SEL] 701 Motor Protection Relay

Accurate Motor Protection With
Innovative Motor-Starting Analysis

701 MOTOR PROTECTION RELAY

LABORATORIES

Major Features and Bénefits

The SEL£701 Relayaprovides complete induction » Load Profiling function tracks motor
motor pratection gombined with innovative moni- loading and use, storing quantities every
toring, reporting, metering, and control capabili- 15 minutes for up to 48 days.

ties. » Event Reports and Sequentia Events
Qptional “internal or external RTD modules, Recorder reports decrease down time
optional voltage-based protection and metering after faults.

flinctions, and standard Modbus™ communica- » Motor Start Reports and Motor Start
tions make the SEL-701 Relay the idea choice Trend data support maintenance by indi-
for monitoring and protecting your induction cating load problems early.

motors.
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Induction Motor Protection

Motor Thermal Protection

The SEL-701 Relay provides locked rotor, running over-
load, and negative-sequence current unbalance protection
using a patented thermal model. The thermal element
accurately tracks the heating effects of load current and
unbalance current while the motor is accelerating and run-
ning. You can choose from three easy setting methods:

» Motor Nameplate Ratings.

» 45 Standard Thermal Limit Curves.

»  Custom Curve Fitting.

For simple effective protection, enter the motor nameplate
ratings for Full Load Current, Locked Rotor Current, Hot
Stall Limit Time, and Motor Service Factor. To have the
relay emulate existing motor protection, select the appro-
priate thermal limit curve from 45 standard curves. If your
motor requires more complex protection, build your own
customized thermal limit curve by entering points to
define the curve.

Optional interna or external RTD monitoring inputs
extend the thermal protection to include direct temperature
measurement to protect motor windings as well as motor
and load bearings. Stopped motors can cool much more
sowly due to loss of coolant or airflow. The relay learns
the cooling time constant of the stopped motor when you
connect the relay to monitor stator winding RTD tempera-
tures. Enable this feature to use the learned value to accu-
rately track cooling when the motor is stopped.

Short Circuit Tripping

Phase, negative-sequence, residual, and neutral/gfound
overcurrent elements allow the SEL-701 Relay tGydetect
cable and motor short circuit faults. The relay includes:

»  Two phase overcurrent elements.

» Two residual overcurrent elements.

»  Two neutral/ground overcurrent elemeénts:

»  One negative-segquence overgurrent element.

Set therelay to trip instantaneously or @With'adefinite time-
delay for short circuit conditions. You,can easily disable
the phase overcurrent elements for, applieations that use
fused contactors.

Load-Loss, Load-Jam,
and Frequent Starting'Protection

The SEL-701 Relay“offersitripping for 1oad-jam and load-
loss conditionsfL oad-l0ssdetection provides an alarm and
a trip when the condition is detected. L oad-jam protection
trips the motoryguickly4to prevent overheating from stall
conditions. The reliayprovides frequent starting protection
using settable starts-per-hour and minimum time between

Adbbrandiand product names appearing in this document are a trademark of
thelnrespective holders.

Schweitzer Engineering Laboratories, Inc., SELoGIC, and are regis-
tered trademarks of Schweitzer Engineering Laboratories.

This product is covered by US Patent Nos: 5,436,784. Foreign Patents
isstied and other US and Foreign Patents Pending.

Copyright © SEL 1999 (All rights reserved). Printed in USA.
Date Code 990928

ANSII Standard

starts protection functions. The relay stores motor starting
and thermal data in nonvolatile memory to prevent metor
damage due to overheating caused by frequent starts, even
if relay power isremoved.

Unbalance Current
and Phase Reversal Protection

In addition to the therma element, ghe SEL -701 Relay
provides an unbalance current elementsWhich trips in the
event of a motor single-phasing cenditian” or for heavy
current unbalance. The relay gphase feversal protection
detects the motor phase rotétion aneytrips after a time
delay, if the phase rotatien isfincorrect. The SEL-701
Relay provides this protectiomeven if phase voltages are
not available.

