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INTRODUCTION

and BE1-50/51B-236 Overcurrent Relays. To accomplish this, the following information is provided:

This instruction manual provides information about the operation and installation of the BE1—50/51b

General Information and Specifications O
Controls and Indicators
Functional Description

Installation and Maintenance
Testing

@ :
\}‘Z}

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

Loy

NOTE

ired to earth ground with no smaller than 12 AWG
ground terminal on the rear of the unit case. When
system with other devices, it is recommended to use a
nd bus from each unit.
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REVISION HISTORY

The following information provides a historical summary of the changes made to this instruction
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SECTION 1 ¢ GENERAL INFORMATION

INTRODUCTION

BE1-50/51B-235 and BE1-50/51B-236 protective relays are direct replacements for Westinghguse/ABB
type CO relays. The BE1-50/51B-235 has a 5-ampere current sensing input. The BE1-50/51B-236 has a
1-ampere current sensing input. Compatible CO model numbers are listed in Table 1-1.

Table 1-1. ABB Relays Suitable for Direct Replacement

ABB Catalog Number Curve Type
CO-2+11*1N Short Time
CO-5%11*1N Long Time
CO-6%11*1N Definite
CO-7+11*%1N Moderately Inverse
CO-8+11*1N Inverse
CO-9+11*1N Very Inverse
CO-11%11*1N Extremely Inverse

* Any digit covering all pickup ranges except 50 Hzymodels.

To replace an existing Westinghouse/ABB type CO (hereinafter referred to as ABB relay), perform the
following steps.

1. Select the desired relay settings on your new BE1-50/59B-235 or BE1-50/51B-236 relay.

2. Remove the existing ABB relay cradle.

3. Insert the new relay cradle.

4. Close the knife-blade switches.

5. Install the new Basler Electric coverd@nd secure with the captive thumbnut.

BE1-50/51B-235 and BE1-50/51B-236yrelays are self-powered, compatible with 50 or 60 Hz power
systems, and have three protection elements: 6ne time overcurrent (51) element and two instantaneous
overcurrent (50) elements. The 51 elgment offers timing characteristic curves similar to those used by GE
IAC and ABB relays.

FEATURES

A wide range of pickup settings and front panel selectable time characteristics permit applications
involving coordination with fuses, reclosers, cold load pickup, motor starting, and fixed time requirements.
In addition, an integrating resetfunction is available to simulate the disk reset of electromechanical relays.

BE1-50/51B-235 and BE1-50/51B-236 overcurrent relays have the following standard features.

Independent time and_instantaneous elements

A secure method’toymanually trip the breaker at the relay front panel
Direct readingiffont panel controls

Minimém pickup setting for safety during installation

Timé chafacteristics extend to a pickup multiple of 40

Rugged draw-out construction with steel case

Gravity lat¢hing targets retain indication without power

Built-in accuracy eliminates internal adjustments

Minimum transient overreach

Field selectable characteristic curve selection similar to either GE IAC or ABB type curves
Field selectable instantaneous or integrating reset

Field selectable 50 or 60 Hz operation

Field selectable 0.0 or 0.1 second, fixed, instantaneous delay

Internal switches provide for selecting system-operating frequencies of 50 or 60 Hz, instantaneous
element delays of 0.0 or 0.1 second, characteristic curve group selection for either GE IAC or ABB type
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curves, and instantaneous or integrating reset characteristics. Switch location and description is provided
in Section 2.

Advantages

BE1-50/51B-235 and BE1-50/51B-236 overcurrent relays have many advantages over other overcurrent
relays. The primary advantages are:

o Time characteristics are defined by equations and graphs
o Field selectable time characteristics

e Very low burden extends the linear range of the CTs

o Self powered from the sensed current

e Continuous automatic calibration

BE1-50/51B-235 and BE1-50/51B-236 overcurrent relays may be tested without removing‘the relay from
the case. Shorting contacts are provided for all current inputs when the connection plugs®r relay chassis
is removed from the relay case.

SPECIFICATIONS

BE1-50/51B-235 and BE1-50/51B-236 electrical and physical specificationsaFe, listéd in the following
paragraphs.

Time Overcurrent (51) Element
BE1-50/51B-235 Pickup

Setting Range: 0.5to0 15.9 Aac

Setting Increment: 0.1 Aac

Accuracy: Sum of £2% and £25 mAac
BE1-50/51B-236 Pickup

Setting Range: 0.1t0 3.18 Aac

Setting Increment: 0.02 Aac

Accuracy: Sum of £2% and £5 mAac
Dropout

Dropout occurs at 95% of pickup value.

Characteristic Curves

Available curve types follow IEEE Standard C3{.142 (1996) and emulate standard GE IAC, ABB CO, and
BS142 curves. Appendix A, Characteristic Curves illustrates the available curves and lists the applicable
constants.

Curve Types: Shofrt Inverse, Long Inverse, Definite Time, Moderately Inverse, Inverse,
Verydnverse, Extremely Inverse, BS142 Very Inverse, BS142 Extremely
Inverse*Fixed Time

Time Multiplier: 11 curves for each characteristic

Timing Accuracy: +1 gycle, +2%. This accuracy applies to the range of 1.3 to 40 times tap
and is for a given measured multiple of tap.

Fixed Timing

Setting Range: 01t099s

Setting Incremeft: 01s

Timing Accuracy: +1 cycle, £2% of the time to trip for time dial settings >0.1.

Reset

Integrating: Simulates the disk reset of electromechanical relays and begins when

the current decreases below 95% of pickup. Appendix A, Characteristic
Curves illustrates the integrating reset characteristic curve and equation.

Instantaneoeus: Reset occurs within 16 ms of when the current decreases below 95% of
the pickup level.
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Instantaneous Overcurrent A (50-A) Element
BE1-50/51B-235 Pickup

Setting Range: 2 t0 99 Aac

Setting increment: 1 Aac

Accuracy: Sum of £2% and £25 mAac

BE1-50/51B-236 Pickup

Setting Range: 0.4 t0 19.8 Aac

Setting increment: 0.2 Aac ¢
Accuracy: Sum of £2% and £5 mAac

Dropout %
Dropout occurs at 95% of pickup value. \

Time Delay

Switch selectable—no intentional delay (SW3-2 OFF) or a fixed delay of 100ams -2 ON). Appendix
A, Characteristic Curves illustrates the characteristic curve for the 50-A and 50-Byelements.

Setting Range: 1to 15.9 Aac

Instantaneous Overcurrent B (50-B) Element
BE1-50/51B-235 Pickup 2

Setting increment: 0.1 Aac

Accuracy: Sum of £2% and £25 mAac
BE1-50/51B-236 Pickup

Setting Range: 0.2 t0 3.18 Aac \
Setting increment: 0.02 Aac

Accuracy: Sum of £2% and £ C
Dropout

Dropout occurs at 95% of pickup value.

Time Delay

Fixed at no intentional delay. AppendiN teristic Curves illustrates the characteristic curve for the
50-A and 50-B elements.

Reset Characteristic

Resets within 16 ms of when‘ sensed clirrent decreases below the pickup level.

