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On the Relation Between Austenitic Grain Size and Creep

Rupture Strength of Steam Turbine Shaft Forgings.
(Studies on the high tempelratuire strength of a Cr-Mo-V steel for steam tﬁrbihe shafts—II)
Jiaro WATANABE, Ryosuke HomMmA and Y#ké Kumapa

' Synopsis:

To make clear the cause for the dispersion of the creep rupture strength of large sized
steam turbine forgmgs made of a Cr-Mo-V steel, the relations between austenitic grain size
and creep rupture strength of the rotors were investigated. _The creep rupture and tensile
specimens were cut from the body ends of the rotors. Creep rupture tests were carried out
at 510°C, 538°C, 565°C and 593°C, excepting those of rotor H which were carried out at 565

" °C. The austenitic grain was revealed by J. B. Cohens’ etchant. " On the other hand, to make
sure of the test results on actual rotor forgings, the creep rupture strengths of specimens
austenitized at various temperatures were investigated. The results were as follows.

1. It was found that a relatively large difference of the actual aastenitic grain size existed
between those of rotors, and the creep rupture strength of the rotors increased With an
mcreasmg mean actual austenitic grain diameter. :

k 2. And it was ascertained by the test results on the tendency to grain growth of the rotors
that the rate of grain growth is comparatively fast at about 960°C which is the austenitizing
temperature of actual rotor forgings. ‘

3. Creep rupture test results of specimens austenitized at laboratory also .indicated that
the creep rupture strength of the specimens was markedly affected by only the differences

- of austen1t1c grain size. .

4, Accordmg to the results ment1oned above, it may be concluded that the dispersion of

the creep rupture strength of steam turbine rotor forgings largely stems from the differences

of actual austenitic grain size which are due to the change of the austenitizing temperature .

of the rotors. (Recevied 10 Apr. 1963)
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Table 1. Chemical composition of rotor forgings. (wt, %)

* 14mm §, G.L.:50mm

- Table 3. Chemical composition of rotor I

(Wt. %)
-Rotor C Si ~ Mn P S
I | 0°32 | 0°33 0°54 0*012 | 0°014
Rotor Ni dr Mo v
I 0°48 1°10 | 1°09 0°25

Rotor c | si | Ma | P S Ni cr | Mo v
. N - | )
A 0°39 0°34 0°65 0-018 0016 | 0°47 111 1429 0°26
B 0°31 0°38 064 04018 0°014 047 . 1°06 1+40 027
C 0°32 0°35 054 | - 0°015 0°014 0°47 1-08 138 0°24
D 0°33 0°31 065 | . 0°015 0°014 0°45 113 109 0°31
E 0°30 0°34 0°60 0°012 0016 | 0°48 108 1°03 0°27
F 0°32 0°26 0°55 0°020 0°019 0°47 . 108 1°10 0°26
G 0°33 - 0°29 0°84 0°029 0°030 0°17 1°11 118 0°21
’H 0°29 035 0°90 0-012 0+024 0°06 0°97 (1037 025
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Table 4. Room temperature tensile and impact properties of specimens heat

treated at laboratory.

Austenitizing | Austenitic | 0°295 Yield | Ultimate Elongation Reduction | Chargy impact
temperature | grain size strength tensile stren- onoga 100 | of area 1 value(V-notch)
°C ASTM, No. kg /mm? gth kg /mm? o % ‘kg-m
950~950 8°0 70°9, 861 193 475 24
975~950 6°0 - 68°9 85°9 20°9 510 2°2 .
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Fig. 1. Size of creep rupture test specimen.
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Table 5. - Al and N content and creep rupture
strength of rotor forgings.

Rotor N (%) Al | nitic grain

550°C, 1000 h
creep rupture

(%) |diameter () S(tiegn/gr’;hmz),

Totai Total |Actual auste-

T

A 0°004} 0°035 16°7~18"5 23°3
B 0°002| 0°023|  22°1~25"1 24°5
G 0°010] 0°027; 27°1~33"9 28°0
H 0°007] 0°027| 30°0~37°4 32°0
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°C s DHEXEBBREDTVS. ZOMEDEVIE
BRIECIECRIBE, BT 52D CBREBLEEBMET
ECEMNREE B DT, HREREERCEONIRERE

XIDANZBIE ST ETCESICESND. ZOT

LINBE OBRICE VTR PISSVERICE L Ty
UHLHEKLLTWBZ EnbEBELATHS. Lis
WO, Fb@ J. B. Comen ORFEWEFAVCHEIEL
TSR OB F OIRECHIT SEOFERR OKX & i

CIEVWEERRLTWAZ EREEVIIWEEZEZONS. .
COEMEHC R VT, EEOMMOAr — 25 F 4 MURE

THB 960°C FHETT TIEE s OEALIEE DT
WHEWSZ L, WO DEITH~RA57+4 MUBE
DOTHOEBTH —AF 4 MEICHBEBAE E
HEhDLTZETHY, ThHEHOS ) — FEElE

BORLoEXOERER LIRSS LITE SRS

N ETHD.

