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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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Introduction

Recently, the structure and characteristics

superconducting coaxial

of three-phase multi-layer high-temperature
(TPMHTSC) cables
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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

before installation according to the impedance

cable itself basically requires

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
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 229 kV, 60 MVA,

which is equivalent to the actual distribution

cable can be modelled and

cable specification for the Korean system.
The transient state of the TPMHTSC cable is
modelled by creating

PSCAD/EMTDC based on
thermal characteristics. As a result, when a
fault occurred in the TPMHTSC cable, most
of the fault current was bypassed through the

components in
electrical and

former layers and the overall temperature of
the cable rose up to about 8 K. After the
fault i1s cleared, the cable returns to its

state. The of this
confirm the reliability of the fault current
bypass of the TPMHTSC cable and can be
used effectively in a real system application

normal results study

in the future.

2. Modeling of a TPMHTSC Cable in
PSCAD/EMTDC

2.1 TPMHTSC Configuration

The TPMHTSC cable has
structure consisting of HTS wires

a multi-layer
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.

Copper Shield layer

Copper former layer

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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Table 1 Specifications of the TPMHTSC Cable

Items Values
Voltage/capacity 229 kV/ 60 MVA

Rated current 2200 A

Cable length 1 km

Table 2 Pitch Length of the TPMHTSC Cable

Values
ltems Pitch length [mm]

Phase Conducting layer 300 / 460

A Former layer 280 / 380 / 380 / 470
Phase Conducting layer 550

B Former layer 450 / 470
Phase Conducting layer 510

C Former layer 600
Shield  Shield layer 580

2004). Fig. 3 depicts the simulation model
applied to a 1 km TPMHTSC cable of 229
kV/60 MVA class.
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Fig. 2 Design Process for the TPMHTSC Cable

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.

TPMHTSC cable receives the operating current

The component of the

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,

P = (MW) 9-layer HTS cable component
Unb = (%) /
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Fig. 3 Configuration of the TPMHTSC Cable in
PSCAD/EMTDC
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Fig. 4 The Physical Structure of the Homogeneous
Substitute of the YBCO Tape

Fig. 4 shows the two-dimensional structure
of the The

homogeneous thermal and electrical parameters

thermal  model. equivalent

of the top and bottom layers of YBCO wire are
calculated as follows:

_adity T oedgty + oo Fedyt,

= (1)
dity +dyty + -+ dt,
kit + koty + -+ + kot
A @
dit, + doty + - +d,t,
A ] ®
. = oty T ooty + - +o,t, n
“a tyF ity + e+t
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where C,, k;, d;, 0;,, and t; denote the heat

capacity, thermal conductivity, mass density,
electrical conductivity, and thickness of each
C,k,.d

layer, respectively; g Kegr degr 0., 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:
dT
dlcpi(T)E = Q(T) — Qpyo (T) 5)

where, d;, C,,(7), Q(T), and Q.. (T) are

mass density, heat capacity, heat generated in
the conductor, cryogenic cooling

(Zhang et al., 2018)

power.

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
TPMHTSC
unbalanced, even though the 3-phase fault is

current of  the cable s
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

Current (kA)

Time (ms)

Fig. 5 Simulation Results under Fault Condition
of TPMHTSC Cable (current)
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Fig. 6 Simulation Results under Fault Condition
of TPMHTSC Cable (temperature)

the conducting layers are increased due to the
When  this
resistance is higher than the resistance of each

superconducting  characteristic.

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
results in the
simulation can be changed by the variables

bypass. The obtained here
such as the number of wires, materials of
conducting layers and formers, pitch length, etc.
of the TPMHTSC cable.
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4. Conclusion

In this paper, a 229 kV/60 MVA class
TPMHTSC

components  of

cable was modeled using the
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

applications of TPMHTSC cables.

system
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