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TIME OVERCURRENT

RELAY

The BE1-51 Series of Time Overcurrent Relays is microprocessor-based to
provide versatile overload and fault protection.

ADVANTAGES

One relay can simultaneously monitor three phases plus neutral
currents.
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SPECIFICATIONS

* 16 field selectable characteristic curves, including inverse, definite, I2t, Pages 3-9
and BS 142 functions.
*  Wide range sensing inputs with continuously adjustable pickup.
* Upto two instantaneous elements available.
»  BIT (built-in test) provides an operational check to confirm the integrity
of outputs, LEDs and targets, and simpilifies calibration. EXTERNAL
* Large array of options, including voltage control and voltage restraint. CONNECTIONS
*  Pickup repeatability +2%. Pages g9&10
+  Timing repeatability +5%.
= UL Recognized under Standard 508, UL File #E97033.
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APPLICATION

The BE1-51 Series

Time overcurrent relays provide phase and ground fault
protection for distribution circuits, generators, transform-
ers and other major components of the power system.
The relays need to be capable of a wide range of pickup
settings and characteristics in order to coordinate
properly with cther protective devices in the power
system.

The BE1-51 family of time overcurrent relays provides
single or multiple phase current sensing within a single
unit. These relays feature a pickup setting range of 0.5 to
12 amperes and a variety of timing characteristics for
proper coordination.

The overcurrent timing functions provide a means to
coordinate with other protective devices, and to discrimi-
nate between fault currents and transitory overloads.
Table 1 illustrates typical applications. An extended timing
option is available which delays the standard functions
by a timing factor of approximately 5.7. This further
enhances flexibility in meeting application objectives.

The optional neutral defeat function allows neutral current
sensing to be disabled. This allows the user to energize
desired circuits and block tripping due to unbalanced
currents reflected in the neutral circuit. After the circuits
are balanced, the neutral defeat function would be
switched off, and neutral protection would be enabled.

INSTANTANEOUS OVERCURRENT MONITORING

One or two instantaneous outputs, individually adjust-
able for current level, may be specified as an aid in
coordinating a relay scheme.

VOLTAGE CONTROL

The BE1-51/27C Time Overcurrent Relay provides
voltage controlled backup phase fault protection for a
generator and power system when protective devices
located downstream from the generator fail to operate.
The time overcurrent response is inhibited when the
monitored system voltage is above the voltage control
setting, allowing setting below load current levels.
Instantaneous overcurrent response (if included) is not
affected.

VOLTAGE RESTRAINT

Under fauit conditions, system voltage may collapse to
a low value compared to the relatively small voltage
drop associated with overloads. The BE1-51/27R Time
Overcurrent Relay with voltage restraint decreases the
current pickup proportionally to this voltage reduction
to increase overcurrent sensitivity of the relay during
fault conditions. Neutral time overcurrent response and
instantaneous overcurrent response (if included) are
not affected.

Typical
Function Protective Special Characteristics
Number Name Application
B1 Short Inverse Generator, busses Relatively short time, desirable where preserving
system stability is a critical factor.
B2, E2 Long Inverse Motors Provides protection for starting surges and
, overiogds of short duration.
B3 Definite Time General use Timing relatively independent of current.
Usetul in sequential tripping schemes.
B4 Moderataly Inverse|  Transmission and Accommodates moderate load changes, as may
feeder lines. Useful in occur on parallel lines where oneg line may
both phase and ground occasionally have to carry both loads.
fault applications.

B5, E4, ES Inverse Feeder lines, or Provides additional vartations of the inverse
BE, E6 Very Inverse backup protection for characteristic, thersby allowing flexibiity in
B7,E7 Extremely Inverse | other types of relays meating load variations, or in coordinating

with other relays.
B8 12T Prevents tripping from motor starting currents.
Motors Provides protection against light, medium and
G1-C8 12T with Limits heavy overloads.
All of the | Extended Timing See B1 through Provides a second set of the above listed curves
above, Range C8 above with longer timing for increased flexibility.
Extended

TABLE 1. APPLICATIONS SUMMARY
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SPECIFICATIONS

FUNCTIONAL DESCRIPTION

The specifications on these pages define the many
features and options that can be combined to exactly
satisfy an application requirement. A block diagram
{page 4) is included to show how various standard
features, as well as the options, relate to each other.

