SEL-351S Protection and Breaker Control Relay
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Optimize Distribution Protection with Bréaker Control,
Monitoring, and Fault Locating

Data Sheet

Major Features and Benefits

The SEL-351S Relay provides an exceptional package of¥protection, monitoring, control, and fault
locating features. Protection includes overcurrent, undérs/overvoltage, under-/overfrequency, phase,
ground, neutral, and directional elements. Convenient gperator controls minimize the need for external
panel-mounted breaker control switches and nieters, The'Operator interface, together with a suite of
enhanced automation functions, provides attragti ve cost-savings in construction and operation of circuit
breaker protection and control schemes. MIRRORED BITS™, load profile, power elements, voltage
sag/swell/interruption recording, and expanded WO are all available as optional functions.

 Overcurrent Protection
Protect lines and equipment Using‘a sensitive and secure mix of phase, hegative-sequence,
residual-ground, and neutral-greund overcurrent elements, which can be made directional.
* Monitoring and Metering
Schedule breaker maintenance with interruption information. Alert personnel to substation
battery voltage problems. Eliminate expensive meters with built-in metering functions.
» Operator Controls afAghReclosing

Eliminateexpensive control switches and wiring. Selectively reclose with synchronism and
voltage checks.

Fault Locator
Efficiently/dispatch line crewsto quickly isolate line problems and restore service faster.

e Automation

Sixteen elements are included for each of the following: Local Control, Local Display, Remote
Control, and Latch Control.

SEL ] Schweitzer Engineering Laboratories

2350 NE Hopkins Court « Pullman, WA « 99163-5603 « USA
Phone: (509) 332-1890  Fax: (509) 332-7990
E-mail: info@selinc.com « Internet: www.selinc.com




FUNCTIONAL OVERVIEW
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Figure1l: Functional Diagram

PROTECTION FEATURES @
The SEL-351S Relay includes a ron?f( phase, negative-sequence, residual, and neutral

overcurrent elements. Each elem six levels of instantaneous protection (four of these
levels with definite-time function ement type has two time-overcurrent el ements
(except negative-sequence that ime-overcurrent element). Directional control is

provided for each of these overeur ements.
’QC’
US
\ IEC
Q/ N
1015-195

Figuw 2. Instantaneous, Definite-Time, and | nver se Time-Overcurrent Characteristics
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The following time-overcurrent curves are included:

« US- Moderately Inverse e |EC- ClassA (Standard Inverse)
Inverse ClassB (Very Inverse)
Very Inverse Class C (Extremely Inverse)
Extremely Inverse Long-Time Inverse
Short-Time Inverse Short-Time Inverse

There are two reset characteristic choices for each time-overcurrent element. £One choice resets
the elements if current drops below pickup for at least 1 cycle. The other‘ehoi€e emulates
electromechanical induction disc elements, where the reset time depefids onithe time dial setting,
the percentage of disc travel, and the amount of current.

Overcurrent Elements for Phase Fault Detection

Phase and negative-sequence overcurrent elements detectiphasefaults. Negative-sequence
current elements reject three-phase load to provide mere sensitive coverage of phase-to-phase
faults. The phase overcurrent elements are needed forthreesphase faults where significant
negative-sequence quantities are not produced.

On heavily-loaded feeders, the load encroachmentiggic adds security. Thislogic allows you to
securely set the phase overcurrent elements bielowload to see end-of-line phase faults in heavily
loaded feeder applications. Thisload eperoachiment logic uses positive-sequence load-in and
load-out region elements to discriminéte between load and fault conditions (Figure 3). When the
load impedance (Z1) resides in algad'fegion, the phase overcurrent elements are blocked. As
Figure 3 shows, when a phase fault oecurspZ1 moves from aload region to the line angle, and
the phase overcurrent elements are®anbl oeked.

LINE
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Figure 3: Load Encroachment Characteristics



The load encroachment logic also controls the phase directional element. Torque-controlling the
phase overcurrent elements with the phase directional element then automatically includes |oag
encroachment torque control. External input torque control of the phase overcurrent elementsis
also available.

Overcurrent Elements for Ground Fault Detection

Residual (Ig) and neutral (Iy) overcurrent elements detect ground faults. Increased.security is
achieved by control of these elements using optoisolated inputs or with the intergal ground
directional element. The ground directional element of this relay includes |@adsadaptive security
logic for heavily or lightly loaded unbalanced feeder applications.

Sensitive Earth Fault (SEF) Element
A sensitive earth fault (SEF) element with time delay (up to 16,000 cye¢les) can be set as sensitive

as5 A secondary. Current channel IN ordered with a0.05 A secondary nominal rating provides
this sensitivity.

Directional Elements Increase Sensitivity and Secutity

Phase and ground directional elements are standards Amautomatic setting mode can set all
directional threshold settings for you, based on replicaline impedance settings.

Phase Directional Elements The phase directional elements provide directional control
to thejphase and negative-sequence overcurrent elements.

Ground Directional Elements £ These elements provide directional control to the ground
and neutral overcurrent elements.

The phase directional characteristiesinClude positive-sequence and negative-sequence
directional elements, which workitogether. The positive-sequence directional element includes
memory which provides a reliable auiput for close-in, forward- or reverse-bolted, three-phase
faults where each phaseyoltage iszero. The negative-sequence directional element uses the
same patented principle provenimour SEL-321 Relay. Thisdirectional element can be applied

in virtually any applicatien regardless of the amount of negative-sequence voltage available at
the relay location.

Ground directiondity iSyprovided by three directional elements working together:

»  Negativersequence voltage-polarized element.
o “Zero-sequence voltage-polarized directional element.
¢ Zero'sequence current-polarized directional element.

Our patented Best Choice Ground Directional ™ Logic selects the best ground directional
element far the system conditions. The Best Choice Ground Directional Logic scheme
eliminates directional element settings. (Y ou may override this automatic setting feature for
specidl applications.)