%, deieikX7s rotor CI XUt rotor FTHHH
FIRTBTHIN D 2 RKOEM ORI IO, b
By in D 6 RO L IF LA L0 E LNERES
NTED, TO2HRDEMM DY ) — FTHEWEFRER A — 2
54 FOFPHEFECHL CEETELWEEEIHL>
Tl 7272, ZO2ROM O Y — FHiR OO
5 5 OMR 0 M oI LT DIRWEER R L T
5. HlziE, rotor C XY rotor F o 565°C, 27
kg /mm? DFERZEAT T OWIHRL D 23 LITh63°0%
BIR 57°8% THHDIXL T, rotor A,B, Dk X
CEDRUEBETERE T 5BER DL, ThEh77°2%
78°9%, 79°3% BI R 77°9% TH 5. ZRILIFITD
RO L OME D I EERL VL b b, 20—
BT OO L OHR D Wi W RERENPFEL TV
5T 20y, BB RSO EBRPICAET T
L R ETEENS. FELCOXSRY ) ~ T

— 39 —




1898 Sk k@ f5 49 4B (1963) E13E

| Wi OMONES L O D O FORE L 55 b0,
rotor CIZRWVTIEt —2 7 4 MR LT=ERD
FERDAS B XY Y — FRENTREE & T, ), . ro-
tor F T\ T3S LTy Y — 7 BbisamE
BEDTV D DT, T OBV TITS LI MR %
PEELXS.
2. F—2FF4 PRBEOHRETEZ LR ORBEER
Bhlk, EEEOBHICOWTOERBFERE» S, @ity
Y~ SRR REOR X I 50 X ASETET B 28
R dctual OF — 25 4 MEEIC b EZPXFFEL T
WS ERboTe. B2, SO actual OF — 25 7
4 MRBEOEE, AROBREMHC Lo CHE SN B
BREE DX TR, F—2FF4 MUBEOEH IR
RT3 e LhBBRYTHEEEL BNz, LichoT
F—RFF 4 MUBEDOEIC XD TAELF —RAF F 4
MR OEN Y ) — THHREIC X OBRERE T 0%
MDD BT DICEREMNCA — A7 A MUBE2ZE X
eV T 2 Y — SRR BR A {F 7 7. '
Z OB actual @A — 27 F A4 MREE, FIRICE

H%ﬁ%%g%i@fvnM&_&w;m&—@%ﬁ%

Table 4 ITR L2, * — A7 +4 MLBER 950°C,
975°C I X Ok 1000°C &% T AT XDC, actual O
A —RFF4 MBI ZREh ASTM No. 8, No. 6

FXOG No.2'5 rigofe. ZHRGIRABKER 25134

~ 25 F4 MUBESR 950°C ¥ X Ot 975°C DA
W BREE, FEREBE, USRI EDITLAL
TP, F — 27 F 4 MEEREEDS 1000°C D¥AIT
V3, BRIRES S X OB 3RS & b TR 4kg /
‘mm? BELAOTHED, MUk IREhcE b
2 TS LTS, V notch & » b B —EEEITA
~ 25754 MUBERE R 5ICoNT, Fhbb, +
—2FF 4 MEIBKAE LD ONTRE TV 5.

| oFE, 550°C T ) — PRI B Ry
Fig. 10 7T, HrhORF IR K ORI (%)
CERLIELOTHS. Fig. 10 5 HEE XS 1T,
CF—RF P4 MEREZLZ LRI OTHED S ) —
FEMEREE e DA SR ERBDBND. Thbb,
A AT FA MRBARICRBICE BT Y — RS
ERVBLLBHLL ERELTVS. &K, F—ZFF 41
METREEDR 950°C DAL 975°C . Dér & TR
I BT BRI & A SRR bt i o ic
Hbadado B3, 550°C, 1000h D7 Y — FHEHIERE X
¥ 3kg/mm? L PERELTVD. ZOWHE O Y —
THNTRE OV DT — AT T A MREOHRDF
WLEZBND. Lirl, ZOF—~AFF4 MEEDE

50 - ]
3 Jesting temperature; 550°C
40 - g :
O e L }
é B e T —— 70
N - ~~*~-|. Rt
D30 P eeT I ——
~ i -
o | | -
8 Austenitizing  grain size T~
&3 bre. , Ne. .
B 20 te(;r;poﬂ; re.  AS g/z No Numbers are rapt re -
e gr5p 6.0 elongations (%)
| = J000°C 2.5 }
- | 1
50 1700 200 500 1000 2000 5000

Time to -rupture (h)

Fig. 10. Creep rupture test results of specimens
austenitized at 950°C, 975°C and 1000°C,
" respectively.
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Effect of Quenching and Tempering Temperature on

. ﬂigh Temperature Prepefties of 1Cr-11/4Mo-1/4V Steel.

Synopsis:

1Cr-11/, Mo-1/4V steel has been Wldely used as steam turbine rotor shaft material.

-Ryoichi SASAKI

It is

susceptible to notch brittlness during creep unless it is properly heat treated. The present
study was carried out to make clear the effect of quenching and tempering temperature on
the creep rupture (smooth and notched) properties of 1Cr- 11/4Mo-1/4V steel.

No. 1 specimen was quenched with 70°C/mn from various temperatures between 900 and
10§O°C and tempered at 660°C for 68 h. No. 2 specimen was quenched with 70°C/mn from
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