Voltage-Based Pratection Elements

The SEL-701 Relay offers optiona voltage inputs that you
can configure'in fourdifferent ways, including:
>4, One phase-to-phase voltage.

» \One phase-to-neutral voltage.
>»  Open-delta voltages.
» Four-wire wye voltages.
\When one or more voltages are connected to the relay, it
provides a number of added motor protection and meter-
iAg,functions, including:
Over/under voltage.
Over/under freguency.
Underpower.
Reactive power.
Power factor elements.

YYYVYY

SEL-701 Relay

Element Name

Standard Function

46 Unbalance Current
a7 Phase Reversal
49 Motor Thermal
50 Phase Overcurrent
50N Neutral and Ground Overcurrent
50Q Negative-Sequence Overcurrent
66 Starts/Hour, Time Between Starts

Load Jam, Load Loss

With Voltage Option

27 Undervoltage
37 Underpower
55 Power Factor
Reactive Power
59 Overvoltage
81 Over- and Underfrequency




Functional Description
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Unique Capabilities

Motor Start Reports and Trends Internal or External RTD Module

When an induction motor starts, its rotor and windings can
store heat at a rate over 100 times as high as under bal-
anced load conditions. The SEL-701 Relay provides an
unmatched view of the motor performance duringthe crit-
ical starting cycle. Every time the protected motor<stafts,
the relay stores a 60-second report detailing:

» Motor currents.

»  Optional voltages.

» Therma mode results.

In addition, the relay calculates the acgelerating time in
seconds and records the maximum cégrentimagnitude and
minimum voltage magnitude seen durifg, the start. The
relay stores the five latest pstart “fgports in nonvolatile
memory.

The relay aso helps you/spot tgends in starting perfor-
mance by maintaining the 18 most/recent 30-day averages
of start report data.
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Example Plot Created Using Motor Start Report Data

The SEL-701 Relay is available with an optional internal
resi stance temperature device module that monitors up to
11 RTDs. The relay offers thermal trips and alarms, ther-
mal model biasing, RTD open or short alarms, and temper-
ature measurement when equipped with RTD inputs.
Configure each input to use any of four sensor types
(Pt100, Ni100, Ni120, or Cul0). Settings also define the
sensor locations: Motor Windings, Motor or Load Bear-
ings, Ambient Air, and Other for uncategorized applica
tions.

As a separate option, you may purchase an external RTD
module, the SEL-2600 External RTD Module, that
monitors up to 12 sensors and a single contact at the
motor. This remote device sends data to the relay through
a tough, flexible, optica fiber, that is routed back to the
Motor Control Center, providing complete electrical isola
tion between the RTDs and the relay. The externa module
improves measuring accuracy by shortening lead runs,
reducing both lead resistance and electrical noise.

Up to 12RTD inputs, plus Fiber-Optic Ports
one contact (speed switch, etc.)
SEL-
2600 SEL-701
Relay
Up to 500 meters
via single optical fiber,
SEL Part Number C801FD
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Metering & Monitoring Capabilities

Current- & Voltage-Based Metering Functions

The SEL-701 Relay provides accurate RMS and funda-
mental frequency metering for input currents, optional
voltages, and temperature measurement for optional
RTDs. View phase, neutral, residual, negative-sequence,
and unbaance current magnitudes using the bright front-
panel display. When equipped with voltage inputs, the
relay provides additional meter quantities, including:
» Phase, residual, and negative-sequence voltage.
» Real, reactive, and apparent power (kW, kVAR,
kVA).
» Real, reactive, and apparent energy (kWhr,
kVARhr, kVAhr).
>

Frequency, power factor, and real power in
horsepower.

When you sdlect internal or external RTD inputs, the relay
reports temperatures of the individual RTDs and their
locations. These values are aso available using the front-
panel menus or serial port commands.

Analog Output

The SEL-701 Relay offers an analog output to operate a
remote panel meter or as an input to your plant’s distri-
buted control system. Configure the output to operate in
the range 0-1 mA, 0-20 mA, or 4-20 mA. The relay out-
puts adc current signa proportional to your choice of the
following:

Percent of full load current.

