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Abstract

environments. Due to the strong nonlinearity and time-delay characteristics of the butterfly valve pressure control

Vacuum butterfly valves are widely used for pressure control in medium and low vacuum

system, conventional proportional-integral-derivative (PID) control algorithms fail to meet the high-precision
pressure control requirements. To enhance the pressure control performance of vacuum butterfly valves, this paper
designs an improved fuzzy PID control algorithm with a correction function. Experimental results show that the new
controller, utilizing fuzzy PID control, significantly outperforms traditional PID controllers in terms of overshoot
and adjustment time. Additionally, with the aid of the correction function, the new controller effectively mitigates
the nonlinear effects of the system, improving response speed and control accuracy. The optimized fuzzy PID
controller demonstrates superior dynamic performance, reduced control error, and faster target tracking compared to
conventional methods, significantly enhancing the pressure control performance of vacuum butterfly valves.
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Fig. 1 Schematic diagram of the butterfly valve pressure con-

trol system
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Fig.2 Diagram of the relationship between butterfly valve
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Fig. 3 Structural diagram of vacuum butterfly valve pressure control system based on fuzzy PID
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Tab. 4 Control performance metrics for different algorithms

5 kPa 10 kPa 20 kPa 30 kPa
I
To/s  ol%  SSEKPa  Tss  ol%  SSEkPa  Tss  ol%  SSEkPa  Tsls  ol%  SSE/Pa
PID 198 45 0.03 183 163 0.035 245 7 0.04 2 4 0.041
BMIPID 178 18 0.025 158 8 0.028 195 2 0.03 184 1 0.03
AXHEE 15 0 0.01 123 0 0.01 1720 0.013 17 0 0.017
[ A SCW B TE T AL S AR PID #iil &% R BIRGERYIRLMR g, HAEHIPERE IR TR,

TEAR R I B0 42 ) PR RE, TR 42 i R SEAE 2 kPa BYAIR
FLZSPREE T BEAT 1R D BREA DI a4 SR anlAl 8
IR, FERAR A 3R EE T, BRI PID 5 il 45 b T

A5 1E PR R ASUS] PID 5595 2 1l (4 1 ) 2% e Al
LS IR T A SR B ] R A T e P o
S5, FRES DU RSO0 B DU BRER H AR



Ir il A FE TR0 PID f) B3 W AR VR 45 ) RIE T 79

pressure/kPa

—— target pressure

————— optimized fuzzy-PID
fuzzy—PID

| . , PID .

0 10 20 30 40 50
time/s

&8 IRy a2

Fig. 8 Pressure trace test curves

4 25t

TSI A AR T ) R G Y RS R TR
TIFEE, Ao T A W B R, i T
RO PID ¥ il 5803, X e 77 45 i) 22 e i ik A £
PEBTE 1AL IE SR TR AL 2R S8 AR PID 42 1l
Bk SEPRIAZE R R, 5 H ALAY PID 45 i A
H PID 45 il AH Eb, {2 1E pR B AL ) BRI PID
P SR AR R D T 45 3l 28 G2 00 91 B[]
SR, IF HA RN T R AL R mys2m,
ol 08¢ i AE B A AR 73 B AR R R A R A 4
MR o I, 8 SCHE H BT PID $2 il 55 4% 1 o
BOHSE G 36 3E T DU T R R RS0 &
JIFEE ], Be 0% v 05 IR Y He ) R I Be, E s A
FE I RS B 45 J7 1T AR BE A8 Tl 2 L 25 R R 45 TR
YRV A RE KR

& £ x #

[1] LiuJ Y. Intelligent status quo and development trend of
electric valve[J]. China Petroleum and Chemical Stan-
dard and Quality, 2018, 38(10): 90-91 (X335, FLBIIE
1A BEAL BUIR S H R g % [0, vh A b A AL AR
5 5Tk, 2018, 38(10): 90-91 (in Chinese))

[2] Tajjudin M, Rahiman M H F, Ishak N, et al. Comparison
between optimally-tuned PID with self-tuning PID for
steam temperature regulation[C]//2012 4th International
Conference on Intelligent
(ICIAS2012). IEEE, 2012, 2: 551-556

[3] Zhu M, Yang C, Li W. Autotuning algorithm of particle

and Advanced Systems

swarm PID parameter based on D-Tent chaotic model[J].
Journal of Systems Engineering and Electronics, 2013,
24(5): 828-837

