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Abstract

Mechanical properties tests and fracture toughness tests of turbine rotors were performed in

the wide range of temperatures, —150°C~+-150°C, and fracture toughness values from above
tests were compared with the estimated values from mechanical properties at lower and upper

shelf temperatures and FATT. The relations between mechanical properties and Kic properties

prposed by Rolfe and Begley were reviewed and confirmed through these experimental results.

On the fracture surfaces of some specimens which were satisfied with the Ikeda’s K¢ criterion
micro dimple zone was detected at the rear of fatigue crack zone and it was confirmed that
these specimens were not satisfied with the thickness requirement of ASTM E 399,
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Table 1 Chemical composition of rotor shafts

(weight %)

Composition
Material .
Rotor A-NiCrMoV 0.24 0.06 0.40 0. 006 0. 006 2.21 1.42 0.51 0.06
Rotor B-NiCrMoV 0.22 0.06 0.31 0. 006 0.007 3.46 1.55 0.39 0.13
Rotor C-CrMov 0.31 0.05 0.62 0. 006 0. 002 0.58 1.28 1.06 0.29
Rotor D-CrMoV 0.30 0.05 0.70 0. 006 0. 005 0.60 1.30 1.10 0.30
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Table 2 Tensile data of rotor steels

Material t;[‘;;; rature(°C) Yi:{gg /s,t':lenrgth Tenail:/ ::tr:'r;gth Elor(lgaa)tion Reduct?;l)of area
150 72.4 80.6 18.8° 64.8
100 71.3 82.2 17.6 67.0
50 75.2 84.8 18.0 62.3
Rotor 20 77.1 87.6 20,0 65.3
A 0 78.8 90.2 20.0 66.9
—~25 80.9 92.5 18.4 64.5
—85 84.0 98.0 20.0 64.6
—150 90.2 101.1 20.0 63.1
100 78.6 87.4 20.0 65.0
50 79.5 88.7 16.0 63.8
25 815 92.7 18.8 61.6
Rotor 0 83.2 92.7 17.6 66.2
B —30 85.5 96.9 20.0 58.2
-60 89.6 98.9 18.3 63.2
-73 9.7 101.7 20.4 60.9
—150 - - - -
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150 57.1 68.3 20.6 59. 1

110 63.1 74.5 18.0 58.6

55 65.7 77.4 20.0 56.1

Rotor 25 67.9 81.2 19.7 53.2

C —10 67.4 81.4 20.6 55.7

—50 70.7 85.7 20.3 53.3

—-100 77.2 89.4 20.6 50.8

—150 77.3 88.4 21.7 56. 4

150 52.7 65.4 19.4 63.5

100 54.2 67.7 16.6 41.4

60 55.2 69. 4 21.4 60.3

Rotor 8 56.7 72.7 12.0 65.0

D 0 57.7 73.9 21.1 60.6

-30 58.8 76.2 23.4 62.1

—50 64.2 78.9 20.0 52.7

-—80 64.4 81.4 21.4 51.4

—100 66.5 83.7 26. 6 50.2

—150 77.8 90.6 20.3 50.0
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Table 3 Results of Kic and Jic test for rotor steels
- [ Test
. Speci- e Ky

Material| Test | ;o t?x’r(\g. (lrcgél , (kg/mm¥?)
0.5cT| 150 20,00 (695
T 1000 20.00 (695
1ICT 50 19. 8| (690)

20 12.1 2

Rotor A 542)
— *356
ch ICT —2 b *280
- —_ 199
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) —- —_ ) 178
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Fig. 7 Temperature dependence of the fracture
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