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Application of advanced steam condition for the old oil fired units is very useful to improve the
plant thermal efficiency, as a result, it reduces CO, emission and achieves the economical generating
cost. Development of the heat resistant ferritic rotor combined with rotor surface cooling system is
very important to realize the steam turbine with the advanced steam condition. The full scale ferritic
turbine rotor has been manufactured to verify the producibility and the quality of materials. This
paper describes how to develop heat resistant ferritic turbine rotors for advanced steam condition for

future.
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Table 1 Comparison of basic specification between

each unit
Old oil fired A-USC
unit .
Plant Capacity | MW 1125 1125
Unit Capacity | MW 375 1125
Number of .
Unit Unit 3 1
Steam | MPa 166 375
Condition | °C 566/638 630/725/725
Turbine Type TCAF-30” TC4F-45"
Revolution | mpm 3600 3600
Exhaust
Vacuum mmHg T22 722
Fuel Cheavyoil | Cheavyoil
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Fig.1 Parameter survey results of double reheat
regenerating cycle
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Table 2 Comparison of performance between each

unit
Old ol fired A-USC
unit
Unit Capacity | MW 37 1125
Conditi MPa 166 3756
S °C 566/538 630/725/725
Turbine Type TC4F-30” TCAF-45"
Feed Water 8 9
Heating Stage
Exhaust
Vacuum mmHg]| 722 722
Turbine Thermal
' Efficiency % 4 54
Plant Thermal |
. % 5
Ef 38. 48
CO:zEmission | % 100 80

G 44P 725G
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Fig.2 Heat balance diagram of double reheat regenerating cycle

— 300 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

KRABLBERES — Y AT A DEAMLIE 301

N3, Z I THERPFRTRBEISHAREOHHCLD
WS OEBEE 2ET &8 ¥, 7 = 71 + RiZ#H
D7) —THREIT HRBEERD BB THIES
Lkl ‘

7254 b RMEER L U TIREk, o ATEN D
5 12Cr %~ VT ¥4 b EERILD 7 D
BIERNTTE 22 B e riEt =Ko, 7Y
— THEERED L L LY ICu—F L LT OB RHER
L7z, UTIBHEMO 27 EREERRIZDOWT
BB,

4. O—FHHEBARO It M LFERREL

BEBIUVHED—S RAREEEERTHD, D
A-USC &EOBERZLICHES 5 SN 3HMTH
L6, u—FHENCE, I, WEEEELENS S
V- THERE 2R LT A REEEDOS SR L
EML I EVNEBETH DL, EROWFRE® 2 b L1, 12
Cr MitEH O B iRis eIt LT, Nb(C, N) K
M omEBEICnZ, W L Mo i & % [EE 1
& BELEY Laves Ml [Fe,(W, Mo)] Ot %
BENCFIAT A2 2 ekt Lz, W, Mo%@iniz & b
W7 274 NERTRTHED, VT 34 MEBO
EME O & 75 3 Cr 48 (=Cr+6Si+4 Mo+11
V+5Nb+1.5W—(40C+2Mn+4 Ni+2 Co+30
N), BEROREER) 2EO D L), HiRMEE
PR I EREELRIZT 7271 D
EREBERLTWV, 22T, Cr4E2 TFF 24 —X
T4 MERITRE LT, Rk oFMmEInNTn3
Niwiz, Co DHMEKN L, ZD3Z2T, &5
757V —-THEREOR LD D, HETERD TR
BRI EFEZON TS BERIN® OFELEZRK -7,

VI EDILZER D OEER2 R Oz, 10%Cr-
0.05%Nb-0.02%N % R — R K LD ITCEOHINE
BI 277 50 kg OFBRIEBM » & 10— 5 R L A% D
$EE IE & FTE O B & B L 7o/ INRBEERERA TR 2 )
— Y IHEBRETo 7., FHMEE EEEAE, 2V -7
MR RNz, B LTy » M —EBHER D S
TR 5 B MR B EE R E (FATT © Frac-
ture Appearance Trahsition Temperature) % Awv
7. UWTFTIRBLICZ Y —THNEE EMED/NZ >~
ARBEEHLUTHRET 5. BLFERGSORE R, A0
MAEERZMZLTWS L BbhbH, 22 TIEER
SORERTMT 5IBEL T, flOLERSETE S
PUBEEL TTo k.

