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SEL-151 DISTRIBUTION RELAY

PHASE OVERCURRENT RELAY WITH VOLTAGE CONTROL
NEGATIVE-SEQUENCE OVERCURRENT RELAY
GROUND QVERCURRENT RELAY

MULTIPLE SHOT RECLOSING RELAY
SELECTABLE SETTING GROUPS

CIRCUIT BREAKER MONITOR

FAULT LOCATOR

PROGRAMMABLE SELoGiIc™

DATA SHEET

Develop traditional end advanced schemes using flexible SELoGic™

Phase overcurrant elements have voltage control for joad security
Negative-sequenca elemsents reject load for more-sensitive phase fault protection
Ground/Rasidual overcurrent elements cover ground faults

Choose fast or alactromachanical reset characteristic for time-overcurrent elamants
Overcurrent slaments inhibit recloser reset, to prevant nuisance “trip-reclose” cycling
Sequence coordination avoids unnecessary tripping for faults beyond line raclosers
Six selactable setting groups cover all feeder protection contingencies

Circuit breaker monitor sums interrupted current in each pola to aid maintenance
Fault locator reduces line patrol and outage time for increasad service reliability
Eleven cycle event reports simplify fault and system analysis

Comprahensive voltaga, current, pawar, unbalance, and demand metering
Connacts ta SEL-RD RELAY DISPLAY for easy local information access

SELocic is a trademark of Schweitzer Engineering Labaratories, Inc. SEL and the SEL logo are registered
trademarks of Schweitzer Engineering Laboratories, Inc.




GENERAL DESCRIPTION

The SEL-151 DISTRIBUTION RELAY protects, controls, and monitors distribution feeders.
It offers important new and unique features, like user-programmable SELoaic™, negative-
sequence overcurrent elements, and selectable setting groups. The advanced relay design
enhances security, reliability, sensitivity, and operation.

In 1987, SEL" invented Programmable Mask Logic. The SEL-151 relay offers SELoaic™,
the next step in user-programmability. SELoaic™ includes ANDing, ORing, and inverting
functions, timing, and programmable inputs and outputs. SELoaic™ adds power and
flexibility while simplifying programming. ‘

Phase and negative-sequence overcurrent elements detect phase faults. Negative-sequence
overcurrent elements reject three-phase load to provide more sensitive coverage of
phase-to-phase faults. Phase overcurrent elements are needed only for three-phase faults
where negative-sequence quantities are not produced.

security. Choose between Lhree-phase and single-phase-pair undervoltage torque control,
When phase overcurrent elements are used only for three-phase fauits, three-phase under-
voltage torque control enhances security.

On heavily-loaded feeders, undervoltage torque control of phase overcurrent elements adds .

Ground/Residual overcurrent elements detect ground faults, and external inputs can torque
control selected overcurrent elements,

There are two reset characteristic choices for the time-overcurrent clements. One choice
resets the elements if current drops below pickup for at least one cycle. The other choice
emulates electromechanical induction disc elements where the reset time depends on the time
dial setting, the percentage of disc travel, and the amount of carrent between zero and pickup.

The reclosing relay allows up to four reclosing shots with separate, settable open interval
timers and reset interval timer. Overcurrent conditions during the reclosing relay resct
interval inhibit the reset interval timer. This prevents the reclosing relay from resetting when
a trip condition is imminent. A close failure timer limits CLOSE output contact assertion.
Reclose cancel conditions are programmable. A programmable input can be used as a reclose
enable input to disable/enable the reclosing relay.

The SEL-151 relay includes easily programmable sequence coordination to keep the relay "in
step” with line reclosers, preventing undesired tripping for faults beyond line reclosers. .



Six Selectabl of i

. The relay stores six setting groups. Select the active sefting group by contact input or
command. Use these setting groups to cover a wide range of distribution feeder protection
contingencies. Selectable setting groups make the SEL-151 relay ideal for bus-tie and

substitute breaker applications, and other applications requiring frequent setting changes.

Separate circuit breaker trip counters differentiate and tally relay-initiated trips and external
trips. Rurming sums of interrupted current for relay and external trips indicate breaker wear
on a pole-by-pole basis. Use these data to schedule breaker maintenance.

Trip failure logic provides alarm and breaker failure functions. A close failure alarm indi-
cates circuit breaker closing circuit or mechanism problems. The trip cireuit monitor detects
abnormal open or short circuits in the circuit breaker tripping ¢ircuit or status input.

Fault r Line 1 and

The SEL-151 relay includes a fault locator which uses fauit type, prefault, and fault condi-

tions to provide an accurate estimate of fault location without the need for communications

channels, special instrument transformers, or source impedance information, even during

conditions of substantial load flow and fault resistance. Fault locating reduces ling patrol and
. outage time.

lyze ratio i R

Eleven cycle event reports triggered by user selected conditions provide the current, voltage,
and sequence-of-events information you need to understand relay and circuit breaker perfor-
mance, as well as stress on the feeder for every fault. The relay stores the twelve latest event
Teports.

