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I.L. 41-600.2

OPERATION ¢ MAINTENA

INSTRUCTILO

SELECTIVE POLE CARRIER
RELAYING AND RECLOSING .

OPERATION

The selective-pole carrier relaying scheme
operates 1n the same manner as the standard
carrier scheme described in I.L. 41-600.5 or
41-600.6 except that additional elements have
been added and modificatlions made to provide
selective single-pole tripping. That 1s, for
all 1nternal phase A-to-ground faults, only
the phase A pole of the circult breakers of
both ends of the protected line willl be opened
to 1solate the fault. In a like manner, only
phase B pole willl operate for phase B-to-
ground faults, and only phase C pole for
phase C-to-ground faults. For all intern

two phase-to-ground faults the correct gsS€’s

G

are selected to open the circult break
of the faulted lines at both ends of t
Thus, for example, on an 1nternal 0 -6

ground- 'fault only the phase B C
poles of the circult breakers at @ds of
the 1line will open. On an 1n a se-to-
phase fault one phase v‘ t@ faulted
phases 1s selected to open ct circuit
breaker pole. On a phas %hase B fault,
only the phase A pole b pened, and on a

phase C to phase A fa o) the phase C pole
will be opened.

On any t e sgffault, grounded or un-
grounded, 1t clrcult breaker poles will
be opengd. wever, for any faults external

to the tion belng protected by the
power 1lilne
corporated in this relaylng scheme will 1n the

ler the back up protection in-

event of‘.an external fault 1niltilate the
tr ing of the poles of all three phases of
rcult breaker regardless of the type of

rnal fault.
When using the B8electilve Pole Carrier
Relaying and Reclosing Scheme, the voltage

SUPERSEDES L. 41-600.28

rating of the cir breakers should be
carefully considere ine with NEMA rule

8G-6-83.

The schem 1T7es three type HZ or HZM
relays, on typeV¥ HRK or HRP relay, one type
HQS rels ype RS or RSN relay, one type

TS lal or two type 8G relays as
requ one type MG relay. Where the
e elay 1s used a type HZM-3 relay 1is

connection of these relays-and thelr
eration 1n the scheme 1s as follows with
eference to figures 1 to 3. The directional
and I1mpedance elements of the type HZ or HZM
relay are energized with star current 1nstead
of the usual delta current. Thus for a phase
A to ground fault, only the phase A relay will
recelve fault current which would not be the
case wlth delta current. This assures that
phase B and C relays will not operate to cause
Incorrect tripping. However thils connection
requires that Z1 be set for less than the
usual 80 or 90% of the protected line section,
to prevent 1t from over-reaching on external
double-line-to-ground faults. The setting
will vary for different systems, since 1t 1is
determined by the relative magnitude of the
negative and zero sequence impedances.

Delta voltage on the Impedance element pro-
vides the operation of only one relay on
iInter-phase faults. On a phase AB fault, the
phase A relay recelving AB voltage operates
because of the low voltage and high phase A
current. Phase B relay, while 1t recelves a
high phase B current, does not operate except
under extreme conditions because 1t recelves
BC voltage which 1s essentially uncollapsed.
Similarly, phase B relay operates on a phase
BC fault, and phase C relay on a phase CA
fault.
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By wusing delta current on the HZM aux
box, there 1s no shift for various type
In the angular position and displac

the 1lmpedance clrcle.

t
The star er@the
Impedance element does cause a c x the
Impedance circle dlameter for%s pes of

faults.

The type HQS phase sele@elay i1s con-

nected to recelve ne sequence current
fillter
ransformers and the

from a three-phas e 1vgl sequence

energlzed by th

residual neutral circult of
On all single line-

zero sequence components

curr
the current tra
to-ground faults, t

of all three phases are essentlally in phase

wlth the negat@uve sequence component of the
faulted ase. Thls means on a phase-A-to-
ground , for example, the phase A phase
sele lement, which has directional
charg@teristics, will have contact-closing

while the phase B and C elements willl
ontact -opening torque, since the B and C

ole Carrier Relaying Scheme.