(4]

[5]

L6]

(7]

(8]

(9]

[10]

(11]

[12]

Fu R, Zheng Z H. Optimal control method of air brake
based on phase synchronous incremental PID[J]. Ma-
chine Design & Research, 2023, 39(3): 206-209 ({+} 4,
KA. FeTARAL A 201 72X PID (9 UE ) sh as ik
W 3], AL TH S AT 5T, 2023, 39(3): 206-209
(in Chinese) )

ZhouJ L, Ao Y P, Hou J L, et al. Pressure self-regulation
technology based on fuzzy-adaptive PID controller[J].
Gas Turbine Experiment and Rese-arch, 2017, 30(3):
53-56 (G, BUKF, BB AR, 5. 25 TR A8 1
PID il 2 9 H S R EAR [1]. 2R A S T,
2017,30(3): 53-56 (in Chinese))

Kumar V, Nakra B C, Mittal A P. A review on classical
and fuzzy PID controllers[J]. International Journal of In-
telligent Control and Systems, 2011, 16(3): 170-181
Wang S Y, Shi Y, Feng Z X. A method for controlling a
loading system based on a fuzzy PID controller[J]. Me-
chanical Science and Technology for Aerospace Engi-
neering, 2011, 30(1): 166—172 (FiREE, Wi, 1 4.
FET RO PID 2 i 4% A F 0TI 5T 9], LR 5
#AR, 2011, 30(1): 166-172 (in Chinese) )

Liang H, Zou J, Zuo K, et al. An improved genetic algo-
rithm optimization fuzzy controller applied to the well-
head back pressure control system[J]. Mechanical Sys-
tems and Signal Processing, 2020, 142: 106708

Acharya D, Das D K. Design of a fuzzy-based proportion-
al integral derivative controller with optimal membership
function scaling for respiratory ventilation system[J].
Biomedical Signal Processing and Control, 2022, 78:
103938

Zhang J, Zhang S, Dan Z, et al. "Variable universe fuzzy
PID control for Multi-level gas tank pressure." 2014 IEEE
17th International Conference on Computational Science
and Engineering, Chengdu, China, 2014, pp. 1900—-1904
Chen W, Xing M X, Fang K L. "A PLC-based fuzzy PID
controller for pressure control in Coke-oven." Proceed-
ings of the 31st Chinese Control Conference, Hefei, Chi-
na, 2012, 4754-4758

Yang Q H, Feng Y, Yong C J, et al. Data optimization al-
gorithm of capacitance diaphragm gauge based on fuzzy
control theory[J]. Vacuum Science and Technology China,
2024, 44(1): 28-34 (HYL5E, 1 %%, OK %S, 55, T4
I ) i B 1 P 2 R L s TR A AL SRR Y (0],
L2 B2 5 4R 2# 4, 2024, 44(1): 28-34 (in Chi-

nese))


https://doi.org/10.3969/j.issn.1673-4076.2018.10.043
https://doi.org/10.3969/j.issn.1673-4076.2018.10.043
https://doi.org/10.3969/j.issn.1673-4076.2018.10.043
https://doi.org/10.3969/j.issn.1673-4076.2018.10.043
https://doi.org/10.3969/j.issn.1673-4076.2018.10.043
https://doi.org/10.1109/JSEE.2013.00096
https://doi.org/10.3969/j.issn.1672-2620.2017.03.010
https://doi.org/10.3969/j.issn.1672-2620.2017.03.010
https://doi.org/10.3969/j.issn.1672-2620.2017.03.010
https://doi.org/10.3969/j.issn.1672-2620.2017.03.010
https://doi.org/10.1016/j.ymssp.2020.106708
https://doi.org/10.1016/j.ymssp.2020.106708
https://doi.org/10.1016/j.ymssp.2020.106708
https://doi.org/10.1016/j.bspc.2022.103938

	1 蝶阀压力控制系统
	2 压力控制算法设计
	2.1 PID控制算法
	2.2 模糊PID控制算法
	2.2.1 输入量模糊化及隶属函数
	2.2.2 模糊控制推理规则
	2.2.3 输出量清晰化

	2.3 校正函数

	3 实验结果分析
	4 结论
	参考文献

