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Fig.1.2 Principle of SMES!?,
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Fig.1.3 Applied area and scale of SMES!"],
Table 1.1 Typical application of SMES!'2.
Classification Objective Application
Bridging instantanious voltage dips | Semiconductor plant
Power system stabilization Power supply system
Poswer system control Load fluctuation compensation Customers
Frequency control Backbone system
Load leveling Load leveling Customers
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Table 1.2  Specifications of coils for SMES?,

Power system stabillization Load fluctuation compensation/
' Frequency control

Conductor NbT/Al NbT/Cu

Max stored energy 29MJ 10.5 MJ

Inner diameter 1100 mm 1150 mm

Coil size  Outer diameter 400 mm 600 mm

Height 520 mm 528 mm
Number of turns 16X24 24X24
Current 9.6 kKA 10 kA
Voltage 430V 115V
Max magnetic field 566 T 48T

153 i AR

Fig.1.4 SMW-5MJ SMES'.
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Fig.1.5 Cross sectional view of Bi2212/Ag'

20]

Table 1.3  Specifications of Bi2212/Ag"*'.

Diameter 1.01 mm
Number of filament 889
Ag rate 2.7
J. (42K 10T) 200,000 A/cm’
|, (4.2K self-field) 1062 A

1000000

- .
g 100000 b

SN -‘

" “‘u

Bi2223

Bi 2212

000 '
10 0 5 10 15 20 25 30
Magnetic Field (T)
Fig.1.6 J. as a function of magnetic field*".
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Table 1.4 Specifications of the HTS coils for SMES®?!,

‘4 unit coils 18 unit coils
(last time) (this time)

Coil Type Laminated single solenoid coil
Inner Diameter 380 mm 380 mm
Coil Size  Outer Diameter 700 mm 700 mm
Height 127 mm 554 mm
Number of Tums 6X 49 6X49
Voltage 625V 2,500V
Current 500 A 500 A
Inductance 0.72H 7.87H
Stored Energy 90 kJ 984 kJ

Fig.1.7 Appearance of the stacked HTS coils of 1MJ class for SMES!*.
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Table 1.5 Development of SMES in foreign countries

[28-36]

Country Organisation Type Stored energy}  Output
USA B&W Tech LTS 1.8 MJ :
USA IGC LTS 6MJ 0.45 MW
USA ASC LTS 1-3M] | 0.5-3MW
USA CAPS LTS 100 MJ 50 MW

Germany FZK LTS 0.237MI | 25MW

Germany FZK LTS 0.416 MJ 80 kKW

Germany ACCEL LTS 21M) | S00KW
Italy ELETTRA LTS AMI | 1L2MW

Germany Trithor HTS 0.030 MJ 40 kKW

Germany ACCELL HTS 015 MJ 20 KW

Finland Tarnpere University HTS 0.01 MJ -
Italy Ansaldo HTS 0.05 MJ :

France NEXANS HTS 0.8 MJ -
France Delegatin HTS 0.50 MJ -

Poland | Elecyrotechnical Institute In warsaw HTS 0.0058 MJ -
Korea KERI HTS 3.0 MJ 750 KW
Korea KERI HTS 0.60 MJ -
China CAS HTS 0.010 MJ -
Israel Bar-Ilan University HTS 0.0010 MJ 5 kW
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Current Lead GM Cryocooler

Current Lead  4K-GM Cryocooler

S0K | \
15K ‘ 4> Thermal Shield

<1
4K

| | - Liquid Helium
SN
. ; <
Superconducting Coil Conduction Plate
(a) Conventional superconducting magnet. (b) Conduction cooled

superconducting magnet.

Fig.1.8 Construction of superconducting magnet cooled by GM cryo-cooler[33].

Table 1.6 Example of heat leakage to 4 K level for
conduction cooled superconducting magnet'™ 1

Material of current lead Cu HTS
Radiation, conduction loss 0.4W 0.4W
Current leads loss 4.8W 0.4W
Total loss 5.2W 0.8W
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fl Aluminum plate
for conduction-cooling

Table 2.1 Specifications of Bi2212/Ag coil samples.

