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Abstract: With the increasing proportion of new energy connected to the grid, the issue of frequency safety in the
power system and mastering the regulation ability of the units have become more important. At present, in power
system simulation, thermal power unit models suitable for electromechanical transient and medium-long term
dynamics mainly adopt the simplified model of drum boilers and the single reheater turbine model recommended
by IEEE. If a similar model is also used for the once-through boiler unit, the simulation results of the main steam
pressure will deviate significantly from the actual situation due to the dynamic of thermal storage coefficient and
the deviation of control system, which leads to a misjudgement of the unit’s regulation ability. By using
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thermodynamic modeling methods, a supercritical once-through boiler unit model suitable for multi-time scale
dynamic simulation is proposed. By establishing a moving boundary model of the water wall and a dynamic heat
flow model of the superheater, the heat storage capacity of the once-through boiler can be reflected more
accurately. By incorporating feedwater control and superheat control, the control system is more in line with the
actual unit. The high simulation accuracy of the model is verified using power plant operation data. Compared
with the existing power simulation models, the simulation accuracy of the main steam pressure has been improved
significantly. Therefore, the model can describe the dynamics of supercritical once-through boiler units more
accurately in primary and secondary frequency regulation and peak shaving, which is helpful for simulating the

frequency process of power systems.
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N T SEBL XU H b, BE TR KU
JeAR ST REVEALAL K A HL o Lo H 2 39 n, AR R 2k
HUNLAL IR e ri 7 EEAS TR D o IXAESERE L ) R G
AR RIS, ok 7 RGERATHE AN L 1 1)
—J7, BT JSREATENE, KRR
JGARBLAL I WS 28 Gt 71 e 03 B R 76 3K
F—Ji, BT KA R, B RGN
AL G R AW, 2 AMRESM, RGME
LA NKIE K. FEEHRE €9 - 197 H IR H AR
PSSR 2 e AR IR R A, NTRSRIBORTE &
LR 2 A UL R R . — 5T, BRI
REVENLALS 5 A AT SEAR AR OT e, 5 — T,
PG BRIR RO IR S A, B Tt — 4R
THFTRE T LASRE, 37 B AE B A 3t 48 kL 2%
T GELAH R 1 g 716

KM FTRATRE ST, H% ) R W] Ay 9 b
FAPLR RS SR h B, Kb AL
SEEHLR—JORMRE ST, TP IIEh A U A
F& AR RE T o BT SCER[6-TIHERE IV AL
Wb Rl AR AT L IR SRR U, SR [8]45 th
T MIEM T2 SRR SRR,
SRR T DT H 00 P R (0 K LA
SCHR (913K HI AL A4y 1) AT, R P a4 B
%, PRRRE TR S (H2, KRS KR
HUALRRS, 8 R Tl 5 B b K LI
FIBF LU

1) SCHR[B] R A R S Ty A B s 2
HATERFT & BRI IR R, HAZR R 5 4s
R E R ARBIAE L. SCHR[10]45 H Bl
fEAE— UL RE R, (R im b & IR L R AN AR
WARFESEFR. AT KIEHE D, WP ERR
HBENLH T O3, XT3 P AE B 85 ) B A
W, MR

2) BB E R Y S RGAEAE—E
25, BRI I n R 50k B A8 B

http://rifd.cbpt.cnki.net

Mo SCHR[LL148E HAEF5K S SRR IR H i, B
AP SRR AAAE R ANE s SCHR[L2] 7 410,
b 7 B AR B R P AR S KB R R I =
S5 SCHR[L3]46 HAE K ML — YR B A AR
TEL R EE R . Bt R T
TR IR 2R iR e SR E R

DA L 1 R0 i B 9% (0 5 T 2 LA 2R VR R 1)
AR B K Z, JEm L Th 2 45 3
TEAE D R, o HR A i fe — RS PR IR A . S
Wk [2]48 H AR b7 32 2R V5UE IR 2 G0 % i B A
BERFEMA o WRANMGAE 12805 K I B E, &
AR HLAL 5 BE FT R A T 2 e br . Rk, 7R
GELIIRE, EE A EBIE  E R K AL
YRR,

