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INTRODUCTION

Percentage Differential relay. To accomplish this, the following information is provided:

e General Information and Specifications O
e Controls and Indicators

e Functional Description

This instruction manual provides information about the operation and installation of the BE1-87G Vab

¢ Installation
e Testing and Setting
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WARNI

To avoid personal injury or equipment d nly qualified personnel should
perform the procedures in this manual.

NOTE
Be sure that the relay is ed to earth ground with no smaller than 12 AWG
copper wire attache tl ound terminal on the rear of the unit case. When
the relay is configured, in alsystem with other devices, it is recommended to use a
separate lead to d bus from each unit.
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REVISION HISTORY

The following information provides a historical summary of the changes made to the BE1-87G instruction
manual (9170800990). Revisions are listed in reverse chronological order.

Manual
Revision and Date Change
L, 09/07 ¢ Replaced magnetic type targets with electronic type targets.
K, 06/07 e Updated power supply burden data and output contaetratings.
e Updated front panel illustrations to show laser graphicss
e Added dimensional drawings for single-ended Cases.
e Updated all applicable illustrations to show revised/case covers.
e Added three-phase sensing connection diageam for delta-connected
machine.
e Moved content of Section 6, Mainteflanee to Section 4.
e Moved content of Section 7, Manuali€hange Information to manual
Introduction.
J, 05/99 e Updated format of the manual.

e Corrected Figure 1-2.
e Corrected terminal ntmberingireference on page 1-4, last paragraph.
e Corrected Figures 4211 and 4-12.

H, 05/96 e Added sensing input range’2 (1 Aac nominal) to the available models.
e Changed high speedigperation from 20 ms to 30 ms.

e Changed all cannectien diagrams to include ground connections,
where applicable.

e Added internal connection diagrams.

e Correcteddable 1-1.

o Clarified'setting example for motor differential application.

e Added Setting Example #2.

e Spliti'Section 4 into two sections. New section is Section 5, Testing

and({Setting.
G, 10/91 oy, Added I’t rating for stabilizer reactor.
e Added Figure 4-1, Stabilizing Reactor Impedance Characteristics.
F, 07/91 ¢ Changed pickup accuracy for Ir > 5 A from 30 A, £5% to 20 A, +8% of
the operate pickup characteristic or 150 mA, whichever is greater.
E, 07/91 e Modified Figures 1-1 and 1-2.
e Added warning information to pages 1-1 and 4-2.
Dy 03/91 ¢ Removed On/Off switch material.

e Added material documenting stabilizing reactor.

e Added illustrations for typical connections, sensing input connections,
test setup, extended operational characteristics, and pickup response
timing.

e Added table for current sensing burden.

e Added relay setting material to Section 5.

C, 03/87 e Added power supply status output material.

B, 10/86 e Grammatical changes to specifications of Section 1.
e Changed comparator functional description in Section 3.
e Changed operational test procedure in Section 5.
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Manual
Revision and Date

A, 05/86 .

Change

Added qualifications to specifications of Section 1.
e Revised isolation test and dielectric test information in specifications

of Section 1. O
—, 12/85 e Initial release

BE1-87G Introduction 9170800990 Rev L



CONTENTS

SECTION 1 @ GENERAL INFORMATION .....uttiiiiiiiiieiiee et sree e e e e snesesnneesneeesnnessnnne st e 1-T
DESCRIPTION. ..ttt ettt ettt ettt ettt ettt et e e skt e e e bt e e sbee e sbe e e sabeeanbeeeasbeesabneesabeesnbseesseessnnessans il 1-1
APPLICATION ...oiiiiiiiie ittt sttt ettt sttt essneesbe e e snneeesnneesnneessnneesnneessneesneesnne fhnneennd 1-1

Variable Restraint CharaCteriStiC ..........cicuviiiiieiiiiiiiee e Sl 1-3
[ TST o | [T |1 e ) USRS tt 1-3
MODEL AND STYLE NUMBER........oiiiiiiiiiie ittt e enneeas 1-3
Style NUMDBEr Chart........ooeiiiieiiiiciiice et e e e e e e nr e e e e s s s nnnnnnnnneeeeessnnn e dBaneeeens 1-3
YT LT NN U T ] o =T e o] o] - SRR 1-3
SPECIFICATIONS ...ttt snn s e s en e e e e e bl e e s W s 1-4
Current SENSING INPUES ........eeiiiiiiie e siree e sireeessneeeeeesee s e egirefi e eeesieeeee e 1-4
StabiliZEr REACION ... e e e e e e e s sneeneeeee e e s e B eeeeenneeneeeeeeeneas 1-4
PICKUD «e ettt e e snre e e s snneeessnreees e bt Bt e e 1-5
Operating POWET INPUL..........oiiiiiiiie et e e e e b et e et e e e e 1-5
OULPUL CONEACES.....ciiieiirieiieie et r e e e s e e e Bl e eere e et e e e e e ssrereeeneeeeeas 1-6
=10 1] £ T TSP PP PP T PP PPPPPPTPPPPRUTTT: S PTTTU TP TE TR PPRPPPPPPPPPPPPPPRPR 1-6
TYPE TOSIS ciiiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeesesnnesennesss AR 2 2 et tetetabetebebebeb e e e eeeeenenennne 1-6
PRYSICA ... e e 1-6
Agency Recognition/Certification .............oeeeieiiiiiiiiiieee e s e B eeeeeeeeeeesssnnnrreeeeeeeeesnnnneees 1-7

SECTION 2 ¢ CONTROLS AND INDICATORS ....oooiiiieeenee i b e 2-1
GENERAL ..ottt e e e et ettt e st e e ss e e ne e e ssneesbe e e snne e e nnnee e e 2-1

SECTION 3 @ FUNCTIONAL DESCRIPTION ..ottt e sne e eteeieeasteeesieeessreessssessseeesssessseessnessnseeens 3-1
INTRODUCTION.....ciiiiiiiiiiiierieeesreesree e i@ttt ettt e e sm e s ane e e snn e e s neennne e e nnnee e 3-1
BE1-87G FUNCTION BLOCKS .....coiiiiiiierireerre gttt e 3-1