Loss=0f-Potential Logic Supervises Directional Elements

V oltage-polarized directional elementsrely upon valid input voltages to make the correct
decisions. The SEL-351S Relay includes loss-of -potential logic that detects one, two, or three



blown potential fuses and disables the directional elements. Optimally, for aloss-of-potential
condition, forward-set overcurrent elements can be enabled to operate nondirectionally. This
loss-of-potential logic is unique as it does not require settings and is applicable in all applications
(patent pending).

Programmable Torque-Control Feature Handles Cold-Load Energization

When afeeder is reenergized following a prolonged outage, lost load diversity causes large phase
currents (cold-load inrush). Phase overcurrent element misoperation during cold:load‘inrush can
be avoided by programming cold-load block elements into the phase overcursrént element torque
controls. One example of a cold-load block element is atime-delayed 52 statdls (Iong time-delay
pickup and dropout timer with 52 asthe input). An aternative is to automatically detect the long
outage condition (breaker open) and temporarily switch to a setting greup with higher phase
overcurrent element pickup thresholds.

Voltage and Frequency Elements For Extra Protection and £onirol

Phase Under- and Overvoltage Elements

Phase undervoltage (device-27) and overvoltage (deviee-59).el ements are included for creating
protection and control schemes, such as:

e Torque-control for the overcurrent protection.

* Hot-bus (line), dead-bus (line) recloSer/centrol.

» Blown transformer high-side fliseidetection logic.

» Trip/alarm or event report tfiggers for voltage sags and swells.

» Anundervoltage (27) load'shedding scheme. (Having both 27 and 81U load shedding
schemes allows detectionsef system MV AR and MW deficient conditions.)

» Control schemes for capacitor banks.

The undervoltage and overvaltagelelements associated with the V s voltage channel are available
for additional control andonitering: hot-line/dead-line recloser control, ungrounded capacitor
neutrals, ground fault detection,on delta systems, generator neutral overvoltage, etc.

Sequence Voltage Elements

Independently set'pesitive-, negative-, and zero-sequence voltage elements are included for
protection and cantrol. Applicationsinclude:

4 Transformer bank single-phasing trip schemes.
» Delta-load back-feed detection scheme for dead-line recloser control.

Under- and Overfrequency Protection

Six levels of secure under- (81U) or overfrequency (810) elements detect true frequency
disturbances. Use the independently time-delayed output of these elements to shed load or trip
local generation. Phase undervoltage supervision prevents undesired frequency element
operation during faults.



The multiple under-/overfrequency levels alow you to implement an internal multistage
frequency trip/restore scheme at each breaker location. This avoids the cost of wiring a
complicated trip and control scheme from a separate frequency relay.

MONITORING AND METERING

Event Reporting and Sequential Events Recorder

Event Reports and Sequential Events Recorder (SER) features simplify post-fault analysis and
help you improve your understanding of simple and complex protective scheme gperations. In
response to a user-selected trigger, the voltage, current, frequency, and element'status
information contained in each event report confirms relay, scheme, andysystem performance for
every fault. Decide how much detail is necessary when you requestan event report: 1/4-cycle or
1/16-cycleresolution, filtered, or raw analog data. The relay stores the most recent 30-cycle or
15-cycle long event reports in nonvolatile memory. The numbeérRef stered event reports ranges
from 7 to 30 reports, depending on the specific relay madel. ([Relay) Settings are always appended
to the bottom of each event report.

Three analog data formats are available. The desiréd\formatiis selected via command extensions
to the event report command. These formats are:

e 1/4-cycle or 1/16-cycleresolution.
* Unfiltered or filtered analog.
* ASCIl or Compressed ASCII.

The 1/4-cycle report is one-fourth thesi zefof the 1/16-cycle report. Therefore, it is quicker to
retrieve and analyze. This advantage.isespecially valuable following a major disturbance. The
full 1/16-sample/cycle report can be retrieved when conditions warrant closer scrutiny.

Therelay SER feature stores the'latest/b12 entries. Use this feature to gain a broad perspective
at aglance. Itemsfor triggering an SER entry include: input/output change of state occurrences,
element pickup/dropout;*reclaser state changes, etc.

The IRIG-B time-cade iput synchronizes the SEL-351S Relay time to within £5 ms of the time-
source input. A convenientisource for this time code is the SEL-2020 or SEL-2030
Communications Processor (via Serial Port 2 on the SEL-351S Relay).

Demand Current Threshold Alarm

Overlgad anehunbalanced current threshold alarms are available for phase, negative-sequence,
neutral, ahd residual demand currents.

Two types©f demand-measuring technigques are offered: thermal and rolling.

Select the demand ammeter time constant from 5 to 60 minutes.



Circuit Breaker Contact Wear Monitor

Circuit breakers experience mechanical and electrical wear every time they operate. Intelligent
scheduling of breaker maintenance takes into account manufacturer’s published data of contaet
wear versus interruption levels and operation count. With the breaker manufacturer’s
maintenance curve as input data, the SEL-351S breaker monitor feature compares this input data
to the measured (unfiltered) ac current at the time of trip and the number of close-to-open
operations.

(COSP1, KASP1)

(COSP2, KASPDY

______________________________________

(COSP3, KASP3)

Close to Open (C/O AXIS)

kA Interrupted (kAyAxis)
DS3515003

Figure4: Breaker Contact Wear Curve and/Settings

Every time the breaker trips, the measured current information isintegrated. When the result of
thisintegration exceeds the threshold,set'by the breaker wear curve (Figure 4), the relay can
alarm via output contact, serial port;orfront-panel display. With this kind of information,
breaker maintenance is scheduled in‘atignely, economical fashion.

Substation Battery Monitor

The SEL-351S relay measuresptests, and reports the substation battery voltage presented to its
power supply terminals. The relay includes two programmable threshold comparators and
associated |ogic fopalarmand control. For example, if the battery charger fails, the measured dc
falls below a programmabl e threshold and operations personnel are then notified before the
substation battery,voltage falls to dangerous levels. Monitor these thresholds with the SEL-2020
or SEL-2030{Cammunications Processor and trigger messages, telephone calls, or other actions.