HAT, ERIIWEFCITTH, KL AR5
S NHLEAREAY . B IR SRR GSE. Dymola %5
U7 AR, LR LB 43 B S SRR
ARSI, FEAE RS EURHL SR 5T,
BR[L4)EE . 1 3& Al T H 0 R G0 M R R I K H
HUHZh AR SCER[L5142 H 7 AME IR T A8 1k e ]
WS HSSMA T SCHR[1614 H T HIR
BB ASECFE . SGIRI7]R A = B # 3l
WA, ST HIER 600 MW ELTTAR LK)
ARIRRAEZA . 105047 NS H LA AL Ty 1
SCHR[L8]FE ST 1 /KA BE I — 4 73 B A% Bl i AR A
SCRA[LOLR FH B A METE, & TIREMr ik
SR, S, EASEER, HET oM
NSHIE AU T 05 R, 12T T Uil .
HR[20] v 2 A T4l i e /R 2, R MR
i M TR A 336 PR R TR, RS BR[0T A
RISH SCER[211E 8 7 R i 1 B0 5 1 A I
1 000 MW HEiHRIPHLALAE % R B AL, SCRik[22]
T RT AN KPR, Xk
Kol WX SRR P S A AR TR, ARF
S MR LA T RS S Se s I 3R . SCHR[23]4E




%7 W

TRIEAE 55 S BRI E) S HIR A IR S LA ) 2 507 U R 93

GSE # AR 7 K AL B S, H LT E
M ZE X WL B R 5200 o D 32 T3
SRR T H, W —AN K LB R
20 NUL B . O BAR B E B AT B
KR, (B E KERUSHFEN T, XHEH
D140 B 152 A P I A LA 25 TR o i 3K
AN BAERT R 238, Rk, AOBGEES
F T MU RFPER 5T

gx bR, BLA T 00 B K AL AR
B, Pl Im A BRI AR E R E, ok
A S I S 28R R 030, AR R R e
AR [FIRT, AT TR T SE L K AL
PR, (R T AEAT R ARG R
LZ MR, ARSI N A SRR,

R LR, AL T IE R T 2 TR R
B ELAER I A B s ORI RRY . S 74Tt
BUH F 2R J1 0007 BRG E, AE ELiR AR I i Y 7
[, RABNHFFIENZS R R R T, e
SRR B B s TERR RIS T, NG
AKFEHIAE SRR, NS & B AR A 3
Ao FETHSEERYLAREITHE, A CIIUE T
R R, RS EUE 05 B AR B AT
TG AT B K LR, W LRI
FEEWBP LN — YRS 1 K RE 1)
PEALIRAE S
1 Bl RE WP A BYANSER
1.1 HEEEZS

—ANSEREIR K LB p A R GE . PAT R
PERER P —IRECH LB N, R B EL,  WE 1 s,
Horb, 6 R SR N R AGC
(auto-matic generation control) 54>, PLA iR
ARIREE . ERES MADE, BRARL R
ISR 2o AR 48 2 75 EEAH B P AT S A4
WAL, W2 B 4 T B R AN [ B L 4 1|
A A CASE I IR AR A . ST B E & S8
PRBEL. IR 47K B R 3 29 o7 Fy i
brAgtl, B SR R G BRI R, B
WREZERIREE . FZVRE IR IR 1

TR, AR R 1k

1) SRH BRI VR N & 45 il HE A AT B
PRI o SRR R PAT At R 4 R
g, HiZO Hbr Rl dEk L. i
AT H A 2R BRI Ay SRR IR 22, (HI2 A

http://rlfd.cbpt.cnki.net

PR R A
2) BB B R LAVGRCIA R, SARDRE I
MEMSIEHEM R, A RREAERIREEEE.

ﬁﬂ %ﬂ et

RBG | npr AT LI S

s ms | e A% |1k

A(‘L‘L)J HERRL LSE

£ | [ || 2% -» | —
T || R | RN | A K

LA " | 5 A

it o SIS

f§7> 1% | [ | LR —

7R R

ey Jf ke fEAETT J: AL HLaL

i || BLE | [BIR S D | Wit | | o | | 2ha

R | 55 | —

1 KEHLALEH
Fig.1 Structure of thermal power units

ASCK LA LR AN 2 P

N7
f B, 1 B )
1+7T.s
?;]U:j‘ﬂr Dy, 1 D, @fﬁpﬁ
) U eHlm > 1
E 1+T.s VL
P v
AGC 3\ 1 ¥ N F
1+Ts !
/I\
(R, P, —AGCIE % B —HBE 4
vo— G HE 4 B—8 it v— R M AL
p— EEEET P—HLAIE,; D, —4%KIES;
D, — ki ¢, — EARVRE.