components of negatlve sequence current are
sssentlally 120° out of phase with the
tive of the
phase. For example, consider a phase B-C to-
ground fault. In this case the phase A phase
element wlll recelve contact closing

while the phase B and C elements will
because the negatlve sequence components

nega-

sequence component unfaulted

Selector
torque
not,

of these two phases are essentially 120° out-
with the
phase B and C components.

of phase respectlve zero sequence

For phase faults not 1nvolving ground, the

type HQS relay does not operate as the =zero
sequence currents are zero.
The three poles of the breaker are tripped

as follows with reference to figures 2 and 3.
On a single 1line-to-ground faults, the re-

spective phase selector contacts, S , SB, or
8 , of the type HQS relay closes 1ts make con-
1ts assoclated back

contact thereby selects the proper

tact and
The make

opens contact.
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Fig. 2—Simplified Trip Circuit Schematic of the Selective
Pole Carrier Relaying Scheme.

4
phas to be tripped by the D and the I con-
o o
t f the type HRK or HRP ground relay and

rrier ground trip contacts, RRG, of the
e RS relay.
und 1nternal

For example, on a phase A to
fault, the followlng opera-
lons take place to select the correct pole ot
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Fig. 3—Simplified Carrier Control Circuit Schematic for the
Selective Pole Carrier Relaying Scheme.

the circult breaker. In the trip circuilt the
contacts D and I of the type HRP.or type HRK
thg contagt SA of the type HQS relay
all close to trip phase A breaker. Make con-
Sg and S_ of the type HQS relay remain
open and the trip colls of phase B and phase C
poles of the circult breaker are not

glzed.

relay,

tacts

ener-
Relay type HZ or HZM phase A contact
Z1 may trip under the conditions of a phase A-
to-ground fault thereby tripping simultaneous
through the ground relays and the phase relays
phase A pole of the circult breaker. Thus in
a single phase to ground fault only the phase
involved with the
system.

fault 1s cleared from the

On double
for example, a B-to-C ground fault, the phase

line to ground internal faults,

B type HZ or HZM relay willl energlze the phase
B trip coll thru the
RRP.

carrier trip contacts
At the same

3

This trips phase B breaker.
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Fig. 4—Simplified Reclosing Circuit Schematic for thg

lective Pole Carrier Relaying Scheme.

time, the phase selector contact, SA, opx
on a B-C to ground fault and thru DO, I

RRG contacts energizescoill C3SX. T 1

has been unblocked by the operai}on f BI con-
tact on phase B type HZ or HZM- The
tr coll to

B and c

contacts on CSX connects phas
B trip circuit a th

breakers are tripped.

the phase

For AB to ground f
HZM relay operate n ruly3

) s,Dhase A type HZ or
of the type HQS

onnect phase B trip
HZ or HZM relay trip
A and B breakers are
grouna faults,
phase C type HZ or HZM relay operates with S
to energilze CS!.and connect trip colls A and 8
togethe

relay energlze ()
coll to pha
circuit. Thus
tripped.

1 phase to phase faults plick up one
pe HZ or HZM relays to trip the cor-
breaker thru eilther Z1 or Z2

the carrier RRP contacts.

of he
ing phase
For example a

phase AB fault trips phase A breaker, pha
BC fault trips phase B breaker, and phas
fault trips phase C breaker.

For three phase internal faults, all
poles of the breaker are tripped by the corre-

sponding phase trip circults.

The back-up relays elther pHas ground
trip all three poles of the r gardless
of the type of fault in e range . The
ground relay directly enfr the type MG

relay (designated MGT) whi ps the three
phases. The phase bgck- lements T2 and T3
of the type HZ relay e s auxlliary type

which n coll,
Only one type 3G signated SG) relay is re-
quired 1f T24&n 3%are connected thru the

1 features, of the type RSN
onnected around the out-of-

3G relays rn energlze MGT

ntacts, then a second type SG
ed 8G2) 1s required.
reak contact in each of the three
n trip circults
t trip
t ents resulting from opening of only one
This
X3 element 1s a telephone type element with a
fast plck-up and a slow drop-out, and 1its
break contact:opens the trip circults of the
untripped phases for a short interval when the
other trip circult 1s energized and sealed in.

1s used to prevent the

circuits from belng energized on

or two phases of the three-phase line.

