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Ageing Effect on Creep-fatigue Properties of Super-clean 9% CrMoV Steel for Steam
Turbine Rotors of Combined Cycle Power Plants

Li-Bin N1U, Masato OKADO, Tsukasa AzZuMa, Yoshihiro SAKAl, Mitsuyuki KoBayasHI and Hiroshi TAKAKU

Synopsis

: Focusing on the heating degradation of material properties, which is one of the main factors controlling the lives of steam turbine rotors of

power plants, the ageing effect on the creep-fatigue properties of a newly developed super-clean 9% CrMoV steel was investigated in this

work, comparing with that of the present 1% CrMoV steel for high-pressure steam turbine rotors. Creep-fatigue tests for the as-received

steels and their aged materials were mainly conducted at 566°C in air.

The creep-fatigue strengths of the two as-received steels show almost the same values. Although the decreasing of creep-fatigue strengths

of the aged 1% CrMoV steel is extremely remarkable due to heating degradation, that of the aged super-clean 9% CrMoV steel is very small.

By observing the fracture surfaces and the longitudinal sections of the creep-fatigue ruptured specimens, and basing on the microstructural

changes, the effects of ageing treatments on the creep-fatigue strengths are discussed. From the viewpoint of creep-fatigue strength, the

super-clean 9% CrMoV steel will be a very promising rotor material for the ageing corresponded to the long-term service.

Key words : super-clean 9% CrMoV steel; 1% CrMoV steel; steam turbine rotor; creep-fatigue; ageing effect.
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Table 1. Chemical compositions of the steels used.

mass%

Steel | C Si | Mn P S Ni Cr | Cu | Mo

AS0 | 0.15 | 0.09 | 0.09 | 0.004 | 0.0005 | 1.21 | 9.69 | 0.05 | 1.35

BSO | 0.30 | 0.08 | 0.78 | 0.005 | 0.0025 | 0.54 | 1.16 | 0.06 | 1.37
\% Nb Al As Sn Sb N (0]

0.22 | 0.05 | <0.005 | 0.003 | 0.003 | 0.0009 { 0.0397 | 0.0012

027 | — - 0.004 | 0.004 — - —

ASO : Surface material of a trial rotor (Super-clean 9%CrMoV steel)

BSO : Surface material of a present rotor (1%CrMoV steel)
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Fig. 2. Stress waveforms for creep-fatigue (a) and fatigue
(b) tests.
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(a) ASO;

(d)
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(b) ASI;

(c)BSO; (d)BS1.

Fig. 3. SEM micrographs showing the microstructure of the steels used.

BER LA A bR S RN - KR O il 2 R AL A3 R
bhdat, BERIHT (BS18) TIRINDEAMLH ZfEL 722
EIZEBHA =27 F 4 MR ERNRIEHOEE - HIX
b K USRI 36 ) B TR (L 3 B DA A VB ER &
N7z, 7z, FIRTHIE L -2 5E8H (ASO, BSO) I & UFERD
F(ASL, BSHDTFHY » F — AW X X7 F 283, 256 B
KU2778207THY , RIFHUEAERL I LIZKD
oy — 28 X X EHE 9% CrMoVE A E 2K T L 72
2, 1% CrMoVE A ZF LK T L&, B E&kD, &ME
9% CrMoV#IZBALILNIZ L A RO VLD L,
BH 1% CtMoVII DB ELIZTEZE TH 5 Z & B S »IC
Koz,

Kz, FiBF L UFEBHHOREERE 566°CIZ k1T 5%
ZREM 2 & DT BRSO B Y 4 E % Table 212787,
E 8 & & RBIRE 566°C TIXFIIZHARTIEREE o, 5
KOBRME o MK T L7z, 72, MMOZEMTH S
ASO#E KO BSOSRIZ T, IIERBLLEE % fifs U 72 Z4hF3h
M AS1# 3 X O BS1HOFEREE I S UBIE®EE IR Z N T
WMETF LA, L2L, ZOKTEIZEMEI% CrMoV il T
1349 10%, 1% CrMoV#i TiZ#20% TH D, 1% CrMoV #i
& M U OB 9% CrMoV SIS EEVLEE # L 7= Z &
IZX BBEOE TR L7z, MO ek LUK
D wlZBIL T, REREE 566°C TIXEIROKE & HREW
BARLT, EME 9% CrMoV #l T 1% CrMoV 8 & Lhig
LT, &0 BMEIEAZL, ZRIZHESRD y O
MEEKEL 72, — R e, 13T N TOHIZ I TRBR

64

Table 2. Results of tension test.

Steel ASO AS1 BSO BS1

Temp(C) | 20 | 566 | 20 | 566 | 20 | 566 | 20 | 566
o(MPa) | 765 | 477 | 683 | 446 | 660 | 473 | 517 | 363
0 p(MPa) | 857 | 503 | 804 | 474 | 810 | 503 | 660 | 394
€%) | 66| 14 | 65| 15| 72| 17| 88| 23
(%) |17.6| 262|190 27.1| 156 19.1| 17.9| 209
Y(%) |558| 839 | 61.5| 84.8| 45.8| 70.8| 40.7| 61.1
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Fig. 4. Creep-fatigue strengths of the steels at 566°C.
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Fig. 5. Appearance of the creep-fatigue ruptured speci-
mens.
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Fig. 6. SEM micrographs showing the fracture surfaces of
the creep-fatigue specimens.
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Fig. 7. SEM micrographs showing the longitudinal sections near centers of fracture surfaces of the creep-fatigure specimens.
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Fig. 8. Fatigue strengths of the super-clean 9% CrMoV
steel (ASO) and the aged one (AS1) at 566°C, com-
paring with their creep-fatigue strengths.
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Fig. 9. Comparison between creep-fatigue and creep
strengths of the super-clean 9% CrMoV steel.
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