2 NEHAR LN
Fig.2 Simplified structure of thermal power units

1.2 §RIPHREY
1.2.1 KA B

HIS P EIG SRS ST, MR
o PR, RABINHFIEPAES KA BE TR A
S R 7K A B B THT (1) 4 R R A VR K o ) 35 e
AL, BB R AL, K KA BRI
(Bl 3) % B, MARBCRE L, 4 —

BT R R o
/. I L.
N\
A B AR B AR B
D, p., 1, Dy, p,, 1, Dy, pe, 1
u, Ho, p, u, H,p, u, I, p,
’f
RN 2 3 4 5 6 7

3 KIREERE
Fig.3 Water wall model




94 kA% e

2025 4F

1) dA

d dl
Suw E(Ilspz) =D, -D; + Swwpe,d_;_3
d
Suw E(Ilapzuz): DH, —-D;H; +Q, +
Sww,03H3d|i
2 dr (1)
D
R R
p
_ U1+U3
22
Qz :k2|13 (tz _tf)
2) METE
d di dl
S 5035104) =D, -D; - SWWp3d—1;+ Fww,osd_l;_3
d
S d—T(|35p4U4) =D;H; -DH; +Q, -
SwwpsHsdli"‘SwwpsHsdli
dr
P; = Ps
u, +u
u, =8 . 5
Q4 = k4|35 (t4 -1 )
2
3) s
d dl
Suw E(pre): Ds —D; + Sy, 05 d_517
d
S E(Iswoeue): DsHs —D;H, + Qg +
|
SwwpsHsdi
2 dr (3)
D
Ps — Pr = Corlsy —
Ps
U5 +U7
Ug=—>——"
6 2

Qe = ke|57 (te _tf )

A D MUK RIRERE; p NFUKIRN
JE 775 tORTORTIRIIREE: u TR TR P RE;
H 97K TR LS s p TR TR EE; | K
WEESEMUETEREE; ¢ MM REG Q AIUKIIR
AR SR B k PR TR AT <l et R 4L
By ™A R (0 D3RR A 1 ORI
FREE, R I Sww KA BESE R TE N

R A e IR s« I TE

http://rifd.cbpt.cnki.net

N T D EHRRI S, S5 G T UK TR Y
HURRE, 45 AT AR

by =l + 1o + 157
k,:Kk, ks =4:10:1
C13 1G5y =311

k6 = fWW(B)

e BRE o BRI RBCS I R R T 5L
#, KA BEMER B, KT (16).
Q) —3 @) UK TR T R, SRR
TOKEBEREAL. | RK TR iR H
KHABERIIL, AAELAFEMSE .
122 T #E
R GRS RO — i Bt (1 4), JF5E
SMH AR B as oA IR,
A “CHENETTT NIRRT .

T [ [ Ly Logeny T Loy

(4)

D, D, Dy Dy Dyyy D Dy

()

{J.\D /).A.‘I /Jl'“‘ !Uuw

Py P Py Puw

Qh X

4 —HH RIS
Fig.4 One-dimensional segmented heat exchanger

c atW
_Qh - T(tw _tc) =m,C, E (5)

e Qn e BE- M0 B A KB AR ke

N REEUK TR 8] A R EG | i oo

SIEEKE: cw NERBEH: my HRAKESR

BRI TAR o w AR RTUK TR G R EE
PR L5 A 1 e B s T A

k oH H, o op,

I_C(tw _tc):DcEc—i_Sshpc or - shg (6)

FH e Sen Ak FAES SR TE N R A x K
ZHECHR[25] ) sh & HaEyk, K G)RE(6) 5
A s AR A (8):

Ke
teofrear) = buge) + (tci(r) ~tyg )exp (G—j )

C




%7 W

TRIEAE 55 S BRI E) S HIR A IR S LA ) 2 507 U R 95

Lu(erar) = (tw(r) L QR ) X

At
exp[—lvI c R ]+tci(r)+Qth

K tooean N T+AT B Z 3 TE H YR K TR
MLRE s Ge ety N A SR /K 5 R o A0 8 T LE
AR TA s Re FTRIK LA 4 & BE 8] (1) 4% T
PH: Mw AT SRS E; Ar NPRUK TR
BN I TH) ZE5R
Ge Ml Re (1L A
G, = DCCpc

®)

1

9)
o]

o cpe ATRAK TR E T LIV
2) HhETFilE
FROK AT 1) T SR T RN

R, =

D
D: s, P (10)
OX or
PO e/ SN STHTTI= I Y O SR (1) B S P
D, - D, +5,1 % =0 (11)
or
N Deo A ITH OVEK LR E; Da A
e HE TN D VRK L& .
) HEFE
VRK L5 AT 1) Bl & s T R
op D?
Peig, =0 (12
2 Pe

X A REL
BRI K 53 32 21 37 51 BHL 7 5 o A2 e B
Je I8, M A2) AT S -

2

D?
“) _g (13)
P

C

pc(j+1) - pc(j) + gﬁl

4) FRBE B
Wb EAAE — DN IF RS, 2 i P
AR, A
d4B7, + ¢ Dt =c,Dyt, +Q,
{B +D, =D,
X qu WIREHIRGLIMEL e P EIRBE R
Ck AVHE NI 2 EE AR s D NREN P 22 SN
JRETE: t AHENSPIE S SRR oy P
FUBARI BN s Dy i CU SR B B i
ty P IR
GALEEESE

