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Abstract: A mathematical model was established for pressure-flow coupling system in gas flow equipment by
mechanism modeling and step-response methods. The performance stability and control rapidity in gas flowmeter
testing were improved by a decoupling control, active disturbance rejection control (ADRC). For the multivariable
system of gas flow equipment, a decentralized ADRC integrated coupling effects, internal uncertainties, and
external disturbance into a total disturbance, which was estimated by reduced-order extended state observer
(RESO) and cancelled out by control law. The original coupling system was then decoupled into two subsystems
of single-input and single-output and controlled by proportional differential controllers. Stability and stability
margin of the ADRC controlled system were analyzed by frequency domain method. ADRC achieved system
decoupling, reduced algorithm dependency on mathematical model, and improved system robustness. Simulation
and experiment results show that ADRC algorithm has shorter settling time, better decoupling effect, greater
disturbance rejecting capability, and more robust performance than PID controller.
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Control loop Controller parameters
flow K;,1=0.02, K;;=0.02, K4;=0.008

Kp=0.05, Kz=0.03, K4,=0.009

pressure
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Fig.9 Step responses of ADRC and PID control
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on ADRC and PID control
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Table 4 Monte Carlo simulation results of y,

Control algorithm  Setting time of y;/s  Overshoot of y1/% ITAE1

Control algorithm Setting time of y»/s  Overshoot of y»/% ITAE2

PID 3—7 2—2.7 25—40
ADRC 2.65—2.9 0.86—1 17—21

PID 23—5 1—1.36 9.5—16.1
ADRC 2.05—2.3 0.43—0.58 9.5—12
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Fig.13 Monte Carlo simulation results of y, based on PID

control algorithm

o
- I S~
" RS
//’I// | /////:\\\: | T~
- - ~od
18— | -t I T
[ - N [
T I i N SN B
16L =" 1 T R s U
I =" ~ 1Ty
— kN 1o~ ~_|
- | =77~ Tl 1N
e = N1~
14 - -k N N
3} | - | ~_ | [
2 I NS NG R B N
S 12l : - I~y } \‘IL\ [
- ! I"~4 r \J
| | 1 | |
oS~y
| [N
| |
|

Kl 14 T ADRC £ 55 y, Monte Carlo S50 45 R
Fig.14 Monte Carlo simulation results of y, based
on ADRC algorithm

NHOEB I E ARSI A], H ITAE MEREFEARTE LT .
ADRC %32 Monte Carlo SZI&HHE 451 th H 25 4
Fit, 5 PID #Hlt, ADRC &i:EAHmIMaEE
etk

4 BHERZR

4.1 FRIBURELE

R LS S W A I SR I AR SR, RIS
PRI B - I AR 2 ) SR A B HEAT B R
P s . SEIRm S Fa T AN ], (R BRI
. R iR R E BUE . AR5 2 i
PID 577541 ADRC Skt #, 76 10 s B i 8
BBEME (BREk ), WHWRE), 1€ 60 s i
B E M (e, TTESD . iR R,
JE TSR AR A 2R o 2 T VR T R R
B1H-

AL 1) 1T A7 A0 DX AR 1 5 SR RS BRI, (R
TESIZIGIT, 8 Faont G i H I8 300 2 11 £ 2% 01
YRR I, As e I T AR . AR N S )
Wi Rt 2 o il 15, B 16 Fios.

340

——ADRC
320+ ——PID

300
280
260 -

0, /ke-h

2401
220+

200

180

2IO 3b 4b Sb éO 7IO SIO 9‘0 100
t/s
1S i igRmi 37 Sk 6 PO B AR 1 i 2
Fig.15 Flow curves of step response test
E X ERAZENBCOEMBRNARR, BIgdsE
NBCE BRI X BRI LSS, 10 s B
EANEIEE, KONEREEE; 60 s ’EJINE
Yo, WENEIPEEE.
PID At ADRC 53k 1 e 46 LR B 8cAT 45 E 1 1
FAE R, FBRIAE: OSERRE R L 5

