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Influences of Superconducting Fault Current
Limiter (SFCL) on Superconducting Generator in
One-Machine Double-Line System

Itsuya Muta Member, IEEETakeyuki Doshita, Taketsune Nakamura, Toshiaki Egi, and Tsutomu Hoshino

Abstract—Analysis of superconducting generator in single
machine double-line infinite-bus transmission system equipped
with SFCL's has been performed by use of EMTDC/PSCAD.
When some faults occur in one transmission line, the SFCL in the
fault line operates and then the peak fault current can be limited
to expected value by use of a function of the SFCL. However,
in some cases, the SFCL in the other sound line has been also
proved to occasionally operate due to the interaction through each
transmission line. Problems due to an installation of the SFCL's
in such a model system and the influences on the superconducting _ ) ) o )
generator have been pointed out by simulation analysis. Fig. 1. Single-machine double-line infinite bus system with SFCL.

Index Terms—Author, please supply your own keywords or send
a blank e-mail to keywords@ieee.org to receive a list of suggested  This paper describes the EMTDC (TM) (which is a general
keywords. purpose time domain simulation program for simulating power
systems transients and its control)/PSCAD (TM) (which is a
multipurpose graphical user interface capable of supporting a
variety of power system simulation programs) simulation re-
S IS well known, R&D on various kinds of superconsyits in terms of SFCLs’ influences on a 200 MW class SCG and
ducting fault current limiters (SFCL's) [1]-{3] is going their interactions, which are installed in single-machine double-
on worldwide for the purpose to enhance the stability and rgower transmission infinite-bus system. Referring to the basic
liability of highly sophisticated electric power networks. Also @nodeling of the SFCL's in [7], [11], resistive and inductive types
location problem of superconducting AC generators (SCG) wiltiere considered under various fault conditions in the above
intrinsically high performances has been proposed to cope wWibwer system, in which a double line is assumed to have the
earth environmental problems toward reduction of;Gfnis- same specification of the SFCL's. Here are presented the simu-
sion. National R&D project on SCG in Japan has been goimgted results during fault clearing time of only a single line and
on toward 600 MW class pilot machine, after successfully fifust after opening the fault line by circuit breaker connected in
ishing the 12-years first stage 70 MW class model machine [4dries with the SFCL. Transients in the SCG designed strongly
and operating in an actual power grid [5]. Most recently, R&[3n SFCLs’ parameters. For example, it will be shown that inter-
on 100 MVA class highFc superconducting generator has beegction between SFCL's is very important and SFCLs’ specifi-
announced in USA [6]. cations must be individually adjusted to prevent interactions of

On the other hand, the location and specifications of tlFCL’s, and optimal design of the SCG must be modified again.
SFCL's have been investigated. Their installation selection

problems are of the most importance in order to decide spec- Il. SIMULATION SYSTEM MODEL
ifications of the SFCL's. Locations to install in main power
transmission lines, bank link lines and/or distribution powdt Power System Model
networks, etc has been considered [7]-[11]. However, thereA simulation system model consists of SCG, step-up trans-
following were not investigated: influences of the SFCL's oformer, two 100 km parallel transmission line with circuit
alternators and interactions between the SFCL's in electiiceaker, SFCL and infinite bus, is shown in Fig. 1. In the steady
power networks. state, the rated power (active powey; = 0.8 pu and reactive
power @y = 0.6 pu) is assumed to flow through parallel
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by Isahaya-Denshi Industry Inc. in line-1 of parallel lines for a fault clearing time of 0.05 s
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Fig. 2. Control block diagram of the SCG. (a) GOV block diagram. (@) (b)

(b) AVR-Exciter block diagram. Fig. 4. Armature current waveform of SC@'{ = 1 ms,I, = 3 pu).

(@ Rs = 0.pu. (b)Rs = 1.0 pu.
70)
Zs delay time to initiate S/N transition. When fault currents rise up
to the expected valuk,, S/N transition of the SFCL's is initiated

to yield the impedancé ().

inductance

IIl. SIMULATION RESULTS

Even in the case of symmetrical fault such as 3-phase ground
to t fault, since an initiation of S/N transition for each phase is
different, transients in phase current should be noted to be
unsymmetrical. The transient peak value of each phase current
occasionally happens to be larger than the expected quench
B. Superconducting Generator (SCG) value 1,.

Toward the central part of the SCG, the general structure of . .
SCG consists of magnetic shield, air-cored armature windiﬁg, Introduction of Resistive Type of SFCL (R-SFCL)
warm damper shield, cold damper/thermal radiation shield, su-In the case of a resistive SFCL's (R-SFCL), 3-phase ground
perconducting field winding inside cryogenic vessel, and torqidi@ult was first simulated, focusing on each line current and SCG
tubes supporting the field winding. In order to control activelynamic performances while changiftg. such as 0.0, 0.1, and
reactive powers and frequency, the SCG is equipped with thd® pu and keepin@s = 1.0 ms and/, = 3.0 pu (case 1). Sec-
simplified speed governor system (GOX;, = 20 Js,7, = ondly, while changind’s = 1.0, 10.0, and 50.0 ms and keeping
0.3 s) and the automatic voltage regulator (AVR; = 20, T;, Rs = 1.0puandl, = 3.0 pu (case 2), the same simulation was
= 0.05 s andK,. = 1.0 Wb for PSS introduced a feedbackcarried out. Furthermore, while changidg = 1.0, 3.0, and
input power signal ofA P) with nontraditional (low-voltage, 5.0 pu and keepin®s = 1.0 pu andls = 1.0 ms (case 3), the

Fig. 3. Time variant impedance model of SFCL.

high-current) voltage source as shown in Fig. 2. same simulation was done as shown in Table I.
First of all, forTs = 1.0 ms andl, = 3.0 pu (case 1), tran-
C. SFCL Model sients in armature currents of the SCG dependetitoand the

