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ADDENDA
M-0420 INSTRUCTION BOOK

This page contains additional information when referring to Figure 2-2 on page 2-6 and Figure 2-5 on page 249.
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Generator Protection
Typical Connection Diagram
M-0420 Multifunction Relay

Three VT Wy&wWO Two VT Omn-Dom®
Connection Connection

Generator ﬂ)

®Alternate VT connections

@ Required generator breaker status input (52b).
Contact is closed when generator breaker is open.

@ Use'for resistance or solidly grounded generators

@ Alarm output can be grouped to a single alarm at
discretion of user.

-

Low ln_-pocuu High impedanca

grounding grounding

® Availabie control output to supervise other relays
= for VT Fuse Loss can be designated.
® Use for high impedance grounded generators
@ Reconnect enable contact indicates relay is not in trip condition
and can be used for synchronizing of the generator
@ Alternate connection possibility

Examplefof Control/Output Connections
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Relay M-0420
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Protects a generatorsor its parallel
interconnection [fromiwoltage, frequency,
overcurrent,  and, directional power
disturbancest

Enables reconnect when protective para-
meters,_have been within limits for an
adjustable time period.

Usés waveform sampling and digital signal
proeessing for accurate measurement of
system parameters.

Provides easy-to-use 2-line-by-24-character
Liquid Crystal Display for local access to
relay functions.

Provides capability for local and remote
metering of phase, neutral, and sequence
voltages and currents; real and reactive

‘power; power factor; and frequency.

Provides time-tagged trip target
information for the five most recent trips.

Includes two RS-232C serial com-
munication ports to connect SCADA
interface and external PC running the
optional M-0429 BECOCOM™ Com-
munications Software package.

Includes capability for capturing 96 cycles
of fault data for display with the optional
M-0428 BECOPLOT™ Fault Data Analysis
Software package.

Optional directional overcurrent function.
Draw-out case construction.

UL Listed; CSA Certified.




RELAY FUNCTIONS

Device Setpoint initial
Number Function s.ttlngj_r_w _Aceuracy

[{RMS Overvoltage, 3-Phase -

Magnitude #1, #2 132V 0.5V
Time Delay #1, #2 1 - 8160 cycles 1.0 cycle 30 cycles +1 cycle

. ‘AMS Overvoitage, Neutral Circult.or.Zero Sequence* . \00 =~ - "0 s zn o8
Magnitude #1, #2 10-200V 1.0V 150 vV 05V
Time Delay #1, #2 1 ~ 8160 cycles 1.0 cycle 30 cycles +1 cycle
“59N responds to Iundamemal haquancy cormonent only.
Magnitude #1, #2 1. 05 -1.50 pu 0 01 pu 1.10pu +0.03 pu*™*

Time Delay #1, #2 1 — 8160 cycles 1.0cycle 30'cycles +1 cycle

‘Instantaneous vollage magnitude response, intended for ferroresonance piotection.
**For fundamental (60 H2/50 Hz) signai only. For distorted input signals, the accuracy degrades as the order of the

harmonic signal increases.

Magnitude #1, #2 10-200 V 1.0V " 108V $0.5V
Time Delay #1, #2 1 - 8160 cycles 1.0 cycle 30cycles +1 cycle
Magnitude #1, #2 10-200V 1.0V 60V +0.5V
Time Delay #1, #2 1 - 8160 cycles 1.0 cycle 30 cycles 11 cycle

‘27N msponcs fo fundamennl fraquom.y component only

Magnitude #, #2 60.05 - 63 00 Hz 0.05 Hz 7 60 50 Hz +0.02 Hz*
(50.05 — 53.00 Hz)
Time Delay #1, #2 2 - 8160 cycles 1.0 cycle 30 cycles +1 cycle

'Theaowmqlshasedon.?@volmgemputslnmomme of 57 to 83 Hz; outside lmsmnge lheaowracyts:to 1 Hz.

Magnitude #1, #2 e 5300=50.95Hz - 0.05 Mz 59,50 Hz +0.02 Hz*

(43:00 - 49.95 Hz)
Time Delay #1, #2 2 — /8160 cycles 1.0 cycle 30 cycles +1 cycle

'Theaowracyrsbasodon.?@volmgeinputslntherangaofS?b&?Hz outside this range, zheacwmcytsto 1Hz.

Magnnude 1.0~ 240.0A' 0.1A 10.0A +3%"*

Trip Time Response 2 cycles max.

“Not to exceed 20 times the maximum of the renge into which the 3-phase overcurrent tapseting chosen for 51V falls.
3% or:t.?% ofmemnumof meh aemn range nhossn lor51'V whidlmrls greater.

v —— e oo g3« i

Magnitude 1.0- 2400A'

Trip Time Response 2 cycles max.
“Not 1o exceed 20 times the maximum of the range into wich the neutral overcurent tapsetting chosen for 51N fails.
/2 3% or+3% of the maximum of the tap setting range chosen for 51V, whichever is grealer.

{-inverse Time Overcurrent, 3-Phase, with-Voltage Control.or Voltage Restraint® = 2

O 9@099@%@%@9@

Characteristic Curve Definite time/inverse Very Inverse
Very Inverse/Extremely Inverse
Tap Setting 0.50- 145A 0.05 A
1.50- 290 A 0.10 A
3.00- 5680A 0.20A
6.00-1200 A 0.50 A 6.0A
Time Dial Setting 05 - 11.0 0.1 5.0 +3% or +1 cycle**
Voltage Controi (VC) 10-200 V 1V 132V +0.5 V
or (0.08 - 1.67 pu) (1.10 pu)
Voltage Restraint (VR) Linear Restraint

*The 51V element can be controlied optionally by the directional element (67).
**The dccuracy of the operating time is +3% or +1 cytls, whichever is greaiar; £+5% or 12 cycles with Unear Restraint




RELAY FUNCTIONS

Device Setpoint Inkial
Number Functlon R-ngos increment Settingt Accuracy
rome & R R 1-»{ T 53

Charactensuc Curve Definite time Very Inverse
Inverse
Very Inverse
Extremely Inverse

Tap Setting 0.50 - 1.45A 0.05A
150 - 290 A 0.10A
300 - 580A 0.20A
6.00 -12.00A 0S0A 60A
Time Dial Setting 05 -11.0 0.1 5.0 3% or 11 cycle

*The accuracy of the operating time is +3% or +1 cydo whldwvar:sgmbr

Tap Setting 1.0- 5.0 A 01A 50 A

o f_lloglllvo Sequence Wmum*
Pickup as % of Tap Setting 5-100% 1% 50% +0.5% of 5A
Time Dial Setting (K = ) 1-95 1 25 +3% or 11 cycle**
Definite Maximum Time to Trip 600 — 60,000 cycles 5 cycles 10,000 12 cycles

*Resst Characteristic: 4 minutes, linear, from threshoid of trip.
“*The accuracy of the opamdng time is £3% or+1 cytie, whichever is gruabr

The directional overcurrent elememcan be programmed (by dpthch) to raspond only o rhmo-phaso faults

or faults on any phase.
30 Overcurrent Element
Magnitude 1-240"A 0.1,A 10.0 A 3%
Time Delay*** 1 - 8160 cycles 1.0 cycle 30 cycles
Directional Element
Maximum Sensitivity 0° ~ 359° 1° 85°
(Torque) Angle (MSA) .
Sensitivity at MSA 0.5 VA{positive sequence)
Prefault Memory 8 cycles {positive sequence voltage)

Polarizing Quantities: Positive sequencevoltage and positive sequence current.

* Not to exceed 20 times the maximum tap Seftting of the range into which the 3-phase overcurrent tap settin
chasen for 51V falls. o o o

** $3% or +3% of the maximwm of the tap setting range chosen for 51V, whichever is greater.
oo ngﬁ Spood satting has noinbnnonal dslay mponse time = 0. 75 $0.5 cwle

Forward Power Flow Mag: 0.02-3.0 pu* 0.01 pu 3.0 pu +0.01 pu
Time Delay 1-8160 cycles 1.0 cycle 30 cycles 11 cycle
3o Reverse Power,Flow Mag. 0.02- 3.0 pu* 0.01 pu 3.0 pu 10.01 pu
Time Delay®? 1 - 8160 cycles 1.0 cycle 30 cycles 11 cycle

*1 pu=_1800 W with Line-to-Neutral inputs and 1039 W with Line-tb-Line inputs.
”HlmSpoodaamnghasmhmnumaldalaywspm nme=075105cydo

o Reéonnect (Clse) Relay 1 1 6 cycles - 1.0 cymle B 60 cycles 11 cycle |

1 Initial Setting: The value is in setpoint memory until reprogrammed by operator; functions with two setpoints have only
setpoint #1 enabled as shipped from the tactory. The voltage controlivoltage restraint functions on 51 V are disabled as

shipped from the factory.

NOTES:
@ 'All trnes'specified in cycles are equivalent to 16.67 ms for 60 Hz and 20 ms for 50 Hz.
@, For all functions except 51V, 51N, and 46, the time delay set via the front panel includes the one cycle response time of the relay

signal processing and logic (two cyclesfor 810/U) For functions 51V. 51N, and 46. an additional one-cycie relay response time
should be added to the operating time obtained trom the inverse time curves in the instruction Book.




CALCULATIONS

Current and Voitage RMS Values: User selectable via dipswitch to be calculated from fundamental™fre-
quency only or to include harmonic content. Fundamental frequency phasors of sampled voltage and current
signals are obtained by using the Discrete Fourier Transform algorithm. (Voltages and currents are sampled

16 times per cycle.)
Power Factor: Calculated correctly as watts/volt-amperes. Does not use the common simplifying assump-
tion of voltage and current zero-cross criteria.

Reverse Power Flow: User-selectable to be based on total three-phase power or on power reversal of any
one phase (when VT inputs are connected phase-to-ground).

V.T. Fuse-Loss detectlon: VT fuse-loss condition is detected using positive and aegative sequence compo-
nents of voltages and currents.

POWER INPUT OPTIONS ,
= Nominal 120 V ac, 50/60 Hz or nominal 125 V dc. Operates properlysfrom90 V ac to 145 V ac and from
90 V dcto 160 V dc. Withstands 240 V ac for 1 second. Burden 24 VA.

» Nominal 48 V dc. Operates properly from 35 V dcto 60 V dc.‘Burden24 VA.
* Nominal 24 V dc. Operates propesly from 18 V dc to 36 V. dc. Burden 24 VA.

SENSING INPUTS
Four VoRtage Inputs: Nominal 120 V ac/69 V ac, 50/60 Hz., Will withstand maximum continuous voltage of
180 V. Source voltages may be line-to-ground or linesto-line,connected. Voltage transformer burden less

than 0.2 VA.
Four Current Inputs: Nominal 5.0 A, 50/60 Hz; nominals1.0 A optional for neutral circuit. Will withstand

maximum continuous current of 10 A. Currentitransformer burden less than 0.05 VA @ 5A.

STATUS INPUTS

Breaker Status Input, 52b
External V.T. Fuse Loss Input, 60 F.I& Tnput

OUTPUT CONTACTS

1. Trip* 4. Trip Annunciate

2. Reconnect Enable* S. Power OK Status Alarm
3. V.T.Fuse Loss* 6. Self-Test Alarm

*Rated per C37.90-1989, §6.7.1 (make 30 A for 0.2 sec); in addition, carry 8A, break 6 A @ 120 V ac, break
0.1 A @ 125V deyinductive break 0.1 A.

LED INDICATORS

The POWER LEDywill remain on as long as power is applied to the unit and the power supply is operating
properly. The RELAY OK LED reveals proper cycling of the microcomputer, and the FAULT RECORDED and
BREAKER CLOSED LEDs indicate the status of those functions. The LEDs marked TARGETS will remain off
whenonditions are within limits. Appropriate LEDs will light when an over- or under-limit condition oc-

curs,.and will remain lighted until reset.

COMMUNICATION PORTS
Two optically isolated RS-232C communication ports.




SOFTWARE FEATURES

FrontPane! Controls and Display

The M-0420 provides easy-to-use, menu-driven access to all functions via the front-panel controls and the 2-
line-by-24-character Liquid Crystal Display. Software functions include the following:

« Individual relay functions can be enabled or disabled.

« User-selectable for generator or intertie applications.

« Trip logic can be selected for generator or intertie protection.

» User-definable access codes allow three levels of security.

e Time-tagged trip target information for the five most recent trips.

* User-selectable V.T. fuse loss detection. Under user selection, the functions 27, ShV¢{ 32R, and 67 can
individually be disabled during VT fuse-loss conditions. In addition, an external VT fuse-loss input (60
F.L. input) can be used to supplement the internal VT fuse-loss detection.

* Metering of 3@ voltages (RMS and peak), neutral voltage (RMS)3® currents (RMS), Neutral Current
(RMS), Sequence Voltages (positive, negative, zero), Negative Sequence*Current, Real and Reactive
Power, Power Factor, and Frequency.

Communications Capabilities

The two RS-232 communication ports provide access to all M=0420 features—including metering and pro-
gramming of all functions—via direct connection or modemsfor. any,IBM PC-compatible personal computer
running the M-0429 BECOCOM™ software package.

Fault-Recording and Analysis

The M-0420 provides up to 96 cycles of fault waveformidata. This data can be downloaded via the M-0429
BECOCOM™ Communications Software package foranalysis with the M-0428 BECOPLOT™ Fault Data
Analysis software.

DIELECTRIC AND SURGE WITHSTAND CAPABILITY

Voltage and current inputs are electricallytisolated from each other, from other circuits and from ground.

Power input and output circuits,withstand 3536 V dc (Hi-pot) to chassis or instrument ground for one
minute. (Communication circuits willwithstand 1414 V dc for one minute.) The relay meets the requirements

of the ANSI/IEEE C37.90-1989 Standard for Relays and Relay Systems Associated with Electric Power
Apparatus.

NOTES: Due'to the use of transient suppression capacitors from many inputs to chassis,
Hi-pot testing mustbe conducted with a dc voliage.

Input and output circatits ar€ protected against system transients. The M-0420 will pass all reqmrements of
ANSUIEEE C37.90.121989, defining oscillatory and fast transient capability.

A CAUTION: Digital Data Circuits (RS-232 communication ports) are excluded by Beckwith

Eléctric from passing ANSUIEEE C37.90.1-1989. The use of fiber optic communication

lines'is suggested to avoid any question of surge-withstand capability.
The relaysperforms properly when subjected to an RF field of 20 V/m at popular VHF and UHF communica-
tion fregquencies.




ENVIRONMENTAL

Temperature: Stated accuracies are maintained from -20° C to +70° C.
Humidity: Stated accuracies are maintained at up to 90% relative humidity (non-condensing).
Fungus Resistance: A conformat printed circuit board coating inhibits fungus growth.

INDUSTRIAL CERTIFICATIONS

UL Listed; CSA Certified.
N.S.T.A.Certification: Tested and certified to Project 1-A category by the National Safe Iransit/Association
for immunity to standard shipping and handling stresses.

PHYSICAL

Mounting: The unit is designed as a drawout case for semi-flush panel mounting. Itewill mount directly in a
panel prepared for an ABB (formerly Westinghouse) FT-41 or General Electric L-2 housing. A transparent
cover is included.

Size: 20-13/16" high x 7-5/8" wide x 14-1/8" deep (52.8 x 19.4 x 35.9 cm).

Approximate Weight: 401b (18.2 kg).

Approximate Shipping Welght: 46 Ib (20.9 kg).

WARRANTY

The PRIDE® M-0420 Multifunction Relay is covered by a two-year warranty from date of shipment.

PATENT

U.S. Patent 5,117,175 Uity System

@ Noms: B Nodes:

*  voluge nerstamer conrec- 11ty System *  Yoltage tanefonmer connection
Son may be Wye, open daita, may be sithet troken deits ot WA
or deite wingle phias, depending on ap-
phcation

Gince oWy one neutw our-
fent ®pul ie provided. e
SON/SIN lunctions can be
used In one of e locations
shown, but not ol emuita-
necusly

S1V may be dther S1VC or
SIVR. with or withou! drec-
Sonal {(87) control

@7 (Phess DirecSonal Over-
cunent) ie cptonel

BOFL = VT Fuse Lowe Oetac:
‘ot

OO

OHEOO

M-0420 Generator Protection Application

800-0420-SP-08

7/25/93

Voltags translomaer conneciion
may be wys opsn deite, of
dake.

Bince only one neutiw voltsge
nput ia provided, he SON Runc-
Bon mey be used in one of the
locstam shown. bt not both
simuitrecsy

Binas oty one neutra) current
Input ie provided, he SONSIN
luncsare cen be uesd in one of
e locslions shown but not all
simultreamdy.

51V mey be eilher 5VC or
S1VA, with or Wit dreceanal
(67) contret,

€7 (Phams Directionsl Overaur-
mnt) s apone).

G0FL » VT Fuse Loss detector
14-0120 tpe and Wnitetve per-
miasive recovect for Sre 21

mm_]i_

[

56668

Load Bus

M-0420 intertie Protection Application

©1

993 Beckwith Electric

Printed in USA




NOTICE

Any illustrations and descriptions by Beckwith Electric Co., Inc. are for the sole purpose of identification.

THE DRAWINGS AND/OR SPECIFICATIONS ENCLOSED HEREIN ARE THE PROPRIETARY
PROPERTY OF BECKWITH ELECTRIC CO., INC. AND ARE ISSUED IN STRICT CONFIDENCE;
THEREFORE, SHALL NOT BE USED AS A BASIS OF REPRODUCTION OF THE APPARATUS
DESCRIBED THEREIN WITHOUT PRIOR WRITTEN PERMISSION OF BECKWITH ELECTRIC CO.,

INC.

NO ILLUSTRATION OR DESCRIPTION CONTAINED HEREIN SHALL BE CONSTRUED AS AN
EXPRESS WARRANTY OF AFFIRMATION, PROMISE, DESCRIPTION ORSAMPLEANDANYAND ALL
SUCH EXPRESS WARRANTIES ARE SPECIFICALLY EXCLUDED NOR SHALL SUCH ILLUSTRATION
OR DESCRIPTION IMPLY A WARRANTY THAT THE PRODUCT IS MERCHANTABLE OR FIT FOR A

PARTICULAR PURPOSE.

THERE SHALL BE NO WARRANTIES WHICH EXTEND BEYOND/THOSE' CONTAINED IN THE
BECKWITH ELECTRIC CO., INC. TERMS OF SALE.

All rights reserved by Beckwith Electric Co., Inc. No reproduction may'be made without prior written
approval of the Company.
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@ WARNING

DANGEROUS VOLTAGES, CAPABLE OF CAUSING DEATHORSERIOUS INJURY, AREPRESENT ON
THE EXTERNAL TERMINALS AND INSIDE THIS EQUIPMENT. USE EXTREME CAUTION AND
FOLLOW ALL SAFETY RULES WHEN HANDLING, TESTING OR ADJUSTING THE EQUIPMENT.
HOWEVER, THESE INTERNAL VOLTAGE LEVELS ARE NO GREATER THAN THE VOLTAGES
APPLIED TO THE EXTERNAL TERMINALS.

® PERSONNEL SAFETY PRECAUTIONS

The foliowing general rules and other specific warnings throughout the manual must be followed during application, test or repair
of this equipment. Failure to do so will violate standards for safety in the design, manufacture and intended use of the product.
Qualified personnel should be the only ones who operate and maintain this equipment. Beckwith Electric Co., Inc. assumes no
liability for the customer’s failure to comply with these requirements.

ALWAYS GROUND THE EQUIPMENT

To avoid possible shock hazard, the chassis must be connected to an electrical groundfWhen servicing equipment in a test area,
the chassis must be attached to a separate ground since it is not grounded by externalconnections.

DO NOT OPERATE IN AN EXPLOSIVE ENVIRONMENT

Do not operate this equipment in the presence of flammabie or explosive,gasesior fumes. To do so would risk a possible fire or
explosion.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove the cover or expose theyprinted drcuit board while power is applied. In no case may
components be replaced with power applied. In some instantes, dangerous voltages may exist even when power is disconnected.
To avoid electrical shock, always disconnect power and discharge circuits before working on the unit.

EXERCISE CARE DURING INSTALLATION, OPERATION'AND MAINTENANCE PROCEDURES

The equipment described in this manual contains voltages high'enough to cause serious injury or death. Only qualified personnel
should install, operate, test and maintain this equipment;Be sure that all personnel safety procedures are carefully followed.
Exercise due care when operating or servicing aione.

DO NOT MODIFY EQUIPMENT

Do not perform any unauthorized modificationsion this instrument. Return of the unit to a Beckwith Electric repair facility is
preferred. If authorized modificationsare’to belattempted, be sure to follow replacement procedures carefully toassurethat safety

features are maintained.

A PRODUCT CAUTIONS

Before attempting any test/calibration or maintenance procedure, personnel must be completely familiar with the particular
circuitry of this unit andhave artadequate understanding of field effect devices. If acomponentis found to be defective, always
follow replacement procedures carefully to assure safety features are maintained. Always replace components with those of equal
or better quality as shown in the Parts List of the Instruction Book.

AVOID STATIC CHARGE

If this unit contains MOS circuitry, it can bedamaged by improper test or rework procedures. Care should be taken to avoid static
charge omwork surfaces and service personnel.

USE‘CAUTION WHEN MEASURING RESISTANCES

Any attempt to measure resistances between points on the printed circuit board, unless otherwise noted in the Instruction Book,
is,likely to cause damage to the unit. 051
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FOREWORD

Beckwith Electric's multifunction protective relays such as the M-0420 and M-0430 offer a number,of advantages
to electric utilities seeking to optimize their protective systems:

1. Self-diagnostics.  The relay is constantly checking its own operation. If not funetioning correctly, it
alerts the operator through an output contact. In contrast, single-function
electromechanical relays must be tested periodically by station mainténance personnel.

2. Fault Recording.  The digital electronics in the relay continously record the waveform of the voltage
and current inputs, along with the status contact inputs. When the breaker opens,
as indicated by the 52b contact, the waveformdata,is stored in memory for later
review when investigating the cause of thetrip:

3. Compact Size. The M-0420 occupies a panel spacedess,than 8 inches wide and 21 inches high,
yet can operate fourteen protective functions.

4. Operation. All settings can be established or\changed using the front panel controls and
alphanumeric display.

5. Communication. Through a computer confiection, all'functions can be monitored and setpoints changed
by a PC-compatible computer, or by a laptop PC plugged into the front panel.

6. Functions. The functions respond.in thesame manner as do electromechanical relays, including
time delays, and the aomenclature is the same.

The M-0420 Instruction Book provides details of the installation and operation of the M-0420. Our team of
applications engineers stands ready. to assist you in applying this equipment to your electric system. Please
don't hesitate to call us at (8§13)544-2326

Lew Roberson

Vice President, Marketing
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1
INTRODUCTION

B EY IN

The Beckwith Electric M-0420-Multifurction Relay is:a sephisticatedrelay applicable towa wide variety of
applications. While it has been carefully designed to be easy to install and configure, ifsyou're,a first-time
user, we suggest that you acquaint yourself with its operation in the following manner:

* Read this Introduction for a general overview of the M-0420.

* Read Chapter 2, Application, for information on using the M-0420 to protect generators and to initiate
appropriate breaker commands in response to faults and abnormal conditions:

* Refer to Chapters 3, Front Panel Controls, and 4, Operation; to,familiarize yourself with the layout
and operation of the M-0420 front-panel controls.

* RefertoChapter S, Menu Reference, for detailed information onithe functions you will be using in your
application.

* Read Chapter 6, Installation, for mounting dimensigns,external connections, initial setup, and verifica-
tion routines.

* Refer to Appendix E, Configuration Recerd Forns for forms on which torecord your relay configura-
tion and DIP switch settings.

* Refer to publication M-0429A BECOCOM™ /M-0428A BECOPLOT™ User’s Guide for information
on configuring and interrogating the'M-0420 via a personal computer running the optional BECOCOM
communications software package, and for information on plotting downloaded fault data via the op-

tional BECOPLOT software package:

The M-0420 Instruction Bookhas been organized to address the needs of different parts of your organiza-
tion. If you are responsible for verifying that the M-0420 conforms to specifications as received, please tum
to Chapter 6, Installation for initial setup, and to Chapter 7, Test Procedures.

If you are responsiblefor the’operation of the M-0420 in a specific application, please turn to Chapter 2,
Application, forinformation on enabling specific functions and entering setpoints. 1f you are responsible for
the mechanical ‘and electfical installation of the M-0420, please refer to Chapter 6, Installation.

If you are interested in a description of the M-0420 capabilities, please read this Introduction thoroughly,
and refer to Appendix A, Theory of Operation, for more detailed information.

In caseof difficulty or apparent failure, review Chapter 8, Troubleshooting. Please don't hesitate to call
youfilecal sales representative or Beckwith's application engineers (813-535-3408) for assistance in resolv-

ing any problems.
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CONFIGURATION AS SHIPPED

You can become familiar with the basic operation of the M-0420 before it is installed by connecting it to the
appropriate power input and setting it up on a bench or desktop. Even without any test voltages connected,
you will be able to step through the various menus and note the indications on the liquid crystal display
(LCD) and the various light-emitting diodes (LEDs). The formal initial setup information i§ présented in
Chapter 6, Installation, which includes Figure 6-5 showing the external connections.

As shipped, the M-0420 is in the following confxguratidn;

the clock has been disabled
the second setpoints on various functions have been disabled, and domot appear on the display

the DIP switch (at bottom of inside case) has been set as follows, as/detailed on the yellow or pink
tag attached to the equipment. The yellow tag is for 60 Hz, the pinktag'is for SO Hz.

1 OFF (not for user selection)

2 ON (normal operation, rather than calibration)

3 ON (normal operation, rather than diagnostic mode)
4 ON (reverse power/c;urrent sensed on any phase)

5 ON (VT inputs set for line-to-line)

6 OFF (VT secondary\voltage’is 120 V ac)

7 OFF (system frequency is 60 Hz—yellow tag)

ON (systemfrequency is SO Hz—pink tag)
8 OFF (RMS by fundamental component only)

the 51 voltage controland voltage restraint functions are disabled

" the accessfcode feature is disabled

options supplied/with the equipment are noted on the yellow or pink (50 Hz) tag. These are:
phase directional overcurrent function (device 67)
input voltage (120 V ac, 125 V dc, 48 V dc, 24 V dc)
neutral current input (nominal S Aor 1 A)

a set of replacement fuses is attached to one of the handles. These fuses are mounted on the internal
PC board.
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DESCRIPTION

The M-0420 Multifunction Relay is a microprocessor-based unit that uses digital signal processing techngl-
ogy to provide 14 different protective relaying functions (see Table 1-1) in one compact unit. The M-0420'1s
designed to provide these functions in two basic applications: generation, and generator/system interties.
Within these basic applications, the various devices in the M-0420 can provide protection in cases of island-
ing, ferroresonance, ground or phase faults, generator motoring, and other abnormal operatingsconditions.
The internal functions of the M-0420 are listed in Table 1-1. The nomenclature follows the standards of
ANSVIEEE Std. C37.2-1979, Standard Electric Power Systems Device Function Numbers.

Function Description

~ “RMS Undervoltage relay, 3-phase ~ * 1 %,

27N RMS Undervoltage relay, NeutralClircuit or Zero Sequence
R heod ey
46 | lNegativ.e: séquebce bvefcﬁrrent rélay |
50 lnsténianéou§ .C)\.rer-t:.u?rér.'at relay. SQ.Ipha.s;e
SON lnstantaﬁeous Overcurrent relay, Neutral
: :51_N JInverse Time,Overcurrentrelay, Ngdt_r_a_l_ _
SIV. in Vollags oMol or Voragy Festrant
58, AM§Ovefiotiage relay, 3.phase . - -
SQN RMS\Overvoltage relay, Netﬁral Cifcuit on.' Zer.o Seduence -
591 Poak -Ovérvéité’g.e: rétay, 3.phase |
67 Phase Direcﬁonal Overcurrent relay, 3-phase
78 Reconnect Time Delay relay
810 Over Frequency reiay
81U Under Frequency relay
GOFL VT Fuse-Loss Detection
* Optional

TABLE 1-1 M-0420 Device Function Numbers

14




INTRODUCTION -1

Since all functions are incorporated into one package, much less panel space and panel wiring is required
than for individual relays, as illustrated in Figure 1-1. You can set and examine all functions via a menus
driven 2-line by 24-character LCD display or via remote communication access. Once you reprogram a
value, the new value is placed in non-volatile memory where it is unaffected by a loss of power or other
system disturbance.
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FIGURE 1-1 Traditional Relaying vs. the M-0420 Multifunction Relay

The M-0420 includes multiple output and status input contacts. It can be powered by 24, 48, or 125 V dc, or
by 120V ac, 50/60 Hz'power, and is rated according to ANSUIEEE C37.90 and C37.90.1. The relay includes
self-test diagnostics, internal calibration correction, communication capability via two RS-232C ports, real-
time display of system parameters, trip targets, and capture of fault data that occur during a system disturbance.
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N CONSIDERAT

There are basically two approaches in the design of digital relays. In the first approach, the microprocessor
simply replaces the relay logic and does not process the voltage and current signals. The performanceof
these relays depends on the accuracy of the analog components used, and is subject to dc offsets and gain
drift with temperature, supply voltage changes, or aging. In the second approach, the microprocessor both
processes the signals and performs the logic, providing a simpler design and offering performance advan-
tages. The advent of low-cost digital signal processors (DSPs), microprocessors designed espscially for the
efficient numerical procedures required, paved the way for the design of a digital relay using, state=of -the-art
digital signal processing techniques, thereby eliminating the problems inherent with analog hardware.

The Beckwith Electric M-0420 Multifunction Relay follows this second approach: analog'signal-processing
hardware is replaced with a DSP. Various parameters of the input signals are estimatedusing digital signal-
processing algorithms. The voltage and current input signals of the relay aremodeled as sinusoidal signals
corrupted by dc offset and harmonic components. These signals can be characterized by various parameters
such as rms value, peak value, rms value/phase angle, and frequency of the fandamental component.

However, while DSPs are highly effective for signal-processing applications, they are not very efficient for
general purpose applications and have limited memory space. Thetefore, the M-0420 uses a dual-processor
architecture. The DSP executes all the signal-processing algorithms, while a general-purpose (host) proces-
sor manages input/output and other overhead functions, monitors the keyboard for operator reguests, up-
dates memories for setpoint values, facilitates operator interaction via the alphanumeric display, establishes
two-way communication using the RS-232C serial portsfanalyzes the data from the DSP, and issues the trip
commands.

Figures 1-2 and 1-3 present a general overview,of the hardware design and functional operation of the M-0420.
As shown in these diagrams, the inputs to the M=0420;filtered to remove higher order hannonics, are multi-
plexed and then passed through an Analog-t0-Digital Converter (ADC) to the DSP, which performs a dis-
crete Fourier transform (DFT) 16 times per cycle for each of the inputs. The host processor performs all
input/output and overhead functions, in€luding monitoring of the status inputs, and ultimately analyzes the
data from the DSP to determine the needfor a trip command.

One significant design feature ofthe M-0420 is automatic corTection of the sensing transformer error caused
by ambient temperature excursionsyVoltage transformers exhibit enough internal resistance so that the inter-
nal regulation of the transfofmer fesults in a significant error due to changes in temperature. The M-0420
includes a temperature senser mounted in the enclosure to measure directly and accurately the internal tem-
perature of the relay. This gemperature signal is coupled through the ADC to the DSP, which processes the
information to determine the"appropriate factor required to correct the sensing transformer error.

The M-0420 uses an algorithm based on the DFT to compute the frequency and to determine the phase angle
for real/reactive power measurements. The algorithm uses voltage phasor estimates obtained from the DFT
to compute reliable estimates of frequency unaffected by dc and harmonic components in the signal. Addi-
tionally, deriving,the positive sequence voltage phasor from the DFT means that the frequency function will
continueto operate should any single- or two-phase fault occur.
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USER CONSIDERATIONS

In the design of the M-0420, careful consideration was given to making its use as similar as possibi.
of the traditional protective relays that are still found throughout typical power systems.

EASE OF USE AND COMPATIBILITY

In order to provide maximum compatibility with existing equipment, care was taken that traditienal electro-
mechanical nomenclature was used for setpoint values and trip characteristics. For example, theinverse time
overcurrent functions (devices S1 and 5 1N) use industry-accepted time-curve families (Definite Time, In-
verse, Very Inverse, and Extremely Inverse) based on the ABB (formerly Westinghouse) £O and COV
curves. Within each family, the operator selects the tap setting and time dial setting just‘as though doing so
on an electromechanical relay.

The user-friendly controls and display provide easy access to the various functiens. The software is com-
pletely menu driven through a liquid crystal alphanumeric display (LCD)./All/functions and values can eas-
ily be set using the front panel pushbuttons and the rotary knob.

COMMUNICATION CAPABIUTIES

One of the important features of the M-0420 is its capability férremote communications. The relay provides
two RS-232C serial ports for communication via modem of'directiserial connection. In a typical communi-
cations application, the rear-panel communication port is permanently connected to a modem, while the
front-panel port is kept free for on-site programming via a laptop PC.

FAULT RECORDING AND ANALYSIS

The multifunction relay provides up to 96 gycles of fault waveform data with selectable distribution of the
time before and after the breaker trip. This dataican be downloaded via an MS-DOS computer running the
M-0429A BECOCOM™ Communications Seftware. Once downloaded, the data can be analyzed using the
associated M-0428A BECOPLOT™«Fault Data Analysis Software package.

The fault data analysis softwargfiins on'an MS-DOS computer, enabling the user to plot fault data, specify-
ing which waveforms and inputs are displayed, and at what scale. (The sample plot shown in Figure 14
displays all waveforms.) A’marking feature enables the user to mark any time span and zoom instantly to
display it at full screen; and\specific points on the waveform may be tagged in order to read actual waveform
values. Displayed plots can be printed using the DOS Print Screen command.

SELF-DIAGNOSTICS

To ensure confidence in the relay’s operation, the system software provides many hardware and software
diagnostic'checks, some of which are performed continuously, and others on processor reset. Should a fail-
ure occur,"an\output relay is activated, and processing stops in order to prevent misoperation. Likewise, if
system'pewer fails, an output contact closes.
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FIGURE 1-4 M-0428A BECOPLOT™ Fault Data Analysis Software Output

INTERNAL CALIBRATION.CORRECTION

One of the most important and novel advantages of the M-0420 is its capability for correcting its calibration
through internal software. Most existing static and microprocessor relays are designed with a number of trim
pots to trim the signal offsets, and gain and phase inaccuracies. This can be a time-consuming process,
during both factory calibration and routine calibration by the customer. The M-0420 does away entirely with
trim pots for calibration. The gain and phase angle errors are computed using calibration coefficients stored
in nonvolatile memory. When the calibration mode is selected, the relay display prompts the operator to
connect the veltage inputs to 120 V and the currentinputs to 5 A with zero phase angle between the signals.
Thenathe relay computes the gain and phase angle errors and stores the appropriate correction coefficients
for use,\by the relay software.
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OPTIONS

In addition to the selectable power inputs of 24, 48, or 125 V dc/120 V ac (50 or 60 Hz), the M-0420 can
provide the following optional functions:

67 PHASE DIRECTIONAL OVERCURRENT

The M-0420is available with the phase directional overcurrent function (67). In addition to the definite time
delay provided on the 67 function, the directional element of the 67 function can be usedtoyprovide direc-
tional control of the 51V function, thereby realizing a directional inverse time overcurrent function.