Q
o
&
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Current Sensing Input
BE1-50/51B-235

Continuous Rating: 14 Aac*
1 Second Rating: 400 Aac

*  Continuous rating is 14 Aac for temperatures up to 45°C. See Figure 1-1 for derating curve. < : ,

Continuous Current
Current Sensing Input

M 9

Current (Aac)
o

-40 -20 0 20 40 60
Ambient Temperaturgi(C

Figure 1-1. Current Sensing Input Derati ve (BE1-50/51B-235)

BE1-50/51B-236
Continuous Rating: 2.8 Aacx

1 Second Rating: 80 Aac
*  Continuous rating is 2.8 Aac for temperat u 45°C. See Figure 1-2 for derating curve.

3.2

2.8 1

o \\

rrent (Aac)

%

-40 -20 0 20 40 60
Ambient Temperature (C)

Figure 1-2. Current Sensing Input Derating Curve (BE1-50/51B-236)
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BE1-50/51B-235 Burden
Figure 1-3 illustrates the current sensing input burden characteristic.

At 0.5 Aac: 28Q O
At 5.0 Aac: 03Q
BE1-50/51B-235 CT Burden %

160
140
120
100
80
60
40
20

Burden in VA (rms)

50

At 0.1 Aac:
At 1.0 Aac:

E1-50/51B-236 CT Burden

Input Current (Amps)

Figure 1-4. Current Sensing Input Burden (BE1-50/51B-236)
9252000898 Rev — BE1-50/51B-235/-236 General Information 1-5




Frequency Response

A change of £5 Hz from the nominal 50/60 Hz current causes <0.5% change in the current required for
pickup.

Transient Response
<10% overreach with system time constants up to 40 ms.
Harmonic Rejection
Rejection of odd and even harmonics is illustrated in Figure 1-5. L 4
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0 30 40
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N % 96% . NG
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90%
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0 10 20 30 0 50
100% —
98%
96%
PICKUP 9
N %  94%——0DD HARMONICS 7
OF 92%
SETTING
90% 5
88%
D1150-06 86%
06-10-96 g9 3

Target Indicators L 4 O

A gravity-latched, manually-reset, ¢ Nperated target indicator is provided for the time-overcurrent
0

(51) trip output and the instant vercurrent A (50-A) trip output. A target indicator is not provided
for the 50-B trip output. The le f circuit current required to operate each target is individually
controlled by a circuit board jémper:¥See Section 2, Controls and Indicators for jumper locations and

function assignments

Minimum Operating Curr

0.9t02.25 A *
80 mA to 200 mA *

Output Contacts
Output contacts dfe surge protected and rated as follows.

Make 30 amperes for 0.2 seconds, carry 7 amperes for 2 minutes, 3
amperes continuously, and break 5 amperes.

Make 30 amperes for 0.2 seconds, carry 7 amperes for 2 minutes, 3
amperes continuously, and break 0.3 ampere.
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Inductive Ratings

120/240 Vac, 125/250 Vdc: Make and carry 30 amperes for 0.2 seconds, carry 7 amperes for
minutes, 3 amperes continuously, and break 0.3 ampere. (L/R = 0.00

Terminal Assignments

51 Element: 1,10
50-A Element: 1,10

50-B Element: 2,10

4
Type Tests
Isolation: IEEE C37.90 @
Transient Surge: IEEE C37.90.1 \
Radiated Interference: IEEE C37.90.2
Electrostatic Discharge: IEEE C37.90.3
Vibration: IEC 255-21-1
Shock and Bump: IEC 255-21-2

Environment
Operating Temperature: —40 to 70°C (—40 to 158°F)

Storage Temperature: —50 to 70°C (58 to 158°F) @
Physical
Weight: 6.11b (2.77 kg)

L 4

N
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SECTION 2 ¢« CONTROLS AND INDICATORS

INTRODUCTION

BE1-50/51B-235 and BE1-50/51B-236 relay controls and indicators are located on the front panel and
circuit board.

FRONT PANEL CONTROLS AND INDICATORS

Front panel controls and indicators are illustrated in Figure 2-1 and described in Table 2-1. The locators
and descriptions of Table 2-1 correspond to the locators shown in Figure 2-1.

) 0

(7 N\
i: g:lt:;u rrent @ § EL:‘

— TIME INST |
MANUAL TRIP MANUAL TRIP

Q N Tnp Volt. Present ACTIVE/PICKUP Trip Volt. Present [T

© e -, @ \&
] L > RESET © 1
[N O L

[K TIME DIAL (0 5 MIN SET) Q r PICKUP “; M

@(D@(D@@@@

TIME INST
UNITS * TENTHS CURVE UNITS * TENTHS TENS * UNITS

A A A
BE1-50/51B-235 t @

® S = ®

\ __ ‘H ___ @
1 g | | s i s I 1]

O | O T O T O T O

‘ I ]
— 5 B |

@ @ @ P0055-19

Figure 2-1. Front Panel Controls and Indicators
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Table 2-1. Front Panel Controls and Indicators

Locator

Description

A

Instantaneous Overcurrent Manual Trip Jacks. These jacks are used to manually trip a
breaker controlled by the 50-A trip output contacts. This is achieved by plugging a jumper
wire, terminated with two standard 0.08 inch diameter phone-tip plugs, into the two jacks.
These jacks do not activate the 50-B trip output contacts.

Instantaneous Overcurrent A Pickup Selector Switches. These two rotary switehes select
the instantaneous overcurrent A (50-A) pickup current setting in amperes (UNITSwand
TENTHS on the BE1-50/51B-235, COARSE and FINE on the BE1-50/51B#236)%Adjusting
these selector switches while the relay is in service may cause the relay to'trip.

NOTE

When testing time overcurrent functions, instantaneous pickap, settings of 00
will affect the calibration of the time functions. Time pickup,settings of 00 also
affect instantaneous functions.

Target Indicators. Red target indicators latch when the ¢drrespanding set of trip contacts
closes and sufficient trip circuit current is detected. (The levelof‘€urrent that will trip each
target indicator is jumper-selectable. See Circuit Board Controls for more information.) The
Time target indicates the flow of current in the time overcurent (51) trip circuit. The Inst
target indicates the flow of current in the instantane@us owercurrent A (50-A) trip circuit. No
target is provided for the instantaneous overcurrefit BY50;B) trip circuit. Both target
indicators are reset by pressing the target reset button (locator ).

Time Overcurrent Pickup Selector Switches.fThese two rotary switches select the time
overcurrent pickup current setting in amperes (UNITS and TENTHS on the BE1-50/51B-
235, COARSE and FINE on the BE1:50/51B-236). Adjusting these selector switches while
the relay is in service may cause the‘telayto trip.

Curve Selector Switch. This ten position ratary switch selects one of nine inverse timing
characteristics or one fixed time funetionyRefer to Appendix A, Characteristic Curves for
details about the timing charactefisticspef the BE1-50/51B-235 and BE1-50/51B-236.

Time Overcurrent Time Dial SelectogSwitches. These two rotary switches select the
desired curve of the timing characteristic selected by the Curve Selector Switch (locator E).
When a fixed time characteristiesis used (Curve Selector Switch setting of F), the setting of
these switches correspgnds tgya time delay of 0.0 to 9.9 seconds.

Time Overcurrent Mahual“fip Jacks. These jacks are used to manually trip a breaker
controlled by the S5datripteutput contacts. This is achieved by plugging a jumper wire,
terminated with two stahdard 0.08 inch diameter phone-tip plugs, into the two jacks.

Active/Pickupdndicatef. This bicolor LED indicates the level of current sensed by the relay.
The LED is red svhén the sensed current exceeds the time overcurrent pickup setting. The
LED colonehanges from red to green when the sensed current decreases below 95% of the
time @vercurrent pickup setting. A green LED indicates that the relay is active but not picked

up.