T IR W, Mo OFME B L T, fEROWT
2O~z k), 12Cr TEW Y ) — THENEE 2R

-

[~}

=]
T

120 T T T T T
0.1C-0.2Ni-L8W-
1 0.7Mo-o.o§B i

0.1C-0.2Ni3Co-0.01B | O—-""\"o‘"--o -
0.1C-0.2Ni"1.8W-0.7Mo

FATT(O)
8 3

T ]

S &
3 &
T

@
o

o

1 1 i 1 1 i A
1010 1807 2204 2604 0 2 4
W-Mo (%) T Co%)

C

Creep rupture strength
at 600C in 10°h (MPa)
-
3
T

-
o
(=]

Fig. 3 Effects of W, Mo and Co content on toughness
and creep rupture strength of 12 Cr steel
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Table 3 Chemical composition of 12 Cr rotor forgings
Rotor C |Si|Mn|Ni|Cr|[Mo] V| Nb] N| W|Col B | Fe |Applicati
12Cr 0.18 (0.20]| 0.7] 0.4 11.0 {1.00| 0.2} 0.07 | 0.05 Bal. SC
Mod. 12Cr| 0.14 ]0.05] 0.6} 0.7} 10.0(1.00{ 0.2 0.05 ] 0.05] 1.0] . - Bal. | USC
Ad. 12Cr | 0.11 |0.08| 0.1| 0.2]| 9.8{0.65| 0.2} 0.05| 0.02] 1.8] 3.0| 0.01| Bal. [ A-USC
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Fig. 4 Effects of C, Ni and B content on toughness and Temperature ('C)

creep rupture strength of 12 Cr steel
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Fig.5 Comparison of creep rupture strength in various
martensitic rotor forging materials and Ad. 12
Cr trial rotor forging
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Table 4 Verification items and the results for trial production of turbine rotor forging

Item Verification issue Solution Result
Produ.c ibility of Uniformity of chemistry |Application of ESR Minimal segregation
large ingot

Optimization of forging |Uniform microstructure

Forgeability Homogeneous structure temperature throughout forging
Resistance to  |Over-lay weldability of [Optimization of Boron |No significant defect in
shaft galling journal portion content journal over-lay portion

Fig.6 View of trial Ad. 12 Cr rotor forging
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Fig.7 Chemistry distribution in 20 ton ingot for Ad. 12
Cr rotor forging
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Fig.8 Tensile and impact properties in the trial Ad. 12
Cr rotor forging
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Fig.9 Creep rupture strength of the trial Ad. 12Cr
rotor forging

Fig. 10 Micro-structure of the trial Ad. 12 Cr rotor
forging
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Table 5 Comparison of material characteristics
between Ad. 12Cr vs. Mod. 12Cr alloys

Creep Mechanical | Forge- | Weld-

rupture | property ability | ability
strength
Ad. . .
Ditto Ditto
19Cr Better Better
19Cr Base Base Base Base
400 ; : ;
20 010
__350f i 1
é 3007 1
Z 2507 1
2 2001 .
£ 150 ole HAZ ]
o= 100+ welded metal l "TMother metal |
501 oA
0 . l .
-20 -10 0 10 20

Distance from welded part (mm)

Fig.11 Distribution of hardness around overlaid area

EOBEE S M. 12Cr tRAISR X BB NTB D,
EEM OB PEIT S M,

HMEo X, e, Ad12Cr#iu— 5 #
W, REIEIBE FEESE L TONE, 3 7 oo
S LB, 7 ) — PRERECL, ¥ —Ero
— S L LCRED Y v —F VIR b BAFCH D,
EEMOBEIH b HMES, u—2 & LT oREN
WS 7z, Mod. 12 Cr # & Mg U 7- 382 3K 5
R

7. &

AREFIRMRBELERES — Y AT ADE
iz oWwT, F—E vy A7 20RHELE 7 =54
FRY —E o — Y MORRICEL R OB 21T -
72bDT, UTHRmzE LD 5,

(1) ZEHLAEHMAXHIIBGMW2I =y F3E%
4mE, FH S NIEET 5 A-USC(37.5 MPa, 630/
725/725°C) 1125 MW 1 & TY) XL —X ¥ 5 2 L2 &
D ESHE L 25%WEBEI N, KB T T > M EIE 48%
DENATRETH 5.