0 10



91 www.hgxb.com.cn * 349] -
" SR, 540 T ADRC Al PID $2541 535

360r B IIRE R0 ke R e MEE (260

340 kPa, 280 kg-h™'). SRJE, XFIRIT4S T4 I

£ 320} 3. 10 s BIEPATTIR 1 A S0 — MR 1 mA

B s00l IE B RIS, fEATTI 1 RGN, 5l E
ol PR E TE/MEREIN. 40 s IFZEVETIR 2 O\ i
WI—MEER 1 mA BB RSN, AE 115 1

2y 2 JFEERC, SRS ERCN, B3, ik
240 MR EAIRSER AR 2R . PTItsEIRiE . R

2‘0 3b 4IO Sb 6b 76 Sb 9b 100
t/s
P16 v igknn B2 SE 6 Y s 7322 4 h 2%

Fig.16 Pressure curves of step response test

18, QIR ERBEMER TR, BIsKhs
MRS R R, PRI — SR A R B R 7
R IR IArE g i A ek Nk PN ERE U S AN )
Wt R REAR AR IR, AR R R
I, BTIARELIEIE, BRI R R (E w
Ko Jibb, HERIGRSEEL KR ER TR
WELK, RGEHIENTERNIPRE . FrELsk
BRSciimy, v TR RGHRG, SR MERIER,
S EUA T R

N T B AP RN A AR TR RE, S A

0 10

=

=0
6= Ayb /ybinit (46)
AV, | P i

X, Ay TR EWIEETE, Ay fREI I &
BEBNA o Vainits Voinie 73 0 TR B BRE S 56 T 465 1N 3 B
Bl B W AR A

HSLIREHE I 43, PID #&HI5 L, mERET
B~ 26.8s, 0 °421.3%. JKJJHTHEIN 1765, 0
N 47.3%. ADRC ¥l 535, S I AN 121 s,
0 131%. EITATIHIEA 1.1 s, 08 22.3%.
FrUARTE . R EH 5248, ADRC Hiks
PID 5l SR AR G, CEARAIE T 5 T E R AT IR T
[F) IS A S 4 R AR AR
42 MMHBRELE

SERR T M o 2 2 B AP R )T, W
W4T B8 2238 AT A3 R ENTE,  FT R FE 42 i)
IR EARAS o WD TR, g R
REERR eSS, BAEZESCANE. KENH
FR R, ADRC B8R H RESO Xt zhidt
ITAELANTEIEAME, PUTHiResioE. Ik, 55
TR K ¥EH R4, 5T PID fl ADRC %5
P IERE AT LU

1A 2R o A 17, & 18 fos.

320

2601

240 : : : : :
0 10 20 30 40 50 60
/5
BI17  Bidhzhsege i A 1 th 2
Fig.17 Flow curves of disturbance rejection test using two

different control algorithms

300
—— ADRC
—— PID
280+
<
=M
2
N
260 |
o . . K . .
0 10 20 30 40 50 60

/s
18 HU PRSI0 B IR A 2%
Fig.18 Pressure curves of disturbance rejection test using two
different control algorithms

MK 17, B 18 AT, FESREN KN F
ADRC #5215 PID #HlH kM, s, )
R E S/, Hoae SR B2 IRAS . Bk 5 PID
BEMIEL, ADRC S04 5 H I TR 7.

5 % 1E

XA ERES RS . R E



© 3492 - t

T % ik

68 &

0B DS B U PRI VAFS S VAN & 2

i,

FFEHI B DU RS 2 SR SE LN e B SR AR

FoiE. RIS SRR T B Pt
B TS REG MR MR E . {E I
b A R SE PR SE IR I UE VA MR RE, A5 R
#W, 5 PID #=HIH LML, ADRC HikHAH
PR R TR . B BRI 1 R A T LA R R AT 1
I REFIPT T PEMERE. FTLL, ADRC Hy%n] 3
FARERERE, RIFMMRTRE. EHBEES
(1) 42 i) I

References

(1

(2]

B3]

(4]

(3]

(6]

(7

(8]

(9]

(10]

Pt E/ME. ARBRIAH E A HUL DREFH RS [T]. (LR,
2010, 61(9): 2169-2176.