TargetiResét Button. This button is pressed to reset the two, gravity-latched target
indicators*(locator C).

2:2
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CIRCUIT BOARD CONTROLS

Circuit board controls consist of two rotary selector switches, a four-position slide switch, andftwao
jumpers. Circuit board controls are illustrated in Figure 2-2 and described in Table 2-2. The locators,and
descriptions of Table 2-2 correspond to the locators shown in Figure 2-2.

POOS5-14

Figure 2-2. Circuit Board Controls
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Table 2-2. Circuit Board Controls

Locator

Description

A

Target Operating Current Jumpers. Two user-adjustable jumpers control the range of trip
circuit current required to operate the time overcurrent (51) and instantaneous overcurrent
A (50-A) target indicators. Jumper J1 sets the minimum current range for the 50-A target
indicator and J2 sets the minimum current range for the 51 target indicator. Two jumper
positions are possible: across pins 1 and 2 or across pins 2 and 3. Installing a jumper
across pins 1 and 2 gives a minimum operating current of 0.9 to 2.25 A. Installing ajdmper
across pins 2 and 3 gives a minimum operating current of 80 to 200 mA.

Four Position Slide Switch. This switch assembly, designated SW3, has fourfindependent
slide switches designated SW3-1, SW3-2, SW3-3, and SW3-4. Each switch functiens as
follows:

SW3-1 selects the nominal system frequency. The OFF position selegts 60"z operation
and the ON position selects 50 Hz operation.

SW3-2 provides an additional time delay for the instantaneous oyercurfent A (50-A)
element. The ON position provides an additional delay of 100 milliseconds.

SW3-3 selects either GE IAC or ABB type characteristic curvés. /Fhe ON position selects
the GE IAC type curves (listed in Table A-1) and the ORE,position selects the ABB type
curves (listed in Table A-2).

SW3-4 selects either an instantaneous or integratingiime reset characteristic. The ON
position selects an integrating reset characteristic,andithe OFF position selects an
instantaneous reset characteristic.

Instantaneous Overcurrent B Pickup Selector Switches:*These two screwdriver-adjusted,
rotary switches select the instantaneous overcutrengyB (50-B) pickup current setting in
amperes.

The 50-B pickup switches are accessedon, the top side of the draw-out assembly by
removing the draw-out assembly from the £ase.

BE1-50/51B-235

The left-hand switch (SW9) is a 16-positioniswitch that sets the units portion (#.#) of the 50-
B pickup setting in amperes. SW@'seitingpositions consist of 0 through 9 which correspond
to values of 0 to 9 amperes and ‘A through F which correspond to values of 10 to 15
amperes. The right-hand switelv (SW40) is a 10-position switch that sets the tenths portion
(#.#) of the 50-B pickup,setting in amperes. SW10 setting positions consist of 0 through 9
which correspond to values,of@:0'to 0.9 amperes.

The minimum allowable50-B*pickup setting is 1.0 Aac and the maximum allowable 50-B
pickup setting is 15:9¢AachAdjusting the 50-B pickup selector switches while the relay is in
service may cause_therelay to trip.

Example: SW9 paesitiorh2 and SW10 position 5 is a setting of 2.5 Aac.

BE1-50/51B-236

The total pickupssetting is the sum of two settings. The first setting, SW9 has a range of 0.2
to 3.0 corresponding to switch position 1 through F. The second setting, SW10 has a range
of 0.02 to,0.38,corresponding to switch position 1 through 9.

Thé minimumyallowable 50-B pickup setting is 0.2 Aac and the maximum allowable 50-B
pickupsetting is 3.18 Aac. Adjusting the 50-B pickup selector switches while the relay is in
service may cause the relay to trip.

Example: SW9 position 2 and SW10 position 5 is a setting of 0.5 Aac.

2,4
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SECTION 3 ¢« FUNCTIONAL DESCRIPTION

INTRODUCTION

This section illustrates and describes the functional capabilities of the BE1-50/51B-235 and BE1-50/51B-
236 relays.

FUNCTION BLOCK DESCRIPTIONS
The function blocks of the BE1-50/51B-235 and BE1-50/51B-236 relays are illustrated.in Figure 3-1 and

described in the following paragraphs.
e,
—I: ITr|p

Power CT — Power @ Jacks
4' Trip
Jacks

Signal CT — Signal || A/D L] . _,_7

Condition Converter

P

T

Microprocessor

T

- [Eeesele

Pickup Switches

51 Time
Dial

51 Curve Targets

Figtire 3-13 Function Block Diagram

Current Sensing Input

Single-phase ac current supplied by a System current transformer (CT) is applied to the BE1-50/51B-235
and BE1-50/51B-236 through tefminals 8 and 9. Sensing current is applied to internal power and signal
CTs.

Power CT and Power Supply

The output of the power CTyis supplied to the power supply which provides rectified and filtered operating
power for all relay circuitry, A precision 5 Vdc output of the power supply serves as a reference for
automatic calibration.

Signal Conditioning

Current fram thessignal CT is rectified and applied to three independent sets of scaling resistors controlled
by the Time @vercurrent (51), Instantaneous Overcurrent A (50-A), and Instantaneous Overcurrent B (50-
B) pickup,switchés. The analog-to-digital converter receives the analog voltage developed across the
scaling resisters and converts it into a digital signal that is supplied to the microprocessor.

Microprocessor

Tdhe microprocessor performs program operations based on the sensed current, switch settings, and the
internal software program.

When sufficient current is sensed by the relay, the microprocessor is active and executing code, and the
Active/Pickup LED is green. When the sensed current decreases below the operating threshold,
microprocessor operation is interrupted and the Active/Pickup LED turns off. A watchdog circuit resets the
microprocessor program when code execution is interrupted.
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Power-off sensing circuits measure the voltage across a capacitor at power-down and power-up. These
circuits determine how long power has been removed based on the difference voltage and the circuit's
RC time constant. This provides information from the integrating reset function even when power has
been entirely removed.

The microprocessor performs the program operations based on the inputs and the internal software
program. When the sensed current exceeds the TIME PICKUP setting, the ACTIVE/PICKUP LED turns
from green to red. The 50-A/51 contact is closed in accordance with the TIME characteristic equation or If
the sensed current exceeds the INST PICKUP setting. Likewise, sensed current exceeding the
Instantaneous Overcurrent B Pickup selector switch setting causes the 50-B Trip output contacts to close.

Outputs

Each protective element (time overcurrent (51), instantaneous overcurrent A (50-A), and,instantaneous
overcurrent B (50-B)) is equipped with a set of normally-open contacts rated for tripping_duty. A system
circuit breaker controlled by the 51 or 50-A output contacts can be manually tripped byaconnhecting a
jumper across the Time Overcurrent Manual Trip jacks or the Instantaneous Overcurreént/Manual Trip
jacks. (Manual trip jacks are not provided for the system circuit breaker controlled®y the 50-B output
contacts.) Current flow in a trip circuit is indicated by operation of the corresponding target. The targets
will not operate without adequate relay operating power.

