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Abstract

A high precision pneumatic proportional pressure valve was designed. The plunger-type structure
with two-stage poppet was adopted for the valve. A proportional electromagnetic actuator was used as
control component and the control method was electric closed-loop feedback. The output pressure can
be adjusted continuously within 0.6 MPa absolute with the steady-state precision of less than
0.25 kPa. A completely nonlinear dynamic model was developed to analyze the effects of main physical
and geometrical parameters on the valve’s dynamic behavior and control performance. A self-adaptive
fuzzy proportional plus integral controller with adjusting output scaling factor was designed for high
precision and quickly control of different pressure target values, and carried out based on single chip-
microcomputer ATmegal6. Experimental results indicated that the valve has a good performance in
pressure and flow characteristics under the designed pressure. Compared to traditional PI controller,
the proposed fuzzy algorithm can improve the response and control stability of the system as well as the
steady-tate precision drastically, which has better efficiency and robustness.
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Fig.4 Simulation and experimental result for step responses
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] 12 Frzs AN [R) R i BR e o7 it 2k, b [ ]
ST, A R B PN 45 e 2 R i 2 PRk
SRR TCH IR IR o AR IR A A E R 4 i sk
AT T M E A S 5w, B 13 Sy segn gl
FH P AT 6, B A9 7 3 A ek e 1o A A s S A
0.6( 0.2 MPa —-=0.3 MPa ——-0.4 MPa ——0.5 MPa
£05
S 0.4
3 0.3} ¢
Ho2l);
0.1 . . . . , ,
0 0.5 1.0 1.5 2.0 25 3.0
I8 2 /s
B 12 AS[R S B T B R 17 i £

Fig. 12 Pressure curves for different step responses

HEATCHE I AR, 10 78 ma o 2B HER
Wi, 4 WA A 0.45 ~0.55 MPa I, 780 B
0.62 s, HEW A 0.95 so & 14 By H 4l 1 i
FEF /s ferE 2k, v LAE L, 7E 260 L/min (4K
UL AR A LA, LR 1 0 AR e TE i 8l o

0.6
£05
204
<
= 0.3
0.2
0.1
10 20 30 40 50 60 70 80
1] 2 /s
K13 R4l
Fig. 13 Constant pressure control result
0.6 0.56 MPa
£05F \
5 04 0.40 MPa
=03t 0.24 MPa \
H02F
0.1
0 50 100 150 200 250 300 350
/L - min ™!
Bl 14 Jnirtih 2
Fig. 14 Flow characteristic curves
AYs
5 #ig

(1) Bt T —Fh ks sl bl R i IR
SR 2% U TG S AL, L R A s Rl e, 3
F ATmegal6 55 HLSE LT HL S 45t PR P14, 2 1
TE0.6 MPa & J7 P9 % 22 0] i, F2 A 42 kG B2 AT 3k
0.25 kPa.

(2) AL T H I 58 B i 2R M B E A A I
WA T T IE, /3T T R ESHT R G a3
R R R RE IS

(3) D ELFMH 3R B Sy nl e 28 G i i 5
BSR4 T 74 5 0 R 1 T W 7 (] 7 3 2
WEPEORATHE T, 38 X KT T & R G BT
FRTCHE I ;385 X485 IR 1 A5 A0 T B mT 448 e v o7 s ]
Vol /IN R VR 5 A R A R4 o

(4) SENH IR F7 iR 2R g B AR L, [ 5E
1 55 B4R R RS AN BB ARAIE R G870 T A BOE TR A4 Fh
TR AT B PERE R . RIS HAE
L ERE ) FP -+ 1 AOR 2 il 25, T A5 804 v 1R ) 4 ol
K5 EE e T 3t e 7 Y B P 1 s il 1) R

2 % X W

1 RSt RSt oAR BB Wk 58, 1999(3): 1~3.

Zhou Hong. Pneumatic proportional control technology and the applications[J]. Chinese Hydraulics & Pneumatics, 1999

(3): 1~3. (in Chinese)

2 Trumper D L, Lang ] H. An electronically controlled pressure regulator [ ] ].

ASME Journal of Dynamic Systems,



55 10 1] BRI AF PR F B R B S R A 187

Measurement and Control, 1989, 111(1): 75~82.

