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GENERAL DESCRIPTION

Use the SEL-121H Relay in Communication-Based Protection Schemes

The SEL-121H relay supports the following communication-based protection schemes:
¢ Permissive Overreaching Transfer Trip (POTT) schemes

Permissive Underreaching Transfer Trip (PUTT) schemes

Directional Comparison Unblocking (DCUB) schemes

Direct Underreaching Transfer Trip (DUTT) schemes

Direct Transfer Trip (DTT) schemes

Current Reversal Logic

In double~circuit applications, faults near one end of the line may result in sequential trip of
the fauited line, which causes a current réversal in the healthy lime. To preserve the security
of the healthy line, the SEL-121H relay uses reverse Zone 3 elements and associated logic to
block permissive tripping and keying for a short time following the current reversal,

Weak-Infeed Logic

Applying the SEL-121H relay on a weak-source terminal allows you to use the weak-infeed
logic to echo the strong-source terminal permissive trip signal. The weak-infeed logic uses a
combination of breaker status, reverse Zone 3 elements, and voltage elements to detect a
forward fault. You can use the received permissive trip signal to trip the weak source
terminal under certain conditions.

Open Breaker Echo Logic

With the local breaker open, the remote end typically clears faults near the local end in Zone
2 time. With the local breaker open and no reverse Zone 3 elements picked up, the SEL-
121H relay can echo the permissive trip signal to the remote end and clear Zone 2 faults
faster.

Three Zones of Phase Distance Protection

The relay has three zones of phasephase mho distance elements with independent timers.
Zone 3 elements are reversible. Four zones of three-phase mho digtance elements with timers
provide protection for three-phase faults. Three-phase elements are memory polarized from a
four-cycle filter. Zone 4 provides sensitive switch-onto-fault protection; the Zone 4 element
can alarm for load encroachment.

Multiple Residual Overcurrent Elements

The relay has three steps of instantaneous/definite-time directional ground overcurrent
protection, Zone 3 is reversible, A ground inverse-time overcurrent element is available for
sensitive ground fault detection. Four curve shapes are available and the time-dial is settable
in small increments to simplify coordination with downstream protective devices.




Three Ground Directional Polarization Methods

The relay has sensitive negative-sequence, zero-sequence voltage, and zero-sequence current
directional polarization elements to control the ground overcurrent elements. Zero-sequence
elements may be used together to provide dual zero-sequence polarization.

Switch-Onto-Fault Logic

Select sensitive elements to trip for a seftable time after the breaker closes. Zone 2 faults can
be cleared with no time-delay on reclose. A high-set, non-directional phase overcurrent
¢lement can clear close-in, zero-voliage three-phase faules on line pickup.

Programmable Mask Logic

The SEL-121H relay also has programmable mask logic., Confignre the TRIP and auxiliary
outputs to operate when any of 32 protective elements and logic outputs pick up. Implement
complete protective schemes using a minimum of wiring and panel space. Programmable
contact closure simplifies testing by indicating pickup and dropout of elements under test.

Load Compensating Fault Locator

The relay has a fault locating algorithm which automatically compensates for prefault load
flow and fault resistance. Accurate fault location reduces search and outage time; lower
outage time means higher overall system reliability.

Eleven-Cycle Event Report

The relay generates an ¢leven-cycle event report after each fault, or upon command. The
report provides four cycles of prefault data and seven cycles of fault data. The data includes
voltages, currents, relay elements, and velay inputs and outputs. The report also shows the
calculated fault location, time and date of event, and relay settings. This information
simplifies post-fault analysis and improves understanding of protective scheme operation. The
relay stores the last twelve event reports for local or remote retrieval. Reclosing sequences
are stored intact and no information is lost when several events occur in a short time.

Serial Communication Ports

The relay is equipped with two serial communication ports to provide local or remote access
to setting, metering, and fault analysis capability. Remote communications allow operators to
retrieve fault information from a remote relay immediately, without leaving their stations.

A two-level password security scheme prevents unauthorized access to the relay. The first
level allows examination of settings and power system data. Setting changes are made from
the second level.

The r¢lay requires no special communication sofiware: you can use a dumb terminal, printing
terminal, or computer with serial port and terminal emmlation software.



GENERAL SPECIFICATIONS

Yoltage
Inputs

Current

Impulse Tests

ESD Test

115 volt nominal phase-to-phase, three-phase four-wire connection
(.07 VA burden at 67 V line-to-neutral

5 amps per phase nominal; 0.06 VA burden
15 amps per phase continuous; 5({) amps for one second thermal rating

30 amp make per IEEE C37.90 para 6.6.2
6 amp carry continuously, MOV protection provided

48 Vdec: 25 - 60 Vdc
125 Yde: 60 - 200 Vde
250 Vde:200 - 280 Vde
Demodulated TRIG-B

Two EIA R$-232-C serial communications ports

48 Volt:30 - 60 Vdc; 12 watts
125/250 Volt:85 - 280 Vdc or 85 - 200 Vac; 12 warts

SU"x19"x 13" (33 ecmx 482 emx33.0cm) (Hx WxD)
Avallgble in horizontal or vertical mounting configurations.

V, I inputs: 2500 Vac for 10 seconds
Other: 3000 Vdc for 10 seconds (excludes RS-232-C)

4°F to0 131°F (-20°C to +55°C)
IEL 68-2-30 Temperature/Humidity Cycle Test - six day (type tested)

IEEE C37.90 SWC Test (type tested)
IEC 255-6 Interference Test (type tested)

IEC 255-5 0.5 joule 5000 volt test (type tested)

Type-tested in field from a '4-wave antenna driven by 20 watis at 150 MHz and
450 MHz randomly keyed on and off one meter from relay.

IEC 801-2 Electrostatic Discharge Test (type tested)
21 Ibs (9.1 kg); shipping weight 32 Ibs (14.1 kg), including two manuals.
140°F (60°C) for 100 hours,

Four years from date of purchase.



