HENE ENTE LA HL. TNETIZEESIIZNE S
BYATLELT, MEbLR7 I a0flElEiy) HiFTE
72(1)[2). XHK[1] CREDLDLALEEL-HBETVIZL
D, REICIMAETIENTELIAI VIV HELETHIE R
AL, FORBEMUETELIRAITT, £ ELIFHE M
OEFEEHAEL, MFLLAEHRTEXLIE2HLIZL
oo X2 TIERT Iy ar KIBIchilca sy 43I0k
LT, 77 a0iRh E ELBEE 1:2 OEAETRISE S
EEWwZ E%E/RL, van der Pol FRBRICT7T I an s
ABL, ZOEBBTHERESNLHEANCLY T 7> a0k
NEHMTHHEERELL. 20X, HEHRIZY 43
LR ADEMAEE, AT LE )T LLHBT
E2WENH L. AT, 41 MEZIEEEEE T2 ) >
7 DOHBEOR v MZBCT, JEEREEEOESIIAbY Ty 1
IV EEEES v BT I LI L ) FoER Y HIHTE S
EEZ, SBORy b ORERN L GIHFEORE EITo 7.

HHHOTE Y A ML — 2 3 » R BMARIZBU 2880 B
FHEL T, Ry MRS TEZ. ThFETIC,
FERED S R D) P EI7 R 1 [EEIC W25 $ToES % E

Aty 1998 4 3 H
“ LS T P
“2E W LR
=3 kil Ko Kb ToERR 7R
*1Kushiro National College of Technology
*2Muroran Institute of Technology
*3Graduate School of Engineering, Hokkaido University

AAORy P53 18% 4 5

—53—

BT 572D 8% C OKIB S FEDSIRE SN TV 5 [3]~[6]. HEFk
DOMETIIC D& ) R EBT 7010, &2K0EgHr >
Iab =2 a3y CHERL A5 RITHAMICHB AN Z REL
T, 20700, ERCORy b2 HETEE, /85 21—
FEER AR EL L & I L ) HIHBEENEL B, FO3E
DG T E R R AGENH A, BEEEEHIH TS5 132
TR REEHOREEE D L) TVNI A LTEETLILET
FROMBEIMIETEDLEEZONLD, TOL ) hHMEE
BIhEFTHRFSIN TV, F72, SEoRy a3+
bE &, TVRUICHENEMETH 5% 1 BEOES % Hhi+
LUENH LD, ZOEBHPERTE 2HEN R AH =X LI
DVTHHTWFERSIN TV EVEIITEHDNRLS,

MRXTIZET, SETRy MIBWTE 2 BT L
Bl 7L &, H1HEHOEHERHETEL5 IV IE TR
TADIANF —LALEDPOBITT 5. #REL T, #ILL
IRIED S DIRY 5O TIZHRIR, IRV KE L B oA
INT A= HIEH G R TIA IV TE2MEvEES ¢
BT LY, MRICE1HEEHOESH YR TELI L AR
T. Z0%k, LEROY A I/ THEIBEE S 2B RS
BT 72812, van der Pol FEAD AL L T% 1 EEiD
FEEE R, ZORMBCTHERINAHIEAICLIVE2H
HixHHT s HEFRET S, ERIIHBEOR Y b 2 8EL 12
FL A HEORIE R AT - 72458, 4 1 MESOEL % Hie &
H ORI TR v M & [En X DA TEETH - 72,

2. $EOAOKRKYRDEFILESAFITX

AREFATIEEMET R v b & DFEMIZIRS 7L E L T Fig. 1
WCRTE IR 2EIRYD F2ER A, ZOETFNIZBWT Table 1

2000 5 A



516 ®’ R F —

s
N '
.
.
.
.
\
\
.
S
.

y

Fig.1 Two-Link model of horizontal bar gymnastic robot

Table 1 Parameters of gymnastic robot

Parameter 1st Link | 2nd Link

Mass [kg] mp mo

Length [m] Ly Lo

Center of Mass [m] Lg1 Lg2

Moment of Inertia [N - mz] Jg1 Jg2
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Fig.2 One-link model of gymnastic robot
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Fig.3 Horizontal bar gymnastic robot

| Front View |

Table 2 Parameters of gymnastic robot

Parameter 1st Link 2nd Link
Mass [kg| my : 0.14 mo : 0.06
Length [m] L, :0.135 Ly :0.135
Center of Mass [m] Lg1:0.075 | Lg2:0.08
Moment of Inertia [N - m?] | J; : 3.85e™3 | Jo: 1.53e 3
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(c) Motion of gymnastic robot inputted disturbance

Fig.4 Swing-up control of gymnastic robot
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