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Quality of the Large ESR Ingots and Products from Them

Masatoshi MIURA, Takayasu N,
Shigeki MATSUMOTO, and Akira SUZUKI

Synopsis:

In order to evaluate the metallurgical homogeneity of large ESR ingots, longitudinal cross sections of
the 1 500 mm¢ remelted ingots were examined by metallurgical method, and also the influence of the
ESR melting rate was investigated. Furthermore, to confirm the quality of the ESR ingots, some experi-

ments in the application of ESR process of turbine parts were carried out.

The results are as follows:

(1) Freckles and equiaxial crystal are observed at the top portion of a 1500 mmg ESR ingot with

2 000 kg/hr melting rate.

The defects are reduced by decreasing the melting rate.

(2) It is suggested that the formation of freckles may be related to distance between solidus and

liquidus lines.

(3) From the attempt of manufacturing the turbine parts by the ESR process, superior characteristic
of homogeneity and mechanical properties are obtained.
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¥ Fig. 1. Distribution of elements and sand in the 1500 ¢ ESR ingot.
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Fig. 3. Behavior of elements in molten pool
during ESR (1 500¢ ingot).
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Fig. 2. Homogeneity of 1500¢ ESR ingot melted at lower melting rate.
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(B) 1300 kg/hr
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Photo. 2. Sulfurprints of 1500 ¢ ESR ingots.
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Fig. 4. Typical structure and inclusion of 15006 ESR ingot.
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Fig. 5. Ralation between melting rate and pool
depth.
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Photo. 3. Comparison of longitudinal sulfur prints in ESR ingot between low-and
high-carbon Cr-Mo-V steel.

Table 2. Chemical composition of the turbine blades after VAR and ESR process. (%)

Steel C Si Mn P S Ni Cr Mo \'% N
12 Cr-Mo-V VAR | 0.22 0.59 0.90 0.020 | 0.011 | 0.42 | 11.50 0.90 0.22 _—
r-io- ESR | 0.22 0.38 0.93 0.020 | 0.007 | 0.4l 11.10 0.96 0.20 —
12 Cr-Ni-Mo { VAR | 0.14 0.20 0.63 0.017 | 0.010} 2.90 | 11.95 1.72 0.28 0.031
-V-N ESR | 0.14 0.11 0.80 0.018 |«<0.005 | 2.77 11.66 1.65 0.29 0.035
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Fig. 7. Comparison of oxygen and cleanliness
Fig. 6. Distribution of mechanical properties in (JIS G 0555) between ESR and VAR
turbine blade. steel.

Table 3. Results of tensile test and V-notch charpy test in the tangential and radial
direction of the turbine disc.

“ e . 0.02% p.s. ¢ B ElL R. A. Charpy F.A.T.T.
Direction and position (kg/mm?) | (kg/mm?) (%) (%) (kgm) (°C)
O 66.3 81.5 24.0 67.0 16.1 —40
C M 67.3 81.5 23.0 62.0 14.7 —20
T 1 66.3 82.2 23.0 61.0 10.7 —15
LC M 65.3 81.9 23.0 61.0 10.4 —15
2 | 66.3 81.9 22.0 61.0 10.7 —10
O 66.3 80.8 24.0 66.0 14,1 —40
C M 65.3 81.9 23.0 61.0 12.4 —20
R 1 66.6 , 82.5 22.0 6l1.0 12.4 —15
_l_C M 66.3 81.9 23.0 o6l1.0 10.7 —15
2 I 66.6 82.5 23.0 60.0 10.7 —10
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radial direction(r)
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Table 4. Distribution of chemical composition in the turbine disc.

Chemical Analysis (wt%)
Position
Cc Si Mn P S Ni Cr Mo V
1 0.31 0.10 0.62 0.009 0.006 1.77 1.28 0.55 0.10
2 0.31 0.10 0.63 0.009 0.006 1.75 1.28 0.55 0.10
3 0.31 0.09 0.63 0.009 0.005 1.77 1.25 0.53 0.10
4 0.31 0.09 0.63 0.009 0.006 1.77 1.27 0.54 0.10
5 0.31 0.09 0.62 0.009 0.005 1.75 1.30 0.55 0.10
6 0.31 0.09 0.61 0.009 0.006 1.77 1.30 0.55 0.10
7 0.31 0.09 0.62 0.009 0.006 1.78 1.25 0.54 0.10
8 0.31 0.09 0.63 0.010 0.006 1.77 1.30 0.55 0.10
9 0.30 0.09 0.63 0.009 0.005 1.77 1.25 0.54 0.10
10 0.31 0.08 0.61 0.009 0.005 1.77 1.28 0.55 0.10
11 0.30 0.09 0.62 0.010 0.005 1.74 1.30 0.53 0.10
12 0.31 0.09 0.63 0.010 0.006 1.77 1,27 0.55 0.10
13 0.31 0.09 0.63 0.009 0.006 1.77 1.28 0.55 0.10
14 0.31 0.09 0.63 0.009 0.006 1.77 1.28 0.54 0.10
15 0.32 0.09 0.63 0.009 0.005 1.77 1.28 0.54 0.10
16 0.31 0.08 0.63 0.009 0.006 1.79 1.30 0.54 0.10
17 0.31 0.09 0.63 0.010 0.006 1.77 1.30 0.57 0.10
18 0.31 0.09 0.62 0.009 0.005 1.78 1.30 0.55 0.10
19 0.31 0.09 0.62 0.009 0.005 1.77 1.28 0.54 0.10
20 0.31 0.09 0.63 0.009 0.005 1.76 1.30 0.55 0.10
2} 0.30 0.09 0.63 0.009 0.005 1.75 1.28 0.52 0.10
22 0.31 0.09 0.63 0.010 0.005 1.76 1.30 0.55 0.10
23 0.31 0.10 0.63 0.009 0.005 1.77 1.30 0.55 0.10
l
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Fig. 9. Distribution of mechanical properties
in the generator rotor shaft.
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