FUNCTIONAL SPECIFICATIONS

Independent timers for Zone 2 and 3 distance elements
QOvercurrent elements supervise all distance elements
Laoss-of-potential logic can supervise all distance elements
Zone 3 elements are reversible

Phase-Phase Distance Elements (secondary quantitics)

21P1: Q.125 to 64 ohms
21P2: (.125 to 64 ohms
21P3: 0,125 to 64 ohms

Three-Phase Distance Elements (secondary quantities)
21ABC1: 0.125 to 64 ohms

21ABCZ: 0.125 to 64 ohms

21ABC3: 0.125 to 64 ohms

21ABC4: offset mho with diameter 1.50 times Zone 3
Maximum Torque Angle (MTA)

. Adjustable from 47 - 90 degrees in 0,01 degree increments.
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Figure 1; Phasc-Phase and Three-Phase Mho Element Characteristics
Zone 2 and 3 settings are limited as follows:

For Zone 3 Forward: Zone 1 < Zone 2 < Zone 3
. For Zone 3 Reverse: Zone 1 < Zone 2, Zone 1 <X Zone 3



Accuracy

Steady-state Error:

¢ 5% ofsetreach + 0.0l ohmat MTAfor V > S5 VandI = 2 A,
® 10% of set reach + 0.01 ochm at MTA for 1 < V < 5Vand 0.5 < I < 2 A.

Transient Overreach:
® 5% of set reach, plus steady-state error,

Operating Speed
See distance element operating time curves on page 19.
Distance Element Timers

Zone 2 timer (Z2DP) range: (0 - 2000 cycles in % cycle steps)
Zone 3 timer (Z3DP) range: (0 - 2000 cycles in % cycle steps)

Mho Element Expansion

The phase distance elements use the compensator distance principle, which expands the mho
distance characteristics. The phase-phase elements are strongly polarized from the non-
involved phase and do not require memory polarization, The three-phase elements use
memory polarization to achieve expanded characteristics.

Figure 2 illustrates the expanded mho characteristics for phase-phase faults in front of the
relay. Figure 3 illustrates the expanded mho characteristics for three-phase faplts in front of
the relay. In both figures, the amount of tnho expansion depends on the relative strength of
the source. To determine the amount of expansion mho characteristics experience, relay
reach and positive-sequence source impedance must be known. Use the equations to plot the
circle center and radius of the mho characteristics.

Figures 2 and 3 show an example for an SIR of two, and compare the SEL-121H relay
expanded mho characteristic with theoretical self-polarized mho characteristics.

Phase-phase Elements:

CENTER = 4 (-Z8 + ZR) RADIUS == 14 (Z§ + ZR)
Where:
Z8 Positive-sequence source impedance

ZR Relay reach in positive-sequence ochms
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i Overcu i n for Faul

51N Residual Time-overcurrent Element (secondary quantities)

®  Selectable curve shape (four curve families)
= Moderately Inverse (curve family 1)
- Inverse (curve family 2)
- Very Inverse (curve family 3)
~ Extremely Inverse (curve family 4)

#  Time dial: 0.50 to 15.00 in 0,01 steps.

® Pickup: 0.25t06.3 A, £ 0.05 A £ 2% of setting. ‘

® Timing: -+4% and +1 cycle for residual current magnitude between 2 and 20
multiples of pickup.

®  May be directionally controlled (SINTC setting).

SON1, 50N2, S0N3 Residual Overcurrent Elements (secondary quantities)
® Pickup: 0.25 A to 48 times 51N pickup for 51N pickup < 3.15 A.
0.50 A to 48 times 51N pickup for 51N pickup = 3.15 A.
® Transient overreach: 5% of set pickup.
®  May be directionally controiled (32Q, 32V, and 321 enables).

Residual Overcurrent Element Timers

Zone 2 timer (Z2DG) range: (0 - 2000 cycles in % cycle steps)
Zone 3 timer (Z3IDG) range: (0 - 2000 cycles in % cycle steps)
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Figure 4: Residual Overcurrent Zones of Protection



Negative-sequence directional element

# The angle between the measured negative-sequence voltage and current adjusted by
the MTA setting determines fault direction (I2 leads V2 +90° from MTA).
Zero-sequence directional element
Voltage polarization
® The angle between the measured zero-sequence voltage and residual current adjusted
by the MTA setting determines fault direction (I0 leads VO £90° from MTA).
® Does not require an external polarizing source.

Current polarization

® The relay measures the angle between the measured residual current and zero-
sequence current from an external source to determine fault direction.

Table 1: Directional Element Sensitivities at Maximum Torque Angle (MTA)
Element | Negative-Sequence | Zero-Sequence
I 32Q | 32D
Sensitivity ;I 0.10 i (0.29)(51NP) l (0.44)(51NP)
Units | (V2)12) | (VO)R) | AR)IP)

Note: 5INP is the pickup setting of the 51N eclement in secondary amps.

Nondirectional Fhase Overcurrent Elements
® 50AL, 50BL, 50CL (current detectors)
& 50AM, 50BM, 50CM (current detectors, used in loss-of-potential logic)

Pickup: 0.5t 40 A, + 0.1 A + 2% of setting
Transient overreach: 5% of set pickup

& 50AH, S50BH, 50CH (high-set phase overcurrent elements)
Pickup: 0.5t B0 A, £ 0.1 A + 2% of setting
Transient overreach: 5% of set pickup

1




®  Declares an LOP condition when zero-sequence voltage is detected in the absence of
zero-sequence current (one or two potential fuses blown), .

®  Declares an LOP condition when positive sequence voltage drops below 14 volts sec-
ondary and phase current is below the S0M setting (three potential fuses blown).

®  Clears LOP condition when balanced three-phase voltages return,

®  When you set LOPE = Y, LOP blocks distance elements and causes directional elements
to default forward.

® Use LOP condition to close programmable cutput contacts to alarm for a blown fuse
condition.

Open Breaker Echo Keying

®  Echoes the received permissive frip signal to the remote terminal when no reverse Zone 3
clements are picked up and the tocal line breaker is judged open by the 52A input.

®  Received permissive trip signal must be present for a settable time before echoing is
permitted.

®  Echo duration is settable.

Weak-Infeed Conditional Logic

Conditions. a received permissive trip signal to allow tripping of a weak-infeed terminal if
no reverse elements are asserted and the breaker is closed (Echo-Conversion-To-Trip).
27AB, 27BC, 27CA elements monitor the magnitudes of phase-to-phase voltages.
59N monitors the magnitude of the zero-sequence voltage, .
Voltage setting ranges:
- 27PP clements: 0 - 260 V,, secondary, +5%, +1V
- 59N elements : 0 - 130 V_ secondary, +5%, 1V

Reverse phase distance elements, reverse ground overcurrent elements, and breaker status
supervise the current reversal logic,

Settable current reversal timer (Z3RBT).