NEUTRAL CURRENT INPUT

The M-0420 is availabie with a nominal neutral current input of 5 A (standard) or’l A (optional). When the
1 A input option is chosen, the M-0420 internally scales the current,by‘a factor of 5 and the settings and
status display work as though the 5 A nominal neutral current is selected®With'the 1 A neutral current input,
the current-related settings and status display values should bé'divided by 5 to obtain the actual current

values.

RIE

M-0319 DROPPING REGULATOR

The M-0319 dropping regulator is a resistor/zéner-diode regulating device used to produce 125 V dc from a
250 V dc battery source. The M-0319 can be uSed to allow an M-0420 with the 120 V ac/125 V dc power
supply option to operate from a 250 V d¢'sourge:

M-0421 PRIDE® TEST ADAPTER
The M-0421 test adapter makeS bench'testing the M-0420 an easy process. The adapter provides a complete
set of rear terminals for testingithe unit after it has been removed from its draw-out case.

M-0429A BECOCOM™*COMMUNICATIONS SOFTWARE PACKAGE

The BECOCOMe¢ommunications software runs on an MS-DOS computer, providing remote access to the
M-0420 via either direéct serial connection or modem. BECOCOM provides the following communication

functions:
e Setpoint interrogation and modification
« (Jkine status real-time monitoring

s “Downloading recorded fault data

BECOCOM also provides remote access to the Beckwith Electric M-0430 Multifunction Relay.
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M-0428A BECOPLOT™ FAULT DATA ANALYSIS SOFTWARE PACKAGE

The M-0428 A BECOPLOT™ Fault Data Analysis Software runs on any MS DOS computer, enablingiyou
to plot and print fault data downloaded (using the BECOCOM communications software package) from the
M-0420 and M-0430 relays. Figure 14 illustrates typical data output.

M-0422/M-0423 SERIAL COMMUNICATIONS CABLES

The M-0422 cable is a 10-foot straight-through RS-232 cable for use between the M-0420 rear-panel (COM2)
port and a modem. This cable has DB2S5 (25-pin) connectors at each end.

The M-0423 cable is a 5-foot null-modem RS-232 cable for direct connection between/a PC and the M-0420
front-panel (COMI) port. This cable has DB9 (9-pin) connectors at each end.
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The sections that follow discuss briefly the principal applications of the M-0420 relay in intertie or generator
protection. The Functions section that follows the system diagrams discusses the individual functions in
detail, presenting setpoint ranges, increments, and the initial default settings.

ISLANDING PROTECTION (81U, 810, 27, 59)

When a dispersed source of generation (DSG) is suddenly islanded, the/frequency will ciuickly shift from
60.0 Hz (except for the improbable case of an exact generation and 10ad match), making the measurement of
frequency an excellent means of detecting the island condition. The M-0420 provides both under fréquency
(81U) and over frequency (810) functions. The M-0420 also provides both rms undervoltage (27) and rms
overvoltage (59) functions that can be useful in detecting islanding."Each has two setpoints with time delays
of from 1 to 8160 cycles, and magnitude range settings of from 10,to,200 V.

FERRORESONANCE PROTECTION (59I)

Lightly loaded islanded systems can experienceferroresonance, where the system is in resonance but the
inductance is highly nonlinear as the transformer.corecycles in and out of magnetic saturation. Under these
conditions, the voltage waveform will be distorted'to the extent that the peak voltage of the nonsinusoidal
wave can be dangerously high. Since the peak gvervoltage (591) function of the M-0420 detects the value of
the instantaneously sampled wave, it cap“act imusituations where a relay reacting to rms voltage would not.
The setpoint range is from 1.0S to £:50 per unit, with a time delay variable from 1 to 8160 cycles.

UTILITY-SIDE GROUND FAULT,PROTECTION AND
PHASE VOLTAGE UNBALANCE PROTECTION (27N, 59N)

The M-0420 provides bothrmms‘undervoltage and rms overvoltage functions for the neutral circuit (27N and
S9N). Used together, with one VT connected from any one phase to ground, the 27N and 59N devices are an
effective means of detecting the most common line-to-ground fault. A fault on the phase that includes the
VT will pull that phase voltage low and initiate operation of the 27N function. A fault on either phase with-
out the VT will fesult inV3 x normal voltage appeaning at the VT, initiating operation of the SON.

The S9N may also be used to detect system phase voltage unbalance conditions in conjunction with three
VTs. Todo so, the VT secondaries are connected in broken delta and the SON device inserted. In this case,
voltage atithe SON will be zero so long as the three-phase voltages are balanced, but will rise above zero with

any unbalanced condition, as will occur with a utility line or ground fault.

The'M-0420 implementation of the 27N and 59N functions provides two setpoints each with a range setting
0fy10to 200 V and a time delay of 1 to 8160 cycles.
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PHASE FAULT PROTECTION (51V, 67)

Time overcurrent relays (51), one per phase, are basic to any protection scheme. This is the main device used
to trip circuits selectively and time-coordinate them with other up- or down-stream devices. Four complete
series of inverse time tripping characteristics from Definite Time to Extremely Inverse (based on the ABB
CO and COV curves) are included in the M-0420.

For intertie protection applications, the optional phase directional overcurrent function (67) allows greater
selectivity for utility system faults, since the directional element can be set to look toward,theutility system.
As a generator protection relay, the 67 function, looking into the generator, can provide protection against
accidental energization of the generator on turning gear. When line-side CT inputstare used, this function
can also provide high-speed protection against generator winding faults. However, withiine-side CTs, the
protection against winding faults during off-line operation (when the breaker issopen)ui§ not available from
the 51V, 50, 46, or 67 functions.

Calculation of the current used for tripping is a unique feature of the M-0420; The current is derived from an
rms calculation, but (by user selection) can also be computed based on‘eitherincluding or not including the
contribution of harmonics to the value. Since it is not well established'by the industry whether the calcula-
tion should be based simply upon the fundamental frequency component or a broader frequency range, a
simple switch setting allows the operator to select either one.

DIRECTIONAL POWER (32F, 32R)

The M-0420 implementation of the directional power function is straightforward, issuing a trip command
when the magnitude of the power flow (in either direction as selected) exceeds the setpoint for the prescribed
time. However, as opposed to reverse power relays thatrely on zero crossings for phase angle information,
the power calculation in the M-0420 uses the fundamental frequency phasor measurements obtained from
the DFT, and thus is immune to harmonics in voltage and current signals. The setpoints for either direction
range from 0.02 to 3.0 pu, with time delays from 1 to 8160 cycles.

ANTI-MOTORING PROTECTION (32R)

When the energy supply to the prime mover is cut off while the generator is still on line, the generator will
act as a synchronous motor driving the prime mover. A reverse power relay is used to detect this motoring.
Because the power requited.o motor is a function of the type of prime mover, the required sensitivity of the
reverse power relay can vary,widely for different applications. The M-0420 reverse power function provides
2% sensitivity, making it applicable to many anti-motoring situations. A time delay of up to 8160 cycles can

be set to avoid tipping during power swings.

GROUND FAULT PROTECTION (59N, 51N, 50N)

Detection'ef ground faults in a high-impedance-grounded unit generator can be accomplished by an over-
voltagerelayin the generator neutral. For good fault sensitivity, the pickup of the relay should be about 10 to
16 V. However, because the third harmonics which normally flow in the system and neutral can easily ex-
ceed,this value, they must be filtered, or the relay otherwise made insensitive to them. For this application,
the M-0420 responds only to the fundamental frequency component of the neutral voltage signal.
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In such a high-impedance grounding system, ground faults in the primary system will induce zero-sequence
voltages at the generator due to capacitive coupling between the windings of the unit transformer. If the
coupling voltage is anticipated to be greater than the 59 relay pickup, a time delay should be used to pertmnit
the primary ground relays to clear high-side faults. The M-0420 provides a variable time delay of 1 to 8160
cycles.

Alternative or additional protection can be provided with the use of an inverse-time overcurrentrelay (SIN)
and/or an instantaneous overcurrent relay (SON). These relays must be set above the maximum‘unbalance
current that normally flows in the generator neutral. A typical setting for the SIN functiomwould be 1.5 to 2
times the typical value. Because the SON function provides instantaneous protection, itmustbe set above the
greater of normal neutral unbalance and the maximum current resulting from primaryysystem ground faults.
A typical setting would be 2 to 3 times the maximum.

NEGATIVE SEQUENCE OVERCURRENT PROTECTION (46)

Unbalanced faults and other system conditions can cause negative sequencescurrents in the generator, lead-
ing to second-harmonic currents in the rotor that can cause severe overheating and damage. The M-0420
implements the inverse time negative sequence overcurrent function (IzztzK) in order to protect the genera-
tor from the unbalanced currents.

BACKUP PHASE FAULT PROTECTION (51VC/VR)

Backup protection for system phase faults candbe provided by a voltage-controlled/restrained inverse-time
overcurrent relay (51VC/VR) as provided inithe'M-0420. The voltage restraint function is well-sulted to
small generators with relatively short stator time ¢onstants. The voltage control feature helps to confirtn that
the overcurrent is due to a fault by activating the'function only when the voltage is below the voltage control
setpoint. Additionally, the M-0420 can determine the equivalent high-side voltages of delta/wye unit trans-
formers through its internal software, thus eliminating the need for auxiliary instrument transformers.

VT FUSE-LOSS PROTECTION

If the internal blown-fuse detection is enabled, or the external fuse-loss input is connected, the M-0420 will
provide user-selectable blockingsof the 27, 51V, 67, and 32R functions upon detection of a VT fuse-loss
condition. Additionally, the relay will activate an output contact indicating the blown-fuse condition. This
external contact can‘be used‘'to block other relays which may be affected by the blown-fuse condition (for
example, a loss-of -field relay).

POWER OK STATUS

The green POWER LED on the front panel remains on as long as power is applied and the power supply is
operating\properly. When system power fails or is removed, a normally-closed output relay opens to provide
an,alarm function.
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RIP F ATION VS. AP ATION

Figures 2-1 through 2-6 illustrate the M-0420's protection capabilities and trip logic for both intertie and
generator protection modes. To optimize the M-0420 for the specific application, access the CONFIGURE
RELAYS menu (see Chapter 5, Menu Reference) and do the following:

1) Press ENTER. The legend VOLTAGE RELAY will appear on the display.

2) Tumn therotary knob four steps to theright. Thelegend CONFIGURE TRIP CIRCUIT will appear on
the top line, and TRIP will appear on the bottom line.

3) Press ENTER. The legend TRIP CIRCUIT TYPE will appear on the top line, with the two choices
INTERTIE and generator on the bottom line.

4) Selectone of these, using the rotary knob, and press ENTER.

When INTERTIE is selected, all M-0420 functions are availablesat all‘'times (individual functions can be
disabled via the CONFIGURE RELAYS menu).

When GENERATOR is selected, the M-0420 disables the 27,4810, 81U, 27N, 32F, and 32R functions when
the 52b status input indicates that the breaker is open. This/feature,ensures that the M-0420 will not send an
unwanted trip signal while the generator is off-line, such'aswhen being brought up to speed.

When GENERATOR is selected, the following conditions must be true:
e The 52b status input must be connected.
* High-speed reverse power must not,beselected.
B NOTE: For generator protection during off-nominal frequency operation, more accurate
response will'be achieved if the total waveform (including harmonics) is used

as the basis’for thefms magnitude of voltage and current. (Thisoption is selected
via the internal configuration DIP switch as explained in Chapter 6, Installation.)
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INTERTIE PROTECTION

The system one-line diagram shown in Figure 2-1 an
the typical intertie protection capabilities of the M-

M-0420 is configured for intertie protecsion.

B Notes:

* Voltage transformer connection may
be eitherbrokendelta orsinglephase,

depending on application.
** Voltage transformer connection may
be wye, open delta, or deita.

@ Since only one neutral voltage input
is provided, the 59N function may be
used in one of the locations shown,
but not both simultaneously. If 59N is
used for generator neutral fault de-
tection, it is not available for utility

ground fault monitoring.

@ Since only one neutral current input
is provided, the 50N/5IN fumctions
can be used in one of the locations
shown but not all simultaneously.
50N/51N canbe used in high-orlow-
impedance grounding applications or
to detect ground fault currents on the
grounded wye side of the power

transformer.

@ 51V maybe either 51VCor51VR, with
or without directional (67) control.

@ 67 (Phase Directional Overcurrent) is
optional.

® 60FL = VT Fuse Loss detector.

® M-0420 trips and initiates permissive
reconnect for the 521 circuit breaker.

High-Impedance

FIGURE 2-1

Utility System

£
¢

Y

2-5

: Low-Impedance
Grounding Grounding

Intertie Protection—Typical One-Line Diagram
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Power
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= Circuit 52l
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0 .
o -[—1—433 60 F.L. Input
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E Chassls Ground
<
o
1 e
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«— SYSTEM | RELAY —>

B NOTES:® If voltage is used for generator neutral fault

detection, the S9N input is not

available for utility ground fault monitoring atterminals 19 and 20. @ The Neutral
Current input can be used either at the transformner neutral or the generator neutral,

but not both simultaneously.

FIGURE 2-2 Intertie Protection—Typical Three-Line Diagram
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not be enabled. @ If 51V blocking is enabled when a blown VT fuse condition is detected, the M-0420 disables 51VC
(if VC is enabled) or disables VR of 51 VR (keeping the tap setting at the value established for the rated voltage input). ® If
51V is controlled by the directional element of 67, 51V will be blocked when 67 is blocked.
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GENERATOR PROTECTION

The system one-line diagram shown in Figure 2-4 and the system three-line diagram shown in Figure2-5
illustrate the typical generator protection capabilities of the M-0420. Figure 2-6 illustrates the trip logic used
when the M-0420is configured for generator protection. Table 2-1 provides general guidelines for the placement
of current transformers for generator phase-to-phase fault protection. (Note that these are guidelines only

and may not apply to all situations.)

Utility System
i Notes:
* Voltage transformer connection
may be wye, open delta, or delta.
@ Since only one neutral current in- 52

put is proveded, the 50N/S5IN
functions can be used in one of
the locations shown, but not all
simultaneously. SON /51N can be
used in high- or low-impedance
grounding or to detect ground
fault currents on the grounded
wye side of the power trans-
former. "

@ 51V may be either51VC or 51VR, L 3

> A

with or without directional (67)
control.

@ 67 (Phase Directional Overurrent)

function is optional.

@ 60FL = VT Fuse Loss detector.

®

- :ln 1 @
oNEN
|(50N
Ll N i L —
@ - -
High-Impedance Low-Impedance
Grounding Grounding

FIGURE 2-4 Generator Protection—Typical One-Line Diagram
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<— SYSTEM
| 1 1
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B\ NOTE: @ The neutral current input can be used either at the transformer neutral or the
generator neutral, but not both simultaneously.

FIGURE 25 Generator Protection—Typical Three-Line Diagram
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B NOTES: ® When the high-speed setting has been selected for the 32R or 67 functions, the respective blocking function should
not be enabled. @ If 51V, blocking is enabled when a blown VT fuse condition is detected, the M-0420 disables S1VC
(if VC is enabled) ordisables VR of 51 VR (keeping the tap setting at the value established for the rated voltage input). ® If
51V is controlled'by+the directional element of 67, 51V will be blocked when 67 is blocked.
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CTs on Neutral Sid-e

SYSTEM

Protection Applications — Phase-to-Phase Faults

- '9’3’2‘;3?“";"’"_ ] (SY“‘?'::’I“’:?"W) | o"um
@ Applicable Protection Applicable Protection
:67 ¥ Not Applicable NotAgpligable
Applicable Protection Applicable Protection

CTs on Line Side

SYSTEM

]

il

Protection Applications — Phase-to-Phase Faults

!

MD420

Dovies Fonmtion AL|  (Smenremzng) | Onne
@ Not Applicable Applicable Protection
6 7' Not Applicable ffg'%g% i
Not Applicable Applicable Protection

*M\NOTE:The 67 phase directional overcurrent function is optional. Using the 67 function
for protection against inadvertant energization is applicable to both CT positions.

TABLE 2-1 Current Transformer Placement Considerations
for Generator Phase-to-Phase Fault Protection
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SETPOINTS

The M-0420 provides programmable setpoints for each function. Current-related functions incorporate
instantaneous or inverse time characteristics consistent with industry standards. Voltage and frequency functions
can have a magnitude #1 and a magnitude #2 setpoint in conjunction with a time delay #1 and a time delay
#2 setting,

B NOTE: Functions having two setpoints have the second one disabled as shipped. These
will not appear on the menu until they have been enabled. See Chapter 5, Menu

Reference.

As an example, consider the 81 device. The over frequency value can be set‘in the relay from 60.05 to 63.00
Hz in 0.05 Hz increments, and the associated time delay may be set fromythe, minimum relay operating time
of 2 cycles to 8160 cycles. Specific user requirements may mean that this function will be programmed, for
example, to trip at 240 cycles if the frequency increases to 60.2 Hz, ‘but trip at 10 cycles at 61 Hz-a first
approximation of an inverse characteristic (shown in Figure@=7). As illustrated in this figure, the under
frequency setpoints are independent and need not mirror the,setpoints used for over frequency.

~
T
oy
c
3
)
g
w
H g
?‘ Delay #1 Time Delay #2 .
60.0 5(:“””‘; u'“:mw Time (cycles) ~ii
= L 9 1o otay 41 250 & Time Doiay #2
¥ 598 Qx-——Ff——&— b e — >
3 )|
2 596 o |
] |
g 594 I
w
§ 592 @gp————— :¢ l
e Under Frequency
S gggul | Mesnhude a1 | Trip

FIGURE 2-7 Example of Trip Characteristics: Over and Under Frequency

2-12




APPLICATION -2

FUNCTIONS . Q

The M-0420 protective functions are discussed individually on the following pages.

Function
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810/81U Over Frequency/Under Frequency

When a dispersed source of generation (DSG) is suddenly islanded, the frequency will quickly shift from
60.0 Hz (except for the improbable case of an exact generation and load match), making the measurement of
frequency an excellent means to detect the island condition. If the only purpose is to detect the island cendi-
tion, the frequency relays 81U and 810 can be set to operate at 59.5 Hz and 60.5 Hz respectively (on a 60 Hz
system) with a time delay of about 6 cycles.

A second school of thought, however, advocates that the DSG should definitely not/beisevered from the
utility at the slow side while the frequency remains as high as 59.5 Hz. This concept follows from the premise
that if the drop in frequency is due to a major loss of system generation, it is just at thisitime that all available
DSG should be kept on-line to help avoid a complete system collapse. If this isythe objective, it may be
useful to set one under frequency characteristic at 57.5 to 58.0 Hz with a very'short time delay, but allowing
a higher frequency, say 59.0 Hz, to be maintained for several seconds.

SETPOINT INITIAL

FUNCTION RANGE INCREMENT SETTING*
‘Over Frequency (810) vt N o | | . '
Magnitude #1, #2 (%%%55"_232% ﬂzz) 0.05 Hz 60.50 Hz
Time Delay #1, #2 2 - 8160 cycles 1.0 cycle 30 cycles
Under Frequéncy {81U) \ | BT
Magnitude #1, #2 53.00 <59.95 Hz | 0.05 Hz 59.50 Hz

(48:00 =,49.95 Hz)
Time Delay #1, #2 2)=.8160 cycles 1.0 cycle 30 cycles

“ Initial Setting: ThewalUeis in setpoint memoty unél reprogrammed by the operator;.
functions with two sélpoints _have only §etpoim #1 enabled as shipped from mG.fa:clo_ty.

TABLE 2-2 | Over (810) and Under (81U) Frequency Setpoint Ranges
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59/27 Overvoltage/Undervoltage

Voltage is also commonly suggested as an efficient means to protect against islanding. Notably, unless the
DSG includes very high-speed generator excitation response, the island case where load is less than genera-
tion will result in a rapid rise of potentially damaging voltage. Except for those systems prone to ferroreso-
nance, the voltage waveforin will remain essentially sinusoidal, making the use of rms measurement appro-
priate for these functions. An IEEE suggestion is that undervoltage relays be set at 90%;to 95% of nominal
voltage (in accordance with the lower limit allowed for supply to customers) with a 1 second time delay to
prevent incorrect operation from a voltage dip caused by an external fault. For instantaneous overvoltage
operation, IEEE suggests that the first setpoint (with a short time delay) be set at up to*150% of the nominal
voltage, and the second setpoint (with a long time delay) at 106% to 110% of the nominal voltage to prevent
nuisance trips (/ntertie Protection of Consumer-Owned Sources of Generation, 3 MVA or Less, IEEE Publi-
cation 88TH0224-6-PWR).

A CAUTION: When 69.3 V is chosen for the VT seconddry voltage, 69.3 V is internally
converted to 120 V (1 pu) for all calculations“and for setting and display
purposes. For example, if a pickup of 73'Va(1.1,pu) is desired when 69.3 V
has been chosen for the VT secondasy voltage, this will be displayed and
entered as 126.4 V (1.1 pu on 120 Vsbase).

SETPOINT INITIAL

FUNCTION RANGE INCREMENT SETTING*

RMS Overvoltage, 3-Phase (59)

Magnitude #1, #2 | . 10‘- 20.(.).Vl | | 1.0V 132V
Time Delay #1, #2 1'="8160 cycles 1.0 cycle 30 cycles
RMS Undervoltage)d.Phass (27) - | e |
Magnitude #1, #2 10 - 206 V ) 1.0 V 108 V
Time Delay #1, #2 1 - 8160 cycles 1.0 cycle 30 cycles

* Initial Setting: The value is in setpoint mémory until reprogrammed by the operator; functions
withdwo sétpoints have only setpoint #1 enabled as shipped from the factory.

TABLE 2-3 Overvoltage (59) and Undervoltage (27) Setpoint Ranges
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591 Peak Overvoltage

Unless otherwise noted, an overvoltage relay is presumed to operate based on the rms value of voltage:
There is, however, a system phenomenon known as fetroresonance that can occur on a lightly loaded is-
landed system. As the name implies, a system experiencing ferroresonance is in resonance, but the ifiduc-
tance is highly non-linear, being variable as the transformer core cycles in and out of magneti€saturation. At
this time, the voltage waveform will be expected to be veryrich in harmonics, to the extent thatit is possible
that the peak voltage of the nonsinusoidal wave will be dangerously high, even though the'tmS value of the
same voltageremains in an acceptable range.

Because itis necessary to describe voltage for this purpose in terms of the peak valueof voltage (not rms), it
is convenient to define the parameter setpoints in per unit of the peak of the nominal sinusoidal waveform.
Then, with the peak value of a nominal 120 V sine wave being 120 x ¥2,_& 170,V, a 1.2 per unit setting
would initiate tripping action at 1.2 x 170 = 204 V, as instantaneously detected. Note that, because of the
nonsinusoidal voltage waveform expected, the rms value of this voltage cannot be so simply calculated as
204 V/V2 = 144 Voits, but may be very much less than that value. ‘One suggestion is that this function be set
at 1.3 to 1.5 per unit with the time delay set to operate very quickly, i:e.,‘at less than 10 cycles of delay.

Bl NOTE: When 69.3 V is chosen for the VT secondary voltage, 1 pu peak voltage is
equivalentto 69.3 x v2 =98 V.

SETPOINT INITIAL
FUNCTION RANGE INCREMENT SETTING*
Magnitude #1, #2 - 1.05 - 1.50 pu 0.01 pu 1.10 pu

Time Delay #1, #2 1~ 8160 cycles 1.0 cycle 30 cycles

t(Instantaneous vonage magmrude rasponse tmended ior!emsonance protect:on) L
*Inftial Setting: The Value is in & il?:mirrr memory.until reprogrammed by the operaror funcifons mth
two setpoints have only setpoint #1-enabled as shipped from the factory. -

TABLE 24 Peak Overvoltage (59() Setpoint Ranges
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59N/27N Overvoltage/Undervoltage, Neutral Circuit or Zero Sequence

These devices may be adapted in various ways depending upon the location in the circuit and the protection
objective. The S9N device is very effective in detecting generator ground faults when generator neutral im-
pedance grounding is used in conjunction with a distribution transformer. In such a high-impedance ground-
ing system, ground faults in the primary system will induce zero-sequence voltages at the generator due to
capacitive coupling between the windings of the unit transformer. If the coupling voltage is, anticipated to be
greater than the S9N relay pickup voltage, a time delay should be used to permit the primary groundrelays to
clear high-side faults. For good fault sensitivity, the pickup of the S9N function should be about 10 to 16 V.
However, because the third and higher harmonic voltages that normally appear at the generator neutral can
easily exceed this value, they must be fitered or the relay otherwise be made insensitiveito them. Addition-
ally, a greater portion of the generator stator windings can be protected by tuning the S9N function to the
fundamental frequency only. For these reasons, the M-0420 S9N and 27N functions respond only to the
fundamental frequency component while rejecting all harmonics. (This is true regardless of the setting of
internal configuration DIP switch 8.) '

Other 27N/59N applications, shown in Figures 2-11 and 2-12, are for detecting ground faults on the utility
side of the power transformer. Protection schemes are applied based Onusing one or three voltage transform-

ers (VT).

A CAUTION: When 69.3 V is chosen for the VT secondary voltage, 69.3 V is internally
converted to 120 V (1 pu) for all calculations and for setting and display
purposes. For example, if apickup 0f 73 V (1.1 pu) is desired when 69.3 V
has been chosen for the VT secondary voltage, this will be displayed and
entered as 126.4 V (1.h,pu'on 120 V base).

SETPOINT INITIAL
FUNCTION RANGE INCREMENT SETTING*

RMS Overvoltage, NeutsAICIrsult or Zero Sequence (SON) -
Magnitude #1, #2 N 10-200V - 1..0\.1. | | 150V
Time Delay #1, #2 1 -8160cycles 1.0 cycle 30 cycles
RMS UndervBitags; Neutral Circult or Zero Sequence (27N) R
Magnitude #1, #2 10-200V | 1.0V 60V
Time Delay #1, #2 1 - 8160 cycles 1.0 cycle 30 cycles

*dnitial Setting: The value is in setpoint memory until reprogrammed by the operator; functions
with, two setpoints have only setpoint #1 enabled as shipped from the factory.

TABLE 2-5 Overvoltage (59N) and Undervoltage (27N) Setpoint Ranges
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Ground Fault Detection Using 59N and Broken-Delta VTs

The S9N may be used to detect system phase voltage unbalance in conjunction with three VTs. To do so, the
VT secondaries are connected in “broken” delta; i.e. they are in delta except that one corner is open and the

S9N device s inserted, as illustrated in Figure 2-8.

In this case, voltage at S9N in Figure 2-8 will be zero so long as the three-phase voltages ar€ balanced, but
will rise above zero with any zero-sequence unbalanced condition, as will be expected withyany real-world

utility ground fault.

When the relay burden is small, the transformers in this scheme will be subject.to femeresonance and high
voltage oscillations unless a shunt resistor is used. The shunt resistor will damp high,transient voltage oscil-
lations and will usually hold peak values to less than twice normal crest voltage toground. (Applied Protec-
tive Relaying, Westinghouse Electric Corporation, 1982.)

To
Utility
-

To Dispersed Source of
Generatlon (DSG)

c

”“‘{{} 1 ] i

= YN mn YY)

&

FIGURE2-8 Ground Fault Detection Using 59N and Broken-Delta VTs
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Ground Fault Detection Using 27N and 59N with One VT

An alternate, but not recommended, scheme uses the 27N and 59N devices with one VT rated for line-to-line
voltage, but connected from any one phase to ground as shown in Figure 2-9. This scheme will detect the
most common line-to-ground faults in the following manner:

a. A fault on the phase that includes the VT will pull that phase voltage low and initiate operation of the
27N device.

b. A fault on either phase without the VT will result in line-to-line voltage (or v3 x normallline-to-neutral
voltage) appearing at the VT, initiating operation of the S9N.

For this scheme to work, the capacitance to ground of the lines must be fairly ¢losely balanced and high
enough to keep the neutral of the system at close to ground potential. The shunt resistor helps to minimize
the chance of ferroresonance or neutral inversion. (Applied Protective Reldytrig, Westinghouse Electric Cor-
poration, 1982.)

A CAUTION: This scheme should be used with caution singe it can result in high overvoltages
due to ferroresonance and neutral inversion.

To Dispersed Source of To
Generation (DSG) ' Utility
- —
c . Cc

Lt E
Power RESISTOR E :
Transformer. 4 II ; :
] ]
“ | @) ©
, L /
Fault on phase ‘a' Fault on phase 'b’
V=0 V=VL.|_
27N detects 59N detects
undervoltage overvoliage

FIGURE 289 Ground Fault Detection Using 27N and 59N with One VT
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51V Inverse Time Overcurrent, Three-Phase
with Voltage Control or Voitage Restraint

Time-overcurrent relays, one per phase, are basic to any protection scheme. This is the main device used to
trip circuits selectively and to time-coordinate them with other up- or down-stream devices. For this func-
tion, four complete series of inverse time tripping characteristics are included, based on the ABB CO and
COV curves. This is accomplished in a way that allows the protection engineer to use all theame descrip-
tions and nomenclature which are traditionally used with electromechanical relays. Thus, thé four curve
families to be chosen are definite time, inverse, very inverse or extremely inverse, whichirelate to the degree
of slope of the basic characteristic curves. In the menu, these are abbreviated as DEF; INV} VINV, and EINV.
Within each family, the operator selects time dial setting and tap setting through the, M-0420 menu, just as
though doing so by the time-proven electromechanical means.

The curves available for use are shown in Figures 2-10 through 2-13. Theyicover a range of from 1.5 to 20
times the tap setting. An additional one-cycle time delay should be added'to these curves in order to obtain
the relay operating time. For currents beyond 20 times the tap sétting, the relay operating time will be the
same as the time for 20 times the tap setting; i.e., the relay operatesiat definite minimum time. The particular
settings will be made by information from short-circuit (fadlt)studies and knowledge of the coordination
requirements with other devices in the system that respondito time, overcurrent.

A unique feature of this relay concems the calculation of the current used for tripping. The current is derived
from an rms calculation, but, by user selection, will be’computed based on either including or not including
the contribution of harmonics to the value. Sinceiit,is not well established by the industry whether the calcu-
lation should be based simply upon the fundamental frequency component or a broader frequency range, a
simpie DIP switch setting (No. 8) allows the operator to select either one.

The inverse time overcurrent function can be, voltage controlled (VC) or voltage restrained (VR). When
voltage restraint is selected, the tap setting of the S1VR is modified continuously according to the voltage
inputs as shown in Figure 2-14. The/relay,continues to operate independently of current decrement in the
machine. The voltage restraint functiomis well-suited to small generators with relatively short time constants.
(Voltage restraint is disabled as §hipped from the factory.) When the generator is connected to the system
through a delta/wye transformer, proper voltages (equivalent to the high-side of the transformer) should be
used forthe 51 VR or 51VCelement: The M-0420 can internally determine the equivalent high-side voltages
of the delta/wye unit transformer, saving auxiliary instrument transformers. The voltage-current pairs used
are shown in Table 2-6;

A CAUTION;When 69.3 V is chosen for the VT secondary voltage, 69.3 V is intemally
converted to 120 V (1 pu) for all calculations and for setting and display
purposes. For example, if a pickup of 73 V (1.1 pu) is desired when 69.3 V
has been chosen for the VT secondary voltage, this will be displayed and
entered as 126.4 V (1.1 pu on 120 V base).
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Generator Directly Connected Gengg?t':/:N?(:n{"rgit:fgrmL:ugh
L-N L-L L-N L-L
o) Wﬂ‘vcy’ﬁ V“B " ‘A VA (VAB—ch)/ﬁ .
s (Vg-VaVV3 Vec s Vs (Ve VagVd3
| e (VeVgiN3 VcA 'c Vc (Vcr-"slc}’*/5 :

TABLE 2-6 Delta/Wye Transformer Volitage-Current Pairs

For voltage controlled operation, the function is not active unless the voltage is below the voltage control
setpoint, which can be used to help confirm that the overcurrent is due to,a System fault. When applied, most
users will set voltage control in the range of 0.7 to 0.9 per unitzms voltage. (Voltage control is disabled as
shipped from the factory. The initial setting of 1.1 pu also effectively disables this function.)

Ifthe M-0420 is equipped with the optional phase directional Overcufrent function (67), the 51V element can
be controlled by it, thereby realizing a directional inversetime oyvercurrent function. The various features of
the 51V function, such as voltage control, voltage restraint,/voltage transformations (for delta-wye unit trans-
formers), and directional control can be programmed by the.Operator.

SETPOINT INITIAL
FUNCTION RANGE INCREMENT SETTING*
mverse Time Overcusrent;s-Phass, with-Voltage Controt or Voltage Restraint (59V) - - .
Chamcteristic Curves Definke Time
inverse
Very nverse . Very Inverse
Extremely Inverse
Tap Setti 050-145A 0.05A
* " 1.50-280A 0.10A
3.00-580A 020A
6.00-12.00 A 050 A 6.0A
Time DialSetting 0.5-11.0 0.1 5.0
32V
Voitage Conftrol (VC)t 10-200V v 1
or (0.08~ 1.67pu) (1.1 pu)
Volitage Restraint (VR)}t Unear Restraint :
*Inftial Setting: The vatve is in setpaint memmory ynth reprogramumed try the operator.
T Disabled as shipped from the factory.

TABLE 2-7 Inverse Time Overcurrent with
Voltage Control/Voltage Restraint (51VC/VR) Setpoint Ranges
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8 NOTE: An additional one-cycle time delay should be added to these curves in order to
obtain the relay operating time.

FIGURE 2-10 Definite Time Overcurrent Curve
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FIGURE 2-11 Inverse Time Overcurrent Curve
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FIGURE 2-12 Very Inverse Time Overcurrent Curve
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obtain the relay operating time.

FIGURE 2-13 Extremely Inverse Time Overcurrent Curve

2-25




M-0420 INSTRUCTION BOOK

100

754
Tap Setting as %
of Tap Seltingat 50 4
Rated Voltage

25 -

2-26




APPLICATION - 2

51N Inverse Time Overcurrent, Neutral Circuit

This is identical in function to 51V except that, since it is intended for use in the neutral, it will operate'by.
detecting zero sequence current that flows during ground faults, and can usually be set to a more sensitive
value than those on the individual phases. (Voltage control or voltage restraint are not provided in the neutral
circuit since they are not needed.) When used for generator ground fault protection, SIN provides alternative
or backup ground-fault protection to S9N. This relay must be set above the maximum zero sequence current
that normally flows in the generator neutral. A typical setting would be 1.5 to 2 times theyexpected maxi-

mum zero sequence current value.