Coil A, B Coil C
Material Bi2212/Ag Bi2212/Ag
Ag rate (Ag/Bi2212) 3 3
Number of filament 127x7=889 127x7=889
Diameter of wire 1.02 mm 1.02 mm
Coil inner diameter 64 mm 57 mm
Coil outer diameter 79 mm 79 mm
Sample height 115 mm 100 mm
Number of layers 4 4
Number of turns 40 turns/layer 39 turns/layer
Inductance 1.12 mH 1.28 mH
Maximum field 2.20 mT/A 2.62 mT/A
Total length 36.0 m 35.8 m
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.= .2~55¢]
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Bi2212/Ag

emperature
sensor

Coil sample

Aluminum
plate
(0.5mmt)

Fig.2.2 Cross sectional view of arrangement of coil sample.

FRP

Shunt Vacuum
resistor cryostat pump
DC power supply r|_l s I T
1000 A, 5V 1#a
Temperature
sensor

LHe

Digital recorder

| Voltage differential
: amplifier

Fig.2.3 Experimental setup.
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Fig.2.4 Temporal evolution of coil current and voltage (Coil A, 7;=4.8 K).
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Fig.2.5  Critical current as a function of initial temperature

for coil A, B, and C.
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Fig.2.6 Critical current as a function of initial temperature.
(Coil A, Innermost layer)
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Fig.2.7 Calculation model.
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Fig.2.8 Temperature dependence of specific heat
for Bi2212/Ag and Aluminum.
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Thermal conductivity [W/mK]

Temnerature K1

Fig.2.9 Temperature dependence of thermal
conductivity for aluminum.
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Fig.2.10 Critical current I as a function of
temperature in LHe and GHe.
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Fig.3.1 4.2 K GM cryocooler

Table 3.1 Specification of 4.2 K GM cryocooler.

Temperature ranges Mimmum temperature-100 K
Minimum temperature Below 4.2 K
Cooling capacity 1.5 Wat 42K

Temperature stability 05K

Weight 18.5 kg

Power supply AC200 V, 3 phase, 8.3 kW
30
25 =
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]

Cooling power [W]
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T :
| 1
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| |
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Temperature [K]
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Fig.3.2 Cooling power of GM cryocooler
as a function of temperature.
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Fig.3.3 Experimental setup.

GM cryocooler P79 mm

2
VT, |V T,

HTS lead
Al plate Cold helad
r

Fig.3.4 Experimental setup (Zoomed up).
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Fig.3.5 Temporal evolution of coil current and voltage(T,=4.9 K).
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Fig.3.8 Calculation model.
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Fig.3.9 Magnetic field distribution of the coil sample (Current = 200 A).
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Fig.3.10 Experimental and calculation results on temporal evolution of coil
voltage in each layer at 7)) = 4.9 K.
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Fig.4.5 Temporal evolution of temperature in the coil (Experiment, 7 = 10 K).
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Fig.4.6 Temporal evolution of temperature in the coil (Calculation, 7 = 10 K).
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Fig.4.7 Thermal runaway current (Constant current).
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Fig. 4.8 Typical current pattern of SMES for load fluctuation compensation.
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(b) Temporal evolutions of temperature in the coil.

Fig4.9 Temporal evolution of voltage and temperature in the coil

(Experiment, I, = 65 A, T; = 17.3 K).
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(b) Temporal evolution of temperature in the coil.

Fig.4.10 Temporal evolutions of voltage and temperature in the coil
(Calculation, Iy =65 A, Ty = 17.3 K).
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Fig.4.12 Detection of thermal runaway.
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Table 4.1 Calculation parameters.

At[s] dIfdt [Afs] Al Al
Standard pattern 18 10 90
I=65 A 27.5-29.0 155-16.8 137.5-145.0
I=110A 15.0-44.0 4.1-12.0 90.0-100.0
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Fig.4.13 Loci in power (P)-temperature plane during load fluctuation compensation

operation and detection points of thermal runaway (7 = 5.6K, I, = 65A).
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Fig.4.14 Thermal runaway detection points (7j = 5.6 K).
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Fig.4.15  Heat generation P as a function of temperature in innermost layer
at thermal runaway detection point (7 = 5.6K, Iy = 65A,110A).
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Fig.4.16 Temperature as a function of heat generation P in innermost layer
at thermal runaway detection point (7 = 21.45K, I, = 65A).
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