Breaker status defeats current reversal logic (BZ3RB) for a settable time during a line
test.
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LOGIC INPUTS

The relay has six opto-isolator inputs to sense external conditions: received permissive trip
and block trip signals, breaker status, direct close, direct trip, and external event report
trigger. Assert an input by applying control voltage to the corresponding rear panel input
terminals.

OUTPUT CONTACTS

The relay has seven output contacts: TRIP, CLOSE, ALARM, and four programmable
outputs: Al, A2, A3, and A4, Any output contact except TRIP may be factory configured
as either form a or form b.

RELAY WORD

The Relay Word consists of four eight-bit rows containing relay elements, intermediate logic
. results, logic inputs, and relay outputs, Each bit in the Relay Word is either a logical 1 or
logical 0.

Table 2: Relay Word

1ABC Z2ABC 3ABC 4ABC LOP 50H 50M 50L
SINT 67N1 67N2 67N3 S5INP ZI1P Z2P Z3P
Z2PT Z3PT Z3iRB KEY S5S0MF PTEE ECTT DF
ALRM TRIP TC DT 52BT WFC Z2GT Z3GT
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The Relay Word Bit Summary Table explains each bit in the Relay Word.

Table 3: Relay Word Bit Summary

1ABC - Zone | three-phase instantaneous element (set by Z1%)

2ABC - Zone 2 three-phase instantaneous element (set by Z2%)

3ABC - Zone 3 three-phase instantaneous element (set by 23%)

4ABC - Zone 4 three-phase instantaneous element (equal to 1.5 x Z3%)
LOF - Loss-of-potential condition

50H - High-level overcurrent element (set by 50H)
50M - Medium-ievel overcurrent element (set by 50M)
S0L. - Phase fault current supervision (set by 50L)

SINT - Residual time-overcurrent trip (set by SINP, SINTD, and 5INC)
67N1 - Residual instantaneous-overcurrent (set by S0N1P)

67N2 - Residual instantaneous-overcurrent (set by SON2P)

67N3 - Residual instantaneous-overcurrent (set by SON3P)

SINP - Residual time-overcurrent pickup

Z1P - Zone 1 phase-phase element (set by Z1%)

22F - Zone 2 phase-phase element (set by Z2%)

Z3F - Zone 3 phase-phase element (set by Z3%)

Z2PT - Zone 2 phase-phase or three-phase timeout (set by Z2DP)
Z3PT - Zone 3 phase-phase or three-phase timeout (set by Z3DP)
Z3RB - Zone 3 reverse block timer output (TDDO time set by Z3RBT)
KEY - Communication channel keying bit
S50MF - Asserts a settable delay after LOP and 50M pickup (delay set by S0MFD)
PTEE - Permissive Trip Echo Enable (limited duration pulse set by echo timers,
ETDPU and EDUR)
ECTT - Echo-Conversion-To-Trip
"DF - Direction forward for ground fauits

ALRM - System alarm

TRIP - Trip contact closure

TC - Trip (OPEN) Command

DT - Direct Trip (or other user defined external purposes)

S52BT - Inverted time delayed 52a follower (delay set by 52BT setting)
WFC - Weak-infeed condition (set by 27PP and 59N)

Z2GT - Zone 2 timeout-ground (set by Z2DG)

Z3GT - Zone 3 timeout-ground (set by Z2DG)

12



PROGRAMMARBLE OUTPUT LOGIC

The relay uses programmable logic masks to control the TRIP and programmable output
relays. Logic masks are saved in nonvolatile memory with the other settings. They are set
with the LOGIC command and retained through losses of control power.

To program each logic mask, select elements of the Relay Word. If any element in the Relay
Word asserts and the same element is selected in a logic mask, the output contact associated
with the logic mask closes.

The output equations follow:

Let R= Relay Word

MTU = mask for trip {unconditional)

MPT = mask for trip (permissive trip)

MTB = mask for trip (with no blocking)

MTO = mask for trip (with breaker open)

then:

TRIP = R * MTU {unconditional tripping)

+ R * MPT * PT * NOT(Z3RH) (permissive tripping with PT input
asserted and no reverse block)

+ R * MTB * NOT (BT) (tripping with BT input deasserted)
+ R * MTO * 52BT (breaker open/just closed tripping)

Close TRIP ¢ontact TRIP

Open TRIP contact = NOT (TRIP)
* {(NOT(50L) + NOT(S0NL))
+ TARGET RESET button pushed]
* (trip duration timer expires)

I

Close CLOSE contact = (DC + CLOSE COMMAND) * NOT
(52A) * NOT (TRIP)
Open CLOSE contact
reset timer

NOT (CLOSE) + 63.75 cycle CLOSE

Al = R * MAlL
A2 = R * MA2
A3 = R *MA3
A4 = R * MA4

The "*" indicates a logical "and," while the " +" indicates a logical "or."
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RELAY TARGETS

The relay normally displays the targets identified on the front panel. Under normal operating
conditions, the enable (EN) target lamp is lit. If the relay trips, it illuminates the LED cor-
responding 10 the element asserted at the time of trip. The target LEDs latch. The target
LEDs which illuminated during the last trip remain lit until one of the following occurs:

# Next trip occurs
®  Operator presses front panel TARGET RESET button
®  Operator executes TARGET R command

When a new trip occurs, the targets clear and the LEDs display the most recent tripping
target.

When you press the TARGET RESET button, all eight indicators illuminate for a one-second

lamp test, The relay targets clear and the Enable light (EN) illuminates to indicate that the
relay is operationai,

Use the TARGET command and display to examine the state of the relay inputs, outputs, and
the elements of the Relay Word.

SERIAL INTERFACES

Connectors labeled PORT 1 and PORT 2 are EIA RS-232-C serial data interfaces. Generally,
PORT 1 is used for remote communications via a modem, while PORT 2 is used for local
communications via a terminal or SEL-PRTU protective relay terminal unit. PORT 2 may
also be connected o the SEL-DTA, which serves as a local operator interface and transducer
output.

Port baud rates are set by jumpers near the front of the main board. You can access these
jumpers by removing either the top cover or front panel. Available baud rates are 300, 600,
1200, 2400, 4800, or 9600.

The serial data format iz eight data bits, two stop bits, no parity. Communications use
XONMN/XOFF flow control.
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. EVENT REPORTING

The relay retains a data record for each of the last twelve events. The record includes fault

location, input voltages and currents, relay elements, input contacts, and output contacts. The
relay saves a report when any of the following occur:

®  The relay trips

®  Selected relay elements assert

®  [ser executes the TRIGGER or OPEN commands

¢ DT (Direct Trip) or ET (External Trigger) input is asserted

Two sample event reports are included near the end of this data sheet.

