» Superconducting Induction Heater; it is expected as 30~70% Energy efficiency improvement than conventional furnaces
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In industries, there are many issues against the implementation of conventional heating furnaces.

v' First, the government recently executed and environmental protection policy that requires industries to use better technologies against low efficiency and

CO, emission, etc.

v" Second, industries use old and inefficient technologies for heating metals with large capacity and low efficiency.

v" Third, the work space is sometimes large, dirty, dangerous, and dull.
v" Finally, engineers with various skills are required to operate advanced heating furnaces.

As one of the solutions to resolve these 1ssues, the superconducting induction heater (SIH) with high efficiency has been developed using MgB2 magnets

manufacturing technologies first in Korea.

In this paper, the novel design and experimental results of MgB2 magnets were presented for a 1.2 MW SIH. Large bore MgB2 magnets were designed
newly. The heating capacity was decided and the target magnetic flux density of the HTS magnets with 1ron cores selected for 1,200 kW heating power for an

iron metal billets.

Comparison of conventional heating methods

Superconducting wire selection

System efficiency: 20~30% < System efficiency: 50~60% <

(High copper losses)

Chemical composition (%)

60Hz <3 Cooling water DC
AC current €9 current

Heating elemnts

current

Copper

o

Iron

DC MgBZ
Nickel 200 inner sheath

Inner core

barrier

12
63
15
10

Iron core
Iron core

Wire specs

Magnetic energy
Superconducting coil
Superconducting coil

System efficiency: 80~90%
Wire dimensions
No No Filament count

" "
Loss!! Loss!! Filament twist pitch

AC induction heater Superconducting induction heater

Energy Transfer Relations of SIH
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Magnet
v Iv Item Ceramic type Metallic type
Coated conductor BSCCO MgB,
Period 1987 1988 2001
“Trom coré> LT Material Y,Ba,Cu,0 Bi,Sr,Ca,0 Mg,B
'j"ﬂ a4 - WA ‘.“\l Jj B " W ‘.\ .
| | g;i::::ﬂf; ~ 77K (196°C)  ~T77K (-196°C) ~ 25K (-253°C)
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) Metal billet U .CJ. n Stability GOOD GOOD NOT Bad
' g % H nnection Operational
e 4 e y M. range ~20T ~ ~20T ~ 5T
Lamination Copper, brass, STS Siver Copper
' . Manufacturing Coatin PIT PIT
Heat source ‘ ‘ method g (extruding) (extruding)
t SuNAM (KOR) .. ASG (ITA)
. " THEVA (GER) SZ':;'i':g::o”jm) KAT, Samdong
Q=M- Cp (AT) - Tdt = R, I, At = k-7 -w-At AT SuperPower (JAN) "E1 > (E(UR) (KOR), Hitachi,
to SuperOX (RUS) etc. Hypertec(JAN)
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v" In this paper, the simulation and experimental results of the MgB, magnets were presented in detailed. The largest MgB, NI magnets in the
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| MgB, magnet was assembled,

T'hese test process will be helpful for heating characteristic analysis of the various MgB, magnets for commercialization. The related
research will get the reference information of this study.

Electromagnetic 3D FEM design model analysis Specifications
Iop(5)=250 A Volume: Magnetic flux density norm (T) Arrow Surface: Magnetic ﬂ\llx density (spatial frame) Parameter Value
0.07 T @250 A 0 Max.3.8 T MgB, wire maker Columbus superconductor, ASG, Italy
MgB, wire
35T (WidthxThickness) W3.7 (£0.1) mmxT650 (£15) pm
0 Stainless steel tape (STS) W3.5 (£0.1) mmxT100 (£15) pm
3.0T Minimum critical current 2400A@20K, 1 T
MaB. maanet tvpe No insulation, racetrack, a double
9B, mag yp pancake, iron cored type, STS co-wound
0.89 T @250 A - Size (Hight x Length x
@ 0.95 T 750 A 20T Thickness) H748 mmxL1390 mm x T246 mm
. 370 turns in a double pancake (370 x 8
Number of turns in a DPC DPCs = 2,960 turns =1 set magnet)
Total length of the MgB2
: 18 km (2 sets magnets)
0.487T @250 A 1.0 T wire for two magnets
8 H without an iron core, 32 H with iron
0.52 T @250 A Inductance of a DPC magnet cores
mpes Operating current (1) 200 A
y 0T B_,atthe MgB2 magnets 2 T with iron cores
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world were fabricated and tested with outstanding operational results.

I'he biggest MgB2 NI coils were fabricated and tested successfully.

I'he magnetic field at the target position far from 250 mm iron core was 0.7 T and

I'he 1.2 MW SIH was operated and the 1ron billet was heated. Temperature of the 1ron billet reached 1,300 Celsius degree.

— -
g = s

1.2 MW SIH was installed on site Iron billets Heating pocess Unloading and forging process

Manufacture of the MgB2 magnets and test preparation
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A side view of the conduction cooling system for the MgB2 magnets

Experimental test results of two MgB, magnets installed on 1.2MW SIH

v' MgB2 magnet A reached at almost 6 K and MgB2 magnet B reached at almost 8 K after
the current of 200 A was excited.
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Fig.1 Temperature curves when two MgB2  Fig. 2 Temperature curves when two MgB2  Fig. 3 Terminal voltage and magnetic flux density curves
magnets cool down for almost 7 days magnets were excited to 200 A when two MgB2 magnets were excited to 200 A
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