The X3 relay as well as the JD and SGG
relays are energlized elther by the carriler
ground trip circuit thru the contactor

switch 1n the HRK or HRP relay or when any one
or two poles are open and the others or other
The SGG relay shorts out the coils of
or CWP.

only 1f the relay is set

closed.
the ground back-up
This 1s
sensitively

relay type CWC
necessary
with a short time and might oper-
ate Dbefore the opened phase 1s reclosed. The
type JD timing relay limits the time which the
line can be operated with one or two phases
open and thus serves a back-up ground relay.
The operation of the carrier control cir-
and the
are the same as 1n the

cults out of step blocking elements

standard carrier

scheme.

P ™
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Automatic 1mmediate reclosing 1s provided
thru high speed breaker switches after eilther
one or two poles of the breaker are opened,
but 1f all three poles open immediate reclos-
ure may or may not be permitted depending upon
system conditions. The reclosing 'scheme 1s
shown 1n figure 4, and operates as follows:
For a phase A-to-ground fault which trip phase
A pole, the high speed breaker switch 52 BB,
will close to immediately reclose this pole.
These breaker closing circults are not shown
for simplicity, but are any of the conven-
tional schemes supplied with electrically or
pneumatic operated modern circult breakers.
The breaker auxiliary closing relay closes its
contact 52X_ to energlize 79X-0 coll. This 1is
the operating coll of the toggle element 1n
the type SGR-12 Recloser. Contact 79X 1in the
closing circult 1s thus opened to prevent
further reclosing of pole A. Another contact
on the toggle element, 79X, 1s closed to ener-
glze the reset motor (79X) of the type SGR-12
relay when the breaker pole closes as 1ndi-
cated by the closing of 52pq - If the break
stays closed the motor contact 79M clge
after a sultable delay to energize t
relay reset coll 79X-0. This coil
two 79X contacts which the turn { glzes

the timing motor and resets the c
cult for a subsequent trip.

A similar sequence of ope 111 take
place for the other bre@ke ole

combination of them ope N ation of the
protected relays. % noted that the
d

e back-up relays

should any

manual control swit n

all energize a mast ri ng relay MGT. One
contact of MGT opRerat another auxliliary
relay MGR.

A
the reclosing clt to prevent reclosure.
Make ct R operate the toggle ele-
ment 79 o th ype SGR-12 recloser to lock

re ntill after the breaker poles

tact, on MGR opens up

are manual reclosed. In other words MGR

break contacts temporarily open up the high

L 4

speed reclosing circuilt until the ty 1
recloser toggle elements are opera e-
clesure can also be blocked by mangal re-
closing switch for the carrier cu utd/switch
as shown.

L 4
If 1nstantaneous rec 1s to be pre-
vented for three phafdg 1 ngl faults tripped
ep blocking ele-
sed iIn the type HZ
of step relay should

by carrier, then the ou
ments of the RS

relay or a separa

8y

operate the type ay as described above.

The manu 1 ng switch, 101-C, operates
a master sing”relay designated MG-Cl. The
contact 1s relay energize the closing
circult§o of the three poles.

hé®above discussion it was assumed that
aker poles remalned closed after the
reclosure indicating that the fault was
n permanent. If the arc restrikes or the
ault 1s solid, then the protective relays
will operate to retrip the breaker poles
again. This time one or more of the 79X re-
closing contacts of the type SGR-12 recloser
will be open from the first reclosure so that
reclosure 1s 1locked out on these poles. When
the poles are open, a breaker b switch 52b_,
52b or 52b_ 1s closed to energize relay SGF
through the closed contact 79X. The contacts
of SGF operate the MGT relay to trip all
poles. Thus the second tripout results 1in
tripping and 1locking out reclosure of all
three breaker poles. This Db switch which
energlzes the 3GF relay must be set so that it
never closes on a high-speed open-close cycle.
In other words when the tripping and closing
mechanisms of the breaker are energlzed
approximately simultaneously, the breaker
contacts are not fully opened but are parted
sufficlently to extinguish the arc. Corre-
spondingly, the breaker auxiliary switch 1s
not completely operated.
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of the faulted Ifnes at both end
Thus,
ground fault only the

poles of the circult brea

the 1line wi1ll open. On in ase-to-
phase fault one phage of \6 faulted
phases 1s selected to ope:' e ct circuit
breaker pole. On a phasgiA hase B fault,

only the phase A pole 1 opened, and on a
phase C to phase A fa

the phase C pole
willl be opened.