INPUTS

Current Sensing

In most models, two ranges are included (HIGH/LOW),
each with its own pair of input terminals. Note: Units with
three-phase-and-neutral sensing, as well as all units with
current operated (type M) power supplies, include single
input ranges. The current sensing characteristics at
100/120 Vac, 50/60 Hz, are shown in Table 2.

Units with Pawer Supply Type® Units with Type

O,P,A,S, 4T M Pewar Supply

SENSING MAXMUM Burdan at TAP MAXIMUM Burden | Busden
INPUT CONTINUGUS | Maximum Value | CONTINUOUS | at TAP at2x
TYPE CUARENT* | TAP Value CURRENT" Value TAP
Singla-Phasa 204 1 BVA 14 VA
Two-Phase 204 Lese than 2 2x Iap or 8VA 14 VA
and Neutrat 0.1 ohm 4 15A 8VA 13 VA
‘Three-Phasa 20A peaf phase 1 [whichavar 8VA 15 VA
Thres-presa 204 or nautrat B o less) BvA 17 VA
and neutral 12 avi 20 VA

) Type M power supply available in three-phase or three-phase-and-neutral
sensing units only.

*} The maximum 1 second current rating is 50 x the maximum tap current
selacted, or 5004, whichever is less. For ratings other than those
specified by time curves, rating is calculated as follows:

| = {50 % tap value or 300 A _whichever jg fess)
NT

where, | = maximum current
T = Time ¢! current fow in seconds

TABLE 2. SENSING BURDENS

Voltage Sensing (BE1-51/27C and BE1-27R)

The valtage input (when specified) imposes a maximum
of 1VA nominal burden on the sensing transformers. The
input is compatible with 100/120 Vac circuits, and is
rated for 160 volts continucusly at 50/60 = 10 Hz.

Power Supply Inputs

One of six power supply types may be selected to
provide internal operafing power. These are described in
Table 3.

Typa a P R g* T M

Nominal 48Vdc | 125Vde | 24 vde 48 Vde | 250 vde | Current
Voltage 12G Vac 125 Vde | 230 Vac | operated

Burden E6W 6.7TW 72W 50w 78w See

128VA 53W 9.8VA | Table 2,

All ac references are at 50/60 Hz.

*The type S powsr supply is field selectabie for use with either 48 or 125 Vdc.
Sefection must be accomplished at the time cf installation and prior to application
of power.

TABLE 3. POWER SUPPLY OPTIONS

Onily three-phase or three-phase-and-neutral sensing
units are available with a Type M (current operated)
power supply. The Type M power supply does not require
an external power source. The relay derives its operating
power from the power system current transformer. Due to
the additional magnetics involved, the time overcurrent
relays with type M power supplies require an M1 size
case (See Bulletin SDA for dimension details).

OUTPUTS

All output contacts are rated as follows:

Resistive
120/240 Vac make 30 A for 0.2 seconds, carty
7 A continuously, break 7 A.
250 Vdc make and carry 30 A for 0.2 seconds,
carry 7 A continuously, break 0.3 A.
500 Vdc make and carry 15 A for 0.2 seconds,
carry 7 A continously, break 0.1 A.
Inductive

120/240 Vac, 125 Vdc, 250 Vdc - break 0.1 A
(LR = 0.04).