The measuredidc voltage is reported in the METER display and the VDC column of the event
report. Jse the event report column data to see an oscillographic display of the battery voltage.
Y ou can,see’how much the substation battery voltage drops during trip, close, and other control
operations.

Complete Metering Capabilities

Extensive and accurate metering capabilities are provided by the SEL-351S. Vagc and lagc
metering accuracies and power measurement accuracies are provided in the General
Specifications section.



Metered quantities include phase voltages and currents (including demand), sequence voltages
and currents, power, frequency, and energy (including demand) aong with maximum/minimum
logging of selected quantities. All metered quantities are reported in primary quantities (current
in A primary and voltage in kV primary):

Currents

I Residual ground current (1g=3lo=14% lg.+ I¢c)
Voltages Vagc Wye-connected voltage inputs

Vs Synchronism-check voltage 1 nput
Power MWagc Single-phase megawatts

MW3p Three-phase megawaits

MVARaBC Single-phase megavars

MV ARz Three-phase megavars
Energy MWha g c Single-phase megawatt hours

MWhgzp Three-phase megawatt hours

MVARhagc Single-phase megavar hours

MVARhszp Three-phase megavar hours
Power Factor PFag.c3p Single- and three-phase power factor; leading or

lagging

Sequence I4, 3y, 3l Positive-, negative-, and zero-sequence currents
Frequency FREQ (H2) Instantaneous power system frequency (monitored

IA,B,C,N

Input Currents

on channel V,)

If true three-phase voltage ISiot connected, the voltage (V ag.c), MW/MVAR, MWh/MVARNh,
and power factor metering values are not available.

OPERATOR CONTROLS AND RECLOSING

Operator Controls Eliminate Traditional Panel Control Switches

Ten conveniently'sized operator controls are located on the relay front panel. The SER can track
pushbutton operations if desired.

Operator control functions can be changed using SELocIc® Control Equations. Some operator control
pushbuttons might need to be relabeled. Remote control and indication can aso be added to this local
contrel and indication, using SELoGIC Control Equations (see Figure 6).

Thefoltewing operator control descriptions are for factory-set logic.



® GROUND ® HOT LINE
ENABLED TAG

® RECLOSE ® AUX1
ENABLED

® REMOTE ® Aux2
ENABLED

® ALTERNATE ® BREAKER
SETTINGS CLOSED

® | 0CK ® BREAKER
(press for 3 sec) OPEN
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Figure5: Operator Controls

Ground Enabled

When toggled on, the GROUND ENABLED operatar.€ontrol alows operation of the ground
fault overcurrent protection functions. The correspanding LED illuminates to indicate the
enabled state.

Reclose Enabled

When toggled on, the RECLOSE ENABLED operator control allows operation of the auto-
reclosing scheme. The corresponding.L ER'1lluminates to indicate the enabled state. When LED
is off, any trip will drive the relay to,lockeut.

Remote Enabled

When toggled on, the REMOTE ENABLED operator control allows operation of the SEL-351S
controlled output functions by, a remote operator (e.g., via contact input from SCADA, or
through the serial port via medem or an SEL-2030 — see Figure 6). This function must first be
enabled by user-applied'settings.

Alternate Settings

Lock

The ALTERNAGRE SET TINGS operator control allows switching the active setting group
between the main setting group (Group 1) and the alternate setting group (Group 2). The
corresponding PED illuminates to indicate that the alternate setting group is active.

The LOCK operator control blocks selected functions. It must be depressed for at least three
seconds to engage or disengage the lock function. While “locked in position,” the following
operator controls cannot change state if pressed: GROUND ENABLED, RECLOSE ENABLED,
REMOTE ENAGLED, ALTERNATE SETTINGS, AUX 1, and AUX 2. When the lock function
Is engaged, the CLOSE operator control cannot close the breaker, but the TRIP operator control
can still open the breaker.



Hot Line Tag

When toggled on, the HOT LINE TAG operator control blocks closing and auto-reclosing of the
circuit breaker. The HOT LINE TAG operator control overrides the RECLOSE ENABLED ‘and
CL OSE operator controls.

Aux 1, Aux 2

These user-defined operator controls enabl e/disable user-programmed auxiliary centrol
functions.

Close, Trip

The CLOSE and TRIP operator controls are used to close and open the connected circuit breaker.
They can be programmed with intentional time delays to support opexational requirements for
breaker-mounted relays. This allows the operator to press the CLeOSE ok TRIP pushbutton, then
move to an alternate |ocation before the breaker command is executed, The programmable delay
ranges from 0 to 60 seconds.

The BREAKER CLOSED and BREAKER OPEN indicating'EDs reflect the breaker statusin a
fashion similar to panel-mounted indicating lamps.

Local and Remote Control

Under certain operating conditions, such as when,performing distribution feeder switching, itis
desirable to temporarily disable ground faultiprotection. Thisis accomplished in avariety of
ways using the SELocGIc Control Equations withflocal and remote control. As shown in Figure
6, remote disable/enable control is achieved via contact input or the serial communications port.
Local disable/enable control is handled byathe operator control pushbutton. Indication of the
ground relay operating status is previdedhboth remotely and locally, via contact output, serial
port, and local LED. The realization ofwemote control capabilities requires user programming of
SEL ocIc Control Equations.
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Figure6: Local and Remote Contr i @)GIC Control Equations

Four-Shot Recloser Handles Your Application Today and Tomorrow

Internal element status or external i can condition auto reclosing to match your practice:
* Recloseinitiat (e er opening, fault type, trip).
e Driveto Iockou ut from manual or SCADA trip).

antaneous reclose for faults above a certain magnitude).
ming (e.g., stall until lineis dead).

e reset times for reset timing from reclose cycle or lockout.

Therec shot counter can control which protective elements are involved in each reclose
interval. Applications include fuse and trip saving schemes. Front-panel LEDs track the recloser
statedReset, Cycle, and Lockout.