3 Araki K, Chen N. Pressure versus characteristics of a diaphragm type pneumatic pressure control proportional valve[ C]//
Proceedings of the 4th JHPS Int. Symp., Tokyo, Japan, 1999: 413~418.

4 Nabi A, Wacholder E. Dynamic model for a dome-loaded pressure regulator[]J]. ASME Journal of Dynamic Systems,
Measurement and Control, 2000, 122(2): 290~297.

5 Sorli M, Figliolini G, Pastorelli S. Dynamic model and experimental investigation of a pneumatic proportional pressure valve
[J]. IEEE/ASME Transactions on Mechatronics, 2004, 9(1): 78~86.

6 FEHAE, JEP—, O . PWM Sl RECA R dsr 7 H R SBR[ ] RS S % E, 1998, 61(1):
22~24.

FuYM, Tang Z Y, Wang Y C. Modeling, simulation and experimental investigation of the PWM pneumatic pressure
regulators[ ] ]. Hydraulics Pneumatics & Seals, 1998, 61(1): 22~24. (in Chinese)

7 EEW, BRZEEE, X5, & fmESE LB R BT S0 B [ ]. WS 2E R TAERR, 2005, 39(5):
614~617.

Wang X Y, Chen Y Z, Liu R, et al. Design and simulation of pneumatic proportional extra-high pressure valve[ ] ]. Journal
of Zhejiang University: Engineering Science, 2005, 39(5):614~617. (in Chinese)

8 T, B, taR. wmERMENESER RSN AN T]. AP IIRE2R, 1998, 26(7): 24~26.
Li BR, Yang G, Du ] M. Dynamic simulation investigation of high pressure servo control valve[J]. Journal of Huazhong
University of Science & Technology, 1998, 26(7): 24~26. (in Chinese)

9 R, BT, ERF, & OFgmSE R ILBIEAR M. B @ W R, 2006.

10 LuB, Tao G L, Xiang Z, et al. Modeling and control of the pneumatic constant pressure system for zero gravity simulation

[C] // Proceedings of the 2008 IEEE/ASME International Conference on Advanced Intelligent Mechatronics (AIM), IEEE
Conference, 2008: 688~693.

PN N N VNV N NN N N VN N N N N N N

(L4235 180 M)

4 g, . RHUEOrE RO R BTEE ()]. RRHURIR, 2004, 41(3):198~202.
Jing Xiangfeng, Lei Chaoliang. Advances in research on phototaxis of insects and the mechanism[]]. Knowledge of Insects,
2004, 41(3):198~202. (in Chinese)
PSS BRI T35 B WL JURP A UKD A AR A (1] A SERI4R ,2005(8) < 40.
IKAEH . T BB KL EOR AT TE R [T ], AR R 224, 2007, 16(2): 131~135.
Zhang Chunzhou, Yang Jie. Research progress on pest phototaxis and its applied technique[]]. Entomological Journal of
East China, 2007, 16(2): 131~135. (in Chinese)

7 BREEET, BN, S LS. R BUTHE T A H B S B b a1 ], Y EEA, 2006,21(2):32~
34.
Chen Lili, Lu Jinpeng, Mo Dingyan, et al. Frequency-vibrancy moth-killing lamp in pollution-free vegetables poisonous
insect prevention and treatment of test[J]. Plant Doctor, 2006,21(2):32~34. (in Chinese)

8 FFER)TT AR, A LED R AL )] XTS5, 2006,30(4) :32~35.
Wang Shengxue, Wu Guangning, Jiang Wei, et al. Principle and lighting applications of LED[]J]. Light & Lighting,
2006,30(4):32~35. (in Chinese)

9 AR, WAz RHL, AF . RPHAE LED AR HUTRIMESELT ], Al A REIR, 2007,25(3):79~80.
Lin Min, Yao Baiyun, Zhang Yanhong, et al. The studies of solar LED lights for killing worms[]]. Renewable Energy
Resource, 2007,25(3):79~80. (in Chinese)