Two superconducting state to normal conducting state (S/ ults are shown in Fig. 4. Itsho_uld be noted t_hat I_arge value of
transition type of SFCL's which have same characteristics wefe SUPPresses peak current during fault clearing time and tran-
applied to parallel transmission lines as shown in Fig. 1. In thi€Nt currents’ variations after clearing time are also moderate.
paper, no normal state to superconducting state (N/S) recovEHg- 5 show transients in transmission lines currents. The intro-
of the SFCL during fault clearing time 0.05 s is assumed gyctlon pf R-SFCL's generally tend to reduce current transients
appear. Fig. 3 shows the assumed SFCL model used in sirffboth Imes,lbut the interference between two lines occasion-
lation [11], providing for resistive and/or inductive functions@y happens in case of loR,. and even R-SFCL of the second

Impedance of SFCLs’ model is expressed by: (nonfaulf) line was activated. _
Next, while changind’s = 1.0, 50.0 ms and keepings =
Z(t) = Zs[1 — exp{—(t — ty)/Ts}] (1) 1.0 puandl, = 3.0 pu (case 2), transients of the armature cur-

rents and load angle variations is simulated. In caséd o=
whereTs is time constant to characterize the appearance of th@0 ms, the R-SFCL of the second (nonfault) line is found to
impedancet is delay time, andls = Rs + j Xs. Rs andXs turn to the normal state because there are terminal voltage rise
denote resistive and inductive types, respectiviglylenotes a and their currents arise beyodg = 3.0 pu. Fig. 6(a) and (b)
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Fig. 5. Line current waveformiI{s = 1 ms,I, = 3 pu). (a) line-1 current

waveform. (b) line-2 current waveform.
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Fig. 6. Field current waveform of SCG &s = 1 pu. (a)Ts = 1 ms, [, =

3pu. (b)Ts =50ms,I, =3 pu.(c)Ts =1ms,I, =1pu.(d)Ts =1ms,
I, =5 pu.

shows the field current variations of the SCG for casegqf
= 1.0, 50.0 msTs = 1.0 ms yields little variation.
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Fig. 7. Armature current waveform of SCG{¢ = 1 pu,Ts = 1 ms).
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Fig.8. Linecurrentwaveform¥s = 1pu,Ts = 1ms,I, = 5 pu). (a)line-1
current waveform. (b) line-2 current waveform.

B. Introduction of Inductive Type of SFCL (L-SFCL)

As parameters of inductive SFCL's (L-SFCL), thereXs
as well asT's and/, are used. The system performances, only
while changing/, = 5.0, 10.0 pu, and keepin§ s = 1.0 pu and
Ts = 1.0 ms are discussed. Fig. 7 illustrates the armature cur-
rent variations of the SCG. Transients are quite different from
those of R-SFCL. Fig. 8 shows the current transients in parallel
transmission line. It should be noted that, just like the case of
R-SFCL, L-SFCL'’s of the second (nonfault) transmission line
turn to normal state depending on selection of parameters in
L-SFCL's, large DC components in current transients appear, re-
sulting in poor damping. This DC components explained by the
difference of the time constak; + Xg)/R; of the L-SFCL
andX;/(R; + Rgs) of the R-SFCL.

C. Comparison of R-SFCL and L-SFCL

Introduction of both R- and L-SFCL's has been proved to
limit fault currents to the expected value by appropriate selec-
tion of parameters. However, it is as found interference between
SFCL's installed in parallel transmission lines occurred. For ex-
ample, R-SFCL's of the second (nonfault) line do not cause
S/N transition for case of larger than abdyt= 3.0 pu, while

As the last case, while changig= 1.0, 5.0 pu and keeping L-SFCL's cause S/N transition for case of smaller than about
Rs = 1.0 pu andTs = 1.0 ms (case 3), the armature currenf, = 8.0 pu. If moderate/, is desirable, then R-SFCL's have
transients are also simulated. In caséof 1.0 pu, the normal some advantages over L-SFCL's. In addition, R-SFCL'’s do not
state in R-SFCL's of the second (nonfault) transmission line ocause large disturbances in the SCG armature and the transmis-

curs during fault clearing time as well as changifg and7s.

sion line currents without large DC components during fault and

The field current variation of Fig. 6(c) and (d) also demonstrategter fault clearing time. On the contrary, in case of L-SFCL's,
SIN transition of R-SFCL's of the sound transmission line inurrent transients in the SCG armature and the transmission line
case off, = 1.0 pu. Fig. 4. Armature current waveform of SCGcurrents have very slow damping of large DC components, but

(Ts = 1ms,I, = 3 pu).

rapidly limiting AC components.
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This simulation study was done just for a simple power [2]
system model. Needless to say, case-by-case studies are much
required for the introduction and location selection of R- and 3]
L-SFCL's in various power networks.

IV. CONCLUSION [4]

In this paper, only a simple electric power system with
a superconducting generator has been investigated by using
EMTDC/PSCAD. SFCLs’' characteristics are modeled as|[s5]
exponentially time varying appearance of their impedances,
which can define R- and L-SFCL's respectively. 6

In case of R-SFCL’s, fault currents are greatly limited when
Rgs is large and thd’s is small, and transients inside the SCG [7]
are effectively limited. L-SFCL's are demonstrated to greatly re-
duce AC components of transient currents. For case of both type
of SFCL's, a selection of, is very important. When its value
is too large, current limiting capability is not enough. When its (!
value is too small, SFCL installed in the other (nonfault) power
line is shown to be activated occasionally. There is a high prob-[9]
ability that black-out may be extending over wide area of power
networks, due to interaction in connection with location selecy;
tion of SFCL's.
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