11



FAULT LOCATOR

The SEL-351S relay provides an accurate estimate of fault location even during periods of
substantial load flow. The fault locator uses fault type, replicaline impedance settings, and fauli
conditions to develop an estimate of fault location without communications channels, special
instrument transformers, or prefault information. This feature contributes to efficient dispateh of
line crews and fast restoration of service.

AUTOMATION

Flexible Control Logic and Integration Features

Use the SEL-351S Relay control logic to:

* Replace traditional panel control switches.
e Eliminate RTU-to-relay wiring.

* Replace traditional latching relays.

* Replace traditional indicating panel lights.

Local control logic provides 16 logic points (local bits). Set, clear, or pulse the local bits with
the front-panel pushbuttons and display (accessed via the’CNTRL pushbutton). The local control
provided by these local bits is separate from the.opesator controls shown in Figure 5. Program
thelocal bitsinto your control scheme viathe SEEecIc Control Equations. Use the local bitsto
trip test, enable/disable reclosing, trip/efose the breaker, etc. Eliminate traditional panel control
switches.

Remote control logic provides 16 l0gi¢ points (remote bits). Set, clear, or pulse the remote bits
viaserial port command. Programthe remote bits into your control scheme viathe SELoGIC
Control Equations. Use the rematebitsfor SCADA-type control operations. trip, close, settings
group selection, ground rel aysenableldisable (see Figure 6), etc. Eliminate RTU-to-relay wiring.

Latch logic provides 16 |atchihgdogic points (latch bits). Program the latch set and latch reset
conditions with SELOGIC Contsol Equations. Set or reset the latch bits via optoisolated inputs,
remote bits, or local"bits. “Replace traditional latching relays for such functions as “hot line
tagging.” The latchsbitSketain their state when the relay loses power.

Display logic provides46 programmable messages for the front-panel display. Define custom
messages (e.g., BREAKER OPEN, BREAKER CLOSED) to report power system or relay
conditions,, Cantral which messages are displayed via SELoGIC Control Equations; drive the
LCDdisplaywia any logical point in therelay. Replace traditional indicating pand lights.

Serial Communications

» Three EIA-232 serial ports and one EIA-485 serial port. Each serial port operates
independently of the other seria ports.

* Full accessto event history, relay status, and meter information from the serial ports.
*"  Settings and group switching have password control.

12



* DNPVersion 3.00 Level 2 protocol with point mapping (optional).
e Open communications protocols that are nonproprietary:
Simple ASCII - Plain-language commands for human and simple machine
communications.

- Usefor metering, setting, self-test status, event reporting,
and other functions.

Compressed ASCII

Commardelimited ASCII datareports. Alows angexternal
device to obtain relay datain aformat which'directly
importsinto a spreadsheet or database program. Data are
checksum protected.

Extended Fast Meter -  Binary protocol for machine-machine communications.
Quickly updates the SEL -20207"RT U other substation
devices with metering information, felay element, input, and
output statuses, time-tagsg@pen and close commands, and
summary event reports. (Data are checksum protected.

- Binary and ASCII preteeol ‘6perates simultaneously over the
same communijgationsiines such that control operator
metering infarmatien iShot lost while atechnician is
transferring anrevent report.

LMD - Enables multiple SEL devices to share common
communicatiens{two character address setting range is 01
to 99). LMD jis appropriate for low-cost, low-speed port
siitching applications where updating a real -time database
ISwmot a requirement.

The relay does not require special communications software. Dumb terminals, printing termi-
nals, or acomputer supplied with'terminal emulation and a serial communications port is all that
isrequired.

UNIQUE CAPABILITIES

Relay-to-Relay Digital £ommunications (MIRRORED BITS Technology)

The SEL patented, MIRRORED BITS technology provides bidirectional relay-to-relay digital
communications. MIRRORED BITS can operate independently on up to two EIA-232 serial ports
on asingle'SEL=851S. With MIRRORED BITS operable on two serial ports, thereis
communigati omupstream and downstream from the SEL-351S site.

This bidireetional digital communication creates eight additional virtual outputs (transmitted
MIRRORED BITS) and eight additional virtual inputs (received MIRRORED BITS) for each serial
port operating in the MIRRORED BITS mode. These MIRRORED BITS can be used to
transmiit/receive information between upstream relays and downstream recloser control (e.g.,
SEL -351R) to enhance coordination and achieve faster tripping for downstream faults.
MIRRORED BITS technology also helps reduce total scheme operating time by eliminating the
need to assert output contacts to transmit information.

13



Advanced SELoGIC Control Equations

Advanced SEL ocGIc Control Equations put relay logic in the hands of the relay application
engineer. Assign the relay inputsto suit your application, logically combine selected relay
elements for various control functions, and assign output relays to your logic functions.

Programming SEL oGIC Control Equations consists of combining relay elements, inputs, and
outputs with SELoGIC Control Equation operators. Any element in the Relay Weard can be used
in these equations.

The SELoaIc Control Equation operators include the following: OR, ANDgfinvert,\parentheses,
rising and falling edges of element state changes.

In addition to Boolean-type logic, 16 general-purpose SELoGIC Contiol Equation timers
eliminate the need for external timers for custom protection or contrel Schemes. Each timer has
independent time-delay pickup and dropout settings (six timers sgttabléwp to 999,999 cycles and
ten timers settable up to 16,000 cycles). Program the input to atimegwith any desired element
(e.g., time qualify avoltage element). Assign the timer output to thip logic, reclose logic, or other
control scheme logic.

Six Independent Setting Groups Increase Operation‘Elexibility

Therelay stores six setting groups. Select the active Setting group by contact input, command, or
other programmable conditions. Use these settingigroups to cover awide range of protection and
control contingencies. Selectable setting grodpsmake the SEL-351S Relay ideal for applications
requiring frequent setting changes and fer,adapting the protection to changing system conditions.

When you switch groups, you switchiogie settings as well as relay element settings. Groups can
be programmed for different operating conditions, such as feeder paralleling, station

mai ntenance, seasonal operations, emergency contingencies, loading, source changes, and
downstream relay setting changes.

