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Fig.1 Structure of a typical coal-fired
unit boiler system
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Fig.2 Structure of superheated steam
temperature control system

1.276
(1 + 18.4s)°
A s S AL pR IR - TR

G, BT HRIR RGN R e, oK
IR AR I, 78 SE PR AR, —fE ok B BR
M 3, S5 36 A i o LA RS B AR R, i ORI
RGP AL R TR B AR MR 2
LAY, A, o PR I R — > B R Y
T B AT aoh B R e S AR B 1 e A
YRR A T 07 2 BAEBUK R T AL S, R
FEHE 5 min £ A REIREIRE . L, SCh BTE
&t — 7 S i 45 ) O 58 ok Ak B I BRI 4 ) &R
G INFRFNSMER AN 2 P, DA SR i L R 4 1Y) P
NERES o
1.3 BBSHEE ADRC 8

— 4T ADRC #5775 B i B A 8 1) R 7R an =X
(2) Fins

G,(s)= (1)

K
)=y )

P K e 2 ARG T I [R] R4 AR Y R
A RIFRNE(3) FR,

X1 =X

Xy = %y

Xy =X,

Xy = s (3)
X5 = X

X =f + bu

Y =%

A w(i=1,2,3,4,5,6) .y 73528 ADRC £34%
il B GRS A AR s x T x BREG D
R AGEIESE 25 5 f N BB E, AALEE SRS,
LG AT N TR

PRI, 320 (3) , 97 sk AR S WL £ (extended
state observer, ESO) #1134 :



& AH) ALK 256

z, =z, +B,(y = z,)
z, =zy + Bo(y — z;)
2y =2z, +By(y —z))
2, =25 + By —z) (4)
zs =z5 + Bs(y — z;)
2g =z, + bou + Be(y — z,)
z; =B,(y = 2)
22, 2, 235 R I 25 4% A PR A A A T
FHG 25 2 2390 D WL g S Sl O Al T E A R
B Bi—B, LIRS i 5 by Ak ATEIE N 45 b 1Y
e

C A SCHRTIE B 22 00 00 5 184 4 IRU(E & B, &1
T FT DA 3 B R GRS B AR B T
T S S AT AL T AN o AR RL AT DL
AN ERIR AR 28 o RPIRAS Bt g 3T -
_ K(r -z)

by
KA K= [k ky ky ky ks kg 1], Ky 4l 25 5
t;r =[r 0000001, r NXKEM; z=
(2, 2, 25 2, 25 25 27] o

ATLAE Y, # BT s 1) ADRC 28 2 52 2% 1)
e A T L T AR B 42 ] e DR L A TR B B T S
BAESE RN A s Ry iz PRt SO st —
Fh PC-ADRC £,

2 PC-ADRC

(5)

u

2

2.1 PC

TERTH FCHRME 18 305 T 2R 295 1 2 ol S e v,
et S5 R GBS AT AN T R B, T X R
WAL RGBT HICRA T 28, T2 FHE B 28 R 45 1
PerIMERE , BIINE 4 (0 Smith Bifh 28, HTF L, S0
i —Fh PC-ADRC, sl SRR Un&] 3 JF s, Horh
d AN 5 ' R PC AT 7 AR B i A
w FPIRAS S 5k, o d3 B 2 5% LR 4

b SRG(s)

Dldi [ R :
Uy | n “_tél, *%V?%%és) Ly

AT §§ et
! L e
Z 50+ Pes).

& 3 PC-ADRC JRi#
Fig.3 PC-ADRC principle

..................

P45 5 1 500 B ADRC 2§ (1) 32 2 X
HITET PC M2, PC 2GR ] IR R
a7-232 + 2¢fars + 1 (6)

75T+ 26rs + 1
s a  PC RIS IIWIIRTICR R B € NEHELE; 7
AME SR E]E R, R EE NS, S RGBT
TR BB 8] 5 280 T AHSG

PC () F 2 H iy rhd e gh s
W BLEAT S BOR AR R GEBTIK -

2 22

P(s) =

PEATHMEZ, RIZEAR

K a 7°s + 2¢ars + 1
GP(S)P(S)Z - S 3 ~
(1 +Ts) TS+ 2rs + 1 0
KI
G (s)=—— 7
P( ) (] + Trs)/rZ ( )

e G (s) b2 a B RE i (S50 5 K
T" 3 ) g A S B R A 348 4 28 BCRIS [ 3 285 n
JEE R . AT IETRTALEERY G (s) HYJEAM
WIHEHT ADRC %, 5 1.3 952600, B ADRC £ 1]
L= (8) frs o
Uy = 23 kp(r —z) —hyz
u= by = by (8)

