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INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE BL-1 THERMAL OVERLOAD RELAY 

CAUTION Before putting relays into servi"ce, re­
move all blocking which may have been inserted for 
the purpose of securing the p arts during shipment, 
make sure that all moving parts operate freely, in­
spect the contacts to see that they are clean and 
close prop erly, and op erate the relay to check the 
settings and electrical connections. 

APP L I CATION 

The typ e  BL- 1 relay is used primarily for thermal 
overload and instantaneous overcurrent protection 
of motors and generators, but it may also be used 
for the p rotection of transformers or any other ap­
paratus if the temperature-rise under overload is ap­
proximately similar to that of motors. The thermal 
element is the "replica type" and has a time- current 
characteristic closely approximating the average 
heating curves of motors. Its characteristics prevent 
the protected equipment from being subjected to over­
loads of such magnitude or duration as to cause them 
to reach dangerous temperatures, but at the same 
time permit the utilization of the inherent thermal 
capacity of the app aratus in carrying intermittent 
overloads which will not cause the windings to be­
come overheated. 

As its op eration dep ends up on the rate of heat 
generation in a heater element within the relay, it 
may be used for either a- c or d-e application. It is 
ordinarily connected in the secondary circuit of a 
suitable current transformer in a- c application. Since 
the voltage drop across the.relay must be within a 
range of about 0 .49 to 0.88 volts at full load on the 
protected machine, customary shunts rated in milli­
volts are unsuited for d-e applications. However, the 
drop across a p ortion of the p rotected circuit, such 
as the interp ole field winding of a machine, some­
times can be utilized as a source of energy for the 
relay. 

NEW INFORMATION 

CONSTRUCTION AND OP E RATION 

The single element typ e BL- 1 relay consists of 
a heater unit, an instantaneous overcurrent unit, two 
op eration indicators, and a contactor switch. 

The double element type BL- 1 relay contains 
two heater units, two instantaneous units, three 
op eration indicators, and a contactor switch. 

THERMAL UNIT 

The thermal unit consists of a housing of molded 
material which encloses a coiled thermostatic metal 
spring mounted on a shaft, two die-cut heater elements 
made of resistance material, metal heat storage 
blocks, and bearings for the shaft; and, external to 
the molded housing, a second thermostatic metal 
spring fastened to the shaft extension and carrying 
the moving contact at its outer end, the stationary 
contacts, and scales for setting the stationary con­
tacts at suitable positions for obtaining various time­
overload op erating curves under specified op erating 
conditions. 

The · external and internal thermostatic metal 
springs have identical temperature-angular rotation 
characteristics, and the external spring is mounted 
so that its rotation is in the opposite direction to 
that of the internal spring. consequently, a change 
in ambient temperature will not p roduce an app reci­
able p ermanent change in the position of the moving 
contacts, although the enclosure of the internal spring 
will cause it to respond more slowly than the external 

spring and a temporary change in contact position 
would result from a large and rapid change in ambient 
temperature. This would not need to be considered 
in normal app lications, however. 

The internal spring is housed within ceramic 
discs having high thermal-shock resistance, and the 
two heater elements are mounted against the outer 
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TYP E BL-1 R ELAY-----------------------------------------------------------
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Fig. 1. Internal Schematic of the Type BL- 1 Single Unit 
Relay, with Front and Baclc Contacts, in the Type 
FT2 1  Case. Relays with a Front Contact Only 
Have the Circuits Associated with Terminals 2 and 
3 Omitted. 

surfaces of these discs. The outer end of the spring 
is held fixed by a notch in the discs. Openings in 
the centers of the discs expose the springs to the 
heaters with only air separation. Thus heat is trans­
ferred to the sp ring by convection as well as by con­
duction through the ceramic, and (particularly at high 
overloads) by radiation also. The heater elements 
are connected in series and to terminals on the mold­
ed housing. In addition, a tap on each element is 
connected to a terminal, and a link is provided by 
which the two tap terminals can be connected to­
gether and thus bypass a portion of each heater. The 
portions of the heaters remaining in the circuit have 
a larger cross section also, so that they will with­
stand the same percentage overload based on a higher 
full load current. 

Metal heat storage discs, with intervening insu­
lation, are clamped against the outer surfaces of the 
heaters, and this assembly of spring and shaft, ceram­
ic insulation, heaters, and heat storage discs is 
mounted so that it has a minimum of direct contact 
with tlie molded housing. The prop ortions and spac­
ings of the components have been designed to pro­
vide fast op eration at overloads of several hundred 
percent or higher, and to provide long op erating times 
at low overloads so that the inherent thermal capacity 
present in the usual motor design can be fully utilized. 

The contacts are silver and are of the bridging 
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Fig. 2. Internal Schematic of the Type BL- 7 Double Unit 
Relay, with Front and Back Contacts, in the Type 
FT21 Case. Relays with Front Contacts Only 
Have the Circuits Associated with Terminals 2 
and 3 Omitted. 

type so that flexible leads are unnecessary. The 

moving contact consists of a silver plate constructed 
so that it can pivot on its mounting and be self­
aligning with the stationary contacts. The stationary 
make contacts are supp orted in molded insulation 
fastened to a plate which can be rotated around the 
shaft by means of a gear sector on its edge and a 
pinion attached to the scale p ointer. This serves to 
expand the scales and permit increased accuracy of 
setting. 

Stationary break contacts can be provided when 
required. These are similar to the make contacts and 
are mounted on a second rotatable plate in front of 
the plate which supp orts the make contacts. This 
plate is held in position by sp ring pressure, but can 
be moved to any desired position with reference to 
the make contacts. A scale on the supporting plate 
for the make contacts is used in locating the break 
contacts at a definite position. Rotation of the make 
contacts by means of the scale pointer does not 
change the spacing between the make and the break 
contacts. 

INSTANTANEOUS UNIT 

This is a small solenoid typ e  unit. A cylindrical 

plunger moves up and down on a vertical guide rod in 
the center of the solenoid coil. This guide rod is 
fastened to the stationary core which in turn screws 
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TYPE BL-1 RELAY--------------------------------------------------------�•·�L�.4-1�·5�53_..1 

into the element frame. A silver disc is fastened tc 

the moving plunger thru a helical spring. When the 

coil is energized, the plunger moves upward carrying 

the silver disc which bridges three conical shaped 

stationary contacts. After the contacts close the 

plunger moves slightly farther before seating against 

the stationary core. This assures positive contact 

pressure. 