On any or un-
grounded, 1
be ope
to the

power

ee sgy fault, grounded
rcult breaker poles will
wever, for any faults external

tion being protected by the
line
corporated 1n this relaylng scheme will in the
Initiate the

the poles of all three phases of

ler the back up protection in-
of L, an external fault
of
circult breaker regardless of the type of
al fault.

event
t ping

Rl e

When Carrier

elaying

using the Selective Pole

and Reclosing Scheme, the voltage

SUPERSEDES IL. 41-600.2A

d blggline-to-ground

SELECTIVE POLE CARRIER
RELAYING AND RECLOSING *
X é:‘\ c"fx
OPERATION rating of the cir akers m]é be
carefully consider “Iine with- M wle
The selective-pole carrier relaying scheme 3G-6-83. S o k
operates 1n the same manner as the standard y -~ '
carrier scheme described in I.L. 41-600.5 or The scgéﬁ s three type Hge " HZM
41-600.6 except that additional elements have relays, 5% \ ¢ HRK or HRP#réf§§, one type
been added and modifications made to provide HQS ref‘ RS or RSN relay, one type
selective single-pole tripping. That 1s, for TS rel y two type SG relays as
all 1internal phase A-to-ground faults, only req ) type MG relay. Where the
the phase A pole of the circult breakers of type relay 1s used a type HZM-3 rglay 1is
both ends of the protected line willvEEHopened z;

to 1solate the fault. In a lilke magzerg only E; N

phase B pole will operate for p ;sef B-to-é connection ofgthesev §F1é$5
ground faults, and only, phase C %pgﬁe forg Operationh in the. s'hemegié 3o Folloss with
phase C-to-ground fau}pé. For all %ginter ference% to figﬁres 1 to 3. The dirdctional
P two phase-to-ground faults the corr 1 an&\ﬁimpedénce elements of the type Hiﬁor HZM
kuv are selected to open the circuit b eal relay are energlzed with star current instead

of the usual delta current. Thus for a phase
A to ground fault, only the phase A relay will
recelve fault current which would not be the
with delta current.
phase B and C relays'will not operate to cause

However thls connectlon

Incorrect tripp}ng.
requires f that fZ1 be set for less than the
1 8¢f or Qﬁgof the protected line section,
Z.
£

case This assures that

pregent . téfrom over-reaching on external
faults. The setting
will yary for different systems, since 1t 1is
déterﬁined by the relative magnitude of the
negative and zero sequence Ilmpedances.

Delta voltage on the impedance element pro-
vides the operation of only one relay on
Inter-phase faults. On a phase AB fault, the
phase A relay receiving AB voltage operates
because of the low voltage and high phase A
current. Phase B relay, while it recelves a

high phase B current, does not operate except

under extreme condlitions because 1t receives

BC voltage which 1s essentlally uncollapsed.

Similarly, phase B relay operates on a phase
BC fault, and phase C relay on a phase CA
fault.

EFFECTIVE MAY 1948
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Fig. 1—Simplified A-C Schematic of t cti le Carrier Relaying Scheme.

By using delta current on the HZM auxilia\

In the angular position and displacement

the 1mpedance circle. The star curre in e
Impedance element does cause a cﬂ& e he
Impedance circle diameter for var x)es of
faults. \K

The type HQS phase selecfor lay is con-

box, there 1s no shift for various type f, 1

nected to recelve nega ence current
equence fllter

from a three-phase ne
u sformers and the

energized by the

residual curren neutral circuilt of
On all single line-

0 sequence components

the current tra
to-ground faults,
of all three phases aPe essentlally 1n phase
with the negative sequence component of the
faulted phase. ﬂhis means on a phase-A-to-
ground fa , for example, the phase A phase
selector ent, which has directional
les, will have contact-closing
to eQwhile the phase B and C elements will

\4 act-opening torque, since the B and C

omponents of negatlve sequence current are
sssentially 120° out of phase with the nega-
unfaulted
phase. For example, conslder a phase B-C to-
ground fault.

tive sequence component of the

selector element wlll recelve operating torque
while the- phase B and C elements willl not, be-
cause the negative sequence components of
these two phases are essentially 120° out-of
phase with the respective zero sequence phase
B and C components.