HUA B, WANG X W. Trend of China's organic chemical industry in
low carbon era[J]. CIESC Journal, 2010, 61(9): 2169-2176.

TEM, HUE, BHE, & mERRTURERERED]. HEY
1, 2008, 29(5): 479-483.

DING J L, GUO M C, QIU H, et al. High pressure natural gas
flowmeter calibration facilities[J]. Acta Metrologica Sinica, 2008,
29(5): 479-483.

FRIE, PASLTE, TRk, S5 PRAERIE SRR B AR R B R[]
T A KAE, 2010, 37(2): 34-38.

QI L X, SUN L J, ZHANG T, et al. Research of gas flow standard
facilities by master meter method[J]. Control and Instruments in
Chemical Industry, 2010, 37(2): 34-38.

SRER, ZEM, e REESIRM]. 2 R dest PE
AR AL, 2007: 235-241.

SU Y X, LIANG G W, SHENG J. Flow Metrology and
Measurement[M]. 2nd ed. Beijing: China Metrology Publishing
House, 2007: 235-241.

oF, BTy, KA, S AR BUIR BOR D). 2 TR,
2005, 12(2): 97-100.

MA P, YANC J F, CUI C C, et al. Current situation and development
of decoupling control[J]. Control Engineering of China, 2005, 12(2):
97-100.

WANG F, SUN X H, ZOU Z J, et al. Applied of RBF neural network
in pressure and flow control system[J]. Applied Mechanics &
Materials, 2015, 713/714/715: 909-914.

XIBCAE, BTG, R PID HERAAE R B B R
FERI[Y]. AT A Bl AL, 2011, 5(38): 567-569.

LIU H Z, GUAN Y H. Application of fuzzy PID adaptive algorithm
in flow-pressure control system[J]. Control and Instruments in
Chemical Industry, 2011, 5(38): 567-569.

LU, —EAHEN ZIY HRE I ER]. 265 05K, 1995,
10(1): 85-88.

HAN J Q. A class of extended state observers for uncertain systems[J].

Control and Decision, 1995, 10(1): 85-88.

HAN J Q. From PID to active disturbance rejection control[J]. IEEE
Trans. Ind. Electron. , 2009, 56(4): 900-906.

HaUE. BiEnlEs KL R[], S e, 1998, 13(1):
19-23.

HAN J Q. Active disturbance rejection controller and its

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

applications[J]. Control and Decision, 1998, 13(1): 19-23.

AU, H PR BOR- AT RN I E R MR B M.
Jet, [P Tk AL, 2008: 183-287.

HAN J Q. Active Disturbance Rejection Control Technique: the
Technique for Estimating and Compensating the Uncertainties[M].
Beijing: National Defense Industry Press, 2008: 183-287.

GAO Z Q. Active disturbance rejection control: from an enduring
idea to an emerging technology[C]/ Proceedings of the 10th
International Workshop on Robot Motion and Control. Poznan,
Poland: IEEE, 2015: 269-282.

GAO Z Q. Scaling and bandwidth parameterization based controller
tuning[C]// Proceedings of the American Control Conference, New
York, USA, 2003: 4989-4996.

HUANG Y, XUE W C. Active disturbance rejection control:
methodology and theoretical analysis[J]. Isa Transactions, 2014, 53(4):
963-976.

ZHAO L, YANG Y F, XIA' Y Q, et al. Active disturbance rejection
position control for a magnetic rodless pneumatic cylinder[J]. IEEE
Trans. Ind. Electron. , 2015, 62(9): 5838-5846.

ZHENG Q, DONG L L, LEE D H, et al. Active disturbance rejection
control for MEMS gyroscopes[J]. IEEE Trans. Control. Syst. Technol.,
2009, 17(6): 1432-1438.

SUN M W, CHEN Z Q, YUAN Z. A practical solution to some
problems in flight control[C]/ Proceedings of the Joint 48th IEEE
Conference on Decision and Control and 28th Chinese Control
Conference, Shanghai, 2009: 1482-1487.