STATUS AND TRIP TARGERL EDS

The SEL-351S relayincludes 16 status and trip target LEDs on the front panel. As shipped from
the factory, four of the'hEDS are predefined and fixed in logic. The remaining 12 LEDs are
factory set to follgw thereclosing relay state and latch in on various trip conditions. This
combination of targetsds shown in Figure 7 and explained in Figure 8.

ENABLED [ TRIP  INST COMM  SOTF | 50 51 81
L L [ | L L | o
RESET CYCLE LOCKOUT| A B C G N
o e [ ] | [ o [ L
RECLOSING STATE FAULT TYPE

DS3515006

Figure7: Statusand Trip Target LEDs
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Status LED: relay powered

properly and self-tests OK Fixed Logic LEDS (not programmable)
b
ENABLED
[ J
A B C
o
- $ ,FAULT TYPE
> L 4

Trip target LEDs: involved
phases latch in on trip

Programmable LEDS (function can be changed by user) \

Program any of these LEDs as either a status or trip target LED

TRIP  INST COMM SOTF | 50 51
] [ ] o L L ] [ )
RESET ~ CYCLE LOCKOUT G
] [ ] [ ] (J
RECLOSING STATE FAULT TYPE

Status LEDs (factory-set to follow

RESET CYCLE LOCKOUT

RECLOSING STATE X
re

—

Ready for Actively in
reclose cycle trip/reclose, ose
cycle mod e'mode

Communications-assisted Inst./def.-time Under-
(e.g., POTT scheme) overcurrent frequency
Instantaneous Switch- Time-
unlo-‘FauIt uvevc‘urrem
N M Y ¥ M A
TRIP INST COMM  SOTF 50 51 81

G N
[ ] (]
FAULT TYPE / X
Ground Neutral element

involved in fault (channel IN) trip

DS3518007

Figdre 8" Breakdown of Fixed-Logic and Programmable LEDs

For unique or specific applications, reprogram LEDs as:

*4 Status LEDs (follow state of user-specified elements or indicators—e.g., dead line
indication).
» Triptarget LEDs (latch in on trip for user-specified condition—e.g., undervoltage trip).

Some front-panel relabeling of LEDs may also be needed for unique or specific applications.
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All three mounting styles can be ordered with terminal block, plug-in connectors, or with extra O
I/0. For model options, contact your local SEL sales representative. Q

RELAY MOUNTING

. . L 4
Terminal Block: 0.80 0.3mm)
r Connectorized: 1.454(36 m)
projection bex anel

800" ®
(203.2mm) ib!
semi—flush
mounting
17.45"
— ————— (443.3mm) —— —
(measured from outside flanges)
19.00” 1.00”
(482.6mm) I (24.5mm)
2.35” 5l2"
(57.%mm) (132.6mm)

slot: 0.28” X 0.41”
(7.19mm) X (10.4mm)
(typical)

NOTE: S < ’
1. ALL TOLERANC + 0.020” (0.51mm)
2. DRAWING NOTR IO S

\ DWG. I408rackdrill
DATE: 4 AUG 98

Figure 13: elay Dimensionsand Drill Plan for Rack Mount Models

%
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18.31” 97/32

Cutout (465.1mm) /(®5~6mm)
Front <
Panel \ r--r———~"FF~—F~~"~""~"~"~""~""~*""~""~""~""~"""™7"™7— ] /
| |/
| Ll .
2.257 : : 5.354 7.50”
(57.2mm) | | (135.9mpa™{1 90.5mm)
! | B
| |
- - -
17.637
(447.8mm)
20.00”
(508.0mm)
NOTE:
1. ALL TOLERANCES ARE =+ 0.020” (0.5Tmm) ,
2. DRAWING NOT TO SCALE Dwgr 35IS_paneimount

09-09-99

Figure 14: SEL-351S Relay Panel Cut-Out andBrill"Rlan for Panel Mount Models
(horizontal mounting shown; dimefnsions,also apply to vertical mounting)

The 7/32" (5.6 mm) drill holes shown in Figiredare to accommodate the four integral #10-32
studs that project out the back of the frentypanel of the panel-mount relays. These studs are used
to fasten the panel-mount relays to the greater panel surface, which has been drilled and cut
according to Figure 14 specificatians. “The panel-mount relays slide in from the front and are
fastened (viathe integral studs) on thespack

The relay chassis dimensions givendn Figure 13 for the rack-mount relays also apply to the
panel-mount relays (the rack-@nd panel-mount relays differ only on the front — the relay chassis
isthe same). The applicabledimensions are:

Relay chassis depth: 8.00” (203.2 mm)
Extra proj ectiondepth:; 0.80” (20.3 mm)
Relay chassiswidth; 17.45" (443.3 mm)
Relay chassis height: 3.47" (88.1 mm)

The front of the panel-mount relays projects out 1.00” (24.5 mm), like the rack-mount relays.
But, as shewnin Figure 14, the front-panel coverage of the panel-mount relaysis intentionally
greater to hide.any panel cuts.
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GUIDEFORM SPECIFICATION

The microprocessor-based relay shall provide a combination of functions including protection,
monitoring, control, fault locating, and automation. Relay self-checking functions shall be
included. Specific operational and functional requirements are as follows.

Phase Fault Overcurrent Protection: Therelay shall incorporate phase and negative-sequerice
overcurrent elements for detection of phase faults. For added security, the relay shalgprovide
directional elements, load encroachment logic, and torque control capability (imternal and
external.

Ground Fault Overcurrent Protection: The relay shall incorporate residual ground and neutral
ground overcurrent elements for detection of ground faults. For added security, the relay shall
provide directional elements and torque control capability (internal anchexternal).

Phase Under- and Overvoltage Elements: The relay shall incorporate tindervoltage and
overvoltage elements for creating protection and control schemes, ineluding but not limited to:
Voltage checks (e.g., hot bus/dead line) for reclosing; Blowntransfermer high-side fuse
detection logic; Control schemes for capacitor banks.

Sequence Voltage Elements: Therelay shall incorporate,positive, negative, and zero-sequence
voltage elements that can be logically configured ferelther under- or overvoltage applications.