(14)

http://rlfd.cbpt.cnki.net

B(dy —C,t, )+ Dy (Gt —¢,t,)=Q,  (15)

2K LA AR A KIS, AR E(L5) Y

BN E Dy =PRI E B OB L, HRSHIY Y

FRIEE . KL THARECRET, B Dk LA

A SRt 2k A AL, Hk, 78K H LA

KIGHEITHAN, RSB &EREERR, 524 E
BRI, 2 ) R 3 A R R P 25 5 B 2 R o6 AR

KlB—I—bl,Be(BO,Bl)

K,B+b,,Be(B,,B
o |KBimBe(BE)

KjB+bPBe(BHJ&)

A K AR LB X ) YRR AR A A )
3 240 By AR LU R by A E T IE.
5) M E AT S
T 4 — 2R B, TSR R i
oAt

(17)

6) bk TrAE

XFF L E I R, B &K I SR A E
JELERE, BEIR AN R AL . B et
M T i 5 P (R AR e PR, U s i 4k

TN
v TE
_ (i+1) " (i)
Pe(j) = fo [—2 ) pc(j)}

ta Tl
(i+1) " “e(i)
f{ 2 ' ﬂm]

O pe v § BRI TGVR K T 58 PR K 775 Cocg
N j Bt TR OK T IR B pey N B
PR TEVROK LR 5

g ERTIR, 27— (8). A (11). 2X(13). X (16)—
F(18) Ml 1 it FAER B — 43 B AR B 2
1.2.3 &4

V) D A R AR B R PR TR R TR S R ZE E E I
BT AR T TR M8 &R . TSR R
RG22 bR E METE 8, 33
BRI R AR, WA SR EZERTRER
Ko T H AT RILE S AT R,
AR, AR DO 2 /TR E LS
B WITTE 12 MR R AL 2N 3 28R R
R ARZR M, WA FE R EMLE A R
B EZERESIRIEL, B

(18)

Coc(i) =




96 P YL A 2025 4
D, =k, xVx pg (19) 1.4.2 B £34%

R De NERRE: kv NRITTRE R B NN AGC TZFE 4 Pace MR Y

1.2.4 Bim K W& EZRRIE ST pst, FTH WA IEAR 4 B A KTE4

R, K 2 AR IR T A IR 1N
BRI, B i AE 2R R . B
IR RN K TR E 14k, WA

D, + D, =D,
{Qﬁﬂ+QHfﬂ%Hm
X D NRIEKRTSK TR ER R Ds NI
EKRERE; Dso NI /K JETR/K TR E 2
Hsi UBGRZKBTVRK T ELES s Hs AR K 1 b
s Hso AR 7K G VROK TR LK o
1.3 RRHIRE

XFFREEHUSEAL, ARSCRH IEEE 7 15 H
IESTREC USRI, P 5 iR . Horf P AR
IR, EAFHE R BRSO T,
AL IR A LUt D 2R 55 T R B L HH DO 3R Pee

(20)

1 | 1
1+T s 14+ T s 1+T s B

E

5 IEEE B E AR5 RE
Fig.5 IEEE single reheater turbine model
L4 =R REgEE
141 A%h 24
REHLEAERIATY AGC 54 Paces H% 1
ZENf ML PRI Pe, fi th v E 28R IR ZR G IR AL
54 ov, JRERHLERERWE 6 P,

%b@
i
CR :
/PO H 1
% PIFR AT
Bl UrS IR ey

HIBEIX R R

6 Rl E
Fig.6 Master control of the turbine

http://rifd.cbpt.cnki.net

Drw, HAMEEWIE 7 Jron, Hrpil $5E PLIZHIN 5
Jyid Fds N LR B

P Tk O G)
LI PR IR ﬁ/ SRR 2 AL

| Sk P A 22 B S0 () |

o +
O
25K MR ZRERA B

7 SR ER
Fig.7 Master control of the boiler

15 EBRARE

K ERB P IREEHL PR R GO A AT e,
BRI A3 B I 7 B K LA e B SR
ik 8 fom. B8 it AT IR N VUK TR
MR s pei LA AN VUK TS 75 teo i #

SR ORVROK TR twi AL KIRE .
t D | H,
\|, 1 fo \I/ \|/
— D, it 7K 4)
Ao Py s P
D ¢
_—