A Micarta disc on a threaded bushing is assembled 

on the lower portion of the guide rod and is locked in 

place by a nut. Its position determines the de·ener· 

gized position of the plunger and therefore the pick· 

up current of the element, as indicated by the gradu· 

ated scale beside the disc. 

OPERATION INDICATOR 

The operation indicator is a small solenoid coil 

connected in the trip circuit. When the coil is ener· 

gized, a spring-restrained armature releases the white 

target which falls by gravity to indicate the comple­

tion of the trip circuit. The indicator is reset from 

outside the case by a push rod in the cover or cover 

stud. 

CONTACTOR SWITCH 

The d-e contactor switch in the relay is a small 

solenoid type switch. A cylindrical plunger with a 

silver disc mounted on its lower end moves in the 

core of the solenoid. As the plunger travels upward, 

the disc bridges three silver stationary contacts. The 

coil is in series with the main contacts of the relay 

and with the trip coil of the breaker. When the relay 

contacts close, the coil becomes energized and closes 

the switch contacts. This shunts the main relay con· 

tacts, thereby relieving them of the duty of carrying 

tripping current. These contacts remain closed until 

the trip circuit is opened by the auxiliary switch on 

the breaker. 

CHARACTERISTICS 

The type BL-1 relay is designed for use in ap· 

plications where the current transformer ratio is such 

that with 100 percent of full load on the protected 

machine the relay will receive a current within the 

limits of 2.5 to 5.0 amperes. For full load currents 

within this range, the relay can be set to operate in 

accordance with the characteristic curves shown in 

Figs. 3 and 4. 

The entire heaters are in the circuit for the curves 

of Fig. 3. The outer scale markings range from 2.5 

to 3.5 amperes in 0.25 ampere steps, and when the 

scale pointer is set to one of the indicated current 

values the relay contacts will close in approximately 

60 minutes if the current increases to 1 25 percent of 

the full load value after the full load current has been 

flowing long enough for the temperature rise to reach 

a constant value. The operating time for other per­

centages of overload after a steady state condition 

has been reached on full load are shown by the two 

lower curves of Fig. 3.  These curves represent the 

primary performance requirements of the type BL-1 

relay. While there are no uniform standards for the 

overload capacities of all types of motors, these relay 

characteristics will permit full utilization of the 

overload capacity of most motors at light overloads 

while providing rapid operation under heavy overloads. 

Since an overload might occur at or shortly after 

the time a motor is started, or after a motor has 

reached a constant temperature rise while carrying 

less than full load, Fig. 3 shows how the operating 

time will be affected for a zero initial load and for 

a 70 percent initial load. As would be expected, the 

operating time is somewhat longer for these condi· 

tions, but the protected motor could carry the over­

load longer before reaching a dangerous temperature. 

It will be observed that the curves for the 2.5 and 

the 3.5 ampere settings diverge somewhat as the 

overload increases. The amount of divergence will 

not seriously affect any application of the relay. For 

full load current settings greater than 2.5 amperes 

but less than 3.5 amperes, the operating time at any 

of the higher values of overload can readily be ob­

tained by interpolation. 

For the curves of Fig. 4, the short-circuiting 

link is closed on the two right-hand terminals, thus 

leaving only a portion of each heater in the circuit. 

The inner scale markings, which range from 3. 75 to 

5.0 amperes in 0 . 25 ampere steps, have the same 

significance as the outer scale markings which are 

used for the full heater, as described for Fig. 6. The 

curves for Fig. 4 are for the 3 .  75 and 5.0 ampere set· 

tings, and time values at high overloads at interme­

diate settings can be obtained by interpolation. The 

curves of Figs. 3 and 4 will be found to be very near­

ly identical if one set is superimposed on the other. 

The heater element will not be injured by carrying 

a current of 35 amperes with the shorting link open, 

or 50 amperes with the link closed, for a length of 

time sufficient to close the contacts from a cold start 

with the pointer set at 3.5 to 5.0 amperes respective· 
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P 60 MIN . CURRENT - TIME CURVES FOR TYPE BL-1 RELAY 

PO I NTER AT 2.5 AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 
CONTACT REACHES F I NAL POS I T I ON 
FOR I N I T I AL STEADY LOAD 
I ND I CATED BELOW • 

ZERO CURRENT ( I NTERNAL TEMP.AT 
APPROX. AMB I ENT TEMP) 

70% OF 2.5 AMPS. 

100% OF 2.5 AMPS. 

PO I NTER AT 3.5 AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 

, CONTACT REACHES F I NAL POS I T I ON 
FOR I N I T I AL STEADY LOAD 
I ND I CATED BELOW• 

� ZERO CURRENT ( I NTERNAL TEMP.AT 
APPROX. AMB I ENT TEMP. ) 

70% OF 3.5 AMPS • 

100% OF 3.5 AMPS. 

. 1 ���LULU�LW�UULU�LU����LU����LU����� 
100 200 300 �00 500 600 700 800 900 1000 

PERCENT OF CURRENT SETT I NG 

Curve 396065 

Fig. 3. Current· Time Curves for Normal Applications of the Type BL- l Relay Covering Range of Full-Load Currents 
from 2.5 to 3.5 Amperes, Using Pointer Settings marked on Dial. 60-Minute Time-Delay for 125" Load Occ:urr- �""''"''' 
ing after Steady Full-Load. Shorting Link Open. 
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60 M I N.  CURRENT - T I ME CU RVES FOR TYPE B L - 1  RELAY 

PO I NTER AT 3 .75 AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 
CONTACT REACHES F I NAL POS I T I ON 
FOR I N I T I AL STEADY LOAD 
I ND I CATED BELOW. 

ZERO CURRENT ( I NTERNAL TEMP. AT 
APPROX. AMB I ENT TEMP. ) 
70% OF 3 .75 AMPS. 

100� OF 3 . 75 AMPS. 

�:tJ:+t1+J:tJ:+t�;:t:j:+$tt)��J:tj:tJ:+tmt:J::!:+t PO I NTER AT 5.0 AMPS. 
1-H-+-+++++-t-H--H--t--f>.+\1--+--H�->t-+�-f-+-J-++++++-+-+--++++ OYER LOAD APPL I ED AFTER MOY I NG 

CONTACT REACHES F I NAL POS I T ION  
FOR I N I T I AL STEADY LOAD 
I N D I CATED BELOW. 

ZERO CURRENT ( I NTERNAL TEMP.AT 
APPROX. AMB I ENT TEMP. ) 
70% OF 5 AMPS • 

100% OF 5 AMPS. 

