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The Effects of Harmonic Current in the Operating Characteristics of High
Temperature Superconducting Cable

O OEE R ET R R AT
(Geun-Joon LEE - Jong-Bae LEE - Si-Dole Hwang - Song-Ho Sohn)

Abstract - This paper suggests the harmonic effects on HTS(High Temperature Superconducting) power cable. HTS
cable is regarded as not only one of the important countermeasure to supply high density power demand area, but also
one of countermeasures greenhouse technology. However, with the development of digital society, the distribution line
power is much contaminated with harmonics generated by various power electronic equipments. This paper describes
how the HTS cable responds to the harmonic and increases AC losses caused by hysteresis phenomenon. EMTDC based
harmonic simulation results are compared with AC loss measured values.
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Fig. 1 HTS cable system mimetic diagram
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Table 1 Cable system rating

Item Specification
Rated current 1250 A
Rated voltage 229 kv
Length 100 m
Cable type Three phase in one cryostat

Installation bending

27°
angle

Termination type Three phase in one cryostat

Cold dielectric

Dielectric
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Fig. 2 Structures of HTS cable

2066

E:d 2 £ME #Holg 7Y
Table 2 HTS cable specifications

Item Specification

Former Stranded copper

Conductor Bi-2223, 2 layer

Shield layer Bi-2223, 1 layer

Electrical insulation PPLP, 45 mm

Cable core diameter 35 mm

Superconductor/shield Bi-2223 tape

. . 1 ted pipe,
Thermal insulation Double corrugated pipe

MLI, Vacuum
Oversheath PE
Cable outer diameter 130 mm
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Table 3 electrical & mechanical characteristic of HTS cable

Mechanical ch. : High strength type
HTS Tape Bi2223
qualities Matrix Ag-Alloy
insulation NS
Ag ratio 2.2
width 4.1lmm
measurement thickness 0.22m
length 10m
Ic 90 A
HTS ch. Je 10kA/cm?2
CI‘lth.El] bending ® 50mm
. diameter
mechanical — -
intensity critical tensile 170MPa@RT
strength
normal value 230MPa@77K




Electrical characteristic

Capacity [MVA] 50
Rating voltage [kV] 22.9
Rating current [kA] 1250
Critical current [kA] 1800
R [Q/km] 0

L [mH/km] 0.11
C [uF/km] 0.32
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Table 4 Thermal loss of HTS cable [W]

Heat loss O[A] |600[A]|1000[A1|1150[AT|1250[A]
cable system 1180 | 1430 | 1860 | 2080 | 2310
cable 220 | 325 570 715 840

North Terminal | 250 | 320 425 470 530

South Terminal | 240 | 315 400 400 447

5 EHE AolEe wREMHLU W

Table 5 AC loss of HTS cable (W]

Heat loss O[A] | 600[A] | 1000[A]|1150[A]| 1250{A]
cable system 0 250 630 900 1130
105 350 495 620
70 175 220 280
75 160 160 207

cable
North Terminal

South Terminal
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Fig. 3 Harmonic current
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Table 6 HTS cable line constant
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Fig. 5 Hysteresis loss when increment harmonic current
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Table 8 Simulation item summary
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Table 9 AC loss of HTS cable with harmonic current [W]
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Fig. 6 Loss increment rate of Each component with
increment harmonic rate when rating current
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