CAUTION

Trip circuit voltage is present at the front panel trip jacks. Whef shorting the trip
jacks, use insulated jumpers to avoid contact with these vigltages:

Target Indicators

Gravity-latched, manually-reset, current-operated target indicatorsyare provided for the time overcurrent
(51) trip output and the instantaneous overcurrent A (50-A) trip output. A target indicator is not provided
for the 50-B trip output. The level of trip circuit currentgféquired to operate each target is individually
controlled by a circuit board jumper. The minimum_op€rating¥current range can be set for 80 to 200
milliamperes or 0.9 to 2.25 amperes. See Section 2;3Conttals and Indicators for jumper locations and
function assignments.
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SECTION 4 ¢ INSTALLATION
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SECTION 4 ¢ INSTALLATION

GENERAL

When not shipped as part of a control or switchgear panel, the relays are shipped in sturdy cartons to
prevent damage during transit. Immediately upon receipt of a relay, check the model and partynumber
against the requisition and packing list to see that they agree. Visually inspect the relay for damage that
may have occurred during shipment. If there is evidence of damage, immediately file a claim with the
carrier and notify the Regional Sales Office, or contact the Sales Representative at Baslew Electric,
Highland, lllinois.

Proper operation of the relay may be confirmed by performing the operational testproeedure of Section 5.
If the relay will not be installed immediately, store the relay in its original shipping catton4m’a moisture and
dust-free environment.

FACTORY SETTINGS

Factory settings for the internal switches of SW3 and jumper settings are asyfollows:
o SW3-1 — OFF (60 hertz operation).

e SW3-2 — OFF (0.0 additional fixed delay for the instantaneous_element).

e SW3-3 — OFF (Westinghouse/ABB type characteristic curves).

e SW3-4 — ON (Integrating reset characteristics).

e J1 pins 2-3 — 50-A minimum target operating current of 80yt0°200 mA

e J2 pins 2-3 — 51 minimum target operating current 0f80%0,200 mA

INSTALLATION

Select the desired relay settings before putting the,refay into service. Changing pickup current settings
while the relay is in service may cause tripping. Perform the following procedures to install the BE1-
50/51B-235 or BE1-50/51B-236 relay.

Select the desired relay settings on your new BE1-50/51B-235 or BE1-50/51B-236 relay.

Remove the existing ABB relay cradle.

Insert the new relay cradle and close'the cradle latches locking the relay into the case.

To install the cover, position the jhteglocking bracket at the top of the new Basler Electric cover into
the mating receptacle at the top 'of the|cover adapter plate. Secure the captive fastener at the bottom
of the cover.

NOTE

Be sure thatsthelrelay is hard-wired to earth ground with no smaller than 12 AWG
copper wire attached to the ground terminal on the rear of the unit case. When
the relay iskeonfigured in a system with other devices, it is recommended to use a
separate/ead to the ground bus from each unit.
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CONNECTIONS
Typical ac and dc connections are shown in Figures 4-1 and 4-2.

9
B

PH.B

I I O PH.C
i i 50/518
5
e CND
52 ¢
LEGEND:
D2106-15 O 50/51B OVERCURRENT RELAY
52 POWER CIRCUIT BREAKER

O6W495®

® Figure 4-1. Typical AC Connections
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(+) TRIP BUS

<

Y
___50-B G 50—A \%
LEGEND:
50 25WB Py 50/5WB oV (@ RELAY
AK
)

52
52 TRIP COIL

49 50 /518 T

52a

1 ER AUXILIARY
CONTACTS
52

50—A and TANTANEOUS OVERCURRENT
24 IME OVERCURRENT
e NORMAL /MAINTENANCE SWITCH
524 FUSE

K P0055-27
(=) TRIP BUS @

Figur ypical DC Connections

APPLICATION COORDINATIO

In a typical application coordinationfsc , a BE1-50/51B-235 or BE1-50/51B-236 is used to provide
primary protection for a radial distribut eeder. An electromechanical overcurrent relay with extremely
inverse timing provides protection for the transformer and bus. To improve coordination with the
electromechanical relay, the ,BEL-50/51B-235 or BE1-50/51B-236 is configured with the following
settings:

e Integrating reset en
e ABB type curves se

The feeder reclosing (relay
permanent fault oc

W3-4 ON)
3-3 OFF)

set for two reclose attempts at 3 and 15 seconds after the initial trip. If a
nitude 10 times pickup), calculate the feeder breaker trip time for each of the

three operations. to Appendix A for the characteristic curve constants and definition of the terms
used in the time characteristic curve equations.
From thedime c cteristic curve equation:
Tr = Q—D +BD +K
MY -C
7.7624 % 2

= 0.209 seconds
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From the reset characteristic curve equation:

RD
TR =
M? -1
M equals O if current goes to zero. A negative result indicates reset time. c ,
= 7'725 x2 =-15.5 seconds
0 -1
Result: Full trip = 0.209 seconds and full reset = 15.5 seconds if current goes to zero. L 4

In Figure 4-3:

Ta = 0.209 seconds (relay was at reset) &

Tg = value<T, because rewind has not gone to zero
Tc = value<T, because rewind has not gone to zero

TRIP CURRENT

15 SFC——————= Q
~3 SEC—={~—11.96 SEC———=
FEEDER BREAKER TRIP TIME

Ta Il

C D2106—21

Q07-21-95
Figure 4-3. C\on Timing Diagram

MAINTENANCE @'
BE1-50/51B-235 and BE1-50/51B-236 relaysqrequire no preventative maintenance other than periodic

checking of relay connections to nia at they are clean and tight. If the relay fails to function
properly, contact the Technical Sale ort department of Basler Electric.

STORAGE
This device contains long-lifeé aluminum electrolytic capacitors. Life in excess of 20 years may be
expected if the storage te@ oes not exceed 40°C (104°F).

%
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SECTION 5 ¢ TESTING
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SECTION 5 ¢ TESTING

INTRODUCTION
Proper relay operation may be confirmed by performing the test procedures in this section.

DIELECTRIC TEST

In accordance with IEC 255-5 and IEEE C37.90-1989, one-minute dielectric (high potential) tests may be
performed as follows:

All circuits to ground: 2,828 Vdc or 2,000 Vac

Input to output circuits: 2,828 Vdc or 2,000 Vac

Output contacts are surge protected.

TEST PROCEDURES

The following test procedures verify operation of the BE1-50/51B-235 andyBEA-50/51B-236 relays. The
test setups illustrated in Figures 5-1 through 5-6 are intended primarily asyan illustration of the principles
involved. Other test equipment known to be capable of testing withithe stated and implied tolerances
(including equipment designed specifically for testing protective relays) may be used.

The minimum test equipment requirements are:

e Current source with a range of 0 to 20 Aac (sensing input céurrent)
e Current source with a range of 0 to 3.0 Aac (targetroperation)
e Timer or counter

NOTES

To ensure proper timing duringstesting, remove the current from the relay for R
times D seconds. (Refer to Appendix A, Characteristic Curves for definitions of R
and D.

When testing time overcurrent,funétions, instantaneous pickup settings of 00 will
affect the calibration of the®time¥unctions. Time pickup settings of 00 also affect
instantaneous functions.

When testing TIME gvercurrent functions, INST PICKUP settings of 00 will affect
the calibration of the, TIME functions. TIME PICKUP settings of 00 also affect
INST functions.

