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Design of High Performance Hybrid Fuzzy Controller for the zero-crossing speed control
of a Hydraulic System
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ABSTRACT

Due to the friction characteristics of cylinders and the rail of a passenger car, in the elevator actuated with hydraulic systems, there exist
dead zones, which can not be controlled by a PID controller. In this paper, the friction characteristics of a cylinder is examined, which may
cause the abrupt increase of the acceleration in the zero-crossing speed region. To overcome the drawbacks of a PID controlled hydraulic
elevator system, a zooming fuzzy logic controller is designed and finally an improved hybrid fuzzy controller is proposed. The effectiveness
of the proposed control scheme are shown by simulation and experimental results, which the proposed fuzzy hybrid control method yields
good control performance not only in the zero-crossing speed region but also in the overall control region including steady-state region.
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Fig. 1. Configuration of a hydraulic elevator controlled
by an inverter.
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. Mechanical modeling of a hydraulic elevator.

X|Z5(zero-crossing speed)
DIREY

Sl 2go A e pl2e 2 £ 1A 2
B4 Qo s AUhe AT s AR 2F
wh23 shst gl vharolnh. EME Bxe| A4 £
Aol kb €4 nhao] ER15 B 4914 2
Mol olA A g3 Bt A5 gaold), o] Y
= & Fakgio) 4430 W 2359 &

—

K
l

oz Yol FHol Fase] 259 HFoz o
SEESELEREE SES LR S e
22 Al 714 A2 v 94 2] 9
o A2 AFo] e L 71 A Ak B
EEREEECEEREREEELEEE EPE)
SRR NEEEE PSS EREE

[N
(%)
wn
N

Adde oz A M B2 4R T5F ¥
o 22 940 date] 4Q)sh 2o & & ek
T, =Jf,+ Cav/v st VP + Ts @)

o 71A,

7, §HBZ) FEEQAN - m)

J,: %3 BZS 519 B3l Ay B uE
1S WL 2} /b4 E frad/sec?]

G WA v E9 A A%
: 2.9 A 4est]

p 1 o WL 314 24 % [rad/sec]

V,: ek d el w9l 5182 AH n/rad)
P %t B2 e B3 obe [V/m?]olTh

fke - m]

D:

AN

.

otz ¥3lEAe a1 39 a9 2L SA4S 7}
Atk 29 39 a)oll A Bo] B AA L5 4%7HA
= HI A 9 npg o] EA| A "t 7] Add
A7 vpE 7R vste] 17 39 b)oh 2& A
olejo A o] vtAELE RAPT F o, 24 7
ato] Wl upet v 27 7,71 Wt 19 39
b} Z-& ntAEAN L REY FAHE $EPGA B
514 27t Ao Ex] G wpEE o2 Qlate] A5

2 B3t AstE ookt FaAH A 7] E sl d=
—e_—(dcad zone)o| EA&HA Hot

TORQUE  [m)

A TORQUENm)

k]
-%

=%

w o SEDY
pm)

%%’—.\EEOI []I.xI-EA-l b) OOI-)\]AF:!IO[ D',XI-EJ‘%

j-%:' 3. DOFAlAE{IOI DI,XI-EA-I al D]-X"EE"

Fig. 3. Friction characteristics and modeling of a
hydraulic elevator.
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Table 1. Fuzzy rule base.

e (K NBINM}{ NS| ZO |} PS |PM|PB

NB |[NB{NB} NB | NB | NM |[NS|ZO

NM |NB|NMi{ NM |{ NM { NS |ZO}|PS

NS |NB|NM|ZOOM|ZOOM |ZOOM|P S |PM

Z0O |NB|NM|ZOOM|ZOOM [ZOOM|PM|P B

PS |NM}|NS |ZOOM|ZOOM |ZOOM| PM | P B

PM |NS|ZO|PS | PM | PM |PM|PB

PB |ZO|PS|PM | PB | PB [PB|PB
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e(k)=PS, A e(k)=70 PS | PS PS
e(k)=PS, A e( k)=PS PM | PM PS
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