1-H-+-+++-4-+-1--++++-�-+-+++-�-+--l-++-�-+-+-I--+-�-+-+-I--+-W-l::..j..,l_�W-J--l-- .093 M IN .  AT 1000� 

1 00 200 300 �00 500 600 700 800 900 1000 
PERCENT OF CURRENT SETT I NG 

Curve 396066 

Fig. 4. Current-Time Curves for Normal Applications of the Type BL- 1 Relay Covering Range of Full Load Currents 
from 3. 75 to 5.0 Amperes, using Pointer Settings marked on Dial. 60-Minute Time-Delay for 125% Load Occurr• 
ing after Steady Full-Load. Shorting Link Closed. 
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1 5  MIN. CURRENT - TIME CURVES FOR TYPE B l - 1  RELAY 

jl-

' 
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.075 N I N .  AT 1000% _ 

' I n I 

FOR 2. 75 AMP. { WHEN START I NG FROM 
SETT I NG ZERO CURRENT ( I NTERNAL 

FOR 3 .75 ANP. TENP. AT APPROX. 
SETTI NG AMB I ENT TENP. ) 

FOR 2.75 AMP • { WHEN START I N G  FROM SETT I NG 100% OF FULL-LOAD FOR 3 .75 AMP. 
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CURRENT 
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PERCENT OF CURRENT SETT I NG 

Curve 396063 

Fig. 5. Current-Time Curves for Special Applications of the Type BL-1 Relay covering Range of Full-Load Currents 
from 2. 75 to 3. 75 Amperes. Contact Settings Determined by Test for 15-Minute Delay with 125% Load Occurring 
after Moving Contact reaches Final Position for Steady Full-Load. Shorting Link Open. 
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FOR � AMP SETT I NG{WHEN START I NG FROM 
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Curve 396064 

Fig. 6. Current-Time Curves for Special Applications of the Type BL- 1 Relay Covering Range of Full-Load Currents 
from 4.0 to 5.0 Amperes. Contact Settings Determined by Test for 75-Minute Delay with 125% Load Occurring 
after Moving Contact reaches Final Position for Steady Full Load. Shorting Link Closed. 
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Curve 396061 

Fig. 7. Contact-Opening and Reset Time Curves for the Type BL- 1  Relay for Full-Load Settings of 2.5 to 3.5 Amperes as 
marked on Dial. Shorting Linlc Open. 
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Fig. 8. Contact-Opening and Reset Time Curves lor the Type BL- 1 Relay for Full-Load Settings of 3. 75 to 5.0 Amperes 
as marked on Dial. Shorting Link Closed. 
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Fig. 9, External Schematic of the Type BL- 1 Double Unit Relay, with Front and Back Contacts in the Type FT2 1  Case. 

ly. One-second ratings for the heater are twenty 
times the maximum full load current setting for the 
open and closed link positions , or 70 and 100 am­
peres respectively. 

In certain applications it might be desirable to 
have faster operation at high valt1es of overload. 
This can be accomplished by a change in the con­
tact setting , but the operating time at light overloads 
will be reduced to a still greater extent and thus the 
full overload capacity of the nntor at light overloads 

may be made unavailable. Fig. 5 shows time-over­

load characteristics for the limits of the adjustment 

range when the short-circuiting link is open and when 

the contact spacing has been reduced so that the 

contacts will close in 15 minutes on an overload of 

125 percent after constant temperature has been 

reached on full load. For this combination of load 
and overload, at the end of the 15-minute period the 
pointer should be moved clockwise to a position 
where the contacts just close. It will not be possible 

to move the pointer sufficiently beyond the 2 . 5  am-

10 

pere point to obtain a 15-minute setting for this value 
of full load , so Fig. 5 shows 2. 75 amperes as being 
one end of the range for the accelerated operation. 

The upper end of the range when the shorting link is 

not used has been shown as 3. 75 amperes, since the 

pointer position for a 15-minute setting at 125 percent 

of a 3 .  75 ampere full load current will be near or 
somewhat to the left of the 3 . 5  ampere scale marking. 

It is not expected that these faster operating 

curves will be used for general application. They 

are presented to show how the relay characteristics 

may be modified to meet special conditions. Since 

the pointer position must be determined by test, it 
could be located to give a time other than 15 minutes 
at 125 percent overload. If the time were between 

15 and 60 minutes, an approximate operating curve 
could be estimated by interpolation between Fig. 3 
and 5 .  

Fig. 6 i s  similar t o  Fig. 5 but shows faster time­
overload curves for full load currents that require the 
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use of the shorting linlc 

It will be observed that the curves of Figs. 3 and 
4 are approaching an asymptotic position at 125% of 
full load , and that the curves of Figs. 8 and 9 are 
farther from th3ir asymptotic position at 125% of full 
load , as would be expected because of the shorter 
time delay. Prior conditions of load (between zero 
and full load) will not affect the value of current that 
will ultimately close the relay contacts ,  but variables 
such as friction and discrepancies in calibration 
prevent precise location of the asymptotic value. How­
ever, after making some allowance for such varia­

bles, a value of 1 18% of full load current can be con­

sidered as the maximum current that will not produce 
eventual closing of the relay contacts when settings 
are made as described for Figs. 3 and 4. For settings 

made per Figs. 5 and 6 this curre nt value will be 
1 10% of full load. 

Figs. 7 and 8 show resetting times for the type 

BL- 1 relay for the shorting link opened or closed. 

The complete resetting time is considered to be the 

time measured from the moment the relay current is 
interrupted until the contacts return to the position 

they would occupy for the steady state condition of 
100 percent of full load current. This complete time 
is composed of the time required for the contacts to 
part and the time for them to travel back to 100 per­
cent position, and separate curves are shown for 
these two components of the complete time. The 
time will vary depending upon whether the overload 

occurs after the motor has been carrying 100 percent 

load or from a cold start, and curves are shown for 
the two conditions. The curves ate shown for a relay 

setting at either end of the adjustment range , and 
intermediate values may be obtained by interpolation. 

