a-,,f _32Ji08--2Y
LA-UR -82-3437

LA=~UR==-§2-3437

DER3 002557

Los Alsmos Nanons! Laboretory is operated by ihe University of Califormia 101 the Unied Biates Depsnimeni of Energy under contrsct W-7405.ENG-38

TITLE FAULT=CURRENT LIMITER USING A SUPERCONDUCTING COIL

AUTHOR(S) H. .I. Boenig, Los Alar “nal Lahoratory, Los Alamos, NM

D. A. Paice, Westinghousc etric Corn. Rescarch % Development,
PLttshursh, PA

SUBMITTED YO Applled Superconductivity Conference, Knoxville, TN.
(November 30 = December 1, 1082)

-DISCTAMIER .

e MASTER

@y accoplanc.e of Ihi articie 1he publisher recognites het the U S Government retaine & noneacivaive *oyaity-free icense 1o publigh o! reproduce

e pubiished form Of this conlibution o' 1o allow othery 10 do so for UBS Government purposes

The Los Alamos Netwone! Laboraiory 1equests 1hat (he publisher idenify his 8riitie as work performed under (he auspices of the U § Densnmen~to! Engg
‘g

LOS A0S Losaamos National Laboratory

MY st mmmn s -



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


FAULT~CURRENT LIMITER USING A SUPERCONDUCTING COIL*
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Abstract
solid-ptate ac switch, are described. In a companion
A novel circuit, consisting of solid-state diodes paper an ecouomic evaluation of all components of the
and a biased superconducting coil, for limiting the FCL are presented in form of a parameter study that
fault currents in three-phase ac systems is presented, includes the superconducting coil design."
A modification of the basic circult results 1in a

solid-state ac breaker with current-=limiting Ffeatures. Solid-State Fault Current Limiter
The operating characteristics of the fault=current
limiter and the ac breaker are analyzed. An The solid-state fault current limiter uses, as
optimization procedure for slzing the superconducting shown in Fig. 1, a diode bridge D] to D4, and a biased
coil is derived, superconducting coil, L, a8 a switched impedance in
each phase of a three phane system. A circul! hreaker,
Introduction CB, 1is installed in series with the FCL and interrupts

the reduced faulr current. The bias voltage supply,

Continued growth of electrical power generation Y., that can be implemented as a full wave controlled

and transmission systems has resulted in higher levels Graetz bridge, provides the coil bias current, {,. The
of available fault currents and correspondingly greater amplitude of the bias voltage 1s just high enough to
demands  on  system protective components. The prublem overcome the voltage drop of a pair of diode strings,
assoclated with 1increased fault currents may be DI and D4 or D2 and D3. The coil blaa current, {,, i8
attacked {u the following ways: (1) develop higher adjusted to a value I, during normal, non-faulted
interruption rating eircuit breakers and retrofit operation of the transmission line. The value 1_ i8
exlsting substations with higher rating chosen to be higher than the peak amplitude of the ?Ine
breakers; (2) restructure the power system to reduce current, to allow overloading of tihe llne. As
avallable fault currents; or (1) inmert current long as tho Tfne current at any time 1is semaller Lhan
limiting devices {n the &ystems that 1limit faulr the blas current, Tor the diode bridge I8 always
currents Lo levels compatible with existing installed conducting and, other than for the small forwvard
protective devices. Because the first approach hasy  voltage drop impedance of the dlcde atrings DI to D4,
been recopnized as  being very costly and the second doers not preseat any impedance to the current flow of
approach ellminates the desirable advantages associated the line current. Figure 2 depicts the current-time
with tightly Interconnected genceratlion and .ransmigsfon relationship over one 60 Iz cycle for the coll and line
net works, emphasis has been placed +p swearching for a  current and for the different dlode currents,s For hoth
current IimltIng device that in economically positive and negnative half perfods of the line current,
compotitive with the alternatlve of clrcult breaker the diode currents are positive and therefore the
replacement and {8 compatlble with present power system  dlodes are conducting as long as the blaw current, 1

L]
destpgn phflosophy and operating practice. During the {n  larger than the peak amplitude of the llne A'urrl-n‘l),
lant few years, a nunher of  programs  have been lmnl'
sponsored to investigate varloun technlques ana devives
applleable to Hmlt fault currentn in power wydtems.! I the case of a Hne fault, as Indleated by a

dashed arrow In Flg, 1, the line current increanes In
The ditterent proposed Hehemen for a Tault current amplitude until {t  reachen the value T . At that

