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AN UNUSUAL PROTECTIVE SCHEME
For
230 kV CLASS DISTRIBUTION SUBSTATIONS

INTRODUCTION

On two recent occasions, Pacific Power & Light Company has entered
into negotiations with Tri-State Generation and Transmission Association for
delivery of bulk power over Pacific's 230 kV Tines to substations designed and
erected by Tri-State's consultants. In both cases, the bus configuration of the
proposed station is as shown in figure 1. Since this is not a full ring bus,
and yet is far more than a simple tapped-load transformer station, a problem is
posed: under normal conditions, the 230 kV line which it divides can be relayed
in its separate segments with a circuit breaker at each end of each segment;
however, if the station is bypassed to allow maintenance of circuit breakers or
other equipment, the relays at the intermediate station are left without operating
currents.

Under the bypassed condition, it is necessary to relay the line end-to-
end in essentially the same way as it was relayed before addition of intermediate
station. During normal operation, this is not desirable, because it causes a
blackout of the station unnecessarily; the customer obviously spent his circuit-
breaker dollars to avoid that, and the stations at both ends of the line are
sources. Installation of 230 kV current transformers on the bypass switch bus-
work is not feasible. The changing of relay reaches at the end stations promises
expenditure of costly manhours every time maintenance is performed at intermediate
station.

A relay scheme is needed which will automatically adapt itself to oper-
ate correctly under both normal and bypassed conditions of the intermediate sta-
tion. The relay system presented in this paper is one approach to such a scheme.

BACKGROUND

Pacific Power & Light Company has routinely employed direct underreach-
ing transfer trip (D.U.T.T.) with narrow-band frequency-shift power line carrier
channels on the majority of its longer 230 kV transmission lines. This package
includes three zones of phase relays and a directional ground relay having both
an instantaneous trip unit and an induction-disc (time) unit, together with the
necessary tripping,carrier-control, and reclosing-control relays. Single-shot
immediate reclosing is used, initiated by zone 1, ground i.t., or pilot trip only.
Figure 2 is a single-line diagram of this scheme, including the normal relay set-
tings for a two-terminal line. A skeletal schematic diagram of the scheme is shown
in figure 3.

It is with this scheme as a starting point that the protective scheme
described in this paper had its inception.
DEVELOPMENT

As a premise, the integrity of the D.U.T.T. scheme between stations A
and C (see figure 4) has to be maintained for correct relaying of the line during
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the bypassed condition of Station B (the new intermediate station); therefore
the relays at A and C will always overreach B. Now, if station B is operating
normally, why not transmit a signal from B to block the relays at A for a fault
between B and C (for example)? The relays on the C side of B will clear the
faulted line, as will the relays at C. It will be necessary to block receipt of
transferred trip from C to A, and to block keying of transferred trip from A to
B, to prevent opening of line AB.

Two zones of phase relays are needed on each line segment at B. Zone
one is set to reach 90% of the line segment (BA or BC) with no delay; zone 2
is set to reach 120% of the line segment with its timer at 250 milliseconds (15
cycles) delay. Zone 2 is used directly (no delay) to key the blocking transmitter
to the station behind itself. The time setting is shorter at B than at A and C,
so that fault current into BC (for example) from A will be interrupted at B,
rather than A, thus maintaining service to B even on backup operation.

Channel times are an important factor in this design. The narrow-band
frequency-shift carrier employed by Pacific has a delay from transmitter-keying
to receiver-output-relay-contact-closure of about 25 milliseconds (1-1/2 cycles).
This type of channel would be too slow to transmit the blocking signal. On-off
carrier (TC or CS-27) cannot be monitored for channel operation, as no signal is
transmitted except during relay operation. Wide-band frequency-shift carrier has
been chosen for the blocking channel in order to achieve operating speed and also
to have a guard signal to verify the presence of channel. The equipment to be
used has a transmitter-keying to receiver-S.C.R.-firing time of 7 milliseconds.
Addition of a high-speed interposing relay brings the blocking channel time up to
11 milliseconds.

In order to give the blocking signal a chance to arrive, a slight delay
was added to the zone 1 tripping circuits of A and C. An auxiliary relay, 21Y,
having a 21 millisecond delay-on-pickup was employed for that function; if no
delay (or equal delay) in the impedance relays themselves is assumed, a 10 milli-
second margin is then available for receipt of the blocking function.

The use of the S.C.R. blocking-carrier output is mandatory to achieve
speed; it is then necessary to provide a means of interrupting the anode circuit
once the S.C.R. has fired and picked up the blocking relay. A chain of telephone-
type relay units seals in the blocking function through the zone 1 relay contacts
and then proceeds to open the anode circuit. (See devices 68C, 68CX, and 68CY
in figure 6.)