(EAS B2, TR A A AR DL, — B
ADRC ## LRI FEl PN AT LA RCHRE i R 0 B I A A
T, PR, AT LU R0 i 2R T 42 il P R e

F I, TR BRG] S S RS PC %S
Ba &, K ADRC #4350 233 45 B, B, \Bs I
PEti aRbE 58 b, ko TEHETT ADRC 23RS, 5 258
Bl PC W%,
2.2 PC M#kigit

2.1 R, PC MZEAT 3 MBS 4 a £
7 I HIHHEREAT R W B S, 280 R A
ik, o BVURMEX ] [2.6,3.5 ], DLARATHA B L
RYERES MR, SCHP O HES TR, o B35 & (BN
RGPk G E, DRE & B 0.5, AR N A9 ZE I3
0.973 (HAts a F1 & WUELIF A 2 2550 Wil )5 24 55
) o

H1E(6) K (7) LU a =3¢ = 0.5 u]7F.

K a’r’s’ + 2¢ars + 1 _ K’
(1+Ts)" 7’5"+ 2&rs + 1 (1+7T's)"?
(9)
Hp St -

) K a’r’s + 2¢ars + 1

lim - S =

s20 (1 + Ts) T'sT + 2615 + 1

K’

(10)

lim PPN
S0 (14 T'5)"

m(10) A3 K =K' o h—2H



257 T 55 BET AR AR Y H0 A BT FE )

(1+Ts)n-2(97°s" +37s + 1) =

(1 +Ts)n(7°s> +7s + 1) (11)
FZIE R R4
[1 +(n-=-2)T's + (n - 2)2(n — 3>T'252 X
(9775 + 375 + 1) =
[1 + nTs +szs2 X (7" +7s + 1)
(12)
HI T 2 0028 B S 4 3 T 75
3r+(n-2)T =7 +nT
) _
97 + (1 )2<” 392 4 30(n - )7 =
T2 +MT2 +n7.T
2
(13)

BN RSNV E

Tzz(znT_S)[«/Sn(n - 2) —n]

nT - 27 (1)
T =

n—-2

2.3 PC M4

SCrpE E(6) FrzR PO Ay — 4> B 25U
ST LU i A S A R AN LB, B AT AR TR A
JZIE . 2.2 AR EIAY PCORIZ% AT LU i fi
B A5 AR B SEBLRIELE

PC AN 4 froR, K; O PCRIZEHE 65 R 4L
Ty T, ARG AR ISR H R B (s) MR B, (s)
M B (s) | Ey(s) $0rPia g

E,(5) o—=Q—— B4 3(T,) LR B (T Els)
d R

0 Eou(s)

4 PC M
Fig.4 PC network
H & 4 A] 15 .
El(s) = K|K3E0m(3> - K2K3Ein(s)
K1K3
T)s )
1 K2K3)

1
E,(s)=FE, (s +
2( ) out( ) ( Tl Tzsz

(15)

+
T, T,s* T,s

E,.(s) = KKE,(s) = KKE,(s)
PG

mu%

K, )

—T,T,s" + K,K,T\s + 1
s) K
)

1 (16)
—— T\ Tys* + K,K,Tys + 1
K.K,
K4
W =9 KK =1 KKy =3 KK, =1.T, =T, =
5
T, A3 a =3 .¢=0.5K7 PCEIARL,

3 BREENNSSHET

3.1 EBESiR
PC-ADRC 15530 — H HH EESS I an &l 5 fiw , &
WG, (s) Ry 55 KR ot 5 A A B AL r(s) e(s) .
d(s) wu(s) y(s) FIRNSHEES riREZFGT e M
fET d FR S u AR y MR AR R
Gy (s) AR Rt i A A% 3 pR B, FE T R G T
ML RERG,, (s) I«
G, (s)=6(s)G,(s)P(s) =
(kB + ks +Bs)s” + (k By + kBy)s + kB
bols* + (ky +B,)s> + (k, + B, +k,B,)s] *
K o 977> + 37s + 1
(1+7Ts)®

d(s)
(s) +"(S) A SN oy B

P(s)

