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Optimization and Application of Cold-state Preheating Control Strategy for
Gas-steam Combined Cycle Unit Steam Turbine

WU Qing-yun, GAO Kui, LIN Yi-cun, TAN Xiang-shuai
(Xi'an Thermal Power Research Institute Co. , Ltd. , Xi'an, China, Post Code: 710054 )

Abstract: In order to shorten the startup time of the steam turbine during the cold startup process of the
combined cycle coaxial unit, the steam turbine was preheated through the startup of boiler steam, which
solves the problem that the unit cannot quickly respond to the peak regulation of the power grid. Accord-
ing to the cold-state preheating system of the steam turbine and the startup mode of the unit, combined
with the historical process and data of the cold-state startup of the unit, the cold-state preheating system
operation characteristic analysis test, the optimized test and the warm-state startup sequential control test
were carried out. Based on the optimization of the current control logic, a new cold-state preheating con-
trol strategy was proposed. Results show that the strategy can avoid the problems that the thermal stress
criterion and the emergency shutoff valve (ESV) cannot meet the starting conditions, and the high dis-
charge check valve automatically opens due to the low superheat degree of the preheating pipeline, during
the preheating startup process of the unit, as well as the static frequency convertor (SFC) automatically
exits during the engaging process of the gas turbine and the steam turbine; the optimized operation

process of the unit during cold-state preheating startup shows that the realization of the preheating and
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self-starting control without breakpoints in the whole process of the unit can effectively shorten the cold-

state startup time of the coaxial combined cycle unit by about two hours, so that the unit has fast and flex-

ible startup mode and emergency peak shaving capability.

Key words: combination cycle, startup sequential control, cold-state preheating, control strategy
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Fig. 1 Schematic diagram of cold-state preheating system

2 FaREiRIE oA

2.1 RUETRBNALTEITE

PACHTREE LS sl e an &l 2 s . Mt fe
HAPEIE 2 PU HE L FR, 7 16040 I e Rt 1
AT R (fF5 1 3edPIRE,0 M2 RE) , 11
JETREE T, S EUR PO b AT A2 B
2 A, AR i A P A DR I Lk i A S AR
A, PRIE A HLUR shid fe i 22 2k

800 - 250
200} ’\ o
600 |- 711 41?&
1 R
=]
g 150} i
400 | =
® | ® 5
= 100 2
200 |- —o— I B L 1075
— B AT e
501 —Ae AL
oL

1 1 1 1 1
16:30 17:00 17:30 18:00 18:30 19:00 19:30
ingd

B2 MRUmnREVEsNIE
Fig.2 Steam turbine startup process before

system optimization

2.2 IRER X ENRLRTRE

HoA% e 25 F0F Fe v i shi A LS 280 1 it B2
XN S5 PR3 Z MEN 3 Sl A v B R 25
T AN AT B, RIS DR g 1R i1 2% 97 s 7 Rl i
i, PGS PUEA R , DTS M0 2R HUIDAS A B
TIHEN , Fe A5 11 TR

2.3 BMEBNBHAXELAILE

MATEEHLR 73000 3 Bl 20 IR W AR K
PR LA L R AR TE H L i WA U 30
AR AL I T R R, O PR AR
Fd o e —RE VO A I Bl 5 R PR 2R shint g4
AL AR E R . th T AL A [ b — 4t —
HRAIEEPHLLL , PREEHLAE TR f 5 S5 R A LA T
Wi, IR ESRIR A HLEE AT E o 455 ixisfT L
O, TEFREC LA TV S T I SR e LS 37 ik
FoRUERE A R TR HLEL 45 B (£ 780 1/min
I, SFC 7 ST se i 5] PR HY , = EUR R ML 148
PLICIEME 5

3 REWMBERFTITHES

HRAEIREE LIS S TR R G R BT A5 R L
I D0 A58 3 FLAE i SR, b 1 v 258 shid g
WAk A ST I o R e T 2 1A K I B
AT S5 S JCE MM T o v 25T S5 Sh i
AR R EIEAPE 3 Fros. & 3 nl g, e se %
TV AT S SRS, i T TR X
SR RGBT o

