circuit interruption: breakers

distribution
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On the preceding page wae stressed the importance ol ade-

quate inlerrupling capacity in today's proteclive oquipmeni,

Now let's look ot some of the practices being followed by

powaer engineers in applying this equipment,

Primary Substation. Il @ main (ransformer broaker {in unit's

secondary leads} Is used in the simple-radial sysiem, over-

curront relaying ean be applied to 1rip thia breaker os bactup
protecilon tor plant primary-feeder breakers. Main job ol this
breoker, from system-protoction alandpoint, is 1o detec! and
isolate forulls on primary substation bus. Relaying lor breakors,
h or. must be d d with other p e devices in
system. Thermal overload protection for primary-substation
translormer can also control this breaker.

With modern unit-substation consiruction, hawever, it is now
general pracilce to eliminale the iranslormer breaker. This
can bo justified by the P and exireme reliability of
unit-lypes equipment, which makes poasibility of & primary-
subslation-bus lault remote, In large primary subsiations, pos-
sible use of bus and transf difl p ion should
be dored, Additional § provided must justily
premium paid. In some special cason, dilferential schemesa

bining 1 former and bus py ion can bo devised with
a saving in cost of proteclive leatures.

it the utillly sub-iransmission system supplying plant pri-
mary substation consisls of a single radial fine, no protection
ls ordinarily provided at subsiasion high-voliage terminals,
wilh possible exceplion of a high-voltage [use {n combination
with a awitch. In casos where other independent loads are
supplied over the same single radial line, howaver, the ulllity
may call ior an automatic swiiching devico, a citcuit breoker,
at primary-substation high-valtage terminals, This protecia
incoming line against outuge coused by laults in the indus-
trial-plan! system. Such a breaker Ia generally relayed by

ent unils, di d #o that it doesn’t trip for laults
that should be clearod by primary-feeder breukers or other
protacilve devicos in the industrial-plont system.

The high-voltage breaker cem provide backup protection |or
laults on the plant sysiem. and whera transtormer or bus dil-
lerenlial protociion is used, the breaker can be controlled by
the ditlerential relays.

TODAY'S ELECTRICAL PRACTICE

H Mainstay in most protection

s how circuit breakers are now being applied in primary and

plans, | °f
breaker keeps pace with growing dem:?:l: I' it
reliable protecti im downtime o
Industrial-piani breakers. on secondar
substation translormer and in secondaqr.
use air rather than oil in contact-breq|
In modern switchgear, individual breq
ters and ingiruments) are removable fo
can be done with equipment deenergi
The lew cycles needed lor breakers
protective relay to close contacts,
move plunger releasing breaker
nism, and opening conlacts to int
Short-circult current is maximu;
cycles because of dc component and peak cofitrihy
lion from motors on line, Thus,
lor short-circuit-current ratings of circujt b,
() momentary rating — ability to stand
stresses which are maximum during earl,
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When a high-voliage breaker is used in the pr(u{my sub.
station, there Is littte Justification for using a breaker in tramy.

former secondary leads. Protection normally supplied by A

Becendary Bubsiatlons, In simple.radial 8yslems, socondary

suba are protected in one of two ways. A maln breaker ran

be used botween stepdown translormor and secondary bus. g
It 80, breaker permits nol more than 2.5 times normal rate of .

current to the aubatation tranalormer, More usually, trip estting
of thia main broaker is closer to_rated current of iransformer,
common {tip setiing being 1.2 iimos rated current,

In the sscond case, the main breater is omiited, bul sum
of irip sellings of low-voltage loeder breakers is tese than 2.5
limes ratod translormer current Transiormer thermat over.
current pr can be lied by some !

NEC sets limita within which individual overcurrent protoc. |

tion on primary side ol secondary-subsiation translarmers can
bo omitted (1953 adition, Soction 4512). Basically, the Code
permils leaving out individual primary overcurent protection
when there is ad y overload p I
transformet. Also, when primary-fseder relaying can’ be said
to detect faults in low-voliage side of the translormer. Il you
interpret the Code lierally, (i permits connecting only § iden-

short-circuit currents theoretically
possible at varlous voliages

theft-elreult
onergy thart-cireai | amp pes phase
3-phasekve | 15,000v 2500 v @0y my
25,000 1000 SAm 31,000 7,00
50,00 2000 11,500 63,000 14,00
100,000 4000 .00 125,000 730,000
Hote: The abova sra calalated vahses impedance fat may

be mat i the typical plant system oa tecondadas of unit substalions
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b'gaevs to unit subs, use interrupter switches as an

o itches and
e en simple air-break swi
i 'bewamodem load-interrupter switches
rwhﬂ;nain need is switching. Where .lcsl
whore isn't required, where possible
i n be tolerated, combination inter-
ical alterna-
nd fuse serves as economica

ot W“‘;: :omplela service given by brea)fers.
.;:I:;:‘;;ial primary substations, typical uml's: are