The ambient temperature compensation provided 
in the type BL- 1 relay causes its operating time for 
a given current to remain approximately the same 
regardless of changes in the ambient temperature at 
the relay. If the ambient temperature at the motor 
location varies, the motor of course will carry a high­
er overload safely when the ambient temperature is 
low. However, a replica type relay cannot respond to 
the ambient temperature at the motor unless it has no 

ambient temperature compensating means and unless 

it is mounted either adjacent to the motor or, if at a 
distance, in a location where there is assurance that 

the ambient temperature will vary in exactly the sam� 

way as at the motor. This condition frequently can­

not be met. Also, the relay temp erature at the opera­

ting point should be very close to that of the motor 

at its maximum safe operating temperature. The type 
BL-1 relay was designed for a minimum operating 

temperature much lower than the safe operSJ,ting tem­

perature of a motor, but with a similar rate of rise 
when the rise is expressed as a percentage of the 
total change in the relay temperature. This was done 
to obtain a low relay burden and to increase the 
amount of overload that the relay can carry without 
injury. With the low operating temperature of the 
type BL- 1 relay, it would not be satisfactory to block 
or render inoperative the ambient temperature compen­
sation, as even moderate changes in ambient temper­

ature would cause appreciable changes in the relay 
operating time. 

The instantaneous unit used in the type BL- 1 

relay has a vertical scale graduated from 6 to 50 am­

peres. The scale markings indicate the pick-up cur­

rent when the Micarta disc is opposite the scale divi­
sion and when the element is in correct adjustment. 

The operation indicator normally supplied in the 

type BL- 1 relay will pick-up at 1 . 0  ampere direct 

current.  

CONTACT RATINGS 

Control Control Capacity in Amperes 
Unit Voltage Will Break Will Close 

Heater 1 25 v. d-c 0 . 8  3 . 0  t 
Heater 250 v.d-c 0 . 6  3 . 0  t 
Heater 1 20 v. a-c 5.0 5.0 t 
Ins tan-
taneous 1 25 v.d-c 1.5 30.0 tt 
Ins tan-
taneous 120 v. a-c 15.0 30.0 tt 

t These values apply where the contactor switch is 
not used to seal around the heater unit contact or 
contacts. For tripping duty, the heater unit con­
tacts can close 30 amperes at 1 25 or 250 volts d-e 
if these contacts are sealed around by the con­
tactor switch. 

t t The instantaneous unit contacts will carry 30 am­

peres for 1 second. 

I NSTALLATION 

The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt, 

moisture, excessive vibration, and heat. Mount the 

relay vertically by means of the four mounting holes 

on the flange for semi-flush mounting or by means of 

11 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E BL-1 R EL AY 

the rear mounting stud or studs for projection mount­

ing. Either a mounting stud or the mounting screws 

may be utilized for grounding the relay. The electrical 

connections may be made directly to the terminals by 

means of screws for steel panel mounting or to the 

terminal studs furnished with the relay for thick panel 

mounting. The terminal studs may be easily removed 

or inserted by locking two nuts on the stud and then 

turning the proper nut with a wrench. 

For detailed FT case information refer to I.L. 

41-076. 

SETTINGS 

There are two settings to be made on the relay. 

They are as follows: 

1. INSTANTANEOUS UNIT 

Set the element for a pick-up current slightly 

above the maximum current which the apparatus may 

receive in normal service, as for example, the starting 

current of motor or the magnetizing inrush current of 

a transformer. This setting is made by moving the 

Micarta disc to a point opposite the desired pick-up 

current value indicated on graduated scale. After the 

setting is made lock the disc in place by means of 

the locknuts. 

2. HEATER UNIT 
For the usual case, setting the thermal element 

involves only locating the scale pointer at a position 

corresponding to the full load secondary current of 

the protected equipment, and opening or closing the 

shorting link depending upon whether the pointer is 

being set in accordance with the upper or the lower 

scale markings. The relay then will have the charac­

teristics shown in Figs. 6 or 7. This method of set­

ting the relay for various full load currents affords 

greater flexibility in application and precision in 

setting than is provided by multi-tapped heater units 

or by interchangeable heater units of various ratings. 

It is desireable to have a time-current heating 

curve for the protected equipment, or to know the 

lengths of time that the equipment will stand several 

different values of overload. These times should be 

as high or higher than the relay times for the same 

load and overload conditions, as shown by Figs. 3 

and 4. 

For full load currents which lie between any two 

values marked on the scale, the pointer can be moved 

to a readily estimated intermediate position with 

12 

negligible error. Even if  the pointer were left at  the 

nearest scale marking the maximum deviation in point­

er position from the actual load current would be only 

2.5% at the 5.0 ampere setting, increasing to 5% at 

the 2.5 ampere setting. The scale lengths will vary 

somewhat in different relays due to variations in the 

thermally sensitive springs. However, some move­

ment of the pointer will be possible counterclockwise 

from the 3.5 ampere point or clockwise from the 3. 75 

ampere point, so that for a full load current between 

3.5 and 3. 75 amperes the scale pointer can be set in 

a corresponding position without appreciable error. 

If the safe operating time of the equipment at 

some high value of overload should be less than the 

corresponding relay time, and if the instantaneous 

unit cannot be set as low as this value of overload, 

either some additional relay must be used to provide 

a shorter operating time at this overload but with a 

pickup setting higher than the lesser overloads, or 

the type BL-1 relay must have its settings changed 

for faster operation. This rarely should be necessary, 

but if it is required the contact setting must be de­

termined by test. It would be undesirable to compli­

cate and confuse the scale by adding markings for 

special operating conditions, arid the added calibra­

ting time would increase the cost of the relay un­

necessarily. Also, no single special condition would 

be likely to occur more frequently than others. 

Figs. 5 and 6 illustrate the reduction in operating 

time obtained by decreasing the contact travel, but 

these curves also show that the time at low overloads 

is reduced by a much greater percentage than the 

time at high overloads. Since in general this will 

prevent the overload capacity of a motor at low over­

loads (which probably will occur most frequently) from 

being fully utilized, the characteristic curves should 

not be lowered more than necessary below those of 

Figs. 3 and 4. 

If it is determined that the relay should be set by 

test to obtain faster operation, it should be allowed 

to stand de-energized for several hours if the check 

is to be made from a cold start. The cover should be 

on the relay when the check is made, of course. It is 

recommended that the check be made at 125 percent 

of the current setting, or that this point be included 

in case more than one overload is checked. After 

energizing the relay for the required time with the re­

quired value of overload, which should be carefully 

regulated or adjusted throughout the run, the pointer 

should be moved clockwise until the adjustable con­

tacts just touch the moving contact. Due to a slight 

amount of play in the gearing, if the pointer is moved 
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TYP E BL- 1 R ELAY 

counte rclockwise until the contacts just part, its po­
sition may differ slightly from its p osition when 
moved clockwise until the contacts just touch. The 
calibration points on the scale are determined by 
moving the pointer clockwise until the cont acts just 
touch and the same procedure should be followe d 

whe n making sub seque nt settings. 