AR
JEBNETF AR
] AT, Rtk
RN - 2
BB, RHEEKURIE T FURJ S A
ik IR R E S AT
I —
mﬁ%\¥%ﬁ%mé%, RALI, 535
RIS ﬁﬁ%@gg
‘ ﬁ[‘/ﬂf‘l . S
w35 B
TR, BB, | || (BN, #E
ﬁﬁﬁgﬁﬁﬁﬁi Tk ggiﬁﬁg
IR
HaL i }9100%
R, PR, SRR, |
BRI, MR
PR
]
s
PRHUE S S A ik
¥
Ol
S SR

B3 RAFHSETER IR RS E
Fig. 3 Schematic diagram of optimized cold-state

preheating startup sequential control



5 8 1]

RE 7,5 R - RIS EMLLL IREE MLV 25 B P2 SR Ot Ak 5 ] =79 -

3.1 RETRE B IIIERAL

X SRR SN2 A AT LAk -

(D) UAE T B v 2 T 5 sh 5 55 4 20 3
IEEILT N s R R AR S NG SRS o R el N
Je I PR AR T EL T AR , BERL 28 PV B R B 1 T i
RIRBIAE AL Bl 600 +/min H R4S
HLAL TREARAS S 4% T T3 i H . R Tl
ZIE TR X | PR AT T 5

() PALIV < PRH ALV 25 TR IR IS 30 B J i
JIBLE 9 100% , RAESS 3l s P DR oK 7, il A2
VO ASTIRIBE I ShIHA SR 3 FER 4 20 Ry BT 28R 1E
RS A5, i R 1 IR T 78 P i AN 2 S L
WA 7, 2, B X R U IG5 W A2 1 TR v 25 T
W5 1 ~S LN 4 ~ 58 6 frs, S T
PR I B i) AR

BHHK Y wHRE RER SRR PER B
WITEIT IERX KERIT BIX BEIRK BEIX 2Rk

6

B4 REWEEFE2 HBEE
Fig.4 The 1st and 2nd steps logic diagram of

cold-state preheating

BUBEHES BRGIFR BRATFHOR BUBRSES AP BT IR BRI BRELH
BAES EEREE EEE SRS EATS6T BEMEAWE KWK KR

wow G ) @ G0 G o

AND

BETIEREIL R

B5 REHEE3 SBEE
Fig.5 The 3rd step logic diagram of

cold-state preheating

TR R I BT AT IR MR L BSR4 T AU
BREIT WIROT WEIT BEMEWE MR e ShiehAkE RIeHs

e

Z Y ; PR T R T N

S — i 600 r/min | 15 r/min
AND

S AND %

AND

@ @

AL TEM BSETEM

El6 REWESE4IFMES SBER
Fig. 6 The 4th and 5th steps logic diagram of

cold-state preheating

3.2 RIPEFIBEMRL

AN TIWE J3 B0 42 14 o R 4 1 2 5 DR EAIL
BT R 24

(1) DEAR U - o HERE 1k 1 7E YR FE MLV 25 ol iz 2o
FEAALFOCPLIRAS o TR 28 VAU 1) o HE 0 1k R, 5
FHOH A NI, B e 2R B R, IR
KR R H S b R 4 i AE RE SRS R R T
15, S IR R e A R e A R A A 2R AL
WA B A PR Y 22 4B T 5

(2) AEAR . F g 75 50 AR T 56 C It 3 3l
1F IR TNE , TER TR Shil i, #2897
PEEAR, S R AT LR R VR R A R 5 T4
RSB B AR LT AR 00, I P4 16 % %)
PAESHLE A MR T 28 VIR 15 TR o6 R A i
PEE/INT 56 C B (iR 1) e (I R 22% ),
LRIV ST SR S T ik B S IR S, KR
R LA, Ja sh IR P 2 R a7 Rl 8
Fim .
3.3 RBEUEIIELL

SEIRAE VA 35 TR i sh B YRR AL sh 4 9 4R
b, AL e R SR s K 9 frs . ik sSe il T4 %
ARG Sh 2R, b TR L% 25
RABAT .