Observe all applicable“electrostatic discharge (ESD) precautions when handling
the relay assembly:

Model BE1-50/51B-235 (Five Ampere Sensing Input)

Time Overgurrent (54)#Pickup

1. Connect and configure the relay for 51 pickup testing:
a. Coennectfthe test setup shown in Figure 5-1.
b. Set circuit board switch SW3 as follows:

SW3-1 = ON for 50 Hz operation or OFF for 60 Hz operation
SW3-2 = OFF (no additional time delay for the 50-A element)
SW3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 = ON (integrating reset characteristic)

Set the TIME DIAL to 0.0.
. Set CURVE to S.
e. Set TIME PICKUP to 0.5.
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f.  Set INST PICKUP (50-A) to 90.
g. SetINST PICKUP (50-B) (accessed at the top side of the assembly) to FO (15.0 Aac).

2. Apply and increase current to terminals 8 and 9 until the Active/Pickup LED turns red. The applied
current should be no greater than 0.55 Aac.

3. Decrease the applied current until the Active/Pickup LED changes from red to green and then off.
4. Set TIME PICKUP to 2.2.

5. Slowly increase current to terminals 8 and 9 until the Active/Pickup LED turns red. The applied
current should be between 2.131 and 2.269 Aac.

6. Reduce the applied current to zero.

Time Dial

1. Connect and configure the relay for time dial testing:
a. Connect the test setup shown in Figure 5-1.

b. Set circuit board switch SW3 as follows:

SW3-1 = ON for 50 Hz operation or OFF for 60 Hz operation
SW3-2 = OFF (no additional time delay for the 50-A element)
SW3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 = ON (integrating reset characteristic)

Set TIME DIAL to 4.5.

Set CURVE to S.

Set TIME PICKUP to 1.0.

Set INST PICKUP (50-A) to 90.

Set INST PICKUP (50-B) (accessed at the top side ofghe‘assembly) to FO (15.0 Aac).

2. Prepare to apply 1.5 Aac to terminals 8 and 9 and record the elapsed time from when current is
applied until the 51 output contacts close.

3. Apply the current (step from 0 to 1.5 Aac) andgreeord the/elapsed time. The elapsed time should be
between 0.345 and 0.424 seconds. (This? tolerance is greater than +2% because it is the
accumulation of both pickup and timing toleranees:)

4. Remove the input current.

@ = o oo

Integrating Reset

1. Connect and configure the relay for integrating'reset testing.
a. Connect the test setup shown in Eigurei5-1.
b. Set circuit board switch SW3sas¥ollows:

SW3-1 = ON for 50 Hz gperation or OFF for 60 Hz operation
SW3-2 = OFF (no additional time delay for the 50-A element)
SW3-3 = ON (Westinghiduse/ABB type characteristic curves)
SW3-4 = ON (integratihg reset characteristic)

Set TIME DIAL t09°9

Set CURVE fo,V.

Set TIMEPICKURyto 1.0.

Set INST, PICKUR)(50-A) to 90.

Set INST PICGKUP (50-B) (accessed at the top side of the assembly) to FO (15.0 Aac).

2. Apply 4.0 Aac to terminals 8 and 9. After the unit trips, remove the applied current for 29 +0.25
seconds, then,reapply the current (4.0 Aac). Note the elapsed time from the reapplication of current to
the sécond trip. The elapsed time should be 2.08 +0.4 seconds.

@ =~ o ao

Instantafieeus Overcurrent A (50-A) Pickup

1. ¢Congect and configure the relay for 50-A pickup testing:
an Connect the test setup shown in Figure 5-1.
b.  Set circuit board switch SW3 as follows:
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SW3-1 = ON for 50 Hz operation or OFF for 60 Hz operation
SW3-2 = OFF (no additional time delay for the 50-A element)
SW3-3 = ON (Westinghouse/ABB type characteristic curves)

SW3-4 = ON (integrating reset characteristic) O

Set TIME DIAL to 0.0.

Set CURVE to S. O
Set TIME PICKUP to 15.0.

Set INST PICKUP (50-A) to 02.

. Set INST PICKUP (50-B) (accessed at the top side of the assembly) to FO (15.0 Aac).
2. Apply and slowly increase current to terminals 8 and 9 until the 50-A OK ts close. The

L 4

@ = o a0

applied current should be between 1.935 and 2.065 Aac.
3. Decrease the applied current until the 50-A output contacts open.
4. Set INST PICKUP (50-A) to 08.

5. Slowly increase the current applied to terminals 8 and 9 until the 50-A t contacts close. The
applied current should be between 7.815 and 8.185 Aac.

6. Reduce the applied current to zero. Q

Test Set

2 11—’ ] P0055-20 |
-
Stop )
V'S Input Timer @
\ Start

Figure 5—6&.@, Time Dial, Integrating Reset, and 50-A Pickup Test Setup

Instantaneous O nt B (50-B) Pickup
1. Conne tx re the relay for 50-B pickup testing:
test setup shown in Figure 5-2.

1
ircuit board switch SW3 as follows:

= ON for 50 Hz operation or OFF for 60 Hz operation
SW3-2 = OFF (no additional time delay for the 50-A element)
SW3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 = ON (integrating reset characteristic)

Set TIME DIAL to 0.0.
. Set CURVE to S.
e. Set TIME PICKUP to 15.0.
f.  Set INST PICKUP (50-A) to 90.
g. SetINST PICKUP (50-B) (accessed at the top side of the assembly) to 20 (2.0 Aac).
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2. Apply and slowly increase current to terminals 8 and 9 until the 50-B output contacts close. The
applied current should be between 1.935 and 2.065 Aac.

3. Decrease the applied current until the 50-B output contacts open.
4. Set INST PICKUP (50-B) to 80 (8.0 Aac).

5. Slowly increase the current applied to terminals 8 and 9 until the 50-B output contacts close. The
applied current should be between 7.815 and 8.185 Aac.

6. Reduce the applied current to zero.

~
Current Source
.,
S—o—~ 0 f
BE1-50/51B-235
T T T Test'Set
508 50-A 51
2) LU ) N P0055-21 ]
~
Step .
InpUt Timer @
Start
J

Figure 5-2. 50-B_Rickup/Test Setup

Target Indicators

1. Connect and configure the relay for target indicator testing:

a.
b.

@ - o a0

Connect the test setup shown in Figure 5-3:
Set circuit board switch SW3 as folléws:

SW3-1 = ON for 50 Hz operation‘er OFF for 60 Hz operation
SW3-2 = OFF (no additional time,defay for the 50-A element)
SW3-3 = ON (Westinghousel/ABBtype characteristic curves)
SW3-4 = ON (integratingifesetieharacteristic)

Set TIME DIAL to 0.0.

Set CURVE to S.

Set TIME PICKUP'to/1.0.

Set INST PICKUPY50-A) to 90.

Set INSTPICKUPY50-B) (accessed at the top side of the assembly) to FO (15.0 Aac).

2. Apply 2 Aactetermipals 8 and 9 to trip the 51 relay output.

3. Slowly increase the target current source and verify that the Time target operates at the level of
current determined by the Target Operating Current Jumpers.

The Target Operating Current Jumpers are located on the circuit board and identified as J1 and J2.
J1 sets the minimum current range for the 50-A target and J2 sets the minimum current range for the
514target. A jumper installed across pins 1 and 2 gives a minimum operating current of 0.9 to 2.25 A.
A jumperinstalled across pins 2 and 3 gives a minimum operating current of 80 to 200 mA.

4. ‘Remove the target and sensing current and reset the target.
5%, Seb TIME PICKUP to 9.0.
Set INST PICKUP (50-A) to 01.
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7. Apply 2 Aac to terminals 8 and 9 to trip the 50-A relay output.

