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Research on Pressure Correlation and Size Optimization of

Intelligent Pressure Reducing Valve

TONG Chengbiao"?,ZHOU Zhixiong'"
(1. College of Mechanical and Vehicle Engineering, Hunan University,Changsha 410082 ,China;
2. The Special Largest Size Valve Engineering Research Center of Hunan Province,Changsha 410007 ,China)

Abstract; The diaphragm cylinder diameter of intelligent self-operated pressure reducing valve(intelli-
gent pressure reducing valve for short) have important influence on sealing performance of control unit,
which affects the valve performance parameters such as pressure variation range, service life, power and etc.
This paper presented a method to optimize the diaphragm cylinder diameter of intelligent pressure reducing
valve,including building the pressure correlation theoretical model according to static equilibrium equation,
getting the raw data by fluid experiment and high accuracy sampling, building the actual mathematical
model by linear regressive,and optimizing the diaphragm cylinder diameter by minimal extreme optimiza-
tion model with constraint condition. The results show that under the optimization dimension,the sum of
pressure difference reduces by 30.6% , the limitation value of the maximal pressure difference reduces by
7. 7% ,and the limitation value of the minimal pressure difference reduces by 39.6% , which are beneficial
for reducing the control system leakage. The pressure correlation model and optimization model offer a
good reference for the design of intelligent pressure reducing valve.

Key words: regression analysis;intelligent pressure reducing valve;optimization design

* WFs HEH:2016-06-23
EE&WE : HERE LTI H (2011Z2X07412-001) , National Science and Technology Major Program of China(2011ZX07412-
001)
YEE BN EBE 979 B IR % & N R RF LR A:
T3 IREL R A » E-mail : Zhouzx8@sina.com



58 R 72 4R CA SRR RO

2017 4

0 H I ol b N iz iR AR R 2
[N R2E: N PE R e R e DA iR N E ) E YR )
s AEE K TR AP ARATS R (9 15 1. B A 2 iy ik
A AT A J7 s i PR RE AR TR R 2
SR S R AR B2 L B ) s T RS L S
(4 B0 RSS2 5 2RI AR i e e 77 n] i
P BE 18 0 0B R CLLT 750 3 R Dok s ) {88 i
B A T R IR R 2 75 A% 0 9 1 Y S Al 1
SN RS R NS 1 e o 0 s R R ) P T R
s e I e R DR B DN S N DR = N i Sl DO e 2
3 L 1 P4 BF 7 45 /0 o 7 SC MR E i s 1 1 i B
T ENL TV L ) ) B AR R T i S
R P55 A 5% 28 20 I e /MELOL AR AL X
B REDI R IR A B A B AR AT OO A TR A AT S
FOPR DL EA T X G S TR B T A48 2R A .

1 IBiptEs

gt B 1 A0 I AR BE B ) 300 I 1 1 45
P BN 1 R 2 R

SES

d,

1

Bl ahXmERZEHE
Fig.1 Structure of self-operated pressure

reducing valve
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Fig.2 Structure of intelligent self-operated
pressure reducing valve
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Fig.3 Experiment platform of intelligent pressure
reducing valve
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Fig.4 Virtual instrument stamping interface
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Tab.1 Test data

WET WE B, \
golEs Eh mhy R ORE gy Ua
o p, p, p. KEORE P./kP PR
=2 1 2 3 : 3/kPa kP

/kPa /kPa /kPa " w 4
1 640 330 580 23 0.008 261 548.600 5 31.399 5
2 640 340 550 18  0.006 466 564.083 6 —14.083 6
3 650 310 490 39  0.0140 09 514.609 4 —24.609 4
4 650 330 570 175 0.062 859 545.5757 24.424 3
5 650 340 570 88  0.031 609 561.058 8 8.941 2
6 650 350 550 6 0.002 155 576,541 9 —26.5419
7 660 310 500 24 0.008 621 511.584 6 —11.584 6
8§ 660 320 530 5 0.001 796 527.067 7 2.932 3
9 660 330 570 63  0.022 629 542.550 8 27.449 2
10 660 340 570 180 0.064 655 558.034 0 11.966 0
11 660 350 570 4 0.001 437 573.5171 —3.5171
12 670 280 440 5 0.001 796 462.110 3 —22.110 3
13 670 310 500 28 0.010 057 508.559 8 —8.559 8
14 670 320 540 9 0.003 233 524.042 9 15.957 1
15 670 330 570 32 0.011 494 539.526 0  30.474 0
16 670 340 570 138 0.049 569 555.009 2 14.990 8
17 670 350 570 11 0.003 951 570.492 3 —0.492 3
18 680 270 440 4 0.001 437 443.602 4 —3.602 4
19 680 310 490 55  0.019 756 505.534 9 —15.534 9
20 680 320 490 61 0.021 911 521.018 1 —31.018 1
21 680 330 560 28 0.010 057 536.501 2 23.498 8
22 680 340 560 124 0.044 540 551.984 4 8.015 6
23 680 350 560 50  0.017 960 567.467 5 —7.467 5
24 690 310 5 9 0.003 233 502.510 1 7.489 9
25 690 320 510 15  0.005 388 517.9933 —7.9933
26 690 340 560 80 0.028 736 548.959 6 11.040 4
27 690 350 560 145 0.052 083 564.4427 —4.4427
28 690 360 580 58 0.020 833 579.925 8 0.074 2
29 690 370 590 36 0.012 931 595.4090 —5.4090
30 690 380 590 8 0.002 874 610.892 1 —20.892 1
31 700 340 560 8 0.002 874 545.934 7 14.065 3
32 700 350 560 18 0.006 466 561.4179 —1.417 9
33 700 370 590 4 0.001 437 592.384 2 —2.384 2
34 710 270 430 4 0.001 437 434.527 9 —4.527 9
35 720 270 410 6 0.002 155 431.503 1 —21.5031
36 780 290 470 7 0.002 514 444.320 5 25.679 5
37 780 300 470 14 0.005 029 459.803 7 10.196 3
38 780 310 470 141 0.050 647 475.286 8 —5.286 8
39 780 320 470 234 0.084 052 490.770 0 —20.770 0
40 790 290 470 7 0.002 514 441.295 7 28.704 3
41 790 310 470 14 0.005 029 472.2620 —2.2620
42 790 320 470 95  0.034 124 487.745 2 —17.745 2
43 7900 330 480 702 0.252 155 503.228 3 —23.228 3
44 950 280 390 0.001 437 377.4156 12.584 4
45 950 290 390 5 0.001 796 392.898 7 —2.898 7
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Fig.5 Scatter diagram between upstream

pressure and diaphragm pressure

600

550

450

Ji& 5 B J Py/kPa

400

350060280 300 320 340 360 380

[ J& 1 P /kPa
B6 MEEALBEREAKER
Fig.6 Scatter diagram between downstream
pressure and diaphragm pressure
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Tab.2 Regressive model coefficient and confidence interval

EVEES- EVEES ¢yl 0] 5 ZR B30 5 X )
B 231.244 8 [122.620 8,339.868 8]
B —0.302 5 [—0.385 9,—0.219 0]
B2 1.548 3 [1.3349,1.761 7]
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Fig.7 Comparison with forecast model
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Tab.3 Checking validity
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Tab.4 Result comparison with optimization
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d /mm P /kPa Up/ kPa Lp/ kPa
LR 50 580.71 780.00 500.00
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