Percent of motor thermal capacity used.
Winding or bearing RTD temperature.

Average or maximum phase current.
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SEL-701PC Software

Motor Monitoring & Statistics

The SEL-701 Relay records a variety of data fof your
motor maintenance program. Information saved by the
motor statistics function includes:

Time running and stopped.

Total MWhr.

Number of starts.

Average and peak starting tilme andhcurrent.
Average and peak runnifig, currentand power.
Average and peak RTD,temperatures.

L earned motor parameters.

Protection element alafim and trip counts.
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Load Profiling

Every 15 minutes, the rélay automatically records a num-
ber of measured quantities“Every SEL-701 Relay records
the following guantities:

»  Phase and neutral current magnitudes.

> % Thermal Capacity.
» 9% Current Unbalance.
P System frequency.
When RED inputs are included, the relay automatically

addsithe temperatures of the hottest winding, hottest bear-
ing, and ambient RTDs.

\When the voltage option is specified, the relay aso
records:
»  Phase-to-phase voltage magnitudes.

» Real power magnitude.
»  Reactive power magnitude.
»  Apparent power magnitude.

Load profile information is maintained in a nonvolatile
buffer sized to allow 34 or 48 days of data storage.

The SEL-701 Relay is supportediby a PE€-based software
package, SEL-701PC. The softwareiypackage provides a
convenient way to:

» Createrelay settingsfor anew installation using
the software's setting entfy panels. Use the soft-
ware to createl seftings for the protection ee-
ments, relay ‘Seridg ports, sequentia events
recorder functien, and Modbus User Map. The
scréen capture below shows the setting entry
screen.

»  Store settings in afile on your PC. Create valid
setting files in the comfort of your office.

» Deploy setting files on diskette. Load settings
into ““hdividual relays using portable setting
files.

»  Download relay settings with complete accu-
racy. Quick, secure settings transfer saves time
and improves the accuracy of relay setting entry.
The software range-checks all the settings as
they are entered to ensure that the relay will
accept them at download time. As you down-

load, the relay and software apply CRC-16 vali-
dation to each block of transmitted data to
ensure the integrity of the transferred settings.

» Leverage your engineering investment. Quickly
create new settings files based on existing
schemes. Use identical control and communica
tion settings for many relays, modifying only
those protection settings necessary to tailor the
relay for the specific motor.
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Fault Reporting Functions

The SEL-701 Relay offers a number of functions to help
you diagnose and quickly correct the problem when a
motor trip occurs.

Front-Panel Targets & Messages

Each time the SEL-701 Relay trips, it lights one or more
of six front-panel target LEDs. The relay automatically
determines the type of trip and displays it on the front-
panel display. Trip type messages include:

Thermal and L ocked Rotor Trips.

Load-Loss and L oad-Jam Trips.

Unbalance Current Trips.

Phase and Ground Fault Trips.

RTD Trips.

YYVYVYY

In addition to illuminating for trips, Thermal Overload,
Unbalance, Load Loss, and Voltage front-panel LEDs
flash when their respective alarm conditions pick up.

Event Summaries

The SEL-701 Relay captures a 15-cycle event report and
creates an event summary whenever the relay trips and in
response to user programmable conditions. View the sum-
mary using the front panel. Event summaries contain:

»  Event number, date, and time.

»  Trip type.

»  System frequency.

% Thermal Capacity used.
% Unbalance Current.

Magnitudes of the phase, neutral,| negative-
sequence, and residual currents.

Temperatures of the hottest winding, bearing,
ambient, and other RTDs.

Magnitudes of the phase-to-phase voltages.

Magnitudes of the real and reagtive powers and
power factor.
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The relay saves the 14 most secent‘@vent reports and event
summaries in nonvolatile memoky, so the information is
retained even if relay pawer isremoved.

Full-length event reports cantain the event summary data,
plus 15 cycles of detailed current, voltage, protection ele-
ment, input and@utput data, shown on a quarter-cycle or
sixteenth-cycleybasis. Review event data as a text-based
report or in escillographic format.