17
st + s+ 1 (7)

5 PC-ADRC W& —HHELH
Fig.5 The equivalent two-degree freedom
structure of PC-ADRC

LA P B i 2R G i R AU R S (s) A AR
RIPERELT(s)
{S(s)—l/(l +G,(s)) (18)
T(s) =G, (s)/(1 +6,(s))
RASET{E P, 2 M SR B R BEOR H KD R AU R
B SR M Mo AR PP b
{MS =max|S(s) |
M, =max|T(s) |
3.2 EHIFSHEE
S RIS L ™ DL PR F 3
eI

(19)

Bi = 3w,

B, = 3(1)3

B; = w, (20)
k, = w!

kd = 2§cwv

K0y o, 703 W G M R R GEAT 985 €. A



& AH) ALK 258

R, WHL 1, ZE 6, PC-ADRC [ £5 I8 2 5L
WK 34, B g o, by o

o, MIEFNES ARG S, IR GE B ORI [a]
WE S CHR30-31], 30 w, BUE N

@ = UflLf)T' (21)

A o 0B 0 U i B R e ) R, 6 e B
PR HE 1~47 5 0" EMEIR I R G BNK

SR ZFAHT T wo PR T BV RN #ME 1 B 3
HEE . PRI, NS B4R T A BE T 5, ALK 1Y o,
E AT, HAE PR B o, WA SZ BRI, W3z
RFERABRE o RS HW L 5E R, S0 w, AYERL
(EWF

w, = 10w, (22)

Ui, XFF ADRC %%, b, E— P HESH,
JEHAERFARET ADRC w5 Brid B, b, i/ T8k
PEM RGEATERE , M by AR S 2 A 47 1l 1 g
BN SCER (200 SR K/(1 + Ts)" BT B i 7
ADRCAHEI KT by WS ROME Tk, HE, T
HFIAR) PC R 2%, 3 Ff e 5 5C R AN RE BRI .
SCHPR A T 1] i U R E by o

Hi&l 3 [, PC-ADRC R GER) PR L 33 pR & R]
PAIEARL g -

Y k s+ 1
G.(s) = (s) - . « 7252 TS _
R(s) 5" +kys +k, 97°s" +37s + 1
w. 1, 1
5 5 X (fs + —s + 72) +
T+ 26 w5+, 9 97 97

(32+313 +1) (23)

T 97
A R(s) L Y(s) 203 B0 e (ERT AT B i o ml
W, e AE P R SR 58 4y PC MG IR E
B, AT DU S B o, £, SR TR A BN R GE R L, ]
W, Y o, #1117/ (37) HABFEITN, AT USRI RH
JEHL €., 28 o, N TS s, 2 I 1 3 255 0
RN, AT A Z AN

4 HERBRRERSH

SCHUHE 3 7 LB IE A ORI 2R SRS 1)
AHERE . SRR G, (s) P(s) FIBIABRERY G ()
U510 7 DL 6, AT LA, 25 A 50 0 A A 50 7
A0 10 0 7 v B — 5, VAR G b 2 i LA AR 30 25

3 3ok 5t A PR R 2R 4 47 263 S R T 4 e
I7 A R, DT 2O 5 AR 3 RS [ 4% o ook
VR R BR B 0 G A I B 7 B EL , 23 S -

(1) FETEHJEZ7 0 —Hr ADRC 2§75

L — G(5)P(s)
—Gy(s)

0 — G()P(s)
-180 f —Gy(s)

10° 10° 0.1 1 10
BiF (rad + s )
B 6 SR EFnIE AR R ST AR N AT bh 4%
Fig.6 Frequency response comparison between the
equivalent model and the ideal model

(2) i 86 4y 6045 - L 1B 53  simple internal
model control-proportion integral, SIMC-PT )'**' 5
4% 5