FAULT LOCATION

The relay computes fault location from event report data stored for each fault or disturbance.
The relay uses two fault locating methods: the Takagi method where sound prefault data are
available, or simple reactance method when gound prefault data are not available. The Takagi
fault locating algorithm compensates for prefault load current to improve fault locating

. accuracy under load and for high-resistance faults.

METERING

The meter function shows the line-neutral and line-ling ac voltage and current vatues,
megawatts (P to represent real power), and megavars (Q to represent reactive power) in

primary values. You can display these values locally or remotely with the METER com-
manyd,

SELF TESTING

The relay runs a variety of self tests. Some tests have warning and failure states; others only
have failure states. The relay generates a status report after any self test warning or failure.

The relay closes the ALARM contact after any self test fails, When the relay detects certain
. failures, it disables the breaker control functions and places the output relay driver port in an

15



input mede. Mo outputs may be asserted when the relay is in this configuration. The relay
runs ail self tests at least every five minutes.

..\

Table 4 shows a list of the self tests performed by the relay.

Table 4: Relay Self Tesis
Test Description
Offset Measures dc offset of analog input channels.
Power Supply Measures internal power supply voltages.
Random-Access Memory Verifies RAM operation.
Read-Only Memory Verifies ROM operation,
Analog-to-Digital Converter Verifies A/D operation,
Master Offset Measures dc offset of multiplexer channel.
Settings Verifies checksum of setting group.
CONNECTIONS
Figure 5 shows typical ac connections [or an SEL-121H relay. Figure 6 shows connections .

for one terminal in & typical permissive overreaching transfer trip (POTT) scheme. The
receive contact (RX), is connected to the relay permissive trip (PT) input. When the KEY bit
in the Relay Word asserts, the Al output contact closes to assert the transmit input (TX) of
the communication equipment,

The protection scheme uses unsupervised instantaneous Zone | elements and instantaneous
Zone 2 elements supervised by the permissive trip (PT) input, Time-delayed Zone 2 and
Zone 3 elements provide time-stepped backup protection in the event of a communication
channe] failure.

Figure 7 shows the tripping and output contact masks used to implement this protection
scheme.

Mask for Uncondlitional Tripping (MTU) Selects Elements for Unqualified Tripping

The MTU mask contains the Zone 1 instantaneous elements 1ABC, ZIP, and 67N1, 1t also

containg the residual time overcurrent element SINT and the time-delayed Zone 2 and Zone 3

phase distance and ground overcurrent clements Z2PT, Z2GT, Z3PT, and Z3GT. The S0MF

bit provides non-directional, time-delayed, phase overcurrent protection under loss-of-potential

conditions. ECTT asserts to trip the relay under weak-infeed conditions when a permissive

signal is received from the strong source terminal and the breaker is closed, TC and DT

allow you to trip the relay by command or input assertion. .\
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Mask for Permissive Tripping

When the PT input is asserted and no reverse block condition is present, bits set in the MPT
mask are enabled for tripping. The MPT mask normally containg the forward looking
instantaneous Zone 2 elements.

Mask for Tri _while Breaker Is Open (MTO

Use the MTO mask to provide switch-onto-fault protection. Elements set in the MTO mask
are enabled for tripping when the breaker is open and for a short time after it closes.

The MTO mask elements are enabled when the 52BT hit is asserted. 52BT is an inverted,
time-delayed follower of the 52a input signal.

Zone 1 and Zone 2 instantaneous phase distance and ground overcurrent elements provide fast
tripping for faults in the recnergized section during a line pickup or test. The 50H element
provides tripping for close-in bolted faults.

The MAL logic mask contains the KEY bit. This bit performs the permissive echo function.
It also asserts to transmit permission to the remote terminal when forward reaching elements
set in the MPT mask assert. The KEY bit is supervised by the reverse block logic.

psk MAd4

When a loss-of-potential condition occurs, the LOP bit asserts to close the A4 oufput contact.
The A4 contact is connected to an annuncistor which can alert the aoperator to the LOP
condition.
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. RELAY ELEMENT OPERATING TIME CURVES
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Figure & shows operating times for the SEL-121H relay phase-phase mho distance elements
and the 50H instantaneous phase overcurrent element. At each reach percentage or current
multiple, ten tests were run. The diagrams show maximum, average, and minimum operating
times at each test point. Operating times include output contact closure time.

For the distance element test, a phase-phase fault was applied at a location representing a
percentage of the Zone 1 relay reach setting. Tests were performed for source impedance
ratios (SIR) of 0.1, 1.0, and 5.0. No prefault load current was included. System frequency
is 60 Hz.

Balanced three-phase currents and no voltages were applied to the relay for the 50H over-
current element tests. This test simulates a boited 3¢ fault in front of the relay location when
hne side PTs are employed. Test currents are shown a§ a4 multiple of the pickup setting, No
prefault load current was included. System frequency is 60 Hz.
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SAMPLE COMMAND DISPLAYS