(2) FBRMIAED 2 REET 20% 0 EHIE =
N, A7 —=n2V v b bIET 2 LD TRENZF
BEMSPFGENS. £z, CO, HIFRE T A A
TNTHA 20% B S L, WESHRA A OHIBIC b iRD

3

THYMTHD Z & RFER LTz,

(3) ZEZWAARLOHAC LY 700°CROER
SR EHIEL 7274 PRMESE L TAL 12
Cr 25 EHRIRETH D Z L S I LT,

(4) o—sHEeELTERESNZ ) —THELH
HWDNT A W & Mo lEEOHEIE/ E B, Co ik
TR OBHFEZ B S Iz U, ERBUIRO KIS M % 3
EL, SGEBBREITFTH S 2 L 2L L 72,

(5) 12Cr Rt — 5 OEZY v —F LERD
BEMT SRR & U CHEEY v — F VEIC B AR T
NERREFEL, WEMORSEERIEL 72,

PEic &k 0#EE o BERELL A-USC REGGHF
REOHAC LB 7 294 + RiBSHOBEA TEBHD
AJREM D Y, BERKIID) Sy — R B TENTH
322 EMbirol,

BB, APRO—EE, Tk 17 FERIETTEERD
SEBPFTE (C) FEE 5 17560060 1 £ 2B X -
Tiibhl, ZZRELTHELET.

X [y

(1) Ohji, A, Research and Development of Advanced
Steam Turbine Systems, Transactions of the JSME,
Series B, Vol. 66, No. 650 (2000), pp. 228-235.

(2) Blum, R. and Hald, J., In materials for advanced poweyr
engineeving 2002, (2002), p. 1009, Forschungszentrum
Jiilich, Germany

(3) Matsuura, T. et al., First-Stage Blades for Steam
Turbines Operating Under Advanced Supercritical
Steam Conditions, Proceedings of the Institution of
Mechanical Engineers, Vol. 205 (1991), pp. 257-264.

(4) Ohji, A. et al., The Construction of 700 MW Units With
Advanced Steam Condition, Proceedings of the Institu-
tion of Mechanical Engineers, Vol. 205 (1991), pp. 257
264. ,

(5) Yamada, M. et al, Development of Advanced 12 Cr
Steel Rotor Forgings, Tetsu-to-Hagane, Vol. 76, No.7
(1990), pp. 1084-1091.

(6) Fuyjita, T., Materials Engineering in Turbines and
Compressors, Proceedings of Third 3rd International
Charles Parsons Turbine Conference, Newcastle, UK,
(1995), p. 493.

- (7) Fujita, T., Advanced High-Chromium Ferritic Steels
for High Temperatures, Metal Progress, Vol. 130, No. 2

L (1986), pp. 33-40.

(8) Larson, F.R. and Miller, A Time-Temperature Rela-
tionship for Rupture and Creep Stresses, Transactions
of the ASME, Vol. 74 (1952), pp. 765-775. ‘

(9) Kimura, K. et al.,, Report of the 123rd Committee on
Heat-Resisting Materials and Alloys Japan Society for
the Promotion of Science, Vol. 34, No.2 (1993), pp.
127-130.

(10) Booser, E. R., Influence of Lubricant Additivs on Wire-
Wool Type Bearing Failures With 12 Percent Chro-
mium Steel Journals, Lubrication Engineering, Vol. 23,
8 (1967), pp. 325-329.

—305—

NI | -El ectronic Library Service