XTEIREC LG Sl 47 LA 10 55484k

(1) b 1 :BRlOREE L ENESE 1 208 3h
far B #5 A D 5

(2) PRALIL: SRBRECHL RIS 7 2 2, N ;

(3) RALIL: BR#AEE AL IS 8 25 Z, 1N

(4) TRALIV : BEmR AL TS 10 2B 20
W 1) 4= T 5



3 5 T

2023 4F

RATETER RAOWE RRHMEER KL
HBEENTFS6°C  IEFEREAT W BlERS
LI L1 11 [CI] 1]
O O OB RO
858 r/min

w] [

WHERGHT, A YIRS TURR ShIRE
B7 HREARRROFRPEEE

Fig. 7 Protection logic diagram when overheating

is insufficient

(5) RALV PRl LM 11 L5 A
W 1 4= T 5

(6) TRALVI: Br#cIEFE L EIFEE 13 2 Z,, X,
K &2 DIWi 2 TT

(7) Al VI : 75 i S8 5 11 25 500 s 202 K
AR A (A

(8) LAV : RACHL B 42 57 i Z, S B 2 D) i
i 47T

(9) PRALIX : R ALY % T %

(10) AL X : TR T I KPR E AL ShI
P55 5 Aata],

BAEB  BRETERE KRN
BB5Em  EEKTF2% ATTIRE

3T &

L1 ]
VA TRARSE RN, wHEY Ik
i 8 S5 & Tkl &
B8 9 AETRE A 5T A AT B R IPIZEEE
Fig. 8 Protection logic diagram when cold-state

preheating is not completed

Fug 1,
BR#RA
; Sk,
. LI Foex
TURHLE S BIER | TR A
Z HLEIGEE
B TR 77
v HEA v s
w1 Ep
BRI AU A
v [ 7 M,
Ev2 E423 T eat i
BPREET. AN B RS ER B HlLEImEE
L5 A ARPSK] ESVIE#TIF H8BZ,
v ¥ HEN
35 Ho%
BARBHE FERHLBERIBE>98%, HgIV,
TiEERIR RBHLTAB>62% R
I v FIFFEH10
Sz H10% e
BABKFIH 60 minf BT ESV {2 FF
¥ ¥
s wup RV,
FTHF R R VA R T K B ESVEFF, MR, &K B
T AR FE ST mE K e 2 1Y W, TR Xl?ﬁ/@ PIES e
H11EESV
[DEvS

VI,
T eat
. i B18%
_omup BERE | sommmeses
& AT TRTE K BT I 7. XK Beckes
2 ESVIATF 3 HHEL, K
B13%5 LI
B R, 5 H19% Rz, B
LS TSHOH R TR HAEHITAB>99% ESVIATF
¥ RV, ¥
®iap BIBHAT
R | | | arerssic B
FE 7870 r/minBEHLEE KA SSSE A R, B
¥ Bkt ¥ YAETE
1548 #2155 FHRHT
SR B A FARALEHE SR R
Flag
v v
H16% $224
FRAE B AL T ISR, KX, B
B T IE
¥ KRS
E1TH JashImEE S
SSSEI AR A, YA S FA
HLF% K T 2850 r/min

B9 ETRITWMBEEARKRBIEIINEAAL G REREE

Fig. 9 Schematic diagram of control strategy after optimization of steam turbine startup sequential control based on

cold-state preheating technology




5 8 1] RE 7,5 R - RIS EMLLL IREE MLV 25 B P2 SR Ot Ak 5 ] - 81 -

NSRRI AR R I, I, IV, VAL SR shid b ok filk bidde 5%
VL, e LS stz 7,8,10,11 F 13 25l % P, 5 ZEBR I ST Z, 2, 70 X HED] P
WA TOC R . PUOMTRERL Z, , Z, M XGENPAE P R T 30 K DL R S DI &I F (55, n
AOTELIEE RO 70 s oK B P e L PR IO B, R TR 10 ~ 181 13 i,
AU TT I S e P R R E S, B

ZWR, ERR R, AR REm X, 5 X, ESVIY mERT  EARREE O RRAE FERR WER  PEALETE

AREEART30K AEER T30 K 1B 52 i 50% W R XF15% AN S gk WZEANT30K
-- ‘ -- % 6
3 1 {F&Ff!fé: i {EEFEfé:
“““ o i ‘ ; 400 C 3 ; 20 000 Pa
| o8 1
o A - 'ﬂ
150c b T o

FAHUBHE ST 580

B 10 RARBRNENZET S Z, ENZIEE
Fig. 10 Logic diagram of Z, criterion in the 7th step of optimizing main sequential

control of steam turbine

FRHLEIR BURIE FAENH AR ERUTIEUK SRR FRCBAEE RGBT REFIEE ESV il
BN FEHEAT OKBORE  WEN  RBIER  KMBEER SUKMBEER FUKRBEER SUKRBEEY RIEY