=>METER ~<ENTER=
Example 230 kv Line Date: 10/8/90 Tima: 07:56:34
A B [ AR BC CA

I (A) 202 198 197 349 3539 B4

V (kv 134.0 13%5.2 133.6 2%.5 230.% 231.9

P (MWD 78.61

0 (MVAR) 13.85

Status

=»STATUS <ENTER>

Example 230 kV Line Date: 10/8/90 Time: 01:08:44

3ELF TESTS

W=Warn F=Fail

1P IR 1A 1B IC VA VB \VC

05 Q a 0 0 ] 2 0 s

2] 5.1 1515 =149

RAM ROM A/D MOF SET

oK oK, ok oK oK !
1

History

exHISTORY <ENTER~

Example 230 kv Line Date: 10/8/90 Tima: 07:38:12 i
1

# DATE TIME TYPE DIST DUR CLURR i

1 8/31/70 07136:52.150 1AG  74.93 5.00 1070.1

2 B/31/90 07:Z&:1B.400 1BC 7453 4.75 1547.2

3 B/31/90 O07:35:42.970 2BC 8468 4.25 14118

4 BrE3/90 07:35:23.783 EXT

5 B/31/90  07:35:07.958 TRIP

&

7

8

@

10

1

12
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=»»SET<ENTER>

SET clears events. CTRL-X cancels.
Enter data, or RETURN for no change

lg t Example 233 kv Line
R1 & (Ohms prid.ecccacccanns = B.56 ?
X1 % awssansanvanssnreaanis T F1.07 7
R0 ¢ iveeavsancnnssancances = 3512 7
X0 I i asasmeesesamsseaaas = 36,96 7
LE t Line Length (mi)...... = 100.00 7
CTR & seivecccemsnnsnnrannns = 200,00 7
FTR 5 savsnnsansanssnnaansss = 2000,00 7
MTA : Max Torque Angle (deg) = 83.70 7
LOCAT: Locate faules (Y/H)... = ¥ ?
21% = = B80.00 =
2% : = 120.00 7
23% = 120.00 7
220P : Dly-Phaeae{cyc) = 20,080 ?
Z3pF ¢ Dly-Phased{eyc}........ = 60,00 ?
A1TP ; A1 Pickup D (eyed.,. = 0,00 7
ATTD = AT Dropout Dly (eye).. = 0.00 ?
S50L : PU (Amps prijd......... n 275.00
BOM : PU.uuvecciccrncnnnnnas = 500,00 ¢
SOMFD: DLY Ce¥E)ausnunnunnans = 20,00 ?
S0H & PUicseeannnscnnnansnss = 3420.00 7
SINP : PU (AMPS Prid..cuuuass = 230.00 7
SINTD: Time DiBb.ssuurssrese. ® 4.00 T
5INC : Curve 1,2 3,0r4). ... =3 ?
BANTC: Torque cErl E¥/Nd 020 = ¥ ?
SONTP: PU (AmMpe prid....-.... = B35.00 7
SONPP: ceeeeiecnrnnns = 276.00 7
SOR3P: oo ie i = 782.00 7
220G = Dly-Gnd(oye)....ypave = 30,00 7
230G : Dly-Gnd{eye)..cunnnne. = 40.00 ?
TOUR = Trip duration (cyc)... = 9.00 7
S2BT @ DLy (eye).uauvan rensas 20.00 ?
ZONE3: Dir (F=fud or R=rvs).. = R 7
23RAT: Rev Hlock dly(cyc).... = 4.50 ?
BZ3RH: Block RB dly{cyc)..... = 1.50 ?
ETDPU: Echo dlyfeyo)...vaasaa = 2,00 ?
DUR : Echa dur cxc). = 3.50 ?
WFCE = Enable (Y/N} =Y 7
&7FP = PU (kV pri). = 160.00 7
59N = PU (kV pri). = &.00 ?
32QE : Enable (Y/N).......... =¥ 7
32VE I .uivurrsarrancansaanes = N T
Z2IE 2 sanesscamsnmmsnnnennsa =H ?
LOPE = Lass of Pot (Y/N)..... =y ?
TIME1: Fort 1 timeour {min).. = 5.00 7
TIME2: ..ccvvvvnuransisvsnnes = 0.00 ?
LUTO 1 Auto port €1,2,3)..uu. =2 b
RINGS: (1-30). ... onoaeanaas = 7.00 ?
New settings for: Example 230 kv Line
R1 =8 56 X1 =77, RO =35.12
CTR =200.00 PTR =2000,00 MTA =H3.YD
214 =100.00 Z2% =120.0 3% =120.00
120F =20.00 Z3pP =120.00 AMTP =0.00
50U =275.00 50M  =500.0 SCMFD=20,00
5iNp =230.00  STNTD=4.00 S51HC =3
SON1P=B35.00 SON2P=2746.00  SON3P=282.00
220G =30.00 230G =&0,00
TOUR =9.00 52BT =20.00 ZONE3=R
ETDPU=2 .04 EDUR =3.50 HWFCE =
J20E =¥ IVE =N I21E =N
TIME1=5.00 TIMEZ2=0.00 AUTD =2

oK (Y/N} 7 Y<ENTER>
Please wait...
Enabled

Example 230 kV Line

X0 =236.96 LL  =100.00
LOCAT=Y

ATTD =0,00
S0H  =3420.00
SINTCmY

Z3RBT=4 .50
2TPp =160.00
LOPE =Y
RINGS=7.00

BZ3RB=1.50
59N =6.00

Date: 171/90 Time: 01:03:32
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SAMPLE EVENT REPORT FOR INTERNAL ZONE 2 FAULT

Example 230 kV Line
FID=SEL-121H-R400- V&5 Smptr1s-D900823

CUFrents
(amps)
IPOL IR 1A 1B 1C VA

3 -2 ~Bh 94 -3 -115.0
-3 [} «72 -19 ¢ AT.A
-3 & &6 =91 31 115.0
& 0 72 16 =94 -47.6
-3 -4 -] 2] =31 =115.0
-3 2 -ia -16 94 &7.6
3 2 &b - 3 15.0
0 -2 7e 16 -94  ~&67.4
a -2 =66 4l =31 «115,0
1] 2 -2 -16 94 &7.8
"] 2 &b - 31 114.9
0 7 72 107 -175 -67.8
Q -13 &b W09 -356 -114.9
4] -38 -7z -4B1 513 4&7.8
3 49 &b -895 B78 114.9
-3 &0 72 799 -BD? -A7.8
-3 -71 -66 1092 1101 -114.8
3 -64 =72 -840 B4 A7.8
0 73 66 =1120 1129 114.8
o &% 72 B4&  -B5? -467.8
0 -3 -6h 1123 -1129 -114.8
[+] -6y -T2 -Bb4é 859 &7.8
0 73 66 -1123 1126 114.8
0 53 60 5 -781 -&7.8
0 60 -53 790 =793 -114.9
0 - 24 -3 -378 3B1  &7.9
0 er 23 -23% 259 114.8
4] I3 9 50 -80 479
0 -7 ) 3 =31 -114.8
0 FJ -3 -& & 679
0 2 3 -3 6 114.8
3 -2 i} -3 -3 -&R.0
-3 -2 a a o -114.8
-3 2 3 ] 0 &8.0
3 4 -3 1} 0 114.8
D -2 a -3 0 -&B.0
0 -2 3 -3 0 -114.8
0 2 -8 3 0 &3.0
0 2 0 3 0 114.8
0 -2 & -3 0 -68.0
1] 1] 0 -3 0 -114.8
1} 1] -& 3 0 é8.0
1} 0 1] 3 0 14&.7
0 1} 1) -6 0 -&8.0

Event = ZBC Location t B4 70 mi 6.