The relay measures phase, negative-sequence, and zero-sequence voltage and current, as well
as MW and MVAR, Demand and peak demand values for current, MW, and MVAR are also
available. Metering also supports protection by allowing inspection of the quantities moni-
tored by relay elements and checking for load encroachment and unbalance through nstanta-
neous, demand, and peak-demand measurements.

You can connect up to four SEL-151 relays to one SEL-RD RELAY DISPLAY. Access
relay target, meter, status, fault history, and circuit breaker information via the relay display.
You can also change the active setting group via the display,
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The SEL-151 DISTRIBUTION RELAY improves every aspect of feeder protection:

Security: Undervoltage supervision and negative-sequence aveid load encroachment
Reliability:  Field-proven hardware; new backup concepts

Sensitivity: Negative-sequence overcurrent elements for better phase fault coverage
Flexibility: SELocic™ handles virtually every conceivable scheme

Capability:  Brings transmission relay features to distribution applications

Economy: Low price and unique features make the relay an exceptional value

GENERAL SPECIFICATIONS

Time Code Input
C . L
Power Supply

Relay Ditnensions

Muounting

Dielectric
Strength

Qperating Temp.

115, 208, or 230 volt nominal phase-to-phase, three-phase, 4-wire connection
220 volt phase-to-neutral saturation limit

5 amps nominal
15 amps continuous
110 amps saturation limit
500 amp one second thermal rating

30 amp make per IEEE C37.90, paragraph 6.7.2
6 amp carry continuously; MOV protection provided

48 Vde: 25 - 60 Vde
125 Vde: 60 - 200 Vdc
250 Vde: 200 - 280 Vde
Current = 6 mA at nominal voltage
Relay accepts demodulated TRIG-B time code input
Two EIA RS-232-C serial communications ports

48 Volt:
125/250 Volt:

30 - 60 Vdc; 12 watts
85 - 280 Vdc or 85 - 200 Vac; 12 watts

5" x 19" x 13" (13.3cmx 482 cmx 33.0cm) (Hx Wx D)
Available in horizontal and vertical mounting configurations.

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

-40°F to 158°F (40°C o +70°C)



Environment 1EC 68-2-30 Temperature/Humidity Cycle Test - six day (type tested)

. Interference Tests  IEEE C37.90 SWC Test (type tested)
IEC 255-6 Interference Test (type tested)
Impnlse Tests IEC 255-5 0.5 Joule, 5000 Volt Test (type tested)
RFI Tests  Type-tested in field from a %-wave antenna driven by 20 watts at 150 MHz and

450 MHz randomly keyed on and off one meter from relay.
ESD Test TEC 801-2 Electrostatic Discharge Test (type tested)

ni igrh 21 pounds (9.1 kg)

32 pounds (14.5 kg), including two instruction manuals.

Burpin  Each relay is burned in at 140°F (60°C) for 100 hours.
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Figure 1: SEL-151 Relay Inputs, Outputs, and Targets Diagram



FUNCTIONAL SPECIFICATIONS

S0LT

50H

50C

Phase Time-Overcurrent Element

Curve families: moderately inverse, inverse, very inverse, extremely inverse
Time dial: 0.5 to 15.00 in 0.01 steps.

Pickup (51P): 1to 12 A £2% of setting +0.1 A secondary

Time delay or one cycle reset time

Timing: +5% and +1 cycle for currents between 2 and 20 multiples of pickup
Internally and externally torque controllable

Phase Definite-Time Overcurrent Element

® Pickup (50L): 0.5 to 100 A +2% of setting +0.1 A secondary
® Time delay: 0 to 16,000 cycles in 1 cycle steps

® [nternally and externally torque controllable

Phase Instantaneous Overcurrent Element
& Pickup: 0.5 to 100 A +2% of setting +0.1 A secondary
® Internally and externally torque controllable

Phase Instantaneous Overcurrent Element
® Pickup: 0.5t0 100 A +2% of setting £0.1 A secondary
® Can be used to override voltage control through TCI setting choice

50QT

Negative-Sequence Time-Overcurrent Element

Element measures 3xl, negative-sequence current

Curve families: moderately inverse, inverse, very inverse, extremely inverse
Time dial: 0.5 to 15.00 in 0.01 steps.

Pickup (51QP); 1to 12 A +£3% of seting 4+0.18 A secondary

Time delay or one cyele reset time

Timing: 5% and 11 cycle for currents between 2 and 20 multiples of pickup
Externally torque controllable

Negative-Sequence Definite-Time Overcurrent Element

® FElement measures 3xlI, negative-sequence current

® Pickup (50Q): 0.51t0 100 A +3% of setting +0.18 A secondary
® Time delay: 0 to 16,000 cycles in 1 cycle steps

® Externally torque controllable




Residual Ov for Groun 1 S0NLT, 50

. S5INT  Ground/Residuat Time-Overcurrent Element

Curve families: moderately inverse, inverse, very inverse, extremely inverse
Time dial: 0.5 to 15.00 in 0.01 steps