For phase faults not involving ground, the

type HQS relay does not operate as the zero
sequence currents are zero.

The three poles of the breaker are tripped
as follows with reference to figures 2 and 3.
On a single 1line-to-ground faults, the re-
spective phase selector contacts, 8 , 8 , or
8 , of the type HQS relay closes its make con-
tgct and opens 1ts assoclated back contact.
The make contact thereby selects the proper

In this case the phase A phase'

V
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phase tolbe tripped by the D and the I con-
tads of the type HRK or HRPoground relgy and
rrier ground trip contacts, RRG, of the

RS relay. For example, on a phase A to
ground 1Internal fault, the followlng opera-
lons take place to select the correct pole ot

cso

CARRIER ——
OSCILLATOR
CSP CSI | CS6
i

Ly W L
ar At

CARRIER
RECE(VER

Fig. 3—Simplified Carrier Control Circuit Schematic for the
Selective Pole Carrier Relaying Scheme.

the clrcult breaker. In the trip circult the
contacts D and I of the type HRP or type HRK
relay, thg contagt S of the type HQS relay
all close to trip phase A breaker. Make con-
tacts Sp and S of the type HQS relay remain
open and the trip coils of phase B and phase C
poles of the circuit breaker are not ener-
glzed. Relay type HZ or HZM phase A contact
Z1 may trip under the conditions of a phase A-
to-ground fault thereby tripping simultaneous
through the ground relays and the phase relays
phase A pole of the cilrcult breaker. Thus 1n
a single phase to ground fault only the phase
Involved with the fault 1s cleared from the
system.

On double 1line to ground internal faults,
for example, a B-to-C ground fault, the phase
B type HZ or HZM relay willl energlze the phase
B trip coll thru the carrier trip contacts
RRP. This trips phase B breaker. At the same

3
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Fig. 4—Simplified Reclosing Circuit Schematic for the S
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time, the phase selector contact, 3 , operat
on a B-C to ground fault and thru Do’
RRG contacts energlzescoll CSX. This

has been unblocked by the operation
tact on phase B type HZ or HZM-3Wrel
contacts

on C3X connects phase C N 1 to

the phase B trip circuilt anKB nd C
For AB to ground fault A type HZ or
HZM relay operates and @ of the type HQS

relay energlzes C3 ct phase B trip
type or HZM relay trip
]

breakers are tripped.

coll to phase
circuit. Thus and B breakers are
tripped. Simila A to ground faults,

phase C type HZ or M relay operates with S
to energize CSY and connect trip coils A and C

together. L 4

ase to phase faults pick up one
e HZ or HZM relays to trip the cor-
breaker thru either Z1 or Z2

carrier RRP contacts.

ing phase

For example a

phase AB fault trips phase A breaker, phase
BC fault trips phase B breaker, and phase CAO
fault trips phase C breaker.

For three phase internal faults, all tRree
poles of the breaker are tripped by the corr
sponding phase trip circuits.

L 4

The back-up relays elther pha or ground
trip all three poles of the b, ea\%&rdless
of the type of fault in th r . The
ground relay directly ener s e type MG
relay (designated MGT) whic@ the three
phases. The phase back- e nts T2 and T3
of the type HZ relay e glz
3G relays which 1
Only one type SG

quired 1if T2 a
out -of -step blogki
1s

auxiliary type
ergize MGT coil.
ted SG) relay 1s re-
e connected thru the
atures, of the type RSN
ected around the out-of-
tacts, then a second type 38G
d SG2) 1s required.

si
T

relay.

step blocki
relay (

The breéak contact in each of the three
grou trip circults 1s used to prevent the
o p circuits from belng energlized on
t ts resulting from opening of only one

r 0 phases of the three-phase line. This
X3 element 1s a telephone type element with a
ast pick-up and a slow drop-out, and 1ts

reak contact:opens the trip circuits of the

untripped phases for a short interval when the

other trip cilrcult 1s energized and sealed 1in.

