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Asymmetric fuzzy PID control for pneumatic position control system

XUE Yang, PENG Guang-zheng, HE Bao-guo, WU Qing-he
(Department of Automatic Control, SMC-BIT Pneurnatics Center, Beijing Institute of Technology, Beijing 100081, China)

Abstract: For asymmetric physical structure and friction characteristic of single rod cylinder, a new fuzzy PID algorithm of

asymmetric fuzzy strategy for pneumatic position control system was presented. It could effectively solve the difficuit problems,

which were mainly caused by asymmetric structure and different friction characteristics in two directions. The experimental re-

sults proved that, with this strategy. the dynamic performance of the system could be much improved. The system obtained de-

sired percentage overshoot and repeatability in both transient and steady-state responses .
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2 R ZHiA (System description)
2.1 3258 F %t (Experiment system)
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Fig. 1  Schematic diagram of pneumatic position systemn

2.2 71375 2 (Force balance equation)
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3 #=Hl8§i% 1t (Controller design)
3.1 X EREE R R B ) R 2 $I ( Symmetric fuzzy
control )
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Table | Membership function values of error E
€
E
6 -5 -4 -3 -2 -1 -0 +0 +1 +2 +3 +4 +5 +6
PB 0.1 0.4 08 1.0
PM 0.2 0.7 1.0 07 0.2
PS 03 0.8 1.0 05 0.1
PZ 1.0 0.6 0.1
NZ 0.1 0.6 1.0
NS 0.1 0.5 1.0 0.8 0.3
NM 0.2 07 1.0 07 0.2
NB 1.0 0.8 0.4 0.1
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Table 1

Membership function values of error gradient EC

ec

EC —
-6 -5 -4 -3 -2 0 +1 +2  +3  +4 +5 +6
PB 0.1 0.4 0.8 1.0
PM 0.2 0.7 1.0 0.7 0.2
PS 0.9 1.0 0.7 0.2
Z0 0.5 1.0 0.5
NS 0.2 0.7 1.0 0.9
NM 0.2 07 1.0 0.7 0.2
NB 1.0 0.8 04 0.1
A3 OHEHE USEEE SR A
Table 3 Membership function values of controller output U
17
U
-7 -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7
PB 0.1 0.4 0.8 1.0
M 0.2 0.7 1.0 0.7 0.2
PS 04 1.0 0.8 0.4 0.1
Z0 0.5 1.0 0.5
NS 0.1 0.4 0.8 1.0 0.4
NM 0.2 0.7 1.0 0.7 0.2
NB 1.0 0.8 0.4 0.1
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Table 4 Fuzzy control rule table of symmetric structure

E

EC

PB PM PS PZ NZ NS NM NB
PB PB PB PM PS PS Z0 NS NM
PM PBPB PM PS PS 7Z0O NM NM
PS PB PB PS PS PS NS NM NB
720 PB PM PS ZO0 ZO NS NM NB
NS PB PM PS NS NS NS NB NB
NM PM PM ZO NS NS NM NB NB
NB PM PS Z0 NS NS NM NB NB
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Fig. 2 Dynamic response curves of symmetric fuzzy control
3.2 JEXTFRERRA K RE RO HMAIE $ll ( Asymmetric fuzzy
control )
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Table 5 Fuzzy control rule table of asymmetric structure

E
EC PB PM PS PZ NZ NS NM NB
PB PB PB PM PS PS ZO NS NS
PM PB PB PM PS ZO0O ZO NS NS
PS PB PB PS PS ZO ZO NS NM
Z0 PB PM PS Z0 Z0 NS NM NM
NS PB PM PS NS ZO NS NM NB
NM PM PM Z0 NS ZO NS NM NB
NB PM PS Z0 NS NS NS NM NB

IO I e R AR A8 S B P R 12 ) B 5 B RO 7E A
[AIAEE P C TS 0 2 i i 10 £ AN ) 3 Fs

Q0
80-1‘_-
50
40
30 — =0

20 - =365 kg
10 - L= 1140 kg
0 > = .

o 1 2 3 4 5 6 7 8 9

tis

3 SR PR xR R b 1 Al R4 g Ly SE A 2k
Fig. 3 Dynamic response curves of asymmetric fuzzy control
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3.3 1&#) PID #2 % ( Fuzzy PID control)
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Fig. 4 Fuzzy PID control for pneumatic position system
4 SL3HT 3 (Experiment research)
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Fig. 5 Dynamic response curves as load mass is 5.65 kg

A1 L o g i 2 T DL 45 L R R X FRAR
90 2R B BN PID 45 | B B A b s AR 1R
FFHAUGRT R BB A5 S BRI S R Y AR RR T 5 R /Y
Fe AW RF YA R A FRIRE . [ 7E BLA G Beid R
Xt F SRR S AL E S i R v B et
—EBE N BT DA d B e B SR BR R R AR
AR MRS RN, R A ET
SHUERRALETEIRER 5T AENE
HERSTEHERE.
5 %5i£(Conclusion)
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