If the S1IN function is not used at the generator neutral circuit, it can be used to deteet,ground faults on the
system by monitoring the current through the ground connection of a wye-connected power transformer.

' SETPOINT INITIAL
FUNCTION RANGE INCREMENT SETTING*
Inverse Time Overcurrent, Neutral (.'a_ill)_'. i . '
Characteristic Curves Definite Time
Inverse
Very Inverse Very Inverse
Extremely Inverse
Tap Setting 0.50-4.45 A 0.05 A
1.50~2.90A 0.10A
3.005.80A 0.20A
6.00-12.00A ) 0.50A 6.0 A
Time Dial Setting 05-411.0 0.1 5.0
“Initial Setting: The value is in setpoiat memory until reprogrammed by the operator.

TABLE 2-8") Inverse Time Overcurrent Neutral (51N) Setpoint Ranges

2-27




M-0420 INSTRUCTION BOOK

50/50N Instantaneous Overcurrent, Three-Phase and Neutral Circuits

The instantaneous phase (50) and neutral overcurrent (SON) functions provide fast tripping times for high
fault currents. The settings for 50 and SON should be chosen such that they will not respond to faults on the
adjacent system. Similar to S1N, the SON function can also be applied either at the generator neutral or
transformer neutral.

SETPOINT INITIAL
FUNCTION RANGE INCREMENT SETTING™

Magnitude 1.0 - 240.0 At 0.1 A 10.0A

Trip Time Response 2 cycles max.

g al/or to exceed 20 times the maximum phase overcurment tap setting.for the range chosen for

. instantaneous 0vorc|m§nt, Neutral (SON) %0
Magnitude 1.0 -240.0 At 0.1 A 10.0A
Trip Time Response 2 cycles max,

t A,Ivor to exceed 20 times the maximum(phase overcument tap setting for the range chosen for
51N.

TABLE 29 Instantaneous Overcurrent (50) and
Instantaneous Overcurrent (50N) Neutral Setpoint Ranges
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46 Negative Sequence Overcurrent

Unbalanced faults and other system conditions can cause unbalanced three-phase currents in the generator:
The negative sequence components of these currents cause double-frequency currents in the rotor that can
lead to severe overheating and damage. The negative sequence overcurrent function is set to operate before
the specified limit for the machine is reached. As established by the ANSI standards, limits arerexpressed as
1221=K, where I is the negative sequence current in multiples of the tap setting, t is the operating time of the
negative sequence relay element in seconds, and K (the time dial setting) is a constant established by the
machine design.

As implemented in the M-0420, the negative sequence overcurrent function has a tapisetting variable from
1 Ato 5 A and a pickup setting variable from 5% to 100%. Also, the value of Kycan vary from 1 to 95,
making this function suitable for any generator size.

The minimum delay for this function is factory set at 12 cycles to avoid nuisance trippihg. The maximum
delay can be set by the user to reduce the tripping times for mode$§timbalances. An important feature that
helps protect the generator from damage due to recurring imbalancesis alinear reset characteristic: when I,
decreases below the pickup value, the trip timer takes 4 minutesto'resetfrom its 100% trip level. Figure 2-15
illustrates the inverse time characteristic of the negative sequence current function.

SETPOINT INITIAL
FUNCTION RANGE INCREMENT SETTING*

‘Negative Sequenee ‘OVQrc'uréent: (@e) . :‘;;._ L e

Tap Setting 1.0~50A 01A 5.0A
Pickup as % of Tap 5-100% 1% 50%
Setting '

Time Dial Setting 1-95 1.0 25.0
Definite Maximum 600 - 60,000 cycles 5 cycles 10,000 cycles
Time to Trip

* Initial Setting: The Value is in setpoint memary until r’ebmgmmmed.byrt_ha operator.

TABLE 2-10 Negative Sequence Overcurrent (46) Setpoint Ranges
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B NOTE: These curves are valid only for cases where the phase current is less than 30 A
(A/D converter full scale). When the phase current exceeds 30 A, the actual
times will be longer than the ones shown here.

FIGURE 2-15 Negative Sequence Overcurrent Inverse Time Characteristic
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32 Directional Power, Three-Phase

The implementation of the directional power function is straightforward, issuing a trip command when'the
magnitude of the power flow (in either direction as selected) exceeds the setpoint for the prescribed time.
The forward and reverse power functions can be individually adjusted to trip when the total three-phase
power is in the range of 0.02 pu to 3.0 pu.

The reverse power function has a single-phase option that, when selected, can detect reversal of'power in
anyone phase. (This function is available only with the line-to-neutral voltage option selécted om the intemal
configuration DIP switch.)

The minimum inherent time delay of the relay to a reversal of power is 0.75 cyclé(selected by choosing the
high-speed setting), and may be adjusted by the user up to 8160 cycles of intefitional delay.

For generator protection, with VT and CT connections as illustrated in Figiire 2-5; reverse power is defined
as power flow into the generator, forward power as power flow out. This functionprovides protection against
generator motoring (power flowing into the generator). For interconnection” protection, with VT and CT
connections as illustrated in Figure 2-2, reverse power is definedias power flow into the generator/customer,

forward power as power flow to the utility.
A CAUTION: Proper CT polarity is importantin defining the direction of power flow.

The base volt-amperes per unit for line-to-line@nd line-to-neutral operation (selected via the internal con-
figuration DIP switch) are derived as follows:

Line-to-Line Voltage Input Option

120 V/secondary VTs 69.3 V secondary VTs

Base volt-amperes (1 pu) =3 V| x| ' =43 xV x|,
%3 x120x 5 =3 x69.3x5
= 1039 VA = 600 VA

These volt -amperes are, usedqas the base value (1 pu) for forward and reverse power relay functions and for
display of real and reactive power.
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Line-to-Neutral Voltage Input Option

The forward power function and the display of real and reactive power use three-phase volt-amperes as‘the
base:

120 V secondary VTs 69.3 V secondary VTs

Base volt-amperes (1 pu) = 3 X Vphage X IPhase =3 X Vppase X lPhase
=3x120x5 =3x69.3x5
=1800 VA =1039 VA

The reverse power function has single-phase/three-phase options. The basefvolt:amperes (1 pu) for these
options are as follows:

Three-phase (line-to-line voltage input) reverse power base volt-amperes:
120 V secondary VTs 69.3 V'secondary VTs
= 1800 VA = 1800/+/3 = 1039 VA
Single-phase (line-to-neutral voltage input) reverse power base volt-amperes:

120 V secondary VTs 69.3 V secondary VTs

=600 VA = 600/4/3 =346 VA
SETPOINT INITIAL
FUNCTION RANGE INCREMENT SETTING*

Directional Power, 3-Phase(32) ™~ i

Forward Power Flow 0.02-3.0pu . 0.01pu . 3.0pu

Magnitude

Time Delay 1-8160 cycles 1.0 cycle 30 cycles
a:;mdi:owor Flow 0.02-3.0pu 0.01 pu 3.0pu
lTlmo Delayt 1 - 8160 cycles 1.0 cycle 30 cycles

1 Time Delay, High-Speed setting has no intentional deiay; response time = 0.75 cycle 10.5 cycle.

! Initial Séfting: The value is in setpoint memory unti/ reprogrammed by the operator.

TABLE 2-11 Directional Power (32) Setpoint Ranges
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67 Phase Directional Overcurrent Option

For intertie protection applications, the phase directional overcurrent relay allows greater selectivity forutil-
ity system faults, since the directional element can be set to look toward the utility system. As a generator
protection relay, the 67 function, looking into the generator, can provide protection for accidental energiza-
tion of the generator on turning gear. When line-side CT inputs are used, this function can also,provide high-
speed protection for generator winding faults. However, with line-side CTs, the protection for winding faults
during off-line operation (when the breaker is open) is not available from the 51V, 50, 4650r 67functions.

A single directional element is used to provide directional discrimination for all types'ofphase-to-phase and
three-phase faults. The directional element is polarized from positive sequence voltage andpositive sequence
current. In order to obtain maximum sensitivity for fault currents, the directional'element is provided with a
maximum sensitivity angle adjustment (MSA). The directional element is equipped Wwith a prefault voltage
memory of eight cycles to provide correct directional discrimination for bolted three-phase faults.

Examples of the tripping and blocking directions of the directionalelement are shown in Figure 2-16.

SETPOINT INITIAL

FUNCTION RANGE INCREMENT SETTING*

Phasoe Directional Overcurrent (67) .

Overcurrent Element -~~~ 4B

Magnitude 1-240"A 0.1A 10.0A

Time Delay ** 1 -8160 cycles 1.0 cycle 30cycles

:Dlnctloiid Element =

Maximum Sensitivity (Torque) 0° — 350° 10 85°

Angle (MSA)

Sensitlvity at MSA 0.5 VA
(posttive sequence)

Prefault Memory 8 cycles

(posttive sequence volitage)

Polarizing Quantities Posltive sequence voltage and posltive sequence current.

“Not to sxceed 20 times the maximum tap setting of the range into which the 3-phase overcurrent tap setting

chosen for 51V falls.
**High Speed setting has no intentional delay, response lime = 0.75 £0.5 cycle.

TABLE 2-12 Phase Directional Overcurrent (67) Setpoint Ranges
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FIGURE 2-16 Phase Directional Overcurrent (67) Trip Characteristics




APPLICATION - 2

79 Reconnect Time Delay

The reconnect relay is a permissive output that may be setto close from 1 to 8160 cycles after all parameters
are within limits. The reconnect time delay may also be used as a seal-in timer on the trip output contact.

SETPOINT INITIAL

FUNCTION RANGE INCREMENT SETTING*

' Reconnect Time Delay (79) :

Reconnect (Close) 1 - 8160 cycles 1.0 cycle 60 cycles
Relay

TABLE 2-13 Reconnect Time Delay (79) Setpoint Ranges
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60FL VT FUSE-LOSS DETECTION

Since some M-0420relay functions may otherwise send an inadvertent trip signal when a voltage-transformer
fuse is blown, the M-0420 detects the loss of both internal and external VT fuses. The status of the fuses can
be determnined from the front panel or via remote communications.

For intemmal detection of a fuse-loss condition, an algorithm compares positive and negativessequence volt-
ages and currents. The presence of negaskive sequence voltage, accompanied by the absencef negative se-
quence current is considered to signal the fuse-loss condition. The actual algorithmgised,is provided below:

A fuse-loss condition is considered to exist when
(V1> 12.8 volts) and (V2 > 0.33 Vj) and [(I; < 0.167 11) or (I; < 0.33%amps)]

where V) = positive sequence voltage, V; = negative sequence voltage, 1| = positive sequence cusment, andlj, = negative sequence current

The V; > 12.8 V condition determines if the VT inputs are applied to/the'rélay. For a VT fuse failure condi-
tion, the negative sequence voltage is always greater than 50% of the positive sequence voltage; hence, V, >
0.33 V; provides a reliable blown VT fuse indication. However,\negative sequence voltage will also be
present during phase-to-phase fault conditions. The blown VT, fusecondition is distinguished from the fault
condition by verifying that I; < 0.167 1;. Finally, deterinining ifil; < 0.33 A prevents the VT fuse output
contacts from chattering when a VT fuse blows during a no-loadseondition.

The above logic can reliably detect a blown VT fuse. However, for any specific application, if the above
logic cannot reliably be used (such as when thé current inputs to the relay are not connected, the sustained
positive sequence cutrent in a phase-to-phasé fault'is less than (.33 A, or the negative sequence currents are
not present during phase-to-phase or grourd,fault.conditions (I; < 0.167 1y)), the internal VT fuse loss detec-
tion logic can be disabled via the CONFIGURE,V.T. FUSE LOSS menu under the CONFIGURE RELAYS
menu selection. In these cases, and since thejdetection algorithm cannot detect the condition of all three
fuses being blown (two in case of opemdelta)sthe M-0420’s external contact input on terminal 33—ausually
from a supplemental device 60—can be uSed as an external indication of a blown VT fuse.

The status of the fuses can beydetermined by selecting MONITOR FUSE STATUS under the MONITOR
STATUS menu. '

VT FUSE-LOSS BLOCKING

If the internal fuseslossidetection is enabled, or the externa) fuse loss input is connected, the M-0420 will
provide useg-selectableyblocking of the 27, 51V, 67, and 32R functions upon detection of a VT fuse-loss
condition. ‘Additionally, the M-0420 will send an output contact indicating the blown fuse condition (VT
Fuse Loss output). This external contact can be used to block other relays which may be affected by the
blown fuse condition (for example, a loss-of-field relay). Internal VT fuse-loss detection and function block-
ing can be selected via the CONFIGURE V.T. FUSE LOSS menu under the CONFIGURE RELAYS menu

selection.

Ifsblocking of the 51V function is enabled when the blown VT fuse condition is detected, the M-0420 will
disable 51VC (if VC is enabled) or disable VR of S1VR (keeping the tap setting at the value established for

the’rated voltage input).
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If blocking of the 67 function is enabled and the directional element of the 67 function is being usedsto
provide directional control of the 51V function, the 51V function will be effectively blocked along with 67

during a blown-fuse condition.

When the high-speed setting has been selected for the 32R or 67 functions, the respective blocking funcsion
should not be enabled.

FAULT RECORDER

The fault recorder provides comprehensive fault data recording for all monitored waveforms (at 16 samples
per cycle) and status inputs. Fault data can be downloaded via the RS-232C portsito any MS-DOS personal
computer running the M-0429A BECOCOM™ Communications Software package. Once downloaded, the
waveform data can be examined and printed using the M-0428A BECOPLOT™ Fault Data Analysis Soft-
ware package.

Operation

The fault recorder can be either armed or disarmed; if armedyit cambe triggered either manually through
serial communications via BECOCOM or automatically via'the 52b’status input. When armed and untrig-
gered, the recorder continuously records waveform data, keeping the most recent 96 cycles of data (at 16
samples per cycle) in its memory. When triggered, the récordencontinues recording for a period selected by
the operator and then goes to unarmed mode, keeping the 96;¢ycle snapshot of waveform data in its memory
for downloading via the BECOCOM communications software. Rearming the fault recorder restarts the
process (overwriting the stored fault data). Youican determine the status of the fault recorder (whether armed
or not, and if armed, whether triggered or not),through the front panel or via remote communications using
BECOCOM.

B NOTE: The fault recorderis initially disarmed after power up.

Auto-Rearming

The fault recorder can alsobe¢set to rearm itself automatically when the relay detects a closing breaker via
the 52b input. When‘auto-rearming is enabled, the fault recorder is armed when the breaker closes (as indi-

cated by the 52b'input).

A CAUTION: The previous fault record is lost once the recorder is rearmed. When auto-
rearming is enabled, the fault record must be downloaded while the breaker

is open.
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3
FRONT PANEL CONTROLS

INTRODUCTION

The M-0420 has been designed to be quick and easy for you to set and interrogate. An integral part of this
design is the layout and function of the front panel indicators and controls, illustratédyin Figure 3-1. These
controls logically fall into two groups: user interface indicators and controls, and target/status indicators and

controls.

USER INTERFACE INDICATORS AND CONTROLS

The user interface indicators and controls consist of the Liquid*Crystal Display, the SELECT FUNCTION and
ENTER SETPOINT LEDs, the left- and right-arrow pushbuttons, the €XIT“and ENTER pushbuttons, and the rotary
knob. You use these controls to navigate the system software and setand interrogate the unit. Detailed infor-
mation on using these controls is provided in Chapter 4, Operation.

LIQUID CRYSTAL DISPLAY

To assist you in setting and interrogating the M-0420, the LCD displays menus that guide you to the desired
M-0420 function or setpoint value. These menu§'¢onsist of two lines. The bottom line lists lower case abbre-
viations of each menu selection with the current'menu selection highlighted by being in uppercase. The top
menu line provides an expanded description of the current menu selection.

When you're not using the controls, and'the relay has not tripped, the LCD is blanked and remains blanked
until you press ENTER, at which time the first-level menu is displayed. If the unit has tripped, the LCD cycles
through a sequence of screens sufnmarizing the trip status condisions until ENTER is pressed.

SELECT FUNCTION LED

The red SELECT FUNCTIONWLED is lit when a menu is displayed on the LCD, prompting you to choose a menu
selection using gither'the left- and right-arrow pushbuttons or the rotary knob.

ENTER SETPOINT LED

The red ENTER SETPOINT LED lights to prompt you to enter a value, such as a setpoint magnitude or time
delay. Enteror change values by using the left- and right-arrow pushbuttons and/or the rotary knob to incre-

ment ondecrement the currently displayed value.

3-1
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LEFT- AND RIGHT-ARROW PUSHBUTTONS

You use the left- and right-arrow pushbuttons to choose among the menu selections displayed and, when
entering values, to select the digit (by moving the cursor) of the displayed setpoint that will be incremented
or decremented by turning the rotary knob.

EXIT PUSHBUTTON

Use the EXIT pushbutton to exit from a displayed screen and return to the immediately'preceding menu.

ENTER PUSHBUTTON

The ENTER pushbutton is used to choose a highlighted menu selection, te,replace a setpoint or other pro-
grammable value with the currently displayed value, or to select one of several displayed options, such as
ENABLE or DISABLE a function.

ROTARY KNOB

Use the rotary knob to increment (by rotating clockwise) Or, decrement (by rotating counterclockwise) a
value currently displayed. (This new value is not stored jand does not affect the unit’s calculations until
ENTER s pressed.) For values with a largerange, usethe left- and right-arrow pushbuttons to move the cursor
(an underline) to any digit. Incrementing and decrementing will then start with the underlined digit.

You can also use the rotary knob instead of the,leftand right-arrow pushbuttons to choose among menu
selections displayed on the LCD.

INDICATORS AN R

The target/status indicators and controls consist of the POWER and RELAY OK ILEDs, the FAULTRECORDED and
BREAKER CLOSED LEDs, thetwelye'target LEDs, and the TARGET RESET/LAMP TEST pushbutton.

POWERLED

The green POWER LED indicator will remain lit whenever power is applied to the unit.

RELAY OK LED

The green RELAY OK LED is under control of the M-0420 microprocessor. For units having software version
4.00,and\above, you can program this LED either to flash or to remain on continuously when the relay is
functioning properly. To make this selection, go to the SETUP UNIT menu, use the right-arrow pushbutton
onyrotary knob to display the RELAY OK LED FLASH menu, and select either DISABLE or ENABLE.
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FAULT RECORDED LED

Thered FAULTRECORDED LED will light to indicate that fault data has been recorded in the unit’s memoryin
response to a 52b breaker open status, if the fault recorder has been armed. You can arm or disarm the fault
recorder using the FAULT RECORDER menu selection.

BREAKER CLOSED LED

The red BREAKER CLOSED LED will light to indicate when the breaker status input (52b)is open.

TARGET INDICATORS AND TARGET RESET/LAMP TEST PUSHBUTTON

Normally, the twelve red target LEDs are not lit. If the unit trips, the LEDs, corresponding to the cause(s) of
the trip will light and stay lit until reset. Pressing and releasing the TARGET RESET/LAMP TEST pushbutton will
momentarily light all LEDs (providing a meansto test them) and resetithe tasget LEDs if the trip condition is
not present. Detailed information about the cause of the last five trips'is, however, retained in the unit’s
memory for access through the display via the VIEW TARGET HISTORY menu.

Pressing and holding the TARGET RESET/LAMP TEST pushbutton will display the pick up status of the relay
functions.

RIAL INTERF ND COM 2

The SERIAL INTERFACE COM 1 port is a standaf@9-pif'R S-232C communications port. This port will normally
be used for local setting and interrogating of the M-0420 via a portable computer. An additional port, COM 2,
is available at the rear of the M-0420. This 25-pin port will normally be used for remote setting and interro-
gation of the M-0420 via a modem and'a,compatible communications protocol. Detailed information on the
use of the communications ports i§ provided in Appendix C, Communications and the M-0429A BECO-
COM™/M-0428A BECOPLQTF™WUser’s Guide.
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OPERATION

R TION

While the M-0420 is a sophisticated unit that performs a number of complex functions; care has been taken
to make it easy to use. This chapter provides general infortnation on the software flow and the use of the
front paoel controls to maneuver through the menus, enter values, and set and interrogate the unit. Figure 4- 1
illustrates the overall software flow. Detailed information on each menu selection‘is provided in Chapter S,
MENU REFERENCE.

SOFTWARE FLOW

POWER-ON SELF-TEST AND STATUS SCREENS

Each time it is powered up, the M-0420 perforins a numbenof Self-tests to ensure its correct operation.
During the self-tests, the display presents a lower-casedx™ for each test successfully executed. When all tests
have been executed successfully, it will briefly display PASS and then a series of unit status screens, includ-
ing the Beckwith Electric Co. copyright notice, the'software version number, the serial number of the unit,
the date and time as set in the system clock, and the default user logo (Beckwith Electric Co.). (Figure 4-2
illustrates this sequence of screens.) If any test should fail, an error code will be displayed and the unit will
not allow operation to proceed In such a case; note the error code and contact the factory. A list of error
codes and their descriptions is provided in Appendix B, Self-Test Error Codes.

DEFAULT MESSAGE SCREENS

Normally, when the M-0420 i§ powered and unattended, the display is blanked to increase its lifespan. The
display is automatically blanked,after exiting from the main menu and from mosr other screens after S min-

utes of unattended operationy

However, if the unit has tripped and has not been reset, it will display the time and date of the trip and will

automatically Cyelethrough status screens for each applicable target. (This sequence is illustrated in Figure
4-3.) In either case, pressing ENTER will begin local mode operation, displaying the access codeentry screen
or, if no access code has been defined, the first-level menu.

B 'NOTE: Communication through the front-and rear-panel communication ports is suspended
while the unit is in local mode. To resume communication and ensure security,

you should always exit from the main menu after configuring or interrogating
the M-0420 from the front panel.
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ACCESS SCREENS

To prevent unauthorized access to the M-0420 functions, the software has the provision for assigning access
codes. If access codes have been assigned, the access code entry screen, illustrated in Figure 44, will be
displayed after ENTER is pressed from the default message screen (see above). The M-0420 is shipped with
the access code feature disabled.

If a valid access code is entered, the unit will notify the user that access has been granted. Howéver, on the
third entry of an invalid code the unit will lock out access through the front panel for five minutes. Detailed
information on defining and entering access codes is provided below and in Chapter S, Menu Reference.

MENU FLOW

If access is granted, the unit will display the first-level menu. This left-tesgightyscrolling menu provides
access to a second level of menus which in turn provide access to the M-0420 functions. Figure 4-5 illus-
trates the relationship between the menu levels and the use of the froantipanel‘controls to navigate between
them. Detailed information on the use of the front panel controls for moving between menus is provided

below.

B E N

As shown in Figure 4-5, each menu has two.lin€s. On the bottom line appear lower case abbreviations of
each menu selection with the current menu selection “highlighted” by being displayed in upper case. An
expanded description of the highlighted menu seleetion’is displayed on the top line of the display. The left-
and right-arrow pushbuttons are used to highilightithe desired menu selection. If more selections exist on a
given menu than can be displayed at one iime, anarrow at one or both sides of the display signifies that the
display will scroll in that direction., As @ prompt, the SELECT FUNCTION LED lights to signify that a menu

selection should be made.

Once the desired menu selectionyhas been highlighted, it is chosen by pressing the ENTER pushbutton. De-
pending on the menu selections€hosenythe display shows either a second-level menu (with the SELECT FUNC-
TION LED lit), a value to be inspected or changed, or a choice to be made, such as enable or disable. (If a
value can be changed or a/S€lection can be made, the ENTER SETPOINT LED will be lit.)

IN E

Numeric values must be entered for the M-0420 setpoints, for certain configuration data, and for access
codes. When a value must be entered, the unit will light the ENTER SETPOINT LED as a prompt.

A value,is\entered or changed by incrementing or decrementing the currently displayed value using the
rotacy, knob. Tuming the knob clockwise will increment the displayed value. Tumning the knob counterclock-

wiseywill decrement the displayed value.
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B NOTE: While the rotary knob has click detents, these aré only to provide tactile feedback.
Passing one detent does not necessarily mean that the displayed value will be
incremented or decremented by one. Tuming the knob too quickly may result
in an unanticipated change in the displayed value.

As shown in Figure 4-5, an underline cursor is displayed in the position of the least significant digit of the
value to be entered or changed. When the value to be incremented has a wide range, the lefts or tight-arrow
pushbuttons can be used to move the underline to any displayed digit. Tuming the frontypanel knob will
increment or decrement the value beginning with the underlined digit.

Once the value is set, press the ENTER pushbutton to store the new value into the unit’s memory. It will
become the active setpoint as soon as ENTER is pressed (unless inhibited by the ‘presence of another func-

tion).

B NOTE: The M-0420 will not allow you to enter a digitiout,of the applicable range of
values. See the table of values for each fufi€tien in\Chapter 2, Application, for
a detailed listing of the setpoint ranges and initial settings.

ACCESS CODES

The M-0420 supports three levels of accessicodes. Depending on the access code they hold, users have
varying levels of access to the M-0420:

Level 3 access access to all relay functions and diagnostics
Level 2 access read and changesetpoints, monitor status, view trip history
Level 1 access read setpoints, monitor status, view trip history

B NOTE: Each accesscode is a user-defined one- to four-digit number. If the Level 3
access/code is set to 9999, the access code feamure is disabled. When this feature

is disabled, the access screens are bypassed.

Access codes are‘entefed in the same manner as any other value, using the rotary knob (and the left- and
right-arrow pushbuttons, if desired). Access codes can be altered by choosing the ALTER ACCESS CODES

menu selection under the SETUP UNIT menu.

A CAUTION: If you forget your access code, you will have to contact the factory for
information on resetting the unit.
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NABLING AND DISAB RELAY FUNCTION

Each function on the M-0420 can be individually enabled or disabled via the CONFIGURE RELAY menu
selection. To enable or disable a function, merely highlight the ENABLE or DISABLE choice for the appro-
priate function under the CONFIGURE RELAY menu and press ENTER. A disabled function will not appear
under any other menu or screen. However, if all functions of a device (individual target) are _disabled, the
message FUNCTION(S) DISABLED—SEE CONFIGURE MENU will appear if it is selected:

B NOTE: Functions having two setpoints are shipped with the second setpdint/disabled.
Disabling unused functions improves the response time of thetindicators and
controls.
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5
MENU REFERENCE

This chapter provides a short description for each main menu selection available in the M-0420 Version 4.01
software. Flowcharts are provided for the relay configuration menus. (Figure 5-1 summarizesithe M-0420
main menu flow.) The functions in this chapter are presented in the same order as on the main menu.

B NOTES: The descriptions assume that the M-0420 settings are enabled of disabled as
shipped from the factory (see Figure 7-1).

Setpoint Configuration Record Forms are provided in Appendix E. These forms
provide a comprehensive, standardized means‘oftecording setpoint values.

Voltage Relay ............. 5-3
Frequency Relay ............. 5:9
Current Relay™.....L... 5-12
Power Relayf........... 5-17
Reconnect/Relay™.......... 5-20
Review/Setpoints ........... 5-21
Monitor Status ...........5-22
Configure helays ........... 5-23
View Target History ........... 5-28
Fault Recorder ........... 5-29
Read Counter ........... 5-30
Communication ........... 5-31
Setup Unit ........... 5-33

Exit Local Mode ........... 5-36
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FIGURE 5-1 M-0420 Menu Flow, Version 4.01 Software
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VOLTAGE RELAY -

[V_OLT_AGE_ RELAY. .0 0
YOLT freq curr powr  we

The VOLTAGE RELAY menu selection provides access to the voltage functions of the M-0420. Eigures S-2
through 5-6 illustrate the software flow for these functions. Setpoint ranges and initial settings are provided
in Chapter 2, Application, and in the Specifications at the front of this book.

59 RMS Overvoltage, 3-Phase ........ccccoereecrecerscercneenennenine. Figure 5-2
591 Peak Overvoltage, 3-Phase.........cccccceccereeccceerecrcnndieeens i Figure 5-3
27 RMS Undervoltage, 3-Phase.........ccccoeceevccneefiee b Winaree.e Figure 54

59N RMS Overvoltage, Neutral Circuit or 2Zero Sequence ...... Figure 5-5

27N RMS Undervoltage, Neutral Circuit or Zere Sequence..... Figure 5-6
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SELECT (: o ENIER 'VOLTAGE RELAY . .- ]
FUNCTION ** SETPOINT VOLT ‘freq.curr powr . = . |
I
ENTER
SELECT 33 g ENTER 'OVERVOLTAGE SETPOINTS . ] -]
FUNCTION SETPOMT | PHASE_OVER phase under = L= ]

i Iy

[
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‘80 --Cycles - e
I, S

(e
® ®

B NOTE: Setpoints #2 are disabled as shipped, and do not appear on the menu. Use
CONFIGURE RELAYS menu to enable them.

FIGURE 5-2 Voltage Relay: RMS Overvoltage, 3-Phase (59)
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4. ENTER -
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{ Rotats kn ob to sstpointvalue |

ENTER

@“NOTE: Setpoints #2 are disabled as shipped, and do not appear on the menu. Use
CONFIGURE RELAYS menu to enable them.

FIGURE 5-3 Voltage Relay: Peak Overvoltage, 3-Phase (591)
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SELECT 3 ENTER —
FUNCTION X ® SETPOINT VOLTAGE ‘RELAY ~ ~ = - )
VOLT freq curr :powr . - =} ]

|

IRomo knobd to make selection |

(]

FSELECTIX @ ShIeo T _UNDERVOLTAGE SETPOINTS . | o |
' phase_over: PRASE_UNDER = = |

|
,im;’ &

SELECT t* ENTER
sunELnSN L < SETPOINT PHASE UNDERVOLTAGE(
108 Volts .ooru; _

SELE! L ENTER
:UNCLng:; 1 7~ SETPOINT DELAY PHASE 'UNDERVOLT -
{30 Cycles - .
_ ¥

SELECT o A ENTER -
FUNCTION 1< SETPOINT PHASE UNDERVOLTAGE = -
2408 - Volts (. .DOPI!) m
| Rotate knob to setpoint valus |
SELECT L+ ENTER l
FUNCTION ®  FiseTRoI? DELAY PHASE UNDERVOLT ca |
_ 30 Cycles -

h J
[ Alotate knob % setpoint value |

ENTER

B\ NOTE: Setpoints #2 are disabled as shipped, and do not appear on the menu. Use
CONFIGURE RELAYS menu to enable them.

FIGURE 54 Voltage Relay: RMS Undervoltage, 3-Phase (27)
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SELECT 32
FUNCTION -7~

SELECT
FUNCTION “T*

SELECT °
FUNCTION

SELECT PY
FUNCTION

SELECT PY
FUNCTION

SELECT PY
FUNCTION

® ENTER
SETPOINT

P ENTER
SETPOINT

1. ENTER
FX seTPONT

Ar ENTER
~ SETPOINT

'r ENTER
~ SETPOINT

A ENTER
NSETPOINT

[ VOLTAGE: RELAY i s o8

VOLT :fréq curr. powr . .

2

S

[Rotste knab t6 make selection |

( OVERVOLTAGE :SETPOINTS *

o s
4 NUTRL_OVER nutrl under | (o ]

j f |

Lo |

}

[ NEUTRAL -OVERVOLTAGE

N
150 Volts - .(1.28pU)™

N

DELAY NEUTRL OVERVOLT .
0 Cycles -

___-’f’

[Rotss mmc!ﬂp@

[ NEUTRAL OVERVOLTAGE =

-#2
150 Volts ~“{1.25PVU) - -

{ Rotele inob to setpoint value |

OELAY 'NEUTRL ‘OVERVOLT
30 Cycles

#2

1]
| Rotate knob to sstpoint value |

b

ENTER

B NOTE: Setpoints #2 are disabled as shipped, and do not appear on the menu. Use
CONFIGURE RELAYS menu to enable them.

FIGURE 5-5 Voltage Relay: RMS Overvoltage, Neutral Circuit or Zero Sequence (59N)
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7

YOLT ‘freq -curr. pwr Gt e TS

\

SELECT ENTER B
FUNCTION-'C-)- ® serpoinT ["OLTAGE RELAY Y

ENTER
[Rotate knob to make selection |

¢:nutrl-over NUTRL :UNDER .

E‘:I—‘%

FSELECTIX @ ShTronT [uuneuvoums SETPOINTS - ] Al greons

-

L]
SELECT PY ENTER

FUNETION K SETPOINT [_ueurm. ‘UNDERVOLTAGE, - #{

80 ~Volts -~ ( .50PU)

[ Rotate knob to sstpgint valve |

4
SELECT L+ ENTER
® 3 DELAY NEUTRL ‘UNDERVOLT #1 I - .
FUNCTION SETPOINT
[ 30 Cycles ... .

[Rotate knob to setpointvalue |

SELECT o 3 ENTER [-:nsumu 'UNDERVOLTAGE. -~ #2

FUNCTION T~ SETPOINT
/80 Volts " :{( '.50PU)

[ Rotate knob to sstpoint value |

A+ ENTER
FUNGTION © R SETPOINT [nsuv NEUTRL UNDERVOLT #2

30 - Cycles

[Rotats knob to sstpointvaiue |

ENTER

B NOTE: Setpoints #2 are disabled as shipped, and do not appear on the menu. Use
CONFIGURE RELAYS menu to enable them.

FIGURE 56 Voltage Relay: RMS Undervoltage, Neutral Circuit or Zero Sequence (27N)
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FREQUENCY RELAY O

FREQUERGY RELAY
volt ‘FREQ :-CUFT POWE me

4
The FREQUENCY RELAY menu selection provides access to the frequency functions of the Figures
5-7 and 5-8 illustrate the software flow for these functions. Setpoint ranges and initial setti rovided
in Chapter 2, Application, and in the Specifications at the front of this book. @
810  Over Frequency Figure 50
81U  Under FreQuency ............cccceeeennen. Figure 5-
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SELECT s&¢ ENTER : : )
FUNCTION »7* SETPOINT FREQUENCY -RELAY o ool
wvolt FREQ curr powr - = )
i ENTER |
FuNeToN S ® StTROWT 'OVERFREQUENCY SETPOINTS ) =
OVER.under .. [ . [ ., Sl

[
SELECT 2 ENTER "
FUNCTION @ > % SETPOINT OVERFREOUENCY - 4y ", .
80,50 ‘Hz -~ ., W .
¥
[ Aotate kmob to setpoint vakie) /)

SELECT *¢f. ENTER _ T
FuncTioN ® 29 seTPONT QELAY_OVERFREQUEI!CY - #1
. 430 Cycles .. R

[Rotate knob to satpoint vae |

SELECT P
FuncTion ® 5% SETRONT ‘OVERFREQUENCY ~ #2 —
8050 Hz - _J
| Aotate knob 1o setpoin vaive |
SELECT ®  sGneriEn DELAY OVERFREQUENCY  #2.
FUNCTION YPSETPOINT o
°30 Cycles

[ Rotate lnob to setpoint vave |

ENTER =

B'NOTE: Setpoints #2 are disabled as shipped, and do not appear on the menu. Use
CONFIGURE RELAYS menu to enable them.

