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Mechanical Properties of 129 Cr Steel Forging for Large Steam Turbine

Mitsuo Kawai,

Ei Kanazawa,

Synopsis:

Kanji KawacucH1, Hiroshi Y OSHIDA

and Satoru MITO

- In order to develop a new rotor forging, for compact designed larger steam turbine, which has higher
mechanical properties than 1Cr-1Mo-0.25V rotor at elevated temperature, an investigation has been car—
ried out on the mechanical properties and the uniformity of 12Cr-Mo-V-Ta-N model rotor and high and
intermediate pressure rotor for 375 MW steam turbine.

12Cr-Mo-V-Ta-N rotor has better room temperature tensile strength and impact value than 1Cr—1Mo-

0.25V rotor, in the part of shaft, body surface and body center.

Creep rupture strength of 12Cr—Mo—

V-Ta-N rotor, one of the most important properties, is also higher than 1Cr—1Mo-0.25V rotor and 1ts

umformlty is excellent.

It is expected that a newly developed 12Cr—Mo—V—Ta—N rotor with good mechanical properties and
soundness can be applicable for larger steam turbine.
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Fig. 1. Shape of model rotor and test position.
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Table 1. Chemical composition of model rotor. (%)

cf{si|im| P S IM Yt CriMm |V {Ta| N |Fe

Position A|0.21/0.35/0.63{0.013)0,007[0.39/11.29]0.97/0.21 0.09{0.035|Bal.
B |0.23{0.34/0.65(0.014]0.006|0.39/10.90(0.84]0.22[0.10{0. 041 [Ba1.
€}0.79]0.37/0.71}0.014{0.011/0.35|11.02|0.87|0.210.11 |0. 042 Bal.
D 10.2110.32/0.6610.014|0.007|0.43{11.09{0.84|0.19]0.08]0.039(Ba1.
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Table 2. Mechanical properties of model rotor.

Test position Tensile test Impact test’
and direction 0.02% Y.S.|T.S. E1. |R.A. |2V Charpy |50% FATT

(kg/mn) | (kg/mn2) | (%) | (%) | (kg-m/en?) | (°C)

A Radial 74.1 100.3 16.5 | 38.5 2.3 53

A Longitudinal 73.7 99.1 18.0 | 51.0 3.2 40

C Radial 73.2 94.8 |17.0143.0 2.1 63

C Longitudinal 73.5 98.4 19.0{ 53.0 2.3 61

D Radial 72.4 95.9 15.5{39.0 1.8 71

D Longitudinal 72.6 97.5 15.5| 39.5 1.9 67
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Fig. 2. Tensile properties of 12Cr-Mo-V-Ta-N
model rotor at elevated temperature.
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Fig. 3. Fatigue strength of model rotor.
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Fig. 4. Creep rupture strength of model rotor.
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Fig. 5. Relation between actual and empirically
calculated creep rupture strength of
model rotor. at 550°C, 1 000h.
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Fig. 6. Shape of high and intermediate pressure
rotor for 375MW steam turbine and test
position.
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Table 3. Chemical composition of High and Inter-
mediate Pressure rotor for 375MW steam
turbine (%).

C Si Mn P S Ni Cr Mo
Position T {0.18]0.27 | 0.63 0.016 [ 0.018( 0.30| 10.3 |0.94

A [0.18]0.27 | 0.62 0.016 (0.017  0.30| 10.3 |0.94
€y]10.17 [ 0.26 | 0.61 0.016 { 0.018 0.30| 10.3 |0.92
C,]0.17 1 0.27 | 0.61 0.016 | 0.017 | 0.30 | 10.3 |0.93

Position T 10.25 | 0.095| 0.0417 | 0.02 |0.003 | Tr. }|0.017 |Bal.

A |0.2510.089| 0.0412 | 0.02 |0.003{Tr. |0.016 |Bal.
C

]0.24 0.080| 0.0400 | 0.02 |0.003 | Tr. |0.008 |Bal.
C,(0.25 [0.095 | 0.0407 | 0.02 [0.003 | Tr. |0.010 |Bal.
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Table 4. Mechanical properties of High and Inter-
mediate Pressure rotor for 375MW steam

turbine.
Test position Tensile test Impact test
0.02% Y.S. | T.S. El. [R.A. |2V Charpy | 50% FATT

and direction| (yg/m2) | (kg/m?) | (#) | (%) | (kg-m/cn®)| (%)
T Longitudinal 72.2 96.5 | 21.0|56.4 3.4 58
B Longitudinal 73.8 95.8 | 20.0|354.2 3.0 56
A Radial 73.1 94.3 | 17.5}44.2 2.2 64
C Radial 72.3 95.3 | 16.7|43.1 2.4 59
D Radial 72.0 95.2 | 16.2{40.5 2.2 69
Cy Longi tudinal 71.5 ‘93.4 | 18.2|50.5 2.9 61
C, Longitudinal 69.4 92,2 | 19.0}53.3 — —
Cy Longitudinal - —_— —_— | 2.4 61




132 gk &

% 64 45 (1978) 451 %

Photo. 2. Microstructure of 375MW H.LP. rotor for steam turbine. (<200)
a) position B, b) position T, c) position A
d) position D, e) position C;, f) position C,4
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Fig. 8. Relation between actual and empirically
calculated creep rupture strength of High
and Intermediate Pressure rotor for 375
MW steam turbine. at 550°C, 1,000h.
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Fig. 9. Creep rupture strength on rotor body
surface of 12Cr-Mo-V-Ta-N rotor, 1Cr-
1Mo-0.25V rotor and 12Cr-Mo-V rotor.
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