CUITeNnt SENSING INPULS ......veiiiiiiiiee et BBttt e e ettt e e e sibe e e e s sabe e e e e sbbeeeesabbeeeesanbeeeesareeeesanes 3-1
Stabilizing REACTION........cooiiiiiiiiiiiieei e i ettt et e e e 3-1
Band-Pass Filters .........couuiiiiiiuereee BB e et b e s seiiiieieeeee e e s s stieaeeeeeeessssnsteeeeeeeeeessansrneeeeeesannnnnes 3-2
COMPATALOT ... 3-3
OULPUL REIAYS ..o et e e e e e e e 3-3
Target INdiCators (OPtiONal) ... i . i oottt e e e e e s e e e e e e e e s nnbbaeaaeeaean 3-3
Output TESt PUSNDULION......eiie i i ettt e e e et e e e s st e e e s snbeeeeesneeaeeanes 3-4
0L SN o] o]y N ARSI 3-4

SECTION 4 0 INSTALL AT ON. .. e ettt et et r e e et et e sab e e e abe e e snre e e snneesnneeens 4-1
INTRODUCTION . ... S et 4-1
IMOUNTING . ...ttt s B oottt ettt ekt eesate e e bt e e smteeeabeeeamte e e ebee e ambeeeseeeambeeesabeeenbeeeaseesnbeeeanbeeenneeas 4-1

Cutting and DrilliNgaDIMENSIONS .........ueiiiiiiiiee ittt ettt e e e sbbe e e e s rabe e e e s sibeeeessbeeesanes 4-1
(OF- 1Y BT 0 1T oIS 0] 3 = TP 4-1
StaDIliZING REAGHOT M. veee ettt ettt e et e e st et e e s b e e e s aabe e e s e e e aae 4-1
CONNECTIONS . [ ettt ettt ettt et ekt sh bt e s he e e s abe e e ke e e sabe e e sbbeesmbeeesbbeabbeeesnneaans 4-13
INternal CONNEGLIOMS. .......ccoiiiiiie ettt s e e et e e s et e e s st e e e e e s e e e e e e s e nres 4-13
CONIOl CONMEGLIONS .....eeiiiieiieiite ettt ettt st e s s et e s st bt e e sb et e e snn e e e e snnneeennnneee s 4-13
SENSING CBNNECTIONS......ciiiiiieiiteee ettt et s e e e e s sb et e s asb e e e s annne e e s nnneeee s 4-13
MAINTEN AN CE ettt e et e e st e e sa e e e e e snEe e e s R e e e snn e e s n e e e nne e e nnreeennes 4-20
=T 0= PSSR 4-20
S O A0 ..o 4-20

SECTION 5 @ TESTING ...ocitiieitiieitiie ettt ettt ettt ettt ettt e s be e e sabe e e be e e sabe e e sbbeeaabeeeabseesabeeesnbeesbeeans 5-1

LN I L 15 18 L @ I [ L PRSPPIt 5-1
Relay Operating PreCaAULIONS. ........c.uvii ittt ettt ettt e s et e e e s nnbee e e eeeas 5-1
OPERATION TEST PROCEDURE..........utiitiieiiie ittt ettt sttt sate et e anee e e beeeaneeeenees 5-1
EQUIPMENT REQUITEA ........eiiieiieie ettt ettt e s et e e e e abe e e e e 5-2
Single-Phase/A-Phase Trip and DropouUt TEST .......coiuuiiiiiiiiie ettt 5-2
B-Phase and C-Phase Trip and Dropout TESE...........uuuiiiiiiiiiiiiiiiiiee et ee e e 5-3
T ge (= Lo o= 1 o) gl =] AP UT TP 5-7
AUXITIATY OULPUL TEST ..ttt e e e e e e e ettt e e e e e e e s e bbb e e eeaae e e s anbbbaeeeaeaeannbbeeeeeas 5-7
Power Supply Status OUIPUL TEST ......ccceiiiiiiiee et e e e e e e e st e e e e e e s s ba e e e e e e e e snnnnes 5-7

9170800990 Rev L BE1-87G Introduction v



PUSh-TO-ENErgize OUIPUL TEST....ueiiiie it e st e e e e s s s s e e e e e e s st e e e e e e e e s snnnnrneeeeeeeennns 5-7

SETTING THE RELAY e 5-7

Terms fOr CalCUIALIONS.........uuueiiiiieeeee et e e e e et e e e e e e e e et s e e e e e e essb e e eseeeaerenes 5-7

(O3 I O U= 111 YR ST PP TP 5-8

LU [0 [T o TN I o 5-8
Relative CT PEIfOIMANCE ........covviiie ittt et e e e e e e et e e e e e e e e ee b s 5
SettiNg EXAMPIE ...ttt ekttt e e e an 5-

SettiNg EXAMPIE 2..... .ottt 5-9

4

BE1-87G Introduction 9170800990 Rev L



SECTION 1 ¢ GENERAL INFORMATION

DESCRIPTION

BE1-87G Variable Percentage Differential Relays are single- or three-phase solid-state devices/designed
to provide selective, high-speed, differential protection for generators, motors, and shunt reactors.

Differential relaying selectivity is based on the ability of a relay to distinguish between an internal fault
(within the protected zone) and an external fault. Under normal operating conditions, the current flowing
into the protected zone equals the current flowing output of the protected zone with a net“operating
current equal to zero. Internal faults upset this balance and result in a difference between the input and
output currents. External faults have relatively little effect on the balance becauseithe protected zone
input current still equals the output current. Therefore, by comparing the currentsien 496th sides of the
protected element or zone and detecting when these currents are not equal, @ differential relay acts to
isolate the element or zone from the system with unsurpassed effectiveness.

BE1-87G relays typically trip a lockout (86) relay which in turn trips the generator breaker and, when
present, the field and/or neutral breakers.

APPLICATION

When used with current transformers (CTs) of an accuracy classfofjeither\ C20, T20 or better, BE1-87G
relays are recommended for the following specific applications:

e Generators:
o Any terminal voltage and a rating of 1,000 kVA and above
o Any kVA rating and a terminal voltage of 5 kV andwabove
o Aterminal voltage of 2,200 V or higher and a rating ofymore than 500 kVA
e Motors rated at 1,500 horsepower and above
e As primary protection on shunt reactors for transmission lines
e Generator ground differential

Differential relaying is the most selective form,of fault protection which may be applied to the individual
elements or zones of ac power systems{Various types of differential relays and relaying systems have
evolved to take advantage of the differential,pfinciple.