L] L1 L1 N [T ] L] L1 ] C T
GROROROROIRONG OROIC

i : ! FFRE
‘ R | 5 390 t/min
i 0.5MPa | ! |
: O
: I | H // i : i : ! : p—
: ! ' ) ! v v
v vV \ | !
-~ e e T L A AND
OR AND i
---------------------- i _"_"""""""":-_—-—--———~ H ‘
---------------------------------------- . OR
v vvv vv
R AND
L1 ] (1]
ESV®IEH WRFCHLIE 55 825 5 i

B 1l RAERBRNEIEE 8 & Z, ENZIEE
Fig. 11 Logic diagram of Z, criterion in the 8th step of optimizing main sequential

control of steam turbine



- 82 - w3z o T O 2023 4F
HE B& ESV KA e ESV  %E WEHET BN wE#S 233, £ 2,55, m RS bt FE ESGEA
i il 2] HESVI W BiE EEAT BAT BT RREHE  RRAERE B . BERT baRin:y HESV
% B5% ER 4 E¥ BSR 2000 15% 400C  AF30K KF30K sk XBE 20K KF10% @S
5

1 ﬁ- ]

AU 1025 58 1%

AU 1125 58 1L

B 12 AR ENES 10 15 11 5 ESV @B 15 E

Fig. 12 Logic diagram of ESV in the 10th and 11th steps of optimizing main sequential control of steam turbine

F# BRSO EE AR
Wik 2% WA E@EAS
Bk BB BE REE BE EEK S BE I PIEGD BA  mEEme TAB HB ERE RS
e R K#E Fi150 ESV OB O BREKR AT HilgE AT EEA BiE WEAT KT RGE Bk B

R R ER Pa

MEIEm mhk F350°C 186kpalﬁ/i' Zﬁ/‘i' TEIR

@
e

30K T30K XJHE xﬁ,@ XJR 5 37C 629% IEW B M

)
TRECHUDE SR 1325 58 1

B 13 MRURNMERESE 135 Z,,X, % ESV @2 FBEE
Fig. 13 Logic diagram of Z,, X; and ESV full-open in the 13th step of optimizing main sequential control of steam turbine

SR SEBRARAR I s ) R e VIDR X, X F0U Rz 455 5
BRI 5 2 FyRAe HLEE 55 16 2 HE1 T4
o FURAERHUNEE S 5 20 K BEREU REe AL
SRR E] 780 v/ min, X2 FRALIEAT 5 min 35 Y5 2
TR R IR . AR S TUREAR 20 48
KMREHUS SIS 5 20T, Y TR, IR
AL A5 B AE 780 v/min, 7E 30 min NAERFRSE
BUEE 6 L 780 v/ min Jf- SR FE LG 5, IR

RHUIEESE 16 258 1, SFC IR i, 12 45 & 4n &
14 flrs.
4 RUBIRE

4.1 BHEE RN ERE
DAL G B R HEE LR R A ST I (g ik 1
G 1 NARTPIRES, 0 MR, Mk 1k i iy
T B b TR R kR 1R A BAVE A BA T Y
Wi o e HESE L DL AL S R e HLE shid R an &1 15 Jr

7Ro HIEL LS mRT, e HE ik AL T PR, A4
TBHEA

IEHKYEARE v A TR K
ARFFS min PEAELRFE MRSHE

BET M YRl BAT JEESEHR 30 minf5 H 3 HLH
Wse ALEEE  SFC ek SR HRHL PHRSRHL At
| B lwsmpea |
780 r/min te--eeeer

780 r/mini

- BERAUREES S , % ATIBALR
THRAIREEE 165580 T KAR AU SIS S

14 REHIRIESE 16 SIMSBYIREE 5 S1ZEE
Fig. 14 Logic diagram of 16th step of steam turbine
sequential control and 5th step of gas turbine

sequential control



5 8 1] RE 7,5 R - RIS EMLLL IREE MLV 25 B P2 SR Ot Ak 5 ] - 83

800 250 Bt 18 FIFE 19 1AL, 76V 5 10 i 3 it 72
PRREHL S IREEPL T IR w5
ol ol PO i
: iz
P % - 150 20
E 400 £107 &= 800 - s
. = —o— i 1L IR L _% i o =]
=) 2100 — e R AT e "7, 600 | R g >
gﬂ; 200 - —A— P 1 = E A 10045110 El
= e —X=ZMEN i =
sob N 0w ~ | o400 b ==z = ¥
J = | & e ] L1
0 L | —x= BN 1o | 2
. . . . . . N | # 200 | 50 &0 &
= 0 , OF Ko 5K K 5K 3K 3K 3K 3K 3K K K K« K« K« K+ K+ KR K+ I H S,
1430 15:00 1530 16:00 1630 17:00 & j.*.*.*.*.*.*.*.*.*.*.*.*.*.*.*.&x %
0| 8
B2 i e L