(3) PC-H. 5 FR 43 ( proportion integral, PT) , H[I
PC-PT #x il 4% , B 7 SIMC-PT £l % HF A PC, LA
BE PC 2% s M

L, 7E 150 s F1 1 500 s 43 50 A B (4 5
BB BRARL Sh AT ER 7 23

St S, PC-ADRC ADRC #11 SIMC-PI 2%
FHTF A& B o, BRI 25 2 80R M Mo 46 F5
WA, Ho Ky (K 73500 P48 A FL R
W45 . T PC-PT M2 AE SIMC-PT 44 22 4k H i 18
HAZMA PC LASG UEHGE F7E. PC-ADRC 1 &, JX
(B0 1.1, by tHIELT Bz i 842 0] e UE J5 2005 o

x1 EHFSHEEBHEER

Table 1 Controller parameters and robustness metrics
Pl as EH A S H M My
. . by=-0.015 .0, =0.365
PC-ADRC 0.20.036 5 £.= 1.1 1.30 1
by==0.045 .w,=0.423
ADRC 1.31 1

©,=0.042 3
PC-PI  Kp=-0.130 6 K,=-0.0047  1.50 1

SIMC-PI Ky =-0.130 6 .K;=-0.004 7 1.37 1
151 by=0.022
| b,=0.015 \
1.0 b,=0.010 ‘
IV
05} \
= \
= O ¢
0.5+ u
|
*10 [ ‘

15— —
3.0 25 20 -1.5 1.0 05 0 0.5
DRl
E7 EREEREEEED RE

Fig.7 Robustness loop shaping method for tuning b,




259 T 55 BET AR AR Y H0 A BT FE )

PiEAE R 8 Fa , Hory w0
Ui FEIE 5 IR T I BE s Set-point S H(F 5, 45
W] PC-ADRC 5 SIMC-PI 5 AH i 9 212 25 1 e .
A Y BRI B IR B o R B 1 2 45 WH(EL AR 43 (integral
absolute error, IAE) 4158 2 fi/n (IAEL) |, 53 Ath 3 Ff
FEthl 2R A e, PC-ADRC 2% 5 il RS b4
PERE. WrERSUERA S LY TAE2 f5brtsank 2 fir
N, X ALERB] PC AT LA SO AME T PORIR R GE Y
RAEMEBNAS o g it — 20 90 0F Fir £ 3 %) 4 1 O ¥ %
— AL A R, M AREEN 0.01 BT A
I 50 s IE 52 X3, Kl 9 iR, ff &
ZRME 10 s, Al LAA H, PC-ADRC 8% iX 2
KIS R I AR AP IERE , G 5B A o 37 1
BN 220 (8 . RHEFNIE X 3 #E Y TAER
FEPRANER 2 B (TAE3 A1 TAE4)

Par <
P X
wlrr e o
NIV

70 .

. 107
=
= 05f
= 0
,’:7 N
= 051\

,10 1 1 1 1 1 1

"o 500 1000 1500 2000 2500 3000
t/s
----Set-point ---ADRC ----- SIMC-PI
——PC-ADRC ~-PC-PI
B8 AEHEHIFIZHI BRI
Fig.8 Control effect comparison of different controllers
F2 #HhzhdiE IAE $EERXTLE
Table 2 |AE indicators comparison of
disturbance process

Ptk e IAE1 TIAE2 IAE3 IAE4
PC-ADRC  162.02 113.21 113.21 297.35
ADRC 21552 21467 21466  315.15
PC-PI 184.64  217.38 21695  313.91

SIMC-PI 183.09 230.07 228.72 324.98

500 1 000 1500 2000
t/s

9 MHEMIEZMIHTE
Fig.9 Slope and sinusoidal disturbance schematic

HFRZ%CT PC-ADRC 5 ADRC &R IERE R

1r
0F
v
-1t
157

1.0 %
051
0

0.5
0

HHGRTE/C

W TIHEE /%

400 800 1200 1600 2000

t/s
----Set-point ---ADRC ----- SIMC-PI
——PC-ADRC PC-PI

E 10 SHEFIIEZREhIEHIRITLE
Fig.10 Control effect comparison of slope and
sinusoidal disturbance

