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SUMMARY

In wind power farm, the output fluctuation is strongly influenced by the
change of weather condition. In case of the wind power energy output
exceeds the critical margin of the total power generation sources (£10%), it
will surely disturb the stability of the electric power system, as a result, the
electric power system’s quality will be debased. In consequence of this
reason, the research has focused on improving the performance of wind
power energy output by compensating the fluctuation power. It means the
output energy will be emitted or absorbed by electrical energy storage (EES)
whenever it is either insufficient or superfluous, respectively.

Among various kinds of EES, Superconducting magnetic energy storage
(SMES) is widely used nowadays since it can quickly charge and discharge
high density energy. It also has a very profitable performance to compensate
the output energy fluctuation because of surpassing charging and discharging
characteristics. However, the current variation of superconducting magnet,
which is generated during charging and discharging period, will provoke
electromagnetic losses. These losses is composed by the two main losses:
magnetization loss within superconducting wire and eddy current loss in the
surrounding metallic components. They finally lead to the heat disturbance
which 1s a decisive effect on SMES stability performance when SMES
operates in cryogenics condition. In this paper, the optimal design of HTS
magnet for 1IMJ] SMES system was carried out. The electric power output
fluctuation in wind farm was effectively improved by applying SMES system
application instead of conventional EESs. Moreover, the electromagnetic losses
in SMES were calculated in term of numerical analysis method with current
variation, and thermal characteristic of SMES was also analyzed by using 3D

finite—element analysis (3D FEA).
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GLOBAL ANNUAL INSTALLED WIND CAPACITY 1996-2013
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Fig. 2 Global annual installed and cumulative installed wind capacity
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Fig. 3 Critical surface of the superconductivity
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Table 1 Specifications of the 2G HTS wire

Specifications Value Comments
Conductor type REBCO
Width (%) 12 mm
Thickness (F7) 0.38 mm with insulation
Superconducting layer 1 pm
Critical current 300 A @77K, Self field
Critical Bend Diameter 11 mm




Copper Stabilizer

Silver Overlayer

(RE)BCO - HTS (epitaxial)

Buffer Stack

20 um
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b : Outer radius
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Fig. 11 Geometric parameters of the single pancake coil
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Fig. 12 Geometric parameters of the multiple pancake coil
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Shape ratio= a/f8

Fig. 13 Method for analyzing the inductance pattern of multiple pancake coil
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Fig. 14 Results of inductance pattern of multiple pancake coil
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Table 3 Maximum lorentz force density at each layer of the SMES magnet

F @ [M/m’] | F () [V/m’] | F (2 [Nm’]
Coil 1 0.95044 x<10° 0.24112 x10° 0.59433 > 10°
Coil 2 1.0502 <10’ 0.22966 <10’ 0.46181 x10°
Coil 3 1.0876 x<10° 0.26905 x10° 0.33977 x10°
Coil 4 1.1478 x10° 0.26642 x10° 0.22605 > 10°
Coil 5 1.1705 x10° 0.30922 x<10° 0.12045 x10°
Coil 6 1.1533 x10° 0.25972 x10° 0.12075 x10°
Coil 7 1.1361 x10° 0.24297 x10° 0.22626 < 10°
Coil 8 1.1 x10° 0.27455 x10° 0.33937 x10°
Coil 9 1.0409 x10° 0.27283 x 10’ 0.46118 x10°
Coil 10 0.9547 <10’ 0.23611 x10° 0.5968 <10’

(%]

39 AN B AFHALY TERAA AR fFsHgor dAW
SMES rhivle] AZAAGE = 14, WA wust @ s
Fig. 213} o] el 4 glow AA® SMES vhaule] H% AFe Table 4
s} e,

Cooling Plate

[wnu] zy

304.28 [mm]

Center Ring

Fig. 21 Conceptual design of the 1 MJ SMES magnet
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Table 4 Specifications of the 1 M]J class SMES

Parameters Model
Storage Energy [M]] 1
Operating temperature [K] 20
Inner radius [mm] 150

Outer radius [mm] 304.28
Number of turns per PC 406
Number of PCs 10
Gap between PCs [mml] 4
Operating current [A] 570
Inductance [H] 6.2
Maximum perpendicular field [T] 4.7
Height [mm] 164
Total length of HTS conductor [km] 5.7
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Table 5 Maximum magnetic flux density in the perpendicular direction

and the critical current density of each coil

Coil | Coail | Coil | Coil | Coil | Coil | Coil | Coil | Coil | Coil
1 2 3 4 5 6 7 8 9 10

[TL] 4441 | 3413 | 2510 | 1.675 | 0.889 | 0.897 | 1.678 | 2.511 | 3.409 | 4.444

J, 228.9 | 279.1 | 342.8 | 424.9 | 530.1 | 528.9 | 424.5 | 342.7 | 279.3 | 228.8
[A/m?] | x10° | x10%| x10% | x10° | x10° | x10° | x10% | <105 | x10° | x10°

Magneti
zation | 0.140 | 0.131 | 0.118 | 0.097 | 0.062 | 0.063 | 0.097 | 0.118 | 0.131 | 0.140
loss [W]
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J [A/m?]
8.0362e+00Y
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7.2835e+004
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8. 7812e+008

Fig. 32 Eddy current density distribution calculated at the center ring part

J[A/m?]
8. 85094004
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Fig. 33 Eddy current density distribution calculated at the cooling plate part
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J[A/m?]
4. 6717¢+085
4. 4684e +005
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3. 3264e+883

Fig. 34 Eddy current density distribution calculated at the conduction bar

Ohmic Loss [W/m?]

1.888%e+802
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2.6030e+001
1.9523e+601
1. 3815e+8681
6. 5876e+020
4. 2819e-087

Fig. 35 Ohmic loss distribution at adjacent parts of SMES magnet
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Table 6 Eddy current losses of each component parts

Center ring Cooling plate Conduction bar
[mW] [mW] [mW]
1 0.005866 0.04894 0.001514
2 0.006909 0.060909 0.001571
3 0.007738 0.070577 0.001597
4 0.008331 0.077742 0.001527
5 0.008665 0.082148 0.001574
6 0.00865 0.083735 0.001535
7 0.008384 0.0825 0.001588
8 0.007828 0.078265 0.001576
9 0.007024 0.071393 0.001577
10 0.006001 0.061888 0.001568
11 - 0.050149 -
Total 0.075396 0.768244 0.015628
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Eddy Current Loss [mW]

Fig. 36 Modeling to analysis the slitting effect

in the cooling plate
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Fig. 37 Comparison of total eddy current losses of adjacent parts of

SMES magnet with slit and non slit model
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