0
17:00 18:00 19:00 20:00
15 HHEELEERLERRIEEE A2
Fig. 15 Startup process of steam turbine after the

17 Z,,2,% X RUEREMN

optimization of high discharge check valve

)=EibuR :
4.2 7,,Z, Xs;ﬁ MR ESV @St Fig. 17 Startup process of steam turbine after optimization
T Z, | Z, X HET B ESV 1 (785 K o of 722 and X,
FEERIES 1 ARTFRE,0 AR, XA
1000 - 7
K shEml R ms Ouit , ks e shid A& 16 FE ?;?35"“'“
| 14:22 14:44
17 fin . I 16 LA, o B3R T E 5 Rl kA 800TA Comoomomeoe 41 41
" N R D . /‘:' e op
SR A TR S 3 (WS 255 1 A A 3) E 600" —e— R E}p ‘%1
o~ . —o— VUL do |
A0 B ILRE) o HE 17 WA 2y, 2 X & a0 S o | &
. . . ; =K BIRALR 3 2 ]
W2, 2,5 X | BRSO ks % 7], =
KRB F T AL, AR SR g .
0
800 g 1400 1430 1500 1530 1600 1630 17:00
i | A2
1—+ 600 14z —1 i
s % | " , .
M g =¥ TR B ﬁ: ):k @ 18 M%Eﬁ*ﬂﬁ;%;@*}l% 1 ﬁuﬁA *35
Jléé H\Q 400 - :%g%gﬁgg E E Fig. 18 1st Engaging process of gas turbine and
I8 —t 1R 95 7 ifs
=S 04& 200 0@ 1o ]Hﬂ" steam turbine
[ E |
L | | | | .
0 1700 18:00 19:00 1000 780 dmin
AF %] 300 ’
1 11
16 ESVBRLERITE % 600 P R
Fig. 16 Startup process of ESV after optimization : etk g
< 400 —0— SFCfE 5 g 10
%‘fé —X=FEHREY | 5 %
4.3 %wym ]2 7 A = E W A = 200 0 10
%m% #mﬁmm%m%&mew o~ |
r/min #ﬁ?ﬂ%m?éi_iﬂi 780 r/min Lﬁ'k% akit
BG4 e 30 min A, SFC(SFC B 52 1 E 19 BMERNSERIE 2 AMEILE
=}

Fig. 19 2nd Engaging process of gas turbine

AR 0 45 IR ) IG5 5 5 min iR
Wi o R ERHLS IREE LG S R A A 18 AfET 19

and steam turbine



84 - wome 3 o L OB 2023 4
va S=| —_ Al r 500

5 FRERERSRENIERE 14 ¢

4l _ 3000 - ol E

B b L A SE e < |0 400412 R

5.1 SHEFEIERMESIRE ;’@ g %( =

B N N s 5 N —p ~ s o

I%Jﬁ’fﬁltmﬁﬂfkﬁ‘ﬁ%*ﬂﬂﬁﬁZj]ﬁﬁ'zilﬂlg b @1500_/ —300§_1‘0’h%:

20 B I 20 WP GEIE R B R A R s, N | ¥ S g-%%

2 HE> > /i e LE v § N v -1z | £

s SUN W e i S A = ST R A =R R el ~ 0 Igggﬁ;ﬁé&ﬁ 200 1o iz
RAR S i 10:00 10:30 1100

A%

3000F 500 rﬂﬁw
2500 400}
11
2 20000 3001 o
g & —0— ks 1k IR R EE =
*, 1500 — AR AT i)
A = 200 —A— L plin
) & [ o--a-0-0-0d —kK= A 3 =5
# 1000+ =
K e 10
00 = /‘/
0_ 1

