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Equipment and Operation Results of 30t DC Arc Furnace

at Topy Toyohashi Works

Synopsis :

Tsuyoshi NAKAMURA, Norio A0 and Kohji ISHIHARA

With aim of reducing production costs, in January 1988, one of 30t conventional AC furnaces at
Toyohashi Works of Topy Industries, Ltd., was changed to a Direct Current (DC) arc furnace which
was the first DC melter in Asia. It was jointly developed by M.A.N.GHH and BBC, and then designed and

made by NKK.

For reconstruction from AC to DC furnace, thyristor-controlled rectifier, DC reactor and bottom

electrode were put additionally to 30t arc furnace equipment.

Electrode control equipment becomes sim-

ple, because only one electrode is used. The transformer and other furnace equipments were not changed.
The DC arc furnace operation have brought us the following merits,
1) The flicker of DC arc furnace was reduced to under 50%, compared with that of AC arc furnace.
2) The problem of harmonics caused by the rectifier was solved by installing harmonic filters, which

restrained harmonic component of the current under 5%.

3) Any abnormal wear did not occur on the bottom and 330 heats of bottom electrode life was stably

achieved in the intermittent operation.

4) The decrease in melting cost of 900 yen/t was achieved, which was mainly due to a reduction in the
consumption of graphite electrode, furnace refractory and so on.
Key words : DC arc furnace ; bottom electrode ; flicker level ; harmonics.
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Ot EAF (DC arc type),
No.3 EAF

30t EAF (Conventional type)
No.2 EAF

without SPH,0xy—fuel burner

30t LF

Refining Process

No.lcc Btoom Caster

Fig. 1. Process flow of 30t arc furnaces-No. 1 cc
line.
Table 1. Main specifications of DC arc furnace.

Item Detail

Type NKK-DC-4800MH UNARC
Furnace capacity 35t
Transformer capacity
Primary voltage
Thyristor

Output power

15 MVA
22 kV/F365-R305-125 V

15 000 kW
Output current 41.8kA
Output voltage 359V

Furnace shell diameter 4572 mm
Furnace height 2438 mm
Number of electrode 1
Electrode diameter 18 inches
Water cooled side wall 53 %
Water cooled roof 97 %

Bottom electrode
Number of pin
~Cooling system

Air cooled system
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Photo. 1.

An outlook of DC arc furnace.
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Fig. 2. Electrical circuit diagram of AC and DC
arc furnace.
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Fig. 3. Schematic illustration of bottom electrode.
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Fig. 4.

Operation pattern of DC arc furnace.
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Fig. 6. Relation between wear thickness of bottom
electrode and number of heats.
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Fig. 7. Relation between wear thickness of bottom
electrode and maximum temperature of bottom
electrode pin.
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Fig. 9. Comparison of harmonics generated in AC
arc furnace with that in DC arc furnace.
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Table 2. Effect of AC to DC arc furnace Table 3. Difference of electrode consumption
conversion. between AC and DC arc furnace.
Item AC DC Item AC arc furnace | DC arc furnace
Unit consumption Current (kA) AC 28.4 DC 40
Electric power 100 95 Arc resistance (mf) 5.6 8.5
Electrode 100 47 Electrode size (inch) 18 18
Gunning material 100 70
Others 100 100 Current density (A/mm?) 0.44 0.53
Electrode tip loss (kg/min*pole) 1.4 2.3
Total* — 900 yen/t improved Total tip loss (kg/min 5.2 2.3
Bottom electrode life — 330 heats Electrode consumption (Index)
Tip 37 23
Flicker level 100 46 Side 63 24

* The cost of bottom electrode is included into account in this figure.
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Fig. 12. Change in electrode consumption index of
DC arc furnace.
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(a)Stable arc (b)Mobile arc (c)Double arc (d)Unstable arc {e)Diffused arc DC 30kA, 300V, Furnace arc
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Table 4. Comparison of arc profile of DC with
that of AC.

Item AC arc furnace DC arc furnace
Current X Voltage 28.5 kAX160 VX3 40 kAX 340V
Arc length (mm) 120 300
Arc resistance (mQ)) 5.6 8.5
Arc jet To a metal pool or To a metal pool

furnace wall
Non symmetry Axis symmetry

(a)DC arc (b)AC arc
Comparison of arc profile.

Photo. 4.
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