WARNING!

Relays manufactured priof'tofJuly 22, 1991 (EIA date code symbol 9129 and
previous) do not haye case*jumpers between terminals 7 and 8 (single-phase
units). This alsotapplied to'terminals 7 and 8, 13 and 14, and 17 and 18 of three-
phase relays. Exefgise“Caution when grounding or testing current transformer
circuits conpected to these terminals.

Typical application schemes$\are illustrated in Figures 1-1 and 1-2.
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Figure 1-1. Typical Single-Phase Application Scheme
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Figure 1-2. Typical Three-Phase Application Scheme
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Variable Restraint Characteristic

At high current levels, the inevitable difference in the saturation characteristics between current
transformers indicates a need for a compensating decrease in relay sensitivity. The design of the BEd:
87G provides a restraint factor that is proportional to input current when the restraining current (Ir) is
greater than nominal (5 Aac for sensing input range 1 or 1 Aac for sensing input range 2). The BEA-8£G
compares the protected zone sensed input and output currents. The lesser of the two sensed curfent
levels becomes the restraining current. The difference between the two sensed currents (the operating
current) is compared to a reference established by the sensitivity setting, and adjusted by an amount
proportional to the restraining current. This makes the BE1-87G more sensitive to low current internal
faults, and less sensitive to external faults with high levels of through current.

When the restraining current is at nominal (5 Aac for sensing input range 1 or 1 A@c _fer, sensing input
range 2) or less, the relay trips if the differential current exceeds the relay setting®(ls)..But when the
restraining current is greater than nominal, the overall sensitivity is a combination, 6f the front panel
setting and the restraint factor.

Design Highlights
Some of the many advantages of the BE1-87G relay are summarized below;

e Seven sensitivity levels on each of the two sensing input ranges. The seven levels allow
compensation for CT mismatch and provide the flexibility and adaptability necessary for many special
applications such as split-winding generator protection.

e Stabilizing reactor. Minimizes dissimilar performance of system €Ts?Reactor can be located on the
back of the relay or remotely from the BE1-87G for flexibilityyof System installation.

e Variable restraint. The variable restraint characteristic allows inereased sensitivity to low-current,
internal faults while providing increased security againstthighilevels of through-current caused by
external faults.

e Single- or three-phase availability. Either configurationyis available in the Basler Electric S1 draw-out
case.

e High-speed operation. The BE1-87G operatessiny30 milliseconds for fault levels of 10 times the
sensitivity setting. This high-speed operation/minimizes potential damage to the protected equipment.
Response characteristics for sensing inputiranges/1 and 2 are shown in Section 5, Testing and
Setting.

MODEL AND STYLE NUMBER

The model number BE1-87G designates‘the relay as a Basler Electric, Class 100, Variable Percentage
Differential Relay.

The electrical characteristics and operational features of the BE1-87G relay are defined by a combination
of letters and numbers which constitutes the relay style number. The style number describes the features
and options of the BE1-87G relay,and appears on the front panel, draw-out cradle, and inside the case
assembly.

Style Number Chart
The BE1-87G style number/chart is illustrated in Figure 1-3.

Style Number Example

As an example Nif the style number of a BE1-87G were G1EA1JAOCOF, the relay would have the
following characteristics and features:

three-phasg’current sensing

switch-selectable sensing input range for 0.1, 0.15, 0.2, 0.4, 0.5, 0.8, or 1.6 Aac
one normally-open output relay

instantaneous timing

relay operating power derived from 125 Vdc or 100/120 Vac

internally operated targets (one per phase)

option 1 not available

push-to-energize outputs (pushbuttons)

no auxiliary output contacts

semi-flush mounting case

[

Mo@LSeF>L>mMRE QO
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STYLE NUMBER 1

A1 0 O

Sensing Output Power Supply Option 1 Option 3
Input Type E) One NO relay J) 125 Vdcand 0) None 0) None V'S
- 120 V
G) Three-phase G) One NC relay 0 Vac 1) NO auxiliary relay,
current K) 48 Vdc
S) Single-phase
current L) 24 Vvdc
P0047-04 Y) 48/125 Vdc
Z) 250 Vdc and
240 Vac
Sensing
Input Range
1) Switch-selectable: Timing Targets Option 4
0.1,0.15,0.2, 0.4,
0.5,0.8,0or1.6A A1) Instantaneous N) None F) Semi-f]ush
2) Switch selectable: A) Internally operated mounting
0.02, 0.03, 0.04, targets P) Projection
0.08, 0.1, 0.16, or B) Current operated mounting
0.32A targets

A If TARGET is B, OUTPUT must be E.
2. All BE1-87G relays are supplied in an

SPECIFICATIONS
BE1-87G relays have the following features and

Current Sensing Inputs @
Sensing Input Range 1 ‘ )
Nominal Rating: %

Maximum Continuous Rating:

1 Second Rating: Aac
Frequency Range: 516 65 Hz

K S1 case.
Figure 1-3. Style I\Q ation Chart
bilities.

Burden: .05 Q per input

Sensing Input Range 2
Nominal Rating: 1 Aac

Maximum Continuou : 2 Aac
50 Aac

1 Second Rating;
45 to0 65 Hz

Frequency Ra
Burden: <0.25 Q per input

Stabilizer Reactor
Refer to Section 3y Functional Description for stabilizer reactor impedance characteristic curves.

65 A for 1 s at 70°C ambient
13 A for 1 s at 70°C ambient

4 BE1-87G General Information 9170800990 Rev L



Pickup
Graphs of the actual operating characteristics are shown in Section 5, Testing and Setting.
Control

A front panel sensitivity switch permits selection of minimum differential (operate) current. This segnsitivity
is constant for restraint currents less than the nominal current (5 Aac for sensing input range 1for 1 Aac
for sensing input range 2).

