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Fracture Toughness of Turbine Rotor Material Around Room Temperature
and Validity Criterion for Plane Strain Fracture Toughness

Hideo KikucH1, Akira Svzuki, Mitsuru Aoki, and Kazuo IKEDA

Synopsis:

The plane strain fracture toughness of 2.8%Ni-Cr-Mo-V steels was evaluated at the lowest service
temperature (around room temperature) using huge size specimen with 345 mm in thickness and 920 mm
in diameter, probably the largest fracture toughness specimen ever tested in the world.

The validity criterion for K¢ has been investigated by using various sizes of compact tension speci-

mens.

It is proposed that Kjc can be obtained when only the condition of P, =P, is satisfied, namely
the linear relationship between load and displacement is maintained.
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Table 1. Chemical composition of test materials.
Chemical composition, %
Disc
C\Si\Mn\P]S)Gr‘Mo"Ni‘V As | cu | sb | sn
A

0.27 00009

0.07 t 0.32 ‘ 0.007

1.49\ 0.34

& |
2.86 0.08 ! 0.003 \ 0.02
X

C ' 0.28 ' 0.03 \ 0.29 \ 0.008\ 0.009\ 1.66 ‘ 0.35 \ 2.94 \ 0.10

Table 2. Quality heat treatment of test materials.

Disc Quality heat treatment.

AL+B 830°C 35h/water spray quench-+
630°C 66h/controlled furnace cool

850°C 35h/water spray quench--

C 830°C 35h/water spray quench+ ©
630°C 40h/controlled furnace cool =

5

Table 8. Mechanical properties of test materials. &
‘.__

. Go.2 OB Elong. R.A. =

Dies \ teg/mm? | kg/mm? | (%) ‘ %) .
64.2~69.3
A+B ‘77.3~90.0 18~20 | 54~62
69.4~73.5 -120 ! ' : -
G o) 100 200 300 400 460
81.8~87.9 17~21 \ 58~64 surface Conter
Distance from curface (mm)

: Top Bot Fig. 2. FATT and NDTT of the as-received
Disc L | materials as a function of distance from
A.B | 966 X surface.
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Fig. 1. Relative position of rotor and prolonga-

tion test forging in the 150t ingot.

RCT specimen
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preparation of
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Fig. 5. Device for fatigue cracking of 14 RGT
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Fig. 6. Cutting of CT specimens from the fractur-
ed 14 RCT specimens. CT specimens were
prepared in such a manner that the path
of the fracture in fracture toughness test
should be involved in the zone of shelf on
the curves in Fig. 2, i. e., the area within
a chain linked circle.
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Fig. 7. Three types cf load-displacrement curves.
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Fig. 8. Load-displacement records of CT tests.
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Fig. 9. Effect of specimen size on fracture
toughness. Value K% is the K¢ estimated
by employing the equivalent energy me-
thod¥ and also K.t by applying the
BiLBy-COTTRELL-SWINDEN model® to the
CT specimen as proposed CHELL et al.®,
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L I I
0 2 4 6 8 10

Clip gage displacement, mm

Fig. 10. Load-displacement records obtained from
testing at 10 and —30°C (specimen B of

14 RCT).
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Fig. 11. Load-displacement records (14 RCT test).
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Photo. 1. Macroscopic and microscopic”observation of fracture surface of 14RCT specimen B.  complete
view of fracture surface (a), locally magnified view including fatigue crack region E, slow crack
D, and unstable crack C (b), quasi-cleavage mode in the region C (c), dimple pattern in the
region D (d), and striation in the region E (e).
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Fig. 12. Temperature dependence of fracture tou-
ghness for 2.8Ni-Cr-Mo-V steel.

72, AftEM LR —RETH D 2.8Ni-Cr-Mo-V §{i
ST ZhETIELRTVWS Kic fHP® & B D720
R LTH D KM O Kic [l —HEDED [ —
ED Kic [ EOE S EO#FIFNOH T ERIEL< D &L T
ATABELTWD Z Ebhb.

4. £

0 — 2 ~MORERERIRE (FEMI) TokEimkt
HEFAND L EdiC, FHOTRPIEBEML S5 720
DEMIZONWTHRE LR T of5 R 257,

(1) ASTM-E399 o ~ECET 5 Fmo§4
REEREE S e L Td, HETLIETCORE-Z

RN EE A o T vhUE, T78b b Prax.=
Po HYK D IO BE, (§HN: Ko 13 Kic &2 B
5.

(2) 3#o 14RCT 58 A & Flv T EIR L THE
BlsBa Ty, sl 1006 ToB T LRk
(D) Z@EALTL Ko 21586 2 LI3TER»2D,
—20°C cix Ltk (1) @A L Ko 287k %
72 10°C THfIFE —30°C THAMEITRVEER L
HERF T, 2y FHEEICT « & VR EIE S
2, fFhh7z Ko vl Kic I W %2R L7s.

KO oM LA CE, Jiwme v
Wl KWU & oifie Dr. U. S HIEFERSTEIN 75 5 (F
iZ Dr. C. BERGER [TIEFHEOBMBERLET. /20D
e O RERA e, ABRT ) S iz (BF) TF 2L
FTEEE RTS8 70 O Ve s BRSO R, AiockE,
AN ROERICEHOBLERT L.

X [0

1) ASTM standard Designation E399-74, (1974),

2) H. D. GREENBERG, K. T. WesseL, W. G. CLARK
Jr., and W. H. PryLiE: 5th International For-
gemasters Meeting, Terni, (1970)

3) G.FepperN and E. MacHERAUCH: Z. Metallkde.,
64(1973), p. 882

4) F. J. Wirr and 7. R. Macger: 5th National
Symposium on Fracture Mechanics, University
of Illinois, (1971)

5) B. A. By, 4. H., CoTrTRELL and K. . SWINDEN:
Proc. Roy. Soc., A272, (1963), P. 304

6) G. G. Chell, I. MiLNg, and J. H. Kirsy: Metals
Technology, 2(1975), p. 456

7) R. ScHINN, [°. Starr, and WIEMANN:
Kraftwerkstechnik, 54{1974), p. 456

8) Kraftwerk Union AG., Muelheim/Ruhr, West
Germany, Unpublished company data

VGB-

— 48 —

e



