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Effect of Heat Treatment on the Creep Rupture Strength of a
- Cr-Mo-V Steel for Steam Turbine Shafts

(Studies on the high temperature strength of a Cr-Mo-V steel for steam turbine shafts—I)

Jaro WATANABE, Ryosuke HomMAa and Y#ks KuMADA

Synopsis: :

To investigate the cause for dispersion of the creep rupture strength of the actual large-
sized steam turbine shaft forgings, creep rupture tests were conducted with specimens heat-
treated at different austenitizing temperatures, different cooling rates from austenitizing
temperature and different tempering temperatures. The types of the specimens used were
both plain bar specimens and notched bar specimens, and testing temperatures were 510°C, .
538°C, 565°C and 593°C. Creep rupture data were treated with Larson-Millers’ parameter
and the results were illustrated by master rupture curves.

It was found that the creep rupture strength of the plain bar specimens was increased
remarkably by elevating the austenitizing temperature from 950°C to 1000°C. It is supposed
that this difference of the austenitizing temperature will be the most important factor for
the dispersion of the creep rupture strength among the actual steam turbine shaft forgings.

Such cooling rate from austenitizing temperature as may produce bainitic structures has
little effect on the creep rupture strength, while the tempering temperature exercises a
relatively large effect when a tempering treatment is carried out at the temperatures between
675°C and 700°C.

The following was found about the effect of austenitizing temperature on the high temper-
ature notch sensitivity of rotor materials.. According to the conditions of the tests, speci-
mens austenitized at 950°C showed notch strengthening, while notch weakening was observed
with specimens austenitized at 1000°C and 1050°C. While specimens austenitized at 950°C
and tempered at various. temperatures showed notch strengthening, oil quenched specimens
from austenitizing temperature exhibited notch strengthening at first and then notch weaken-
ing as the Larson-Millers’ parameter increased. This tendency in notch sensitivity of the
materials is approximately corresponding to the tendency of hardness change measured in
ruptured specimens, and it was ascertained that high temperature notch sensitivity of a
material was influenced by its structural changes. (Received 13 Feb. 1963)
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Fig. 1. Creep rupture test results of Cr-Mo-V

steam turbine shaft forgings.
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Table 1. Chemical composition of the steel.
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Fig. 2. Size of the creep rupture specimen.

Y — PRI Ok X ONHER Fig. 2 1KF

r

v

g



N

SR 4~ € UBE Cr-Mo-V S0 » U — TREETBREE 1T X 133 BULTE ) B8 1081

TEIRT S Z LWRERED D & EDLN D, Tz DEH

DEBAD XS BN DOE L DM OEREZ YV -7
BB T 5 EREELXBRVDIDEEZ S,
SRk X USRI I % RS PR ORI,
SR TIXERE 9°9mm, EAFEL ssmm THY, HiR
FEERABR S VIERE 7mm, FELFEH S0mm THS.
AT RS BERER L 538°C TIT /D7
EERTERRELZ kDS 20 B3 V notch
Charpy BERBRFA Th 5. EEOHERL ~ & VMlEHL
BTN, HEREEBRECERVC EHERINLD
T, AERCHVTHSHE L U TEBWEESRE LR
Dic.

III. REERLLVICZORE
1. BAMSEHLIE

Photo. 1 1€ Ziu HEMIIEE I L 7oAP et OBE AR

Z5R

(a) austenitized at 950°C, furnace cooled
and tempered at 675°C

(b) austenitized at 1000°C, furnace cooled
and tempered at 675°C

(c) austenitized at 1050°C furnace cooled
and Tempered at 675°C

(d) austenitized at 950°C, oil quenched
and tempered at 675°C

(e) austenitized at 950°C, furnace cooled
and tempered at 650°C

(£) ' austenitized at 950°C, furnace cooled
and tempered at 700°C

Photo. 1. Microstructures of the samples.
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Table 2. Tensile test results and' fracture transition temperatures.

; C At room temperature ~ at 538°C

Heat 2 - . Trf.

trontoment Y.S. kg/mm® | y 1.5 | Elong* | RA* | U.T.S. | Elong.**| R.A* oG
nen 0°02% | 0°2% | kg/mm?2| % % kg/mm?| 9% Y%

950°C - F.C. | . . i
675°C -3h 59°7 640 | 853 | 18°1 53°0 58°2 22*5 75°3 110
1000°C - F.C. .
675°C :3h - 816 898 102°5 15°2 387 72°8 10°2 59°5 103
1050°C - F.C. . :
675°C -3h 84°8 944 105°8 11*1 222 72°9 75 49*5 | 105
950°C - 0.Q. B , -
675°C -3h 93*2 | 93°2 97+7 212 65°5 . 63°5 10°7 80*7 | —75
950°C > F.C.
650°C -3h 61°4 68°1 91°8 16°2 442 58°3 18+1 74°3 118
950°C —F.C. .
700°C :3h | 486 .| B56°5 796 22*0 57°0 - 53*7 222 74*0 | 108

* ‘Dia.=9*9mm, Gage length=35mm
** Dia.=7mm, Gage length=50mm
Y.S. : Yield Strength, U.T.S. : Ultimate Tensile Strength
Elong. : Elongation, R.A.=Reduction of Area
?' . Trf. : Fracture Transition Temperature.
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T: test temperature, °R t: time to rupture, h
Fig. 3. Effect of austenitizing temperature on
the creep rupture strength of the.
steels austenitized at 950°C, 1000°C and
1050°C respectively.
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