Transfer trip transmitters are included at B to send trip signals to
corresponding receivers at A and C in order to provide redundancy, including
repeat-keying. In the revision of the scheme to be described later in this paper,
these carrier links serve an additional function.

Zone 3 impedance relays are not deemed necessary at B. The relays at
A and C give adequate protection.

Figure 5 shows the skeleton of the relay schemes at B, and figure 6
shows a similar diagram for the relay schemes at A and C. The next paragraphs
refer directly to these figures.
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OPERATION

Assume a fault occurs at point X (Figure 4). Refer now first to
Figure 5, the skeleton of the relay scheme I at station B. Zones one and two
will close their contacts (together with the fault detector, 50); Zone 1 will
energize the HST (high-speed-trip) bus, picking up tripping relay 94 (which
in turn trips P.C.B.I) and keying relay TK which keys the transfer trip trans-
mitter. Simultaneously, Zone 2 keys the wide-band transmitter through D5 (and
also starts its timer 21X). The transfer trip signal goes to Station A, and
the blocking signal goes to Station C.

At Station A, (see Figure 6), meanwhile, the Zone 1 relay has opera-
ted on fault current and picked up its coordinating relay 21Y; since no blocking
signal is delivered to A, the trip bus is energized 21 milliseconds later and
relay 94 trips the circuit breaker. Four (4) milliseconds later the transfer
trip signal comes from Station B, and repeat-keys the trip bus.

Upon energization of the trip bus at A, A's relay TK keys transfer
trip to both B and C. This signal repeat keys at B.

Meanwhile at C (See Figure 6), Zone 1 has also seen the fault X and
has energized its coordinating relay, 21Y.

Seven (7) milliseconds later the blocking signal arrives and fires
the SCR output of the wide-band receiver at "C". In four more milliseconds
relay 68C picks up, blocking the tripping by Zone 1 and ground instantaneous
at C. In eight (8) more milliseconds relay 68CX picks up, maintaining the
block and energizing the 68 CY unit, which picks up in 16 more milliseconds,
opening the anode circuit of the SCR. Twenty-five milliseconds from the pick-
up of Zone 1 (or ground I.T.), the transfer trip signal from "A" arrives but
finds itself cut off from the HST bus by the then-open contacts of 68CX or 68CY.

Thus the P.C.B. at C does not trip, nor does P.C.B. II at B (because
its relays are looking in the opposite direction), leaving B energized from C,
and interrupting the fault X at A and B-I.

Similar operation will occur for fault Y except that all roles are
reversed, and B is left energized from A.

Fault W(V) is similarly cleared except that Zone 1 at C(A) never
operates; transfer trip at C(A) is blocked by the blocking signal from B, again
leaving the P.C.B. there closed. _

Fault U(T) is cleared by Zone 1 at A(C) and by transferred trip from
A(C) to B. This signal is also received at C(A), but its tripping is still pre-
vented by the blocking signal from B.

The scheme is "fail-safe"; if the blocking signal fails to reach the
other end terminal, the scheme will over-trip.

Since the blocking signal goes through the unfaulted line section, it
has a very good chance of arriving. Frequency-shift carrier is preferred over
on-off carrier for this so that the channel can be monitored through continuous
receipt of the guard signal.
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Should the blocking signal channel fail, it will energize relay 74X
which, in turn, operates after 6 cycles (100 milliseconds) to bypass the Zone 1
coordinating relay (21Y) so that Zone 1/ground I.T. can trip at high speed
directly, since it is futile to wait for a blocking signal that won't arrive.

The same sequence of events occurs when the carrier is deliberately
turned off at B; indeed, this is the normal procedure for maintenance at B with
the bypass switch closed. The relays and carrier at A and C will then operate
as they did before "B" was installed.

Relays RI and RB are for control of single-shot reclosing relays at
all terminals.

Relay 62L is an adjustable timer, normally set for 10 seconds, which
trips 86L to lock out the reclosing relay if the HST bus is energized for more
than 62L's delay.

86L is reset by restoration of normal guard signal reception from (both
of) the other line terminal(s).

FURTHER DEVELOPMENT

Consultation with Pacific's communications group led to their evalua-
tion of the carrier performance of the 230 kV lines in question with the added
carrier bypass and tap at station B. In both cases, the added facilities degraded
the 1line's r.f. performance from marginal/fair to poor/marginal. In one case
the T1ine from A to Cis 118 miles long; in the other, it is 176 miles long.

However, if the transfer trip signals could be repeated at B rather
than coupled through, the carrier performance could be dramatically improved.
No added equipment would be needed except two small auxiliary relays at B, and
there is, of course, a reduction in the number of carrier receivers and auxil-
iaries needed at A and C.

