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ABSTRACT This paper is concerned with the attitude control of a triple inverted pendulum, the
angles of whose upper two hinges are controlled and the lowest hingle is made free for rotation. The
procedure to design the control system for the pendulum is found effective to that for general unstable
mechanical system, which may be a simulation of the procedure of the control system design.

The control system is designed by using CAD developed by author and is realized by a digital computer.

The controller is designed as a robust servo controller based on a linearized model in the neighbourhood

of the upright position of the pendulum. The function of the controller is found satisfactory even in cese

when the upper angles of the pendulum are required to be changed. Thus this paper presents the result
that the attitude control of the triple inverted pendulum is succeeded.
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Fig.1 Triple inverted pendulum
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Fig.3 Schematic Representation of symbols
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Table 1 Parameter of the controlled system

11 [m] 0.500 o1 [1/rad] 1.146

12 [m] 0.400 o [1/rad] 1.146

hy [m] 0.350 03 [1/rad] 0.9964

hz [m] 0.181 Cm [¥m]  1.08

hs [m] 0.245 Gmz [Nm] 0.335

m [kl 3.25 cm [Nms]  2.19x107

m [kg) 1.90 cm [Nms]  7.17x10°*

ms [kg] 2.23 Im [kgn®] 2.40x107°

I; [kgm']  0.654 Imz [kgm’] 4.90x10°°

L [kgn’] 0.117 cpr [¥ms] 0.0

I [kgn’] 0.535 che [Nms] 0.0

ci [Nms]  6.54x107 I [kgm'] 7.95x10°

e [Nms]  2.32x107 Ip: [kgn'] 3.97x107

cs [Nms]  8.80x107° ki 30.72

ke 27.00
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Fig.5 Measured data of attitude control Photo.1 Attutude control of triple inverted pendulum
W kde 350 BIRIEE F(h), kdi+d 5 bRD _[* erepa
HlEAE w(k) LT 5 &
N - (2B)rEEHET L
Fk+1)=0zxk) +T1u(k—1) + (k) (25)
P=e"4" = + w (k)
u (k) 0 0.u(k-1) I
kdt+o
___J oA L+ DAL 3-c1 B I~
kdt (26)
=j:e“'““’Bdr ERTBIFRLTEALIL K
k124t u(k)=Fz(k) (27
— -7 -
Pi=[, g, et isenass? B 7B HERE BB & (26) D ¥ A7 A
AAN584F 3 A — 4] —

NI | -El ectronic Library Service




Japan Society for Sinulation Technol ogy
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