Under- and Overfrequency Protection: The relay, shallincorporate six levels of under-
/overfrequency elements for detection of powemsystem frequency disturbances. Each setting
level shall use an independently set timer for application in load shedding or generator tripping
schemes.

Auto-Reclosing Control: The relay,snalléincorporate a four-shot recloser. It shall include four
independently set open time interval Skan independently set reset time from reclose cycle, and
independently set reset time fromylockout:

Synchronism Check: The relayrshallsdnclude two synchronism check elements with separate
maximum angle settings,(e.d.;, onejfor auto-reclosing and one for manual closing). The
synchronism check functionshal?*compensate for breaker close time and constant phase angle
differences between thextwo voltage sources used for synchronism check (phase angle
differences settable in:30° fhcrements).

Coordination with Downstream Reclosers: The relay shall include sequence coordination logic
to avoid tripping,forfadlts beyond a line recloser.

Operaton€ontrols;” The relay shall include ten operator controls on the relay front panel, whose
functions shall, also be accessible in the relay control logic. The operator control panel shall
incltide pushbuttons and LEDs with the following markings: Ground Enabled, Reclose Enabled,
Remoté Enabled, Alternate Settings, Lock, Hot Line Tag, Aux 1, Aux 2, Close/Breaker Closed,
and Trip/Breaker Open.
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Event Reporting and Sequential Events Recorder: Therelay shall be capable of automatically
recording disturbance events. The length of event reports shall be either 15 or 30 cycles. The
information stored in each event report shall include current, voltage, frequency, and relay
element status. Events shall be stored in nonvolatile memory. Therelay shall also include a
Sequential Events Recorder (SER) that stores the latest 512 entries. Events that trigger an SER
entry shall include: input/output change of state, relay element pickup/dropout, and recloses, state
changes.

Status and Trip Target LEDs: Therelay shall include 16 status and trip target'hEDs._Twelve
(12) of these LEDs are programmable. These programmable LEDs can be seteither as a status
LED (follow state of user-specified elements or indicators—e.g., dead line indicatien) or atrip
target LED (latch in on trip for user-specified condition—e.g., undervoltage trip)s

Overload and Unbalance Alarms: The relay shall include user-settablédemand current
thresholds for phase, negative-sequence, neutral, and residual demandwneasurements. Thermal
and rolling demand measuring technigues shall be included.

Circuit Breaker Monitor: The relay shall include a breaker weagmaonitor function. A user-
programmable breaker monitor curve shall be provided, so'that the user can define the breaker
wear curve and settings (KA interrupted vs. number of operations) as per the breaker
manufacturer’ s recommendations.

Substation Battery Monitor: The relay shall measuréiand report the substation battery voltage
presented to the relay power supply terminals. Tweg user-selectable threshold parameters shall be
provided for alarm and control purposes.

Fault Locator: Therelay shall include@fault 10eating algorithm to provide an accurate estimate
of fault location without communications€hannels, special instrument transformers, or prefault
information.

Automation: The relay shall incléidefeatures for automating local and remote control functions.
Sixteen local control elements (separate from the ten front-panel operator controls) shall be
included to enable/disable reglosing;trip/close the breaker, etc. Sixteen remote control logic
points shall be included®ar SEA DA -type control operations viathe serial port. Sixteen latching
logic points shall be incladedyso as to replace traditional latching relays for functions such as
“hot line tagging”. 1Sixteen display messages shall be provided in conjunction with alocal
display panel includédiin therelay. The relay shall have the capability to display custom

messages.

Relay Logic: Fherelay shall include programmable logic functions for a wide range of user
configurabl e pretection, monitoring, and control schemes.

Communicatieps: The relay shall include three independent EIA-232 serial ports and one EIA-
485seri@l port for external communications.

IRIG-B: The relay shall include an interface port for a demodulated IRIG-B time synchronization
input signal.

23



GENERAL SPECIFICATIONS

Important: Do not use the following specification information to order an SEL-351S Relay.
Refer to the actual ordering information sheets.

AC Voltage 300V, .y continuous (connect any voltage up to 300 Vac). 600 Vac for 10
Inputs seconds. Burden: 0.03VA @67V; 0.06 VA @120V;0.8VA @300V.

AC Current 5A nominal: 15 A continuous, 500 A for 1 second, lineartod0QA
Inputs symmetrical. 1250 A for 1 cycle.
Burden: 0.27VA @5A, 251 VA @ 15A.

1 A nominal: 3 A continuous, 100 A for 1 second;,lingar 10 20 A
symmetrical.

250 A for 1 cycle.

Burden: 0.13VA @ 1A, 1.31VA @3 A.

Sensitive Earth Fault:

0.05 A nominal channel IN current input:41:5¥A continuous, 20 A for 1
second, linear to 1.5 A symmetrical.

100 A for 1 cycle.

Burden: 0.0004 VA @ 0.05 A30.36:VA @ 1.5A.

Frequency and  60/50 Hz system frequency and,ABC/ACB phase rotation are user-
Rotation  settable.
Frequency tracking rangey, 40%. - 65 Hz (V 4 required for frequency
tracking).

Output  standard:

Contacts  per |EC 255:0-20¢ 1974, using the simplified method of assessment
6 A continuousearry
30 A ynake per |IEEE C37.90 : 1989
100 A'for ane second
270V acl360 Vdc MOV for differential surge protection.
Piekup/dropout time: <5ms
Breaking Capacity (L/R =40 ms):

48V 05A 10,000 operations
125V 0.3A 10,000 operations
250V 0.2A 10,000 operations
Cyclic Capacity (L/R = 40 ms):
48V 05A 2.5 cycles per second
125V 0.3A 2.5 cycles per second

250V 0.2A 2.5 cycles per second
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Qutput
Contacts

Optoisolated
nput Ratings

Time-Code

Input
Seri
Communications

o

Power Supply

Dimensions

Weight

Roltine
Dielégtricirest

Operating
Temp.

