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Abstract

To check technical improvement in the soundness and strength of 12% Cr steel rotor,
a 25 tons of rotor with 65 fons of ingot was made in real size and was cut to pieces to take
test samples, and the various mechanical tests such as impact, tensile, creep, and fatigue
were carried out. The strengths are compared with those of 1% Cr-Mo-V rotor of same
size. Microstrures of the samples are examined and reviewed. The results can be summari-
zed as follows.

1) Fracture appearance transition temperatures are 80C at the center part and 60C

near surface of 12% Cr rotor, and 8C near surface of 1% Cr-Mo-V rotor.

2) Comparative rapid softening occurs at higher temperatures above 600C for 12% Cr
steel and 550C for 1% Cr-Mo-V steel in tension tests.
Fatigue crack propagation rate of 12% Cr steel is almost same as that of 1% Cr-Mo-V
steel at the same corresponding surface part of the rotors. The crack growth rate of
center part of 12% Cr rotor is faster than near surface part of the rotor, and the crack
growth rate at the load condition of R = 0.04 is slower than that of the load condition
of R =05 for both 12% Cr steel and 1% Cr-Mo-V steel.
4) Crack growth rate of radial direction near surface of 12% Cr rotor is faster than that
of transverse direction at the same part because of the difference in residual stresses.
Both creep and fatigue strengths of 12% Cr steel are superior to those of 1% Cr-Mo-
V steel and the difference is thought the effect of climb and glide controlled creep by
solid solution of alloving elements and dispersion of carbides.
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Photo. 5 SEM micrographs of the fracture sur-
face in 12% Cr steel, fatigued at 873K by
constant cycling

& KRICL® HAERL WANE Fi%ste] Ka-
nazawa 2} Pt} —sh o] &2 400T, 500
T, 600C ol X 6.7X107 sec] BILERE 1ol Al
Striatione] Bz 2] dshelxy Heidch & &
Epo] B 107° ~ 104 “secol] A striationo] 3¢
REo] (Ko oz Azbeic)

4. %8

el ZE#ME FHET UdE 1% Cr-Mo-
VERE 12%Cr o2 fUES]7] Bl a1 55
Sl A FEELS ES IR % ' Ao
EEE RErEste] gt e o2 2o

1) WIEBEBBREFEATDYS 12%Cr 2HE &+
LR 80T, &zt 60C 24 GE. %9 #4;
fitiell tebod deElgiont, 1% Cr-Mo-VER =
E2] 8C ¥} Ecf,

2) s Al A b gL 12%Cril-e
600C LIk, 1% Cr-Mo-V#BS 550C [l o) g
off 4 & A &}c},

) WEHBRMEEREE = & 299 W--FEmE
ol A e ztew  g¥o] rhi v} FEAc)
wh=vl T Ml SEEELER A i) i
fbol) #INshE o ® AAgsle) e FEKEME R
7 H5E RG] whao)

4) 12%Cr 2El9] FHme] RMALE)
MOojmEc) w2k 1 e RS BRI
1)e- slRMET O AL, RIS BEREHE S0 ) w)
ol AERERel JlaRKE ko) & el WRE £8
S =5

5) fifell Ale] Al Zeo} WAREE 12% Cri
©] 1% Cr-Mo-V#iB. o}l HHi%S) &S 2 Mg
= Hojute]l B Wl nlE el Alo]l B fHKke) ShikiR
Bt BES 589 S40ES) EAOERS 4
sl R LERT)

6) Aol gIRAEFFRE ) (K3 EHEmS 12%
Cril Xl 1% Cr-Mo-V #o) #3sho)

7) 12% Créfl o] {KHeh FAEMME B St-
riation®] BHEES] HE)Tc),

References

1) HARESRESN Pt em, “Famms”, s
#t, pp. 6-3~6-4, 1969

—135 -



636 L

2) BAESM e, “HetRmE", MWAELE pp.
329~333, 1976

3) Boyle, C.J. and D.L. Newhouse, “Metal prog-
ress’, 87, p.61, 1965

4) United States Patent, No. 4, 404, 041.

5) Norio Morisada, Masuo Kadose, Ichiro Yo-
shioka and Kimihiko Akahorl, “12% Chro-
nium Steel Forging for Intermediate Pressure
Rotor Shaft of Large Steam Turbines”, HI-
TACHI Ltd. Hi$, 42.1~42.5, 1986

6) EREMATT &R, "HEE (FE", BISH,
pp- 712, 1965

7 FHENE %, “12 Cr-Mo-V-Nb # ARUgRs 4
D IFE Nbe?D 324 IO IEH", BE#, HE7
(1985), #1%%, pp. 78~84, 1985

8) Newhouse, D.L., C.J. Boyle, R.M. Curran, “A

Modified 12%
High Temperature Steam Trubine Rotors”,
ASTM 68th Annual Meeting, June 13~—18,
1965

9) Toshio Fujita, “Advanced High Chromium
Ferritic Steels for High Temperatures”, Metal
Progress, pp. 33~40, August 1986

10) BEMFIR %"V, Nb #bn1 9% Cr 727 4 b &
fit EASMOD 7 U — T TR & L B LR
MoB D™, # LM, 74T (1988), H105%,
pp. 113~120