FIGURE 5-7 Frequency Relay: Over Frequency (810)
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SELECT 3¢ ENTER - —
FUNCTION®* @ SETPOINT FREQUENCY ‘RELAY = 77
-volt-FREQ ‘curr powr =~ . ™.

lnq.ulmnbtonwkaad.dbn

SELECT A ENTER i L

;@ 'UNDERFREQUENCY SETPOINTS . ) r—

FUNCTION SETPOINT ENCY SETPOINIS
[ovor.UN_DEn_ B A b Exiv

i

ENTER

FSELECT @ X SETROWT UNDERFREQUENCY -, #1, |
5o.50 Hz . W il
Y

{ Rotate knobtoee tpointvalue, |

B

ENTER

il

fSELECT @ Xt ERTROWT DELAY-UNDERFREGUENCY = #1
‘30 Cycles RS

y

{ Rotate Inebito setpoint vaive |

ENTER

A1

. 59.50 Hz
(]

] Rotate knob to setpoin valve |

SELECT 1+ ENTER —
FUNCTION @ XX seTPOINT Ennmrngquguqy_,: ERTE

i

FEELECT @ TREnTeoT DELAY UNDERFREQUENCY . #2 .
30 Cycles

| Rotste inobd to setpaint valve |

ENTER

B\ NOTE: Setpoints #2 are disabled as shipped, and do not appear on the menu. Use
CONFIGURE RELAYS menu to enable them.

FIGURE 5-8 Frequency Relay: Under Frequency (81U)
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CURRENT RELAY

CURRENT RELAY - - ]
volt freq CURR powr =o'

The CURRENT RELAY menu selection provides access to the current functions of the M-0420.Figures 5-9
through 5-12 illustrate the software flow for these functions. Setpoint ranges and initial settings are provided

in Chapter 2, Application, and in the Specifications at the front of this book.

51V/50 Inverse Time / Instantaneous Overcurrent, 3-Phase............s..... 8 Figure 5-9
67 Phase Directional Overcurrent, 3-Phase.........cccccceeeeeeesbce .. Figure 5-10
51N/50N Inverse Time / Instantaneous Overcurrent, Neutral . 4.2 h.............. Figure 5-11
46 Negative Sequence Overcurrent...............ecvvveeee e e Mireccecncererecsennns Figure 5-12

B NOTE: During thetime that a setpoint associatedwith the inverse time/instantaneous
phase overcurrent, phase directional“Overcurrent, inverse time/instantaneous
neutral overcurrent, or negativesseguence overcurrent functions is being
changed, that function and the functions associated with it are disabled. They
are re-enabled when you €xit from the setpoint menu.

B NOTE: Function 67, phase directional overcurrent, is an option that may be purchased
for installation aythe faetory. If 67 is present, and the directional function is
enabled, additional setpoint screens appear in the CURRENT RELAY menu,
as shown in Figures 5-9 and 5-10.-
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FU:E:LTEI:J:: P e :Ennsgmr CURRENT :RELAY | .- .. .0}
volt: freq: cuan pow_r_ o =
SELECT ENTER OVERCURRENT SETPOINTS ' o
FoncTion ¢ @ sETPomT [PHAS_E_OVER__nutr.l__ovgr -;J I

ﬂj

Y,

SELECT \+ ENTER
e X TAP ‘PHASE OVEIICURNE'(T
FUNCTION SETPOINT ( 6.0 Aups. .

[Rotste knob to setpoint vaiue |

drl

FEECT @ Pigtiromr | TIMING PHASE OVERCURRENT 1
-def inv VINV einy "%,

+ dei = detinim time
| Rotatekmeb to setpoint value | nvsinveres
viny = very inverse
einv 20 cuvmmly inverse

E

SELECT A ENTER
Fureon @ - gErronT [ jrxuesn:u PHASE OVERCURR .

| |
| Rotate knob to setpoint vaiue |

il

SELECT " ENTER P L
Funcrion ®  Fisevpomy | VOLTAGE ‘CONTROL OVERCURR #
192 Volts (1.10PV)

i' Additional screens it 67

SELECT e X N rOmT [ruuss INST OVERCURRENT

:

FUNCTION
10.0 Amps

Y

{Roms kb to setpoint vk | o iicable

H votiage restraint
®

FIGURE 59 Current Relay: Inverse Time Overcurrent, 3-Phase (51V)
instantaneous Overcurrent, 3-Phase (50)
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?

SELECT A\? ENTE! e
FUNCTION g -p‘-SETPORONT A"GLE DIRELE”E"T
. 85 DEG. .. ¢
[ Rotate knob to setpoint value |
ENTER
SELECT Az ENTER 1
FuncTion ® 7~ SETPOINT PICKUP ‘PHASE DIR OVERCUR %"
C 771040 AmpS - b\,
[Rotate knob to sstpointyaiue ]

.

r
rnenon ®  TXStreomr  [DELAY PHASE DIR OVERCUR
430 Cycles” '

i

| Rotato knob to sstpoint valus |

T

SELECT ~*ENTER
encTion ®  ostiroit  \(PHASE INST OVERCURRENT
: -1_0'."0 Anps =

[Rotate knob to setpoint value |

Y

[ |

i 4 e

ll NOTE: The first three screens relate to the phase directional overcurrent function (67),
an option that must be installed at the factory.

FIGURE 5-10 Current Relay: Phase Directional Overcurrent, 3-Phase (67)
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FUSELECT XY © ShTeor CURRENT RELAY . |
volt ‘freq CURR powr ... = -]
y
ENTER
{Wm knob to make uhctlm]
FELECT Y. @ EMeomT OVERCURRENT ‘SETPOINTS - i\ 4@
-phase_over - “NUTRL_OVER - -i
SELECT 2\ ENTER TAP NEUTRAL OVERCURRENT '_
Frncrion ® P seTrosny [ 6.0 Anps -
]
[ Rotsts knob to setpoinl vakm|
SELECT gy ENTER TIMING ‘NUTRL, OVERCURRENT =]
FUNCTION * SETPONT def ‘inv VINV einv -
[ Fiotmte knob o setpoint vaks ]
SELECT o ':ENTEW TINE, DIAL - mth OVERGURR‘ i m |
FUNCTION SETPOMNT 5.0 A.p. sl
i i
[Rotste knob to setpoint vk |
SELECT ‘s ENTER NU ; VERCU
Funcrion ® SSETPONT {" TR l:gTQOA::. RRENT
¥
[Rame knob to setpokit value |
ENTER =

FIGURE 5-11 Current Relay: Inverse Time Overcurrent, Neutral (51N)
Instantaneous Overcurrent, Neutral (SON)
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SELECT 3y ° ENTER
FUNCTION -1~ SETPOINT

SELECT ENTER
thcnon'?" ® sevomt

SELECT o ' ENTER

FUNCTION N- seTPOmT
SELECT

Funcrion @ Pl

SELECT o 1+ ENTER
FUNCTION XseTPomeT

SELECT o 1+ ENTER
FUNCTION * SETPONT

SE(ECT o U5 ENTER
FUNCTION * SETPOMNT

CURRENT RELAY . ]_
volt freq CURR. powr -)._‘_ )

| Rotate kaob to meke selection |

'OVERCURRENT ‘SETPOINTS - -
4=:NEGSEQ_OVER

TAP ‘NEG -SEQ* OVERCURRENT
1840 ‘AmpS 2 N

PICKUP NEG SEQRQVERGURR . ...

[Fotats Tk to setpob vaiue |

TANING . NEG ‘SEQ. OVERCURR
“1SSQUARED_Y o

[ {No estection is necesaary} |

['uug:-:nzn ‘NEG :SEQ ‘OVRCUR -

o8

ﬁmm:’mmm|

[nx TIME NEG SEQ OVERCUR

10000 Cycles

rﬁmuuhwb:.dpnnn&n[

ENTER

FIGURE 5-12 Current Relay: Negative Sequence Overcurrent (46)
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POWER RELAY QO

POWER RELAY .
volt freq curr POWR = -
L 4
The POWER RELAY menu selection provides access to the power functions of the M-042 s 5-13
and 5-14 illustrate the software flow for these functions. Setpoint ranges and initial settin ided in

Chapter 2, Application, and in the Specifications at the front of this book.

32F  Forward Overpower..........c.cceceuuee Figure 5-10
32R  Reverse Overpower..................... Figur@
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FUNCTION *T* SETPOINT POWER: RELAY

SELECT A~ ENTER [

volt freq curr.‘pnm_.:_ S

E..g

i

Funchon X ® gerom | FORWARD: :POWER: ssrpoms )
FORWARD Feverse e

oot ®  XsEreowt | FORWARD OVERPOWER S
8,00 PU 1

[[Rotsta knob to sstpeint velue |

SELECT ENTER —
o X DELAY 'FORWARD POWER .. .. ..
FUNCTION SETPOINT [ - 20 Cycles }——.—E’—.

L4
| Rotes kmob to setpoint value |

FIGURE 5-13 Power Relay: Forward Overpower (32F)
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SELECT A~
FUNCTION -'Q‘

SELECT A"
FUNCTION -7

SELECT °
FUNCTION

SELECT PY
FUNCTION

P ENTER
SETPOINT

°® ENTER
SETPOINT

v ENTER
#7+ SETPOINT

A7 ENTER
*SETPOINT

[ POWER RELAY -

]‘

volt freq curr POWR i |

ENTER

Hil

[Rotate knob to make sslection

|

[‘- REVERSE P OWER: SETPOINT.

‘forward REVERSE : =

apeee

ENTER

atid

|

REVERSE OVERPOWER
-3.00 PU

'..

| Rotate knob to estpoint value

]

ENTER

oy

|

DELAY REVERSE(POWER = .

-30%Cycles

EX

| Ratate knob tosetpaint value

i

ENTER

FIGURE 5-14 Power Relay: Reverse Overpower (32R)
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RECONNECT RELAY

[;nsconusc_r--:ns_u_v_ G ]
@='RECON . = o

The RECONNECT RELAY menu selection provides access to the reconnect function of the M-0420. Figure
5-15 illustrates the software flow for this function. Setpoint ranges and initial settings are provided,ifi Chapter
2, Application, and in the Specifications at the front of this book.

79 Reconnect Relay .......c.cccceeeeeaennn. Figure 5-16,
Fu:c'non';:):' ® SETromT ‘RECONNECT “RELAY. 4 & -
e RECON . - T g
ENTER
FunGon > ® SETpor RECONNECT SETPOINTS <~ = . | ]
RECONG. o . o

[}

ROFLECT @ IENTER \DELAY ‘RECONNECT . =~ _,E__,
280 Cycles _ i

| Rotate knot to setpoint vaiue |

ENTER -

FIGURE 5-15 Reconnect Relay (79)
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WECORNECT RELAY J
N 5

The REVIEW SETPOINT menu selection enables you to review the existing settings of all erabled setpoint
values and time delays. This menu can only be scrolled forward and cannot be scrolled backward.

B NOTE: Setpoint values cannot be changed via this menu

SELECT 3/ ENTER —
0 ® g "REVIEW SETPOINTS . - | &£
FUNCTION onT & SETPTS 'stat config -

H

SELECT ENTER ' )
o o ROTATE KNOB * / |
FUNCTION SETPOMT [To REVIEW SETPOINTSN\» g L2
t |
SELECT ENTER (PHASE OVERVOLTAGE #1
e o '
FUNCTION SETPONT | 182.vplts (1.10PV) . =
Aotste knob

ASELECT @ @ StreomT oELAY PHASE OVERVOLT  #1
30 Cycles - S

SELECT ENTER - -
FSELECT @ @ SermomT ~ DELAY RECONNECT -
B0 Cycles =

v

FIGURE 5-16 Review Setpoints
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N TAT

[MONITOR. STATUS.. - - J
<= setpts STAT configae

The MONITOR STATUS menu selection enables you to examine tbe system status and the felaystimers in
real-time for each function. Each status display may be scrolled in either direction by means ofthe front

panel knob. The second-level menu presents the following status options:

Voltage Status
including phase, neutral, peak phase, positive, negative, and zero sequence voltages.

Frequency Status*

Current Status
including phase, neutral, and negative sequence cutients.

Power Status
including real and reactive power, afid power factor.

Voltage Timer.
Frequency Timer
Current Timer
Power Timer
Reconnect Timer

Fuse Status
~the status of the fuses,in the voltage input circuit, including the external VT fuses and the

M-0420 intenal fuses.

Temperature
—-the unit’s intemnal temperature as reported by the onboard temperature sensor

Time of Last Power Up

*# NOTE: If there isno VT input, the FREQUENCY STATUS menu reports LOW VOLT
DISABLE. If the applied positive sequence voltage is approximately below
20 V, the FREQUENCY STATUS menu displays LOW VOLT DISABLE.
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NFIGURE RELA

CONFIGURE RELAYS = '~
w=satpts ‘stat CONFIG=*

The CONFIGURE RELAYS menu selection allows you to enable or disable the individual g€lay functions
and to optimize the M-0420 for either generator or intertie protection.

The second-level menu presents the following selections:
Voltage Relay
Frequency Relay
Current Relay
Power Relay

Trip Circuit Type (Intertie or Generator)

VT Fuse Loss

VOLTAGE / FREQUENCY / CURRENT / POWER RELAYS

Each of these menus allows you to enable or disabl€ individual relay functions. To enable or disable a func-
tion, highlight the ENABLE or DISABLE choice for the appropriate function and press ENTER. (Some func-
tions have additional choices to allow you to enable or disable specific features.) The CONFIGURE menu
for the phase overcurrent relay is shown in Figures S-17 and 5-18.

B NOTE: A disabled fufiction,will not appear under any menu or screen other than the
CONFIGURE'RELAYS menu. If all functions for a relay are disabled, the
message,FUNCTION DISABLED\SEE CONFIG MENU will be displayed when
the main meénu selection is chosen. Additionally, certain functions can have
theirgperation modified by other functions or menu selections; for example,
the 51V function can be directionally controlled by enabling the directional
control selection for the 51V function under the configuration menu. (Note
that disabling unused functions improves the response of the user indicators
and controls.)
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TRIP CIRCUIT TYPE

“TRIP CIRGUIT TYPE = =
INTERTIE generator =

The M-0420 can be optimized for either generator or intersie protection by means of the TRIP CIRCUIT
TYPE screen. To select the trip circuit type, highlight the desired selection and press ENTER.

When INTERTIE is selected, all M-0420 functions work as described in this Instruction Book.

When GENERATOR is selected, the M-0420 inhibits the trip outputs from the 27, 810, 81U, 27N, 32F, and
32R functions when the 52b status input (closed contact) indicates that the breaker is,open. This feature
ensures that the M-0420 will not send an unwanted trip signal while the generatoris offline, such as when
being brought up to speed. The functions, however, are still active, and their,Setpoints can be changed.

When GENERATOR is selected, the following conditions must be wue:

¢ The 52b breaker status input MUST be connected.

» The high-speed option on the reverse power and directional overcurrent functions MUST NOT be se-
lected.

Additionally, more accurate response will be achieved during off -nominal-frequency operation if the total
waveform (including harmonics) is used as the basis for/the rms magnitude of voltage and current. (This
option is selected by setting switch 8 of the internal configuration DIP switch to ON.)

B NOTE: Functions 59N and 27N,respond to the fundamental frequency component
regardless of the setting0f DIP Switch 8.

VT FUSE LOSS DETECTION

INTERNAL ‘FUSE :L0SS : LOGI
‘disable ENABLE ~ -

Internal VT fuse-loss détection can be enabled or disabled under user control. Additionally, blocking of the
27,51V, 67, and 32R¥functions during a fuse-loss condition can be individually selected. As shown in Figure
5-19, fuse-lossdetection‘and blocking are selected via the CONFIGURE V.T. FUSE LOSS menu under the

CONFIGURE REEKAYS/menu selection.
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SELECT
FUNCTION -'b-

SELECT.Y;
FUNCTION '.b.'

SELECT Py
FUNCTION

SELECT °®
FUNCTION

SELECT PY
FUNCTION

SELECT P
FUNCTION

PY ENTER
SETPOINT

° ENTER
SETPOINT

A+ ENTER
T~ SETPOINT

2 ENTER
v~ SETPONT

Path If

function
disabled

2 ENTER

XY).ENTER

1S SETPOINT

[courmuns ‘RELAVS "

+ setpts stat’ CONFIG -Q_J

ENTER

i

CONFIGURE ‘RELAY -
4= “CURRENT _RELAY:

ENTER

/

[ PHASE TIME OVERCURRENT" -'4'

disable NONDIRECTIONAL™

i {Rotate lnob to make stlection |

E= (=]

VOLTAGE ;CONTROL :OVERCURR - -
disable ‘V CNTRL v_rstrat. . .

| Rotate knob to make esiection|

VC“DELTA-Y TRANSFORM .~ -
DISASBLE onable B

fRotate knob to make sslection |

F—__'_"""'_"‘-__'_-_"l

Fmss 'DIRECTIONAL ‘OVRCUR -

DISABLE enable high-spd

Y
| otate imob to maks sebection |

e |
&

FIGURE 5-17 Configure Phase Overcurrent Relay (67 Enabled)
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%B)
FuNCTION © 7“5:;53-»: PHASE “IRST' ovsncunnsur
DISABLE -enable . -~ - -

[Use Arrow Keys to Select Option|

s ENTER
rnenon ® X ctteowr [ NEUTRAL TIME OVERCURRENT
DISABLE -enable B ¢

[Use Arrow Keys 10, SelectOption]

i

ﬂ*

R

o

SELECT o  )AZENTER . ——
FUNCTION "> SETPOINT NUTRL INST. OVERCURRENT. . . . ExTT
DISABLE enable -

|use‘arow Keye to Select Option]

ENTER
1

¢ ENTER y —
FncTion ®  TXsetroift W NEG SEQ TINE OVERCURRENT |
DISABLE -enable -

[Use Arrow Keys 10 Setect Option}

i

FIGURE 5-18 Configure Phase Overcurrent Relay (continued)
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SELECT 3y ENTER
FUNCTON .  © setpomT [ CONFIGURE RELAYS: S
4= setpts stat CONFIG -D i)

{Rotate knob to make selection |

SELECT )2 ENTER
FUNCTION > ® SETPOINT [courmuma V.T. FUSE Loss 1) -
¢=trip FUSE T
ENTER
SELECT Yy ENTER
FUNCTION > © SETPOINT [zvgsn::L ::«’::;.éoss Loazc
saple -

[Rotate knob to enable or dissble blocking)

.E..

Fonon X @ ENTER [BLOCK ‘PHASE_UNDERVOLTAGE

disable ENABLE ° Exir

|Rotate kmob to enable or disableihiocking |

ot

EXIT

el

| Rotate iiob to enabie or disable blocking |

ﬁ

FunCTon - ® SETee s W BLOCK TIME OVERCURRENT —
disable ENABLE -
L]
| Rotate knobto enable or disable biocking |
FUSELECT X ofENTER  (BLOCK TIME OVERCURRENT —
disable ENABLE

|Rotate kmob to enabie or disable biocking |

i

FIGURE 5-19 Configure VT Fuse-Loss Blocking
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VIEW TARGET HISTORY

‘VIEW TARGET HISTORY.:
4= TARGETS fault re¢ -9

The VIEW TARGET HISTORY menu enables you to review the targets for the previous,five ttp conditions.
As shown in the example below, the target history for each trip cycles continuously through asséquence of
screens until you press EXIT. Both status information (which indicates when a value was outside the setpoint
range) and timer information (which indicates when a value was outside the setpoint range and the timer
expired) are shown, along with individual phase element information where appropriate. A time/date tag and
the trip counter are also displayed. The second-level menu presents the followingiselections, with Target O
being the latest trip. You can clear all trip history data to provide a clean starting point for further target
recording by pressing ENTER at the final selection.

Target 0
Target 1
Target 2
Target 3
Target 4

Clear Target History
I

TRGT_0. 08/22/93 10 19 12
TRI" =12

(TRGT_0 -.oe/zzloa_ 10:19: 12
 ~TIMER TARGETS «: =~

TRGT_0 :06/22/93 10: 19:12 )
| PHASE UNDERYOLTAGE #1 |

Cycles
contifoUsly (TR0 06/22/93 10:19:12)

through : /€293 10:19: 1
screens | ‘PHASE AB=X BC=X GA=X ~

('TRGT_0 06/22/93 10:19:12)

| -STATUS TARGETS - |

TRGT_O 06/22/93 10:19:12 |
| PHASE UNDERVOLTAGE #1 |

(TRGT_0 06/22/93 10:19:12)
L PHASE AB=X BC=X CA=X )

FIGURE 5-20 Example of Target History Screens
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FAULT RECORDER -

FAULT RECORDER . -
s targets FAULT_REC ap

The fault recorder function records comprehensive fault data from the three phase and the néutral voltages
and the three phase and the neutral currents at 16 samples per cycle (960 Hz), and fromithe'S2b and 60 FL
status inputs at 480 Hz. The FAULT RECORDER menu selection enables you to determine the Status of the
fault recorder (whether armed or not, and if armed, whether triggered or not), and to arm,or disarm the
recorder. Fault recorder information can be downloaded via the RS-232C ports to an IBM-Compatible per-
sonal computer running the M-0429A BECOCOM™ Communications Software package,Once downloaded,
you can examine the waveform data and output it using the M-0428 A BECOPLOT™/Fault Data Analysis
Software package. (Refer to the M-0429A BECOCOM™/M-0428A BECOPLOT™, User’s Guide for more
information on downloading and analyzing fault data.)

The fault recorder can be either armed or disarmed. In the armed condition,the fault recorder will be trig-
gered to freeze the data when a breaker open (52b) signal is present. The Status display changes from ARMED
to TRIGGERED.

When armed but not triggered, the recorder continuously records waveform data, keeping the data from the
most recent 96 cycles in its memory. When the breaker opens, as indicated by the external contact closure at
the 52b status input, the recorder is triggered. It continuges recording for a minimum of four to six additional
cycles (default value is S% post-trigger data acquiSition) andthen goes to disarmed mode, keeping the 95%
pre-fault and 5% post-fault snapshot of waveform data in its memory for downloading via the M-0429 soft-
ware. You can also trigger the fault recorder manually through the M-0429 software.

B NOTE: Thefaultrecorder isinitially disarmed after power up. To arm the faultrecorder,
choose the ARM menu selection and press ENTER; the recorder will be armed.

AUTOMATIC FAULT RECORDER RE-ARMING

The fault recorder can be set'te rearm itself automatically under the FAULT RECORDER menu selection.
When auto-rearming is enabled, the fault recorder is artned when the breaker closes (as indicated by the 52b
contact opening input).and triggered when the breaker opens.

A CAUTION:The previous fault record is lost once the recorder is rearmed. When auto-
rearming is enabled, the fault record must be downloaded while the breaker

is open.

POST, TRIGGER DELAY

dhe post trigger delay function permits you to vary the distribution of data before and after the fault over the
range from 5% to 95% of the 96 cycles.
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«="COUNT ‘coma setup exit

The system counters count the numnber of trip, close, self-test alarm indications, and powerA0ss situations.
By pressing ENTER from the READ COUNTER menu, you can determine the present count of€ach counter,
and, if desired, clear them. The second-level menu presents.thecounters in the following,ordes:

Trip Counter

Close Counter
Alarm Counter
Power Loss Counter
Clear Trip Counter
Clear Close Counter
Clear Alarm"Counter

Clear PowerLoss Counter
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NICATION
uCIHlIUNIGATION;Qw_;.3-, ,_c)
= count GOMN setup ‘exit

You can configure the M-0420 for communication via the RS-232C ports using the COMMUNICATION
menu. In a typical communications application, the rear-panel communication port is permanently connected
to a modem, while the front-panel port is kept free for on-site programming via a laptopy)PC¥The second-
level menu selections are described below. Refer to the M-0429A BECOCOM™/M-0428A
BECOPLOT™Software User’s Guide, and to Appendix C, Communications, of this, Instruction Book for
detailed information about these functions.

CONRAGURE COM 1/CONFIGURE COM 2
CONFIGURE COM1
COM1 com2 com_adr :accssd

The CONFIGURE COM1 and CONFIGURE COM2 menu selections enable you to set the baud rate and
parity for the front- and rear-panel RS-232C ports. The M-0420'can communicate at up to 9600 baud and
with even parity or no parity (parity disabled).

B NOTE: These parameters must matéh those ofthe attached modem, computer, or other
communications device. The default parameters have been chosen to match
the default parametersihsupplied with the M-0429A BECOCOM™
Communications Software package. -

COMMUNICATION ADDRESS

‘COMMUNICATION ADDRESS
comi .com2 COM_ADR .accss9

The communication address capability allows multiple units (M-0420 or other compatible Beckwith prod-
ucts) to share a phone line of modem. Each M-0420 can be given an individual address ranging from 1-200.
All M-0420s have theygroupsaddress of 230. More information on the use of communication addresses is
provided in the Chapter 2,'Application, of the M-0429A BECOCOM™/M-0428 A BECOPLOT™ Software
User’s Guide.
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COMM ACCESS CODE
[ COMM-ACCESS CODE - J

com1 com2 com_adr ACCSS9

This function enables you to restrict communications access to the M-0420 function setpoints by establish-
ing a security access code. Setting the access code to 0 will disable this protection.

ISSUE COM 2 MODEM LOG ON

‘ISSUE COM2: MODEM LOG ON
(- ISSUE enter """ SN

The ISSUE COM2 MODEM LOG ON menu selection enables you to send the predefined COM2 initializa-
tion parameters to the attached communication device. These parameters may be'used for initializing a mo-
dem, and are defined using the ENTER COM2 MODEM LOG ON command.

ENTER COM 2 MODEM LOG ON

ENTER com2 MODEM I.OG ON
4 issite’ ‘ENTER S,

Using the ENTER COM2 MODEM LOG ON menugyou ¢an define a string of initialization parameters to be
sent using the ISSUE COM2 MODEM LOG ON menu selection. These parameters are also sent on power-
up. For a Hayes-compatible modem set as receives;the following string might be used:

AT EQ QV &DJ SO@=2 X4 M1

Ifthe first character of the ENTER COM2 MODEM LOG ON string is a space character, no log-on string will
be issued through the COM 2 port, in effect disabling the Log On function.

Many factors are involved imchoosing the current characters for the log-on string including manufacture,
type, speed and default settings ‘of the modem selected. Some modems allow all parameters to be set up
before installation, thereby eliminating the need for the modem string altogether.

Beckwwith Electric ha§ a seties of applicaion notes relating to communications issues. Please contact the
factory at (813) 53523408 for further information.
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SETUP UNIT

'SET“P_ -U"_I.T.“_.. R L
<=Count coan SETUP exit

The SETUP UNIT menu selection enables you to perform tasks necessary to set up the unitfor operation.
The second-level menu selections are described below.

SOFTWARE VERSION

SOFTWARE VERSION. . . "
VERS :access time dipsw9

The SOFTWARE VERSION menu selection presents the current software/version. This menu selection dis-
plays the same software version number that is displayed when systém power is turned on.

ALTER ACCESS CODES

ALTER -ACCESS CODES :
vers ACCESS time :dipsw 9

The ALTER ACCESS CODES menu selection enables you to define and change access codes. The M-0420
supports three levels of access codes:

Level 3 access access to/ll relay functions (including defining or changing access codes)
Level 2 access read and change setpoints, monitor status, view trip history
Level 1 access read Setpoints, monitor status, view trip history

Each access code is a one- to four-digit,number. If the level 3 access code is set to 9999, the access code
feature is disabled. Access codés are.entered in the same manner as any other value, using the rotary knob
and the left- and right-arrow,pushbuttons.

B NOTE: If access codes are enabled (the level 3 code is set to something other than
9999); you must have level 3 access to alter any access code. If you forget
your access code, you will have to contact the factory for information on resetting
the unit.
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DATE & TIME |
‘DATE & TIME - - =
|

ers :access TIME :dipsw 0

The DATE & TIME menu selection enables you to set the unit’s internal clock to the current date and time, to
synchronize the clock, to start and stop the clock, and to calibrate the clock’s time base.

B NOTE: Theunit is shipped with the clock stopped.

DIP SWITCH SETTINGS

The DIP SWITCH SETTINGS menu enables you to determine the setting ofithe intermal configuration DIP
switches. Choosing this menu selection will display the default screen/shown below (60 Hz version). For
further information about the DIP switches, see Chapter 6, Installation.

DIP SWITCH SETTINGS | f1X '8 OFF OIPSWITCH
vers access time DIPSW 4 xxxxxxx ON

INPUT USER LOGO

USER LOGO LINE 1 .
¢L0GO1 ‘logo2 ‘disp okledd

The INPUT USER LOGO menu selection enablesiyou to enter two alphanumeric lines (User Logo 1 and
User Logo 2) to identify the unit. If these lines are,defined, they will be displayed instead of the Beckwith
Electric Co. screen at certain times. The information on these screens is also automatically transmitted via
COMt and COM2 during remote commumications in order to aid in identifying the relay. To enter a line, first
use the left- and right-arrov) keys*to move the cursor to the location of the desired character. Next, use the
front panel knob to select the desiged character from the ASCII character set. Repeat this procedure for each
character in the message. Whenythe,desired message has been entered, press ENTER.

B NOTE: The userlogo screens will be displayed if the first character of line 1 (the top
menu line)is any character other than a space. If a space character is present,
thisfeature is disabled.

LCD DISPLAY BLANKING

LCD DISPLAY BLANKING
¢logo1 logo2 DISP okledd

The(kCD,\DISPLAY BLANKING menu selection enables you to select the screen-blanking option for the
Liquid\Crystal Display. When screen-blanking is enabled, the LCD will blank two seconds after EXIT is
chesen from the top-level menu and after five minutes of unattended operation from most other menus. This

feature is enabled as shipped from the factory.
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RELAY OK LED FLASH

RELAY ‘OK LED FLASH -~
¢logo1 logo2 disp:OKLED9

If this function is enabled, the RELAY OK LED on the front panel will flash at the rate of about two flashes per
second. If disabled, the LED will be on continuously.

V.T. AND C.T. RATIOS

¥.T. l C T. RATIOS Y. T PHASE . HATIO V T. KEUTRAL RATIO _
MTIU : SRR R B\ T 1 ORI 1 ﬂ 1
C.T. PHASE RATIO c T NEUTRAL RATIO '1”1:'

1,021 ERE 10N S

In order for the M-0429A BECOCOM™ Communications Software,program to properly display primary
values for voltages, currents, and power, the program must have availabléjthe appropriate VT and CT ratios.
For this reason, each M-0420 can be programmed with its VT and CEratios. During communications, these

ratios are transmitted to the BECOCOM program.

B NOTE: These ratios are used for BECOCOM display purposes only; they are not used
in the M-0420 for any calculations'andneed not be setif remote communication

is not desired.

These ratios are always set as X to 1. For example, if the VT is a 600 V/120 V or 575 V/115 V, the ratio
would be input as 5.0to 1.

B NOTE: When the VT secOndary Voltage has been chosen to be 120 V (viathe internal
configuration DIP:switch), the VT ratios should be calculated as marked on
the VT. However, when 69.3 V has been selected, the VT ratio should be divided
by V3. Ferexample, a 600 V/69.3 V VThas a ratio of 600/(69.3x v3 )= 5 or
5.0:1. (Whengthe 69.3 V option is selected, the M-0420 internally scales the
input voltages by a factor of ¥3 to provide a nominal 120 V. Hence the V3

factonin'the above equation.)

When the VT inputsare selected as line-to-ground through DIP switch 5, primary line voltages are displayed
as follows:

Vag=Vav3 Vpc=Vev3 Vga=Ve3

Becaus€of the many connections and ratios available with CTs and VTS, experimentation with various ratios
may beéwequired to achieve the proper primary value display.
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Pressing ENTER when EXIT LOCAL MODE is displayed returns you to the default message freens. ¢
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6
INSTALLATION
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The M-0420is shipped with the initial relay settings listed in the Specifications at the front ofithis book and
in Chapter 2, Application. Select settings that are unique to your application using theCONFIGURE RELAYS
menu and then the specific settings for each relay function. Review the front panel operation of the M-0420
described in Chapter 3, Front Panel Controls, before you attempt the following,procedure.

B NOTE: The following procedure can be performed before the M-0420 is installed. All
settings will remain stored in its memory even after power has been removed.

1. Connect power to the M-0420’s rear power terminals (as\marked on the rear-panel power supply label
and as shown in Figure 6-5, External Connections).

2. Asdescribed in Chapter 4, Operation, the relay performs,a power-on self test routine and ends by cy-
cling through a display of all of the functions that are tripped. Assuming that various voltage functions
are enabled, and that there are no test voltage inputs connected, you will see various voltage targets
identified as having tripped.

3. To set the system clock, proceed as follows:
a. Press the ENTER pushbutton to go to the beginning of the main menu.
b. Rotate the knob clockwise intifSETUP UNIT appears on the first line of the display.

c. Press ENTER, and rotate the,knob to TIME.

d. Press ENTER. The date,and time in the system memory will appear. If the clock is stopped (the as-
shipped condition),the seconds digits will not change. If so, press ENTER, rotate the knob to START,
then press ENTER again. The DATE & TIME menu will retum. Push ENTER. The selection SET will
be in capital letters. Press ENTER and step through all of the elements of setting the date and time
using ‘the rotarydnob and saving each entry using the ENTER pushbutton. After the last ENTER, the
DATE & TIME menu will appear again. Press ENTER, and the new date and time will appear on the
display, with the seconds digit incrementing. To synchronize with utility system time, set the time
somewhat ahead and use the SYNC function. Press EXIT to return to the SETUP UNIT menu.

The,battery-backed clock will maintain system time when system power is removed. However, if the
M-0420 is to be taken out of service and stored, it is best to stop the clock.
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10.

14

If desired, set the user logo screen to your company name and location of the relay by pressing ENTER
from SETUP UNIT and rotate the knob clockwise to USER LOGO LINE 1. Press ENTER. The default
Beckwith Electric logo will appear, with the underline cursor under the farthest left character. You can
change this character through a complete set of capital and small letters, numbers, and symbols by turn-
ing the rotary knob. When the desired character is visible, press the right arrow pushbutton. This moves
the cursor to the next location. When all characters are correct, push ENTER. The screén -WAIT- will
appear, then the display returns to the USER LOGO LINE 1 selection. Select USER OGO LINE 2,
repeat the process, then EXIT.