Pickup (SINP): 0.25 to 12 A secondary

Time delay or one cycle reset time

Timing: +5% and +1 cycle for currents between 2 and 20 multiples of pickup
Externally torque controllable

SONLT Ground/Residual Definite-Time Overcurrent Element
® Pickup (50NL): 0.5 to 100 A secondary (for 1 =< SINP = 12 A secondary)
0.25 to 50 A secondary (for 0.5 < 5INP < 1 A secondary)
0.125 to 25 A secondary (for 0.25 = 5INP < 0.5 A secondary)
¢ Time delay; 0 to 16,000 cycles in 1 cycle steps
@ Externally torque controllable

50NH Ground/Residual Instantaneous Overcurrent Element
® Pickup: same range as SONLT
® Externally torque controllable

Accuracy
® Residual element pickup accuracy is dependent upon the SINP setting. Pickup
accuracy of the 5INP, 50NL, and SONH elements is shown below in the given
51NP sefting range.

1.0 = 5INP = 12.0 A sec Pickup +2% +0.100 A sec

0.5 = SINP < 1.0 A sec - Pickup 4+2% +0.050 A sec

0.25 = 5INP < 0.5 A sec Pickup 4+2% $0.025 A sec
n oltage Tol | Elements for ity (2

& 27AB, 27BC, 27CA Phase-to-Phase Undervoltage Elements

® Setting Range: 0 to 250 V line-to-line secondary +5%, +1V

® Two setting limits: 27H and 27L (high and low, respectively)

® 27 element asserts only if voltage is between 27H and 27L

® User selects either three-phase or phase-to-phase undervoitage condition
® Conirol can be overridden by S0C element through TCI setting choice

The time delay pickup and time delay dropout time settings (52APU and 52ADO, respec-
tively) are provided to generate the 52AT and 52BT functions. The 52AT and 52BT bits can
be used to supervise overcurrent elements for fuse saving and inrush conditions.



Settable demand current thresholds are available for the phase, negative-sequence, and .
ground/residual demand ammeters. When demand current exceeds a threshold the respective
Relay Word bit PDEM, QDEM, or NDEM asserts,

PDEM, QDEM, or NDEM alarm for phase overload, negative-sequence unbalance, or
residual unbalance, respectively. They can provide advance warning of encroachment on
relay overcurrent element pickups. The same demand ammeter time constant (DATC = 15
or 60 minutes) is used for all three demand ammeters,

Trip Failure Timer Detects Breaker Failure or Slow Trip

A relay trip starts a trip failure timer. If the trip condition lasts longer than the TFT setting,
the TF bit in the Relay Word asserts, The TF bit deasserts 60 cycles after the trip condition
drops out, The TF bit can be assigned to an output contact to alarm for slow trips or to
provide breaker failure tripping. It can also be used to cancel reclosing or trigger an event
report.

Failure Ti Failur Cl 1

A close failure timer monitors the length of time the CLOSE output contact remains asserted.

If CLOSE output contact assertion exceeds the CFT time setting, the close atiempt is unsuc- \
' cessful. The relay opens the CLOSE output contact, the reclosing relay locks out, and the CF @
bit in the Relay Word asseris. The CF bit asserts for 60 cycles. Use the CF bit to alarm for
close failures, slow-close conditions and to trigger event reports.

You can assign one of the six programmable inputs to the trip circuit monitor (TCM) logic.

The TCM logic ensures that the circuit breaker status and TCM inputs agree. If the two
inputs disagree for at least 60 cycles, the trip circuit monitor alarm (TCMA) bit asserts in the
Relay Word. The TCMA bit deasserts 60 cycles after the TCMA condition drops out. The
TCMA bit can be used to alarm, cancel reclosing, or trigger event reports,



SELoaic™ puts relay logic in the hands of the relay applications engineer. Assign the inputs
to suit your application, logically combine selected relay elements for various control func-
tions, use non-dedicated timers for special applications, and assign output contacts to your

logic functions.

Programming SELoaic™ consists of assigning functions to the programmable inputs,
designing the internal logic you need, expressing that logic in terms of the relay elements and

SEL-151 RELAY SELogic™

internal logic variables, and defining the output functions. Complete all SELoGI
ming using the SET command.
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Figure 2: SEL-151 Relay SELoGIC™ Block Diagram
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Program the six isolated inputs (IN1 ... IN6) to the functions your application requires. .
Choose from the following functions:

581 Setting Group Selection Input 1
582 Setting Group Selection Input 2
583 Setting Group Selection Input 3

TCP External Torque Control (Phase and Negative-Sequence Elements)
ITCP  (inverted sense of TCP)

TCG  External Torque Control (Residual Overcurrent Elements)
ITCG  (inverted sense of TCG)

52A Circuit Breaker Status
152A  (inverted sense of 52A)

DC Direct Close (requires circuit breaker status)
RE Reclose Enable (requires circuit breaker status) -
TCM  Trip Circuit Monitor (requires circuit breaker status)

ET External Trigger of Event Report
DT Direct Trip
{blank) Unassigned input

Inputs INS and IN6 also appear directly in the Relay Word for use in the programmable logic. l

The 48-bit Relay Word contains relay elements, intermediate logic results, and programmable
logic variables.