PANEL CONTROLS AND INDICATORS

TAP SELECTOR: The time overcurrent pickup pointis
selected using a 10-position TAP SWITCH. Along with the
TAP CAL control (described below), this allows simulta-
neous precise settings for all phase elements. A similar
set of controls independently adjusts neutral pickup (if
specified). When type M power supply is specified, input
sensing range selection is accomplished by placing a tap
screw in the TAP block rather than turning the TAP
Selector to the desired position.
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SPECIFICATIONS

{continued)

TAP CAL CONTROL: This control provides fine adjust-
ment of the overcurrent pickup point between TAP
selector settings. When the TAP CAL control is fully
clockwise, the actual pickup will be within £5% of the
indicated TAP selector setting.

Time Overcurrent Pickup *+2% of pickup setting
Measuring Accuracy

Time Overcurrent Pickup Better that 92% of
Dropout Ratio pickup level.

TIME DIAL: This pair of thumbwhesgl selectors deter-
mines the time delay between the sensing of a phase
overcurrent condition and a relay trip. The time delay is
selected over the range of 00 to 99, as shown on the
Characteristic Curves. For relays with extended timing
range (Option 2-D or 2-E), the actual time delay will be
approximately 5.7 times the value shown in the curves,
{Copies of extended range curves available upon
request).

+5% of the characteristic
curve value with repeatability
of £2%.

Time Delay Accuracy

All phases of multiphase styles are set simultaneously
and will exhibit the same time-current characteristic. The
neutral element TIME DIAL is independently set.

TIMING INDICATOR: For each phase (or neutral)
specified, there is an LED to indicate when the sensed
current exceeds the time overcurrent pickup setting -
unless the voltage control (if present) is above the
preselected inhibit level.

POWER INDICATOR: A front panel LED illuminates to
indicate the power supply is providing the internal
operating voltages.

TARGET INDICATORS: Targets may be specified to
indicate which phase (or neutral) element initiated the
overcurrent condition, and which protective function
caused an output (TIME, INST 1, or INST 2).

Element targets are always internally operated. Function
targets may be either internally operated or current
operated by a minimum of 0.2 A through the output trip
circuit. When current operated, the output circuit must
be limited to 7 A for 2 minutes and 3 A continuously.

TIME CURRENT CHARACTERISTIC CURVE
SELECTOR

The BE1-51 relays include up to 18 individual time curve
types selected by means of a switch directly behind the front
panel. The time curve groupings are identified as Z1, Z2 and
Z3 in the style chart.

Option Z1 includes seven inverse time curve types and nine
it time curve types. Option £2 includes seven inverse time
curve types, one i2t time curve and five British Standard
inverse curves. Option Z3 includes the same curve types as
Z1 but includes integrated reset timing to more closely
simulate the operating characteristic of electromechanical
relays. Extended timing can be included with Z1 and Z3 type
timing to delay the relay operation.

OPTIONS

In addition to the range of choices indicated above, the
following optional functions may be specified.

Volts Inhibit Adj (BE1-51/27C Models)

A front panel control provides continuous adjustment of the
sensed voltage inhibit level over a range of 40-120 Vac.
When the level is exceeded, operation of the time
overcurrent circuitry is inhibited. The optional instantaneous
overcurrent element is not affected by the voltage inhibit
circuitry.

For sach phase there is an LED to indicate that voltage has
excesded the inhibit level setting.

Voltage Restraint (BE1-51/27R Models)

The voltage restraint option compares the sensed voltage
with the nominal voltage level. A decrease of the sensed
voitage (between 100% and 25% of hominal) resultsin a
proportional decrease of the time overcurrent pickup point
as defined by the TAP selector/TAP CAL control (Figure 2).
When the sensed voltage falls below 25% of nominal, the
time overcurrent pickup point will be 25% of the TAP selec-
tor/TAP CAL control setting. The pickup point of the neutral
time overcurrent and optional instantaneous overcurrent
element{s) are not affected by voltage restraint.

Note: On relays with type M power supply, the TAP CAL
control is omitted and the range of restraint is between 100%
and 50% (instead of 100% to 25%).