Minimum Differential (Operate) Current

Sensing Input Range 1: 0.1,0.15,0.2,0.4,0.5,0.8,0or1.6 A
Sensing Input Range 2: 0.02, 0.03, 0.04, 0.08, 0.10, 0.16, or 0.32 A
The ideal operating characteristic is approximated by the following equations::
Sensing Input Range 1: Forlr<5A:lop =lg

Forlr>5A: lpp=1s+0.5(Ir - 5)
Sensing Input Range 2: Forlr<1A:lgp=1lg

Forlr>1A:lop=Is+0.5(lr—1)
* |g is the restraint current, defined as the lesser of the input currents
lop is the operate current
Is is the front panel setting

Accuracy
Sensing Input Range 1
Forlg<5A: +5% of the operate pickup, characteristic or £25 mA, whichever is
greater
Forlr>5A (20 A max.): +8% of the operate piekup ¢haracteristic or £150 mA, whichever is
greater
Sensing Input Range 2
Forlr<1A: +5% of the op€tate pickup characteristic or £25 mA, whichever is
greater
Forlr>1A (4 A max.): +8% of the\operate pickup characteristic or +150 mA, whichever is
greater
Dropout
>90% of operate characteristic
Timing

<30 ms at 10 times pickup setting, 70 ms maximum

Operating Power Input

Relay operating power may be, obtained from a wide variety of external voltage sources. When ordering,
any one of five internal power stpply types may be selected to match the operating power voltage level
available at your site. Available power supply types are listed in Table 1-1.

Table 1-1. Power Supply Types

Input Voltage
dype Nominal Range Burden at Nominal
Ké(midrange) 48 Vdc 24 to 150 Vdc 275W
J (midrange) 125 Vdc 24 to 150 Vdc 296 W
120 Vac 90 to 132 Vac 7.87 VA
L (low range) 24 Vdc * 12 to 32 Vdc 2.85W
Y (mid range) 48 Vdc 24 to 150 Vdc 275W
125 Vdc 24 to 150 Vdc 296 W
Z (high range) 250 Vdc 68 to 280 Vdc 3.13W
230 Vac 90 to 270 Vac 9.20 VA

*  The type L power supply initially requires 14 Vdc to begin operating. Once operating, the
voltage may be reduced to 12 Vdc and operation will continue.
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Output Contacts

Resistive Ratings

120 Vac: Make, break, and carry 7 Aac continuously

250 Vdc: Make and carry 30 Adc for 0.2 s, carry 7 Adc continuously,
break 0.3 Adc

500 Vdc: Make and carry 15 Adc for 0.2 s, carry 7 Adc continuously,

break 0.3 Adc

Inductive Ratings
120 Vac, 125 Vdc, 250 Vdc: Break 0.3 A (L/R = 0.04)

Targets

Electronically latched, manually reset target indicators may be optionally selected asgeither, internally
operated or current operated.

Current operated targets require a minimum trip circuit current of 200 milliamperes afid havefa continuous
rating of 3 amperes, a two-minute rating of 7 amperes, and a one-second rating of.30 amperes.

Internally operated targets should be selected if the relay has normally-closed outputcentacts.

Type Tests

Dielectric Strength
In accordance with ANSI/IEEE C37.90, passes one-minute dielectric tests asufollows:

All Circuits to Ground: 2,121 Vdc
Input Circuits to Output Circuits: 1,500 Vac or 2,121 Vdc

Surge Withstand Capability

Qualified to ANSI/IEEE C37.90.1-1989
Fast Transient Immunity

Qualified to ANSI/IEEE C37.90.1-1989

Impulse Testing

Qualified to IEC 255-5

Radio Frequency Interference

Maintains proper operation when tested for_ interference in accordance with IEEE C37.90.2
Shock

Withstands 15 G in each of three mutually perpendicular planes.

Vibration

Withstands 2 G in each of threg;mutually perpendicular planes, swept over the range of 10 to 500 Hz for
a total of six sweeps, 15 minutes eagh sweep.

Physical

Temperature

Operating: —40 to 70°C (—40 to 158°F)

Storage: —65 to 100°C (-85 to 212°F)

Weight

Single-Phase Sensing Units: 14.3 Ib (6.5 kg) maximum

Three-Phase Sensing Units: 19.2 Ib (8.7 kg) maximum

Case Size

All unitstaréssupplied in an S1 case size. See Section 4, Installation for case dimensions.
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Agency Recognition/Certification

UL Recognition: UL recognized per Standard 508, File E97033
NOTE: Output contacts are not UL recognized for voltages gre
than 250 volts.

Gost-R Certification: Gost-R certified, No. POCC US.ME05.B03391; complies wi e
relevant standards of Gosstandart of Russia. Issued by accredite

certification body POCC RU.0001.11MEOQ5.
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SECTION 2 ¢« CONTROLS AND INDICATORS

GENERAL

BE1-87G controls and indicators are illustrated in Figure 2-1 and described in Table 2-1.

U

) ]
) Basler Electric

SWITCH -
POSITION A B c D E F G

A

AMPS 0.02] 0.03| 0.04] 0.08| 0.1 | 0.16 | 0.32 @ -

POWER
BE1-87G
GENERATOR DIFFERENTIAL,RELAY

B Style No. G2E A1J ADEOR
Serial No. H123456789101

0 © 0O

- Q A B C
PUSH TO

ENERGIZE
OUTPUT

CAUTION: UPPER CONNEGTION PRUG MUST BE IN PLACE PRIOR TO
INSERTING ORIREMOVING'LOWER CONNECTION PLUG.

P0046-19

Figure2:1. Controls and Indicators

Tabley2-1, Gontrol and Indicator Descriptions

Locator Description

A Sensitivity Switeh. This thumbwheel switch has seven positions labeled A through G
and sets, the,desired level of operating current that will cause the relay to trip.

B Switch_Position Chart. This chart relates the switch position to the operating current
required for tripping when the restraint current is less than or equal to the nominal
valueyof sensing current (5 Aac for sensing input range 1 or 1 Aac for sensing input
range,2).

C Rower Indicator. This LED lights when operating power is applied to the relay.

D, Target Indicators. Electronically-latching red target LEDs light when a trip condition
exists on the corresponding phase of current. When the optional targets are specified,
a target LED is provided for each phase protected.

E Target Reset Switch. Operating this switch resets all of the target indicators (locator
D).

F Output Test Switch. This momentary-action pushbutton switch operates the output and

auxiliary relays. The switch is accessed by inserting a 4" diameter, non-conducting rod
through the access hole in the front panel.

9170800990 Rev L BE1-87G Controls and Indicators 2-1







SECTION 3 ¢« FUNCTIONAL DESCRIPTION

INTRODUCTION
This section describes how the BE1-87G functions and explains its operating features.