Fean il 11 g, B Gm PC-ADRC m ADRC 435 A PC-
ADRC % F1 ADRC 5 i) i LS B QEXT{E,PH. PC-ADRC ~

P, sorc 535k PC-ADRC 51 ADRC 25 (¥ AH (v 44 B
A NHE ., 4R F A B ADRC % F1AH [R) 19 325 6 2% 2
Bt (by = —0.045 ., = 0.423 ., = 0.042 3) , PC-
ADRC g8 A& HAF & v, X Uil PC A LI E 4%
IAZE ADRC R g, fE Al &b T, A 2
gzl as A E o

100 1 G peaprc=20.91

2 0ol ~ PC-ADRC
=2 -100 ¢ G,y aprc=0.44 ‘ ‘7ADRC
Z 200
|
= =300 }

-400

or Ppcaprc=76.70

180t ’
:g 2360 | Pmaore=70.59  reanic
= S40f _ADRC

-720 . , . . .

100 1070 01 1 10 10°

B f(rad + s )

B 11 1HESE T PC-ADRC 5 ADRC &1 tigtrxttt
Fig.11 Robustness indicators comparison for the PC-
ADRC and ADRC under the same parameters

5 Hig

SCHERG R B R AR i Al R it —
PC-ADRC e, nJ {2 3 4 = 42 ] R G v g
TEST 4 BGOIR R GE R Al L, 1 A AR BN B
P SMERYE AT B B 1 A R G A A
MERLITTE o

PR EERITERE , NS FfE S PC RIS, 734
PC 5 i RGERI S, I 45 S M2 7
Tk o 7 FLS IR e T 4 H A R 5 1 A R
L5 W, PC-ADRC g5 A B2 15 42 PL 4% il 2+ AN
ADRC ##A7 HAF i dVERE . FURTIT & , 7EAH I A9
EHEPELRT BT SIMC-PT 45, T4 th i 2 75



& AH) ALK 260

IRAESRA B BRAE S (E L B BR 67 240 2l L R B 24
SFNIE 8245 80 F [ TAE1—IAE4 PEREFS b4 B2 T+
12% 51% 51%F1 8.5% , W] H B4 W iF A% E(E
PR RIS 1 B
T O i MENG R PO N k) d B E TS

HoinA PCEHe, W] LU 82 T i R G P e vk
fig , AT SIMC-PC FEifil 2, HAE B BR T 2k 4 8 )
Petn RIS FNE LIS T TAE2—TAE4 P REFE R0
BT 5.5% 5.1% F1 3.4% , F W PC &R E
FF3CH g ADRC 2§, 17 H3G B T HAh 5L TR 221
Pt %, a0 PID 45570 8%
SE Xk
[ 1] 2 AR R R AL 2 34 A5 34 06 1 R

oSy kL ,2014,43(11) :6-11,23.

LI Weihua. Integrated control technology for improving PFC and

HER R EARTT].

AGC performance of coal-fired units: research and application
[J]. Thermal Power Generation,2014,43(11) :6-11,23.
WRVEFE, Ax i, E W, 45, W B XULARTE S OB ST A% £
BRI LU E RS R R[], RIBER ,2022,43(2)
207-217.

CHEN Zuozhou,YU Hao, WANG Panpan, et al. Definition and

[2

[}

influencing factors of short-circuit ratio between offshore wind
power cluster and thermal power bundling system [ J]. Power
Generation Technology,2022,43(2) :207-217.

[3] MAZALAN N A,MALEK A A, WAHID M A,et al. Review of
control strategies employing neural network for main steam tem-
perature control in thermal power plant[ J]. Jurnal Teknologi,
2014,66(2) :73-76.

[4] LIUJ Z,YAN S,ZENG D L,et al. A dynamic model used for
controller design of a coal fired once-through boiler-turbine unit
[J]. Energy,2015,93:2069-2078.