8. Slowly increase the target current source and verify that the Instantaneous target operates at t
level of current determined by the Target Operating Current Jumpers. O

9. Remove the target and sensing current and reset the target.
O

L 4

Current Source
C @

: @ e 2
BE1-50/51B-235 )
Set

1 1 T
50-B 50-A 51
2 ; ; / @_/ @ P0055-22

D—
80mA to 2.25A
CURRENT LIMITEI Stop

VWV Input Timer @

Start
TARGET CURRENT )
Figure 5-3 ar%ator Test Setup

Manual Trip
1. Configure the relay for manual tripN

a. Connect the test setup as s igure 5-1.

b. Set circuit board switch S a OoWws:
SW3-1 = ON for 50 &z operation or OFF for 60 Hz operation

SW3-2 = OFF (no additi e delay for the 50-A element)
SW3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 =ON (i ra reset characteristic)

Set TIME DIA 0.

. SetINST P (50-A) to 90.
g. tl KUP (50-B) (accessed at the top side of the assembly) to 20 (2.0 Aac).

2. Ap Aac¢’to terminals 8 and 9 (0.9 Aac provides relay operating power but is below the pickup

3. Connect a jumper to the Time Overcurrent Manual Trip jacks. Verify that the stop input of the test set
timer‘ecognizes a 51 contact closure.

Remove the jumper and the current applied at relay terminals 8 and 9.
pply 0.9 Aac to terminals 8 and 9.

Connect a jumper to the Instantaneous Overcurrent Manual Trip jacks. Verify that the stop input of
the test set timer recognizes a 50-A contact closure

7. Remove the jumper and the current applied to relay terminals 8 and 9.
8. Reset targets.
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Model BE1-50/51B-236 (One Ampere Sensing Input)

Time Overcurrent (51) Pickup

1. Connect and configure the relay for 51 pickup testing:

a. Connect the test setup shown in Figure 5-4.

b. Set circuit board switch SW3 as follows:
SW3-1 = ON for 50 Hz operation or OFF for 60 Hz operation
SW3-2 = OFF (no additional time delay for the 50-A element)
SW3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 = ON (integrating reset characteristic)

c. Setthe TIME DIAL to 0.0.

d. Set CURVE to S.

e. Set TIME PICKUP to 0.1.

f.  Set INST PICKUP (50-A) to 18.0.

g. SetINST PICKUP (50-B) (accessed at the top side of the assembly) to 30y(3.0 Aac).

2. Apply and increase current to terminals 8 and 9 until the Active/Pickup LEDstugnsfed. The applied
current should be no greater than 0.11 Aac.

3. Decrease the applied current until the Active/Pickup LED changes fromred taagreen and then off.

4. Set TIME PICKUP to 0.44.

5. Slowly increase current to terminals 8 and 9 until the Active/Pickup,LED turns red. The applied
current should be between 0.426 and 0.454 Aac.

6. Reduce the applied current to zero.

Time Dial

1. Connect and configure the relay for time dial testing:

a. Connect the test setup shown in Figure 5-4.

b. Set circuit board switch SW3 as follows:
SW3-1 = ON for 50 Hz operation or OFF¥er 60 Hz operation
SW3-2 = OFF (no additional time delay*fer the,50-A element)
SW3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 = ON (integrating reset charagteristic)

c. Set TIME DIAL to 4.5.

d. Set CURVE to S.

e. Set TIME PICKUP to 0.2.

f. Set INST PICKUP (50-A) t0'18.0.

g. Set INST PICKUP (50-B) (aecessed at the top side of the assembly) to FO (3.0 Aac).

2. Prepare to apply 0.3 Aac to tekminals 8 and 9 and record the elapsed time from when current is
applied until the 51 output €entacts close.

3. Apply the current (step ffom O to 0.3 Aac) and record the elapsed time. The elapsed time should be
between 0.345 ‘apd “0:424 seconds. (This tolerance is greater than +2% because it is the
accumulationot both*pickup and timing tolerances.)

4. Remove théinput current.

Integrating Reset

1. Connect and configure the relay for integrating reset testing.
a. Connect the test setup shown in Figure 5-4.
b. . Setcircuit board switch SW3 as follows:
SW3>1 = ON for 50 Hz operation or OFF for 60 Hz operation
SW3-2 = OFF (no additional time delay for the 50-A element)
SW3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 = ON (integrating reset characteristic)
Cc. Set TIME DIAL t09.9
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Set CURVE to V.
Set TIME PICKUP to 0.2.

@ "0 o

Set INST PICKUP (50-A) to 18.0.
Set INST PICKUP (50-B) (accessed at the top side of the assembly) to FO (3.0 Aac).
2. Apply 0.8 Aac to terminals 8 and 9. After the unit trips, remove the applied current for@ZS

seconds, then reapply the current (0.8 Aac). Note the elapsed time from the reapplication of to
the second trip. The elapsed time should be 2.08 +0.4 seconds.

Instantaneous Overcurrent A (50-A) Pickup L 4
1. Connect and configure the relay for 50-A pickup testing:

a. Connect the test setup shown in Figure 5-4. %
b. Set circuit board switch SW3 as follows:

SW3-1 = ON for 50 Hz operation or OFF for 60 Hz operation

SW3-2 = OFF (no additional time delay for the 50-A element)

SW3-3 = ON (Westinghouse/ABB type characteristic curves) 0

SW3-4 = ON (integrating reset characteristic)

Set TIME DIAL to 0.0.

Set CURVE to S.

Set TIME PICKUP to 3.18, (b

Set INST PICKUP (50-A) to 0.4.

Set INST PICKUP (50-B) (accessed at the top the assembly) to FO (3.0 Aac).

2. Apply and slowly increase current to terminals n until the 50-A output contacts close. The
applied current should be between 0.387 and 0.4

3. Decrease the applied current until the 50-A outp ntacts open.
4. SetINST PICKUP (50-A) to 1.6.

5. Slowly increase the current applied t n and 9 until the 50-A output contacts close. The
applied current should be between 1 d 1.637 Aac.

6. Reduce the applied current to zer

@ =~ o oo

%

N
Current Source
.
Test Set
________________________ P0055-23 |
f
Stop )
Input Timer @
S Start

J

Figure 5-4. 51 Pickup, Time Dial, Integrating Reset, and 50-A Pickup Test Setup
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Instantaneous Overcurrent B (50-B) Pickup
1. Connect and configure the relay for 50-B pickup testing:

a. Connect the test setup shown in Figure 5-5.

b. Set circuit board switch SW3 as follows:
SW3-1 = ON for 50 Hz operation or OFF for 60 Hz operation
SW3-2 = OFF (no additional time delay for the 50-A element)

SW3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 = ON (integrating reset characteristic)

Set TIME DIAL to 0.0.
Set CURVE to S.

L 4
Set TIME PICKUP to 3.18. \%
Set INST PICKUP (50-A) to 18.0. @

@ ~ o ao

Set INST PICKUP (50-B) (accessed at the top side of the assembly) to 20 (

2. Apply and slowly increase current to terminals 8 and 9 until the 50-B output c cts close. The
applied current should be between 0.387 and 0.413 Aac.

3. Decrease the applied current until the 50-B output contacts open.
4. Set INST PICKUP (50-B) to 80 (1.6 Aac).
5. Slowly increase the current applied to terminals 8 and 9 until the %put contacts close. The

applied current should be between 1.563 and 1.637 Aac.
6. Reduce the applied current to zero.