11) Park. Ik-Min, Toshio Fujita, “Microstructure
and Creep Rupture Properties of a Low Si-12
Cr-Mo-V-Nb  Steel”, IS1],  Vol. 20,
(101)1980

12) McHargue, CJ., “Chromium Substitution”
Conservation in Alloys for Use in Energy Sy-

Chromium Steel for Large

Trans.

stems”, Journal of Metals, pp.30~36, July
1983

13) £%®E, “12% Cr Steel Rotor BIEMEEQ”,
wEWR, #4%E. pp.3~34, 1987

14) Irvine, KJ., D.J. Crowe, F.B. Pickering, “The

12%
Steels”, Journal of The Iron and Steel Insti-
tute, pp.386~388, 1960

15) Sanderson, S.J, “Mechanical Properties and
Metallurgy of 9% Cr 1% Mo Steel”, American
Soicety for Metals, Ferritic Steels of High

Physical Metallurgy of Chromium

E .

piis

|

Temperature Applications, pp. 85~99, 1983

16) Lankford. J. and S.J. Hudak, Jr., “Relevance
of the Small Crack Problem to Lifetime Pre-
diction in Gas Turbines”, Conference on Life
Prediction for High Temperature Gas Turbine
Materials, pp.11-1~11-22, Syracuse, NewY-
ork, August 27~30, 1985

17) Sheffield Forge Masters Limited, “Technical
Imformation Relating to the Manufacture of
Back-up Rolls,” Vol. I, pp. 101

18) Earthman, J.C., G. Eggeler, B.H. Schner, “De-
formation and Damage Processes in a 12%
Cr-Mo-V Steel
Low Cycle Fatigue Conditions in Air and Va-

Under High Temperature

cuum”, Materials Science and Engineering, A
110, pp. 103~114, 1989

Schinkel, JW., P.L.F Rademarks, B.R. Drenth,
C.P. Scheepens, “Heat Treatment, Ageing Ef-
fects and Microstructure of 12% Cr Steels”,
American Society for Metals, Ferritic Steels

19

~

for High Temperature Applications. pp. 131~
149, 1983

20) Orr, J. F.R. Beckitt, G.D. Fawkers, “The Phy-
sical Metallurgy of Chromium-Molybdenum
Steels for Fast Reactor Steam Generators,
BNES, pp. 91~109, London, 1978

21) Frost, H.J., M.F. Ashby, “Deformation Mecha-
nism Maps”, pp. 14~15, Pergamon Press, 19
82

22) AGENERE %, "MEOBRUZrABEERE 43
AWML 72Ni-26 Cr-17TW &40 7 -7
BIAEPET, BRE M, AE155 pp. 167174, 1989

23) Park, 1k-Min, Toshio Fujita, Kentaro Asakura,
“Microstructure and Creep Rupture Proper-
ties of a Low Si-12Cr-Mo-V-Nb Steel”, Tra-
nsactions ISIJ, Vol. 20, pp. 100~107, 1980

24) BIFPS, BREFIEX, “10 Cr mEEEH 7 ) —7
RETSRE R E B SIE ICRIET Mo WED &
B B, HTAF, 3% pp.513~520,
1988

25) Kozububoski, J.A. and W. Zielinski, “TEM
Studies of Nitrides in Surface-treated and
Implanted 12% Chrome Steel”, Material
Science and Engineering 100, pp. 161—167,

~136 -



12% Cr ZEigle] R ol BIY M 637

1988

26) Fujita, T, K. Asakura, T. Sawada, “Creep Ru-
pture Strength and Microstructure of Low C-
10 Cr-2 Mo Heat Resisting Steels with V and
Nb”, Metallurgical Transactions, ASTM Vol.
12A, pp. 1071~1079, 1981

27) Senior, B.A,, FW. Noble, BL. Eyre, “The Ef-
fect of Ageing on the Ductility of 9 Cr-1 Mo
Steel” Acta Metall, Vol 36. No.7. pp. 1855~

1862, 1988

28) ol rzP e “12% Cr wl2 el Ajo]

ZHde| A7) MFs) S 2% A=

,9_15 gl o] A} A A]7}_,] of 3" ‘1_’hbg}§] E
A stetrdE Mzl p82, 1989

29) Kanazawa, K. K. Yamaguchi, K. Kobayashi,
“Material Science and Engineering”, 40, pp.
89~96, 1979

1L°_:]

* T

TEL : (075)753-5248, FAX .

= M| stz 2| & 7Hehy
COMODIA '90

—International Symposium on Diagnostics and Modelling of
Combustion in Internal Combustion Engines—

. Diagnostics and Modeling of Fluid Mechanics and Combustion-Related Processes in Internal

Z= 2t | The Japan Society of Mechanical Engineers
The Society of Automotive Engineers of Japan
The Marine Engineering Society in Japan

= Of
Combustion Engines

4 Al 199043 949 34 ~54 (3¥7H

Xt A [ Kyoto Park Hotel, Kyoto, Japan

2 " 019904 39 1Y ¢ =EAE o3
1990+ 64 309 : A EA]E ¥ FE

oigtx| ! Prof. Makoto lkegami

Department of Mechanical Engineering
Kyoto University, Sakyo-ku, Kyoto 606, Japan
(075)771-7286, Telex :

A%

5423115 ENG KU ]

— 137 —