Table 1: SEL-151 Relay Word

Rl L3 1 S0L 50K s510r 50Q 5INF  50NL  50NH
R2 51T S0LT 50C SIQT 500QT SINT SONLT 27

R3 79RS 79CY TILO 79SH 52AT 52BT INé INS
R4 PDEM OQDEM NDEM TF CF TCMA ST

R5 A B C D E F G H

R6 J KT L v w X Y T

| indicates NOT




51F
SOL
50H
51QF
300Q
SINP
SONL
SONH

51T
S0LT
50C
510T
S0QT
SINT
SONLT
ry)

TIRS
79CY
7ILO
795H
52AT
52BT
ING

INS

PDEM
QDEM
NDEM
TF
TCMA
ST

ABCD
EFGH

Phase time-overcurrent element pickup

Phase definite-time overcurrent element pickup

Pbase instantansous overcurrent element

Negative-sequence time-overcurrent elemant pickup
Negative-sequence definite-time overcurrent element pickup
Ground/Residual time-overcurrent slement pickup
Gronnd/Residual definite-time overcurrent slament pickup
Ground/Residual instantanecus overcurrent elament

Phase time-overcurrent element

Phase definita-time overcurrent element

Phase instantansous overcurrent element (can overrids voltage control by 27)
Negative-sequencs time-overcurrent element

Negativa-sequence definite-time overcurrent element

Ground/Residual time-overcurrent element

Ground/Residual definite-time overcurrent element

Phass undervoltage element for internal torque control

Reclosing relay iy in the reset state

Reclosing relay 1s in the reclose cycle state

Reclosing relay is in the lockout stats

"Shot" bit; asserts for shots selected by the M79SH setting
Time delayed 52A

Inverse of 52AT

Input ING bit; asserts for control voltage applisd to input ING
Input IN5 bit; asserts for control veltage applied to input IN5

Phase demand current threshold exceoded

Negative-sequence demand current threshold sxceeded

Ground/Residual demand current threshold excasded

Trip failure condition

Close failure condition

Trip cirenit monitor alarm:  asserts for abnormal open or short circit in the circuit
breaker tripping circuit or circuit breaker status input (S2A)

Output from timer TS, driven by any OR-combination of elements in R1 through R3
assigned to setting 8

Select any OR-combination of elements in R1 and R2
Select any OR-combination of elements in R3 and R4

Select any OR-combination of elements in R1 through R4

Outpui from timer TE, driven by any selected OR-combination of elements in R1 through
R4 assigned to setting K

Qutput from an inverter, driven by any selectsd OR-combination of elements in R1
through R4 assigned to setting L

Select any AND-combination of elements A through L

Output from timer TZ, driven by any selected AND-combination of elements A through
'L assigned to setting 7
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Program the Qutput Contacts

Write output equations to define tripping and other control functions,
TRIP:  Select any OR-combination of elements in R1, R2, R4, and R6.
(Direct Trip (DT) input and the OPEN command also assert TRIP.)
Al, A2; Select any OR-combination of elements in R1, R2, R3, and R4.
A3;  Select any OR-combination of elements in R1, R3, R4, and R6.
A4:  Select any OR-combination of elements in R2, R3, R4, and R6.
The CLOSE and ALARM functions have dedicated outputs;

CLOSE: Asserted by reclosing relay, Direct Close (DC) input, or CLOSE command
ALARM: Asserts when any self test enters a warning or failure state.

All output contacts except TRIP may be factory-configured as "a" or "b."

Use th T Comman i uatio

Use the SHOWSET command to print all of relay settings, including the SELoGic™ configu-
ration. You can inspect sample settings in a sample event report in this data sheet,

SEI QGIETM Sﬂiﬂiﬂgﬁ are Eﬂl:t llf. Eﬂl‘h Sﬂtﬁﬂ: G!ﬂlu!n
When you switch groups, you switch logic settings as well as relay element settings. So, the

six groups can be programmed for different operating conditions, such as feeder paralleling,
station maintenance, seasonal operations, and cogeneration on/off.

TARGETS

Read targeting information locally by inspecting the front panel LEDs, remotely using the
TARGET command or reading the event reports.

The INST target indicates no overcurrent condition in Relay Word row R1 was asserted
longer than the ITT (instantancous target time) timer setting before the TRIP output contacts
asserted. The TTT setting gives you control over what it considered a "close-in" fault,

The phase current indicators (A, B, C) show which phases were above the 51P pickup setting
at the time of trip.

The negative-sequence and residual current indicators (Q, N) similarly show if these currents
were above the respective SIQP and 5INP pickup settings at the time of trip.
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The RS and LO indicators show the state of the reclosing relay (reset or lockout).

INGT A B c Q N RS LD
00000000
FAULT TYPE 75

Figure 3: SEL-151 Relay Front Panel Target LEDs

MULTIPLE SHOT RECLOSING RELAY

The four-shot reclosing relay has individual open interval times for each shot and a settable
reset interval timer. One input must be designated either 52A or 152A for automatic reclosing
and other close operations via the CLOSE output contact (CLLOSE Command, Direct Close).