[5] SUN L,HUA Q S,SHEN ], et al. Multi-objective optimization

[

for advanced superheater steam temperature control in a 300
MW power plant[ J]. Applied Energy,2017,208:592-606.
CHAN K H,DOZAL-MEJORADA E J,CHENG X, et al. Predic-

—
=)}
—

tive control with adaptive model maintenance: application to
power plants [ J ]. Computers & Chemical Engineering, 2014,
70:91-103.
(7] PN, 0. R FFRLAL VIR R e Hh 9 A PO 00 4 )
[J]. A HL TR, 2019,39(18) :5415-5423 5589,
SUN Ming, DONG Ze. Cascade active disturbance rejection pre-
dictive control for superheated steam temperature of ultra-super-
critical double-reheat unit[ J]. Proceedings of the CSEE,2019,
39(18) :5415-5423,5589.
YI H,SU Z G, WANG P H. Closed-loop shaping-based active

—
oo
[l

disturbance rejection control with delay robustness and app-
lication to wet desulfurization process| J |. IEEE Transactions on
Industrial Electronics,2024,71(6) :6117-6127.

(9] iR, BREFERIBORLE JOL T AT R S R [T ].
T KL ,2018,47(7) < 1-9.

YANG Xinmin. Application status and prospect of intelligent
control technology in thermal power plants[ J]. Thermal Power
Generation ,2018,47(7) :1-9.

[10] 5%, FRbgn. FOPID-GPC SR yATE L i PRAE 1R L 42 il

RN LT]. #0540 ,2012,41(3) :37-41.
GUO Wei, CHENG Xiaochong. Application of fractional-order
PID type generalized predictive control algorithm in superheat-
ed steam control system of power plant[J]. Thermal Power
Generation ,2012,41(3) :37-41.

[11] WU X,SHEN J,LI Y G,et al. Fuzzy modeling and predictive
control of superheater steam temperature for power plant[J].
ISA Transactions,2015,56.241-251.

[12] XUE W C,HUANG Y. Performance analysis of active distur-
bance rejection tracking control for a class of uncertain LTI
systems[ J]. ISA Transactions,2015,58.133-154.

[13] ShRTHE. AP Bl HOAR Al M AT E R R A1 5
ARIM G5« (5B Toll i it , 2008.

HAN Jingqing. Active disturbance rejection control technique
[M]. Beijing: National Defense Industry Press,2008.

[14] et #bo i, B8, T RBRA 2 ST i CAT 88 B HUik
FERIHARLT]. HHEHLE,2022,39(10) :54-59.

FU Jingbo,SHAO Huibing,ZHAN Tao. Aircraft active distur-
bance rejection control technology based on deep reinforcement
learning[ J]. Computer Simulation,2022,39(10) :54-59.

[15] SUN L,LI D H,HU K T,et al. On tuning and practical imple-
mentation of active disturbance rejection controller: a case
study from a regenerative heater in a 1 000 MW power plant
[J]. Industrial & Engineering Chemistry Research,2016,55
(23) :6686-6695.

[16] HERBST G. Transfer function analysis and implementation of
active disturbance rejection control [ J]. Control Theory and
Technology ,2021,19(1) :19-34.

[17] XUE W C,HUANG Y. On performance analysis of ADRC for
nonlinear uncertain systems with unknown dynamics and dis-
continuous disturbances [ C ]//Proceedings of the 32nd Chi-
nese Control Conference. Xi’ an, China. IEEE, 2013 1102-
1107.

[18] ZHAO C Z,HUANG Y. Design ADRC for two special kinds of
systems[ C]//Proceedings of the 30th Chinese Control Confe-
rence. Yantai,China. IEEE,2011,229-234.

[19] NOWAK P,CZECZOT J,KLOPOT T. Robust tuning of a first
order reduced active disturbance rejection controller [ J ].
Control Engineering Practice,2018,74.44-57.

[20] HE T,WU Z L,LI D H,et al. A tuning method of active dis-
turbance rejection control for a class of high-order processes
[J]. IEEE Transactions on Industrial Electronics, 2020, 67
(4).:3191-3201.

[21] WU Z L,HE T,LI D H,et al. Superheated steam temperature
control based on modified active disturbance rejection control
[J]. Control Engineering Practice ,2019,83.83-97.

[22] WU ZL,LID H,HE T,et al. A comparison study of a high or-
der system with different ADRC control strategies[ C]//2018



261

T 55 BET AR AR Y H0 A BT FE )

[23

[24

[26

37th Chinese Control Conference ( CCC ). Wuhan, China.
IEEE,2018.1-6.