Duration: 2.50 Flt Current: 1418.%

R1 =B.56 X1 =7T.77T RO =35.12

CTR =200,00 PTR =2000,00 MTA =83.72

21% =80.00 2% =120.00 st =1zu.0n

220P =20.00 Z3DP =40,00

50 2275.00 50" 0_5 0000 50HFD 20 DD

50N1P=835 00 50N2Pn275 i1} 50H3P-282 00

ZZDG =30,00 Z30G =60,00

TOUR =2.00 526T =20.00 ZONE3Z=R

ETCPU=2. 00 EDUR =3_50 FCE =

I20E =Y I2VE =N I21E =N

TIME1=5.00 TiMEZ2=0.00 AUTO =¢

Logic settings:

MIU MPT MTE MTO MAT MAZ MAT MAL

80 40 00 p4 OO0 QO 00 OB

C4 22 00 ES& 00 Q0O 00 00

CA 0O OO0 DO %0 OO0 OO0 00

3 00 O0 00 OO0 00 OO0 00

Date: 9/18/%0 Time:09:20:59, 241
Voéﬁages Reimys Outputs I[nputs
522651 TCAAAAA DPBDSE
vB Ve G11710 PL1234L TTTC2T
P3PNNP A
0.9 116.5 ...... .... ern o wena®l
R T - ke
1.0 -116.5 ... .. creenes ... *,
133.6 -65.7 oo oh cieeiin aea L
=1.0 116,73 ...... _—
-133.6 6&5.6 crev ¥l
1.0 -116.5 A P
133.7 =65.6 ....c. ... seea ¥l
I T s - T - T *_
S133.6 0 65,6 L.ieh ceiieen aaas *_
1.7 -1i7.2 nrr reunbas wmwsa
1287 =61.6 ..... s rruusen raen¥a
001 115,59 Leccae cennaas venas
-121.0 520 M., ... ROk,
-5.3 -109.8 Me..or .uus e,
115.5 -&47.4 M_2___ % % ___ & __w
Q.4 059 M.2... WA L, R R
114,88 466 M., W oW W W
9.9 -105.4 M.Z... WM L Rk,
1147 -&b.4 Mg, %00 %007,
9.9 1053 M2, .0 * A L RN,
1167 46,5 ML2o., woR, L K F
1004 1048 M.2... WoR Ll WA,
1MB.5 -50.3 M. 2... * % __ v ¥
8.9 1064 M.2... *.* ... .%..
=127.2 59.1 M..... R e ¥
-3.2 -112.1 L..... R e ML
132.B =646 ...... L RS
-0,7 116.1 ...... . WL
1335 653 aaaeee Foalo LR
1.2 “ME.7 crvver Movvvnn wucans
133.5 =65.3 ...... e aa ea
1.3 167 ...... @ arn mmmens
-133.4 &5.3 ...... * i ammans
1.4 =116.7 sevves Fovnnen wemnns
133.6 -65,4 *
-1.4
-133.4
1.4
133.6
=1.4
-133.6
1.4
133.8
&3 ohme gec
X0 =235,94 LL w=100.00
LOCATmY
AlTD
50K -3420 0o
S5INTC=Y
BT=4.50 BZIRB=1.50
B?PP -160 00 59N =56.00
LOPE =Y
RINGS=7.00

Date and tme of event

Omne cycle of data

Permiasive Trp (PT) input is
received

TRIP output asserts and
permiagive output (A1) keys
when Zone 2 phase distance
element asserts

S2A mput dropout indicates
that hreaker is opening

Fault Summaty

Relay Settings

Logic Mask Settings



EXPLANATION OF SAMPLE EVENT REPORT FOR INTERNAL ZONE 2 FAULT

Example 230 kV Line

Date: 7/18/90 Time: 09:20:59.241

FID=SEL-121H-R400-VA5émptr1s-D900823

Currenta Volrages Ralays outputs 1nputs
{amps ) (kv)
522651 TCAAAAA DPBDSE
[POL IR IA IB IC VA VB V& 011710 PL1234L TTTGZT
P3PNNP A
0 -13 -&b6 409 356 -114.9 =01 115,5 Luvccy swssrvn sens®.
1} -38 =72 =481 513 67.B -121.0 52,9 Muva. sucao.. KO
3 &5 &6 -893 878 114.% -5.5 -109.8 M..... .... e T
-3 &0 72 799 =809 =-67.8 115.5 -47.4 Mudeas *.%.00. J%00%
-3 - -66 1092 -1101 -114.8 Q4 105.9 M.2... Wk __ k&
3 -6 -72 -840 849 E7.B -1M4.B 46,6 MiZueas ™ ™oau. MUK
Event : 2BC Location ; 84.70 mi 6.63 ohms sec
Duration: 2.50 Flt Current: 1418.7
R1 =8,56& X =TT RO =35.12 KO =235.96 LL =100.00
CTR =200.00 PTR =2000,00 MTA =83.72 LOEAT=Y
Z1% =80.00 z2¥% =120.00 73% =120.04
230p =20,.00 Z3DP =60,00 ANTP =0.00 A1TD =0.00
S0L- =375.00 5S0M =500.00 SOMFD«20.00 50H =3420.00
SINP =230,00 5INTD=4,00 SINC =5 SINTC=Y
SON1P=835,00  SON2P=276,00  SON3P=282.00
2206 =30.00 Z5DG =40.00
TDUR =%.00 S2BT =20,00 ZONE3=R Z3RBT=4 .50 B23RB=1.50
ETDPU=Z.00 EDUR =3.50 WFCE =¥ 27PP =140,00 59N =4,080
J2QE =Y I2VE =N 321E =N LOPE =Y
TIMEY=5.00 TIME2=0, 00 AUTO =2 RINGS=7.00D

Currents and voltages are in primary amps and kV.

hazar RME value

obtain

Rows are % cycte apert.
immadiately underneath as the

Time runs down page.
hent and the cntr

and an?le gsins any entry as Y=-com|
e

-component. For examp rom bottom rows, IBY = 1092, 18X = -B40. Therefore, [B = 1378 amps primary at
an angle of ATAN (1092[-8;0) = 128°, with rempect to the sampling clock. ' "ws P L4
<FID> Firmware ldentification Data
<Relays> columns show states of internat relay elements ---» Degignators