When the circuit breaker recloses successfully, the reset interval timer starts. Assertion of
any element in Relay Word row 1 indicates an overcurrent condition. If the relay detects an
overcurrent condition, the reset interval timer is reinitialized and inhibited from timing.
When the overcurrent conditions drop out, the reset interval timer starts.

Any one of the six programmable inputs can be set as a reclose enable (RE) input. If the RE
input is de-energized (RE=0), the relay sends the recloser to lockout (79L0=1). When the
reclose enable input is de-energized, the CLOSE output contact cannot automatically assert via
the internal reclosing relay. '

If no input is assigned to the RE input, then RE=1 internally (reclosing is always enabled).
If a scheme is set up this way, you can defeat automatic reclosing by setting the first open
interval to zero (79011=0).

The number of nonzero open interval time periods determines available reclosing shots (four
shots maximum). The Relay Word bit 795H can assert (79SH=1) for different shots, 0
through 4. For example, if 795H is to assert only for shots 0 and 1, the following setting is
made;

M79SH=11000
T9SH can be used to supervise overcurrent elements and reclose cancel conditions.

Reclosing relay timing accuracy is 1 cycle,
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The internal reclose cancel variable RC can be set equal to any QR-combination of elements
in Relay Word rows R1, R2, R4, and R6. Reclosing is also cancelled if:

® An input assigned to RE (reclose enable) is not asserted.
& An input assigned to DT (direct trip) is asserted.

® The CF (close fail) condition occurs.

® The OPEN command is enabled and executed.

Sequence Coordination

To keep in step with downstream line reclosers, the reclosing relay includes sequence

coordination. Sequence coordination prevents overreaching relay overcurrent elements from
tripping for faults beyond line reclogers.

You can set the internal variable SEQ to any OR-combination of elements in Relay Word row
R1. The combination you select determines which overcutrent conditions control sequence
coordination. If no trip output is present and the breaker is closed, SEQ assertion followed
by dropout advances the shot counter. Advancing the shot counter keeps the SEL-151 relay
in step with the line recloser.

SELECTABLE SETTING GROUPS

The relay accepts six separate groups of relay and logic settings.

The relay determines which group of settings and logic to use by monitoring the setting group
selection inputs (S51, SS2, and 583) or by the GROUP command, To use inputs, program
one or more of the setting selection inputs (551, 852, $53) to one or more respective inputs,

Program relay elements and logic with the SET ¢command.

CIRCUIT BREAKER MONITOR

The SEL-151 relay detects every circuit breaker trip operation. It designates each trip as one
caused by the relay or an external trip and maintains a mnning count of each.

The relay also maintains a running sum of the interrupted carrent in each circuit breaker pole
for relay and external trips. Running sums for relay trips use the current present when the

trip output contacts are asserted. Running sums for external trips use the currents present
when the circuit breaker status input (52A or 1S2A) indicates that the circuit breaker is opening.

13
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Display the circuit breaker operation data using the BREAKER command.

=>BREAKER <ENTER~

Example 21.6 kV distribution feeder Date: 4/2/91 Time: 09:09:58

Ry Trips=15 From: 1/1/81 01:01:01
1A=42650 [1B=37410 IC=34200

Ext Trips=2 From: 1/1/81 01:01:01
1A=650 18=670 IC=620

Circuit breaker operation data can be reset by command.

METERING

The SEL-151 relay provides complete voltage and current metering. It also determines real
and reactive power values, demand values, peak demand values, and negative- and zero-

sequence components of the voltages and currents.

Demand ammeters with 15 or 60 minute time constants show phase, negative-sequence, and

zero-sequence (ground/residual) currents. Peak demands are saved.

Display metering data using the METER and METER D commands (present and demand

metering information, respectively).

=>HETER <ENTER>

Example 21.6 kV distribution feeder Date: 4/2/91 Time: 09:10:49

MET TA=3%6 B=364 C=361 R=6
312=5 P=iz.910 0=1.130

VA=12021 VB=12015 VC=12043 3V0=2D
AB=70827 BC=20839 CA=20836 3V¥2=17

=*METER D <ENTER>

Example 21.6 kV d¢istribution feeder Date: 4/2/91 Time: 09:11:03

DEM IA=2347 B=343 C=343 R=4
312=3 P=12.897 0=0.997

P [A=412 B=410 C=414 R=15
alz=13 P=14.701 Q=1.280

Demand and peak demand metering information can also be reset by command.

14



HISTORY SUMMARY

The HISTORY command quickly retrieves summaries of the last twelve event records, as

shown in the following example.

