I 564

$ & 4R Tetsu-to-Hagané Vol. 87 {2001) No. 8

SafAEERE—#FERTRI-EO- 2D

M DT - B
ST S o

REAER* - plf AFE*
=k BA®

. ?ﬁ%\H_} H’i\/ *3

Development of High- and Low-pressure Rotor Forgings for High Temperature Steam Turbine

Yoshikuni KADOYA, Ryotaro MAGOSHI, Hisataka KAWAI, Koji MORINAKA,
Masato MikaMI and Kihei SOEDA

Synopsis : The 2.25CrMoV steel is applied to conventional combined high-pressure (HP) and low-pressure (LP) rotor forging, and it has excellent creep

properties and toughness at 538°C conventional steam temperature. However, at 566°C steam temperature, it is required to improve the prop-

erties of the rotor forgings. The effects of chemistry on toughness and creep rupture strength have been investigated on the 9CrMoV base ma-

terials for the purpose of developing a new HP-LP rotor material for 566°C steam temperature. Thus 9.8Cr1.4Mol.ONiVNbN steel, named

HLPYF, with higher toughness and creep rupture strength compared with conventional 2.25CrMoV steel, has been developed. A trail HP-LP

rotor forging with the diameter of LP section of 1800 mm and that of HP section of 1200 mm has successfully been manufactured through the

VCD process from 68 t ingot. In spite of a large ingot, neither chemical composition change nor eutectic Nb (C, N) formation could be recog-

nized. The rotor, furthermore, exhibited satisfactory quality in toughness and creep rupture strength. This rotor material is suitable to the HP-

LP rotor material for advanced combined cycle steam turbine.

Key words: combined cycle steam turbine; high Cr steel; rotor forging; creep; toughness; VCD process.
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Fig. 1. Relationship between temperature of rotor and di-
ameter of rotor in the stream turbine rotors.
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Fig. 2. Relationship between creep rupture strength and
toughness in the low alloy steels and high Cr steels.

Table 1. Target of a new HP-LP rotor material.

Item HP LpP
0.2% yield strength at 25°C(MPa) >700 >700
FATT (C) =60 =40

28°C  up more than
Creep rupture strength conventional 2.25CrMoV steel

565°C-10°h, = 140MPa
Maximum diameter of rotor (mm) 1300 2000
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Table 2. Chemical compositions of the laboratory heat steel.
(wt.%)
Steels C Si Mn P S Ni Cr Mo v Nb B N | Cr-eq*| Note

T1 | 0.14 | 006 | 059 | 0010 | 0.001 | 0.60 | 1043 | 1.52 | 020 [ 0.049 00487 | 867 | TMKI
T2 | 014 | 006 | 0.10 | 0009 | 0.001 | 1.50 | 9.83 | 141 | 0.20 | 0.052 00511} 4.96
T3 | 0.4 | 0.06 | 0.10 | 0009 | 0.001 | 201 | 9.83 | 141 | 0.20 | 0.049 0.0506 | 2.92
T4 § 0.14 | 006 | 0.10 | 0.009 | 0001 | 1.00 | 9.88 | 141 | 0.20 | 0.046 0.0495| 7.03
Ts | 0.14 | 0.06 | 0.10 | 0.008 | 0.001 | 1.48 | 9.85 | 1.37 | 020 | 0.028 0.0487| 4.85
T | 0.14 | 0.06 | 0.10 | 0.008 | 0.001 | 149 | 9.86 [ 1.41 | 020 | 0.070 0.0480 | 5.21
T7 | 014 | 006 | 0.10 | 0.000 [ 0.001 | 1.26 | 980 | 140 | 020 | 0070 | - [0.0495| 5.99
T8 | 0.4 | 006 | 0.10 | 0.009 | 0.001 | 1.24 | 9383 | 1.38 | 021 | 0.070 | 0.0025]|0.0487| 6.15
T9 | 0.14 | 006 | 009 | 0.008 | 0.001 | 1.24 | 9.83 | 1.39 | 020 | 0.050 0.0518| 591
TI0 | 0.14 | 007 | 098 | 0.009 | 0.001 | 060 | 9.83 | 140 | 020 } 0.049 0.0494 | 6.85
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Fig. 3. Effect of Ni content on the toughness of tested
steels.
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Table 4. Mechanical properties at various location in the
trial rotor.

. 0.2%YS TS El RA vE20 FATT

Location

(MPa) (MPa) (%) (%) J) (C)
LP center (A) 775 877 19.0 59.6 32 32
LP surface (B) 806 924 18.7 55.7 25 33
HP center (C) 805 940 18.0 59.0 38 14
Target (LP center) >685 >835 >16 >45 >20 <40
Target (HP center) >685 >835 >16 >45 >20 <60

Table 3. Chemical compositions of the trial rotor.

(wt.%)
Height from
bottom of C Si Mn P S Ni Cr Mo \Y% Nb N
ingot(%)
30 0.15 | 006 | 0.20 | 0.006 | 0.001 | 1.10 | 9.92 1.43 0.20 | 0.049 | 0.043
40 0.15 | 0.06 | 021 | 0.006 | 0.001 | 1.11 9.92 1.44 0.20 | 0.049 | 0.043
50 0.15 | 0.06 | 020 { 0.005 | 0.001 | 1.09 | 9.80 140 | 0.20 | 0.045 | 0.045
60 0.15 0.06 0.21 0.005 | 0.001 1.10 9.84 1.40 0.20 | 0.044 | 0.047
Ladle 0.14 | 0.06 | 020 | 0.005 | 0.001 | 1.08 | 9.78 1.38 0.20 | 0.045 | 0.043
0.13 0.10 095 | 9.60 1.35 0.19 | 0.040 | 0.035
Spec. ~ <0.08| ~ [<0.007}<0.004[ ~ ~ ~ ~ ~ ~
0.16 0.30 1.25 | 10.00 [ 145 0.21 | 0.055 | 0.050

48




300

® : HLPIF(VCD)

(trial rotor)

250 o :TMKI(ESR)

2 -
00 g o LT SN
150 HLP9F
(mean curve)
100 |

“\__Conventional CrMoV
(lower bound)

Fracture toughness Kic(MPay m)

Conventional 12Cr
(data band)

O 1 1 L A
-100 -50 0 50 100 150 200
Temperature ("C)
Fig. 7. Fracture toughness at the center portion of the trial
rotor.
500 -
400 o
R TMK1 b
. A% (10Cr1.5MoVNbDN)
300 (- 9,
= o
I > v / HLPY9F
s L AANY (9CrMoV)
> &
qw"; 200 @) Target : 140 MPa
= 0 e, at 565 °C-105h
@ 00\\ N\
\ \.
xR 2
& : HLP9F (HP rim) o\ao\o o
® : HLP9F (LP rim) AN N\,
100 fr@ : HLPOF ,(LP bore) o0 o,
2=ggglé:MoV » |[Conventional |/ \
H “ \
|# : Target 2.25CrMov \ \O
1 ) AY]
21 23 25 27

LMP T( 25+log t )/1000

Fig. 8. Creep rupture strength of the trial rotor.
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