50P : phase overcurrent ..., : S0H, 50M, S0L === H,M,L
213 : 3-phase distance . - M, . 13, 2k --->1,2,3.4
21F = 2-phase distance . 21, 72, 23 w-ew ,2,3
67N : inst greund overcurrent = S7N1, éruz, 47N ---» 1,2,3
5N : ?rnund time-avercurrent wuax PLY
LOP : {oss-of-potential logic -k
<OuUt plits> columna ghow atates of outpyt contacts: ON = Ui, (FfF = 0 n
TP=TRIP, CL=CLOSE, A1-A4=PROGRAMMABLE, AL=ALARM
clnputs=> columns show states of input contects:
DT=DIRECT TRIP, PT=PERMISSIVE TRIP, BT=BLOCK TRIP, DC=DIRECT CLOSE, S52A=AUX A-CONTACT,
ET=EXTERMAL TRIGGER {avant repoit)
<Event> Fault indications are 1ZTH yherae 2 indicatss zone and T t
Z 12 one of t=Zone 1, 2=Zone 2, 3=Zone3, 4=Zoned, 5=51N, H=50H, "7 = indeterminate
T {% one of AG,BG,CG = single-phace to ground, Aﬁ,BC,EA = 2-phase,
ARG, BCG,CAG = 2-phase to ground, ABC = I-phase.
Fullnug& by a "1 if a TRIP tri?sered the report
Dthez 1nd1cah1ons ara TRIP = triggered by TRIF output and EXT = externally or otherwise
riggers
<Location Distance to fault in milez. 999999 is indsterminate distance
<ohms secr Digtance to foult in secondary ohms. 999999 is indeterminate
<Duration> Fault duration determined from relay element(s) pickup time (c¥c.)
<FLt Current>  Maximum phase current (primery amps) taken near middle of faul
R1,X1,R0, X0 Primary seriez impedance setrtings for transmission line (ohms)
LL Line length corresponding to specified line impedances
CTR, PTR Ccurrent and potential tranaformer ratios (XTR:1)
MTA,LOCAT Max 1 mum tor?ua angle {(degreez) and fault locator enable (Y/N)
Z1%,22%, 3% Reaches of 3- and 2-phass mhos, percent of positive sequence line impedances
ZZDP,ZSﬁP Zones 2 and 3 timer Settings for 3- and 2-phase faults (cyc.)
AITP, A1TD Al programmable output pickup end dropout delays (cye.)
sOL,M H, MFD Overcurrent settings and coordinating delay for S0M & LoP Trip
5|Nﬁ,+D, C,TC GND time-overcurrent Pickup, Time-Dial, Curva, Targue Control
SONTP, 2,3 Ground inst-overcurrent pic&up settims Zonas 1, 2, and 3
27DG, 730G Zona 2 and 3 ground timer sattings (eye,) .
TDUR,52BT Trip output duretion timer, 528 delay setting (for awitch-onte-fault coordination) (cyc.)
ZONE Direction of all zone 3 alementa (Fwd/Rvs)
73RBT,E73RB Ravarse block and block-the-reverse-block timer settings (cyc.)
ETDPU,EDUR timer and Echo Duration timer (c

WECE, 37PR, 5ON

320E,VE, [E

LOPE

TINET,2

AUTO

RINGS

“Logic gettinga>

Echo Time Delar Pick ¥C.}

Weak Feed ensble (Y/N}, phage-phase voltage leval detector (kV), and residual overvoltage
level detector (kV).

Ground fault direction from (v2,12} or (VO/IP, 10}

Loss-of-potential enable (Y/N)

Communicatfons port timeout intervels (automatic Log-off) {minutes)

Port assignment for aytomatic message transmissioha (1, 2, or 3)

Number af rings to wait before modem answers telephone
Sea LOGIC command for a description of mask settings
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SAMPLE EVENT REPORT FOR CURRENT REVERSAL AT BREAKER 1

Example 230 kV Line Bregker 1
FID=SEL=121H-R400-V556mptr 15-DP0082Z

Currents
(amp=)
1PGL IR 1A 1B iC VA

0 0 a2 q -88 -43.4
0 0 -50 98 -80 -126.2
0 0 -82 -3 88 4%.4
3 0 50 =98 50 126,
-3 -2 g2 3 -88 -43.4
-3 2 -50 9% -50 -126.1
3 2 -82 0 43 4
i} -2 50 -94 50 126.2
0 0 82 0 -B8 -43.5
[} 0 =47 b -50 -126.2
0 1] =B85 [\) BE 43.5
0 0 47 -94 50 125.B
6 -i02 k|- ] -85 =433
0 22 -28 94 -83 -118.4
0 520 437 3 85 39.5
0 -246 -195 -98 53 104.6
0 =905 ~821 -3 88 -35.4
0 473 422 98 -50 -101.6
0 280 897 Q a8  34.9
0 -500 -453 -9 50 100.9
1} =989 «GD3 Q 88 -X4.9
0 502 456 94 =50 -100.9
3 989 903 0 88 340
-3 -502 -454 -G 50 100.%
-3 -823 - 734 [+] -88 -34.9
3 459 422 2% =50 -100.9
0 142 50 1 a8 349
0 =113 =57 =4 50 100.9
Q 484 F&l 0 -88 -35.0
a -254 311 4 =50 «100.9
a -40B  -692 a 88 35.0
3 303 3596 =94 50 100.7
-3 624 708 1] -88 -35.0
-3 -310 -359 Py -30 -10Q.7
2 -&22  -7T11 a g8 35.0
V] 310 359 ~04 50 101.0
0 546 436 -88 -35.1
0 -29 -343 9% =50 -108.4
¢ -248 -333 as 19,0
1] 137 182 -94 50 120.3
0 -27 &0 -88 -43.2
0 24 -19 9 -50 -125.3
0 80 -9 ] a8 43.7
0 -4 0 -94 30 126.0

Event ;s IAG Location

buration: 3.00 Flt Current: 1011.46

R1  =A.54 X1 =777 RO  =35.12

CTR =200.00 PTR =2000.00 MTA =83.72

T

G 2%, o 0%  AlWFoe20 0o

SINF =230.00 S1NTD=4.00

SINC =3
SON3P=282.00

SONTP=8%5.00  SON2P=276.00
Z2b6 =30.00 23DG =40.00
TOUR =2.00 %2BT =20.00 ZOHE3=R
ETDPU=Z2.00 EDUR =%.50 WFCE =Y
J20E my 32VE ui 32IE =N
TIME1=5_00 TIME2=0.00 AUTO =2
Logic settings:

MTE MTO HMAT MAZ MAS MAL

MTIU MPT
80 &40 00 D& 00 0D CGD OB
€4 22 00 E6 00 Q0 00 QO
CA 00 00 Q0 10 00 Q0 00
3 00 00 00 00 00 OO 00

Date: 9/18/90

Time: 09:33:50.420 Date and time of event

Vu%ﬁs?as felays Outputs [nputs
S2265L TCAAAAA DPBDSE
va V& 011710 PLIZ34L TTTC2T
FIPNNP A
131.1 -87.6 .c.... .. 52A input assertion indicates
518 "Bee cnoiinoimiiniiiiar breskeris closed
s T T N *
131.2
2.5
=131.2
=-25.5 =
131.1 .
2h.5 LB
-131.1 N
-25.5 - .
1311 -87.5 ... ... .. FE e .. . -
(B8 1063 Ll veer vaest.  Permissive Trip (PT) input is
- . e »*, oeived
-33.5 -109.2 L..3.. ..., T, oLy
Reverse Zone 3 residual over-
"S55 1M1 M3t oiinoenn current element asserts and
-134.4  B4.2 M..3.. .u... an L, initiates current reversal Togic
-35.8 1117 M..3.. L L
1365 -84.1 Moedur soiinan ".™
35.8 1116 M..3.. cuuuo.. LW
-134.5 84,1 M..3.. ...... . A M E,
-35.8 1116 M.5.. ..., I
1%?.3 i??'; H..g.. ceamae JFLLEL
- - - - - - -- - -*--*-
1345 841 L. 3., seaee.. JELLRL
b -2 L B I L AP Reverse Zone 3 residual over-
1345 -84.1 . current element drops oue
35.8 t11.7 : : Forward Zone 2 residual
‘1;"5'; _1ﬁ-; fa Tt vvercurrent element asserts,
- - et but current reversal logic
3.3 e wops;  Plocks wipping and keying
-136.4 B4, SR
=35.7 -111.7 LW,
154 5% -B4.0 R
35 s
-133.1 85, S, Forward residual overctrent
27.6 -103.8 e elements drop out
131.5 -87.0 ... cuieena- SR, Permissive Tr_i_p FT) iﬂpllt
513 TSR s s deopaont
25,2 -1M1.5 ..., .. reves s

: -T7.14 mi -5.04 ohms sec

X0 =236.96 LL
LOCAT=Y

ATTH =0.00
500 =3420.00
5INTC=Y

=104, ()

Z3RBT~=4,50
27PF =160.00

LOPE =Y
RINGS=7.00

B23rB=1.30
59N =4.00



. EXPLANATION OF SAMPLE EVENT REPORT FOR CURRENT
. REVERSAL AT BREAKER 1

The previous event report illustrates relay security during an out-of-section fault resulting in
current teversal, The report shows that no trip occurred at Breaker | following the current
reversal because the current reversal logic blocked tripping by permissive trip logic. Also
notice that the current reversal logic blocked the relay from keying the permissive trip signal
when the Zone 2 elements asserted.

Referring to Figure 11, the relay at Breaker 1 initially sees the fault with a reverse Zone 3
6TN3 ground overcurrent element. The relay at Breaker 3 trips instantaneously via its Zone |
ground elements. The protection at Breaker 4 must wait to receive a permissive signal from
the protection at Breaker 3, resulting in a short duration sequential clearance for the fault.
Referring to Figure 12, after Breaker 3 opens, the fault current redistributes and the relay at
Breaker 1 seey the fault as a forward Zone 2 ground fault,

The SEL-121H relay current reversal logic initiates with the assertion of any reverse Zone 3
element and drops out a settable time after the Zone 3 elements. This prevents the relay from
tripping or keying via the permissive logic when the current reverses and Zone 2 elements
pick up.
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Figure 11: Fault Inception, All Sources In
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Figure 12: Faulted System with Breaker 1 Open
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SEL-121H RELAY COMMAND SUMMARY

Lavel

ACCESS Answer passward prompt (if password protection is enabled) to enter Access Level 1. Three
unsuccessful attempts pulss ALARM contacts closed for one second.

Access Lavel 1

2ACCESS Answer password prompt (if password protectian is enabled) to enter Access Level 2. This
command always pulses the ALARM contacts closed for one second.

DATE {im/d/y] Show or sst date. DAT 2/3/90 sets date to Feb. 3, 1900, TRIG-B time code input overrides
exigting month and day seitings, DATE pulses ALARM contacts when year entered differs
from year stored.

EVENT Show event record. EVE 1 shows newest event; EVE 12 shows oldest.
HISTORY Show DATE, TIME, TYPE, DIST (distance), DUR (duration), and CURR {maximum fault
current) for the last twelve events.
IRIG Force immediats attempt to synchronize internal relay clock to time-code input.
METER [N] Display primary phase-to-neutral and phase-to-phase voitages and currents and real and
reactive power. Option N displays meter data N times.
QuIT Return control to Access Level 0; retumn target dizplay to Relay Targets,
SHOWSET Diuplay settings without affecting them.
STATUS Show self test status.
TARGET [N][K] Show datn and set target 1.EDs as follows:
TAR O: Relay Targets TAR 1: Relay Word row #1
TAR 2: Relay Word row #2 TAR 3: Relay Word row #3
TAR 4: Relay Word row #4 TAR 5: Contact Input States
TAR 6: Contact Ouiput States TAR R! Clears Tarpets and returns to TAR 0

Option K displaya target data K times.

TIME [h/m/x) Show or set time. TIM 13/32/00 sets clock to 1:32:00 PM. TRIG-B synchronization
overrides this setting,

TRIGGER Trigger and save an event record (event type is EXT).

Access Level 2

CLOSE Closs circuit breaker, if allowed by jumper setting.

LOGIC [N] Show or set logic masks MTU, MFT, MTE, MTO, MA1-MA4, Commend pulses ALARM
contacts closed for one second and clears event buffers when new settings are stored.

OPEN Open circuit breaker, if allowed by jumper setting.

PASSWORD Show or set passwords. Command pulses ALARM contacts cloged momentarily after

password entry. PAS 1 OTTER sets Level 1 password to OTTER. PAS 2 TAIL sets
Leval 2 password to TAIL.

SET [N] Initiate get procedure. Optional N directs relay to begin setting procedure at that setting.
SET EDUR initiates setting procedure at EDUR setting. SET initiates setting procedure at
beginning. Command pulses ALARM contacts closed and clears event buffers when new
gettings are stored.
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