BE1-87G FUNCTION BLOCKS
BE1-87G function blocks are illustrated in Figure 3-1 and described in the following paragraphs.

SENSITIVITY TARGET
SETTING A
DIFFERENCE FULL ‘ s
BANDPASS WAVE ‘O I
pe FILTER RECTIFIER R | COMPARATOR OR T
\
CURRENT TRIP
PROTECTED CUTORE
/M I\
EQUIPMENT \ REFERENCE {
STABILIZING SCAER O
REACTOR
SUM FULL
BANDPASS WAVE ——‘
1 FILTER RECTIFIER
INC
PHASE B | e— |- PHASE B TARéBET
ouT_ |
IN_
PHASE C | #— | PHASE C TARCGET
N_/
0T O TO INTERNAL
FOWER CIRCUITRY
EXTERNAL POWER | SR
SOURCE SUPPLY SENSOR
P.S. STATUS
D703-012 OUTPUT

Figure 3-1. Function Block Diagram

Current Sensing dnputs

Sensing current forgeach monitored phase is provided by two user-provided, system CTs with secondary
windings that match®the BE1-87G’s sensing input range. BE1-87G relays with sensing input range 1
(style xL-xxxaxxxxprequire CTs with 5 Aac secondary windings. Relays with sensing input range 2 (style
X2x-xxX=xxxX) regtire CTs with 1 Aac secondary windings. Two CTs are used on each phase—one CT on
each side“of thie protected machine. Sensing current is applied to internal transformers that provide
system isolation and determine the differential and sum currents. These CTs are gapped to withstand dc
offset.

Stabilizing Reactor

Toxminimize dissimilar performance of the system CTs, the stabilizing reactor acts as a stabilizing
impedances during external faults. Stabilizing reactors are current rated based on time and ambient
temperature (refer to Section 1, General Information, Specifications). Figures 3-2 and 3-3 illustrate the
stabilizing reactor impedance characteristic.
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Band-Pass Filters

The outputs of therelay’s internal transformers are filtered to eliminate the third harmonic and minimize
the effect of dc offset'caused by CT saturation (as may occur during synchronization or asymmetrical
faults). Two band-pass filters are used: difference and sum.

The output of the difference band-pass filter is applied to a full-wave rectifier. The rectifier scales the
differentialfand applies the output to the comparator as the operating current (lop) signal.

Theoutput of the sum band-pass filter is also applied to a full-wave rectifier. The scaled sum of the two
inplts répresents the restraint current (Ig). The restraint current is scaled for a 50% slope above nominal
input'eurrent (5 Aac for sensing input range 1 or 1 Aac for sensing input range 2).
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Comparator
The comparator provides the variable percentage characteristic of the relay as follows.

Restraint Current Less Than Nominal

When Iy is less than nominal (5 Aac for sensing input range 1 or 1 Aac for sensing input range_2))the
comparator provides an output signal whenever lop exceeds the front panel sensitivity setting.

Restraint Current Greater Than Nominal

When Iy is greater than nominal (5 Aac for sensing input range 1 or 1 Aac for sensing input range 2), the
front panel sensitivity switch setting (threshold) is increased by adding it to a scaled value representing
one half of Iz minus nominal (5 Aac for sensing input range 1 or 1 Aac for sensing inputtange 2).

Output Relays

When the current difference exceeds the variable percentage limit (sensitivity Switch setting), the
comparator output energizes the output relays. (In BE1-87G models with{threesphase sensing, the
outputs are ORed together so that the output relays energize if the currentydifference of any one phase
exceeds the limit.) When the current difference decreases below 90% ofythe variable percentage
threshold, the output relays reset.

Main Output Relay

The main output relay contacts are either normally-open or normally-€lesed and are accessed at case
terminals 1 and 10. Normally-open contacts are provided on BE1-87Gjelays with a style number of xxE-
xxx-xxxxx and normally-closed contacts are provided on relays,witha style number of XXG-XXX-XXXXX.

Auxiliary Output Relay (Optional)

An optional pair of contacts, accessed at case terminalsi2 afds5, can be specified. The auxiliary output
contacts change state when the main output contactSfoperate and are available in a normally-open or
normally-closed configuration. Normally-open auxiliafy centacts are provided on BE1-87G relays with
style number xxx-xxx-xxx1x and normally-closed auxiliary contacts are provided on relays with style xxx-
XXX-XXX2X.

Optionally, the auxiliary output relay can begspecifiedito function as a power supply status output. This
normally-closed output is energized openduring normal operation. When relay control power is lost or an
internal power supply failure occurs, the relay4e-energizes and closes the contacts at terminals 2 and 5.

Target Indicators (Optional)

Target indicators are optional comp@nentSyselected when a relay is ordered. The electronically latched
and reset targets consist of red LED indicators located on the relay front panel. Latched targets are reset
by operating the target reset switch an the front panel. If relay operating power is lost, any illuminated
(latched) targets are extinguishedy\When relay operating power is restored, the previously latched targets
are restored to their latched state:

A relay can be equippedwithyeither internally operated targets or current operated targets. Both target
types are reset by operatingythe target reset switch.

Internally Operated Targets

The relay trip outputs, are”directly applied to drive the target indicators. The indicators are illuminated
regardless of the [current level in the trip circuits.

Current Operated,J argets

Currentfoperated targets are triggered by closure of the corresponding output contact and the presence of
at least 200 milliamperes of current flowing in the trip circuit.

NOTE

Prior to September 2007, the BE1-87G target indicators consisted of
magnetically latched, disc indicators. These mechanically latched target
indicators have been replaced by the electronically latched LED targets in use
today.
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Output Test Pushbutton

A relay with style number xxx-xxx-xxCxx is equipped with a momentary-action pushbutton accessible

through the front panel. When pressed, the switch energizes the main and auxiliary output relays. To

prevent accidental relay tripping, the pushbutton is recessed behind the front panel. The button is pressed O
by insertion of a thin, non-conducting rod through the button access hole in the front panel. Q

Power Supply

Relay operating power is developed by a wide-range, isolated, low-burden, switching power supply that
delivers £12 Vdc to the relay’s internal circuitry. The power supply is not sensitive to the input powgr
polarity. A front panel LED power indicator lights to indicate that the power supply is functioning;roperly.