The adjustable break c ontacts, whe n  supp lied, 
can be use d to prevent re-starting a motor until some 
desired time interval has elapsed after the motor has 
been disconnecte d due to overload. By setting the 
break contacts close to the make contacts, the y  can 
be use d  to initiate an alarm on opening, thus giving 
warning of the e xistence of an overload be fore the 
motor reaches a te mperature at which it should be 
disconnected (by the make contacts) and possibly 
permitting readjustme nt of the load so that it does 
not be come necessary to disconnect the motor. A 
scale having ten major divisions and fifty minor di­

visions is provided on the plate on which the make 
contacts are mounted, and an index mark on the plate 
which supports the break contacts is used for setting 
the bre ak contacts at any desire d  position along the 
scale . The scale is intende d as a position re ference 

only and has no fixe d relation to operating times. In 
many case s no great accuracy is required in the se t­
ting of the break contacts, and when closer settings 
are desired they should be made by test. 

ADJUSTMEHTS AHD MAIHTEHAHCE 

The prope r adjustme nts to insure correct operation 
of this re lay have been made at the factory and should 
not be disturbed afte r receipt by the customer. Con­
tact or pickup settings must be made as require d b y  
the application, but alteration o f  assembly adjust­
ments shoul d be avoided. If the adjustment s have 
been changed, if the relay has been taken apart for 
rep airs, or if it is desired to check the adjustments 
at regular mainte nance periods, instructions be low 
should be followe d. 

All contacts should be cleaned periodically. A 
contact burnisher Stt182A836 H0 1  is recommende d for 
this purpose . The use of abrasive material for clean­
ing contacts is not re commende d, because of the 
danger of e mbe dding small particles in the face of 
the soft silve r and thus imp airing the contact. 

INSTANTANEOUS UNIT 

Re move the plunger core and see that the top of 
the plunger is clean. Reasse mble the plunger, and 

adjust the position of the core screw so that whe n  the 

I. L. 41-553. 1 

contacts are closed the plunger b utts against the 
stop with the spring half compresse d. With a 1/32 
inch contact separ ation, the contacts should pick-up 
at 6 amperes, 60 cycles. If the plunge r does not pick ­
up and se al in at this current, adjust the core screw 

so that it will and yet have sufficient compre ssion 
of the spring to preve nt sticking. Te st for sticking 

after 50 ampe re s  has been p assed through the coil. 

OPERATION INDICATOR 

Adjust the indicator to operate at 1 . 0  ampere di­
rect current gradually app lie d b y  loose ning the two 
screws on the under side of the assemb ly, and moving 
the bracket forward or backward. If the two he lical 
springs which re set the armature are replaced by new 
springs they should be we ake ne d  slightly by stretch­
ing to  obtain the 1 ampere calibration. The coil re­
sistance is approximately 0 . 16 ohm. 

CONT ACTOR SWITCH 

Adjust the stationary core of the switch for a 
cle arance between the stationary core and the moving 
core of 1/64" whe n the switch is picked up . This 
can be done by turning the relay up-side-down or b y  
disconnecting the switch and turning i t  up-side- down. 
Then scre w up the core scre w until the moving core 
starts rotating. Now, back off the core screw until 
the moving core stops rotating. This indicates the 
points whe re the p lay in the assembly is taken up , 
and where the moving core just separate s from the 
stationary core scre w. Back off the core screw ap­
proximately one turn and lock in place . This pre­
vents the moving core from striking and sticking to 
the stationary core because of re sidual magnetism. 
Adjust the contact clearance for 3/32" by means of 
the two small nuts on either side of the Micarta disc. 
The switch should p ick up at 2 amperes d-e. Test 
for sticking after 30 amperes have been passe d 
through the coil. 

HEATER UNIT 

The asse mbly and adjustment of the the rmal unit 
requires alignment fixture s and other special tools, 
as well as special test equipment for locating the 
p osition of the compe nsating spring assembly on the 
shaft and dete rmining the calibration points. Any 
dismantling or alteration of the adjustments should 
be avoided, as this may result in e xcessive be aring 
friction or calibration errors. Howe ver, the construc­
tion and overload capacity of the thermal unit is such 
that very little mainte nance should be required. 

The resistance of the heater and instantane ous 
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TYPE B L-1 R ELAY 

unit, measured at the case terminals, should be 0.25 

ohm when the shorting link is open and 0. 13 ohm when 

the link is closed. 

The moving contact should rotate without notice­

able friction, and when displaced manually and re­

leased it should return to its original position. The 

shaft should have about 0.010 inch end play. 

If the calibration of the thermal unit is to be 

checked at one or more points, the precautions men­

tioned in previous sections should be observed. 

Testing should be done with the relay in its case and 

the cover in place, and preferably with the case mount­

ed on a switchboard panel. If the relay time is to be 

checked from a cold start, the relay should have been 

de-energized for several hours beforehand. If the 

overload is to be applied following a constant load, 

the current must be maintained at the constant initial 

value until there is no further change in the moving 

contact position before applying the overload. Both 

the load and overload currents must be carefully re­

gulated throughout the test. The relay should not be 

subjected to drafts or sudden changes in temperature 

during the test, as there is some delay in the response 

of the temperature compensation. In the factory cali­

bration the relay is held in a controlled temperature 

and other precautions are taken to minimize factors 

which would introduce calibration errors. 

14 

The test current should be interrupted as soon as 

the contacts close in order to avoid possible damage 

to the heaters, particularly when testing at high values 

of overload. 

R EN E WAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for doing 

repair work. Completely assembled and calibrated 

thermal elements can be furnished, but individual 

parts for the thermal element should not be ordered 

since factory fixtures and �quipment are necessary 

for satisfactory assembly and calibration. When 

ordering parts, always give the complete nameplate 

data. 

E N E RGY R E QU I R EME NTS 

The burdens of the heater unit plus the 6-50 am­

pere instantaneous unit in series at 5 amperes 60 

cycles is as follows: 

Heater 

Tap Link Continuous 

Position Rating Amp Watt Volt-Amp Power Factor 

Open 

Closed 

3.5 

5.0 

6.25 

3.25 

6.25 

3.25 

1.0 

1.0 
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Fig. 10. Outline and Drilling P lan for the BL- 1 Relay in Type FT21 Case. 
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I.L. 41-553.1A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE BL-1 THERMAL OVERLOAD RELAY 

CAUTION Before putting relays into service, re� 
move all blocking which may have been inserted for 
the purpose of securing the parts during shipment, 
make sure that all moving parts operate freely, in� 
spect the contacts to see that they are clean and 
close properly, and operate the relay to check the 
settings and electrical connections. 