8 AT B ESEE

Fig.8 Complete dynamic model of a thermal power unit

FHR T I B 1 R 45 B AL, A S Al
B VR M A IR T KA BE R AR 3 B B A DL K
B A B, AR B A E 2RI
Vi KGR SS, A BT K30 T 0 — s
HREIT B ERITFTTH, AR T —4
2 (A LAY o AH R T AR B AR L 04T, AR A
G T RN FIEMBESRERIE, BT AR
EM%FEH FHEATI IR IhES, ST B
G, AR T RIS AR, 1R




57 WA 5 FRER Y 3 S Il LA ) RS0 FE R 97
RO T

2 *%;jlzj_ E’lﬁﬁE oy ‘}J " i‘lJI'JLi‘I'ﬂdﬁlli

21 SPEHIER b T AV VAN iy !

N T BGAIE BT 48 AT R P, X SR I
600 MW ELU Rl HLALBEAT 1017 A5 RIS BREE SR A
U o ASCER IR ) SRR 71557 SCHR[26]
FH %57 LU A B AT RS 2R R FH SRR [6] B8 HE () b 42 28
Bl 9 NG RGN AGC 154, A
S HO A WL SE BRI g, A EHIEHE B
]Sy EdEdl 248 (distributed control system, DCS),
BRI R R WK 10 B, & 1 ABRRZET
AR, Hoh gtz i A SO BRI R
RPN W ZE . T AFEBEE, [F—A = 1A
X1 ZE FEAE AR E], DRIk SR R ARG % 22 T B P AR

FIMH R R
el ik —— AGCHS 7615
49.96 | 1610
49.95 | " 1605
49941 | A 1600
~ 4993 H \ S
T [ 1595 <
= 49921 &
49.91 1 1%
49.90 | J 1385
49.89 1 {580
49.88 L - . : . 575
0 60 120 180 240 300
AN
9 WINES
Fig.9 Input command
605
\ 3¢
600 —[,‘\ — WHE
( Wtk Ty
A (i n
z 595 % \'\ ) o
> )\ 4'4a Y Va'y
2l 590 \ \\
( 17 '\_
585 \/ \
580 -
0 60 120 180 240 300
i [a)/s
a) ML %
246
244 F  — ACRARMGICEAIIESD
2472 } — i'}H-M‘FE’L‘Jf}J J'L— FAREIED
_ 240 iﬂ;]%’l%éié?ﬁﬂ:ﬁ _—
& 2 —_—
£ ;;3.3 \___— Ao rf'/
= 236 -.\ . e
234 F N/ ‘ ] Ve
2321 t —
230 g
22.8 - - : : ;
0 60 120 180 240 300
IS ) /s
b) FAUR N

VA \/
94 \ l‘ Y v

90

0 60 120 180 240 300
i (11 /s
¢) FAATRIRLEA AL
B 10 FE&R
Fig.10 Simulation results

A SAET DA R 22T 5 s F

o~ aper R rea dr
_ IO E_pap E_real (21)

T

a_PE_paper
max

K : Ea_pe_paper AN SRR T 2R R 48 061 22 5 Pe_paper
NASER BT Z: Pe_reat NINE IR tmax NI
KIS ZI] B 1]

FHXT R 22 B v o KO 40k 1% 22 B DL 245
KWz, HHEARXN:

E
c _ a_PE_paper 22
r_PE_paper m ax( PE_reaI ) —-m I n ( PE_reaI ) ( )

e Er pe_paper AAS SR TR AT R 2

A SRR SR TR L v 550 SO BUA B AN
ASCRERY iRt iR 22 2 Z R A IR xR 22,
HitFHAAN:

E -E
AE — a_PE_reference a_PE_paper ><100(%) (23)

e Ea_PE_reference
e AEape A ST Ty 2 (0 4R T AR JE
Ea_PE_reference y‘jﬂ!ﬁ*ﬁ ﬂIjJ%: E':J é’éXﬂL i%% o

F 1 BERETHEER
Tab.1 Model error calculation results

Ak s EN'a WAE AR
it it RFFEE %

HXHREZEIMW 1.097 1.272

ok . 13.76
AHX 1R 2% 5.02 5.85

TR 26 %7 2 /MPa 0.145 0.551 7368

7 IS 21% 14.80 56.06 '

THERE AIRZEY% 0.613 2.345 7386

LREWAL  fxbiR 2z 751 28.71 '

http://rlfd.cbpt.cnki.net

HIP 10 A1 1 aTUAE Y, BORNLA DRI H
SR TAMEAR, ERAE R AR I M E IR SR
o IR AL AT FOR R b, AR SO R Y AL T B A AR
Mo XRENAABEBELELT HE: 1) &