Sequential Events Recorder (SER)

In addition, to storing event summaries and full-length
reports,the SEL-701 Relay tracks the pickup and dropout
ofyproteetion elements, contact inputs, and contact outputs
that'yeu select. The date and time of each transition is
vailable in a Sequential Events Recorder (SER) report
that you can download using your PC. This chronological
report helps you determine the order and cause of events
and assists in troubleshooting.

SEL-701 Motor Protection Relay Guitdeférm Specification

Motor protection shall be provided by a microprocessor-
based relay equipped with the following protéction, func-
tions:

» Motor thermal model accountingsfor \phase and
negative-sequence current heating during start-
ing and running states; sattableymotor-stopped
cooling time constant shall befprovided.

» Phase, neutral, andy,negative-sequence overcur-
rent elements for shartieircuitifault detection.

» Unbalance current,” phase”reversal, load-loss,
and load-jam detection.

»  Starts-per-hourgand®™minimum time between
starts limit [protéection.

When voltageinputs,are’specified, the relay shall provide
the following protection elements: over/undervoltage,
over/undexfrequency,gunderpower, reactive power, and
power factor.

Therelay shal be'available with 11 internal RTD inputs or
with 12 RTD inputs in an externa module. When
included, the external module shall send RTD tempera
tlres and one contact input status to the relay using an
optical fiber with a range not less than 400 m. The RTD
typesishall be individually field selected from four sup-
ported types. RTD inputs shall provide the following:

» Therma model biasing.

» Temperature darm and trip.

» RTD open or short indication.

The relay shall provide the following monitoring and
reporting functions:
» Fault summaries showing faulted motor type
and conditions.
» Event reports containing 15 cycles of oscillo-
graphic datawith 16 samples/cycle resolution.
» Sequential Events Recorder report showing the
last 512 input, output, and element transitions.
» Motor start reports showing the currents and
thermal estimate every 5 cycles during the first
60 seconds of the motor start.
Motor start trending showing acceleration time,
maximum current, and maximum thermal esti-
mate averages for each of the past eighteen
30-day periods.
» Load profiling that records up to 17 values every
15 minutes for 34 or 48 days.

» Motor Operating Statistics report.

\

These data shall be available from front- and rear-panel
serial ports using aPC, termina emulation software, and a
serial cable. For integration purposes, Modbus® protocol
shall be supported at the relay rear-panel port.

The relay shall have an operating temperature range of
-40°C to +85°C and a power supply input operating volt-
age range of 20250 +20% Vdc or 95-240 +10% Vac. The
relay front panel shall meet the requirements of NEMA 12/
1P54.
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Detailed Specifications

Standard Relay Features & Functions Analog Output

Phase Current Inputs Single Analog Current Output
Nomiunal . Settable Range: 0-1mA
Current, lyom: 1Aor5A tgg mﬁ
Range: 0.05-20.00 * Inom ;
Burden: 0.14VA @5A,5A tap Max Load: 8k or 400 ohms
0.06VA @ 1A, 1A tap Error: <+0.5%, Full Scale
Continuous: 3« lyom Select From:
200 Second Thermal: 10« ISOM %FLA, %Thermal Cap, Hottest RTD,
10 Second Thermal: 20+ Inom Avg phase current, Max phase current
1 Second Thermal: 50+ Inom Contact Inputs

Measuring Error: 1%, +0.01 « Inom

Neutral/Ground Current Input

6 Self-Wetted Contact I nputs,
Programmable Function

Optional External RTD Module
12 Remote RTD Inputs
Trip, Alarm, and Thermal features,
aswith Internal RTDs.
Up to 500 m Away Using Fiber-Opi abl
Adds Remote Contact Input