Current Source

Test Set

p P0055-24
—(2— ()7 ag™ RO

\ Stop )
Input Timer @
Start

J
\@ Figure 5-5. 50-B Pickup Test Setup

Target Indicators
1. Connect and configure the relay for target indicator testing:

a. Connect me test setup shown in Figure 5-6.
b. t circuit board switch SW3 as follows:

-1 = ON for 50 Hz operation or OFF for 60 Hz operation
-2 = OFF (no additional time delay for the 50-A element)
3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 = ON (integrating reset characteristic)

Set TIME DIAL to 0.0.

8 BE1-50/51B-235/-236 Testing 9252000898 Rev —



Set CURVE to S.
Set TIME PICKUP to 0.2.

@ "0 o

Set INST PICKUP (50-A) to 18.0.
. Set INST PICKUP (50-B) (accessed at the top side of the assembly) at FO (3.0 Aac). O
2. Apply 0.4 Aac to terminals 8 and 9 to trip the 51 relay output. ‘ ?
3. Slowly increase the target current source and verify that the Time target operates at the of

current determined by the Target Operating Current Jumpers.
The Target Operating Current Jumpers are located on the circuit board and identified as d& and J2.

J1 sets the minimum current range for the 50-A target and J2 sets the minimum ent range for the
51 target. A jumper installed across pins 1 and 2 gives a minimum operating,cu 0.91t0 2.25 A
A jumper installed across pins 2 and 3 gives a minimum operating current ofN A.

4. Remove the target and sensing current and reset the target.

5. Set TIME PICKUP to 1.8.

6. Set INST PICKUP (50-A) to 0.2.

7. Apply 0.4 Aac to terminals 8 and 9 to trip the 50-A relay output.

8.

level of current determined by the Target Operating Current Ju
9. Remove the target and sensing current and reset the targets

Slowly increase the target current source and verify that the I@eous target operates at the

N
K Current Source
103 )
Test Set
________________________ P0055-25 |
CUBR?{E'?\IEIQ EI%/IS A St
R op .

é Input Timer @

Start
Y,

Figure 5-6. Target Indicator Test Setup

Manual Tri

1. Configure the relay for manual trip testing:
a. Gonnect the test setup as shown in Figure 5-4.
b. Set circuit board switch SW3 as follows:

SW3-1 = ON for 50 Hz operation or OFF for 60 Hz operation
SW3-2 = OFF (no additional time delay for the 50-A element)
SW3-3 = ON (Westinghouse/ABB type characteristic curves)
SW3-4 = ON (integrating reset characteristic)

c. Set TIME DIAL to 0.0
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d. Set CURVE to S.
e. Set TIME PICKUP to 0.2.
f

Set INST PICKUP (50-A) to 18.0.
g. SetINST PICKUP (50-B) (accessed at the top side of the assembly) at 20 (0.4 Aac).
Apply 0.18 Aac to terminals 8 and 9 (0.18 Aac provides relay operating power but is below the picknO
threshold.)

Connect a jumper to the Time Overcurrent Manual Trip jacks. Verify that the stop input of the test set
timer recognizes a 51 contact closure. s

Remove the jumper and the current applied at relay terminals 8 and 9.
Apply 0.18 Aac to terminals 8 and 9.
Connect a jumper to the Instantaneous Overcurrent Manual Trip jacks. Verify that ?e input of

the test set timer recognizes a 50-A contact closure

Remove the jumper and the current applied to relay terminals 8 and 9.
Reset targets. 0

Q
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APPENDIX A ¢ CHARACTERISTIC CURVES

INTRODUCTION

This appendix describes and defines the instantaneous overcurrent, time overcurrent, and integrating
time reset characteristics of the BE1-50/51B-235 and BE1-50/51B-236 relays.

INSTANTANEOUS OVERCURRENT CHARACTERISTICS

Timing
The instantaneous characteristic curves of the BE1-50/51B-235 and BE1-50/51B-236 relays are similar to
standard electromechanical instantaneous units. However, the time to trip for applicatiens where the initial
sensing current is less than 400 mA may be slightly longer. This may occur onza vefy,lightly loaded circuit
or when the relay is providing ground protection and is connected to measure ‘heutral current. Figure A-1
shows the instantaneous characteristic curves for the maximum time to trip.

6

PO043—11
08-28-06

INSZANTANFE OUS
CHARACTERISTIC
(Maximumaplime “to Trip)

Groufd Applications
\(stort'mg flom\Z&ro current)

\

—

TIME IN CYCLES

/

Phase applications
starting from a current
of 20.4 Aac.

1 2 3 4 5 6
MULTIPLES OF PICK—UP SETTING

Figure A-1. Instantaneous Characteristic Curves

The delay of the Instantane@us A (50-A) element can be set for no intentional delay (switch SW3-2 open)
or a fixed delay of 100Wms#(SW3-2 closed). Figure 2-2 illustrates the location of SW3. The time delay of
the 50-B elementfis notgswitch-selectable and is fixed at no intentional delay.

Pickup

The instantaneous elements of the BE1-50/51B-235 and BE1-50/51B-236 relays may be set lower than
the instantaneous element in IAC relays and still have the same reach. This is because the BE1-50/51B-
235 and BEZ-50/51B-236 instantaneous elements effectively eliminate the fault current transient
overreach components. When setting the BE1-50/51B-235 and BE1-50/51B-236 instantaneous elements,
calculate the symmetrical value without any adder for transient overreach.

LIME OVERCURRENT CHARACTERISTICS

Nine inverse time functions and one fixed (definite) time function can be selected at the front panel. Curve
types are identified by a letter designator. Available curve types are short inverse (S), long inverse (L),
definite time (D), moderately inverse (M), inverse (I), very inverse (V), extremely inverse (E), BS142
inverse, (B), and BS142 extremely inverse (C).
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Inverse Time Functions
Characteristic curves for the inverse and definite time functions are defined by the following equation:

T, = #+ BD+K
M™-C
Where: T+ = time to trip in seconds
D = time dial setting
M = multiple of pickup setting
A, B, C, N, K = constants for the particular curve

Characteristic Curve Groups

Either GE IAC or ABB characteristic curve groups are selected through switch SW3-3. (Refer todzigure 2-
2 for the location of SW3.)

Characteristic Curve Constants

Tables A-1 and A-2 list the time characteristic curve constants used by the relay. Constants have been
selected to conform to the characteristics of electromechanical relays over a range of)pickup multiples
from 1.3 to 40. Values of the constants are provided for use in PC relay sétting applications. Timing
accuracy is =1 cycle +2% of time to trip.

Table A-1. Time Characteristic Curve Constants with Switch SW3=8 Open (Off)

Curve
Type Figure Constants
BE Similar To Number A B C N K R
S ABB CO-2 A-2 0.2663 0.03393 1,000 1.2969 0.028 0.500
L ABB CO-5 A-3 5.6143 2.18592 1000 1.0000 0.028 15.750
D ABB CO-6 A-4 0.4794 0.21359 1,000 1.5625 0.028 0.875
M ABB CO-7 A-5 0.3022 0.12840 1.000 0.5000 0.028 1.750
| ABB CO-8 A-6 8.9341 0.17966 1.000 2.0938 0.028 9.000
Vv ABB CO-9 A-7 5.4678 0:10814 1.000 2.0469 0.028 5.500
E ABB CO-11 A-8 7.7624 0:02758 1.000 2.0938 0.028 7.750
B BS142-Bx A-9 1.4636 0.00000 1.000 1.0469 0.028 3.250
C BS142-Cx= A-10 8.2506 0.00000 1.000 2.0469 0.028 8.000
F Nonet None 0.0000 1,00000 0.000 0.0000 0.000 1.000
*  Curves B and C are defined in British Stafdard BS142 and IEC 255-4 (International

Electrotechnical Commission).
T Fixed time from 0.1 to 9.9 secOhdSs.