98 kA%

2025 4F

PR B R RBONEN RS, S balds
R 2) wadr R A Ao e KR A R gE
IR S . B S BN BAE 2803 11
B FRHEE . A BB EER L5 ) U 5
WSS T E 2R BT 2 sm, (H2iX
AR SRR AR TR E . UL S PFER
(FEZEREAET) B, EREEINSIERS™E
WAL . BRI, N T IR VPR LR U85 g
715 THEARAE R I B

T BRI, ARSCBARIEAE B8R AR )
MIVREC AL EF5E, R EAE 1857 35 oK fink 2 PR 1 7D 155
T, SRR AR, R EX RS
BT 3 Z0RE 0 D2 AR CRITTIER,
FZRIE N, R DIZRIGEKD, TR &iksh
BN [FR, HECL9)AIE 5 A, HLHTHRZ E
IR EZR RS A R LRI . L
FEARGAER T, IARER T 457 )2 M
PE, DA AR IE I T T IR A SRR 32 2R T 2
WimnE 2, EEGHREERT, AL PTZ%R
ZEERIR R T WAL L, JF B RAR ZE M IR TR
Ze R IA], B 2R 7 I v 5 R AL AR
2.2 —RASRAA AR

E AR RSN d% s o] P NV N /I R N £
HBH, AT — UORAR IS RTIR T 7 fif 3 5 T
R 3, 53R 11, B 12 Fios.

1560
£ 1540 =
pe
3,:2 1520
$
1500 .
0 10 20 30 40 50 60 70
I} [7)/s
435
£ 430
-
Ztl 425
420 1 1 L 1 1 1 1
0 10 20 30 40 50 60 70

i [7)/s

90
88

027/ %
o =l el
N B S
SrTr—T—T
‘
|
|

B fa)/s

http://rifd.cbpt.cnki.net

830

X
829

828
0

23.6

60 70

VUL 1/ MPa

234 .
20

=]
= L
[=]

560

550

LHR/MW

540

30 40
f[A]/s

50

60 70

crT—T

30 40
B [7)/s

50

60 70

1190% T 10 s £4%-0.1 Hz RISAEMKIAELE R
Fig.11 Simulation results for a frequency step change of
-0.1 Hz occurring at 10 s under 90% operating condition

HIE 11 "I, — R, ARG AR
B3GR 5% e, HLAHTIR BT 16 MW, E7897)%K

71 F%%) 0.4 MPa.

1200
=
= 1100
£
R
1000 = : - . '
0 1 000 2000 3000 4000
[ /s
340
< 320
o
= 300
&
280 I 1 1 J
0 1 000 2000 3000 4000
I 18] /s
9]
£ 9
= g9
P . . , ,
0 1 000 2000 3000 4000
I [a] /s
860
=
= 840
=
820 1 1 1 1
0 1 000 2000 3000 4000
H‘J |\HJ‘/5




TRIEAE 55 S BRI E) S HIR A IR S LA ) 2 507 U R 99

%7 W
= 19
=9
=
S 18
E 17
ui 16 : : : :
’ 0 1 000 2 000 3000 4 000
H‘J [al/s
420
= 400
=
5 380
™ 360
0 1 000 2 000 3000 4000
I} 7)/s
& 12 60% 5% 100 s /5L 2 MW/min BYiRZRIE E
70% LR{AELER

Fig.12 Simulation results of condition increasing from 60%
load to 70% load at a rate of 2 MW/min after 100 s

P 12 w50, FHoEi, GKERG R
—EMFEEK, FZRIEJREEIhZH 16.3 MPa
WK % 18.8 MPa, HLAL L) 2 LA 2 MW/min H 360 MW
WA 420 MW, ARBY 07 FL 45 AT & T

34 it

WL ) RGN, XKLL T e
SEth T I EOR . ELA W7 1R EER A AR
BA K LAY, X B AR LA A3 A
72, AREMETR IR BLE AR LA A5 RE 7. PRI,
ASCEE X RIS AT I Il F B LA, SR
PR, S T & T 2 I (R R A
HBISHEA .

HA TR 1D @7 KRR
PIREZE, Hg K ML) ) s R G PATH
PR A LB SN R G 2) 735 R %0
A FEMBEINETNE, B T K EEANS #d: (1
HAEE, S5 1 AR IR ARG KA Y, L E 4y
BT B AR, 3) det VT E T EIR
BRI AR, XN YRR, BN E
T HR PR IR ], 4 A SO R 47 il
BRI SEREAE R 4) FIH) DCS fis AT %,
XIFESEBRHLAL, Bk 1 TR A AR 1, LE
B AR AR A T B A 3

