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Nonlinear H,/H . /LTR Control of the Parallel Flexible Inverted Pendulum
Connected by a Spring

B & o
(Seong-1k Han)

Abstract

. In this paper, a nonlinear H/Hw/LTH control for the flexible inverted pendulum of a parallel type

with Coulomb friction is presented. The dynamic equation for this system is derived by the Hamilton’s princi-
ple and assumed-mode method. This hard nonlinear system can be modeled by a the quasi-linear state space
model using the RIDF method. It is shown that the A/H, control can be applied to the nonlinear controller
design of the system having Coulomb frictions if the proper LTR conditions are satisfied. In order to present
the usefulness of the suggested control method, the nonlinear H/H,/LTRE controller is designed to control the
position of the end point of the flexible inverted pendulum that has Coulomb frictions present in actuator parts.

The results are given via computer simulations.

Keywords : H/H,, LTR, RIDF, Coulomb friction, flexible parallel inverted pendulum
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Fig. 1. A schematic diagram of the parallel flexible
inverted pendulum.
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Fig. 2. The structures of the H/H, control system
for the quasi-linear system.
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Table 1. D.F gains and standard deviations at the
given weighting output intensity.

R, 500 100 10 5 2 05 01 005

N, 002 005 017 024 039 082 213 342
N,, 002 005 017 024 039 08 213 342
o, 1712 763 237 166 103 048 019 0.12

o, 1711 763 237 166 103 048 019 0.2
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Fig. 3. The relation of the describing function gain
and standard deviation on the Coulomb
friction.
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Fig. 4. The implemented nonlinear function in the
controller via IRIDF technique.
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Table 2. Filter gain and standard deviation of the
filter innovation at the given weighting

output intensity.
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Fig. 8 Time response of the angular end point
displacement of the linear H/H,/LTR con-
trol system for unit step input; [1,1]T input
direction.
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Fig. 9. Normalized time response of the angular
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tem connected with nonlinear plant and
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inputs; [1,1]7 input direction.
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