O A 1 1 1
09:00 10:00 11:00 12:00 13:00
2
E20 SHELRAENERSENEE
Fig.20 Warm-state startup process of high discharge

check valve after optimization

5.2 7,,2,, X, EM R ESV @HRAIRE

ESV WX Z,,7,, X, HEWR A5 i 25 ) 3h 4n &
21 FIFE 22 fis. HHIE 21 FIE 22 0]HT, £ 1E 5 T
W J5 R A a shit, & P R RS20, A AR B
() Zy , 2y X TN J ESV [ 423 1] 3w AN 23 5 0 1F 8
REHLURAS R 8, A VI3 LT m P R E
TR FTIF, Z, , Z, , X HE A VR B 25 P B35
3 AR 1A v T A

3000 |- ~—

iy iy

o 1 1 4iz1 g
fi R K K
2 | & == BB 3 Bl K
T | L1500 F—a—risehlE |
m s ——BEENT BT 7| ¥
B j;*'g =R R EF ke e
= or i 0 HHo ¥
S £ F

i 10:00 10:30 11:00
A

E 21 ESVBRLERESREEIZE
Fig. 21 Warm-state startup process of ESV after

optimization

22 Z,, LR XMUBRERIHTE
Fig. 22 Warm-state startup process of Z,, Z, and X

after optimization

5.3 BMEBVUEZIREKEERX THESIE
AR HLIE 7 8 2 S e ALk & o f2 1 23
Frrs o il 23 A, 7RIS S sl SFC 7 30 min
PRGBS R L, ¥ T 2 2 100 r/min JF1B
o FREEHLICT B HLTE Z 808 15 3, R HE LA K
M RREEHLAE 1 3 000 v/ min, £FEZ 0 80 min, 4
HTRERIAE2 h Zifi . IR SR 3K
PEAEE i SR s R 52 i L A5 R 2, MR R LIE
RIS 5 o

5000 )
== RN
-D-‘
4000 8 it ol PR
T: I:[]I‘
£ 3000 |
: fm | R
& L S | m
ﬁ 2000 sz
=
1000 o o Jdo¥®
* o i———
0 R = 1 ]
0830 0900 09:30 1000 10:30 11:30
A2

23 BMERVEEBRHERBEVNMSTE
Fig. 23 Engaging process of gas turbine and

steam turbine in normal startup

6 % it

(1) RIS IR EITLLEL 1 YOV A5 T 2 K
W T HILEE v A5 05 2l O 1 P I o R e IR
DA R e HEE 1 B SO I S I 2 9 2 e
AT R BSR4 1l SR ] g [] 2 7
HLEL PR IE AT M 55



5 8 1]

- ZRTRIR BB ER

-

RE T F IR

B ALV 25 T b 4 il SR M (IC Ak -5 1o )

-85 -

(2) AT A il S s 5 DRSS ] SR e LA

MR, AT JC LU , A R i R JC T R B
SR, 2 Tis it AR B AR

(3) FIFIAECHLINNE 2258 R] LA SAR R A

%mﬁ%uF@H@%Zh@m@ L P S Bl

& ok
Hh

BB T BERER ALY F AR

Sk

(1]

(5]

BEAE. 17 200 MW P48 L8 25 P He LR 3 19 1R 52

[J]. ARAer S35k ,2000,21(12) <1 - 11.

WEI Yu-hua. A technical practice of cool-state medium-pressure

cylinder starting for domestic 200 MW turbine[ J]. Northeast Elec-

tric Power Technology,2000,21(12) .1 - 11.

i M8 B A 350 MW Il 95 48 BILARR A B 1] L)

[T]. FPRH I R SRR AR 2441, 2018 ,23 (1) 146 - 48.

WU Peng. A probe into the features and problems of the new-type

domestic 350 MW super-critical turbine[ J . Journal of Chongging

Electric Power College ,2018,23(1) :46 —48.

A R AR, T/NR, 4. 350 MW GBI 525 v iR A HLLAL
JABEFT T 1] $ 1 ,2021,50(1) 16 -20.

LI Chun-yin,ZHANG Shi-yong, WANG Xiao-liang, et al. Start-up

and operation analysis of 350 MW supercritical air-cooled steam

turbine unit[ J]. Thermal Turbine,2021,50(1) :16 - 20.

KB, EEIN. 600 MW G PR AR MLVR AR S LT AR

AELI] AR Tl AR ,2017(7) 117 - 18.

ZHANG Qiang, HUANG Chang-cheng. Optimization of warm-up

mode for cold startup of 600 MW supercritical steam turbine[ J].

Journal of Shandong Industrial Technology,2017(7) :17 —18.

Pl BIRE, T AR [EH77 600 MW Il S AR LA %
SRS JI A FRITATT]. WIRE i J7,2010,30(6) 8 ~11.