The use of the carrier repeat is limited to protection of the full
lTine (A to C) while B is bypassed. When station B is in normal service, relays
68R (see figure 7) block the carrier repeat function at the same time the respec-
tive blocking transmitters are keyed. For that reason, the transfer trip is not
blocked at station A or C.

Operation in general terms is now thus: a fault between B and C
(but beyond the reach of A's zone 1) would be seen by the zone 1 relay at C,
which would trip locally and also key the narrow-band transmitter at C; that
signal would be received at B and connected through to B's transmitter at A
(since B is bypassed); receipt of that signal at A would trip the circuit
breaker at A.  Another 25 milliseconds (1-1/2 cycles) is added to the channel
time; but 3 cycles delay is still superior to the 21 cycles required before
zone 2 at A trips on a backup basis.

The diagrams of this revised scheme appear in figures 7, 8, and 9;
these are the subject of the next few paragraphs.
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OPERATION (REVISED SCHEME)

Assume a fault occurs at point X (Figure 7). Refer now first to
Figure 8, the skeleton of the relay scheme I at station B. Zones one and two
will close their contacts (together with the fault detector, 50); Zone 1 will
energize the HST (high-speed-trip) bus, picking up tripping relay 94 (which
in turn trips P.C.B.I.) and keying relay TK which keys the transfer trip trans-
mitter. Simultaneously Zone 2 keys the wide-band transmitter through D5 (and
also starts its timer 21X). The transfer trip signal goes to Station A, and
the blocking signal goes to Station C. Zone 2 also energizes relay 68R, which
blocks repeating of the subsequent transfer-trip signal.

At Station A, (see Figure 9), meanwhile, the Zone 1 relay has opera-
ted on fault current and picked up its coordinating relay 21Y; since no block-
ing signal is delivered to A, the trip bus is energized 21 milliseconds later
and relay 94 trips the circuit breaker. Four (4) milliseconds later the trans-
fer trip signal comes from Station B, and repeat-keys the trip bus.

Upon energization of the trip bus at A, A's relay TK keys transfer
trip to B. This signal repeat keys (back to A) at B, but is blocked at B from
being repeated to C by relay 68R. Note that (Figure 9) relay 68CX does not
block transfer trip (as it does in the standard scheme); because only one re-
ceiver is used, the facility must be available to operate for a simultaneous
fault at point Y, V, or T.

Meanwhile at C (see Figure 9), Zone 1 has also seen the fault X
and has energized its coordinating relay, 21Y.

Seven (7) milliseconds later the blocking signal arrives and fires
the SCR output of the wide-band receiver at "C". In four more milliseconds
relay 68C picks up, blocking the tripping by Zone 1 and ground instantaneous
at C. In eight (8) more milliseconds relay 68CX picks up, maintaining the
block and energizing the 68CY relay, which picks up in 16 more milliseconds,
opening the anode circuit of the SCR.

Thus the P.C.B. at C does not trip, nor does P.C.B. II at B (because
its relays are looking in the opposite direction), leaving B energized from C,
and interrupting the fault X at A and B-I.

Similar operation will occur for fault Y except that all roles are
reversed, and B is left energized from A.

Fault W(V) is similarly cleared except that Zone 1 at C(A) never
operates; transfer trip to C(A) is blocked by the blocking relay (68R) at B,
again leaving the P.C.B. at C(A) closed.

Fault U(T) is cleared by Zone 1 at A(C) and by transferred trip from
A(C) to B. This signal is not received at C(A), because it is blocked from
carrier repetition by relay 68R at B.

The scheme is "fail-safe"; if the blocking signal fails to reach the
other end terminal, the scheme will over-trip.
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Since the blocking signal goes through the unfaulted line section,
it has a very good chance of arriving. Frequency-shift carrier is preferred
over an on-off carrier for this so that the channel can be monitored through
continuous receipt of the guard signal.

Should the blocking signal channel fail, it will energize relay 74X
which, in turn, operates after 6 cycles (100 milliseconds) to bypass the Zone 1
coordinating relay (21Y) so that Zone 1/Ground I.T. can trip at high speed di-
rectly, since it is futile to wait for a blocking signal that won't arrive.

The same sequence of events occurs when the blocking carrier is delib-
erately turned off at B; indeed, this is the normal procedure for maintenance at
B with the bypass switch closed. The relays and carrier at A and C will then
operate as they did before "B" was installed.

Relays RB and RI are for control of single-shot reclosing relays at
all terminals.

Relay 62L is an adjustable timer, normally set for 10 seconds, which
trips 86L to lock out the reclosing relay if the HST bus is energized for more
than 62L's delay.

86L is reset by restoration of normal guard signal reception from
the other line terminal.