] AR MR RSN E B RE )] RERESHCE,
2016,36(7) :908-923.
GAO Zhigiang. On the problem of information in engineering
cybernetics[ J]. Journal of Systems Science and Mathematical
Sciences,2016,36(7) :908-923.

] WEI W,ZHANG Z Y,ZUO M. Phase leading active disturban-
ce rejection control for a nanopositioning stage[ J]. ISA Trans-

actions,2021,116,218-231.

[29]

tals, tunings and practices[ J]. Control Engineering Practice,
2023,141:105716.

GAO Z Q. Scaling and bandwidth-parameterization based con-
troller tuning[ C]//Proceedings of the 2003 American Control
Conference. Denver,CO,USA. IEEE,2003:4989-4996.

SUN Y G,SU Z G,SUN L, et al. Time-delay active disturbance
rejection control of wet electrostatic precipitator in power plants
[J]. TEEE Transactions on Automation Science and Engineer-
ing,2023,20(4) :2748-2760.

ZHAO C Z,LI D H. Control design for the SISO system with

] R VLT AR, KR 3 BRI R 50 B4 i the unknown order and the unknown relative degree[ J]. ISA
5[ T]. #4H 1,2009,37(12) :2077-2080. Transactions,2014,53(4) .858-872.
CHANG Taihua, JIANG Qingpan,ZHU Honglu. Study of inter- [32] SKOGESTAD S. Simple analytic rules for model reduction and
nal model control for power plant superheated steam tempera- PID controller tuning[ J]. Journal of Process Control,2003,13
ture[ J ]. East China Electric Power, 2009, 37 (12) :2077- (4) :291-309.
2080.

1 BRIESR , INIIES A EG. St BT AR AR E PERT A YEE A

[J]. B3k ,2013,39(5) :574-580.
CHEN Zenggiang, SUN Mingwei, YANG Ruiguang. On the sta-
bility of linear active disturbance rejection control[ J]. Acta
Automatica Sinica,2013,39(5) :574-580.

] WU Z H,ZHOU H C,GUO B Z,et al. Review and new theo-
retical perspectives on active disturbance rejection control for
uncertain finite-dimensional and infinite-dimensional systems

[J]. Nonlinear Dynamics,2020,101(2) :935-959.

JEIKME(1969) , 55, A, W 4 AR, A
IR HARTE B e AR
TAE (E-mail : 16010163@ ceic.com) ;

FREL(1996) , 55 , WA i3 W5 1l g 4
o P s 5

RHEA(1978) , 55, Wi+, Bd=, WHIE O 1)
oAl e IR FS A FERE IR e 5 BOR
TER VR 1 R G Se W # Ms 5 R

A M

[l

SU Z G,SUN L,XUE W C,et al. A review on active disturb- Tk

ance rejection control of power generation systems : Fundamen-

Phase compensation based active disturbance rejection control for

superheated steam temperature
FAN Yongsheng'*, CHEN Zhuo®, HAO Yongsheng®, SU Zhigang®, WEI Hongxuan®, ZHAO Gang’
(1. China Energy Jiangsu Power Co.,Ltd.,Nanjing 210036, China;
2. School of Energy and Environment,Southeast University, Nanjing 210096, China)

Abstract: With the continuous penetration of renewable energies, thermal power plants are facing more frequent and wider
variable load operation. The control of high order, large inertia superheated steam temperature processes in power plants is
facing a great challenge. Therefore,a phase compensation based active disturbance rejection control (PC-ADRC) strategy for a
class of high-order, large-inertia processes is proposed. Firstly,the working principles and control problems of SST system are
illustrated. Then,the phase compensation (PC) network model is derived carefully by low-frequency approximation. A model
simplification method is presented,in which the PC is adopted to compensate process dynamics and obtain reduced-order plant
equivalently. To facilitate engineering applications, its simple implementation and equivalent model analysis for the PC-ADRC
system are also given. At last,the stability and robustness of the PC-ADRC control system are theoretically studied. Theoretical
analysis and simulation results show that the proposed controller can effectively improve the robustness and fast response ability
of the high-order process control system.

Keywords : superheated steam temperature ; thermal power generation; phase compensation based active disturbance rejection

control (PC-ADRC) ;high order process ; low-frequency approximation ; robustness
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