B NOTE: If the M-0420 is to be used with the M-0429A BECOCOM™ Communications
Software package, these lines should be set to an unambiguous. identifier; for
example, Beckwith Electric\62nd St. Substation.

If desired, calibrate the unit following the calibration procedure detailed in' Chapter 7, Test Procedures.

B NOTE: The M-0420 has been fully calibrated at the factory using very precise and accurate
test equipment. There is no need to recalibrate the'unit before initial installation.
Further calibration is only necessary if #¢omponent was changed during a repair
procedure, and will be only as accuratéas the test equipment used.

Set the internal configuration DIP switchestaccording to your application. Refer to the DIP Switches
section following for more information on'the loeation of the DIP switches and for a description of their
settings. The default DIP switch configurationys shown on the yellow tag attached to the unit when
shipped. The configuration can also be detérmified at any time by accessing the DIP SWITCH SETTINGS
portion of the SETUP UNIT menu.

If remote communication is required, set the baud rate, parity, and other parameters for the COM1 and
COM2 ports by following, thetinstructions in Appendix C, Communications, and in the M-0429A
BECOCOM™/M-0428A BECOPELOT™ User’s Guide.

Enable the desired relay functions under the CONFIGURATION menu.
B NOTE: Disabling unused functions improves the response time of the indicators and
controls.

Enter the desired setpoints for the enabled functions. See Chapter S, Menu Reference.

If security is desired, set the user access codes.

Install the unit and connect the external input and output signals to the relay according to the rear panel
terminal block markings as shown in Figure 6-5, External Connections.
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MISSIONING CHECKOUT

During M-0420 field commissioning, check the following to ensure that the CT and VT connections are
correct.

1. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display

. 'VOLTAGE “RELAY "~
VOLT freq -curr powr-=e

2. Tum the rotary knob clockwise until the unit displays
‘MONITOR :STATUS * "~ - -
- getpts STAT ConfTigme,

3. Press ENTER. The unit should display
Luourron VOLTAGE STATUS/

VOLT freq CUrr. powr =»

4. PressENIER. The unit should display either V A, Vg, V¢ (line-to-ground connections) or VAB. VBC: Vca
(line-to-line connections).

PHASE VOLTAGE ~ (Volts)
= -.0.0 B= 0,0C= 0.0

Compare these voltages with actual measurements using a voltmeter. If thereis a discrepancy, check for
loose connections to the rear terminal block ofithie unit.

5. Display positive, negative and zero sequence, voltages. Press ENTER until the unit displays
[ POS 'SEQUENCE VOLTAGE )

0.0, Volts

The positive sequence should bé Vpgs= Va=Vp=Vcor Vag= VBC= Vca

6. Press ENTER until the unitdisplays

NEG 'SEQUENCE -VOLTAGE
‘0.0 Volts

The negativeSequence should be Vg =0

7. Press ENTER uftil the unit displays
[zsno SEQUENCE VOLTAGE )

0.0 Volts

The zero sequence should be Vzgro =0

If the'negative sequence voltage shows a high value and the positive sequence voltage is close to zero,
the phase sequence is incorrect and proper phases must be reversed to obtain correct phase sequence. If
the phase sequence is incorrect, frequency- and power-related functions will not operate properly and
the MONITOR FREQUENCY STATUS menu will read LOW VOLT DISABLE.
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11

12.

If positive, negative and zero sequence voltages are all present, check the polarities of the VT connec-
tions and change connections to obtain proper polarities.

Press EXIT until the unit displays

MONITOR:VOLTAGE STATUS :
"VOLT-freq ‘CUrr :powr s

Tumn the rotary knob clockwise until the unit displays
[-’MONITOR ‘CURRENT -'STATUS)

‘volt “freq CURR powr —e

Display line currents (15, Ig, Ic). Press ENTER. The unit should display

PHASE ‘CURRENT ~ (Amps)
‘A=:00.0 B=00.0 :C= 00.0

Compare these currents with the measured values using a meterIfthereis a discrepancy, check the CT
connections to the rear terminal block of the unit.

Display negative sequence current. Press ENTER. The unit should display
(:uss 'SEQUENCE CURRENT - )

0.0 °Amps

Negative sequence current should be closet0 zero amperes. If a significant amount of negative sequence
current (greater than 25% of 14, I, Ic,itheni€ither the phase sequence or the polarities are incorrect.
Modify connections to obtain proper phase sequernce and polarities.

PressEXIT until the unit displays

‘MONITOR ‘VOLTAGE .STATUS .
“VOLT freq curr powr =s

Tumn the rotary knob clockwise until the unit displays

‘MONITOR POWER STATUS -
“volt ‘freq ‘curr POWR =»

Display real power and.check its sign. Press ENTER. The unit should display
[REAL POWER J

.00 PU

The sign should be positive for forward power and negative for reverse power. If the sign does not agree
with actualonditions, reverse the polarities of all three CTs.
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DiP S
Certain system conditions and M-0420 operator preferences must be set at the time of installation. These

parameters are established using an 8-position DIP switch inside the M-0420.

B NOTE: The DIP switch settings can be examined from the front panel by usifg the
DIPSW selection under the SETUP menu. Appendix E, Configuratiom;Record
Forms, of this manual contains a form for recording the unit’s DIP switch setlings.

Accessing the Internal Configuration DIP Switch

Release the four captive screws (two each at the top and bottom of the front panel) and pull the internal
assembly from the housing. As shown in Figure 6-1, the DIP switch is accessible from the bottom front of
the unit.

B NOTE: Significant force is required to remove andTéplace the unit in its housing,

Switch Description ON |down) OFF {up)
1 Not for user eslection. This ewlich mustbese! OFF.
“2 Collbmie Reley . Ntmal Ogeration - Calibeate Fleley .0
3 Dlagnostic Mode Normal Operation Dlagnostic Mode
4 ReversoPowar - . - .Ammmpmrﬂowlnmy TMMIS-DMQMV
. R R . «.onephmmmnbsmuy ~Mustba lntherevarse ... -
| o --j.drucllon for relay.initiation = =
! AorPBorPC<mDOInt) .(P +PB +PC<ao!pOInI).
 Oiractonal Cumant 8, s or th or Ic:umnt L I_a.-lh_.:mﬂ_ic;qmpoim
5 Basic VT Inputs Uineto Line Lineto Ground
6 VT Secofidary Vollage 69_._3\!&:"" T 120 vec
7 System Fregquancy 60 Hz 60 Hz
8 Basis tor s Magnitde of Total Wavetonn™ . menm mqumw
Voitage and Current {Inchiding Harmonhics) component only
“When the'69.3 Vaplion is amlected. the M-0420 inlernally ecales the 65.3 V input to an equivajent 120 V
{1 pu} for setting and display purposes.
“*Neutral voitage Amnctions (SON and 27N } respond b fundamental ir8quency component only regardess of the
satng of.DIP swith 8.

E\NOTE: If line-to-line is chosen for the basic VT inputs (DIP switch 5 is ON), reverse
power sensing will respond to total three-phase power regardless of the setting
of DIP switch 4.

TABLE 6-1 Internal Configuration DIP Switch
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Reverse Powesr initiation:

PA + PB + PC < setpoint
Directional Current:

la, Ib, and I¢c > setpoint

Calibrate Relay

" “DiagnosticMods '

" Not for user selection. - 4 -
“This switch must be set OFF. *"

N W

" Bottom view ofM-0820unit,
. removed from puill-out case.

i

CUGGE

L OFF
;: ON

i

5 VTinputs: line to ground

" 6 VT secodiywitipe: 120 Vo
L 7 Sys.tem'l—"redt.:-e.ni:'\.r;'é(.)Hz tt '

g AMSmaghituds caiculated by
. Sundamenta! frequency ::
i sgeomponent.only:*

TR

12345 6 78

Normal Operation
‘Normal Operalion

Reverse Power Initiation:
PA or PB or PC < setpoint
Directional Current:
la or Ip or Ic > setpoint

B NOTES:

*

ok

it

59N and 27N functions respond to fundamental frequency component o finput waveform
onlyregardless’of the position of switch 8.

When 69.3W is chosen for the VT secondary voltage, 69.3 V is internally converted to

‘Not for user selection. -
This switch must be set GFF, . -.

D M

OFF
ON

g+ AMS magnitude caiwlaledo:?e total
- waveform (including harmonics).”

7 System Frequency: 50 Hz t+1

6. VT secondary volege: 69.3 Vac*:

5 VT inputs: lineto line t

120V (1 po) for all calculations and for setting and display options.

If line-to-line is chosen for the basic VT inputs (DIP switch 5 is ON), reverse power

sensing will respond to total three-phase power regardless of the setting of switch 4.

If the system frequency selection (DIP switch 7) is changed from the original factory
calibration, the unit must be recalibrated (see the self-calibration procedure in Chapter

7, Test Procedures).

FIGURE 6-1 Intemal Configuration DIP Switch—60 Hz.




INSTALLATION -6

MECHANICAL

The M-0420 is designed as a drawout case for semiflush panel mounting. It will directly mount in a panel
prepared for either a General Electric L-2 or Westinghouse FT-41 housing. Dimensions for these mounting

configurations are provided in Figures 6-2 and 6-3.

B NOTE: If this is a new installation, choose either mounting configuration andyprepare

the panel accordingly.

a 1
] 83
*19) A E——
lo 077 ey "::V_} Diafhater
+ |
4 .é{, e
%
(10.8)
s ¥
@7
B M-0420
=" Case Beze!
21 ‘_2{~
A a2
0% | ‘ i
32 - n — ?_ e | —
{528) L ERT ‘ 35¢ e
S I ﬂs;—"_a.a)—l' e
a3 2
32
@7 (16.8)
Max. Depth:
i
(35.8)
J S| ¥ YL_._.
o o
[ ] ]
t. 7 inches
I (10.4) (Centimaery)
Front View

FIGURE 6-2 Mounting Dimensions for GE L-2 Cabinet
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1512‘ 5'1% -} Diameter
¢ et (14.1) N sy
ol e e
T S A PR L
11 U 1 .
8 o O
(29) S S
R 235
o a3 N4
Bezel \
S 5
N 2 I i
o 2 ) (] 2 8 . | 4 20
? - (72) —buq—»(lz) s : ry (52%
ole
(227)
o
(235)
Max. Depth:
144
(35.9)
o o
o o — :
~ * ® 1
- 7% > Inches
(19.4) (Centimeters)
Front View

FIGURE 6-3 Mounting Dimensions for Westinghouse FT-41 Cabinet
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IDE VIEW -
-——— - Approx. 19 (48.3) -
g ] 4 e — 144 @88 — Approxs ,|
EA 4%--‘4 I.
(1.4 |

oe

HwEOO

e

rma ~ifﬁ;;ﬂ;f 

(64) 0.851

(165) g 226]
3 {5.72)
1 o o L 2
l 0.895 2599
f
inches |
{Centimeters) h J

@ NOTE: Approximately 2.5" clearance is required when a right-angle connector is used
for the rear RS-232C port.

FIGURE 64 M-0420 Side View
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Neutral Current
input

VA or VAB

Phase Volitage
Inputs o < Vg or Vgc

\ Vc or ch

Neutral Voitage
Input

{
|
{
{
{

EXTERNAL CONNECTIONS

OO+

OO =

OO

OO 4 s2n 32 (D)
5} WroT 33 OmD
O 6 210 @
O 7}., 35 On0
CDe| ® 3s OO
o} ar OO
OmD10] © _1:38
D11 AN T 30 (O
o112 } sz £ 4900
(13 ALAHII 41 G
14} A 42@nC)
O=D15] » s$§$E43
15} 8 _E“
1 45
46 G &
19 wr _E"
On(3)20 W0 T 4o )
Om) 23 9 Om)
OO 22 ggcm‘%so (D)
(w23 51 O
(O com 52 (m(D)
OO oy 52 OO
OO G 1 P8 Om(D
OO : PR (-) S5 (DD
OO P 86 C)

-

} Chassis Ground*

52b Breaker
Status Input

External V.T.

Fuse Loas Input
52b
I 7

I™

} Relay Output
(Trip Annunclato)

} Relay
(SQIf lost lerm)

Relay Output
Power OK
tatus Alarm)
ormully
C37.90
Common Relay Outp t
rip}
Normally
Closed
C37.90
Rolzy Output
use Loss)
Normally
Open Ccar.90
Common Relay Output
N | (Reconneci Enable)
ormall
cloudy

External Status Common ——

Hot(+)

} Power input
Neutral (-)

Power Supply
Option Labai

*4 CAUTION: Always connect both locations (terminals 23 and 31) to external chassis

ground.

M NOTES:

“2. Normally-closed contacts will open when the M-0420 is removed from its pull-out case.

2. Unmarked terminals reserved for future expansion.
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M-042
v

B3

R
R

o

- ~
v v
L] L]

Ve Vp

.
A

Bl NOTE: On the interna) configuration DIP switch, seléct line-to-ground for basic VT
input and either 69.3 V acor 120 V aefor VT secondary voltage.

FIGURE 6-6 Connections for Wye<Wye-Connected VTs

T ANAAASe l VAAAT . <
Y Yy Y=
_Tf'-l -
M-0420
\""W"'-': M A [
Vea Vee Vag

B NOTE: On the internal configuration DIP switch, select line-to-line for basic VT input
and either 69.3 V acor 120 V ac for VT secondary voltage.

FIGURE 6-7 Connections for Open-Delta-Connected VTs
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o ” LT L A
(Y Y ()

M:0420
00 66 ©O
e Sy L NG,
Vea Vec Maa

Bl NOTE: On the internal configuration DIP switchyselect line-to-line for basic VT input
and either 69.3 V ac or 120 V ac fof VI'secondary voltage.

FIGURE 68 Connections for Delta-Wye-Connected VTs

UL-APPROVED TERMINAL BLOCK CONNECTIONS

Serial Numbers 145 and above of the M=0420 are listed to UL Standards for Safety by Underwriters Labora-
tories Inc. (UL). To fulfill the UL requirements, terminal block connections must be made as illustrated in
Figure 6-9: the wire should be, N0:112 AWG inserted in an AMP #324915 (or equwalent) connector, and
both screws tightened to 20 inch-pounds torque.

o O

12AWG

AMP #324915 GD—__C[D
or equivalent .

Recommended Wire Terminations

Tighten to 20 inch-pounds

FIGURE 6-9 Wire Terminations for External Connections as Required for UL Listing
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7
' TEST PROCEDURES

This chapter presents step-by-step test procedures for each M-0420 function as well as the diagnostic mode
procedures and the self-calibration procedure. (The diagnostic mode procedures provide a meansyto check
the basic functionality of the relay, including inputs, outputs, the alphanumeric display, LEDs, pushbuttons,
and the COM ports.) Refer to Figure 6-5 for the external connections diagram. These tests, aréibased on the
three-phase line-to-neutral configuration, with DIP switches 4 and 5 OFF (up).

URIt SOtUP ...t R 7-2
Equipment Required ...................cccooiiviercieneieeeeeeeeeee s smmee o st 7-2
Testand Equipment Setup ...........ccceeievcnvrecerccnenne e B 2 7-2
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Functional Test Procedures
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59 RMS Overvoltage, 3-Phase .. hu.......cccceeveeeevveeeneenenns 7-22
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Neutral Circuit or/Zerg\Sequence...............ccoccceeevenene 7-25
59| Peak Overvoltage,. 4 ........ccccovruerveerrereccrenerereseaenenens 7-28
27 RMS Undervoltage, 3-Phase ............cccoeevruvvreeennn. 7-31
27N RMS Undervoltage, '
Neutral Circuit or Zero Sequence...............cccceveereenne. 7-34
60 FL V.T. Fuse-Logs Detection............ccccceereerrevecrreurnennene 7-37
810  OverFreqQUENCY .........cccoceeveeeeeerrereerecereerrecanneesnenns 7-39
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50 Instantaneous Overcurrent, 3-Phase.......................... 7-43
50N{, instantaneous Overcurrent, Neutral ........................... 7-45
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51VC/ inverse Time Overcurrent
with Voitage Control, 3-Phase...........ccccecveeuvereveeenene 7-51
51VR Inverse Time Overcurmrent
with Voltage Restraint, 3-Phase ..............ccccceeeruenn.e. 7-54
51N  Inverse Time Overcurrent, Neutral ............................. 7-58
46 Negative Sequence Overcurrent .............ccccoceueeevennnne 7-60
67 Phase Directional Overcument ..............coccverueennce. 762
32F  Directional Power, Forward Power, 3-Phase.............. 7-66
32R  Directional Power, Reverse Power, 3-Phase ............. 768
79 Reconnect Time Delay ..........c.cccccevvereeerernrcnrcceeennnne. 7-7
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UNIT SETUP -

No calibration is needed since the unit is calibrated and fully tested at the factory. If calibration is necessasy.
because of a component replacement, follow the self-calibration procedure detailed at the end of this chap-
ter. These test procedures are based on the prerequisite that the functions are enabled and have initial settings
as shown in Table 7-1, Initial Settings, the default, as-shipped configuration. (Functions with#4wo available
setpoints have only setpoint #1 enabled.)

Before beginning these test procedures, examine the DIP switch settings by going to th¢ SETUP UNIT menu
and selecting DIP SWITCH SETTINGS. If switches 4 and 5 are shown to be ON (down), rémove the unit
from its case and reset them to OFF. The applied test voltages and the M-0420 responses defined below are
valid only for the three-phase line-to-neusral configuration. If the unit is intended, for line-to-line service,
reset the DIP switches after completing the tests.

P EQUIRED

The following equipment is required to carry out the test procedures:

1. Two Digital Multimeters (DMM) with 10 A currentrange

2. 120V ac or 0 to 125 V dc variable supply for systemypower

3. Three-phase independent voltage sources (0 10 250 V) to simulate VT inputs*
4, Three-phase variable current sources (0<25 Apto simulate CT inputs*

5. Electronic timer accurate to at least'10' ms.*

*  Three Doble F2200 Test Systems or equivalent can be used.
** Doble F2200 or FT“2; or'equivalent timer.

T AN ETUP

1. Connect system power/togthe power input terminals 54 (hot) and 55 (neutral). The relay can be ordered
with a nominal inputipower supply of 120 V ac, 125V dc, 48 V dc, or 24 V dc.

B NOTE: Thé proper power for your relay is clearly marked on the power supply label
affixed to the rear panel.

2. Connect thé’voltage and current inputs according to the configurations shown in Figures 7-1 and 7-2.
Before beginning each test, set the test voltage inputs to 120 V ac and the current input to 2 A to simulate

normaloperating conditions.

OPTIONAL

3. Ohmmeter Connection: The status of the trip contact can be monitored by connecting an ohmmeter to
terminals 44 and 45.
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Device # Description Magnitude 1 Time Delay #1 )

L

& RMS Overvoltage, 3-Phase 132V(1.10PV)
m g.ﬁg{:'"om”'m'cmm orzm - e
89l . . .Pnkovuvollléo .....
27, - AMS Undemvoltege - osV(oR0PY) 30y
27N Q.M:I:J:::wolh.oo,n.m;lcmun t.ar Zaro . eo;l(o.;',o.PU) -
ﬁu Under Frequency
0 metentaneous Oversumen,sphess |11 gaa
BON ) " .. vtral . ” . 10.0.A. -
sy Inverss Time Overourrent, 3-Phise, whh Voltege ControlVoliege Reatram &1 =
Charactermtc Curve Very lnv;m )
Tap Setting 6.0A
Time Dial Setting s
Vottage Control Disabled
VoRkage Restramt Dimabled
Deha-Y Transform Dimabled
SIN inverse Time Ovarcument, Neutral BN
Tep Seting 6.0A
Tim ¢ Dial Beting 5
” . Nog Lo . o GO T
Tapastting 5.0A
Pickup (% of Tap Setting) S0%
Time Dial Settng 25
Dalinte Mexmum Tune to Trp 10,000 cycles
® Phese Dirsctions! Onm«mnumd “ L
Overcurrent Element . .
Magnituda 10.0A
June Delgy 30 cyctm
Ovections| Elemesm
Maxiram Genuitvity (Torqus) Angie (MSA} as5°
2 Diwctiane! Power, 3-Phase .
F orward Overpower 30PL
Tine Deley 30 cyctm
ReverseOverpowe! -3.0PU
Time Deley 30 cyctm
Tima Delay, Hoh-Speed setong Daabled
™ Revonmect Reley
Raconnect (close} Time Delay 60 Cycien

TABLE 7-1 Initial Settings
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§ V, =120 VacZ0°
14

) V, =120 Vac£-120°*
or
120.£240°

Hot @

Voltage Input 1
Neutral e
Hot @

Voltage Input 2
Neutral @
Hot @

Voltage Input 3
Neutrale

FIGURE 7-1 Voltage Input Configuration

.Polarity T § 5 .
Current Input 1 3 IAZL0°
. 6
- lveut o 7 o
i Ig<£-120°
Current input 2 or
. 8 IB£L240
. linput N 9 .
% IcL£120°
10
Current Input 3
11 o

FIGURE 7-2 Current Input Configuration

*B NOTE: The phase angles shown here use leading angles as positive and lagging angles
as negative. Some manufacturers of test equipment have used lagging angles as

positive, in which case Vp=120 VacZ£120° and V=120 Vac.£240°.
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DIAGNOSTIC TEST PROCEDURES

The diagnostic procedures perform basic functional tests to verify the operation of the M-0420 front-panel
controls, inputs and outputs, and communication ports. These tests are performed in diagnostic mode, which
is entered by setting DIP switch 3 to OFF (up).

To enter diagnostic mode;
1. Power down the unit and remove it from the draw-out case.
2. Set switch 3 of the internal configuration DIP switches to OFF (up).

3. Return the unit to the case and power up the unit. The DIAGNOSTIC MODE menu will be displayed.
Pnsuosuc MODE . ]

OUTPUT TEST -(RELAY) S
OUTPUT input 1ed button

Diagnostic mode selections work similar to those of the operationallmode, with the exception that after each
test is completed and the EXIT pushbutton pressed, the word DONEvis displayed. EXIT must be pressed one
additional &me to return to the DIAGNOSTIC MODE main menu.

If you press EXIT from the DIAGNOSTIC MODE main menu, the following screen will be displayed:

RETURN DIAG MODE DIP SW
PRESS "ANY KEY TO RESET

Toreturn the unit to normal operation, power down the unit, reset DIP switch 3 to ON (down), and power up
the unit.

Toreturn to the DIAGNOSTIC MODE"'main menu, press any pushbutton except TARGET RESET/LAMP TEST.
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OUTPUT TEST

The OUTPUT TEST menu selection enables you to check the individual relay outputs. Individual relay out=
puts can be selected by relay number using the rotary knob. The selected output can then be turned on or off

using the left- and right-arrow pushbuttons.

RELAY
NUMBER

RELAY NAME

1 TRIP

3 N/A

5 TRIP ANNUNCIATE

7 N/A

8 . NA

4 SELRTESTALARM -

NORMALLY OPEN

CONTACT*

4445

36-39

N ;_s‘__‘- L -n_EcoNNECTENAB__I'.E_:_'_ 4850 -

NORMALLY CLOSED
CONTACT*

* "Normal” position of the contact corresponds,to the,OF F (de-energized) state of the relay.

TABLE 7-2 "Output Test Terminal Contacts

1. Turn the rotary knob (if necessary)wntil the unit displays

OUTPUT TEST (RELAY) -
OUTPUT input .led button

2. Press ENTER.

The unit should display.

1

el

3. Press ENTER.

The unit should display

RELAY NUMBER
OFF on

7-6
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Referring to Table 7-2, connect a DMM between tbe normélly open contacts for relay 1 (terminals@4
and 45 of the TRIP relay). The output contacts should be open; the DMM should read = Q.

Connect the DMM between the normally closed contacts for relay 1 (terminals 45 and 46 of the TRIP
relay). The output contacts should be closed; the DMM should read 0 £2.

Use the right-arrow pushbutton to highlight ON. The unit should display

E&E'uy _;:;uum_sl:‘ﬁ : J
Press ENTER. The unit should display

off ON -
[ﬁELAvfnumaﬁﬁxﬁﬁ'*lha.'-]
S IR

The normally open output contacts should close: the DMM should, read 0'Q2 between terminals 44 and
45.

The nornmnally closed output contacts should open: the DMM should read - £2 between terminals 45 and
46.

Press ENTER.
The unit should display
RELAY NUMBER, =~ - - _
off ON ' '
Use the left-arrow pushbutton to highlight ©FF. The unit should display
| RELAY/NUMBER =~
OFF on - S s

Press ENTER. The unit should display

The normally open output contacts should open: the DMM should read - Q2 between terminals 44 and
45.

The normally closed output contacts should close: the DMM should read 0 Q2 between terminals 45 and
46.

7-7
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10. Turntherotary knob clockwise to select relay number 2. The unit should display QO

E!ELAY.'-HUHBEB e

4
11. Repeat steps 3 through 9 for relay 2 and the remainder of the relays being used. When finished, press
EXIT twice to return to the DIAGNOSTIC MODE main menu.

B NOTE: Relays 7 and 8 are not currently used. @
~END- Q
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INPUT TEST

The INPUT TEST menu selection enables you to determine the status of the individual status inputs. Indi=
vidual inputs can be selected by input number using the rotary knob. The status of the input will then be
displayed.

INPUT NUMBER DESIGNATION TERMINAL
2 | 60 FL Input 33
B s s
4 notused -
5 ) ' -.nofusgq- .   :_:  :,.f._f
6 not used —

TABLE 7-3 Input Test Terminal Contacts

1. Turn the rotary knob until the unit displays

INPUT/TEST l
output, INP T:led button

2. Press ENTER.
The unit should display
{IHPUT'NUMBER . -"j]
3. Press ENTER(
The unit should display

INP T NUMBER
CIRCUIT OPEN

4. Simulate closure of the 52b breaker status input contact by making a temporary connection between
terminals 52 (EXT COM) and 32 (52b).

7-9
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The unit should display : QO
[mur-nuuasn- e J

CIRCUIT CLOSED =

S. Press ENTER.

The unit should display

Disconnect the temporary contact.

"
N

6. Tum the rotary knob clockwise until the unit displays @

[IHPUT NUMBER . . .

e connection from terminal 52 to

7. Referring to Table 7-3, repeat steps 2 through S forinpu
return to the DIAGNOSTIC MODE

terminal 33 (60 F.L INPUT). When finished, press EXIT
main menu.

B NOTE: Inputs 3 through 6 are not )Q
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LED TEST

The LED TEST menu selection enables the user to check the front-panel LEDs individually.

LED DESIGNATION LED DESIGNATION
1 59 8 51/67
OVERVOLTAGE OVERCURRENT
L gy S
2.7 ' UNDERVOLTAGE - - POVERCURRENT .- & &
3 59N 10 51N
OVERVOLTAGE OVERCURRENT
T4 UNDERMOLTAGE M méumruebus
Aot oo /UNDERVOLTAGE 7 oo oy i “OVERCURRENT *
5 Oy 12 NEGATIVE‘gEQUENCE
OVERCURRENT
& ?‘R‘Eg"‘,‘gg; 0 4s @ NG DIRECTHONAL -
I OENLY. R Do \ :-TOVERPOWER-'--_-: o :_:..‘:_
7 RECORTED 14 BREAKER CLOSED
NOTE: LEDs 15 and 16am mrused The sascrﬁuucwomndsmsnssmownsos
are refered 10 by name du'ngrhs test aocedure. The POWER LED should be on :
-cotdinuously when power iod to thelunh. TheRELAYOKLEDs!mﬂdﬂashorsfayon
cominwus! (aspmgn thoSEIUP UNmeanu) whenpowsrisappbedbmeunﬂ

TABLE7-4 LED Designations

Turn the rotary knob until the,unitdisplays

LED TEST =
output input’ LED button

2. Press ENTER.

The unit should/display

LED TEST
LED Number 1=ON

and EED 1, 59 OVERVOLTAGE, should turn on.
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3. Press ENTER. ‘ 0

The unit should display

LED i-_Numboér'--‘._2.-=0'|i:'_:2"i. : )

and LED 2, 27 UNDERVOLTAGE, should turn on. \%

4. Referring to Table 7-4, repeat step 2 for each LED. When all LEDs have been tesn% EXIT twice to

return to the DIAGNOS TIC MODE main menu. 0
B NOTE: LED:s 15 and 16 are not currently used. Q

[LED':TEST_-'_:::.';:';.S':' G

7-12




TEST PROCEDURES -7

BUTTON TEST

The BUTTON TEST menu selection enables you to check the front-panel pushbuttons. As each pushbutton
is pressed, its name is displayed. The rotary knob should cause the displayed number to increment.

1. Turn the knob until the unit displays

BUTTON TEST -
output input led BUTTON

2. Press ENTER.

The unit should display

3. Turn the knob clockwise. The number should increment.

4. Tum the knob coimterclockwise. The number should decrement.
S. Press and hold ENTER.

The unit should display

BUTTON TEST | & °

6. Release ENTER.

The unit should display

Eunou TEST ]
0 SR

7. Repeat steps 5 and 6 forleach front-panel button (left- and right-arrow, TARGET RESET/LAMP TEST, and
EXIT. The name of thesutton'should be displayed while it is held down. When finished, press EXIT twice
to return to the DIAGNOSTIC MODE main menu.

B NOTE: “Since préssing the EXIT pushbutton will exit from this test, it should be checked last.

—END—
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DISPLAY TEST - O

The DISPLAY TEST menu selection enables you to check the Liquid Crystal Display (LCD). This test cyg
through varying test patterns until EXIT is pressed.

1. Turn the rotary knob until the unit displays ¢
@I)'SPLA_Y CTEST i e J \%
-DISP. backlit comi com2
2. Press ENTER. (b
The unit should display a sequence of test characters. 0
3. After the test has cycled through completely, press EXIT twice to r he DIAGNOSTIC MODE

main menu.
—END— @
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BACKLIGHT TEST

The BACKLIGHT TEST menu selection enables you to check the LCD backlight by tumning it on and‘eff
under manual control. The backlight will be turned on for normal operation regardless of whether it is turned
on or off when the DIAGNOSTIC MODE main menu is exited.

1. Turn the rotary knob until the unit displays

BACKLITE TEST '~ =~ °
isp ‘BACKL T comi com2-

2. Press ENTER.
The unit should display
BACKLITE ‘TEST "~ - .
OFF -on o T :
3. Press ENTER.
The unit should display
BACKLITE TEST _
BACKLIGHT OFF/ K

and the backlight should turn off.
3. Press ENTER.

The unit should display

BACKLITE ‘TEST . - - )
OFF*6n - .

3. Press the right-arrow pushbutton to’highlight ON. The unit should display

BACKLITE TEST . -
off ON
4. Press ENTER.
The unit should display
BACKLITE TEST '
BACKLIGHT ON

and the backlight should turn on.

5., Press’EXIT twice to return to the DIAGNOSTIC MODE main menu.

—END—
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COM1 TEST
The COM1 TEST menu selection enables you to check the front-panel RS-232C port. A loop-back plug'is

required for this test.

B NOTE: The loopback plug required for COMI consists of a DB9P connegtor ((male)
with pin 2 (RX) connected to pin 3 (TX) and pin 7 (RTS) connectedtg_pin"8
(CTS). No other connections are necessary.

1. Tumn the rotary knob until the unit displays

COM1- TEST - O
«disp backlit com comz

2. Press ENTER.

The unit should display

COMY TEST - 4
CONNECT - LOOPBACK PLUG

3. Connect the loop-back plug to COM1, the front-panel’'RS-232C connector.

4. Press ENTER.

The test will run; when complete the unitshould display

Cout TEST el

5. Press ENTER toreturn to the DIAGNOSTIC MODE .main menu.

—END—
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COM2 TEST

The COM2 TEST menu selection enables you to check the rear-panel RS-232C port. A loop-back plugiis
required for this test.

B NOTE: The loopback plug required for COM2 consists of a DB25P connectof (méale)
with pin 2 (TX) connected to pin 3 (RX) and pin 4 (RTS) connected,to pin'S
(CTS). No other connections are necessary.

1. Tum the rotary knob until the unit displays

COM2 TEST oo
disp backlit :com1: comz

2. Press ENTER.

The unit should display

€O TEST - 4 .
CONNECT 'LOOPBACK:PLUG ™

3. Connect the loop-back plug to COM2, the rear-panel’ RS-232C port.

4. Press ENTER.

The test will run; when complete the unitshould display
comz fEST - .
PASS . S

5. Press ENTER to return to the DIAGNOSTIC MODE main menu.

—END—
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OTHER DIAGNOSTIC MODE COMMANDS

The following diagnostic mode commands are not part of the diagnostic procedures, but are included here

for completeness.

Clear Battery Backed RAM

The CLEAR BATTERY RAM menu selection enables you to clear the internal battery-backeéd RAM. This
will clear all currently stored trip data, along with the counters and other internal data.

1. Turn the rotary knob until the unit displays

@;EAR 'BATTERY RAM

BRAM .clock init -

2. Press ENTER. The unit will display the following screens:

CLEAR BATTERY RAM 4
—WAIT-— . N

CLEAR ‘BATTERY RAM( =~

~DONE~ "~

3. Press EXIT toreturn to the DIAGNOSTIC MODE main(menu.

—END—

Clear Date and Time

The CLEAR DATE AND TIME menuyseléction enables you to reset the unit’s internal clock to 01/01/01

01:01:00.

1. Turn the rotary knob until'the unit displays

CLEAR DATE & TIME
bram :CLOCK init

2. Press ENTER. The unit'will display the following screens:

CLEAR DATE & TIME
~WAIT.-

CLEAR DATE & TIME
—DONE-

34, Press EXIT to return to the DIAGNOSTIC MODE main menu.

—END—
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Initialize Setpoints

The INITIALIZE SETPOINTS menu selection enables you to reset all setpoints to their initial settings as
defined in Chapter 2, Application, and the Specifications at the front of this book.

Bl NOTE: This selection will also reset all access codes.

1. Tum the rotary knob until the unit displays
(?HITIAEIZEISETPOINT

«bbram ‘clock ‘INIT ..

2. Press ENTER. The unit will display

INIT ‘SETPOINTS & ACCESS
CODE TO :DEFAULT VALUES? ..

B NOTE: If you do not wish to initialize the setpoints atthis‘time, press EXIT to return to
the DIAGNOSTIC MODE main menu.

3. Press ENTER to initialize the setpoints. The unit will\display

INITIALIZING/SETPOINTS -
“WAIT- . RN

INITIALIZING SETPOINTS |
CSUM:S=10 EE=E7 'IN=01:: "

The CSUM (checksum) values are,for.information only and will vary from unit to unit.