High-current interruption option for extra I/O board:
6 A continuous carry
30 A make per IEEE C37.90 : 1989
330 Vdc MOV for differential surge protection
Pickuptime: <5ms
Dropout time: < 8 ms (typical)
Breaking Capacity: 10A 10,000 operations
48and 125V  (L/R=40ms)
250V (L/R =20 ms)
Cyclic Capacity: 10A 4cyclesin 1 second, fellowed
by 2 minutes idle'for thermal dissipation
48and 125V  (L/R=40ms)
250V (L/R =20 ms)

Note: Do not use high-current interrupti ng'outptib,contacts to switch ac
control signals. These outputs areypolarity-dependent.

250 Vdc: onfor 200 - 300 Vdcyeff below 150 Vdc

125Vdc: onfor 105 - 150 Vdc; offteelow 75 Vdc

110 Vdc: onfor 88 - 132 Vde; offibelow 66 Vdc
48 VVdc: onfor 38.4 - 60.Vdeyoff'below 28.8 Vdc
24Vdc: onfor 15- 30 Vde

With nominal control voltage applied, each optoisolated input draws
approximately 4 mA off‘Curgent:

Relay accepts demodul ateddRIG-B time-code input at Port 2. Relay time
is synchronized to within +£5 ms of time-source input.

Two rear-panehandiene front-panel EIA-232 serial communications ports.
One rear-pamel, EVA-485 serial port with 2100 Vdc of isolation.

Per Port Baud Rete Selections: 300, 1200, 2400, 4800, 9600, 19200,
38400

125/250Wa8Upply 85 - 350 Vdc or 85 - 264 Vac; <15 W
24/48 \Wsupply: 20 - 60 Vdc; <15 W

See Figure 13 and Figure 14.
16 Ibs (7.24 kg) — 3U rack unit height relay

Current inputs: 2500 Vac for 10 seconds.
Power supply, optoisolated inputs, and output contacts: 3000 Vdc for 10
seconds.

The following IEC 255-5 Dielectric Tests: 1977 are performed on all units
with the CE mark:
2500 Vac for 10 seconds on analog inputs.
3100 Vdc for 10 seconds on power supply, optoisolated inputs, and
output contacts.
-40° to 185°F (-40° to +85°C) (type test).
(LCD contrast impaired for temperatures below -20°C.)
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Environment

RF| and
Interference
Tests

Impulse Tests

Vibpgation.and
Shoek Test

IEC 68-2-1: 1990 Basic environmental testing procedures, Part 2; Tests-
Test Ad: Cold (typetest).

IEC 68-2-2: 1974 Basic environmental testing procedures, Part 2; Tests-
Test Bd: Dry Heat (type test).

IEC 68-2-30: 1980 Basic environmental testing procedures, Part 2:
Tests, Test Db and guidance: Damp heat, cyclic (12 + 12-heur cycle),
(six-day type test).

IEEE C37.90.1 - 1989 |IEEE SWMC Tests for ProtectiveRelays and Relay
Systems (3 kV oscillatory, 5 kV fast transient) (typetest).

IEEE C37.90.2 |IEEE Trial-Use Standard, Withstand Capability of Relay
Systems to Radiated Electromagnetic I nterference from Transceivers, 10
V/m (type test).

Exceptions:

55.2(2) Performed with 20Q,frequency steps per octave.

553 Digital Equipment W odulation Test not performed.

554 Test signal tdrnedwef fibetween frequency steps to simulate

keying.

IEC 801-4: 1988 Electromagneticcompatibility for industrial-process
measurement and control equipment, Part 4: Electrical fast
transient/burst requirements, Severity Level 4 (4 kV on power supply, 2
kV on inputs andseutputs) (type test).

|EC 255-22-14,1988 Electrical disturbance tests for measuring relays and
protection equipment, Part 1: 1 MHz burst disturbance tests. Severity
Level 3 (2.5 kV eemmon mode, 1.0 kV differential) (type test).

IEC 255-22-3 1989 Electrical relays, Section 3: Radiated
electramagnetic field disturbance tests, Severity Level 3 (10 V/m) (type
test).

IEC 255-22-4: 1992 Electrical disturbance tests for measuring relays
andypr otection equipment, Section 4 - Fast transient disturbance test (type
test).

IEC 255-5: 1977 Electrical relays, Part 5: Insulation tests for electrical
relays, Section 6: Dielectric Tests, Series C (2500 Vac on analog inputs;

3000 Vdc on power supply, contact inputs, and contact outputs). Section
8: Impulse Voltage Tests, 0.5 Joule 5 kV (type test).

IEC 255-21-1: 1988 Electrical relays, Part 21: Vibration, shock, bump,
and seismic tests on measuring relays and protection egquipment, Section
One - Vibration tests (sinusoidal), Class 1 (type test).

IEC 255-21-2: 1988 Electrical relays, Part 21: Vibration, shock, bump,
and seismic tests on measuring relays and protection equipment, Section
Two - Shock and bump tests, Class 1 (type test).

26



IEC 255-21-3:; 1993 Electrical relays, Part 21: Vibration, shock, bump,
and seismic tests on measuring relays and protection equipment, Section
Three - Seismic tests, Class 2 (type test).

ESD Test |EC 255-22-2: 1996 Electrical disturbance tests for measuring relays and
protective equipment, Section 2: Electrostatic discharge tests, Severity
Level 4 (8 kV contact discharge all points except serial ports, 15 kV air
discharge to al other points) (type test).

Processing Specifications

AC Voltageand 16 samples per power system cycle, 3 dB low-pasSiil temeut-off frequency
Current Inputs of 560 Hz.