‘ n
4 intorrupt 600 amp of load plus magnetizing

fise

i d means switch-

lo interrupt siation loas !
pn ‘: without mechanical and eleclnct;l
Some engi-

ing with secondary breakers. X
b ocbﬂ?'y combination interrupter switches anf.i
ams to give short-circuit protection for pri-
foeders and secondary transtormers, Fuses are
i d type.
igh-vellage boric-act ‘

Ih);nhggcm-nlem in large industrial plants, where
s distributed over a series of high-voltage

wer i

~ omical means of swilching under load.
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former impadanca is &% or less. |
!mm"m whzn llu"‘: b n 6% and 10%, W is permis-
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Y ibie fo connect only lhree transiormers ol like size to the
ul
‘mn primary leeder.

ile \he code roquirement is generally accepted bg./po::;

nginears today aa boing approximately COI;OC\ at 6% it
mer irapad the regulalion is

rz.ri:\?:‘:ll:’l other v.:lue- of impedance. In many cates lo::\ré
he oversimplification of tho Code rule Imposses an econ
panalty on the industrial-plant di-ldb'ullon aysiom, -
hecker Coordination. Protoction at léad poinis must c<l>o°c-
ate wilh breakers at supply ond or low-vollage .lda_o [t i
ondary substation, This coordination between pvalnc:,x'vo :"‘
menta depends moinly on thé low.voliage-loedar breal

"earrylng current 1o supply several branch leoders. Even though

ampere:-time characleristics of two dsvices have dissimilar

lectiva Itipping
have been worked up lo provide se
.o‘l:h:u'::'devlcam For example: A definlte time delay Is often

| t breaker at a
duced inlo ths of a I ltag X
high faull-current level o give branch-circuit device enough
limo 1o opon il lault s in branch.

It was licolly this probl that .
devel of moro dj ble sories-irip "
tor iov;-vollagt air breakers. Since their eniry inlo breoker
lield. it is usually easier to coordinate characteriatics,

Tripping characteristics of a breaker necossarily Ioml\ l:
band rather than a line. II's delined by o lowar umpou-;m
value below which the bregker w(ll reset and nol trip, and an

r value t time required for breaker
:‘op‘;.pen circult lor a given flow ol current. Usually, If a rak(lo
of 2.1 exists belween tripping-current value of larger brlao :r
and smeller, the smaller (ripa betore largor breaker la ui

lted in recent

. t aystem, main
Protection. In a secondary nelwork system,
N.“‘""t br:akar is the network protector, This automati-

dination is ily obtainable b of dil-
9

nces in normal current ratings.

> When breakers operale up near poini oi maximum lnltlvup':v

Ing duty. opening times ol both low-vollagse-leader and branch-

climm profeciion may be so hearly instantaneous thot r|::om-

dinotion is Imposaible. !t Is Jor ihis reason thatl varlous

This is modorn metalclad switchgear:

illary compart-
An assembly of main unils and gux
monts with: (1} all parts enclosed in grounded metal
(2) grounded melal barriers o }sclate secondary con-
trols and wiring lrom high-voltage primary devices,
and primary units lrom each other (Z:,: umov‘ohl:v-
having soli-coupling prima
;yn;:o clra‘\l)l bu?ht av ng AR ivd
7 d
anism for moving it phy y b
and disconnected positions (4) interlocks lor sale
operation, propar fsiequonce,
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cally opens only on revorse power flow. To get chlu'p p:ol;rc'-
tlon for nelwork protecior In case it falls to open, “"Tm"
usually Incorporaled as part of the network proloclc:n Throe
fusos generclly provide overcurent protection aqalnl
rents greator than 2.5 limes translormer rated curren .l .

Network relay that iripe protector ls an lnducllon-l yp;ae'
phase directional power relay. An overvoltage lacklo- l‘lq foo
ture 1s gonerally incorporated in modern nelwork re a{w °
initiate ic recloalng of prolect .when proper voltag
supply is restored 10 secondary subslation,
8 dary-Sel

y ol Iripping char-
uclorl-ll:: ol low-voliage leeder breakers and thase in lllcn't;
former feads is exactly the same as problem met ‘:; m::w
radiats, Exception may come when all load s carrle ! : e
translormer, as would be the case with a ainglo-endod s
tion.
OH:IG;’Y"\I.TL::::: is operaled with ono translormer, an Gdd':
breaker is often placod between main ?rlm.ury bnule:"c:;\l
Jow-vollage fesder breakers. Then il bus-tie Irips aul?mo my-
on overcutront you avoid diiliculty ol getiing lulec!;vc ope
tion of main, bus-tia, and low.volloge-lesder breakers.
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