Style number designations and input voltage ranges for the available power supply models vided
in Section 1, General Information.
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SECTION 4 ¢ INSTALLATION

INTRODUCTION

Upon receipt of a relay, check the model and style number against the requisition and packing list to
ensure that they agree.

If there is any evidence of shipping damage, file a claim with the carrier and notify Basler Electric.

If the relay won't be installed immediately, store it in its original shipping carton in a moisture-gand dust-
free environment.

MOUNTING

Because the relay is of solid-state design, it does not have to be mounted gertically. Any convenient
mounting angle may be chosen.

Cutting and Drilling Dimensions

Panel cutting and drilling dimensions for semi-flush mounted relaysg(style“mumber xxx-xxx-xxxxF) are
shown in Figure 4-1. Panel drilling dimensions for projection mounted relays (style number xxx-xxx-
xxxxP) are shown in Figures 4-2 and 4-3. Figure 4-2 illustrates the,panel drilling dimensions for double-
ended, projection-mounted cases. (Double-ended cases have tefmipals, at both the bottom and top ends
of the case. BE1-87G relays with three-phase current sensifgy(stylé number Gxx-xxx-xxxxx) are supplied
with a double-ended case. Figure 4-3 illustrates the panel drillingadimensions for single-ended, projection-
mounted cases. (Single-ended cases have terminals only,at the, bottom end of the case. BE1-87G relays
with single-phase current sensing (style number Sxx-xxx-xxxxxysare supplied with a single-ended case.

Case Dimensions

Side views showing semi-flush mounted case dimensiohs are provided in Figures 4-4 and 4-5. Figure 4-4
illustrates a side view of the case dimensions far a/deuble-ended, semi-flush mounted case. Figure 4-5
illustrates a side view of the case dimensionsifer ‘a Single-ended, semi-flush mounted case.

Side views showing projection mounted gase dimensions are provided in Figures 4-6 and 4-7. Figure 4-6
illustrates a side view of the case dimensiens for a double-ended, projection mounted case. Figure 4-7
illustrates a side view of the case dimensiens far a single-ended, projection mounted case.

Rear views showing semi-flush mountediease’dimensions are provided in Figures 4-8 and 4-9. (The rear-
view dimensions for semi-flush mounted cases and projection-mounted cases are identical.) Figure 4-8
illustrates a rear view of the casg”dimensions for a double-ended case and Figure 4-9 illustrates a rear
view of the case dimensionsgfor asingle-ended case.

A front view showing the dimensiens of the case cover is provided in Figure 4-10.

Stabilizing Reactor

For three-phase relays, the,stabilizing reactor consists of a module attached to the rear of the mounting
case. For projection \mounting or convenience, the stabilizing reactor module can be removed and
relocated. To remove, the stabilizing reactor, remove the four screws that secure the module to the
mounting plate. The/maunting plate is separated from the case by removing the two hex-head bolts.

When the stabilizing“feactor is relocated, it should be rewired in accordance with the connection diagrams
shown later insthis section.

The overall'dimensions of the stabilizing reactor are shown in Figure 4-11. A side view showing the
dimensions of,a semi-flush mounting case with attached stabilizing reactor is provided in Figure 4-12.
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CONNECTIONS

Verify the relay model and style number before connecting and energizing the relay. Incorrect wirin
result in damage to the relay. Except where otherwise noted, connections should be made with mi

wire size of 14 AWG. O
Internal Connections
Internal connections/terminal assignments for a single-phase relay are illustrated in Figure 4-13. Internal

connections/terminal assignments for a three-phase relay are illustrated in Figure 4-14. TheSe figures
may show options that may not apply to your relay.

Control Connections \@
Typical dc control connections are shown in Figure 4-15. @

Sensing Connections

Typical sensing current connections for a single-phase application are sh in Figure 4-16.
Three-phase sensing current connections are illustrated in Figures 4- -18. Figure 4-17 shows the
sensing inputs connected in a wye configuration. Figure 4-18 sho e sensing inputs connected in a

delta configuration.
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MAINTENANCE

BE1-87G relays require no preventive maintenance other than the periodic inspection of the relay case
and stabilizing reactor terminal connections to ensure that they are clean and tight.

Repair
If repairs are needed, contact the Technical Sales Support department at Basler Electric for assistance.

Storage L 4

This protective relay contains aluminum electrolytic capacitors which generally have a Iife e necy in
excess of 10 years at storage temperatures less than 40°C (104°F). Typically, the I|fe f the
capacitor is cut in half for every 10°C (50°F) rise in temperature. Storage life can be exte at one

year intervals, power is applied to the relay for a period of 30 minutes. @

20 BE1-87G Installation 9170800990 Rev L
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SECTION 5 ¢ TESTING AND SETTING

INTRODUCTION

Proper relay operation can be confirmed by performing the test procedures in this section. This section
also contains recommendations for selecting an appropriate sensitivity switch (operating current)'setting.

Relay Operating Precautions
Before operating the relay, note the following precautions:

CAUTION

To avoid false tripping on three-phase relays, the upper connectiop’plug,must be
in place prior to inserting or removing the lower connection plug.

e A minimum of 200 mA in the output circuit is required to ensure operationtef current operated targets
(relays with style number xxx-xxB-XXXxx)

e If a wiring insulation test is required, remove the connection plugs and withdraw the cradle from its

case

e When the connection plugs are removed, the relay is diséennected/from the operating circuit and will
not provide system protection. Before removing a relay fram'service, be sure that external operating
(monitored) conditions are stable.

e The relay case must be hard-wired to earth ground with,no"Smaller than 12 AWG copper wire. A

separate ground lead is recommended for each deyiee.

OPERATIONAL TEST PROCEDURE
The procedures that follow verify proper operation of therBE1-87G relay

Restraint current applied to any one relay input must not exceed either of the following conditions:

CAUTION

During testing, do not apply, a“eontinuous operate current greater than 3 Aac.
Sustained operate currefit higher than 3 Aac will increase the temperature in the
stabilizing reactor and,eause insulation breakdown.

NOTE

Because ofsthe“teactance of the stabilizing reactors, the burden may be too high
for large valuesfof operate current with solid-state test sets.