Himiter  (FCL) ecn~ be clannified nar  nwitched o fnutant  one pafr of diade atrings, DI and D! or DY and
non=swltehed  devices.? The major  effort  In KO, D4, becomen reverned bilawed and ceasen to o conduct,
development haw concentrated on wwltched devices, in When one palr of diode wtringsn goed Into the blocking
which the current {n commutated very rapldly by « wtate, the Inductance, L, I8 automat{cally wwitched

switehlng dovice from a logd fmpedance maln path (o« fato  the ac ctrealt and Timita the rate ot {acreane of
high Ampedance  parallel  path. The advantage of a the fault current. By making the (nductanee, 1, much
nmwltehed POL oI 11w low  wystem lown during normal proater  than the  ac nvntem souroe lmpedancs, a very
nperat lon, A mafor disadesntage of a nwttched FCL 1w Rlow nereane of fault carreat can be obtained. The
the contral complestty ot uynchronlzed operation  of
sequent fal swltehlog devienn. In additfon, the o
switching procesy requtresn a0 tinite  amount  of  time ipa
durdng  which  the tault current (n oonly Hmited by the i
nyutem fmpedance, L Da
L
Keceut by wountgue FEL method wan proposed.!  Thin .
method  takes  advantapge  of high power waperconduct tng vb o2
and ot td ntate technolopgy and  offern conalderable ' iny LOAD

agvantapes dn wimplicity over the previounly proponel
methodus In thin paper only the  electrical  operat Log
chaoracterinttea ot the novel  FCL cireult and of oue
waltd featton aof  the bante  cfreutty renulting in w

»
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Fig. 1. SNlogle ' Tid=ntat pere '
Manurne) ||.| vecelved Novemln |||' ton. R wngle phane, no d-nlnte, L1} |wl(nm|lu|ll|“

fault currenl lT{wmitor,
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Fig. 2. Steady atate currents  of solld-state,

superconducting fault current limiter.

coll cannot limit the current
indefinitely. Therefore, the clrcuit breaker must be
opened to 1limit the current within a rcasonable time,
In the order of one or two cycles, depending upon the
mechanics of the breaker design. Operation of the FCL
is ent!rely autumatic without the need for mensing and

superconduct ing

control, In add{tion, the fault current {8 limited In
the [filrat half cycle. A Rsuperconducting cofl Ia
Relected over a normal  coll  to minlmize the wystem

lowses.  Flgure 3 shows the current-time dependency for
varfous circult currents for a fault cendition. For
s'mplicity, the assumption 18 made that the fault
occurs  at the zere crossing of the load currenr. The

driving voltage, i, for the coil current 1Ins a
recvifled sine wiave voltage, Therefore, the cofl
currenl Inereades from the [nltial T, value according
to the equatfon
Vv
il. - on -m—"-k il ~ CON hl‘)' (‘)
wl,

(nttinl value after the ath half
the peak amplitude ol the phane voltage,

with | the period
on

] v
1l K

Soltd-State A Switeh

A modilication ot the hanle
syppedted, that vesultas In on o polid~utate ne breanker
Wwith current Himiting (eatures.” By replacing the
diedes of  the ¥CL elrenit by controlled devices, much
an thyriatorn v willeon controlled rect if lors (SCRn),
In crveated that line current to
e n abier a llpe with the dlode
el salty the  SCR requiver control logle for
L Ing of the fanly
clvenit,

Holld-ntate FCL wan

ean reduce Lhe
faull,

clrenlt
SCRe and  a

a devien
Compared

he thvrdutor  clrealt bhehiaven
diode clrcult
Intt cally ull
o be pited
AMiler the

Ident leally to the
Lime of operal ton,
the four nlvingn have
antmdt meounly  te eptabliuh 0 curvent,
Inttial pate pulne, un other gate pulnen are
becaune the SCRe are conduet Tag. Mier the
ocewrrence of  the fault, when one palr of thyirintorn
sirlugn conder o comduct the carrent ;. the SCR chiealt
hag  the  addit{onal alltowlap phane delay

durtfng the non tanlt
the thyrintars ol

feature ol
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INSTANT OF FAULT OCCURRENCE

Fig. 3. Currents and voltages In superconduct Ing,
current limiter durlng fault coudftionu.
action. By delaylog the gate puldes of alwiys two sets

of SCR mtrings, n uepatlve voltage can be applled

acrosd  the coll, thue reducing the . 1 and line
current to zero.o  In the worst case, the taalt  current
decrenses from  1te maximum value af ter one hall ceyele
(8.9Y ms). That time {4 the maximum necensary  with

proper control to delay  the  phane angle ol the
thyristors. Becanne the qoltd=state wwitceh acts Tike o
half cycle breaker, a smaller nuperconduct bng coll and
n lower vvercurreat rating of  the nolld=-ptate  power

devices arve regquired compared with the dtode cfrealt,

The clreult
nhown 1n Fig. 4.