=>HISTORY <ENTER=

#
1
4
3
4 3/15/91 01:07:35.862 TRIG
5
6
7
i

9

10
11
12

Example 21.6 kV distribution feeder Date: 4/2/91 Time: 09:10:27
DATE TIME EVENT  LOCAT SHOT CURR  GROUP  TARGETS
4/2/9 01:36:59.070 AGT  2.43 0 2798 P INSTAQN
3/17/91  08:07:40.129 CG T 3.52 1 2361 3 INSTCON
3/17/91  0B:07:35.133 CG T 3.51 0 2364 3 INSTCON

D 345 1

AC CONNECTIONS

aus

Vi 14 » ¥ L
VB » A {8 bl
v Y L E] [
EFRIE il E [m = o il
cHn []
= e %
SEL-151(PARTIALY "JT
52
VOLTAGE CONNECT IONS ARE OPTIONAL -
THEY ANE NEEDED FOR FAULT LOCATING,
VOLTAGE AND MWiMYAR METERING, AND PROTECTED
T
UNDERVOLTAGE TORQUE CONTREL DISTRIGUTION
FEECER

Figure 4: SEL-151 Relay Typical Ac Current and Voltage Connections
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DC CONNECTIONS
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DPTIONAL A OBTIOMAL

CONNECTIONS GQT 52C CONNECTIONS

ANNLUNCIATOR
ORATY

-~ Ja 2 52b

(-OH+)
Nate:  Close output contact cperationrequires

a 524 or I52A functlon be assinged ta an
input (ING=524 in this example

Figure 5: SEL~151 Relay Typical Dc External Connections

APPLICATIONS IDEAS

SELoGic™ and multiple setting groups invite new applications. The following examples
demonstrate the versatility of this new relay.

Feeder Relay Sefting Changes

When a faulted feeder section is isolated and customers beyond the fault are backfed, the
configurations of two feeders are different. Omne is shorter with less load, while the other is
longer with more load. Save setting groups for different feeder configurations to optimize
protection.

One feeder may be paralleled with another for breaker maintenance. Program setting groups
for normal and parallel operation.

16



1s-tie R ti a

In stations where bus-tie breakers substitute for feeder breakers during maintenance, the bus- .

tie breaker relay can have a setting group for each of the feeders it may protect during
maintenance.

ivel Up F Rel ith a Bus R

A single SEL-~151C Distribution Bus Relay on the distribution bus can backup SEL-151 relays
installed on individual distribution feeders. The SEL-151 relay ALARM contact can be used
to supervise the back up trip from the SEL-151C Distribution Bus Relay. The SEL-151 relay
TF (trip failure) bit can be used to generate a breaker failure outpnt to trip the distribution
bus circuit breaker.

ive Settin Selecti nis wi lock

Consider scasonal, weekend/weekday, and daily system changes, Develop optimum settings
for various times, and use contacts from an external clock to select the appropriate setting
group.

EVENT REPORT @

The SEL~15] relay event report displays current and voltage guantities in primary units. The
relay encodes relay element states, outputs, and inputs using a simple process, which makes
the report compact and easy to interpret.

Rey in

Set the internal variable ER to any OR~combination of elements in Relay Word rows R1, R2,
R4, and R6 to trigger an event report for any desired combination of conditions the relay can
detect. Event reports also trigger if;

® The TRIP output contacts are asserted.
®  An input assigned to the ET (External Trigger) function is asserted,
& The TRIGGER. command is executed.

17



Event R

Currents
IR

IA
IB
IC

Voltages
YA

VB
vC
P
51
0L
S0H
TCI

0
51-

50
N
51
50L

50H

lumn Headin

primary amps

residual current
A-phase current
B-phase current
C-phase current

primary volts

A-phase voltage
B-phase voltage
C-phase voltage

phase elements

phase time-overcurrent element

phase definite-titne overcurrent element

phase instantaneous overcurrent
element

internal torque control conditions

negative-sequence elements

negative-sequence time-overcurrent
element

negative-sequence definite-time over-
current element

ground/residnal elements

ground/residual time-overcurrent
element

ground/residual definite-time over-
cutrent element

ground/residual instantaneous over-
current element

18

DEM

79

BKR

T&C

142
3&4
ALR

In
1&2
3&4
586

demand current

phase, negative-sequence,
and residual demand
current thresholds

reclosing relay states
(reset, reclosing cycle,
lockout)

circuit breaker alarm con-
ditions (trip failure,
close failure, and trip
coil monitor alarms)

output contacts

TRIP and CLOSE output
contacts

Al and A2 output contacts

A3 and A4 output contacts

ALARM output contact

inputs

IN1 and IN2 inputs
TN3 and IN4 inputs
IN5 and ING inputs



Example Evept Report

Example 21.6 kV distribution feader

FID=5EL-151-R400-VES1rpir-0910329

Currents
(A pri}

IR IA 18 Ic VA
0 98 -296  1ga 4451
4 287 -BB =228  11g%0
0 -98 296 -188 445D

-4 -z87 58 225 -11649
0 98 -295 18 4449
4 287  -B9  -225 11650
0 -98 296 -18B 4450

-4 -287 59 225 11851

a % -296 198 4450
4 287 -59  -225 11650
295 200 285  -191 -4211
=206 -468 47 215 -10197