The X3 relay as well as the JD and S8GG
relays are energlized eilther by the carriler
ground trip circuit thru the contactor

switch in the HRK or HRP relay or when any one
or two poles are open and the others or other
closed. The SGG relay shorts out the coils of
relay type CWC or CWP.
only 1f the relay 1s set

the ground back-up
This 1s necessary
sensitivity with a short time and might oper-
ate ©before the opened phase 1s reclosed. The
type JD timing relay limits the time which the
line
open and thus serves a back-up ground relay.

can be operated with one or two phases

The operatlon of the carrier control cir-

cuits and the out of step blocking elements
are the same as 1in the standard carrier
scheme.
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SELECTIVE POLE CARRIER

Automatic I1mmediate reclosing is provided
thru high speed breaker switches after eilther
one or two poles of the breaker are opened,
but 1f all three poles open lmmediate recloser
may or may not be permitted depending wupon
system conditions. The recloslng scheme 1s
shown 1n figure 4, and operates as follows:
For a phase A-to-ground fault which trip phase
A pole, the high speed breaker switch 52 BB,
will close to immediately reclose this pole.
These breaker closing circults are not shown
for simplicity, but are any of the conven-
tional schemes suppllied with electrically or
pneumatic operated modern cilrcult breakers.
The breaker auxiliary closing relay closes 1its
contact 52X1 to energlze 79X-0 coil. This 1s
the operating coll of the toggle element 1n
the type SGR-12 Recloser. Contact 79X in the
closing circuit 1s thus opened to prevent
further reclosing of pole A. Another contact
on the toggle element, 79X, 1s closed to ener-
glze the reset motor (79X) of the type SGR-12
relay when the breaker pole closes as 1ndi-
cated by the closing of 52A1' If the breaker
stays closed the motor contact 79M clos
after a sultable delay to energize the
relay reset coll 79X-0. This coll reg
two 79X contacts which the turn de- 1zes

the timing motor and resets the cl

@ take

place for the other breq‘pr lesWshould any

combination of them open lon of the
protected relays. It 1s be ted that the
manual control switc d back-up relays
all energize a master 1p relay MGT. One
contact of MGT op@amother auxiliary
relay MGR. ADd

the reclosi 1
Make contagt

cult for a subsequent trip.

A similar sequence of oper

act, on MGR opens up
to prevent reclosure.
operate the toggle ele-

pe SGR-12 recloser to lock
til after the breaker poles
closed. In other words MGR
temporarily open up the high

are manua
break contact®

L 4

speed reclosing circult until the type
recloser toggle elements are operated
closer can also be blocked by a m
closing switch or the carrier cutgut
as shown.

L 4

If 1instantaneous reclo g 1s to be pre-
vented for three phas 1n%faults tripped
by carrier, then the N blocking ele-
ments of the RSN ed in the type HZ
relay or a separat step relay should

operate the type r as described above.

The manual l9) switch, 101-C, operates
a master c in lay designated MG-Cl. The
contacts s relay energlze the closing

circult @f of the three poles.

In e ove dlscussion 1t was assumed that
er poles remalned closed after the

r reclosure indicating that the fault was

n ermanent. If the arc restrikes or the

ault 1s solid, then the protective relays
wIll operate to retrip the breaker poles
agaein. This time one or more of the 79X re-
closing contacts of the type SGR-12 recloser
willl be open from the first reclosure so that
reclosure 1s 1locked out on these poles. When
the poles are open, a breaker b switch 52b_,
52b2 or 52b_ 1s closed to energlze relay SGF
through the closed contact 79X. The contacts
of SGF operate the MGT relay to trip all
poles. Thus the second tripout results in
tripping and 1lockling out reclosure of all
three breaker poles. This b switch which
energlzes the SGF relay must be set so that it
never closes on a high-speed open-close cycle.
In other words when the tripping and closing
mechanisms of the breaker are energized
approximately simultaneously, the
contacts are not fully opened but are parted

breaker

sufficiently to extinguish the arc. Corre-
spondingly, the ©breaker auxiliary switch 1s
not completely operated.










METER DIVISION

NNNNNNNNNNN

D