Reporting Functions

Event Summaries/Event
14 Latest Summari
15-Cycle Oscil

Resolutiol

Load Profile Func

Reports L 4
d
raphi€iRecords
4 or 16 samples/cycle

ities every 15 minutes for

Nominal Contact Outputs

Current, INNom: 1AoOr5A 1 Trip Contact, 3 Programmable Contacts,
Range: 0.005-2.000 * INNom Relay Self-Test Alarm
Burden: 0.28VA@5A,5A tap Form C Contacts

019VA@1A,1Atap Make/Carry/Interrupt Retings

Continuous: 0.3+ INNom Make: 30A
1 Second Thermal: 5.0 «INNom Carry: 6A
Measuring Error: +1%, +0.01 * Inom Interrupt: 8 A Resistive @ 250 Vac

Motor Thermal Model

0.75A,L/R=40ms @ 24 Vdc
0.50A, L/R=40ms @48 Vdc

voltage option) or 34 days
).

rt Length:
Quantities stored every 5 cycles during
and immediately after each start.

3600 cycles

Mdtor Start Trend
Stores 30-day averages of starting data
for each of the past eighteen 30-day periods.

Locked Rotor Time: 1.0-240.0s 0.30A, L/R=40ms @125 Vdc
Locked Rotor Current:  2.5-16.0 * Iyom 0.20A, L/R =40 ms @250 Vdc
Service Factor: 1.0-15 .
Setting Modes: Selr:I?cl)EfrFt;n ;
V¢ -~

ﬁlsa:i?:: i ngimp& EIA-232Port: ~ 300-1920

Custom curve shape ASCII text communication
Pickup Error: <+1%, +0.01 * Inom Rear Panel
Timing Error: +2% +15ms ASCII EIA-232 port:

Independent Stop/Run Cooling Rates
Thermal estimate retained through
relay power cycle.

Overcurrent Elements
(Phase, Residual, Negative-Sequence)

Setting Range: 0.05-20.00 * Iyom Nominal Voltage:

Time Delays: 0.00-400.00s Four Wire Wyag or
Neutral/Ground Overcurrent Element Open DeltaVoIt

Setting Range: 0.005-2.000 * INNom

TimeDdays: 0.00-400.00 s

Current Unbalance Element
Alarm and Trip Elements

Setting Range: 2%-80%
TimeDdays: 0.00-400.00 s
Error: <+1%
Definitions
Forl,, > FLA
UB% = 100% * || i al/l &
Forl4, <FLA
UB% =100% * [l 1 o /FLA ¢
Where: ring Error:

1o = Avg phase current

I = Phase most different from | 5, ive Power Element
FLA = Motor rated full load amps Alarm and Trip Levels
Load-Loss/Load-Jam Function Setting Range:
Load-Loss Alarm and Trip
Setting Range: 0.03-1.00« F L:me E:er"ayé o
Load-Jam Trip easuring Errol
Setting Range: 0.5-6.0¢ F Underpower Element
TimeDdays: 0.00-400.0 Alarm and Trip Levels

Or Modbus® EIA-485 port:
EIA-485 port isolation:

Optional Features & Functi
Optional Phase Voltage Input

0.05-0.99 pf
0.00-400.00 s
<+4%

302000 VAR, 5 A tap

6-400 VAR, 1A tap
0.00-400.00 s
<+2%

Starts Per Hour, Time Between St Seiting Range: 30-2000W, S A tap
Max. Starts/Hour: 1-1! ) 6-400 W, 1 A tap
Time Delays: 0.00-400.00 s
Min. Time Bet. Statts S Measuring Error: <+2%
Start dataretain cycle. 9 . -
Over/Underfrequency Elements
Phg;;R:\;;r;arl Tr current or Three Settable Levels
optional volt Settl ng Range: 20.00-70.00 Hz
Time Delays: 0.00-400.00 s
Meter Accuracy Error: <+0.01 Hz

Ratings, Type Tests, & Certifications

Current Metering:
Demand
Current M eterin

al
Frequency Metering:
ptional kW,
Va, kVAR Demand:

0, .
1%, £0.0* Inom Optional Internal RTD Inputs

11 Internal RTD Inputs

+1% Monitor Winding, Bearing, Ambient,
o or Other Temperatures
1%, 202V PT100, Ni100, Ni120, and Cu10 RTD-Types
+20% Supported, Field Selectable
Trip and Alarm Temperatures

<+4% Setting Range: 0°-250°C

Error: <+2°C
+0.01Hz Open and Short Circuit Detection

Trip Voting
+2% Thermal Model Biasing

Motor Cooling Time Learning

Operating Temperature Range
—40°C to +85°C
—40°F to +185°F
Power Supply Voltage Range
20-250 +20% Vdc
95-240 +10% Vac 50/60 Hz
<15 VA Total Burden
Hold-Up Time: 50 ms @125 Vdc
150 ms @ 120 Vac
Type Tests
Front Panel: NEMA12/IP54
Dielectric: 2.5kV rms, 1 minute
Environmental: IEC 68-2-1: 1990
IEC 68-2-2 : 1974
Damp Hea Cycle: IEC 68-2-30 : 1980
Impulse: IEC 255-5: 1977,
5kV 0.5j
Electrostatic IEC 801-2 : 1991,
Discharge: Level 4
IEC 255-22-2: 1989
Level 4
Radio Frequency IEC 801-3: 1984
Immunity: IEC 255-22-3: 1989
Fast Transient Burst: |IEC 8014 : 1988,
Level 4
IEC 255-22-4: 1992,
Level 4
Surge Withstand: |EC 255-22-1: 1988
|EEE C37.90.1: 1989
5kV Impulse: |EC 255-5: 1997
Magnetic Field EN 61000-4-8 : 1993,
Immunity: Level 5
Vibration: IEC 255-21-1: 1988
Endurance: Class 1
Response: Class 2
Shock and Bump: |EC 255-21-2: 1988
Bump: Class 1
Shock Withstand: Class 1
Shock Response: Class 2
Seismic: IEC 255-21-3: 1993,
Level 2

Certifications

1SO: Relay is designed and manufactured to an
1SO-9001 certified quality program.

UL/CSA: UL recognized to the requirements of
UL-508; CSA C22.2, N.14 for Industrial Con-
trol Equipment; and UL-1053, “Ground-Fault
Sensing and Relay Equipment.”

CE: CE Mark.

Schweitzer Engineering Laboratories
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Schweitzer Engineering Laboratories, Inc.

Schweitzer Engineering Laboratories, Inc. is committed to
quality. Our certification to the ISO 9001 quality standard
and our ten-year product warranty are examples of this
commitment. We encourage and appreciate your feedback
about the use of SEL equipment, and we will use this
information to continually improve our products and ser-
vices.

Schweitzer Engineering provides customer service and
gpplication assistance from locations around the weorl ds
For the location nearest you:

» Visit our web site at www.selinc.com, and, click
on the "Technical Service Centers" button.

» Call us! Our customer service representatives
and application engineers are happy to assist
you.

Schweitzer Engineering ffaboratories, Inc.
2350 NE Hopkins€ourt
Pullman, WA 99163-5603
USA
Phone:  (509) 332-1890

s Fax: (509) 332-7990
EAX Internet; wwwiselinc.com
Email: “info@selinc.com
[} & £ ¢ F
'\ d
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SEL-701 Relay Front-Panel Features

NEMA12/IP54 Rated Front Panel.
Resists splashes and dust.

Vacuum Fluorescent Display.
Shows automatic messages and
supports setting entry.

/01 MOTOR PROTECTION RELAY

Enable LED. Lit when relay isin opegation
to indicate relay health.

Target LEDs. Fiash to indicate protection
alarms.  Steady-on<to_indicate cause of
most recent trip operation,

EIA-232\Serial Port. Allows easy connection
t0 alacal,RC,for setting upload and relay data
download:“Weather cap protects connector.

Motor State LED. Dark when motor is stopped
Flashes when motor is starting, and steady-on
when mator is running.

Six-Button Keypad. Navigate quickly through
the menu-driven front-panel interface to view
meter values, review event summaries, view or
change settings, etc.
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