GUO Jing-jing, JIAO Qing-feng, BIAN Shuang, et al. Finite element

analysis of thermal stress of domestic 600 MW supercritical steam

turbine under cold start-up [ J ]. Hunan Electric Power, 2010,

30(6):8 —11.

FVRHT, 204G o 1 000 MW i SR A DL 118 508 3

AL T]. &AL 4,2020,34(5) :324 - 328.

WU Ling-xuan, JI Dong-mei. Cold startup optimization for the rotor

in a 1 000 MW ultra-supercritical steam turbin unit[ J ]. Power E-

quipment,2020,34(5) :324 -328.

WO w4 OE R - IR IR LA
JEERAL LT ] BAEEHLEAR ,2019,32(1) 168 - 72.

HUANG Qing, ZHOU Jian, ZHANG Xun, et al. Optimization of

cold start of 9E gas-steam combined cycle [ J]. Gas Turbine Te-

chology,2019,32(1) .68 - 72.

ZER K 11660 MW P41 ] 7 IREEHLAH A

SEPLT] A H 7 AR ,2006,25(6) 36 - 39.

) ) e

[10]

[11]

[13]

[14]

[16]

[17]

QIN Ai-min, ZHANG Yun. Control strategy and actualization of
660 MW Siemens turbine overall self-startup [ J]. Hebei Electric
Power,2006,25(6) :36 - 39.

XK YR shad B AT 5[]
2015(25) ;44 -45.

o A

LIU Xian-wang. Optimization research on startup process of steam
turbine[ J]. China High-Tech Enterprises,2015(25) :44 -45.

M. VR LS B4 dl AR [T]. W T AR, 2018 (10)

6-8.

TIAN jian-bin. Turbine starting control technology [ J]. Electric

Engineering,2018(10) :6 —8.

TR AR, PRI AT, 45 el T A R R U MUR B i

FEOEAELT]. hE LT H2,2013,33(2) .9 - 15.

DING Yang-jun,SHENG De-ren, CHEN Jian-hong, et al. Optimi-
zation of start-up process in combined cycle steam turbine of a
power plant[ J]. Proceedings of the CSEE,2013,33(2) .9 - 15.
A BRA G FIHLALBE VRS AV LA A8 S AL
A2 )], WL 7 ,2015,34(5) 49 - 52.

ZHA Wen-jian. Influence of combined cycle units condenser pres-
sure on warming-up time of turbine cold-state startup[ J]. Zhe-
jiang Electric Power,2015,34(5) :49 -52.

BRI, KR A. 330 MW ALY A5 S I D 751 [T ].
et 14K ,2012(7) 128 - 30.

LIAO Jun-li,ZHENG Zhan-you. Thermal stress control strategies
during the cold start-up of 330 MW steam turbine[ J]. North Chi-
na Electric Power,2012(7) :28 -30.
3660 MW P57 F 4 LA 3L 7
[J]. B 51T ,2012,32(4) .71 - 73.

HR R 3 4% Al S

CHENG Gong. Stress control strategy in startup procedure of
660 MW Siemens steam turbine[ J]. Electric Power & Electrical
Engineering,2012,32(4) .71 -73.

W E. 5300 MW ARG AEHUR S BRI [T ]. AL TR
Iifi,2015(8) :243 —244.

HUANG Xue. Startup process control of a 300 MW steam turbine
[J]. Mechanical Engineer,2015(8) :243 -244.

FHH BB RS TR I LA 2 2503 3 4 Kt AL SR
[J]. g Rl , 2018 (4) :74 - 76.

WANG Yan-qing, SHENG Hui-xia. Analysis and optimization of
cold starting of combined cycle unit [ J]. Henan Science and
Technology,2018(4) .74 —-76.