SUN M W, WANG Z H, WANG Y K, ef al. On low-velocity
compensation of brushless DC servo in the absence of friction
model[J]. IEEE Trans. Ind. Electron., 2013, 60(9): 3897-3890.

BRI P pH 421 & HAE A Tl b R A [T]. AR
1%, 2009, 22(6): 23-25.

ZENG Z G. The application of auto-disturbance-rejection pH control
in chemical process control[J]. Electronic Science and Technology,
2009, 22(6): 23-25.

X, G EAR, BUEYE, 5. T2 A8 R s AR
BB T ET]. B 3R, 2006, 32(1): 73-83.

LIU T, ZHANG W D, GU D Y, et al. Research progress of frequency
domain decoupling control design for chemical and industry
multivariable process with time delays[J]. Acta Automatica Sinica,
2006, 32(1): 73-83.

ZHENG Q, GAO L Q, GAO Z Q. A dynamic decoupling control
approach and its applications to chemical processes[C]// Proceedings
of the American Control Conference, New York, USA, 2007: 5176-5181.
ZHENG Q, CHEN Z Z, GAO Z Q. A practical approach to
disturbance decoupling control[J]. Control Engineering Practice, 2009,
17(9): 1016-1025.

XUE W C, HUANG Y. The active disturbance rejection control for a
class of MIMO block lower-triangular system[C]// Proceedings of the
30th Chinese Control Conference. Yantai, 2011: 434-441.

B, BEh. — R RE RGN E PR AL S A R ]
[3]. T4k, 2010, 61(8): 1949-1954.

SU S X, YANG H Z. Active disturbance rejection dynamic nonlinear
decoupling control for a class of multivariable systems[J]. CIESC
Journal, 2010, 61(8): 1949-1954.

FECHE, XL, TR, Bl s A M. dbat Tl
L, 2015: 403-421.



59

www.hgxb.com.cn

© 3493

(26]

(27]

(28]

GONG F Y, LIU C J, HE Y Q. Practical Guide of Control Valve[M].
Beijing: Chemical Industry Press, 2015: 403-421.

i, 8 s. MATLAB 358N M RGHHRDT R TRAI]. &
Gi{)i B2, 2006, 18(6): 1493-1496.

NI B Y, XIAO D Y. System identification and simulation toolbox
under MATLAB environment[J]. Journal of System Simulation, 2006,
18(6): 1493-1496.

sbd, FhBHES, BRIGSR. SREIIEIR KR R AL B TUIUR R T
HIEFEBIT[T]. fb 54K, 2015, 66(S2): 263-270.

ZHANG Y, SUN M W, CHEN Z Q. Robust design of linear active
disturbance rejection decoupling control
evaporation system[J]. CIESC Journal, 2015, 66(S2): 263-270.
HHWK, BRI, KERL TITO KRG EFHHEHICl/ A E ]
SUIRIEE. %2, 2007: 5455-5460.

DONG J Y, LI D H, ZHANG Y Q. Active disturbance rejection
control for TITO systems[C]/ Proceedings of China Control

for forced-circulation

[29]

[30]

311

Conference. Xi’an, 2007: 5455-5460.

Z(EHR, BT, DRSS RS RERE TS
SHE[T]. IS S5 R A, 2016, 31(1): 106-111.

LI X D, GOU X Y. Analysis and improvement of stability margin for
multi-input multi-output linear time-invariant systems[J]. Control
Theory & Applications, 2016, 31(1): 106-111.

ER, WL TR ENEH RS IERIED]. RS
i F 4R, 2008, 20(S2): 351-354.

KUANG Q, HUANG Y M. The robustness verification of control law
based on Monte Carlo method[J]. Journal of System Simulation, 2008,
20(S2): 351-354.

EH, AR, i, & F5ERET A T B s s
THEFN]. B SR, 2016, 23(9): 84-89.

WANG Z, GAO F Q, GAO M, et al. On design of auto-disturbance
rejection controller for seeker stabilized platform[J]. Electronics
Optics & Control, 2016, 23(9): 84-89.



