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Enhancement of VSR Ingot Quality by Precise Melt Control

Katsunori Saito, Rei Asano, and Hiroshi Matsuya

Synopsis

Vacuum Electro-Slag Remelting (VSR), which is one of Electro-Slag Remelting (ESR) process with vacuum chamber, was
developed by Daido Steel for manufacturing ultra clean steels. VSR is much effective than conventional ESR to achieve lower
atmospheric oxidization of slag, lower hydrogen pickup into molten metal, and higher deoxidation for low silicon bearing steels.
Daido installed the new VSR with new function, melt rate controller by feed back of load cell processing and so on in May 2007.

The results are as follows;

a) Resistance swing control enhanced the accuracy of the electrode positioning.

b) Increase in cooling water flow shallowed pool depth and reduced harmful large carbides.

¢) Load cell feedback control stabilized the melt rate and pool shape.

By this way, it has become possible to obtain high-quality ingots, which possess shallow pool depth and stable pool

configuration,compared with conventional VSR.
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Fig.1. Schematic Diagram of VSR Equipment.
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Fig.2. Relation between oxygen content in molten

metal and oxygen partial pressure 2.
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Fig.3. Comparison of Oxygen Partial Pressure
for ESR and VSR.
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Fig.4. Changes in Si Concentration in SUS316L.
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Fig.5. Differences in SiO, Activity in Slag between
VSR and ESR?.

0.010

0.008

0.006

0.004

(mass%)

Concentration of [O]

0.002

0.000 : :
0.00 0.20 0.40
Concentration of [Si] (mass%)

Fig.6. Differences in ingot Si concentration between
VSR and ESR.
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Table.1. New VSR,ESR and VAR equipment capabilities.

Max ingot diameter (mm)

1100

Power source

Single-phase alternating current

Max melting current (kA)

36

Range of vacuum pressure control (Pa)

(1.33-10.13) X 10*

Electrode drive

Screw drive

Electrode position control

Resistance + Swing

Power control

Melt rate feedback
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Fig.8. Relationship between Electrode Position, and Resistance Value and Resistance Swing.
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Fig.10. Comparison of Erratic Variations in Melt rate
between Conventional VSR and New VSR.
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Fig.11. Comparison of Pool Depth between
Conventional VSR and New VSR.
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Fig.12. Differences in Carbides between Conventional
VSR and New VSR.
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