The blocking carrier switch (08B) also disconnects device 68R to pre-
vent erroneous operation. Transfer trip signals are then repeated bilaterally
at B as though it weren't there except for the additional 25 milliseconds of
channel time for the second carrier "hop".

PERFORMANCE OF THE SYSTEM

Both of the projects for which this relay package is intended have
been postponed by Tri-State for economic reasons; one of them is once again
underway as this paper is being presented. Pacific has therefore not yet gained
operating experience with this relay system.

However, Tri-State and both of their consulting engineers, as well as
a number of Pacific's own engineers, have reviewed the proposed system and are
intrigued with the idea. Inasmuch as it is an override on an existing well-
proyen relay system, it has not seemed necessary to test the scheme on a model

Tine.
CONCLUSION

The D.C.D.U.T.T. (directionally-compared direct underreaching transfer-
trip) scheme promises to be a useful addition to Pacific's group of standard
schemes, for a number of reasons:

1. It will enable the proper relaying of an incomplete-ring-bus sta-
tion located at an intermediate location between two major supply stations for
both normal and bypassed (maintenance) conditions, with no change of relay set-
tings, disabling of relays, or reversion to backup relay operation only.
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2. A minimum of additional equipment is required to be added at the
end terminals.

3. During the initial installation, no changes are required to the
relay settings at the end terminals other than minor adjustments of the ground
relays for the infeed at the intermediate station.

4. No Zone 3 relays are needed at the intermediate station.

5. Carrier performance (using the repeater technique) is enhanced;
even though the channel time is doubled, the signal-to-noise ratio is improved,
and the signal is more reliable. Pacific will use this scheme in preference to
the originally-conceived through-channel technique.

6. Both the relays and powerline carrier equipment are standard units
with which Pacific has considerable operating experience. Thus, there is no
equipment unfamiliar to our maintenance personnel.

7. The scheme is fail-safe; should the blocking signal fail, it will
over-trip, rather than fail to trip. Furthermore, the blocking signal goes

through the unfaulted Tine segment; its chances of failing to arrive are thus
minimized.



APPENDIX I

The following is a listing of devices shown in figures 2 through 9 of
this paper, describing the device in general terms, and indicating typical
hardware for it. (Specific bills of material and schematic diagrams are
available from the author of this paper upon request.)

08B -- Power disconnect switch for blocking carrier transmitter
(and device 68R). Any industrial grade D.P.S.T. toggle
switch will serve.

21-1 -~ Zone one distance relay, G.E. type CEY51, Westinghouse type
KD-10, or equal.

21-2 -- Zone two distance relay, G.E. type CEY52, Westinghouse type
KD~10, or equal.

21-3 -~ Zone three distance relay, G.E. type CEB52, Westinghouse type
KD-11, or equal.

21X -~ Distance relay timer, G.E. RPM or SAM series; Westinghouse
TD-4, TD-5, etc.; or equal.

21Y --

68C -- % Telephone-type relay subassemblies of G.E. NAA-series,
68CX -- ) or Westinghouse TT-series relays, or equal, having the
68CY -- ) pickup and dropout times (in milliseconds) shown on the
68R -- ) schematic diagram. (Non-critical times are shown in
74X -- ) parentheses.)

RL. <= ]

RB -- )

TK == )

50 -- Instantaneous overcurrent relay for fault detector supervision
of the distance relays; G.E. type CHC12, Westinghouse type KC-2,
or equal.

52 -~ A.C. Power Circuit Breaker.

62L -- Timing Relay, G.E. type SAM, Westinghouse type TD-5, or equal.

67N -- )  Directional time and instantaneous ground overcurrent
67NB ~- )  relay, G.E. type JBCG, Westinghouse type IRD, or equal.

67NP -- Directional instantaneous ground overcurrent relay, G.E. type
CJCG, Westinghouse type KRD-4, or equal.

68 -- Out-of-step blocking relay, G.E. type CEB51, Westinghouse type
KS, or equal.

86L -- Line Lockout Relay, hand and electric reset, G.E. type HFA 74 (-54),
or Westinghouse type MG-6, or equal.



94 -- High-Speed tripping relay, G.E. type HFA 73K (-53K), Westinghouse
type AR, or equal.

94M -- )  Narrow-band carrier receiver output relays for
94R -~ transfer trip.

)
D1 -- ) Tripping rectifier, G.E. 102L218 or Westinghouse
D4 -- ) TRB.

D5 -- Low Current rectifier or "blocking-valve" assembly,
G.E. series 295B233--,
Westinghouse TRB series, or equal.

Narrow-Band Power Line Carrier equipment is G.E. type 51B or Westinghouse
TCF (NB) frequency shift equipment with 200 Hz shift.

Wide-Band Power Line Carrier equipment is G.E. type 61A or Westinghouse
TCF (WB) frequency shift equipment with 500 Hz shift.
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