4. Press EXIT to return to the DIAGNOSTIC MODE main menu.

5. Set switch 3 of the intermalyconfiguration DIP switches to ON (down).
—END—

Factory Use Only

The FACTORY USE ONLY menu selection provides access to diagnostic information and routines of use
only to factory personnel. A factory access code is required to proceed beyond this selection.

FACTORY USE ONLY
«FACTORY
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POWER-ON SELF-TEST

1. Apply system power to the unit, but do not connect any test voltage or current inputs.

2. The unit should display

POWER ‘ON SELFTESTS

[RKXXXXXK S J

3. All LEDs should tumon for 1 sec. The POWER LED and RELAY OK LED should remain on, and the rest
of the LEDs should turn off.

The unit should display

POWER ON SELFTESTS =~ _
PASS o

4. Theunit should trip, as indicated by the internal trip relay changingstate.
27 UNDERVOLTAGE LED should turn on
and
27N UNDERVOLTAGE LED should turn on.

5. The unit should display

BECKWITH ‘ELECTRIC: co
D-0020VXX.XX-X _

“xX.XX-X" signifies the software fevision.

BECKWITH ELECTRIC :CO.
SERIAL -NUMBER :xxx

“xxx” signifies the unit serial number.

6. The POWER LED should turn on. The RELAY OK LED should flash (or stay on as programmed in the
setup menu)4nd the BREAKER CLOSED LED should be on.The power-on self-tests ends with the system
date and tifne and the default logo, and then presents the default message screens. These are the target
history screens wheén a wip has occurred, which will have occurred if the voltage and frequency relays

are enabled, but'there is no input voltage.
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7. The display should cycle through the target history screens, as in the following example:

--mr 06122/93 10:18: 12
CTRIPE =2
(-TRGT- 06/22/9310;19: 12
Cycles “PHASE’ _IJNDERVOL_TAGE #1 -
continously
through (<TRGT-06/22/93  10: 19 12
screens | - PHASE A=X 82X C=X
-TRGT.-_ -08/22/ 93 =102 19 112
| HEUTRAL UNDERVOLTAGE. #1.

B NOTE: Date, time and trip numbers will vary according+te the individual relay history,
since the target history, the trip counter, and the'date and time can be reset from

the front panel.
8. Press and hold TARGET RESET/LAMP TEST pushbutton.” All LEDs should turn on for 1 second.

—END—
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/‘*.

‘59 MS OVERVOLTA

1

J

i (o

MAGNITUDE ACCURACY TEST

TEST SETTINGS:  Magnitude #1 126 V (1.05 pu)
Time Delay #1 1 cycle

1. Press ENTER. SELECT FUNCTION LED should turn on and the unit should display
[}VOLTAGE RE Y.

VOLT:freq: curr pow- -

2. Press ENTER. The unit should display

OVERVOLTAGE “SETPOINTS. Y
‘PHASE OVER ‘phase __under

3. Press ENTER. The unit should display

PHASE OVERVOLTAGE. - #1
132 Volts (. 10RU)

4. Change the voltage setpoint by turning the knob counterclockwise to 126 V. The unit should display

PN SE.OVERVOLTAGE . - #1
128:Volts ~ (1.05PU)

5. Press ENTER. The unit should display

DELAY [PHASE ‘OVERVOLT #1
80 CYCLES -~

6. Change the timer setpoint by tumning the knob counterclockwise to 1 cycle. This will cause the relay to
trip without delay when thé*voltage reaches the setpoint.

7. Press ENTER once andsthen EXIT until the unit displays

BECKWITH ELECTRIC CO.
‘M-0820

8. Starting at 120,V a¢, slowly increase the input voltage on Phase A until the relay trips.

9. The unit should trip at 126 V ac H0.5 V ac.
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10. 59 OVERVOLTAGE LED should turn on and the unit should rotate displays
-TRGT-: 06/22/93 1o 19 12
Tr"p# = 2 1 I

me-' 06/22193' 10: 1’9 12]

PHASE ‘OVERVOLTAGE . . . #1

“TRGT~ 06/22193 10 19:12
PHASE  A=X :B= .:C=:. . "

11. Return the test input voltage to 120V ac.

12. Press TARGET RESET/LAMP TEST. 59 OVERVOLTAGE LED should turn off. The unitshould display
(BECKVIITH ‘ELECTRIC .co.)
Lo TM-0420

TIME DELAY ACCURACY TEST
TEST SETTINGS:  Magnitude #1 126 (1.05 pu)
Time Delay #1 300 cycles

13. Press ENTER. SELECT FUNCTION LED should turm on and'the unit should display
‘VOLTAGE(RELAY ~ L
‘VOLT. fr'eq CUrT powr =
14. Press ENTER. The unit should display
' OVERVOLTAGE. SETPOINTS .
‘PNASE JOVER ‘phase_under

15. Press ENTER. The unit should display

PHASE OVERVOLTAGE . #1
126 VOLTS (1.05P.U.)

16. Press ENTER once. Change|the timer setpoint by turning the knob counterclockwise to 300 cycles. The
unit should display

DELAY PNASE OVERVOLT #1
300 CYCLES

17. Press ENTER once and then EXIT until the unit displays
[iibxwrru ELECTRIC co.]
M-0420

18. Replace the ohmmeter connection to the trip relay output with a connection to the fimer stop function.
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19. Create a step increase in input voltage to 130 V ac and start timing.

20. The unit should trip afier 300 cycles (£1 cycle) time delay. (If using a conventional elec&onic timer, 300
cycles is the same as 5,000 ms at 16.67 ms per cycle at 60 Hz.)

21. The 59 OVERVOLTAGE LED should turn on and the unit should rotate displays

~TRGT-06/22/93
i TrapH= 3 i

-TRGT- 06/22/93 10:19:12
PHASE ‘OVERVOLTAGE = - .- #1

-TRGT-06/22/93 1o__19 12
Pmss A=X-B=G= i

22. Return the test input voltage to 120 V ac.

23. Press TARGET RESET/LAMP TEST. The 59 OVERVOLTAGE LLED should turn off. The unit should display
BECKWITH ELECTRIC CO.

—END<£
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59N RMS QVERVOLTA RAL CIRCUIT E E N

MAGNITUDE ACCURACY TEST
TEST SETTINGS:  Magnitude #1 150 V (1.25 pu)
Time Delay #1 1 cycle
Function 59,
Phase Overvoltage Disable
Function 59|,
Peak Overvoltage Disable

1. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should,display

:VOLTAGE ‘RELAY .. =
'VOLT “freq CUrr pPOWr =

2. Press ENTER. The unit should display

OVERVOLTAGE SETPOINTS
PHASE_OVER phasenunder:

3. Tumn the knob clockwise to highlight NUTRLLOVER. Préss ENTER until the unit displays

DELAY NEUTRL OVERVOLT #1
30 Cycles

4. Change the timer setpoint by tuning the kriob counterclockwise to 1 cycle. This will cause the relay to
trip without delay when the voltage réaches the setpoint. The unit should display

DELAY*NEU RL:OVERVOLT -#1
% 1:Cycles

5. Press ENTER once and thenEXIT two'times. The unit should display
(ascanu ELECTRIC -CO )

M-0420

6. Starting at 120V ac,slowly increase voltage input 3 (Ptiase C and neutral) until the trip relay changes
state.

7. ‘The unit should trip after 150 V ac +0.5 V ac, its default setpoint.

8. The 59 N OVERVOLTAGE LED should turn on and the unit should rotate displays

-TRGT- D6/22/93 10:19:12
Trips = 4

-TRGT- 06/22/93 10:19:12
NEUTRAL OVERVOLTAGE #1
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9.

10.

Set the test input voltage to 120 V.

Press TARGET RESET/LAMP TEST. The 59 N OVERVOLTAGE 1.ED should turn off. The unit should display

TIME DELAY ACCURACY TEST

1L

12.

13.

14.

15.

16.

17.

18.

TEST SETTINGS:  Magnitude #1 150V (1.25 pu)
Time Delay #1 5cycles

Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display
[ VOLTAGE -RELAY  :

VOLT. freq :curr- powr-;.

Press ENTER. The unit should display

OVERVOLTAGE : SETPOINTS
PHASE_OVER phase_unden=

Turn the rotary knob clockwise until the unit displays

"OVERVOLTAGESETPOINTS . .|
<*+=NUTRL_OVER 'nutrl.unde

Press ENTER until the unit displays

DELAY -NEUTRL. OVERVOLT n
@ :Cycles - CR

Change the timer setpoint by turnirg the knob clockwise to 5 cycles. This will cause the relay to trip
with a delay (to be measured) ‘when the voltage steps above the setpoint. The unit should display

DELAY ‘NEUTRL -OVERVOLT ﬂ
5 'Cycles

Press ENTER once and thefi EXIT until the unit displays
BECKWITH ELECTRIC CO.
( M-0420 )

Create a step increase in input voltage to 155 V ac and start timing.

The unit should trip after 5 cycles *1 cycle time delay.
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19. The 59 N OVERVOLTAGE LED should turn on and the unit should rotate displays
-TRGT- :06/22/93 10:19:12 Q
Tripp =5
-TRGT--08/22/9310:19:12 ¢
- ‘NEUTRAL OVERVOLTAGE #1

21. Press TARGET RESET/LAMP TEST. The 59 N OVERVOLTAGE LED should turn off. The

O

22. Return to the CONFIGURE RELAYS menu and enable the phase ove age and peak overvoltage

functions. @
—END— §

20. Set the input voltage to 120 V. \%
@uld display

'BECKWITH ELECTRIC CO..
o0 M-0420 0 o
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- 591 PEAK OVERVOLTAGE

MAGNITUDE ACCURACY TEST
TEST SETTINGS:  Magnitude #1 1.10pu
(132 V rms for a sinusodial input)
Time Delay #1 1cycle
Function 59,
Phase Overvoltage Disable

1. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display

VOLTAGE ‘RELAY. =
VOLT freq ‘curr powr ws

2. Press ENTER. The unit should display

‘OVERVDLTAGE :SETPOINTS
‘PHASE _OVER phase_Underw

3. Press ENTER until the unit displays

DELAY PEAK OVERVOLT #1
_ 30nCyéles

4. Change the setpoint by tuming the knob.counterclockwise to 1 cycle. The unit should display

DELAY/ PEAK :OVERVOLT - #1.
CiWCycles .

5. Press ENTER once and then press EXIT.until the unit displays
[ascx_unq 'ELECTRI c_.;t_:o.}

“M=0420

6. Staning at 120 V acyslowly increase the test input voltage on Phase A until the relay trips. The unit
should trip at 132 V.a¢ 3.6 V ac.

7. The590VERVOLTAGE LED should turn on and the unit should rotate displays

-TRGT- 06/22/83 10:19:12
Trip# = 6

-TRGT- 06/22/93 10:19:12
PEAK OVERVOLTAGE #1

-TRGT- 06/22/93 10:19:12
PHASE A=X B= C=

8.3, Set the input voltage to 120 V.
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9. Press TARGET RESET/LAMP TEST. The 59 OVERVOLTAGE LED should turn off. The unit should display
[hscxw:rn ELECTRIC CO. }

M.0420

TIME DELAY ACCURACY TEST

TEST SETTINGS:  Magnitude #1 1.10 pu
(132 V rms for a sinusodial input)
Time Delay #1 Scycles
Function 59, .
Phase Overvoltage Disable

10. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should'display

'VOLTAGE ‘RELAY
'VOLT freq -curr:powr ee-

11. Press ENTER. The unit should display

-OVERVOLTAGE -SETPOINTS. -
'PHASE_OVER phase_under=s

12. Press ENTER until the unit displays

“DELAY “PEAK OVERVOLT #1
: 1 Cycles. . ivois

13. Change the setpoint by turning the knob€ouiterclockwise to 5 cycles. The unit should display

DELAY ‘PEAK OVERVOLT 91
| - B Cycles =~ "

14. Press ENTER once and then EXIT'until the unit displays
(ascmrn -_el.scfrnxc.;co.]
S M-D420°.

15. Increase theinput voltage on Phase A to 136 V ac and stant timing. The unit should trip after 5 cycles+1
cycle time delay.

16. The 59 OVERVOLTAGEA.ED should turn on and the unit should rotate displays

-TRGT- 06/22/93 10:19:12
Trip# = 7

-TRGT- 06/22/83 10:19:12
PEAK OVERVOLTAGE #1

-TRGT- 06/22/93 10:19:12
PHASE A=X B= C=
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17. Set the input voltage to 120 V. , O

18. Press TARGET RESET/LAMP TEST. The 59 OVERVOLTAGE LED should turn off. The unit should displayo
‘BECKWITH ELECTRIC €O.
[ ”,0420 J

—END—
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27 R NDERVOLTAGE

MAGNITUDE ACCURACY TEST
TEST SETTINGS:  Magnitude #1 108 V (0.90 pu)
Time Delay #1 1cycle

1. Press ENTER. The SELECT FUNCTION LED should tum on and the unit should display

VOLTAGE - RELAY:: =i
VOLT freq-curr powr =e

2. Press ENTER. The unit should display
OVERVOLTAGE ‘SETPOINTS - -
PHASE_OVER phase_under=s)
3. Tumn the knob clockwise to highlight PHASE_UNDER. Préss ENTER. The unit should display

[inAse UNDERVOLTAGE. - #1
108 Volts (u..90PU) .

4. Press ENTER. The unit should display
DELAY;PHASE ‘UNDERVOLT -#1
( -3ONCYCLES o ]

5. Change the setpoint by rotating the knob countérclockwise to 1 cycle. The unit should display

DELAY|PHASE UNDERVOLT #1
/1 CYCLES .. = -

6. Press ENTER once and then' EXIT until the unit displays
BECKWITH ELECTRIC CO.
[ .- 'M-0420 ]

7. Starting at 120°V, acySlowly decrease the test input voltage on Phase A until the relay wips. The unit
should trip at 108 Véac +0.5 V ac.

8. The 27 UNDERVOLTAGE LE D should turn on and the unit should rotate displays
(}TRGT- 06/22/93 1o:19:1fﬂ

Trip# = 8
-TRGT- 06/22/93 10:19:12
PHASE UNDERVOLTAGE  #1

-TRGT- 06/22/93 10:19:12
PHASE A=X B= C=
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9. Set the input voltage to 120 V.

10. Press TARGET RESET/LAMP TEST. The 27 UNDERVOLTAGE LED should turn off. The unit should display
BECKWITH -ELECTRIC. .CO.
(- ST M-0420 ]

TIME DELAY ACCURACY TEST

TEST SETTINGS: Magnitude #1 - 108 V (0.90 pu)
Time Delay #1 300 cycles

11. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display
‘VOLTAGE :RELAY :-. -
VOLT -freq. Curr:powr .=e.

12. Press ENTER. The unit should display

UVERVDLTAGE SETPOINTS
‘PHASE__OVER phase_under

13. Tum the knob clockwise to highlight PHASE_UNDER!: Press ENTER. The unit should display

PHASE UNDERVOLTAGE - #1
108(Volts - ( .90PU) .

14. Press ENTER. The unit should display
(osuv PHASE IEJNDERVOLT #1)

30.CYC

15. Change the setpoint by rotating the knob clockwise to 300 cycles. The unit should display

DELAY ‘PHASE UNDERVOLT #
- .“1°CYCLES -~ =~

16. Press ENTER once and thenEXIT until the unit displays

BECKWITH ELECTRIC CD.
-0420

17. Decrease thegest voltage input on Phase A to 107 V ac and start timing. The unit should trip after 300
cycles 1 cycle'time delay.
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18. The 27 UNDERVOLTAGE LED should turn on and the unit should rotate displays O
~TRGT- 06/22/93 10:19:12 O
Trip# =9 .

-TRGT- 06/22793 10:19:12 .
PHASE UNDERVOLTAGE ' -#1

-TRGT-06/22/93 10:19:12 %
PHASE A=X B= ©€=.

19. Reset the input voltage to 120 V ac.
20. Press TARGET RESET/LAMP TEST. The 27 UNDERVOLTAGE LED should turn off. Qshould display

BECKWITH ELECTRIC CO.
. M-0420
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27N NEUTRAL CIRC RZER

MAGNITUDE ACCURACY TEST
TEST SETTINGS:  Magnitude #1 60 V (0.50 pu)
Time Delay #1 1cycle
Function 27,

Phase Undervoltage Disable
1. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should'display
'VOLTAGE ‘RELAY SO
“VOLT freq-curr: powr -

2. Press ENTER. The unit should display

OVERVOLTAGE -SETPOINTS
PHASE _OVER 'phase_:under

3. Tumn the knob clockwise to highlight NUTRL_UNDER.Press ENTER. The unit should display

NEUTRAL UNDERVOLTAGE ~ #1
160 ‘Volts)) - (1,.50PU)

4. Press ENTER. The unit should display
(nsuv NEUTRL® uunsn_vol.'m]

30 Cycles

5. Change the setpoint by rotating the kneb counterclockwise to 1 cycle. The unit should display
E)ELAY ‘NEUTRL. UNDER_VQLT#)

1..Cycles

6. Press ENTER once and then EXIT| until the unit displays
Fecnnu ELECTRIC coq

#-0420

7. Starting at 120 V/ac, slowly decrease the test input voltage until the relay trips. The unit should trip at 60
Vac*05V ac.

8. The 27N UNDERVOLTAGE LED should turn on and the unit should rotate displays
-TRGT- 06/22/93 10:19:12
Trip# = 10

-TRGT- 06/22/93 10:19:12
NEUTRAL UNDERVOLT "

9. Set the input voltage to 120 V.
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10.

Press TARGET RESET/LAMP TEST. The 27N UNDERVOLTAGE LED should turn off. The unit should display:
the default logo continuously, or else briefly and then go blank in accordance with the display setup

configuration.

BECKWITH ELECTRICtCO;
i Ma0420

TIME DELAY ACCURACY TEST

11.

12.

13.

14.

15.

16.

17.

TESTSETTINGS: Magnitude #1 60 V (0.50 pu)
Time Delay #1 5 cycles
Function 27,

Phase Undervolitage Disable

Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display
['VOLTAGE' RE AY.. "

VOLT “freq :Curr. powr &

Press ENTER. The unit should display

OVERVOLTAGE SETPOINTS, -
PHASE_OVER phasé_unders

Turn the knob clockwise to highlight NUTRLLUNDER. Press ENTER. The unit should display

NEUTRAL ‘UNDERVOLTAGE #1
60 Volts ~ ( .50PU)

Press ENTER. The unit should display

DELAY NEUTRL UIIDERVOLTﬁ
30 .Cycles - T

Change the setpoint by rotating'the knob counterclockwise to 5 cycles. The unit should display

DELAY -NEUTRL :UNDERVOL #1
‘5 'Cycles .

Press ENTER once and them'EXIT until the unit displays

BECKWITH ELECTRIC CO.
M-0420

Decrease the test voltage input to 55 V ac and start timing. The unit should trip after 5 cycles 1 cycle
time delay.
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18. The 27N UNDERVOLTAGE LED should turn on and the unit should rotate displays O
E‘met-' 06/22/9310:19:12 Q

CTrApE = A e

<TRGT- :06/22/93-10:19: 12 S
NEUTRAL UNOERVOLT .~ #1

19. Reset the input voltageto 120 V ac. \%
T@ould display

20. Press TARGETRESET/LAMP TEST. The 27N UNDERVOLTAGE LED should turm off.

S

M-0420 - -
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60 FL V.T. FUSE-LOSS DETECTION

1. Apply three-phase voltages as shownin Figure 7-1.
2. Setinput current to 5.00 A with phase angles as shown in Figure 7-2.

3. Press ENTER. The SELECT FUNCTION LED should tun on and the unit should display

“VOLTAGE ‘RELAY: .-
VOLT . freq :curr .powr -

4. Tumn the knob clockwise on the unit until the unit displays

‘MONITOR STATUS =~ -
w=getpts STAT conflg =n

5. Press ENTER. The unit should display

‘MONITOR VOLTAGE STATUS
VOLT freq curr powp s

6. Tum the knob clockwise until the unit displays

MONITOR FUSE STATUSY
<= FUSE temp powerup

7. Press ENTER. The SELECT FUNCTION LED shouldturn off and the unit should display
[ V.T./FUSE STATUS ]

--0K-4

8. Connect a digital multimeter (DMM),across the V.T. FUSE LOSS contacts 47 and 48. The DMM should
read e Q (open contacts). -

9. Simulate the VT fuse blown <ondition f)y removing the voltage input from Phase A (VA= 0 V).

B NOTE: In the"défault condition, the phase undervoltage relay is blocked when the VT
Euse Loss relay is enabled. Thus, removing the phase voltage simulates a fuse
loss‘without causing a trip.

10. The unit should display

V.T. FUSE STATUS
--BLOWN--

11. The V.T.FUSE LOSS contacts should close. The DMM should read 0.00 €2 (closed contacts).

12%\Verify that the unit did not call for an undervoltage trip.
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O

13. Reconnect the input voltage to Phase A. Q
14. The V.T. FUSE LOSS contacts should open. The DMM should read <= £2 (open contacts).
15. The unit should display r's

V.T. FUSE STATUS .~

MR | " L \

16. Check the fuse status on Phase B and Phase C by following steps 9 through 15 a (Having the
neutral in series with Phase C will not affect the VT fuse-loss function. Howewer, it will trip on

neutral undervoltage when the source voltage is removed.)

-
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810. OVER FREQUENCY

Ay Gty o (D iz

MAGNITUDE ACCURACY TEST
TEST SETTINGS:  Magnitude #1 60.50 Hz
Time Delay #1 2 cycles

1. Press ENTER. The SELECT FUNCTION LED should tumn on and the unit should display:

VOLTAGE ‘RELAY-:: - it
VOLT freq :curr powr =e

2. Turn the knob clockwise to highlight FREQ. Press ENTER until the unit displays

DELAY_OVERFREQUENCY ~#1
30 CYCLES - _

3. Change the timer setpoint by turning the knob counterclockwise t6)2 cycles. The unit should display

DELAY OVERFREQUENCY) #1
2 CYCLES

4. Press ENTER once and then EXIT until the unit displays
[nscxwxru-ELEg;nrc-co.)

5. Slowly increase the frequency of the threg-phase test set until the relay trips. The unit should trip at
60.50 Hz +0.02 Hz.

6. The810VERFREQUENCY LEDshould turn on and the unit should rotate displays

“TRGT-: 06/22/93 10: 19 12
Trip# =12 . -

-TRGT- 06/22/93 10:19:12
OVERFREQUENCY #1

7. Set the frequency to 60.00 Hz.

8. Press TARGET RESET/LAMP TEST. The 81 OVERFREQUENCY LED should tumn off. The unit should display
[izcxwrrn ELECTRIC co.]
20
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TIME DELAY ACCURACY TEST

10.

11

12.

13.

14.

15.

16.

TESTSETTINGS:  Magnitude #1 60.50 Hz
Time Delay #1 30 cycles

Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display
(;VOLTAGE RELAY. -

VOLT freq curr powr -

Turn the knob clockwise to highlight FREQ. Press ENTER until the unit displays
DELAY OVERFREQUENCY. - #1-

Change the timer setpoint by turning the knob clockwise to 30 cycles. Theunit should display

DELAY ‘OVERFREQUENCY #1
30 CYCLES - .

Press ENTER once and then EXIT until the unit displays
BECKWITH ELECTRXC. CO.
( N ‘M-0420, - J

Rapidly increase the frequency of the three-phaseéitestset to 61.00 Hz and start timing. The unit should
trip after 30 cycles *1 cycle time delay.

The 61 OVERFREQUENCY LED should turn:on and the unit should rotate displays

-TRGT4 06/22/83 10'19 12
Trip#s= 13 :

=TRGT- '06/22/93 110:19:12
OVERFREQUENCY M

Set the frequency to 60.00"Hz.

Press TARGET RESETAZAMP TEST. The 81 OVERFREQUENCY LED should turn off. The unit should display
[iecxwrru ELECTRIC'CO.]

M-0420

—END—
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MAGNITUDE ACCURACY TEST

TEST SETTINGS:  Magnitude #1 59.50 Hz
Time Delay #1 2cycles

1. Press ENTER. The SELECT FUNCTION LED should tum on and the unit should display.

VOLTAGE -RELAY.:: .~ i)
CVOLT “freq curr powr =s

2. Tumn the knob clockwise to highlight FREQ. Press ENTER and then theffightarrow pushbutton, and then
ENTER until the unit displays

DELAY UNDERFREQUENCY, #1
30 CYCLES -

3. Change the timer setpoint by tuning the knob counterclockwiseit¢ 2 cycles. The unit should display

DELAY UNDERFREOUEHCY 1.
2 CYCLES _

4. Press ENTER once and then EXIT until the unit'displays

BECKWITHUELECTRIC CO.
yM-0420 -

5. Slowly decrease the frequency of the threg-phase test set uniil the relay trips. The unit should trip at
59.50 Hz +0.02 Hz.

6. The 81 UNDERFREQUENCY LED,should tum on and the unit should rotate displays

*TRGT- 06/22/93 10 19:12
. Trip#. = S

-TRGT- 06/22/93 10:19:12
UNOERFREQUENCY - #1

7. Set the frequencyto 60.00 Hz.

8. Press TARGET RESET/LAMP TEST. The 81 UNDERFREQUENCY LED should turn off. The unit should display
[secxwrrn ELECTRIC co{]

M-042D
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TIME DELAY ACCURACY TEST
TEST SETTINGS:  Magnitude #1 59.50 Hz
Time Delay #1 30 cycles
9. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display

10.

1L

12.

13.

14.

15.

_VOLTAGE ‘RELAY ~: :iiite
'VOLT:freq :CUFF POWF =s- |

Turn the knob clockwise to highlight FREQ. Press ENTER and then the right arrowypushbutton, and then
ENTER until the unit displays

DELAY -UNDERFREQUENCY- #1
"2 CYCLES .- .

Change the timer setpoint by turning the knob clockwise to 30 cyeles. The ainit should display

DELAY UNDERFREQUENCY,#1
30 CYCLES

Rapidly decrease the frequency of the three-phase test set to 5900 Hz and start timing. The unit should
trip after 30 cycles *1 cycle time delay.

The 81 UNDERFREQUENCY LED should tum onandithe unit should rotate displays
[TRGT- 98422103 10:19:1 ﬂ

Trip#=

-TRGT--06/22/93 10:19:12
UNDERFREQUENCY 2

Set the frequency to 60.00 Hz.

Press TARGET RESET/LAMP TEST. The 81 UNDERFREQUENCY LED should tum off. The unit should display
[iECKlITH ELECTRIC €0 )

M-0420

—END—
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‘50 INSTANTANEOUS OVERCURRENT, 3-PHASE

,
.,/

MAGNITUDE ACCURACY TEST
TEST SETTINGS:  Magnitude #1 9A
Function 46,
Negative Sequence Overcurrent Disable
Function 51,
Inverse Time Overcurrent Disable

1. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display

'VOLTAGE RELAY " *
VOLT freq curr powr =s

2. Tum the knob clockwise to highlight CURR. The unit should display
CURRENT -RELAY _
volt freq :CURR poWr =

3. Press ENTER until the unit displays

PHASE INST OVERCURRENT
10.00Anps _

The ENTER SETPOINT LED should be on,

4. Turn the knob counterclockwise until'the unit displays

PHASE INST OVERCURRENT
9.0 Amps - -

5. Press ENTER and then EXIT.untilithe unit displays
BECKWITH ELECTRIC coO.
(— ‘M-.0420 ]

6. Slowly incredse the,curfent on Phase A until the relay trips. The unit should trip at 9.00 A £0.27 A.

7. The 50 INSTANTANEOUS OVERCURRENT LED should tum on and the unit should rotate displays

-TRGT- 06/22/93 10:19:12
Trip#® = 16

PHASE INST OVERCURRENT
-TRGT- 06/22/93 10:19:12
PHASE A=X B= C=

8. Reduce the input current to 8.50 A.

-TRGT- 06/22/93 1o:19:ﬁ
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9. Press TARGET RESET/LAMP TEST. The 50 INSTANTANEOUS OVERCURRENT LED should turn off. The unit
should display

BECKWITH ‘ELECTRIC CO.
O m-0820.

TIME DELAY ACCURACY TEST

TEST SETTINGS: Magnitude #1 SA
Function 46,
Negative Sequence Overcurrent Disable),
Function 51,
Inverse Time Overcurrent Disable

10. Increase the current input on Phase A rapidly to 9.50 A. The unit;should/trip‘instantaneously (2 cycles).
11. The S0INSTANTANEOUS OVERCURRENT LED should turn on and thewunit'should rotate displays
-TRGT- 06/22/93 10:19:12
Trip# = 17 ) O

-TRGT- 06/22/93 10:19:12
PHASE INST :OVERCURRENT

-TRGT- 06/22/93 10:19:12
PHASE -A=X BS C=

12. Reduce the input current to 0.00 A.

13. Press TARGET RESET/LAMP TEST. The,50 INSTANTANEOUS OVERCURRENT LED should tumn off. The unit
should display

BECKWITH ELECTRIC CO.-
. 'M-0420

—END—
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50N VERCURRE A

MAGNITUDE ACCURACY TEST
TEST SETTINGS:  Magnitude #1 9A
Function 46,

Negative Sequence Overcurrent Disable

1. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display
[;VOLTAGEJRELAY'ﬁf' e

‘'VOLT ‘freq CUFF -POWF «s

2. Tumn the knob clockwise to highlight CURR. The unit should display
CURRENT RELAY S
volt freq CURR powr <&

3. Press ENTER until the unit displays
{PHASE -INST OVERCURRENT )

9.0 Amps

The ENTER SETPOINT LED should be on.

4. Tumn the knob clockwise until the unit displays

PHASE[ INST OVERCURRENT
- 15.0:Anps S

5. Press ENTER and then EXIT until the‘nit'displays

OVERCURRENT "SETPOINTS
PHASE_OVER ‘nutrl_pver =

6. Turn the knob clockwise until the unit displays

OVERCURRENT SETPOINTS
phase_over NUTRL_OVER =»

7. Press ENTERuntil the gnit displays

NUTRL INST OVERCURRENT
10.0 Amps

The ENTER SETPOINT LED should be on.
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8. Turmn the knob counterclockwise until the unit displays
[#UTRL INST. ovsncunnsuri]

9.0 :Amps

9. Press ENTER once and then EXIT until the unit displays
BECKWITH :ELECTRIC CO.
(. B :n+04zo:c_;_ J

10. Slowly increase the current on Phase C (and neutral) until the relay trips. Theanit should trip at 9.00 A
+0.27 A.

11. The 50 N INSTANTANEOUS OVERCURRENT LED should turn on and.the unit should rotate displays
~TRGT- '06/22/93 10:19:12
“Trip#-= 18 - By

[-TRGT-’ 108/22/93 '10:19:12]
N

UTRL " INST. OVERCURRENT .

12. Reduce the current to 8.50 A.

13. Press TARGET RESET/LAMP TEST. The 50 N INSTANTANEOUS OVERCURRENT LED should turn off. The unit
should display .

BECKWLTH ELECTRIC CO.
. M-0420

TIME DELAY ACCURACY TEST
TEST SETTINGS:, Magnitude #1 9A
Function 46,

Negative Sequence Overcurrent Disable
14. Rapidly increaseithe cufrent on Phase C to 9.50 A. The unit should trip instantaneously (2 cycles).
15. The 50 N INSTANTANEOUS OVERCURRENT LED should turn on and the unit should rotate displays
-TRGT- 06/22/93 10:19:12
Trip# = 19

-TRGT- 06/22/93 10:19:12
NUTRL INST OVERCURRENT

16. .Reduce the current to 0.00 A.
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17. Press TARGET RESET/LAMP TEST. The 50 N INSTANTANEOUS OVERCURRENT LED should turn off. The uni O
shouid display : 0

BECKWITH ELECTRIC CO.-
. M-0420 .

—END—
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51 |NVERSE TIME OVERCURR 3-PHASE

TIME DELAY ACCURACY TEST—PHASE A

TEST SETTINGS: Characteristic Curve Very Inverse
Tapsetting 1A
Time Dial Setting 5.0
Voltage Control Disable
Voltage Restraint Disable
Delta-Wye Transform Disable

1. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display

VOLTAGE "RELAY
‘VOLT freq curr powr ase

2. Tumn the knob clockwise to highlight CURR. The unit should display

CURRENT RELAY &~ '
volt freq CURR powWrves

3. Press ENTER until the unit displays :
OVERCURRENT SETPOINTS -
LPHAS_E_OVER ‘nutrl_over -J
4. Press ENTER until the unit displays

“TAPPHASE OVERCURRENT -
6.0 Amps

The ENTER SETPOINT LED;shouldsbe on.

5. Turn the knob counterclockwise until the unit displays

TAP PHASE OVERCURRENT
1.0 Amps

6. Press ENTER'Once and EXIT until the unit displays

BECKWITH ELECTRIC CO.
M-0420

~

Setthe.input current on Phase A to just below 1.00 A, then rapidly increase it to 2.00 A and start timing.

B NOTE: Commercial test equipment may have a “jump initiate” function that could be
used to create a step function to a specific value.
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8. The unit should trip within the range 7.14 to 7.59 seconds time delay.

9. The 51/67 OVERCURRENT LED should turn on and the unit should rotate displays

TRGT- .06/22/93 10: 19 12
Trip#.=:20: L

~TRGT- -06/22/93 10:19:12
PHASE: TIME OVERCURRENT '

“TRGT- 06/22/93 10:19:12
PHASE ‘A=X-B=" €= '~ "

10. Reduce the input current to 0.00 A.

11. Press TARGET RESET/LAMP TEST. The 51/67 OVERCURRENT LED should tum"off. The unit should display
BECKWITH ELECTRIC CO.

TIME DELAY ACCURACY TEST—PHASE B

TEST SETTINGS:  Characteristic Curve Very inverse
Tapsetting 1A
Time Dial Setting 5.0
Voltage Control Disable
Voltage Restraint Disable
Delta-Wye Transform Disable

12. Set the input current on Phase B to just beldw 1.00 A, then rapidly increase it to 4.00 A and start timing.
13. The unit should trip within the range 1365 to 1.76 seconds time delay.

14. The 51/67 OVERCURRENT LED'should turn on and the unit should rotate displays

“TRGT- 06/22/93 10:19:12
Trip# =21

-TRGT- 06/22/93 10:19:12
PHASE TIME OVERCURRENT

-TRGT- 06/22/93 10:19:12
PHASE A= B=X C=

15. Set the input current to 0.00 A.

16. Press, TARGET RESET/LAMP TEST. The 51/67 OVERCURRENT LED should tumn off. The unit should display
{iscxwxrn ELECTRIC co.]

M-0420
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TIME DELAY ACCURACY TEST—PHASE C

TESTSETTINGS:  Characteristic Curve Very Inverse
Tapsetting 1A
Time Dial Setting 5.0
Voltage Control Disable
Voltage Restraint Disable
Delta-Wye Transform Disable

17. Set the input current on Phase C to just below 1.00 A, thenincrease itrapidlyito 8.00A and start timing.
18. The unit should trip within the range 0.79 to 0.85 seconds time delay.