AR R I A BRI K LR,
it T EZUE 0T B . X TR
FRYVI— RRIRE IR IR, 382 R
IR RE IR Lo AL B H B A, [, A
SCRERU AR RO B 58, T LAFE S BT A 430

http://rlfd.cbpt.cnki.net

Ryt P IREBOVEI S % . (H2, RO
RUTHAEAE B ) B, AL 35 B By i S AT s 5
Pt 3 S B IERER A, DARR A2 AL 5 50
Rt B AR LM . J52E, AU — P
REL EBA AR [EI, AT Z LR S,
BEAT R G 2 A A SRR 7T

[Z % X #k]

(1] #IRARE, DiSp. KU AT AR RRIRE NS 5L H3)

R IR S ). B RS H 3L, 2018,
42(8): 2-15.
HU Zechun, LUO Haocheng. Research status and
prospects of automatic generation control with
integration  of large-scale  renewable  energy[J].
Automation of Electric Power Systems, 2018, 42(8):
2-15.

(2] Zefls, RETE, EAIL, 5. <9 19775 iR AU A

B MR AR R R M BB D). IR G
shik, 2017, 41(7): 149-155.
LI Zhaowei, WU Xuelian, ZHUANG Kangin, et al.
Analysis and reflection on frequency characteristics of
east china grid after bipolar locking of <9.19”
Jinping-Sunan DC transmission line[J]. Automation of
Electric Power Systems, 2017, 41(7): 149-155.

(3] RI%, KMIsE, sKhZE, & KRG TC K REIR

KA EHT T[], E AL TSR, 2023, 43(5):
1706-1719.
WU Jian, MI Zenggiang, ZHANG Xunkui, et al.
Research on the construction of a system-friendly “no
thermal power” energy base[J]. Proceedings of the
CSEE, 2023, 43(5): 1706-1719.

(4] HEZKRESHEZE, FRKEEER. 5T IT R4 E L

s TR B A RIE4T (2021) 1519 S[Z].
(2021-10-29)[2024-10-21].  https://zfxxgk.ndrc.gov.cn/
web/iteminfo.jsp?id=18322.
National Development and Reform Commission,
National Energy Administration. Notice on carrying out
the reconstruction and upgrading of coal-fired power
units nationwide: FGYX[2021]No0.1519[Z].
(2021-10-29)[2024-10-21].  https://zfxxgk.ndrc.gov.cn/
web/iteminfo.jsp?id=18322.

[5] HEXRREEREIEER. RILRIREE RKX TR
JEDXIE IR HL PSRN (2019 FABTT R Y 3E 1
[EB/OL]. (2019-09-30) [2024-6-18]. http://hbj.nea.gov.
cn/adminContent/i.nitUploadedFile.do?uniqueURL=201
90930/31921569775323114_12a8ac39-2473-404f-865d-
c7fbc66b960b.pdf.

National Energy Administration. North China Regulatory
Bureau. Notice of the North China Energy Regulatory
Bureau of the national energy administration on issuing
the “two detailed rules” (2019 revision) for
grid-connected power plants in north China[EB/OL].
(2019-09-30) [2024-6-18]. http://hbj.nea.gov.cn/admin
Content/i.nitUploadedFile.do?uniqueU
RL=20190930/31921569775323114_12a8ac39-2473-40
4f-865d-c7fbc66b960b.pdf.

[6] MELLO F P. Boiler models for system dynamic
performance studies[J]. IEEE Transactions on Power
Systems, 1991, 6(1): 66-74.

[7] FORLI A, CORCELLA D, SEMERE A, et al. Dynamic
models for fossil fueled steam units in power system




100

kA% e

2025 4E

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

studies[J]. IEEE Transactions on Power Systems, 1991,
6(2): 753-761.

KFAL. B RFE RSN HEE SRR
[D]. RE: REKY:, 2014: 1.

SONG Xinli. Research on the algorithm and models for
power system unified dynamic simulation[D]. Tianjin:
Tianjin University, 2014: 1.

RABIEYAN H, ARASTOU A, KARRARI H, et al.
Mathematical modeling and parameter estimation of
a coordinated turbine-boiler controlled steam power
plant[C]. 2021 31st Australasian Universities Power
Engineering Conference (AUPEC), Perth, Australia,
2021.

Rk, 1R7K, BRE, % OEH T RSEE L R
W E I & R R BT T[] R E AL TR R
2024, 44(5): 1872-1881.

GUO Yue, XU Fei, CHEN Lei, et al. Identification of
boiler heat storage coefficient for online monitoring of
primary frequency regulation capability of steam unit[J].
Proceedings of the CSEE, 2024, 44(5): 1872-1881.
BOREE. St R EEIM]. Jbnt: A e g R, 2014
282-302.

FAN Quangui. Principles of boiler[M]. Beijing: China
Electric Power Press, 2014: 282-302.

WL, B, W, ORI ER B SR E
KB RGNS LEA T[], Wk EOR, 2008, 39(3):
25-28.