behavior of the rkolid-ntate nwlteh [u
The asnamption e agaln made that the
fault  oceurn at the zevo crownbng of the line voltage,
During the fiIrat  hall  cyele atter the faunlt, the
peultlive halt cyele of the Hne voltage ta Amprenned on
the gupercondurt ing coll and the coll and tine correantn
Inerease 1o the name way an In the diode clrealt, e
holt eyele alter the fault ocearvence, the pgate T iring
pulnen are delayed to the {ave nlon ond ntop ot about
100", The negative halt  eyele of  the line  voltape
appean acronn the coll, thue torelng the coll current

to devreane. By firing  the lhxrlulnru at the  jate
commutat ton level  of about 160", the Hne cwrtent can
be reducnd to rero o leasn than two evelen, An wlth
the diode ctvealt, the ac netteh Ttmtte the fault

Lrow the moment  the tauly
than the coll hlan curteat hy
Into the chivalt, nwiteh
teducen the cuttent 1o zevo, an tpexpenndve doconnect
that opeun when the catrent o zeto,  can be
place ol Wreaket,

cut ront
lacger

cartent  hecomen

fnnerting o Tape
tmpedance ) 1., Hecaune the ae
wned I
an expeantve clred
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INSTANT OF FAULT OCCURRENCE
Flg« 4. Currents and voltages in
current  limiter and ac
conditions,

Aauperconduct ing
Awltch during fault

Coll Slze Optimization

A optimal coll 8lze muct bhe determined to design
an vceonomieal  superconduct lng  FCL. The price of a
wuperconduct lng coll  ta, te a first approximatton,
proportional  to the peak stored magnetice encrgy. 11 a
very wmall induetance ‘s chosen for the 10°L efreult,
the coll  current  would f{nereane to a very high value
during a fault unt 1l the breaker opons. Thisn would
lead ta a high value of magnetie enerpgy and to an
expennlve coll, A very large  fnductasee would  1imit
the fault current to n telatively low value; however,
the magnet e enerpy I8 still large.  Retweon theae  two
extremen a coll fnductance can be choden that vesultn

fo the nmallent stored eprrgy. To minlmtese  the  coll
price, the maxkbmum magnecte cnergy of the coll W
] .
- /7 .
wnmx ' Lot lman® )
hnn ta mintmized, The current, 1 - In the maximim
vartent Iy the eoll that ocenrn at hreaker opening time

Tar the FCL or, In the worat
after Taall occurrvrenee (ot

vane, at one hall cyceie
the ae pwltehe The  current
two componentn, the hian curvent, 1

I,n'nx o'
And the carrent fncreane, nAl, cauned by the Tioe
voltage, v = Vian aln wl, tmprenned for o hatt cyelen
on the coll;

Illm'”‘ - In I nAl (@)

Durfng oo halt
amouat

cyele the caoll curtent increanen hy 1 he

v

ar- 28T (%)
L 2
with the sinusoida. voltage averaged over one half
cycle z.
2v
max
Vavg = (5
L]
and the period, T, of the sine weve. Inserting

equation (4) into (3) and equation (3) in turn into (2)
regulcs in
v v .2 T2
LIZ+ I n ave . n? _Av8 | (6)
2 8L

W=
m 2

The valuc I, 18 determined by the current value to be
limited and is not a parameter. The magnetlc energy is
a function of the inductance, L. Differentiating Hm
with respect to L results in

2 2 12
n“ Vv T
Qum  lpa 7 ave ("
o 2
dL 2 8L
The magnetic energy ham 1its minimum for the coll
inductance
oV T
- avg
L= — (8)
21,
Note that the inductance for a coll with the amallest

stored energy 1is only propor:iional to the nunber of
half cycles of breaker opening timo. Ry c'oosing an
fnductance according to Eq. (8), the breaker current at
opening time, which is identical to the maximum coll
current, iR alwayu 21 . Thia repredents vary effective
current lfmftfng. The fault current (8 only about
1/30ih of the maximum fault current that could occur
without <he Iimfter In the elrcule, The above
derivation shows that the optimal coll for an ac awitch
(n = 1) {8 onc half or one fourth the slze of the coll
for the dliode FCL clrcult, depending on the respectlve
use of a one cycle (n=2) or wo cycle (n = 4)
breaker. Plotting of the magnetle energy as n functlon
of optimum {nductin-e with 1 as the parameter glven o
wet of curves Tor Hets of ¥ v and 1 - values with
whallow minima. Moviat lon uP Ky 20% from the
theoretfeal optiamum results in only a wmall [0 reane of
Atored magneti: energy and coll cont.
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