Instantaneous Overcurrent

A front panel controi provides the instantaneous over-
current element with adjustment over the range of 1 to 40
times the phase overcurrent pickup point selected by the
TAP sslector/TAP CAL control. When the setting is exceeded,
the inst. 1 output relay enetgizes (Figure 3}. This element is
not affected by the voltage control circuit of the BE1-51/27C
or the voltage restraint circuit of the BE1-51/27R.

5
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SPECIFICATIONS

(continued)

An additional independent control (Option 1-2) provides
pickup point adjustment for a second instantaneous
function. (This option is available on all BE1-51 relays
and single-phase BE1-51/27C and BE1-51/27R units.)

For relays including neutral sensing, an independent
control adjusts the neutral instantaneous overcurrent
pickup point.

Instantanecus Overcurrent +2% of pickup setting
Pickup Measuring Accuracy

Instantaneous Overcurrent Better than 98% of
Dropout Ratio pickup level

Voltage Sensing Measuring +2% of pickup setting
Accuracy (BE1-51/27C (BE1-51/27C); £2% of
and BE1-51/27R Only) sensed voltage

(BE1-51/27R).

Push-to-Energize-Output Pushbutton

(Option 2-C or 2-E)

Applying a thin non-conducting rod through a hole in
the front panel energizes trip relays for testing the
external trip circuits.

Power Supply Status Output (Option 3-6)

The power supply status output relay is energized and
its NC cutput contact is opened when power is applied
to the relay. Normal internal relay operating voltage
maintains the power supply status output relay continu-
ously energized with its output contact open. If the
power supply cutput voltage falls below the reguire-
ments of proper operation, the power supply output
relay is de-energized, closing the NC output contact.

100%|

FERCENT

PIGKUP
SETTING

25%

25% 100%
RATED VOLTAGE

Figure 2. Voltage Restraint Characteristic

SURGE WITHSTAND CAPABILITY

Qualified to ANSI/IEEE C37.90a-1989 Surge Withstand
Capability Test and \EC 255 Impulse test and Dielectric
test.

MECHANICAL

Operating Temperature
-40°C {-40°F) to +70°C (+158°F).

Storage Temperature
-65°C {-85°F) 1o +100°C (+212°F)

Shock

In standard tests, the relay has withstood 15g in each of
three mutually perpendicular axes without structural
damage or degradation of performance.

Vibration

In standard tests, the relay has withstood 2g in each of
three mutually perpendicular axes, swept over the range
of 10 to 500 Hz for a total of six sweeps, 15 minutes
each sweep, without structural damage or degradation
of performance.

Weight
For relays without type M power supply:
Single-phase 13.0 Ib max net

14.0 b max net
14.0 |b max net
14.4 |b max net

Three-phase
Two-phase-and-neutral
Three-phase-and-neuiral

For relays with type M (current operated) power supply:
Three-phase 30.6 Ib max net
Three-phase-and-neutral 31.0 Ib max net

0.3

nas

o2

.20

(SECANDS)
e e
-

008 =

TIME TO CLOSE QUTPUT CONTACTS.

oo P————]

e
MULTIRLES CF AICKUA

Figure 3. Typical Instantaneous Function
Response Time
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SPECIFICATIONS

(continued)
TIME OVERCURRENT CHARACTERISTIC CURVES
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TIME OVERCURRENT CHARACTERISTIC CURVES (continued)
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SPECIFICATIONS

(continued)
TIME OVERCURRENT CHARACTERISTIC CURVES (continued)
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FIGURE 17. E7 - EXTREMELY INVERSE
BRITISH STANDARD 142 CURVE

FIGURE 16. E6 - VERY INVERSE
BRITISH STANDARD 142 CURVE
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FIGURE 18. CONTROL CIRCUITS

FIGURE 19. SINGLE-PHASE AND THREE-PHASE
CURRENT SENSING




BE1-51, BE1-51/27C, BE1-51/27R

CONNECTIONS (continued)
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FIGURE 20. THREE-PHASE-WITH-NEUTRAL
CURRENT SENSING

A

{]