The internalstabilizing reactor in relays with single-phase sensing (style number
SXX-XXXXx%XX) may be bypassed by placing a jumper across the terminals
illustrated.in Figure 5-1. The jumper used should be capable of carrying 5 Aac of
current,

Jo bypass the external stabilizing reactor used on relays with three-phase
sensing( style number Gxx-xxx-xxxxx), the current source may be connected
directly to the relay case terminals

¢, 10 amperes continuous or 250 amperes for 1 second (relay style number X1X-XXX-XXXXX)
e 2 amperes continuous or 50 amperes for 1 second (relay style number X2X-Xxx-XXXXX)

Whenever this current level is exceeded, provisions must be made to cut off the sensing current as the

relay trips.
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Equipment Required

Because of the speed and sensitivity offthe BE1-87G, test equipment with appropriate accuracy and
stability must be used to test the sensitivity switch settings. For example, at the most sensitive switch
setting (0.1 ampere), the relay monitors a%etrrent difference that is only 1% for a sensing input of 10
amperes.

e Two adjustable current sources,(Doble, AVO, or equivalent equipment)
Digital voltmeter (1% accuracy oubetter)

Digital ammeter (1% accuracy or better)

Variable, 0 to 250 Vac/vdc pewer supply (for relay operating power)
DC power supply (foricurreft operated targets)

Single-Phase/A-Phase Trip and Dropout Test

Perform the following steps to test the trip and dropout accuracy of relays with single-phase sensing (style
number Sxx-XxX-XXxXxx)40r phase A of relays with three-phase sensing (style number GXX-XXX-XXXXX).

1. Connect the test setup shown in Figure 5-2. Current sensing connections should be made at
terminals 6, 7, 8, and 9.

2. Set the sensitivity switch at position A.

3. Apply. . the appropriate voltage to relay operating power terminals 3 and 4. (A power supply
model/input voltage cross-reference is provided in Table 1-1.)

4. 'Using a regulated, independently adjustable current source, apply the restraint current to relay
terminals 6 and 9. A current value of 0.1 Aac is applied for relays with style number X1X-XXX-XXXXX
and a current value of 0.02 Aac is applied for relays with style number X2X-XXX-XXXXX.
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5. Slowly increase the operate current applied to terminals 6 and 8 until the relay trips. A relay with a
style number of x1x-xxx-xxxxx should trip at 0.1 Aac and a relay with a style number of X2X-XXX-XXXXX
should trip at 0.02 Aac. Tolerance is £5% or 25 mA, whichever is greater.

NOTE

Depending upon the relay style number, the relay may be equipped with
normally-open or normally-closed trip contacts. Check continuity at terminals 1
and 10 with the relay tripped and not tripped to verify correct response for the
type of contacts specified.

6. Slowly decrease the operate current source until dropout occurs. Dropout shouldccur at a current
value that is greater than or equal to 90% of |Is (the sensitivity switch setting valuge).

7. Repeat steps 2 through 6 for the other sensitivity switch settings. If desiredga suffiCient number of trip
points may be taken to verify any or all of the performance curves shown inj)Figure’s-3.

For restraint current (Ir) less than or equal to nominal (Ir <5 amperes for'style number X1X-XXX-XXXXX
or Iz < 1 ampere for style number x2x-xxx-xxxxx), the tolerance is £0.05 e Igs or 25 mA, whichever is
greater.

For Ig > nominal (up to a maximum of 20 amperes for style number x1X-xxx-xxxxx or 4 amperes for
style number x2x-xxx-xxxxx), the tolerance is +0.08 e lop 0f"the Characteristic curve or 150 mA,
whichever is greater.

See Figures 5-3 through 5-6 for the operating characteristic'eurves and trip response timing curve.

BE1-87G
D703-013 oA [oB [oc
OPERATE O [ [2]e
CURRENT I coM CKT
SOURCE 1
O O 7 |13 | 17
(a) 8 |14 | 18
\Z CKT
N 2
A 9 |15 | 19
») 9,
RESTRAINT
CURRENT I cOM Swap leads on terminals | ! 10 3 4
SOURCE 6 and 9 to apply operate @ @ @
O Q current to circuit 2. + )\ )\

OUTPUT POWER
INPUT

Figure 5-2. Operational Test Setup

B-Phase and“C-Phase Trip and Dropout Test

Perform the following steps to test the trip and dropout accuracy of phases B and C of relays with three-
phase sefising (style number GXX-XXX-XXXXX).

Perform steps 1 through 7 under Single-Phase/A-Phase Trip and Dropout Test for phases B and C.
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Target Indicator Test

If the relay is equipped with target indicators, verify proper operation of each phase when the relay s
tripped. Verify that the targets reset when the target reset switch is operated during a non-tripped
condition.

NOTE

Relays with a style number of xxx-xxB-xxxxx have current operated targets.
These targets will operate only when a minimum of 200 mA is flowing in the trip
output circuit (terminals 1 and 10).

Auxiliary Output Test
Check output contact operation at terminals 2 and 5 of relays equipped with auxiliary output contacts.

Relays with style number xxx-xxx-xxx1x have normally-open auxiliary contagcts. These contacts close
when the relay trips.

Relays with style number xxx-xxx-xxx2x have normally-closed auxiliary4gontacts. These contacts open
when the relay trips.

Power Supply Status Output Test

Relays with a style number of xxx-xxx-xxx6x are equipped with & set of power supply status output
contacts.

1. Apply operating power to the relay and verify that the power Supply status output contacts (terminals
2 and 5) are energized open.

2. Remove relay operating power and confirm that coftact clesure occurs across terminals 2 and 5.

Push-to-Energize Output Test

If an output test switch is present (relay style numbemxxx-xxx-xxCxx) verify operation by depressing the
switch and observing that the trip output (terminals’l and 10) and the auxiliary output (terminals 2 and 5)
cycle.

SETTING THE RELAY

The following recommendations are providedfor selecting the current sensitivity switch setting. Figures 5-
3 and 5-4 show how this setting cofreSpands to the operating current pickup over the restraint current
range.

Assuming that the CTs on®bothysides of the zone (generator, motor, or reactor) perform identically,
operating current will be equalyto Zero. The sensitivity setting serves to accommodate dissimilar CT
performance, resulting fromtdifferences in CT quality, burden, and core remanence.

During normal operationthe pickup on the flat part of the operating characteristic (see Figures 5-3 and 5-
4) must exceed the gdifference in steady-state CT errors. The relay must also override the error
differences in the presencejof dc components developed by external faults or switching. Currents will be
offset during exterpahfaults on generator applications, during motor starting, and during switching of shunt
reactors.