Table A-2. Time Characteristic Curve Constants with Switch SW3-3 Closed (On)

Curve
Type Figfe Constants
BE Similar To Numben A B C N K R
S GE IAC 55 Af1T 0.0286 0.0208 1.000 0.9844 0.028 0.0940
L GE IAC 66 A-12 2.3955 0.00002 1.000 0.3125 0.028 7.8001
D ABB CO-6 A-4 0.4797 0.21359 1.000 1.5625 0.028 0.8750
M ABB CO-7 A-5 0.3022 0.12840 1.000 0.5000 0.028 1.7500
| GE IAC 51 A-13 0.2747 0.1042 1.000 0.4375 0.028 0.8868
\ GE IAC 53 A-14 4.4309 0.0991 1.000 1.9531 0.028 5.8231
E GE IAC 77 A-15 4.9883 0.0129 1.000 2.0469 0.028 47742
B BS142-Bx* A-9 1.4636 0.00000 1.000 1.0469 0.028 3.2500
C BS142-Cx A-10 8.2506 0.00000 1.000 2.0469 0.028 8.0000
E Nonet None 0.0000 1.00000 0.000 0.0000 0.000 1.0000
¥ Curves B and C are defined in British Standard BS142 and IEC 255-4 (International

Electrotechnical Commission).
T Fixed time from 0.1 to 9.9 seconds.

A-2 BE1-50/51B-235/-236 Characteristic Curves 9252000898 Rev —



Characteristic Curves

Figures A-2 through A-15 illustrate the BE1-50/51B-235 and BE1-50/51B-236 time overcurreft
characteristic curves.
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Figure A-3. Long Inverse (L) Time Characteristic Curve (SW3-3 Off, Similar to ABB CO-5)
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Figure A-5. Moderately Inverse (M) Time Characteristic Curve (Similar to ABB CO-7)
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TIME IN SECONDS
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Figure A-6. Inverse (I) Time Characteristic Curve (SW3-3 Off, Similar to ABB CO-8)
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Figure A-7. Very Inverse (V) Time Characteristic Curve (SW3-3 Off, Similar to ABB CO-9)
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Figure A-10. BS142 Extremely Inverse (BS142-C) Time Characteristic Curve
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Figure A-11. Short Inverse (S2) Time Characteristic Curve (SW3-3 On, Similar to GE IAC 55)

A-12 BE1-50/51B-235/-236 Characteristic Curves 9252000898 Rev —



o 6.7.891 2 3 4 5 6 78910 20 30 40 50 60 R

900
800
700
600
500
400
300
\
200
100 \\
90
i S\ O I A R R " 2 N
5 \\\\ AR T
50 W\ AR |
TR f
0 \ \ \\ ;‘\
30 \ \ \\\\\\‘\\ E
\ \ \\ \\\§§\‘\ D
20 \ \\\ \\\\t\\\ L
oSS
. ARSI
5 \ N TR 20
w7 \ N\ AN N~~~ /-0
= \ NN SN 6.0
o . \\ N \\\\\ 5.0
B . \ N N 4.0
) AN N N N
. G L 3.0
= NG -
Lo NN N1 2.0
N
% \\ N
\\\ \\
1 N N 1o
.9 N
.8
7 ~
5 SINTH0.5
.5
4
3
2
o
.09
08
07
06
05
.04
03
.02
‘01,5 6 .7.8.91 2 3 4 5 6 7 8910 20 30 40 50 60 ,‘3
D2307-01 MULTIPLES OF PICK—UP

Figure A-12. Long Inverse (L2) Time Characteristic Curve (SW3-3 On, Similar to GE IAC 66)
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Figure A-13. Inverse (12) Time Characteristic Curve (SW3-3 On, Similar to GE IAC 51)

A-14 BE1-50/51B-235/-236 Characteristic Curves 9252000898 Rev —



5 6.7.891 2 3 4 5 6 78910 20 30 40 50 60 =

900
800
700
600
500
400
300
200
100
90
80
70
60 ‘
50
40
30
A
20 Q\
. A\
0 VLN
Lo LMY
=) 7 \ \ \
= AR T
S ITARMNNNNY |
o VO VNN
9, LVARALANAY Y
N AN LN
5 VAN \ A\ \:\ E
z AWATAR R RN D
- PN |
=>
; i f
N ~—
1 \ \\ \\\ \: \\\\\\\~=— 88
: NSNS &0
7 \ NN IN N — 1170
. \ N NI~ 1s 0
; AEAN N N —~ 150
\ ~ ~
4 \ N N 4.0
NN — 3.0
3 N N ‘
N\ ~
) \\ = | 2.0
N N
§ 1.0
J N
.09
¥ ‘ 0.5
07
.06
.05
.04
03
.02
o1
5 6.7.8.91 2 3 4 5 6 7 8910 20 30 40 5060'9
p2I07=03 MULTIPLES OF PICK—=UP

Figure A-14. Very Inverse (V2) Time Characteristic Curve (SW3-3 On, Similar to GE IAC 53)
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Figure A-15. Extremely Inverse (E2) Time Characteristic Curve (SW3-3 On, Similar to GE IAC 77)
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Timing Accuracy

Timing accuracy is the sum of +1 cycle, £2%. This accuracy applies to the range of 1.3 to 40 times tap
and is for a given measured multiple of tap. Measurement accuracy of the multiple of tap is the sum“of
+2%, £25 mA for the BE1-50/51B-237 and +2%, +5 mA for the BE1-50/51B-238.

Fixed Time Characteristic

The fixed time characteristic corresponds to the time dial setting and provides delays of 0.0°t6 9.9
seconds. The time setting is constant over a range of pickup multiples from 1.0 to 40. Accuracy is *1
cycle, +2% of the time to trip for time dial settings of 0.1 and greater.

INTEGRATING TIME RESET CHARACTERISTIC
The relay can be user-configured for integrating or instantaneous type reset.

Integrating reset simulates the disk reset of electromechanical relays andfbegins, when the current
decreases below 95% of pickup. BE1-50/51B-235 and BE1-50/51B-236 relays provide the integrating
reset function even when input current decreases to zero.

Integrating reset characteristics are defined by the following equation and“aredllustrated in Figure A-16.
See Table A-1 and A-2 for the equation constants.

RD
Tz = —
M- -1
Where: Tr = timetoresetin seconds
R = econstant for the particular curve
D = time diabsetting
M = current in multiples of pickup setting during reset
Time characteristic curve equation:
AD

TT :MN—_C+ BD &K =Timet0Trip

Where: D = time dial setting
M = multiple of pickup setting
Reset characteristic curve equation:
RD .
TR5——— =Time to Reset
M -1
100.0

g

g [” \lertical axis xRD is applicable for all

O [ curves and is derived from multiplying

fé —==gthe constant R (for the curve selected)

(@) by D (the time dial setting).
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Figure A-16. Integrating Reset Characteristic Curve
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Instantaneous Reset
Reset occurs within 16 ms of when the current decreases to 95% of the pickup level.
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