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(The Design of the Fuzzy Logic Controller for Controlling the Speed in the
Zero—Crossing Speed Region of a Hydraulic System)
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Abstract

Due to the friction characteristic of pump, cylinder, and between passenger car and the rail, there exist dead
zone in the hydraulic system actuated with inverter, which can not be controlled by a PID controller. In this
paper, the friction characteristic of a cylinder is considered first, which may cause the uncontrolled speed in the
zero-crossing speed region. And then, the zooming fuzzy logic controller is designed to overcome the drawback
by the existing PID speed: controller. Finally, The proposed hybrid fuzzy controller is applied to the PID
controller in the normal speed region, and to the fuzzy controller in the zero—crossing speed region. The reason
is that the problem of the uncontrolled speed in the zero-crossing speofd region caused by the friction
characteristic of the cylinder in hydraulic elevator can be solved, and the effectiveness of the controlling system
not only in the zero—crossing speed region but also the overall controlling region including steady-state can be
simulated and performed.
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Fig. 1. The configuration of a hydraulic elevator
controlled by inverter
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Fig. 2. The mechanical modeling of a hydraulic
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Fig. 3. The friction characteristics and modeling
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Table 1. Fuzzy rule base

e(k
e(k)
NB |[NB|NB| NB | NB | NM | NS | 20
NM |NB|NM| NM | NM | NS |Zz0 | PS
NS | NB | NM | ZOOM | ZOOM | ZOOM | PS | PM
Z0 | NB | NM | ZOOM | ZOOM | ZOOM | PM | PB
PS |NM| NS |{ ZOOM | ZOOM | ZOOM | PM | FB
PM [NS{ZO| PS | PM | PM |PM | PB
PB |Z0|PS| PM | PB | PB | PB|PB

NB{MM| Ns | zo | ps [pM|PB

x 2. &Y HOIHE(E 10{M ZOOMEAI)
Table. 2. Zooming fuzzy rule base

Wp(k)

e(k), se(k) il s

e(k)=NS, 2¢(H=NS | NS | NM | NM
e(k)=NS, ae(H=Z0 | NS | NS | NM
e(k)=NS, se(H=PS | NS | NS | NS
e(k)=20, re(K)=NS | ZO | NS | NS
e(k)=Z0, ae(k)=Z0 | ZO | ZO | ZO
e(k)=Z0, se(k)=PS | PS | ZO | ZO
e(k)=PS, ae(H)=NS | PS | PS | PS
e(k)=PS, ae(B)=Z0 | PS | PS | PS
e(k)=PS, 2 e(k)=PS PM | PM | PS
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