Out-of-phase synchfenizing of machines will also produce offset components. These so-called dc
compongnts will preduce significant CT saturation. For high current faults, the relay relies on the 50%
slope Characteristic to override large operating currents. Significant operating current can also be
developed-at restraint levels that fall on the flat part of the characteristic if the offset component persists.
The sensitivity'setting needs to be above this operating current.

Terms fo#rCalculations

I"g Sub-transient current

N Total number of CT turns

N, Number of CT turns in use (for multi-ratio type)
R One-way lead resistance in ohms

R, Relay restraint circuit resistance in ohms

Ry CT winding resistance in ohms
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NOTE
Relay Style x1x-xxx-xxxxx: if Ry, is unknown, assume R,, = 0.003 x N,
Relay Style x2x-xxx-xxxxx: if Ry, is unknown, assume R,, = 0.01 x N,

Rt Total CT burden =R; + R, + Ry, (for phase faults and switching)
= 2R; + 2R, + Ry, (for external ground faults)
SFR  Saturation factor ratio = [(Vce); + (Vce),] x [(Rt), + (t)4] (if SFR is <1, use 1/SFR)
\Y/e CT accuracy class voltage rating
Vce Effective CT accuracy class voltage rating = Vc(N, + N)
X"y Sub-transient reactance

CT Quality
CTs should have an accuracy class of either C20 or better or T20 or better.

Burden Limit

The CTs should be operating below the knee point under symmetrical cdrrent coenditions, that is, no ac
saturation. For a generator, ac saturation should not occur for the maximum external fault current. For a
motor, ac saturation should not occur during starting. For a shunt feactarghigh current fundamental-
frequency currents will not flow unless the reactor becomes faulted.

Assuming a maximum current of 20 times the CT rating: R; < 0.00ZVcenWhere Vi,.e = 70% of Vce and 20
x 5 A nominal rating = 100 A so that:

Rt = Vknee +Imax = 0.7Vce + 10Q°A = 09007Vce

Relative CT Performance

Table 5-1 lists the recommended minimum pickup#settings tofprovide security during external faults and
switching.
Table 5-1. Recommended Pickup Settings

SFR
Vce (Lower Value) 1 15 2 3 4
20 0.2 0.4 0.5 0.8 1.6
50 02 0.4 0.4 0.5 0.8
100 0.2 0.2 0.4 0.4 0.5
200 0.1 0.1 0.2 0.4 0.5
>200 o1 0.1 0.2 0.4 0.5

Note: Use next higher setting'if CTs are a mix of C classification and T classification.

The saturation factor ratio, SFRy, represents an index of the relative performance of the two sets of CTs.
This performance is a fufiction, of the relative quality of the CTs (Vce), the relative burdens (R;), and
neglecting the remanencealf SER is less than 1, use 1/SFR for SFR.

Setting Example'l

Select the pickup'séttingdfor the motor application in Figure 5-7. In this application, the settings need to be
based on the probability of significant dissimilar CT saturation due to the very slow decaying dc
component of the starting current. Since the motor is not grounded, no ground current can flow during
starting of an unfaulted motor. Therefore, one-way lead burden is used to determine the total CT burden.
Each phase CT carries just the burden for the lead of that phase.

(R9a=R +R,=0.22+0.14=0.36; (Vce);=50; R,<0.007(Vce);=0.35
(R)2%50.09+0.10=0.19; (Vce),=100; R;<0.007(Vce),=0.7

Inequality (1) is met with CT #2, but not with CT #1. However, since the locked rotor current is only 4.8
timesithe CT rating (versus the assumption of 20 times rated for inequality (1)), the application is suitable.

SFR = (100 + 50) x (0.36 + 0.19) = 3.8
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Parameter CT #1 CT #2
Accuracy Class T50 C100
Ratio 200/5 200/5
Winding Resistance 0.14 0.10

DQ714-02

02210 § 0.22 ( - § 0.09 2

SOURCE—H——

CT #1

l, =460 A
I, & 960V

Figure 5-7. MotorBifferential Application

Using the SFR 4 column of Table 5-1, a 0.8 ampeére Setting is indicated. However, based on the note
accompanying this table, choose the nextigher setting of 1.6, because CT #1 has a T classification and
CT #2 has a C classification. The T classiiication indicates that the CT has significant secondary leakage
inductance which somewhat degradessthe ttansient performance. This is a concern during motor starting
because a slowly decaying offset component develops in at least one phase.

Setting Example 2

Select the pickup setting for the generater application in Figure 5-8. In this application, the settings need
to be based on the probability of,significant dissimilar CT saturation during an external fault. Since the
generator is resistance grounded, thHe three-phase fault current will be much larger than the ground fault
level. Moreover, the resjstorwill rapidly dampen any offset-current component. Accordingly, determine the
sub-transient current (I"g )¢

(4 _ 1000 + (4.16 x J3) 13838
y 0.15x 200 30

Since a three-phase fault is involved, one-way lead burden is used to determine the total CT burden.
Each phase CTycarries just the burden for the lead of that phase.

(R)#~=R#R,=20.22+0.14=0.36; (Vce);=50; R;<0.007(Vce); =0.35

(R).=0.09 #0.10=0.19; (Vce),=100; R;<0.007(Vce),=0.7
Inequality (1)9s met with CT #2 but not with CT #1. However, since the maximum external fault current is
only 4.6 time the CT rating (versus the assumption of 20 times rated for inequality (1)), the application is
suitable.

SFR = (1000 + 50) x (0.36 +~ 0.19) = 3.8

Using the SFR 4 column of Table 5-1, a 0.8 ampere setting is indicated. However, based on the note
accompanying Table 5-1, choose the next higher setting of 1.6 because CT #1 has a T classification and
CT #2 has a C classification. The T classification indicates that the CT has significant secondary leakage
inductance which somewhat degrades the transient performance. This is a concern during motor starting
because a slowly decaying offset component develops in at least one phase.

= 4.6 xCT rating
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Parameter CT #1 CT #2
Accuracy Class T50
Ratio 200/5
Winding Resistance 0.14

0.22 (7
120 A

10 s

-8. Generator Differential Application

Q>®

G

D0714-08

1,000 kVA, 4.16 kV
X', = 0.15 pickup
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