APPLICATION 

The type BL� 1 relay is used primarily for thermal 
overload and instantaneous overcurrent -protection 
of motors and generators, but it may also be used 
for the protection of transformers or any other ap� 
paratus if the temperature�rise under overload is ap� 
proximately similar to that of motors. The thermal 
element is the "replica type" and has a time�current 
characteristic closely approximating the average 
heating curves of motors. Its characteristics prevent 
the protected equipment from being subjected to over� 
loads of such magnitude or duration as to cause them 
to reach dangerous temperatures, but at the same 
time permit the utilization of the inherent thermal 
capacity of the apparatus in carrying intermittent 
overloads which will not cause the windings to be� 
come overheated. 

As its operation depends upon the rate of heat 
generation in a heater element within the relay, it 
may be used for either a�c or d�c application. It is 
ordinarily connected in the secondary circuit of a 
suitable current transformer in a�c application. Since 
the voltage drop across the.relay must be within a 

range of about 0.49 to 0.88 volts at full load on the 
protected machine, customary shunts rated in milli� 
volts are unsuited for d�c applications. However, the 
drop a:::ross a portion of the protected circuit, such 
as the interpole field winding of a machine, some� 

times can be utilized as a source of energy for the 
relay. 

SUPERSEDES I.L. 41-553.1 
*Denotes change from superseded issue. 

CONSTRUCTION AND OP E RATION 

The single element type BL� 1 relay consists of 
a heater unit, an instantaneous overcurrent unit, two 
operation indicators, and a contactor switch. 

The double element type BL� 1 relay contains 
two heater units, two instantaneous units, three 
operation indicators, and a contactor switch. 

THERMAL UNIT 

The thermal unit con�ists of a housing of molded 

material which encloses a coiled thermostatic metal 

spring mounted on a shaft, two die� cut heater elements 
made of resistance material, metal heat storage 

blocks, and bearings for the shaft; and, external to 
the molded housing, a second thermostatic metal 
spring fastened to the shaft extension and carrying 
the moving contact at its outer end, the stationary 
contacts, and scales for setting the stationary con� 
tacts at suitable positions for obtaining various time� 
overload operating curves under specified operating 
conditions. 

The external and internal thermostatic metal 
springs have identical temperature�angular rotation 
characteristics, and the external spring is mounted 
so that its rotation is in the opposite direction to 
that of the internal spring. Consequently, a change 
in ambient temperature will not produce an appreci� 
able permanent change in the position of the moving 
contacts, although the enclosure of the internal spring 
will cause it to respond more slowly than the external 

spring and a temporary change in contact position 
would result from a large and rapid change in ambient 

temperature. This would not need to be considered 

in normal applications, however. 

The internal spring is housed within ceramic 
discs having high thermal�shock resistance, and the 
two heater elements are mounted against the outer 
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TYP E BL-1 R ELAY-----------------------------------------------------------

OPERATIOII 
IIIDICATOR 

COATACTOR SWITCn 

INTERNAL SCIIOOTIC 
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IIUTER UMIT 
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Fig. l. Internal Schematic of the Type BL- l  Single Unit 
Relay, with Front and Back Contacts, in the Type 
FT2 l  Case. Relays with a Front Contact Only 
Have the Circuits Associated with Terminals 2 and 
3 Omitted. 

surfaces of these discs. The outer end of the spring 
is held fixed by a notch in the discs. Openings in 
the centers of the discs expose the springs to the 
heaters with only air separation. Thus heat is trans­
ferred to the spring by convection as well as by con­
duction through the ceramic, and ( particularly at high 
overloads) by radiation also. The heater elements 
are connected in series and to terminals on the mold­
ed housing. In addition, a tap on each element is 
connected to a termi nal, and a link is provided by 
which the two tap terminals can be connected to­
gether and thus bypass a portion of each heater. The 
portions of the heaters remaining in the circuit have 
a larger cross section also, so that they will with­
stand the same percentage overload based on a higher 
full load current. 

Metal heat storage discs, with intervening insu­
lation, are clamped a gainst the outer surfaces of the 
heaters, and this assembly of spring and shaft, ceram­
ic insulation, heaters, and heat storage discs is 
mounted so that it has a minimum of direct contact 
with tlie molded housing. The proportions and spac­
ings of the components have been designed to pro­
vide fast operation at overloads of several hundred 
percent or higher, and to provide long operating times 
at low overloads so that the inherent thermal capacity 
present in the usual motor design can be fully utilized. 

The contacts are silver and are of the bridging 

2 

LEFT liMO Ulllf 
(FilOIIT W IEW) 

IUIIIIT n� UIIIT 
(FROIIT Y lfl) --+-....=-

INTEIIIIAL SCIIOOTIC 

FRONT Y I EV 

R.ti. IIUlU UAIT 
(FRONT W I E•) 

L.ll. ifiSLUTAIIE�S 
TIUP UIIIT 
(FROAT HEW) 

R.ll. IIISTANTA"E�S 
TRIP liMIT 
(FROAT YIEW) 

fD iiAIIDLE 
TEST SWITCH 
CUitilfltT TEST .IACI 

TEbliiiAL 

182A859 

Fig. 2. Internal Schematic of the Type BL- l Double Unit 
Relay, with Front and Back Contacts, in the Type 
FT2 l  Case. Relays with Front Contacts Only 
Have the Circuits Associated with Terminals 2 
and 3 Omitted. 

type so that flexible leads are unnecessary. The 
moving contact consists of a silver plate constructed 
so that it can pivot on its mounting and be self­
aligning with the stationary contacts. The stationary 
make contacts are supported in molded insulation 
fastened to a plate which can be rotated around the 
shaft by means of a gear sector on its edge and a 
pinion attached to the scale pointer. This serves to 
expand the scales and permit increased accuracy of 
setting. 

Stationary break contacts can be provided when 
required. These are similar to the make contacts and 
are mounted on a second ro tatable plate in front of 
the plate which supports the mak e contacts. This 
plate is held in position by spring pressure, but can 
be moved to any desired position with reference to 
the make contacts. A scal e on the supporting plate 

for the make contacts is used in locating the break 

contacts at a defini te position. Rotation of the make 

contacts by means of the scale pointer does not 
change the spacing between the make and the break 
contacts. 

