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1. Introduction

Recently, the structure and characteristics

of three-phase multi-layer high-temperature

superconducting coaxial (TPMHTSC) cables

PSCAD/EMTDC를 이용한 3 상 다층 고온 초전도
케이블의 모델링 및 과도 해석+  

(Modelling and Transient Analysis of a 3-Phase Multi-Layer
HTS Coaxial Cable using PSCAD/EMTDC)

이 준 엽1), 이 석 주2), 박 민 원3)*

(Jun-Yeop Lee, Seok-Ju Lee, and Minwon Park)

요 약 3상 다층 고온 초전도 동축 케이블은 초전도 선재 사용량의 감소 및 케이블의 소형화와 같

은 이점 때문에 활발히 연구되고 있다. 3상 다층 고온 초전도 동축 케이블의 전기적 특성은 기존 초
전도 케이블과 차이를 가지므로 실제 시스템에 적용하기 위해 충분한 분석이 필요하다. 본 논문에서

는 PSCAD/EMTDC 기반 시뮬레이션을 통하여 22.9 kV, 60 MVA급 3상 다층 고온 초전도 동축 케이

블을 모델링하고 과도 특성을 분석하였다. 결과적으로 3상 다층 고온 초전도 동축 케이블에서 고장전
류가 발생하면 대부분의 고장전류가 구리 포머층을 통해 우회한다. 이때, 케이블 전체 온도는 약 5 K

증가하였다. 본 논문을 통해 3상 다층 고온 초전도 동축 케이블의 과도 상태에 대한 신뢰성을 확인할

수 있으며 향후 케이블의 실 계통 적용에 도움이 될 수 있다.

핵심주제어: 전력 케이블, 고온 초전도, 초전도 전력 케이블

Abstract Three-phase multi-layer high temperature superconducting coaxial (TPMHTSC) cable

is being actively studied due to advantages such as the reduction of the amount of

superconducting wire usage and the miniaturization of the cable. The electrical characteristics of
TPMHTSC cables differ from those of conventional superconducting cables, so sufficient analysis

is required to apply them to the actual system. In this paper, the authors modeled 22.9 kV, 60

MVA TPMHTSC cable and analyzed the transient characteristics using a PSCAD/EMTDC-based
simulation. As a result, when a fault current flows in TPMHTSC cable, most of the fault current

is bypassed through the copper former layers. At this time, the total cable temperature increased

by about 5 K. Through this study, we can verify the reliability of the TPMHTSC cable against
the transient state, and it can be helpful for the practical application of the cable in the future
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have been actively researched to maximize

the advantages such as reduction of

superconducting wires and miniaturization

compared to other types of HTS cable. The

TPMHTSC cable has a multi-layer coaxial

structure, and the formers made of copper

located at the cable center and at each

conducting layer serve as a pathway to

bypass the fault current (Lee, 2019).

The analysis of the transient state of the

TPMHTSC cable itself basically requires

before installation according to the impedance

level of the cable which is dramatically

changed in the case of quench at fault

conditons, and the level of fault current will

consequently be saturated on a certain value.

The saturated current value is decided by

the condition of power system and the

characteristics of the HTS tape wound as a

HTS cable core. This requires a computer

simulation, but currently there are no

appropriate tools available to simulate the

TPMHTSC cable, so as an alternative, the

TPMHTSC cable can be modelled and

transient characteristics can be analyzed using

PSCAD/EMTDC (Hamajima et al., 2005; Bang

et al., 2007; Kim et al., 2009; Ha et al., 2012).

In this paper, we modelled the TPMHTSC

cable using PSCAD/EMTDC and analyzed the

transient characteristics. The specifications of

the TPMHTSC cable are 22.9 kV, 60 MVA,

which is equivalent to the actual distribution

cable specification for the Korean system.

The transient state of the TPMHTSC cable is

modelled by creating components in

PSCAD/EMTDC based on electrical and

thermal characteristics. As a result, when a

fault occurred in the TPMHTSC cable, most

of the fault current was bypassed through the

former layers and the overall temperature of

the cable rose up to about 8 K. After the

fault is cleared, the cable returns to its

normal state. The results of this study

confirm the reliability of the fault current

bypass of the TPMHTSC cable and can be

used effectively in a real system application

in the future.

2. Modeling of a TPMHTSC Cable in
PSCAD/EMTDC

2.1 TPMHTSC Configuration

The TPMHTSC cable has a multi-layer

structure consisting of HTS wires twisted

clockwise and counter-clockwise along the same

axis. Between the layers of the cable is filled

with insulator material and there is a shield

layer outside the conducting layer. The structure

of the TPMHTSC cable is shown in Fig. 1.