-1254 -1166 ~-247 164 3341
o3 1123 . -36 -185 awy
2067 1891 215 -143 -2275
-1460 -1655 kL 164 ~7165

-2267 -2192 -211 138 2218
1537 1728 =36 -1B0 7147
2268 2193 10 -138 -2214

-1538 -1731 36 160 =7145

=2270 -21%7  -210 138 2215
1538 1733 -36  -160 7146
2270 2197 210 -138 -2215

=1h38 ~-1733 36 160 -7148

~2372 -2197  -208 138 2214
1540 1733 -38  -160 7148
227 a9 208 -138 -2214

-1540 -1735 38 160 -7147

-2272 -2185 210 138 2213
1540 1737 36 -160 7148
2272 2183 210 -138 -2213

-1540 -1737 36 160 -7146

-2256 -2183  -210 138 2213
1513 1703 -36 -1860 7147
1754 1761 201 -135 -2411
-541 =552 125 12 -8512

=214 -231 -17 19 3672

17 18 -7 -2 11630

9 10 1 -1 -4430

-2 -2 0 o -1l637

-1 -1 1} b 4451

0 ] [ 0 11650

0 1] 0 0 -4450

a 0 Q 0 -11649
Event : AG T Logation: Z2.43
Currents (A pri), ABCON 279

Date: 4/2/91

Voltages
{V pri)

ve

-12313
-1971
12314

1872

-12314
-1971
12315

1970

-12314
~1970
12207

1421

-11808
-511
11535
185

-11832
-132
11530
132

-11531
-133
11531
131

-11530
-131
11830
132

-11831
-131
11630
130

-11529
-131
11545
707

-11815
-185%1
12289

1959

-12313
-1971
12314

197z

Shot:
8 213

b

Time: 01:36:53.0 l— Time-tag corresponds to the 16th .

quarter cycle of this event

report.
P DN I Out in
5557 55 555 D 7B Ti3A 135
100C 10 100 E 9K BAAL BA&R
LHI LHM R C24R 248
ve v . Ry ..., 1BB One cycle of data
e vao o Ro ..., LBB
... - R. ..., 1BB Input 1 (1} is energized
...... oo o ROLL,. 1BB Input 2 i3 not energized
Both (B) inputs 3 and 4
...... el . R are energjzed
see o R Bath {B} inputs 5 and &
...... vee - R. are enargized
‘e oo o R :
l—— Reclosing ralay is 1n the reset
R T 1.5 state (R; 79RS = 1)
« +s aaa . R.oL... 1BB
. e - R 188
...... p.. . R. .... 1BB
1 Rezpect ive time~overcurrent
..:;J.. p.. . R. .... LEB eleients start timing at
p-=—p. p.. . R. .... 1BB fault inception (p)
pP--. P. P+~ . R, ... 10B
p--- p. pp. - R. ..., 1BB
1 SONL element picks up (p) and
p-..p.pp. . R, ..., 1BB initiates this event report;
p... p.-pp. - R, .... 1BB SONLT element starts timing
p... p. pp. . R. .... 1BB
p... p. pp- . R. . 1BB
p... p.pp. . R. .... 1BB Targets, shat, and currents in
P... p. pp, . R, .... 188 the Event Summary are set at
P-.. p. pp. . R. ... 1BB the tima of trip (T)
P... p. pT. . C. T.3.
1 1 SONLT alement expires after 2
p... p. pT. . L. T.3, 138 cycles (T; setting S0NLT = 2);
p... p. pT. . C. T.3, 138 TRIP output contact aseerts
p... p. pf. . C. T.3. 138 (T:50NLT snabled for tripping)
p... p. pT. . C. 1.3, 138
[—— TRIP putput contact (T) is
p... p. pT. . C. T.3, 13B asserted for a minimum of
p... p. pT. . C. T.3. 138 4 cycles (TDUR = 4}
p...p. pT. . C. T.3. 138
p... p. pT. . C. 7.3, 118
L. 52A input drops out {IN5 = 52A)
p... p. pT. . C. 7.3, 136 indicating that the cireuit
p... p. pTmy. ., T.3. 136 braaker {s opening
... p. p..|. €. T.3, 138
E... p. p..|- €. T.3, 136
1 T A1l overcurrent elements drop
...... p.. - C. T.3. 136 out after the circuit hreaker
v vae o CLT.3, 136 fnterrupts the fault current
s ... . L. T.3, 136
. . ..3. 138
Reclosing relay iz in the
e B L3 138 reclose cyole state
.G ..5. 1386 (c; 79cY = 1)
.. G .30 136 .
. L3 138

2741

19

Targets: INSTAON
211

2742

:—'— Event Summary



Ev Repo

Settings for group 1

ntinued

Example 21.6 kV distribution feader

X0 =456

NDEM =1.00
79014=0

2jc =2
S1QRS=N
SINRS=N
51RS =N

T500 =0
TZ00 =)

Group 1 is enabled hecause IN1=§51 and is energized.
352 = 553 » 0 by default bacause .they are not asgigned
to inputs