INSTANTANEOUS UNIT 

This is a small solenoid type unit. A cylindrical 

plunger moves up and down on a vertical guide rod in 
the center of the solenoid coil. This guide rod is 

fastened to the stationary core which in turn screws 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E BL-1  R ELAY --------------------------------------------------------1-·L
_._4_

1·
_55_3 ·_

1
_A 

into the element frame. A silver disc is fastened tc 

the moving plunger thru a helical spring. When the 

coil is energized, the plunger moves upward carrying 

the silver disc which bridges three conical shaped 

stationary contacts. After the contacts close the 

plunger moves slightly farther before seating against 

the stationary core. This assures positive contact 

pressure. 

A Micarta disc on a threaded bushing is assembled 

on the lower portion of the guide rod and is locked in 

place by a nut. Its position determines the de·ener· · 

gized position of the plunger and therefore the pick· 

up current of the element, as indicated by the gradu· 

ated scale beside the disc. 

OPERATION INDICATOR 

The operation indicator is a small solenoid coil 

connected in the trip circuit. When the coil is ener· 

gized, a spring-restrained armature releases the white 

target which falls by gravity to indicate the comple· 

tion of the trip circuit. The indicator is reset from 

outside the case by a push rod in the cover or cover 

stud. 

CONTACTOR SWITCH 

The d-e contactor switch in the relay is a small 

solenoid type switch. A cylindrical plunger with a 

silver disc mounted on its lower end moves in the 

core of the solenoid. As the plunger travels upward, 

the disc bridges three silver stationary contacts. The 

coil is in series with the main contacts of the relay 

and with the trip coil of the breaker. When the relay 

contacts close, the coil becomes energized and closes 

the switch contacts. This shunts the main relay con· 
tacts, thereby relieving them of the duty of carrying 

tripping current. These contacts remain closed until 

the trip circuit is opened by the auxiliary switch on 

the breaker. 

CHARACTERISTICS 

The type BL·l relay is designed for use in ap· 

plications where the current transformer ratio is such 

that with 100 percent of full load on the protected 

machine the relay will receive a current within the 

limits of 2.5 to 5.0 amperes. For full load currents 

withir. this range, the relay can be set to operate in 

accordance with the characteristic curves shown in 

Figs. 3 and 4. 

The entire heaters are in the circuit for the curves 

of Fig. 3. The outer scale markings range from 2.5 

to 3.5 amperes in 0. 25 ampere steps, and when the 

scale pointer is set to one of the indicated current 

values the relay contacts will close in approximately 

60 minutes if the current increases to 125 percent of 

the full load value after the full load current has been 

flowing long enough for the temperature rise to reach 

a constant value. The operating time for other per· 

centages of overload after a steady state condition 

has been reached on full load are shown by the two 

lower curves of Fig. 3. These curves represent the 

primary performance requirements of the type BL· l 

relay. While there are no uniform standards for the 

overload capacities of all types of motors, these relay 

characteristics will permit full utilization of the 

overload capacity of most motors at light overloads 

while providing rapid operation under heavy overloads. 

Since an overload might occur at or shortly after 

the time a motor is started, or after a motor has 

reached a constant temperature rise while carrying 

less than full load, Fig. 3 shows how the operating 

time will be affected for a zero initial load and for 

a 70 percent initial load. As would be expected, the 

operating time is somewhat longer for these condi· 

tions, but the protected motor could carry the over­

load longer before reaching a dangerous temperature. 

It will be observed that the curves for the 2.5 and 

the 3.5 ampere settings diverge somewhat as the 

overload increases. The amount of divergence will 

not seriously affect any application of the relay. For 

full load current settings greater than 2.5 amperes 

but less than 3.5 amperes, the operating time at any 

of the higher values of overload can readily be ob­

tained by interpolation. 

For the curves of Fig. 4, the short-circuiting 

link is closed on the two right-hand terminals, thus 

leaving only a portion of each heater in the circuit. 

The inner scale markings, which range from 3. 75 to 

5.0 amperes in 0. 25 ampere steps, have the same 

significance as the outer scale markings which are 

used for the full heater, as described for Fig. 6. The 

curves for Fig. 4 are for the 3. 75 and 5.0 ampere set· 

tings, and time values at high overloads at interme· 

diate settings can be obtained by interpolation. The 

curves of Figs. 3 and 4 will be found to be very near­

ly identical if one set is superimposed on the other. 

The heater element will not be injured by carrying 

a current of 35 amperes with the shorting link open, 

or 50 amperes with the link closed, for a length of 

time sufficient to close the contacts from a cold start 

with the pointer set at 3.5 to 5.0 amperes respective· 
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g 60 M I N .  CURRENT - T I ME CUR VES FOR TYPE B l - 1  REL AY 

g g- • PO I NTER AT 2 , 5  AMPS, 
OVERLOAD APPL I ED A FTER MOV I NG 
CONTACT REACHES F I NAL POS I TI ON 
FOR I N I T I AL STEADY LOAD 
I ND I CATED BELOW. 

ZERO CURRENT ( I NTERNAL TEMP,AT 
APPROX. AMB I ENT TEMP) 

70% OF 2.5 AMPS. 

100% OF 2 . 5  AMPS. 

PO I NTER AT 3 . 5  AMPS, 
OVERLOAD APPL I ED AFTER MOV I NG 

. CONTACT REACHES F I NAL POS I T I ON 
1-l--1'-1-+--l--l--l-l-1--H--l--l--l---hf-.M++:H-!I\H''i-++--HH-++++--HH-++-t-h FOR I N I T I AL STEADY LOAD 

I N D I CATED BELOW. 
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APPROX. AMB I ENT TEMP, ) 

70% OF 3 . 5  AMPS, 

1 00% OF 3 .5  AMPS • 
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100 200 300 �00 500 600 700 800 900 1000 

PERCENT OF CURRENT SETT I NG 

Curve 396065 

Fig. 3. Current-Time Curves for Normal Applications of the Type BL- 1 Relay Covering Range of Full-Load Currents 
from 2.5 to 3.5 Amperes, Using Pointer Settings marked on Dial. 60-Minute Time-Delay for 125% Load Occurr­
ing after Steady Full-Load. Shorting Link Open. 
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APPROX. AMB I ENT TEMP. )  

70% OF 3.75 AMPS • 

100% OF 3 .75 AMPS. 