BE WL RS, B, S RGBT R RS
JA BN [ T] . $AAESh ) T ,2022,37(6) 32 - 39.
KANG Ming, WU Shi-fang, WANG Hai-tao, et al. Analysis on
warming-up process of intermediate pressure rotor of double reheat
steam turbine during cold startup[ J]. Journal of Engineering for

Thermal Energy and Power,2022,37(6) :32 - 39.
BEVLYE , Shig#, sREAE 55, 1 000 MW )k fEAR A HLIR 3



- 86 - #wowe B h T O’ 2023 4E

A e K lm) AR FEL )] E L F7,2016,49(11) 1119 - 123, FAN Yin-long, ZHANG Bao. Temperature criteria of Siemens

XUE Jiang-tao, MA Yun-xiang, ZHANG Yao-hua, et al. Startup 1 000 MW steam turbine in start-up processing[ J ]. Thermal Tur-

sequence and troubleshooting of 1 000 MW double reheat steam bine,2008 ,37 (4) ;282 —284.

turbine[ J]. Electric Power,2016,49(11) ;119 —123. [24] PMEIC. FoHL) 330 MW IS4 HLE 25 3h i i 4 JEL R 40 0
(197 H WH. VE1]F T3000 BV Ae ML A R shis 6l £ F mar (], FANER[T]. fEm AR ,2018,40(7) .54 —55,58.

WA E M S54EME,2018(17) .77 - 79. SUN Hai-yuan. Analysis and treatment of long-time cold start of a

XIAO Li. Analysis of self-starting control steps of Siemens T3000 330 MW steam turbine in a power plant[ J]. Huadian Technolo-

steam turbine unit [ J ]. Plant Maintenance Engineering, gy,2018,40(7) :54 —55,58.

2018(17) 277 =79 [25) WHZEAF AL WA S GRS - AR LA
[20]  #k L BE/NT 1000 MW ZUCHEAALAL U HLALI A5 2 BB HE AR B B AR AL [1]. 440 % 0, 2022, 51 (9) ;

MEESRRALLT] . K A4 ,2019,33(4) 1293 -296. 126 — 131.

XU Jiang, XUE Xiao-yu. Optimization on cold start-up rotation- LIN Yi-cun, WU Gang, WU Qing-yun, et al. Application and opti-

impulsing parameters of a 1 000 MW double reheat steam turbine

[J]. Power Equipment,2019,33(4) :293 -296. gas-steam combined cycle unit[ J]. Thermal Power Generation,
T, VA LA 2 B Zh I X T 3 2 A ST ol
(207 E . VU BLS AR A X O R B B A . 2022.51(9) 1126 - 131.

$,2021,40(2) 1137 - 139. [26]  SHBI. A HER A 3 UL MR S0 SR ]. 1 T (4,
2014(4) :48 —51.

mization of cold-state preheating technology for steam turbine of

WANG Yu. Control optimization of X criterion during cold start of
steam turbine[ J]. Henan Science and Technology,2021,40(2) ; ZHANG Wei-qi. Analysis and control of common faults of waste
137 - 139.

[22] Bk 1%.350 MW HLALAE ML I BIRSOR B[ T]. 27K
H1#7,2007,35(7) : 89 -91.

heat boiler[ J]. World Nonferrous Metals,2014(4) : 48 —51.
(277 KB, RMER. 300 MW HLLA &S PUE P B R[]
YL F7,2008,32(5) :16 - 18.
YAO Ling. Application of auxiliary steam pre-warming technology . . o .
WANG Yong-xin, WU Peng-liang. Modification of protection
to 350 MW units[ J |. East China Electric Power,2007,35(7) :
89 -91.
(23] #EEpJE, ik % W91 @0 T RIOREENLUR shad e b i ik
BERIZILT]. $T735F,2008,37 (4) ;282 - 284.

scheme for superheated steam degree of 300 MW unit[ J]. Jiangxi
Electric Power,2008,32(5) :16 —18.

(3 H hdh)

o P \
T 18] i T

FHRESEBABRAF (DEC) R TiEKRMEZBBEISERA

BB R AR, P B DA e AR AT A H A B 2022 4 11 A 30 B AE( B &) ER AR AAKH A
JRAVME R RGBT AT RAE S 2 0 R, A 2022 P A F TR R — AT —4
MREEHR, A7 A ERARNS] St Fre L AAE AR TIRF XA LA AF &S LR 8%
PR LRG, AREAESTHRARBRESWEFXNELFATEAE—F LT PRAIFMBELY
—NEEREY, ENGH A FRRRERETE AR KHFLAAT K,

SA1T BE26 8, FA8FTLE SBT i LR b % g8 EiEr10 X, §REALT HERNE R
RACHE K A A ¥ 4] 2R TR R

BRAK K ARE T, RKERRI AR EF BRI FENRAL A0 BH S = kvt fz bosh 7 —

F,EAREERANT BRKABEE R AR, RETRFPFRRETOEREARTESZ . TEFE T
B A7
(#MNE1Z#51F B hitps://hydrogen-central. com)