émsmroa__ LESEND

= 52 POWER CIRCUIT BREAKER
i

J_ H

FIGURE 22. TWO-PHASE-AND-NEUTRAL
CURRENT SENSING
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FIGURE 21. CURRENT SENSING WITH M-TYPE
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FIGURE 24. 3-PHASE 4-WIRE VOLTAGE SENSING
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FIGURE 25. 3-PHASE 3-WIRE VOLTAGE SENSING




BE1-51, BE1-51/27C, BE1-51/27R

ORDERING

MODEL NUMBER

BE1-51, BE1-51/27C and BE1-51/27R Time Overcurrent
Relays.

STYLE NUMBER

The style number appears on the front panel, drawout
cradle, and inside the case assembly. This style number
is an alphanumeric combination of characters identifying
the features included in a particular unit. The sample style
numker below illustrates the manner in which the various
features are designated. The Style Number ldentification
Chart (page 12) defines each of the options and charac-
teristics available for this device.

SAMPLE STYLE NUMBER: P1E Z1P A1C1F

The style number above describes a BE1-51/27C Time
Overcurrent with Voltage Control Relay having the follow-
ing features.

(P} 3-phase current and 3-phase, 4-wire voltage sensing.

(1) 0.5to 12 ampere time overcurrent pickup range.

(E)
(Z1)

All output contacts are normally open.
B and C type time curves.

Internal operating power is obtained from an
external 125 Vdc or 100/120 Vac scurce.

All targets are internally operated.

One Instantaneous Overcurrent element for
each phase.

(C) Push-to-energize switches are included to
verify external output connections.

(1) Normally open auxiliary output contacts
operate concurrently with the time overcurrent
output relay.

(3] The relay case is configured for flush
mounting.

NOTE: Description of a relay must include both the
model number and the complete style number as
shown below.

[persvzre] [e] [ ] [e]—[z] [+] [Pl —[a] [+] [e] [1] [F]

(T T

SENSING SENSING  OUTPUT TIMING POWER
INPUT INPUT SUPPLY
TYPE AANGE

HOW TO ORDER

Designate the mode! number followed by the complete
style number.

BE1-51, Style No. O0O00-000-000ao
BE1-51/27C, Style No. OO0O-0O000-0O00000
BE1-51/27R, Style No. O0OO-0O000-~-0O000O0O0

Complete the style number by selecting one feature from
each column of the Style Number Identification Chart and
entering its designation letter or number into the appropri-
ate square. (Two squares are used to indicate time delay
characteristics.) All squares must be completed.

TARGET OPTION OFTION OPTION OQPTION
1 2 3 4

STANDARD ACCESSORIES

The following standard accessories are available for the
BE1-51, BE1-51/27C and BE1-51/27R Time Overcurrent
Relays.

Test Plug

Order Test Plug, Basler Electric part number 10095,
(Two plugs may be required for complete testing
capabilities).

Extender Board
The Extender Board will permit troubleshooting of the

P C. boards outside the relay cradle. Order Basler part
number 9 1655 00 100.

11




BE1-51, BE1-51/27C, BE1-51/27R

STYLE NUMBER IDENTIFICATION CHART

o1 zre 00 ODoood

= SN

BE142 Vary Invarsa {E6)
H) 3-phave-and-neutral currant (Modal BEI-51) @) NC contacts

BS142 Extremaly Inversa (E7}

U) 3phass-andnieutral currani and J-phase, @

Not available if Timing option is Z2.

d-wice voltmgs, G0 Hz {Model BE1-51/27R)

W) 3-0hasa-and-nautral currant and Ichese,
A-wira voltags, 50 Hz (Model BE1-61/27R)

Relays with type M power supply:

SENSING INPUT TYPE SENSING INPUT RANGE TIMING D POWER SUPPLY OFTION 1 OPTION 3
Bingle-Phase 21} Switch salsciacia B Home ) Hono c —
B and C curves M) Currend opersted 2]
Threa-Fhass-and-Neutral
) nghprass suiont (Hoad BEEL o i 22) Swich msivctatle 01 48 vde T areo R v H . n.
L} Singl-phuse cument and voltage Band E curvan 2) Auxtiary Timed " =
(Motel BE1-5+57C) 2} 05 - 40 A sach phase 125 Veie and 2 Two istantansous Quiput Relay - M
06 - 40 A neutrel f Bloonts b4
B - Z3) Beroh gaoctanis Toar2a vac 51 sy Thowa t o
i —
R B Rl e B ) VO 31 15 - 110 A anch phase B v ™ R Ouiput sley - SPBY o
05 - 4.0 A neutral graling roow ) B} Powar Supply Strtus M
N} Singie-phass currert and , 100 Vac Short Inverse (A1) Outpul
e S He Baaon BETST 485 - 40 A mach phace o 1 - B) 48 wdlc o, by jumper, w
5 - 120 A neutral ng Inwerse -
-
Twa-Phasw-and-Neumal 5 15 - 120 A wech phovo Gofinfie Tima (B3} T 260 Vic and %0 Vac 3
X) Two-phiaree-snd-neulrel Syl (Model HE1-51) 15 - 129 A noursl -
Noderatsly Inverse (B4) I
B 07 - 03 A phase
R €1 - D4 A neuts! Inverse Tima {B5) 2
=
A) 1-phase curani and 1-phasa, 3-wie T} B3 - 24 A phasa Vary Inverse (B2 w
wiFage tode 621 ST 0108 A reutra ceverety fmrse (871 OPTION 2 OPTION 4 w
B) Zphess cumorl and phue, Sniro volage. B} 03 - 24 A phass Q
Bz thcdel i 51 7RI B2 - 24 A neutral o7 (BY W Noms F) Ssmithunh mounting — S
) §-phake cuirent And 5 . Jwire wakage, Al Cther Senslag Unhs ET with Uit 1 {C1) €} Push-io-snergize P) Frojection mounting o
We (eodal BE1 51527} 1) 05 - 12.0 A wnch input T it L 2 162) b TARGET outpie e b
©) Extentsd rangs )
G} S-phase cumen: {Made) SE1-61) ) 01— 24 A eaeh T it i 3 €2 e — @ h Rooended rang 5
F) 3phase curront ang 3-phasa, 4-wire voltage NI Hons E) Exended N
ke dr aary 1T with Limit 3 (C4) | e g o b7
#) Intermally cpsrated enargiza oitpira 3]
R} 3-phasae currant and 3-phase, 4-wire valtage, PT wiin Liwit 5 (C5) targsts b7.]
B0 He (Modal BE1-S1AS7R
(Hode t 1°T whh Limit 6 (C8) B) Gurrwnt opwrated m
S) 3-hase cumant anc 3-phase, $-wirs voilage, targats
50 Ha (Motel BE!-51727R) ST with Limit 7 (6T W
=T wdth Limit @ {C8) o
Thres-Phese-and-Nevtal =~
[=1
BS192 Lang Mvere (€2
LA Gt e e ouTRUT M z
-wire 9, 61 Hz (Moda| B B$142 Inverss {1.3) (E4) - =
) Thaseansautral st and 3 If Target is B, Output must be E. ez
3w o, 50 Fiz (M odal BE1-51 7Y E) NO gontucts BS142 Imveras (2.9) 1E%) [<
I
2
o~
hod
8

a. If Power Supply is M, Sensing Input Range must be 1.

/A Relays with type O, P, R, S, or T power supply b. Sensing Input Type must be three-phase or

are supplied in an S1 case. three-phase-and-neutral.
b Option 1-2 is available for all BE1-51 Relays c. Requires M1 case.

NOT using type M power supply; also on all

single-phase BE1-51/27C and BE1-51/27R units. d. Option 1-2 not available.
bw Option 3-5 is only available on single-phase units. e. Option 3-6 not available.