PAN Weijia, LU Feng, YUAN Gang, et al. Analysis of
feed-water control system of supercritical once-through
boiler as contrasted with drum boiler[J]. Boiler
Technology, 2008, 39(3): 25-28.

GAO L, DAI' Y P. Modeling large modern fossil-fueled
steam-electric power plant and its coordinated control
system for power system dynamic analysis[C]. 2010
International Conference on Power System Technology,
Zhejiang, China, 2010.

BRI, 660 MW I 5k U HLAL S sl 15
AL EID]. frRiE: b JjR%, 2014: 1.

CHEN Shunging. Load frequency control and
optimization research of 660 MW ultra supercritical
thermal power unit[D]. Baoding: North China Electric
Power University, 2014: 1.

DENG T Y, TIAN L, ZHOU C X, et al. Compensation
design of coordinated control system for supercritical
once-through CHP plants based on energy analysis[J].
IEEE Access, 2021, 9: 76965-76975.

BB PSSR B A B IM]. B KA
HL 77 Hi R A, 1987: 9-52, 88-94.

ZHANG Chenyue. Dynamic characteristics and
mathematical models of boilers[M]. Beijing: Water
Resources and Electric Power Publishing House, 1987:
9-52, 8-94.

JLKHE, TR %, BRI, Eim 5B e b 28 ROR R
SRS U7 BB () P E AL TR R,
1998, 18(4): 246-253.

FAN Yongsheng, XU Zhigao, CHEN Laijiu. Modelling
and simulation study on a supercritical once-through
boiler steam generator(1)[J]. Proceedings of the CSEE,
1998, 18(4): 246-253.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

http://rifd.cbpt.cnki.net

XM, G 5 I IROK R G0 A S BB S
BAI[D]. HEPK: HRK%, 2005: 1.

LIU Yuanpeng. Dynamic mathematical model of
distributed parameter for steam-water system of
supercritical pressure boiler[D]. Chongging: Chongging
University, 2005: 1.

T, RK, MR, & T IEB TR e
SR K 2 BE B 58 DV [I] I E L AR AR
2023, 43(21): 8332-8344.

HUANG Yihan, XU Fei, HAO Ling, et al. Drum boiler
modeling and online parameter identification for analysis
of primary frequency regulation[J]. Proceedings of the
CSEE, 2023, 43(21): 8332-8344.

LI SY, LIU H B, CAl W J, et al. A new coordinated
control strategy for boiler-turbine system of coal-fired
power plant[J]. IEEE Transactions on Control Systems
Technology, 2005, 13(6): 943-954.

HE F, ZHANG Y F, SU Z G G, et al. A dynamic
mathematical model of an ultra-supercritical coal fired
once-through boiler-turbine unit[J]. Applied Energy,
2017, 189: 654-666.

LU S, HOGG B W. Dynamic nonlinear modelling of
power plant by physical principles and neural
networks[J]. International Journal of Electrical Power &
Energy Systems, 2000, 22(1): 67-78.

YIN JJ, LIU M, YAN J J. Effect of fuel side deviations
on the load-cycling performance of thermal power plants:
a dynamic simulation[J]. Applied Thermal Engineering,
2022, 206: 118041.

SN, E2RE, PURIE. BT Rl Sk i i 5t
T e A ES B A B AL ], TR A B 2R R, 2022,
43(10): 2603-2611.

MA Xiaofeng, JIANG Peixue, ZHU Yinhai. Dynamic
model of supercritical fluid hear exchanger based on
moving boundary method[J]. Journal of Engineering
Thermophysics, 2022, 43(10): 2603-2611.

AT, WREE, BUseAe, A R shARHE AT RO
AR, LA AW 223, 2020, 41(11): 2828-2833.
SHAO Wei, CHEN Qun, HE Kelun, et al. Hear current
model for analyzing the dynamic characteristic of heat
exchangers[J]. Journal of Engineering Thermophysics,
2020, 41(11): 2828-2833.

S, ARTK, MR, A& — RS S 24
1R s [ E ML TRE S ik, 2023, 43(17):
6551-6562.

GUO Yue, XU Fei, HAO Ling, et al. Boiler modeling
and online parameters identification for primary
frequency regulation[J]. Proceedings of the CSEE, 2023,
43(17): 6551-6562.

XM EERSR, X ERERS. -
F3 R AL — O SR B e P s B il I GBIT
30370—2022[S]. JbFT: B ArAE H A, 2022: 1.
State Administration for Market Regulation, National
Standardization Administration. Guide of primary
frequency control test and performance acceptance for
thermal power generating units: GB/T 30370—2022[S].
Beijing: China Standards Press, 2022: 1.

LS AT )