Fig. 1 Structure of the TPMHTSC Cable

Table 1 and 2 show the obtained parameters

through the process in Fig. 2.

2.2 Simulation Model of the TPMHTSC

Cable in PSCAD/EMTDC

The components of PSCAD/EMTDC consist

of a graphic tap, a parameter tap, and a script

tap. The graphic tap is where the inputs and
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the outputs of the circuit are assigned. The

parameters tap allows the datasheet to receive

input parameters from the user. The script tap

calculates and performs orders, and uses

FORTRAN language. The component of the

TPMHTSC cable receives the operating current

and temperature. It also receives the parameters

such as the critical current, length, radii, and

pitches of the cable from the user. Next the

resistance, inductance and capacitance of the

HTS wire determined by the shape of cable are

calculated using the characteristic equation (Kiss

et al., 1999; Kelley et al., 2001; Park et al.,

2004). Fig. 3 depicts the simulation model

applied to a 1 km TPMHTSC cable of 22.9

kV/60 MVA class.

Fig. 3 Configuration of the TPMHTSC Cable in

PSCAD/EMTDC

Fig. 4 The Physical Structure of the Homogeneous

Substitute of the YBCO Tape

Fig. 4 shows the two-dimensional structure

of the thermal model. The equivalent

homogeneous thermal and electrical parameters

of the top and bottom layers of YBCO wire are

calculated as follows:

    ⋯  

    ⋯  

     ⋯  

    ⋯  

     ⋯  

    ⋯  

     ⋯  

    ⋯  

(1)

(2)

(3)

(4)

Items Values

Voltage/capacity 22.9 kV/ 60 MVA

Rated current 2200 A

Cable length 1 km

Table 1 Specifications of the TPMHTSC Cable

Items
Values

Pitch length [mm]

Phase

A

Conducting layer 300 / 460
Former layer 280 / 380 / 380 / 470

Phase

B

Conducting layer 550
Former layer 450 / 470

Phase

C

Conducting layer 510
Former layer 600

Shield Shield layer 580

Table 2 Pitch Length of the TPMHTSC Cable

Fig. 2 Design Process for the TPMHTSC Cable
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where    , and  denote the heat

capacity, thermal conductivity, mass density,

electrical conductivity, and thickness of each

layer, respectively;     are the

equivalent heat capacity, thermal conductivity,

mass density, and electrical conductivity of

the top or bottom homogenization layer.

The thermal model equation of a

TPMHTSC cable can be expressed as

follows:

where, ,  , , and   are

mass density, heat capacity, heat generated in

the conductor, cryogenic cooling power.

(Zhang et al., 2018)

3. Simulation and the results

A 3-phase fault initiated at 0.5 sec and

lasted for 0.05 sec. Fig. 5 and 6 show the

current and temperature graphs characteristics

of the TPMHTSC cable under the 3-phase

fault In Fig. 5, all the phase currents are

balanced.

When the fault occurs at 0.5 sec, the fault

current of the TPMHTSC cable is

unbalanced, even though the 3-phase fault is

a balanced fault. Since the resistance of each

layer of the TPMHTSC cable has different

values for reasons of material and number of

wires, each phase under the fault condition is

affected by the different critical currents of

each phase and the inherent imbalance status.

The TPMHTSC cable temperature distribution

is also closely related to resistance. As shown

in Fig. 6, when a fault occurs and an

overcurrent flows through the HTS conducting

layers of the TPMHTSC cable, the resistance of

the conducting layers are increased due to the

superconducting characteristic. When this

resistance is higher than the resistance of each

former layer, the fault current on each

TPMHTSC cable is bypassed through the

former layers. The total temperature of the

cable rose up to about 8 K and the highest

temperature rise occurred in the former layer of

phase B, the main passage of the fault current

bypass. The results obtained here in the

simulation can be changed by the variables

such as the number of wires, materials of

conducting layers and formers, pitch length, etc.

of the TPMHTSC cable.

 

     (5)

Fig. 5 Simulation Results under Fault Condition

of TPMHTSC Cable (current)

Fig. 6 Simulation Results under Fault Condition

of TPMHTSC Cable (temperature)
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4. Conclusion

In this paper, a 22.9 kV/60 MVA class

TPMHTSC cable was modeled using the

components of PSCAD/EMTDC and the

transient states for a 3-phase short circuit

fault were analyzed. If a fault occurs, the fault

current is bypassed through the copper

formers on each side of the TPMHTSC cable

and the cable returned to the normal state

after the fault clearing. From the simulation

results, the current and temperature

characteristics of each phase of the

TPMHTSC cable can be identified and the

fault current limiting capability and the current

imbalance pattern can be estimated due to the

resistance variations. These results can be

effectively used for future power system

applications of TPMHTSC cables.
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