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Optimal Turbine Startup Methodology Based on Thermal Stress Prediction
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Shortening of the startup time of a steam turbine generator contributes not only to increased flexibility with respect to demand from the electricity

grid, but also to reductions in the environmental burden and fuel costs.

However, it is necessary for the turbine to operate under a proper startup

schedule in order to control the rotor thermal stress to within the designed limit.
Toshiba has developed a control methodology that can shorten the startup time by continuously monitoring the operating conditions, predicting
future thermal stress, and performing real-time correction of the startup schedule so that the thermal stress is controlled to just below the limit.

1 FAaH&

PR, KIVEET T MIBITDELRY — v ok B il i
X, F—CUVRBREOBES -V E-BEORSMMEL
U=y REDOAZNVIELDFE (IAT Yy FiLE) #I ATy
FF v —FEFERBENCIRS LT, ¥ —U v nlfsdE R 5 B
WD) BN, R EOR R & 2\ 13 ) PRI ]
HREDBHNY =2 T X — MO HONUDitAL>TEE,
CHUHE > TREE) 7 1 A% MR AEAT S CTER I H)E
FTHHENRHCONT WS, ZORHETIE, F—L Uik
B oL ENLEE LTy —Era— 2128 E$5 86
TOTFRAESHIRFBPAICASL L), HoRBrzHo Ay
Va—VRBEIREN L L) ->T VD,
—J, BN DI NL YR A VBT IV NTI,
ROBEHHT T > MEBREFE O #2558 RO BNT W5,
(D) BREERA EBEETORMB I HER T
S, ERMLY (NOL) OFFRAMEE L 742 %
JIREF TRABITTLIL

(2) BHWHWBICOFEIEKR  BHOWHIG 25—
BALLTWAIEHBRIET, 79 M FiIREDR 57139
GEFHLT N EAIEL L

(3) RRpMELZoORELEE  HEME T3
NIRE2 S OB R EiHL, BE I A MR E S TE
EHNORIEIRICHEGTHI L

BN 7 7 1] R 5 PR L2 30 2D O b Bl R ] 2 2 A 5 2 o) 480 5
B T5I2T, EEHOE»SEBTREMELTUL,

64

KA TR EOH Y E PN X0 B O @b CE 4
WEALT LI ENEITON L, 2T, @ISO ZALITHE
69 572012, FEEARLHIOIREL REBRICH>TE=
V)7 L oflid T2 2 EATEEII RS,

COMBEIIH LTHEEL, F—E VB4 BRIIh
TU—YOBLEF OB EZBRTFIUL, HE LALLM
S, MR, MO ORFER 2 ) TV Z A ATBIE
FTHIEICLoTREBHOLBER OB MEEL, B
7% i R P P02 72 58 e B eI 2SI i & 72 2 BT 701
U FRE I TV T AL R LIz, dLROTINA VR
A7 IVEEEINEH L TEOR R Z MR L7,

2 Z—E>O—-20&IH

Y —E VSRS OERD AT S ET, B—FN
VIO E S A A RN L7 BIs A 3855, u—%
BT ABICIIE, BIES—E UV E—BDY IV TDRAZ
Ui BE (55— XY IVILEE Te(R), k2 FER]) OWERFIZEAL A
5, B—F WO EGA WL L TR HE T ETHRIT
Bo O—F % MRMEE LR INCHEH L ARERE
TNERWT, B—FRAEEICT o (k) 1 ZRKOREZRMET
WV CHRLIRTE %,

x(B) =Ax(k-1) + B AT e (k) (1)
o(k) = Cx(k) (2)

x(k) @ O—FPLETNREESIAT R IV

RZ L Ea1—Vol.65 No.4 (2010)



AT et (k) = Tt (B) = Tinet (R = 1)
A, B, C : u—¥ BRI b 25 BATH
ok 13, y—rEEBERTOT—YDHFaHTEEEIEIC
§272OHIENICIIZ 5 2 L3 RKDHN B,

3 IAVYFFy—BMEBEHHE

RERITDONTVBEIAT Y FF X — ML BF—E VRO
BIZE1ICRT, F—EVRBIFNICIAY Y FRENIA
Ty FFr—bEREKEESN, ¥—VY roiEEE R
FEEBM N FARS—EISRE SN D, T, iR E BT
BRI DZ —ERECTHRIFTS, wbWwb—tY—27 DR
BPEEND, TNHD/ITGA—FZF—E VFRRERETIZ— P
EENDE, REBGHICAEL) 2EMBREOZE), Fl2E
F—UUALORRORELRENEHLTD, ZOEBELRH
T =TT ZENTER Y, LN TIAY Y F
Fy¥—MILBEITIE, F0OX)LLHERICLLHEEL L
BLT TGl e ol B Ay Va— VB EIREIN L L9
X THD, R LTu— 2SI OHIBRAEZ KIFIC TR -
TRREAATON D AN D 5,

%3, BISHHHIRRAEZ L1012 35 A I B ) 2 — Y
VAR B IR AR IR, BERAHEAZIMT VA,

EE LRRART i
e !

1

wEshFA | T EE AR T
EEEBHD RELAS "m0 :
7 whkmE | B2 [
-l

|

|

AFRHFEMSV, CV

LPSV, LPCV

CRV @ #E&5BERA
LPSV : {RE#ERILER

LPCV : {RERTINRFA
A B @ ZZRHEA B

MSV : FEKLER
CV : EERKIEF

2. KOAEKEZ—EVEEHCHIHERE —EOC T, AL -
TR T =Y REDAYVIREREDT O AME5E AL, W 2HI5
T3V e w BB 70 T ) X2 XY el R AR S LA R
BRIFET 5, =V IEIE, EHC 25O &I I 4 I hE
W, EBHE SN S,

Steam turbine generator and digital electro-hydraulic control (EHC) system
with turbine optimal startup function
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Steam turbine automatic start based on mismatch chart
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Functional flow of turbine optimal startup calculation process
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Actual trend data of steam turbine automatic start based on mismatch
chart
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Actual trend data of optimal startup methodology
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