19. The 51167 OVERCURRENT LED should turn on and the unit should rotatedisplays
f‘rner- '06/22/93_;10:-_10-:717

Trip# = 22

-TRGT- 06/22/93 10819:12
PHASE TIME OVERCURRENT, .

-TRGT- 06/22/93"10:19:12
PHASE A= B=( C&X _

20. Set the input current to 0.00 A.

21. Press TARGET RESET/LAMP TEST. The 5/6Z,0VERCURRENT LED should turn off. The unit should display

BECKWITH ELECTRIC :CO.
: ™-0420 . _

—END—
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51VC . INVERSE TIME OVERCURRENT WITH VOLTAGE CONTROL, 3-PHASE

: £i00

Tat? 25, o T N T I - A VAN PW oo L

TIME DELAY ACCURACY TEST

TEST SETTINGS: Characteristic Curve Very Inverse
Tapsetting 1A
Voltage Control 132 V (1.10 pu)
Voltage Restraint Disable
Delta-Wye Transform Disable
Phase Overvoltage Disable
Peak Overvoltage Disable

Phase Directional Overcurrent, % Disable

1. Press ENTER. The SELECT FUNCTION LED should turn on and the,unit'should display

VOLTAGE ‘RELAY ‘
VOLT freq Curr powr =»

2. Tum the knob clockwise to highlight CURR. Theunit should display
CURRENT{RELAY '
volt freq CURR powr =

3. Press ENTER. The unit should display

OVERCURRENT SETPOINTS -
PHASE OVER nutrl_over

&

Press ENTER. The unit should display

TAP PHASE OVERCURRENT
6.0 Amps

The ENTER SETPOINT LED should be on.

5. Tum the knob counterelockwise until the unit displays

TAP PHASE OVERCURRENT
1.0 Amps

o

Press ENTER gnce and EXIT until the unit displays

VOLTAGE RELAY
VOLT freq CUrr powr =o
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7.

10.

11.

12.

13.

14.

1S.

16.

17.

Turn the knob clockwise until the unit displays

CONFIGURE ‘RELAYS = .
«setpts 8tat CONFIG =

Press ENTER. The unit should display

CONFIGURE RELAYS '~
'VOLTAGE_ RELAY. =~ w’

Press ENTER. The unit should display

'PHASE :OVERVOLTAGE - i
disable ENABLE - = '

Turmn the knob counterclockwise until the unit displays

PHASE ‘OVERVOLTAGE ~~ “:#1
DISABLE enable .

Press ENTER twice. The unit should display

‘PEAK ‘OVERVOLTAGE - . #1
disable ENABLE: - "

Turn the knob counterclockwise until the unit displays

PEAK OVERVOLTAGE »7 #1
DISABLE‘enable = = .

Press ENTER once and EXIT once. The unit sheulddisplay
CONFIGURE RELAYS: . .
RIS

AVOLTAGE:RELAY " -

Turn the knob clockwise until the unitdisplays
CONFIGURE ‘RELAYS . . -
B 4

s¢s CURRENT RELAY :'"

Press ENTER twice. Thenit should display

VOLTAGE CONTROL OVERCURR
DISABLE v_cntrl v_rstrnt

Turn the knob clockwise until the unit displays

VOLTAGE CONTROL OVERCURR
disable V_CNTL v_rstrnt

Préss ENTER once and EXIT until the unit displays
[hscxwrru ELECTRIC co.]

M-0420
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18. Increase the input voltage to 133 volts on all phases.

19. Increase the input current to 2.00 A on all phases.

20. Decrease the input voltage to 131 volts on all phases and start timing.
21. The unit should trip within the range 7.14 to 7.59 seconds time delay.

22. The 51/67 OVERCURRENT LED should turn on and the unit should rotate displays

-TRGT- 06/22/93 10:19:12
CTedph =23 o

-TRGT-:06/22/93 10 '1'9”12
PHASE “TIME - OVER_C_URRENT

-TRGT<°06/22/93 10: 19 12
PHASE ‘A=X B=X:C=X " - ..

23. Set the input current to 0.00 A.

24. Press TARGET RESET/LAMP TEST. The 51/67 OVERCURRENT LEDishould turn off. The unit should display
BECKWITH ELECTRIC *60."
[ <0420 J

2END—
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51VR INVERSE TIME OVERCURRENT WITH VOLTAGE TRAI

TIME DELAY ACCURACY TEST

3.

b

TEST SETTINGS:  Characteristic Curve Very Inverse

Tapsetting 1A

Time Dial Setting 5.0

Voltage Control Disable
Voltage Restraint Enable
Detta-Wye Transform Disable
Phase Undervoltage Disable
Neutral Undervoltage Disable

Press ENTER. The SELECT FUNCTION LED should turn on and the,unit'should display

VOLTAGE RELAY .. . @ W
VOLT “freq cCUrr powr =

Tumn the knob clockwise to highlight CURR. Theunit shopld display
CURRENTCRELAY- - .- ©
volt freq CURR :powr =

Press ENTER. The unit should display

OVERCURRENT ‘SETPOINTS
PHASE _OVER -nutrl_over ‘w

Press ENTER. The unit should display

TAP PHASE -OVERCURRENT .
6.0 Amps -

The ENTER SETPOINTALED should be on.

Turn the knob countetelockwise until the unit displays
( TAP PHASE OVERCURRENT ]

1.0 Amps

Press ENTER4The unit should display
(TIMING PHASE ovencunasuﬂ

OEF inv vinv einv

PHASE




TEST PROCEDURES -7

10.

11.

12.

13.

14.

15.

16.

17.

Turn the knob clockwise until the unit displays
(nurus PHASE 'ov'encunne'u'ﬂ

‘def inv VINV :elnv. i -

Press ENTER. The unit should display
EIM;SD(I,AL__ PHASE ._ovencynﬂ

If the display does not default to 5.0, turn the knob clockwise or counterclockwise until the unit displays

frme_;.nnL PHASE :_o_vzncumﬂ

5.0

Press ENTER once and EXIT until the unit displays
(secanu ELECTRIC .co.--)

Press ENTER. The SELECT FUNCTION LED should turn on and'the unit should display

‘VOLTAGE 'RELAY .
‘VOLT freq -curr: powr «s'

Turn the knob clockwise until the unit displays

‘CONFIGURE ‘RELAYS . g
- getpts stat CONFIG =

Press ENTER. The unit should display

'CONFIGURE RELAYS
VOLTAGE_RELAY = = =

Press ENTER until the unit displays

PHASE. ‘UNDERVOLTAGE - “#1
‘disable ENABLE :

Turn the knob counterclockwise until the unit displays

PHASE UNDERVOLTAGE #1
DISABLE enable

Press ENTER until, the unit displays
NEUTRAL UNDERVOLTAGE #1]

disable ENABLE

Turn'the knob counterclockwise until the unit displays

NEUTRAL UNDERVOLTAGE #1
DISABLE enable

7-55




M-0420 INSTRUCTION BOOK

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Press ENTER once and EXIT until the unit displays

.CONFIGURE ‘RELAYS = . -
- VOLTAGE_RELAY =+ ' ‘wp’

Turn the knob clockwise until the unit displays

CONFIGURE RELAYS . .
‘e CURRENT ‘RELAY. " -

Press ENTER until the unit displays

VOLTAGE :CONTROL :OVERCURR
“DISABLE v_cntl v_rstrat

Turn the knob clockwise until the unit displays

VOLTAGE CONTROL :OVERCURR);
disable v_cntl V_RSTRNT

Press ENTER once and EXIT until the unit displays
[éscxwan'ELecrnrc'co.]
S Me0820 0 G 8

Setthe input voltage to 25 volts (Va, Vp, and V). (Thi$ changes the current tap setting from 1.00 A to
0.25A))

Increase the input current to 1.00 A and startitiming,
The unit should trip at 1.71 £5% seconds time delay.
The 51/67 OVERCURRENT LED should turn On and the unit should rotate displays

-TRGT-06/22/93 10:19:12
Triph.=24 o

STRGT- '06/22/93 10:19:12
PHASE ‘TIME OVERCURRENT . .

-TRGT- 06/22/8310:19:12
PHASE ‘Ac=X ‘B=X C=X

Setthe input cumrent to 0.00 A.

Press TARGET RESET/LAMP TEST. The 51/67 OVERCURRENT LED should turn off. The unit should display
[becxwau ELECTRIC co.]

-04
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29.

30.

3L

32.

33.

34.

3s.

36.

37.

38.

39.

Set the input voltage to 60 volts (V 5, Vg, and V). (This changes the 51 V tap setting to 0.50 A.)
Increase the input current to 1.00 A and start timiﬁg.

The unit should trip at 7.36 5% seconds time delay.

The unit should rotate displays as in step 26.

Set the input current to 0.00 A.

Press TARGET RESET/LAMP TEST. The 51/67 OVERCURRENT LED should turn off. The,uni¢’should display
[hecxwrtn-;Lec;n;c;cof)

Set the input voltage to 120 volts (V 4, Vg, and V).
Increase the input current to 5.00 A and start ¥ming.
The unit should trip at 1.22 5% seconds.

The unit should rotate displays as in step 26.

Set the input current to 0.00 A.

. Press TARGETRESET/LAMP TEST. The 51/67 OVERCURRENT LED should turn off. The unit should display

BECKWITH,ELECTRIC .CO.
Ma0420

—END—
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/51N INVERSE TIME QVERCURRENT, NEUTRAL
T ) Te et S

TIME DELAY ACCURACY TEST

TEST SETTINGS: Characteristic Curve Very Inverse
Tapsetting 1A
Time Dial Setting 5A

1. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display.

VOLTAGE RELAY -
VOLT -freq -curr powr o

2. Tumn the knob clockwise to highlight CURR. The unit should display
CURRENT RELAY _
volt freq CURR powr <&

3. Press ENTER. The unit should display

OVERCURRENT - SETPOINTS "
PHASE_OVER nutrliover =»

4. Press ENTER. The unit should display

TAP PHASE\, OVERCURRENT
1.0/ Amps '

The ENTER SETPOINT LED should be on

S. Turn the knob clockwise until the unitidisplays

TAP PHASE OVERCURRENT
6.0 Amps

6. Press ENTER once and then EXIT until the unit displays

OVERCURRENT SETPOINTS
PHASE_OVER nutrl_over =»

7. Turn the knob'clockwise until the unit displays

OVERCURRENT SETPOINTS
phase_over KUTRL_OVER=>

8. Press:ENTER. The unit should display

TAP NEUTRAL OVERCURRENT
6.0 Amps

The ENTER SETPOINT LED should be on.
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10.

11.

12.

13.

14.

Turn the knob counterclockwise until the unit displays

TAP ‘NEUTRAL :OVERCURRENT -
1.00 Amps.. - .

Press ENTER once and EXIT until the unit displays
[?EGKWITH ELECTRIC cdﬁ]

M-0420

Set the input current on Phase C (and neutral) to just below 1.00 A, then increaseito 2:00 A and start
timing. The unit should trip within 7.14 to 7.59 seconds time delay.

The 51 N OVERCURRENT LED should turn on and the unit should rotate displays

-TRAT- 06/22/93 10:19:12
Tripk =25 :

~-TRGT- .06/22/93°10:19:12
NUTRL TIME OVERCURRENT

Set the input current to 0.00 A.

Press TARGET RESET/LAMP TEST. The 51 N OVERCURRENT LED should turn off. The unit should display

BECKWITH ELECTRIC-CO.
M-0420 _

~END—
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£ N .
46 EQUENCE

e e TH weg T P PECT

TIME DELAY ACCURACY TEST

TEST SETTINGS: Tapsetting 5A
Pickup (% Tap Setting) 50%
Time Dial Setting (K=1,%t) 25
Definite Max Time to Trip 10,000.Cycles
Function 46, |

Negative Sequence Overcurrent Enable

1. Press ENTER. The SELECT FUNCTION LED should turn on and the,unit'should display

‘VOLTAGE ‘RELAY - i
‘VOLT freq :curr powf e

2. Tumn the knob clockwise to highlight STAT. The unit shoulddisplay

MONITOR STATUS
<=setpts STAT config=»-

3. Press ENTER. The unit should display

MONITOR VOLTAGE STATUS
VOLT_freq Curr powr «s

4. Tumn the knob clockwise to highlight«CURR: The unit should display

“MONITOR:CURRENT :STATUS
volt ‘freq CURR powr:.ee

5. Press ENTER until the unit displays

'NEG SEQUENCE CURRENT.
0.00 Amps '

6. Turnon andgset inputicutrent to: Ioa=5A —-0°, Ig=5A -180°, Ic=5A —0°. The display should read *“3.33
Amps, Neg.Sequence'Current (I,") = 2/3 IinpuT.”

Check at input cusrents of 10 A and 15 A:
Iineur= 10 A, I3' = 2/3 (10) = 6.67 Amps on display
IinpuT = 15%A, I' = 2/3 (15) = 10 Amps on display

7. Set'input current to 0.00 A.

8. “\Press EXIT until the unit displays

BECKWITH ELECTRIC CO.
M-0420
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9.

10.

11.

12.

13.

Timing Accuracy Calculations

Tapsetting SA . K 4o
Pickup 50% h

Time Dial (k) 25 ’ .
Definite maximum timeto trip 10,000 cycles (166.67 sec.) P 3»15_3_"& \!\ =)
Iy=10A T e

I, - Iz'é' Tapsetting = 10/5 = 2, where I, = Negative Sequence Current in multiples of the tap'setting.
K =1

t = k1,2 = 25/(2)% = 25/4 = 6.25 sec.

Input Current Setting = 10(3/2) = 15 A, for example: Is=15A —0°, Ig=15A -1808, Ic=15A -0°.

Set the input current to 15.00 A and start timing. The unit should trip after 6:25 *3% seconds.

The 46 NEGATIVE SEQUENCE OVERCURRENT LED should turn on and the unitishould rotate displays

-TRGT- ns/zzloa 10:10:12
Triph =26 -

-TRGT- 06/22/93 10:19:12
" NEG “SEQ .OVERCURRENT

Set the input current to 0.00 A.

Press TARGET RESET/LAMP TEST. The 46 NEGATIVE SEQUENCE OVERCURRENT LED should turn off. The
unit should display

BECKWETH “ELECTRIC CO. :
¥-0420

B NOTE: The negative sequefice overcurrent function has a linear reset charateristic that
takes four minutes toyreset. If you wish to retest this function, you must wait
four minutes o' power, down the unit.

—END—
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67 PHASE DIRE VE

TIME DELAY ACCURACY TEST

TESTSETTINGS: Angle Directional Element (MSA) 0°
Pickup, Phase Directional Overcurrent 5A
Delay, Phase Directional Overcurrent 30.Cycles

Tap Neutral Overcurrent 10 A
Function 51V,

Phase Time Overcurrent Disable
Function 67, )
Phase Directional Overcurrent Enable
Function 46,

Negative Sequence Overcurrent Disable

1. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display

VOLTAGE RELAY _
VOLT freq curp powr. s

2. Turn the knob clockwise until the unit displays

CONFIGURE RELAYS
e setpts ‘stat CONFIG =

3. Press ENTER. The unit should display,

CONFIGURE RELAYS -
VOLTAGE RELAY =

4. Tum the knob clockwise until‘the unit displays

CONFIGURE .RELAYS .. =
o CURRENT ‘RELAY = =

5. Press ENTER once. The unit should display
[PHASE TIME OVERCURRENT l
disable NONDIRECTIONAL=>

6. Turn the knob counterclockwise until the unit displays

PHASE TIME OVERCURRENT
DISABLE nondirectional=s
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TEST PROCEDURES - 7

10.

11.

12.

13.

14.

15.

16.

17.

Press ENTER once. The unit should display

‘PHASE ‘DIRECTIONAL ‘OVRCU
- DISABLE enable “high_spd

Turn the knob clockwise until the unit displays

PHASE :-DIRECTIONAL -OVRCUR
‘disable :ENABLE "high_spd

Press ENTER once and EXIT until the unit displays

CONFIGURE RELAYS :
-<w-getpts ‘stat: CONFIG »

Turn the knob counterclockwise until the unit displays
CURRENT RELAY
volt freq CURR powr s

Press ENTER. The unit should display
EVERCURRENT ‘SETPOINTS J

PHASE_OVER -nutrlqover ‘=

Press ENTER. The unit should display

ANGLE IR ELEMERT - :
‘85.Degrees '

Turn the knob counterclockwise until the unit displays

( ANGLE nm ELEMENT j
40 Degrees '

Press ENTER. The unit should display

PICKUP PHASE .DIR ‘OVERCUR
10.0 Amps -

Turn the knob counterclockwise until the unit displays
ECKUP PNASE DIR OVERCUI?

5.0 Amps

Press ENTER ongefand EXIT until the unit displays

OVERCURRENT SETPOINTS
PNASE_OVER nutrl_over =,

Turnithe knob clockwise until the unit displays

OVERCURRENT SETPOINTS
phase_over NUTRL_OVER =»
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18. Press ENTER. The unit should display
(;AP NEUTRAL OVERCURRENT
1.0 ‘Amps .. ;

19. Turn the knob clockwise until the unit displays

.TAP “NEUTRAL OVERGURRENT
“10.0 -Amps ;. i :

20. Press ENTER once and EXIT until the unit displays

BECKWITH ELECTRIC.CO. .
U M-04z20 T

21. Increase the input current to 6.00 A and start timing. The unit should trip after 30 cycles time delay.

22. The 51/67 OVERCURRENT LED should turn on and the unit shouldirotate displays
-TRGT- 06/22/93 10118212
Trip# = 27 )
-TRGT-.06/22/93 10:19:12
"DIR ‘PNASE 'OVERCURRENT
23. Press TARGET RESET/LAMP TEST. The 51/67 OVERCURRENT ILED should turn off. The unit should display
[hecxwzru ELEg;nxc.co[]

24. Set the phase angle between the voltage@andcurrent inputs to 180°:
Va=120Vac£0°; Vg=120Vac£240° V=120Vac£120°;
1 ,;=6A Z£180°,Ig=6A £60°, 1c&6AwL300°.
The unit should now be in thexblocking direction, and should not trip.

25. Set the phase angle between the voltage and current inputs to 45° and start ummg The unit should trip
after 30 cycles time/delay:
26. The 51/67 OVERCURRENT LED should turn on and the unit should rotate displays

-TRGT- 06/22/93 10:19:12
Trip# = 28

.TRGT- 0§/22/93 10:19:12
DIR PHASE OVERCURRENT
27. Press-TARGET RESET/LAMP TEST. The 51/67 OVERCURRENT LED should turn off. The unit should display
[iecxwxru ELsggnzc co.) '
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o
\\32F ' DIRECTIONAL POWER, FORWARD POWER, 3-PHASE

(e j_' 4. (\.\l.

MAGNITUDE ACCURACY TEST

TEST SETTINGS:  Forward Power Flow Magnitude 3.0 pu
Time Delay 1 Cycle

b

Press ENTER. The SELECT FUNCTION LLED should turn on and the unit should display.
[‘VOLTAGE~RELAY B

VOLT freq .curr po_wr_-o"

2. Turn the knob clockwise until the unit displays

POWER RELAY .
‘volt freq curr POWR =

3. Press ENTER until the unit displays

DELAY FORWARD POWER :
30 Cycles )

4. Tum the knob counterclockwise until the unif displays

DELAY FORWARD ‘POWER .
1, Cycles

Press ENTER once and then EXIT until the unit displays
[bECKlITH-ELECTRIC-co.]

W

'M-0420

Slowly increase the input curfentuntil the relay trips. The unit should trip at 15 A 0.1 A.

o

7. ‘'The 32 DIRECTIONAL OVERPOWER LED should tun on and the unit should rotate displays

-TRGT- 06/22/93 10:19:12
Trip# = 29

-TRGT- 06/22/93 10:19:12
FORWARO OVERPOWER

oo

Set the input current to 5.00 A.

9. Press TARGET RESET/LAMP TEST. The 32 DIRECTIONAL OVERPOWER LED should turn off. The unit should
display

BECKWITH ELECTRIC CO.
M-0420
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TIME DELAY ACCURACY TEST

10.

1L

12

13.

14.

15.

16.

17.

18.

TESTSETTINGS: Forward Power Flow Magnitude 3.0 pu
Time Delay 30 Cycles

Press ENTER. The SELECT FUNCTION LED should tum on and the unit should display

‘VOLTAGE RELAY -~ = °)
VOLT freq curr powr =

Turn the knob clockwise until the unit displays
[pmn 'RELAY. .

volt freq curr POII'R‘-»

Press ENTER until the unit displays

‘DELAY 'FORWARD :POWER = . *
© 1 Cycles . '

Turn the knob clockwise until the unit displays
[ DELAY ‘FORWARD ‘POWER )

30 Cycles

Press ENTER once and then EXIT until the unit displays
BECKWITHLELECTRIC CO. ]
[ M-0420 )

Increase the input current to 16.00 A and start/timing. The unit should trip after 30 cycles time delay.

The 32 DIRECTIONAL OVERPOWER LED should turn on and the unit should rotate displays
[TRGT- 06/22/93 10: 19 12]

Trip# = 30 .

-TRGT- 06/22/93 ‘10:19:12
FORWARD ‘OVERPOWER

Set the input cufrentt0'0.00 A.

Press TARGET RESET/LAMP TEST. The 32 DIRECTIONAL OVERPOWER LED should tum off. The unit should
display

BECKWITH ELECTRIC CO.
M-0420

—END—
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32R DIRECTIONAL POWE Vv EP

Boor g fin
i :‘\."-\Pt\‘

MAGNITUDE ACCURACY TEST

TEST SETTINGS: Reverse Power Flow Magnitude ~-3.0 pu
Time Delay 1 Cycle

1. Press ENTER. The SELECT FUNCTION LED should mrn on and the unit should display.

“VDLTAGE :RELAY: g
“VOLT:freq- curr powr-.

2. Tumn the knob clockwise until the unit displays
-POWER :RELAY. ..ot o
volt-freq curr POIIR

3. Press ENTER until the unit displays

FORWARD ‘POWER ‘SETPOINTS
FORWARD reverse g ,

4. Turn the knob clockwise until the unit displays
[REVERSE-POIER"SETPOIHTS)
forward“REVERSE

5. Press ENTER until the unit displays

DELAY REVERSE PO'ER
3D cyclos

6. Turn the knob counterclockwiSe uaitil the unit displays

DELAY :REVERSE PﬂIEH _
. -4 :Cycles - Sl

7. Press ENTER oncé,and then EXIT until the unit displays

BECKWITH ELECTRIC CO.
®-0420

8. Set the phase angle between the voltage and current inputs to 180°:
Va=120VacZ0°, Vp=120Vac£240°% V=120Vac/120°
1A=2A"Z180°, Ip=2A £L60°, Ic=2A £300°.

9wSlowly increase the input current until the relay trips. The unit should trip at 15.00 A £0.10 A.
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10. The 32 DIRECTIONAL OVERPOWER LED should turn on and the unit should rotate displays

-TRGT- os/zz/oa 10:19:12
Trip# = 31" S

-TRGT- :06/22/93 - 10:19 12
REVERSE OVERPOWER

11. Set the input current to 5.00 A.

12. Press TARGET RESET/LAMP TEST. The 32 DIRECTIONAL OVERPOWER LED should turnioff. The unit should
display

-M<04

{ae;anu [ELECTRIC.CO. J

TIME DELAY ACCURACY TEST

TEST SETTINGS: Reverse Power Flow Magnitude -3.0 pu
Time Delay 30 Cycles

13. Press ENTER. The SELECT FUNCTION LED should turn on and the unit should display

VOLTAGE RELAY
“VOLT “freq “GuUrr powr =

14. Turn the knob clockwise until the unit diSplays

POWERTRELAY
-volt -fregycurr POVIR -

15. Press ENTER until the unit displays

FORWARD POWER SETPOINTS
FORWARD reverse .. :

16. Turn the knob clockwise until the unit displays
[nevense POWER ssrpomrs]

forward -‘REVERSE

17. Press ENTER until the unit displays

DELAY REVERSE POWER
1 Cycles

18. Tum the knob clockwise until the unit displays

DELAY REVERSE POWER
30 Cycles
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19. Press ENTER once and then EXIT until the unit displays
(bscxw;ru ELECTRIC cO. j

M-0420:

20. Increase the input current to 16.00 A and start timing. The unit should trip after 30 cycles time delay:

21. The 32 DIRECTIONAL OVERPOWER LED should turn on and the unit should rotate displays

TRGT- 06122/93 10 19 1
Trip# = o

-TRGT- 06/22/93 10:19:12
“REVERSE 'OVERPOWER =~ -

22. Set the input current to 0.00 A.

23. Press TARGET RESET/LAMP TEST. The 32 DIRECTIONAL OVERPOWER\LED should turn off. The unit should

display

BECKWITH ELECTRIC CO,
M-0420 .

—END—
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TEST PROCEDURES -7

79 NECT T ELAY

TIME DELAY ACCURACY TEST

TEST SETTINGS:  Time Delay 60 Cycles

1. Connect an ohmmeter across reconnect contacts terminals 49 and 50. Contacts should'be closed. The
voltmeter should read 0.0000 Q. '

2. Increase the input voltageto 132 V.
3. The unit should trip after 30 cycles +1 cycle sime delay.

4. The reconnect contacts should open. The Digital Multimeter (DMM) reading should indicate open con-
tacts.

5. Decrease the input voltage to 120 V and start timing.

6. The reconnect contacts should close after 60 cycles +1 ¢ycle time delay. The ohmmeter should read
0.0000 2.

=END—
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ELF IBRATION PROCED

The M-0420 has been fully calibrated at the factory, There is no need to re-calibrate the unit prior to initial
installation. Further calibration is only necessary if a component was changed during a repair procedure.

TEST EQUIPMENT

The following equipment* is required to perform self-calibration:
a. Two digital multimeters (DMM) with 10 A current range.
A source 0f24 V dc, 48 V dc, 125 V dc, and 120 V ac conforming to the power input specifications.

b
C. A source of variable ac voltage from zero to 240 V ac.
d. A source of variable current from zero to 20 amperes.

*The Doble, AVO, and PowerTec family of test equipment may be(used.

TEST SETUP
a. Disconnectsystem power (if connected) and pull the unit out,of.its housing.

b. Set DIP switch 2 (see Figure 6-1) to OFF (up). Fof self-calibration, all DIP switches should be OFF
except for switch 3.

C. Place the unit back in the case and verify thatthe unit assembly is secured properly to the housing.

d. Connect and configure the voltage inputsi¢Va, W, V¢ and V) according to Figure 7-3.

Hot & 2
Voltage Input T 3 VaiorV,e
14

s L j 15,

FIGURE 7-3 Single-Phase Voltage Input Configuration for Calibration
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e. Connect and configure the current inputs (15, I, Ic and IN) according.to Figure 7-4.

I_‘_"ar"y lmmrr: 5

3
6
7 o
le
B
Current Input{ 0
lg
10
1 .

S\

FIGURE 74 Single-Phase Current Input Configuration for Calibration

f. Verify that the system power supply’s rating mieets specification requirements, and connect it to tenini-
nals 54 and 55.

g. Set the test equipment voltage to 120 V ac;0.00\degrees phase angle, 60 Hz. Connect the test voltage
output to terminals 13 and 14, but do not turn the system power on.

h. Set the test equipment current source to 5.0 amperes, 0.00 degrees phase angle, 60 Hz. Connect the
current source output to terminals,S%and"6; but do not turn the system power on.

i. Connect a DMM to measure the testequipment output voltage.

j.  Connect a DMM to measure the test equipment output current.

CALIBRATION PROCEDURE

a. Apply nominal systenppower to the unit on terininals 54 and 55.

b. The unit will turm on and display the following:
[ CALIBRATION MODE J

CONNECT REFERENCE INPUTS
PRESS ENTER TO RECAL

Ca, Apply 120 V ac test input voltage to terminals 13 (hot) and 14 (neutral).
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d. Apply 5 A current input to terminals 5 (polarity) and 12.

e. Press ENTER. The unit will enter calibration mode and display

(CON_NECT REFERENCE- ;mpurﬂ

- WAIT =

When the calibration has been completed, the unit will display
[couuecr._ -nereneuce..;z_u_pur_s)

- DONE -

f. Press EXIT. The unit will display

RETURN -CAL “MOD ‘DIP SW'
PRESS ANY KEY TO RESTAR

g. Turn off the test voltage and current, and the system power.

h. Pull the unit from its case.

i. Set DIP switch 2 to ON (down), and verify that the other switchesare in the correct positions for your
application.

j. Puttheunit back in its case and make sure that the connections are seated properly.
k. Apply system power and the test voltage and current.

1. After the power-on self-test has finished, verifyithe following readings using the monitor status mode:
Voltage: Phase A =Phase B = Phase’C = 120 V ac Neutral = 120 V ac
Peak Phase Voltage (RU). A=100 B=100 C=1.00
Positive Sequence Voltage: 0.0V ac
NegativesSequence Voltage: 0.0
Zero S€quence Voltage: 120.0V ac
Power: Real Power=1.0pu  Reactive Power= 1.0 pu Power Factor = 1.0
Current: Phase A = Phase B = Phase C = Neutral = 5 A Negative Sequence = 0.0 A

m. Disconnect powepfromthe unit.

n. Remove test inputwiring and measurement leads.

-END-
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8

M-0420 DESIGN CHANGES

Beckwith Electric maintains a system whereby customers can obtain information conceming all design changes
to our units. Full documentation on each unit is kept on file by model number, serial number;, and software

version (if applicable).

Each unit has a model number consisting of a letter and four numbers. Significant enhancements are marked
with a suffix letter. The rule is that it must be possible to use any later version,as a réplacement for an earlier
version. The opposite may not be true because of features added. If later units,are'net fully interchangeable for
older units, a change in the model number is made.

Changes are recorded by software version number.

D-0020V04.01-32
—T  T— DSP Software Version Number
Host Processor SoftwaresVersion Number

HOST PROCESSOR SOFTWARE VERSIONS

D-0020V00.68

Added VT and CT ratios settable through the’communications interface only. Communications terminal type
no longer supported.

D-0020V00.69

Line-to-line suffix (AB, BC, CA),added to target and status display screens when line-to-line option switch is
set. VT and CT ratios made seftable hirough the user imerface.

D-0020V00.70-07

VT and CT scaleffactors changed to support frackional values.
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D-0020V01.03-10 ECO 698
Self-test alarm relay changed to normally closed. The following were added:

* Internal VT fuse-loss detection

* VT Fuse Loss Alarm Output

* Extemal VT Fuse-Loss Input (60 FL)
* Auxiliary Trip Output Relay

* Voltage Restraint (51VR)

* Delta-Y Transform (51 VC/S1VR)

* DSP Version Compatibility Check

*  Continuous Power Supply Check

D-0020V02.00-21 ECO 755

Capability to include the following options was added:
*  Directional Phase Overcurrent (67)
» Directional Control of 51V

D-0020V03.00-32 ECO 814

Internal fuse-loss algorithm enabling/disabling added.

Selectable fuse-loss blocking for 27, 51V, 67, and 32R functions added.
Auto-rearming option for fault recorder added.

D-0020V04.01-32

Power factor now displayed as anabsolute value (no sign shown).
TARGET LEDs cannot be reset until all out-of-bound conditions are OK.
Review setpoints screens now scroll only forward.

RELAY OK LED can bejprogrammed to flash or remain on consinuously.
Date and time stamp ofdast power-up added

Fault recorder programmable post trigger delay added.
Communications access code added.

Range of VT and CT ratios increased

Modem communications improved.

Fault recorder triggering for multiple faults improved.
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APPENDIX A
THEORY OF OPERATION

One early presumption in the design of the M-0420 was that the approach to be pursued Would*necessarily
involve very sophisticated analytical procedures in order to efficiently accommodate multiple fungtions in one
package. In fact, it was realized that the design would require digital signal processing (DSP) technigues in order
to make the extremely rapid computations necessary to accommodate all functions in realtime! Atthe same time,
the inherent limits on accuracy for many analog components would not be a factor in the newyrelay.

The approach followed in this project replaces the entire analog signal-processing hardware with a Digital Signal
Processor (DSP). If the relay were designed with an analog “front end,” it wouldzequire analog circuitry for each
channel to calculate the magnitude and phase angle, and other analog circdits fonithe calculation of negative
sequence current, real and reactive power, and other functions.

While DSPs are highly effective for signal-processing applications, they are not very efficient for general
purpose applications and have limited memory space. Therefore, the mullifunction relay uses a dual-processor
architecture: the DSP executes all the signal-processing algorithms, whil¢’a general-purpose processor (denoted
as the host processor) is used mainly for input/output (I/O) processing, including the relay logic.

Hast Processor
=10 MH:_“_"_O_ B

| vE&CR — : Tempersture DSP Processor Board | Host Processor Board
E 3 H Sensor ) I
i o % 7 1 2-Line by 24-Character
1 - II ! Liquid I Dinplay
| - Art-Allasing Low-Pass Filters (LPF) :
% 2 gg_ | - I 22K byte AW
: /Amlogmlﬂpbxer | R R
|
v )—3&- : 8 128K biyte Flash-
¢ Ll .' — --Pmﬂiz.:tim:h".
1
I
]
|
|
|

i
]

I

|' LED | | Front-Panel
| Targstn Controls
I
'
|

FIGURE A-1 System Block Diagram
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SYSTEM BLOCK DIAGRAM

As shown in Figure A-1, the inputs to the M-0420, filtered to remove higher order hartnonics, are multiplexed
(MUX) and then passed through an analog-to-digital converter (ADC) to the digital signal processor, which
performs a discrete fourier transform (DFT) 16 times per cycle for each of the eleven inputs. The host processor
manages I/O functions (including the front panel controls, the LCD display, and the two RS-232C perts), updates
the memories for setpoint values, records trip information, and ultimately analyzes the data from‘the DSP to

determine the need for a trip command.

The voltage and current signals are scaled and isolated using voltage transformers (VT) and current transformers
(CT). These isolated analog signals must be filtered to remove unwanted harinonic content above 480 Hz to
accommodate a 960 Hz sampling rate, according to the Nyquist criterion, to avoidialiasing or the incorrect
interpretation of frequency components by the system. Anti-aliasing low-pass filters (bPF) are applied individu-
ally to the eight inputs for this purpose.

To this point, the circuit is duplicated in hardware for each voltage or crrent input, but it now becomes efficient
to multiplex or time-share those values for the digital porsion of the design, The MUX performs a very high-
speed electronic switch function, sequentially accepting scaled voltagesignals from the filters and routing those
signals to the programmable gain amplifier (PGA).