TC1 =0

There is a time delay pickup (52APU) on the 57AT function

Input ING functions as a permissive trip input for the S0NLT element

The 50NLT element is supervised by 52AT when the reclozing relay is in the lockout
atate (79RS » 0 and 79CY = 0 when the reclosing relay 1z in the lockout state)

CTR =120.00 PTR =180.00

R1 =0.58 Xl  =1.50 RO =1.44
RE =0.0D0 X5 =0.00 LL  =2.42
DATC =1k PREM =12.00 QDEM =12.00
79011=60 79012=600 79013=900
7AR5T=1800 M795H=00000

50C =100.00 27L =D.00 27H =0.00
500 =100.00 50QT =0

510P =6.01 51QTD=15.00  51QC =3
50NL =20.01 BONLT=2 5084 =100.00
S1NP w1.50 51NTO=2.0D 51NC =3
50L =100.00 50LT =0 S50H =40.00
5P =6.01 511D =6.00 51¢ =3
S2APU=1200 52AD0=0 TSPU =D
TKPU =0 TKDD =( TIPU =0
SELOGIC™ Equations

5(123) =

A(lz) =

B{12) =5ONLT

c(1z) =50NL

p{lzy =

E{34)  =7ORS+79CY+5ZAT

F(34} =ING

G(34) =

H(34) =

J(1234) =

K(1234) =

L(1234) =

AL{1234)=TF

A2{1234)=NDEM

V(58) =B*E*F

W{56) =C*E*F

X{56) =

Y{56) =

Z(56) =

A3(1346)=79CY

A4(2346)=TCHA
TR(1246)=50H+51T+51INT+V

RC( 1246 )=EQH+TF+TCHMA
ER(1246 )= TF+TCHA+W
SEQ(1) =

ETC(1) =

ITC{1) =

Global settings

DEMR =Y CFT =60
ITT =5 TIME1=15
IN1 =551 INZ =DT
ING =KZA INE =

Programmable tripping conditions

Programmable reclose cancel conditions
Programmable event report trigger conditions

TR =4
TIMEZ=0
IN2 =RE

TFT =30
AUTOD =2
INg =TCM

TGR =180
RINGS=3

20

Input ING is used as a permissive trip
thput in the abave logic
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e Me—

i T WS 1

1750 —a=] |pm— 12.250 ——{'——.sno

[T ——rrr—) ]

201 T ® i
= °2 ‘ i
f——————— 13000 —— " p———  14.500 —-—'

f— {25 e

732 DIA

4 ES FOR
10- TG
SCHEWS

DIMENSION A
CUTOUT: 12.230° - 17.875"
OIMENSION & 11.315" PREFERRED

CUT T 525" -9 875"
DIMENSION C: 8.566" PREFEARED

CUT QUT: 5.350"- 5.450°
DIMENSION [,
CUTQUT: 2675 - 2725

NOTE: ALL INSTAUMENTS MAY BIE MOUNTED HORIZONTALLY (A5 SHOWN)
ORVERTICALLY.

PANEL CLTOUT AND DRILL FOR SEMI-FLUSH MOUNT ING OF 5.250 INCH
HIGH CASE.

Figure 7: Relay Dimensions, Panel Cutout, and Drill Dingrams
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SEL-151 RELAY COMMAND SUMMARY

Access Level O ‘

ACCESS Answer password prompt to enter Access Level 1.

Accass Level 1

2ACCESS Answer password prompt to enter Access Level 2.

BREAKER Display trip counters and current sums for relay and external trips.

BREAKER R Reset trip counters and current sums; save reset date and time.

DATE m/dly Set date. Enter DATE alone to display date.

EVENT n Show nth event record.

HISTORY Show date, time, avent, location, shot, targets, and current for last twelve evenis.

IRIG Force immediate attsmpt to synchronize internal relay clock to time code input.

METER n Display instantaneous values. Optional n displays METER data n times.

METER D Display demand and peak demand.

METER RD Resct demand.

METER RP Reset peak demand.

QUIT Retutn control to Access Level 0; return target display to Relay Targets.

SHOWSET n Display settings of setting group n without affecting settings (n = 1, 2, 3, 4, 5, or 6).

STATUS Show self test status.

TARGET nk Show data and set target LEDs as follows (n = 0, 1, 2, . . . 7, or 8):
TAR 0: Front Panel Targets TAR 1... 6: Relay Word rowa 1 ... 6
TAR 7: Input States TAR 8: CQutput Clontact States

Option k displays target data k times.

TARGET R Clears targeis and retums to TAR 0

TIME h/m/s Set time. Enter TIME alone to display time.

TRIGGER Trigger and save an event record.

Accoss Lovel 2

CLOSE Close cirenit breaker, if allowed by jumper 104 setting.

COPY mn Copy setting group m to setting group n.

GROUP n Designate the active satting group when $51..3 assigned (o inputs are all deasserted.

OFBN " Open circuit breaker, if allowed by jumper 104 setting.

FASSWORD Show or set passwords.

SET np Initiate setting procedure for group n at setting p-

SETGp Initiate setting procedure for the global setting group at sefting p.
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