Digital Filtering One cycle cosine after low-pass analog filtefing:
Net filtering (analog plus digital) rejects dc'and all harmonics greater than

the fundamental .
Protection and  Four times per power system cycle.
Control
Processing

Relay Element Pickup Ranges and Accuracies

Instantaneous/Definite-Time Overcurrent Elements

Pickup Range: 0.25-100.00 A, 0.01 A steps (5 A nominal)
1.00-170.00 A, 0.01 A steps (5 A nominal —
for phase-to-phase elements)

0.05-20.00 A, 0.01 A steps (1 A nominal)
0.20-34.00 A, 0.01 A steps (1 A nominal —for
phase-to-phase elements)

0.005-1.500 A, 0.001 A steps (0.05 A nominal
channel IN current input)

Steady-State Pickup Accuracy: +0.05 A and +£3% of setting (5 A nominal)
+0.01 A and +£3% of setting (1 A nhominal)
+1 mA and 5% of setting (0.05 A nominal
channel IN current input)

Transient Overreach: +5% of pickup
Time Délay: 0.00 - 16,000.00 cycles, 0.25-cycle steps
Timer Accuracy: +0.25 cycle and £0.1% of setting
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Time-Overcurrent Elements

Pickup Range:
Steady-State Pickup Accuracy:

Time Dia Range:

Curve Timing Accuracy:

Under- and Overvoltage Elements

Pickup Ranges:

Steady-State Pickup Accuracy:

Transient Overreach:

Synchronism-Check Elements

Slip Frequency Pickup Range: \2
Slip Frequency Pickup Accur,

Phase Angle Range:

Phase AngleAccura@&
Under- and Overfrequer\&\ents

Pickup Range:g ,c
Steady-St@ sient Overshoot:
%

Timer Ac

Tim
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0.50-16.00 A, 0.01 A steps (5 A nominal)
0.10-3.20 A, 0.01 A steps (1 A nominal)
0.005-0.160 A, 0.001 A steps (0.05 A nominal
channdl IN current input) .

+0.05 A and £3% of setting (5 minal)
+0.01 A and +3% of settin %al)
+1 mA and +5% of setting (0. minal
channdl IN current input)

0.50- 15.00, 0.01 stepsqUS

0.05- 1.00, 0.01 steps (!

+1.50 cyclesand rve time for current
between 2 and ultiples of pickup

0.00-3 , 0.01V steps (various elements)
0 V, 0.01V steps (phase-to-phase

m +5% of setting

@gof pickup

0.005 - 0.500 Hz, 0.001 Hz steps
+0.003 Hz
0-80°, 1° steps

+2°

40.10 - 65.00 Hz, 0.01 Hz steps

+0.01 Hz

2.00 - 16,000.00 cycles, 0.25-cycle steps
+0.25 cycle and £0.1% of setting



Timers

Pickup Ranges: 0.00 - 999,999.00 cycles, 0.25-cycle steps
(reclosing relay and some programmabl e ti

0.00 - 16,000.00 cycles, 0.25-cycle steps (some
programmable and other various timers)

Pickup and dropout accuracy for all timers:  £0.25 cycle and £0.1% of @

Substation Battery Voltage Monitor

Pickup Range: 20-300Vdc, 1Vdc %
Pickup Accuracy: +2% of setting Q
Metering Accuracy
Accuracies are specified at 20°C and at nominal system unless noted otherwise.
Voltages Va, Ve, V¢, Vs, 3V, Vi, V2 + - 300 V; wye-connected)
Currents |A’ IB’ IC 1 d iOl% (05 - 10 A) (5 A nominal)

+0:2 mA and £0.1% (0.1 -2 A) (1 A nominal)
perature coefficient:
[(0.0002%)/(°C)?] * (__°C - 20°C)?

(see following example)
Currents Iy, l4, 3lo, 3l +0.05 A and =3% (0.5- 100 A) (5 A nominal)
+0.01 A and =3% (0.1 - 20 A) (1 A nominal)
@ +1 mA and +5% (0.01 - 1.5 A) (0.05 A nominal
channel IN current input)

Phase AngleAccura&K\() +0.5°
\
O

Q>®
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MW/ MVAR Accuracy O
(A, B, C, and 3-phase; 5 A nominal; (MW /MVAR) at load angle O

e-connected voltages
W 2es) for 0.5A s < phasecurrent<1.0A s
0.70%/ - 0° or 180° (unity power
factor)
0.75% / 6.50% +8°0r %
1.00% / 2.00% 13& °

1.50% / 1.50% iwlsw
2.00% / 1.00% +120°

6.50% / 0.75% éor +08°
-10.70% Q 0° (power factor = Q)

for phase CL% OAs

0.35% / 0° or 180° (unity power
factor)
0 M6.00% +8or £172°
% 50% +30° or 150°
.00% / 1.00% +45° or +£135°
%% 1 0.75% +60° or +120°
.00% / 0.40% 82° or +98°
-10.35% +90° (power factor = Q)
Metering accuracy calculation currents I, Is, and I due to preceding stated tem-

perature coefficient:

For temperature of#\((he ﬁditi onal error for currents |, lg, and I¢is:
[(0.00020/% +40°C - 20°C)* = 0.08%

Power Element Accurac

Pickup: = voltage secondary) and +5% of setting at unity power factor {1 A nom}
\ * (voltage secondary) and +5% of setting at unity power factor {5 A nom}

30



FACTORY ASSISTANCE ( ’

The employee-owners of Schweitzer Engineering Laboratories, Inc. are dedicated to making
electric power safer, more reliable, and more economical. S

We appreciate your interest in SEL products, and we are committed to making are
satisfied. If you have any questions, please contact us at:

Schweitzer Engineering Laboratories, Inc. &

2350 NE Hopkins Court

Pullman, WA USA 99163-5603

Tel: (509) 332-1890

Fax: (509) 332-7990

We guarantee prompt, courteous, and professional service.

We appreciate receiving any comments and suggestion
improvements that would help us make your job easier.

&

roducts or product

N
. Q(b

All brand or ui hpearing in this document are the trademark or registered trademark of their respective holders.

Schweitzer Eng in oratories, Inc., SELoGIC, Connectorized, and @ are registered trademarks of Schweitzer Engineering
Laboratories, Inc.
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5,652,688; 5,69%,281; 5,793,750; 5,790,418, 5,883,578; Foreign Patents issued and other U.S. and Foreign Patents Pending.
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