Because of the wide dynamic range of possible input current values, it is difficult to maintain accuracy for both
low and high pickup values. Additionally, the gain of the yoltage channels should be independent of the phase
current pickup setiing, and the gain of the neutral cumrent channel may differ from that of the phase current
channels. While electromechanical and static relay designs address this problem by providing coil taps on the
input current transformer to adjust the pickup currentthe multifunctionrelay uses the PGA. Noting thatthe relay
needs to measure only up to 20 times the pickup value, the gain of the PGA can be adjusted accordingly for each

input.

The output of the PGA, representing in fime sequence the eleven measured parameters, is scaled to make it
compatible with the ADC. Each of the“inputs occupies the ADC 16 times per cycle, meaning that 12-bit
resolusion of eleven independent quantities,must be determined every 1.042 ms.

Since available chips designed for efficient digital signal processing are not well suited to the overhead tasks of
the relay, these functions are assigned to a second, or “host,” microprocessor which is much better suited to the
purpose. The host processorperfonns all overhead functions, e.g., monitors the keyboard for operator requests,
updates memories for setpoift Values, facilitates operator interaction via a 2-line-by-24-character liquid crystal
display, establishes two-wayscommunication using the RS-232C serial ports, and ultimately analyzes the data
from the DSP tg/detezmine'the need for a trip command.

DISCRETE FOURIER TRANSFORM

The digital signal processor makes possible the many calculations in the very limited time available. Fundamen-
tal to the relay are the rms value, frequency, and phase angle of the fundamental frequency phasors. A DFT is
executedin order to estimate these parameters while filtering the dc offset and hartnonics from the fundamental.
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The use of an algorithm based on the DFT to compute the frequency and to determine the phase-angle for real/
reactive power measurements has several advantages over the approach used in other commercially available
digital frequency relays. Relays that calculate these values by measuring the time duration between the two
successive zero crossings of the system voltage can be adversely affected by harmonic distortion and noise,
which can shift the zero crossings or create multiple zero crossings. The algorithm used in the M-0420 uses
voltage phasor estimates obtained from the DFT to compute the frequency. This algorithm not efily provides
very reliable frequency estimates, but since the DFT rejects dc and harmonic componentsyin the signal, the
frequency estimates are not affected by these components. Additionally, deriving the positive sequence voltage
phasor from the DFT means that the frequency function will continue to operate should anySingle- or two-phase

fault occur. '

To describe the DFT, assume the analog inputs are sinusoidal signals corrupted byynoise. The following
mathematical notation will be used:

The instantanepus value of a voltage or a current signal

z(t)

Zx = The sampled value of signal z(t) at k-th instant

ay = The fundamental power system frequency inyradians per second
T = The interval between two samples, i.e., zy =2 (kT)

N = The number of samples in one cycle of fundamental frequency

The computation of real (Z'k) and imaginary (Z ik) components of the complex phasor (Z) are as follows:

NA
Z"kzﬁ' r{_‘b Ziir coszﬁr

N-1 (1)
2 2
TN L, TN

where z_1, 2.7, ...2_(N-]) are'seto Zero.

A major obstacle 40 the direct computation of (Z;k) and (Zik) is that 2N multiplications are regnired at each
sample. The above equations can be rewritten in recursive form to ease the computation:

2 27k
2o =2y, +§(Zk -Zy.n) Cos—
2
2 . 21k
Zik = Zik—] +ﬁ(zk - Zk-N) sm-—I—q——
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wherez.j, 2., ..z.Nand Zr ;, Zi_, aresetto zero, and only two multiplications are required per sample. Also, the
use of (2) results in a stationary phasor in contrast to the use of (8) which would result in a rotating phasor.

The magnitude IZ| and phase angle () of the phasor can be obtained as follows:

[Z| =N Z%+ 2% and 6 =tan’(Z, /Z ) @

r 1

The peak Z 1p and rms value Z 1. of the fundamental frequency component are given by:

|Z| and
=|zI W2 @)

N
1

N
[

The filtering charactezistics of the DFT algorithm can be better understood by.looking at its frequency response.
The frequency response for the real and imaginary computation 6f'the,DET algorithm is obtained (for N=16)
using the Z-transform technique and is given in Figure A-2. It canibe seen from this figure that the DF T rejects dc

and up to the 14th harmonic of the fundamental.

Magnitude

IMAGINARY

I
4 5 6 7 8 9 1011 12 13 14 15 16

Normalized Frequency (1A,)

FIGURE A-2 Frequency Response of the DFT Algorithm
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Phasor rotation is a basic operation which is useful in many applications when the signals are represented in
phasor form. This operation can be used to correct sampling delays in a multi-channel data acquisition system
when the sequential sampling technique is used with a single sample-and-hold circuit.

When n signals are sampled sequentially with a 'delay of AT seconds between successive channels, the phasor
estimated at the nth channel should be rotated by an angle -(n-1)A6 = -(n-1)apAT, to comrect thesphase delay
introduced by the sequential sampling. The rotated phasor can be obtained as follows:

'y, |_[cos ((n-1)A6) *sin (-(n-1)A8) | [z,
[Z'in]_l;sin (-(n-1)A6) cos ({n-1)A6) :] Li’], n=23.9 (5)

where 2 +j z;  is the original phasor and z't ;+j Zii , is the comected phasor.

Estimation of RMS Value of the Signal

The rms value of a periodic signal, z(t) with a period 2 radians is defined"as:

1 2n
2
Z = ;I z (t)dt (6)
0

In discrete form, the rms value of a sampled signal, Zg; can be obtained as:

N-1
WA 2
Zrmsk‘ N 2 Z k-r )
r=0

where z.;, Z5,...Z2(N-1) =0.

The quantity stk represents the rms value of the entire signal considering dc, fundamental and up to the nth
harmonic where nfis egual to (% -1).

Equation (14) can be,rewritten in a recursive form to reduce the computations, as follows:

y 2 2
Lims =2 +Z -2
s fmms T2k T Z2kN ®)

wherel) 7’11 4= Oandz ;2 ..25=0
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Now the rms value is given by:

9)

Instantaneous Peak Voltage

Instantaneous peak value (Zp) of a sampled signal 2 can be calculated as follows:

N-1

= Max.of | Z
Zp kr r=0 (10)

where .1, 2.3,... Z(.N-1) = 0.

The value Z;, should be distinguished from the value Z, . Thévalue Z;, is the instantaneous peak value of the
unfiltered signal whereas Z]P is the estimated peak value of‘the fundamental frequency component.

Estimation of the Fundamental Frequency

Commercially available digitally-based frequencéy,relays commonly measure the time duration betweenthetwo
successive zex0 crossings of the system voltage to compute the frequency. The performance of these relays is
adversely affected by the presence of harmonic diStortion and noise which shifts the zero crossing or creates
multiple zero crossings. Recently digital frequency.relay algorithms have been proposed inthe relaying literature
[4]. The algorithm based on the DFT [S}is very attractive for implementation, and it provides very reliable
frequency estimates. This algorithm uses, voltage phasor estimates obtained from the DFT to compute the
frequency. Since the DFT rejects dcand harmonic components in the signal, the frequency estimates are not
affected by these components. : ‘

It was noted earlier that if recursive computations are used for the DFT, the resulting phasor estimates are
stationary. Now, assume ghe input signal frequency is allowed to change slightly from its nominal value
(fo=wp/2n) an amount,of Af, while the sampling frequency remains coostant. It can be shown that when the
input signal frequency changes from fqto (fo + Af), the phasor undergoes magnitude and phase modifications.
For small deviationsn frequency, the magnitude factor is small compared to the phase factor, and the phase
change can be used‘as ameasure of the frequency deviation.
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Let 6 be the phase of the voltage phasor at the k-th instant, then the following phase recursive relation can be
obtained:

Af2w
0= 9k-1+TO“N" (11)
and
de
Af = =5 B0 ialfoN (12)

Hence, the rate of change of the phase angle of the complex phasor is directly related.to the deviation of the input
signal frequency from the nominal frequency. The phasor diagram of the rotating phasor is shownin Figure A -3.

FIGURE A-3 Phasor Diagram

The angle y= 6,6y ; is calculated every cycle as:

-1 %(ﬁ)n B 6—150)
1 (©F, + ORy) @)

w = tan
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From the calculated value of y, the frequency can be obtained as:'

N
f'“'fo“"% (—f%—) (14)

It has been shown in {6] that the error in the estimated frequency can be reduced for larger valuesofAf, if the
positive sequence voltage phasor is used to compute the frequency instead of a voltage phasor,from.one phase.
This is because there will be a cyclic variation in the estimated frequency as derived from"one phase which is
automatically filtered when positive sequence quantities are used. Further, the use of the positive sequence
quantity eliminates any concem about loss of the sampled phase due to a single phase fault.

Calculation of Sequence Components

In protective relaying, it is ofien required to monitor the sequence components ofivoltage and current signals of
a three-phase systemn. For example, in the multifunction relay, the positive sequence voltage phasor is used to
compute the frequency and the negative sequence current is used.to detect unbalances and open phases.

Let Va, Vb andvc be the estimated phasors of the three phase voltagesiThen, the positive V,, negative Vz and
zero sequence VO components of the three phase voltages aregiven by:

Vo I 1 o™y’ Va
Vi |l==|1€a?®4 o |V,
3 _® (15)
v, N1 1 V.

where phasor V= (V, +jV;) and .= — 0.5+, jO866 or 1 £120°.

Calculation of Power/Power/Factor

Computation of complex power can,be easily achieved when the voltage and current signals are represented in
phasor form. Let V and T repfesent€omplex phasors of voltage and current signals measured across a load. Then

the complex power (§) delivered'to the load is given by:

S=VI*=P+jQ

= VIcosf+j VI sinf (16)

where real power is given by the real part of V I * and the reactive power is given by the imaginary part of Vi-,
where * denotes@ complex conjugate of a phasor.
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For a three phase system, the total power is the sum of the individual power in each phase.

B+ Q=) VI* (17)

[=a,b,c

The power factor is computed to make possible its display as:

pf=tl=_ DL,
N o

In this way the power factor is calculated using the defining equation with no simplifying assumptions on zero
cross phase angles, acommonly used procedure which is correct only when/dealing with pure sinusoids.

implementation of Inverse Time Overcurrent Relay/€urves

The time current characteristic of an induction type overcurrent relay canvbe modeled as:

j'f(l)dtz K (19)

to

Where | is the current in multiples of tap setting,K is the time-dial setéing and function f determines the shape of
the curve. In the above equation the integration process begins when the current exceeds the tap setting and the
relay operates whenthe integral exceeds K. '

The digital implementation of (19) is used in this relay. Let I, be the current magnitude in multiples of the tap
setting and consider the following integration,with an initial sum (U) set to zero:

Uy, =0+ fL) (20)

and if we say the relay is operated when the running sum reaches a threshold value K,,, then the relay operating
time (Tg) for a constant magnitude.of current is given by:
K,,T

Ty=—t—
T (1)

whiere T=4.17 ms isthétime interval used for the integration.

Four independent integrators — three for phase elements and one for neutral element — are used. The integration
function allows the overcurrent relay to coordinate with existing electromechanical relays. The integration
function'provides correct relay operation for dynamic fault currents. The relay actuating quantity can be selected
as therrmscurrent or the fundamental frequency rms current. :

A-9




M-0420 INSTRUCTION BOOK

The function f(Iy) in (20) is approximated as a piece-wise quadratic polynomial as follows [7,9]:
P = Ag+ A% + Ay (12)? (22)
where 1" is a weighted least-squares approximation of f, and Ag, Aj, and A, are the polynomial coefficients.{The
variable in the approximating function is selected as I? instead of I to avoid the square root compatation.
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APPENDIX B
SELF-TEST ERROR CODES

Error Code Description

1 Host to DSP sync fail (int1)
2 ':'f._'"':ZIIJSP':aw(.reg:isté;:fa.\il'_:.'_;_';a.:;_.i:_f'; e
DSP RAM fail
| D_S_P_Progr_amf_aﬂ oo o
DSP ALU fail. |

.. DSP status registerfail .\ Wy

e s W

~

DSP shifter tail
. 'DSPmultiplier fall PR e e

© o

DSP misceltaneous fail
10 (resevedtorbsp) 6 4
11 (reserved for.D.Sls)
42 highspeed intéhuptfaih(in2)
13 dual-ported RAM'all, DSP side
14 - ADtimingdal g
15 Incompatible DSP Software Version
16 - Unfalbritablelnputs
17 (reserved for DSP)
18 (réserved for DSP) o .
19 (reserved for DSP)
20 uninitialized EEPROM 0
21 uninitialized EEPROM 1
22 uninitialized EEPROM 2 (not used at present)
23 checksum error EEPROM 0
24 checksum error EEPROM 1

25 checksum error EEPROM 2 (not used at present)

TABLE B-1 ’Se!f-Test Error Codes
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Error Code Description

| 27l read/write error EEPROM 1
2 et EEPROMZ rorussdatpreren) N,
E D'pm calibration values t';hec.ksu.r.n omor
| 30 fauh reoorder butf.ar.l”a.lln g i
31 watchdog for values update faulure
32 : values update om—of-sequence!allure
33 unlmplemented host mterrupt (NMI)
34 o unracognized DS ntem:pt code tarlure:::" :
” 35 | unimplemented host |nterrupt
36 : ummplemented host restart ) &
37 unlmplemented host opcode trap
38 - . maln routing ratum error e
39 - math error (square root or divide by zero)
40 WARNING: kwelockbatery
4t - read/write clock RAM fail
42 dual-ported RAM fatl host side _ e
43 dual-ported RAM fail-to- read-clear host s1de |
44__\_WARNING: untafized clock RAM g
45 | (unused)
46 7‘ EEPHOM V\rrite .ve-riiy. errar
a7 Communication Butfer Error
48 unracognizet:i tailure oode.
49 failure of DSP to enter run mode
S0 failure of DSP to enter salf-test mode

TABLE B-1 Seli-Test Error Codes (continued)
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SELF-TEST ERROR CODES: APPENDIX - B

52

58

Error Code

* phaseground reference gain 1fal
| _._p.hv.‘ab_s.e grbgqq_ret.e_re.pqé'g._lajn.,_B“__.f_'a.II G '

: ostive supply feierence!all : .. . Sl gy

' negéth_ré-s'upply reference.gain 2-_(a__i|_._'il N W

st

.58 negative supply feference gain8tall | V- " ":"::

Description

neutral ground reference gain 1 fail
neutral ground reference gain 8 fail
negative supply reference gain 1 falil

negative supply reference gain 4 fail

TABLE B-1 Self-Test Error Codes (continued)
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COMMUNICATIONS — APPENDIX C

APPENDIX C
COMMUNICATIONS

The M-0420 incorporates two serial ports for intelligent, digital communication with external devices. Equipment
such as RTU'’s, data concentrators, modems, or computers can be interfaced for direct, on=line'real-time data
acquisition and control. Generally, all data available to the operator through the front panel ofthe M-0420 is
accessible remotely through the communication software interface and the data exchangesprotocol.

Bl NOTE; For detailed information o n communications, refer to the M=0429ABECOCOM™/
M-0428A BECOPLOT™ User’s Guide.
THE BECOCOM™ PROTOCOD

The M-0420 and the M-0429 communications software use the BECOCOM protocol. The protocol imple-
ments full-duplex, serial, byte-oriented, asynchronous communication and can be used to fulfill the follow-
ing communication functions:

* Real-time monitoring of line status.
* Interrogation and modification of setpoifits.
* Downloading of recorded fault data.

* Reconfiguration of relay functions.

NI POR

The M-0420 has both front-(and réar-panel RS-232 ports. The front-panel connector is a 9-pin (DB9S) con-
nector configured as DTE«(Pata*Terminal Equipment) per the RS-232C standard. The rear-panel connector
is a 25-pin (DB25S) connector also configured as DTE. Signals are defined as shown in Table C-1.

Bl NOTE: The RS-232C standard specifies a combined cable length between the modem,
rélays and communication-line splitter not to exceed 50 feet. Successful operation
cannot be guaranteed for cable exceeding this recommendation. Every effort
should be made to keep cabling as short as possible. Low capacitance cable is
recommended for long runs.
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M-0420 INSTRUCTION BOOK

All control signals are electrically compatible with RS-232 levels and are actively driven, with the exception
of the front panel DTR signal which is permanently wired TRUE. All RS-232 signals are optically isolated
to withstand 1414 V dc and incorporate MOV protection. Each communication port can be configured for
any of the standard baud rates (300, 600, 1200, 2400, 4800, and 9600).

B NOTE: The RS-232 communication ports are excluded by Beckwith Electric from passifig
ANSVIEEE C37.90.1-1989. We suggest the use of fiber optic communication
lines to avoid any question of surge-withstand capability.

RX Receive Data Pin,2 Pin3

DTR Data Terminal Ready

SGND . SignalGround®, %

CGND Chassis Ground ' —_ Pin 1

TABKE C+1_ Communication Port Signals

y Vi
The M-0420 provides a limited communications ability via the front panel COM1 port: a subset of the status

parameters and control functions can be executed via a standard “dumb” terminal. This function can be used
intesting or whiledhe unit ison-line.

B NOTE: The M-0420 must not be in local mode.

Any terminal which supponts ANSI emulation (sometimes called an ANSI BBS terminal) can be used. Addi-
tionallypa compatible PC running any standard terminal emulator software (such as Procomm or Smarterm)
set toithe?ANSI terminal type can be used.
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COMMUNICATIONS - APPENDIX C

Because most terminals and PCs are also configured as DTE (Data Terminal Equipment) some formn of null
modem cable is usually required. Pin-outs for these cables are provided in Figures C-1 and C-2. These cables
are available from Beckwith Electric, or can be fabricated or purchased from most computer supply houses:

The baud rate and parity of the terminal must match the settings of the M-0420. The M-0420 always com-
municates with 8 data bits, 1 stop bit, and either even or no parity.

The commands available in this mode are listed in Table C-2. They can be issued by pressingithe appropriate

key.

B NOTE: Do not use other keys. They are reserved for factory uses anhd may’result in
unpredictable operasion.

Procedure: M-0420 Terminal Communications via COM1

1. Set the baud rate and parity on the CONFIGURE COM1 menu,on the M-0420.

2. Exit local mode.

3. Connect properly wired cable between the front-panel EOM1*port and the terminal or PC.
4. Set the terminal baud rate, number of bits, numberiof stopbits, etc.

5. Press any of the key codes defined in Table,C-2:

M Metering and Status

A Alm Fault Recorder N

D | Disérm Fault Recorder

F | Tnggér fadlt .Recc;rt.jer

R Reset Local LED Targets

z Clear Trip History Records
“Note: Letters must be upper case.

TABLE C-2 Terminal Commands
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M-0420 INSTRUCTION BOOK

M-0420
COM1 PC
DB9P DB9S
1 I_ 1 DCD
RX 2 \/ | 2 RX
X 3 s 3 TX
4 ‘» 4 DTR
SGND 5 5 SGND
6 I— 6 DSR
RTS 7 / 7 “RTS
CTS 8 /\ 8/ CIS
9 9wRI

FIGURE C-1 Null Modem Cable: M-0420 COM1 to PC (9-pin)

COM2 PC
DB25P DB25S
1 1 CG
RX 2 2 TX
TX 3 3 RX
4 4 RTS
SGND 5 / 5 CTS
6 6 DSR
RTS 7 ——-// l_ 7 SGND
CTs (.8 - 8 DCD
25 19
— 20 DTR
25

FIGURE C-2 Null Modem Cable: M-0420 COM2 to PC (25-pin)
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BOARD INTERCONNECTIONS: APPENDIX - D

APPENDIX D

PRINTED CIRCUIT BOARD INTERCONNECTIONS

Relay
Rear
Terminal
Block
LI P2-1]5
apmsp |l U wmput 1!
Board Board e
Y-0340 Y-0344 . '
1 [}
s ol
1 1
P1 - P2-20{24
| S—
Power
Supply
Rela
Y-0343 Rear
CoM1 Torminal
oC
= ,_J......,
] P1 J3 P3-1 |30
p2 [}— —{| p2 K
P2 P8 Jd L ¥
Front Panel | CPU ] I' Output ! |1
Board - Board P4 P1 Board , |
] )
Y-0341 P3 ———{ P3 Y-0339 J I_ Y-0345 E E
- ] ]
- Liquid Crystal vl
Fo qg“plr.yyc o
P1 P104)- ]T' P3-26155
T [1, COM2 ]
1] P1y 0412 U1 1] com2

FIGURED-1 M-0420 Board Interconnections
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CONFIGURATION RECORD FORMS: APPENDIX - E

APPENDIX E
CONFIGURATION RECORD FORMS

This appendix contains forms that you can photocopy for recording and keeping on file the configuratien of your
M-0420(s).

The first form is the Functional Configuration Record. This form reproduces the CONFIGURESRELAYS series
of menus accessible from the M-(0420 front panel. For each function or setpoint, circle whether it is enabled or

disabled.

The following Setpoint Configuration Record forms allow you to record the"Specific values entered for each
enabled setpoint or function. (The provided check boxes allow you to mack the gnabled setpoints and functions.)

Examples of the suggested use of these forms are provided below.

Finally, an Internal DIP Switch Configuration Record form is provided'for noting the settings of the internal
configuration DIP switches.

PHASE OVERVOLTAGE ~  #1, W [ PHASE OVERVOLTAGE: = ' ‘#1
disable (ENABLE) ' | £22.5.. Volts (LOZ PU)

Functional Configuration U) (PHASE OVERVOLTAGE - . .. #2
e NOLE (=== PU)

.

‘PHASE OVERVOLTAGE : -~ . :.#2 rf;DEL_AY_;:%PHA_SE_:-'-}‘QVER_\I_OLT"-"'--':-'
@15ABLE)enable [ 4 300 cycles -~ -

\.

(DELAY - PHASE -OVERVOLT ~ #2 J

| .———_ Cycles. -

Setpoint Configuration




¢3

PHASE OVERVOLTAGE 7]
disable ENABLE )
["PHASE OVERVOLTAGE 2

\ DISABLE enable

' PEAK OVERVOLTAGE
| disable ENABLE

")

PEAK OVERVOLTAGE 92 )
DISABLE enable
. ?
@ PHASE UNDERVOLTASE 7]
| d1sable ENABLE B
PHASE UNDERVOLTAGE 92
LDISMLE enable J
NEUTRAL OVERVOLTAGE "
| disable ENABLE B
NEUTRAL OVERVOLTAGE 2 )
DISABLE enable

@ NEUTRAL UNDERVOLTAQE
disable ENABLE

01J

NEUTRAL UNDERVOLTAQGE
DISABLE enable

?)

OVERFREQUENCY = .  #
 disable ENABLE . .. - .

OVERFREQUENCY . . ... . #2
| DISABLE enable = . .= '

_m_mzaraz_nusucv R
disable ENABLE: . .

UNDERFREQUENCY . #2
| DXSABLE enable  * .

[P

This menu will not appear if

Phase Time Overcurrent is disabled:

**  This menu will not appear if Voltage
Control/Voltage Restraint are/not
enabled.

***  Optional.

s By:

D,

* [VOLTAOE CONTROL OVERCURR

b [vc DELTA-Y TRANSFORM -

A
-

\
'671

-’

Y

09@@

PHASE TINE. OVEHCURRENT
‘uiaahla NBRDIRECTIGHAL 1rectioﬂll

DISABLE v_sntrl ympstrnt

DISABLE ‘enabie, .

PHASE,DIRECTIONAL OVRCUR |
DISABLE ‘ensble high spd -

PHASE INST. oveacu_nasm
d!.uhlo ENABLE .= 7'

- NEUTRAL. TIﬂE OVEQCURRENTﬁfj:
dillbl. ENABLE :

NEUTRAL - INST OVERCUHREN S
‘adeable ENABLE -

NEQ 9EQ TINE OVSRCUHRENT-f'
d.tublo ENABLE o i

Date:

Serial Number:

Located at:

M-0420 Functional Configuration Record

disable. ENABLE

('.“.".‘.“‘ ovERPOWER - J

disable ENABLE high_spd

[roawxnn OVERPOWER . - ]

_TRIP CIRCUIT SR
. INTERTIE ‘generator - ' .

mrsnun FUSE L089.L0GIC
:‘f'dinblo ENABLE

dinablo ENABLE

[stocx PHASE uunenvol.me

BLOCK REVERSE POWER.-
- DISABLE onlblo :

al.oox TIME OVERCURRENT:
' disable ENABLE .

(BLOCK DIR OVERCURRENT . . -
'DYSABLE snable '

MOO08 NOILONHLSNI 02v0-N
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GVERVOLTAGE. S!.TPG

J [ PHASE OVERVOLTAGE
Volts (

DP’
—— )

PHASE UNDERVOLTAGE = M

Q NEUTRAL OVERVOLTAGE
Volts (_... .- '

: Volts: (. N

Volts (L

} Q Lnsurmu. unnsnvonmz .; -#1

DELAY PHASE OVERYOLT

"]

DELAY NEUTRL OVERVOLT

=

[DELAY NEUTRL uunsnvon #1

i
J
)
"

( DELAY PHASE UNDERVOLT ~ #1
L Cycles [ Cycles " 5 Lycles - Cycles -
O [ PHASE GQVERVOLTAGE #2) O {PHASE UNDERVOLTAGE ~ #2 | O 'NEUTRAL' ovsnvoums o #2 Q [ NzumAL uunsnvoums
g Volts ( PU) | . Volts (__ -.PU) L “Volts {_.... = PU) Volts (i - PIJ
DELAY PHASE OVERVOLT #”2 { DELAY PHASE UNDERVOLT . #2 (DELAY NEUTRL OVERVOLT - #2 - DELAY NEUTRL UNDER\(OI-T #2 :
Cycles ) [ Cycles ~ i [ Cyclos : e 010108
QO [PEAK OVERVOLTAGE " |
. Pu .
. By:
DELAY PEAK OVERVOLT ]
.. " Cycles B Date:

Q [pmc OVERVOLTAGE
_PU

"

DELAY PEAK OVERVOLT
Cycles

B NOTE: When 69.3 Vais chosen for the VT secondary

voltage, 69.3 V Is Intemally corwerted to 120 V (1 pu) for aR

calculations and for selting/and display purposes. For ex- Serial Number:

anple, if a pickup©ot 73V (1.1 pu) Is desired when 69.3 V has
been chosen for,the VT secondary voltage, this wlill be

displayed and'entered‘as 126.4 V (1.1 pu on 120 V bass). Located at:

Voltage Relay

Setpoint Configuration Record

3 - XIAN3ddV ‘SWHOH GI:IOOEH NOILYHNSIANOD




(OVERFREQUENCY -~ #1 | (O [ UNDERFREQUENCY A1)
Hz ' Ha % L
T : R o : 4
(DELAY OVERFREQUENCY ~ #1 )  [DELAY, UNDERFREQUENCY  #1 .
§ Cycles . ) (——t_Cycles. - . ©
( OVERFREQUENCY . - #2 ) QO {UNDERFREQUENCY = .~ . #2 )
- R QNS T T S U R
ko — ) J A\ AR — o - el J
(DELAY OVERFREQUENCY ~ #2 4|  [DELAY UNDERFREQUENCY. ~ #2 )
. Cycles - - Q cEi Cyelest oo il
e L » = AR
By:
Date:

Serial Number:

Located at:

Frequency Relay
Setpoint Configuration Record

3004 NOILONHLSNI 0Zro-IN
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OVERCURRENT  SETPOLNTS

| st

D

TAP PHASE OVERCURRENT

L Amps

TAP NEUTRAL OYERCURRENT
Anps '

TAP NEG SEQ OVERCURRENT .
. Amps™, ;

\.

[ TIMING PHASE OVERCURRENT
{ def inv VINV einv

[ TIMING NUTRL OVERCURRENT
3 def inv VINV einv ..

N

(PICKUP NEG 'SEQ OVERCURR J

[ TIME DIAL PHASE OVERCURR

\.

&

[ TIME DIAL NUTRL OVERCURR . |

(TIMING NEG SEG OVERCURR
) & SOIMRED T

Volts ( PY)

v

[ VOLTAGE CONTROL OVERCURR

or
LLinear Restraint

ok k

67-

(ANGLE DIR ELEMENT
DEG.

[ PICKUP PHASE DIR OVERCM

L Amps

[ DELAY PHASE DIR OVERCUR

g Cycles

PHASE INST OVERCURRENT
Amps

\J

V,

- ANps: -

Q [umm. INST OVERCURRENT

* See note conceming 69.3 V VT setondary ratio

on Voltage Relay configuration record form.

** Optional.

LZ

(Jaie oiaL wee sea ovacun _.;;]

MAX TIME NEG SEQ OVERCUR . -
. cycles » U

By:

Date:

Serial Number:

Located at:

Current Relay
Setpoint Configuration Record

3 - XIONIddV :SWHO4 AH0J3H NOLLYHNDIINOD
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EE::> ‘Eﬂ’

DELAY RECONNEGT . ]

pu A

Q ( ForRwARD OVERPOWER 1 Q Engvms's OVERPOWER -

] i UCYCLES

Cycles

L >

T eyeles

(DELAY FORWARD POWER ) [D__EL_A__Y_ REVERSE POWER,,

Power Relay
Setpoint Configuration Record

By:

Date:

Serial Number:

Located at:

Reconnect Relay
Setpoint Configuration Record

YOO8 NOILONHLSNI oet0-IN




CONFIGURATION RECORD FORMS: APPENDIX —E

Bottom view of M-0420 unit, .. °
‘refmoved from pull-out case...

o OFF
L ON

Reverse Power initiation: i i
D PA+ PB s PC < satpoint 4 § VT inputs: line to ground D
Dn'ecnonal Current:
la, Ib, and ic > setpoint
a - DiagnosticMode '3 1 .+ 6 *VT secondaly voltage: 120V ac - A0
] Calibrate Relay 2 _ ' 7 System Frequency: 60 Hz TT Q
NOt for user salection, 1 ) 8 BMS magnittide calculated DV | D
: . -fundamentat froquency
s ﬂdsMMmusrbeserFF Lo ) Eeomponentonty * . oo
l v F . !
HEE5EEE B -
vo
1234 5878
D : Not for ussr selection. -1' . a AMS magnitude calculated by total D
‘This switch must be set OFF. - waveform (inciuding harmonics) * -

D Normal Operation 2 7 System Frequency: 50 Hz 11 D
Q Nonmal Operahon 1O .. 8 VTsacondaryvollage: 69:3V ac**| (]
Heverse Power Inmahon - : e ; i ol . N
D PAor PB or PC < setpoirit 4 5 VTinputs:linetoline t D

Directiona! Current:
{a or Ib or Ic > selpoint

Check the box adjacent to the switch sett)'ngs you have chosen.
B NOTES: For additional reference, shade in the corresponding DIP switch positions.

® 59N and 27N functions respond to fundamental frequency component of input waveform only, regardless of the position of
switch 8.

“ When 69.3 Vischosen forthe VT eacondary voltage, 69.3 Vis intemallyconvertedto 120V (1 pu) for all calculations and forsetting
and display purposes.

t Iifline-to-lineis chosen forthe basic VT inputs (DIP switch 5is ON), reverse power sensing will respond to total three-phase power
regardiess of the setting of DIP swiich 4.

t1 Ifthe system frequency selection (DIP switch 7)isc hanged from the original factory calibration, the unit mustbe recalibrated (see
the self-calibration procedure in Chapter 7, Test Procedures).

By:

Date:

Serial\Number: Internal DIP Switch
Pochted at: Configuration Record
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PATENT

The units described in this manual are protected by U.S. Patent 5,224,011 and other foreign patents applied for.

Buyer shall hold harmless and indemnify the Seller, its directors, officers, agents, and employees from any and all costs
and expense, damage or loss, resulting from any alleged infringement of United States Letters Patent or rights accruing
therefrom or trademarks whether federal, state, or common law, arising from the Seller's compliance with*Buyer’s

designs, specifications, or instructions.

WARRANTY

Seller hereby warrants that the goods which are the subject matter of this contract will be;manufactured in a good
workmanlike manner and all materials used therein will be new and reasonably suitable forithe equipment. Seller
warrants that if, during a period of two years from date of shipment of the equipment, the equipment rendered shall be
found by the Buyer to befaulty or shall fail to perform in accordance with Seller’s spedfications of theproduct, Seller shall
at his expense correct the same, provided however that Buyer shall ship the equipmentjprepaid to Seller’s facility. The
Seller’s responsibility hereunder shall belimited to the replacement value of theequipment fiimished under thiscontract.
The foregoing shall constitute the exclusive remedy of the Buyerand the soleliability of the'seller and is in lieu of all other
warranties, whether written, oral, implied or statutory, except as to the title of the Seller to the equipment furnished. No
implied statutory warranty of merchantability or of fitness for a particularpurpose shall apply. Seller does not warrant
any product or services of others which Buyer has designated.

SELLER MAKES NO WARRANTIES EXPRESSED OR IMPLIED/OTHER THAN THOSE SET
OUT ABOVE. SELLER SPECIFICALLY EXCLUDES THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THERE ARE NO
WARRANTIES WHICH EXTEND BEYOND THE DESCRIFPTION CONTAINED HEREIN.INNO
EVENT SHALL SELLER BE LIABLE FOR CONSEQUENTIAL, EXEMPLARY, OR PUNITIVE
DAMAGES OF WHATEVER NATURE. -

Any equipment returned for repair must be sent with transportation charges prepafd. The equipment must remain the
property of the Buyer. The aforementioned warrantiesiare void if the value of the unit is invoiced to the Seller at the time

of return.

INDEMNIFICATION

The Seller shall not be liable for any p roperty damages whatsoever or claims of any kind whether based on contract,
warranty, tort including negligence or/otherwise, or for any loss or damage arising out of, connected with, or resulting
from this contract, or from the performance or breach thereof, or from all services covered by or fumished under this

contract.

Innoevent shall the Seller be liablefor special, incidental, exemplary or consequential damages including, butnot limited
to loss of profits or revenue, 10ss of use of the equipment or any associated equipment, cost of capital, cost of purchased
power, cost of substitute equipmerit, facilities or services, downtime costs, or claims or damages of customers or
employees of the Buyer for suchdamages, regardless of whether said claim or damages is based on contract, warranty,

tort including negligencefor otherwise.
Under no circumstances shall the Seller be liable for any personal injury whatsoever.

It is agreed that when the equipment furnished hereunder or any services fumished hereunder are to be used or
performed in connection with any nuclear installation, facility, or activity, Seller shall have no liability for any nuclear
damage, personal injury, property damage, or nuclear contamination to any property located at or near the site of the
nuclear facility. Buyer agrees to indemnify and hold harmless the Seller against any and all liability associated therewith
whatsoever whether based on contract, tort, or otherwise. Nuclear installation or facility means any nuclear reactor and
includes the site on which any of the foregoing is located, all operations conducted on such site and all premises used for
such'operations. It is the intention of the parties that this is a complete indemnification and hold harmless agreement in

regard\to all claims arising from nuclear operations of Buyer.
067