PO I NTER AT 5.0 AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 
CONTACT REACHES F I NAL POS I T I ON  
FOR I N I T I AL STEADY LOAD 
I ND I CATED BELOW. 
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100% OF 5 AMPS • 
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PERCENT OF CURRENT SETT I NG  

Curve 396066 

Fig. 4. Current-Time Curves for Normal Applications of the Type BL-1 Relay Covering Range of Full Load Currents 
from 3. 75 to 5.0 Amperes, using Pointer Settings marlced on Dial. 60-M/nute Time-Delay for 115% Load Occurr· 
ing after Steady Fu/1-Loacl. Shorting Linlc Closed. 
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������ &!If 1 5  M I N .  CURRENT - T I ME CURVES FOR TYPE B l - 1  REL AY 
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. 075 M I N .  AT 1 000% 

I I I I I I I I I I i I I I I I I 

FOR 2 .  75 AMP. { WHEI START ilG FROI4 
SETT I NG ZERO CURRENT ( I NTERNAL 

FOR 3 .75 AMP. TEMP. AT APPROX. 
SETT I NG AMB I ENT TEMP. ) 
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SETT I NG CURRENT 

I I 
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PERCENT OF CURRENT SETT I NG 

Curve 396063 

Fig. 5, Current· Time Curves for Special Applications of the Type BL- 1 Relay covering Range of Full-Load Currents 
from 2. 75 to 3. 75 Amperes. Contact Settings Determined by Test for 15-Minute Delay with 125% Load Occurring 
after Moving Contact reaches Final Position for Steady Full-Load. Shorting L ink Open. 
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Fig. 6. Current- Time Curves for Special Applications of the Type BL- 1 Relay Covering Range of Full-Load Currents 
from 4.0 to 5.0 Amperes. Contact Settings Determined by Test for 15-Minute Delay with 125% Load Occurring 
after Moving Contact reaches Final Position for Steady Full Load. Shorting Link Closed. 
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RESET CURVES FOR TYPE B L - 1  R E L AY H D I AL SETT I NGS 

2.5  AMP. TO 3 .5  AMP. RANGE ( L I NK NOT USED) 
h ( SHORT1 NG L I NK OPEN) 

t+ 2.5  = 
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ii I +-++ -t- ' 
' I  ft -

I ,  IT I I 
100% CONTI NUOUS L I 

LOAD BEFORE OVERLOAD ' : H+ 
tti : -+ 
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3 .5  

ZERO LOAD BEFORE OVERLOAD 

100 200 300 IWO 500 600 700 800 900 1000 
PEIICEIIT OF CURit£11T SETTIIII 

Curve 396061 

Fig. 7. Contact-Opening and Reset Time Curves for the Type BL- 1  Relay for Full-Load Settings of 2.5 to 3.5 Amperes as 
marked on Dial. Shorting Link Open. 
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Curve 396062 

Fig. 8. Contact-Opening and Reset Time Curves for the Type BL· l Relay for Fu/1-Lor:�d SeHings of 3. 75 to 5.0 Amperes 
as marked on Dial. Shorting Link Closed. 
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TYP E BL-1  R ELAY--------�=-======�---------------------------------------
THERI4AL AND INSTANTANEOUS TR I P P I H U  THERMAL TRIPPING ONLY - NO I NO I CATION 

POS · --'0'-'-C .:;:TRc:.:l P_;S:=;US:___ __ _ 
POS • -_,....::O.:..C .:;:TRc_:I P_,S::::US,__ ____ _ 

DEVICE MUNIER CHART 

•9 - TYPE SL-1 RELAY 
8l - HEATER U N I T  
C S  - CONTACTOR SWI TCH 
50 - I NSTANTANEOUS TRIP UN I T  

T - OPERATI OII I N D I CATOR 

ft2. - POWER ClaCUIT BREAKER 
a .. AUX I LIARY SWI TCH CONTACT 

TC - TR I P  COIL 

Er-;;- ¥ 

MOTOR 
STAR TING 
I N TERLOCK 

OR 
ALARM 

3 

dL 

aL 

� ) MOTOR 
STARTING 

CS l i N��RLOCK 

ALARM 

J 

MOTOR 
STARTING 
I NTERLOCK 

288B836 

* Fig. 9. External Schematic of the Type BL- 1 Double Unit Relay, with Front one/ Back Contacts in the Type FT2 1  Case. 

ly. One-second ratings for the heater are twenty 

times the maximum full load current setting for the 

open and closed link positions, or 70 and 100 am­

peres respectively. 

In certain applications it might be desirable to 

have faster operation at high values of overload. 

This can be accomplished by a change in the con­

tact setting, but the operating time at light overloads 

will be reduced to a still greater extent and thus the 

full overload capacity of the nntor at light overloads 

may be made unavailable. Fig. 5 shows time-over­

load characteristics for the limits of the adjustment 

range when the short-circuiting link is open and when 

the contact spacing has been reduced so that the 

contacts will close in 15 minutes on an overload of 

125 percent after constant temperature has been 

reached on full load. For this combination of load 

and overload, at the end of the 15-minute period the 

pointer should be moved clockwise to a position 

where the contacts just close. It will not be possible 

to move the pointer sufficiently beyond the 2.5 am-

10 

pere point to obtain a 15-minute setting for this value 

of full load, so Fig. 5 shows 2. 75 amperes as being 

one end of the range for the accelerated operation. 

The upper end of the range when the shorting link is 

not used has been shown as 3. 75 amperes, since the 

pointer position for a 15-minute setting at 125 percent 

of a 3. 75 ampere full load current will be near or 

somewhat to the left of the 3.5 ampere scale marking. 

It is not expected that these faster operating 

curves will be used for general application. They 

are presented to show how the relay characteristics 

may be modified to meet special conditions. Since 

the pointer position must be determined by test, it 

could be located to give a time other than 15 minutes 

at 125 percent overload. If the time were between 

15 and 60 minutes, an approximate operating curve 

could be estimated by interpolation between Fig. 3 

and 5. 

Fig. 6 is similar to Fig. 5 but shows faster time­
overload curves for full load currents that require the 
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TYP E BL-1  RELAY ________________________________________________________ 1_. L_. _41_·5_5_3• __ 1 A  

use of the shorting link . 

It will be observed that the curves of Figs. 3 and 
4 are approaching an asymptotic position at 125% of 
full load, and that the curves of Figs. 8 and 9 are 

farther from their asymptotic position at 1 25% of full 

load , as would be expected because of the shorter 
time delay. Prior conditions of load (between zero 
and full load) will not affect the value of current that 
will ultimately close the relay contacts, but variables 
such as friction and discrepancies in calibration 

prevent precise location of the asymptotic value. How­
ever, after making some allowance for such varia­

bles, a value of 1 18% of full load current can be con­
sidered as the maximum current that will not produce 
eventual closing of the relay contacts when settings 

are made as described for Figs. 3 and 4. For settings 

made per Figs. 5 and 6 this current value will be 
1 10% of full load. 

Figs. 7 and 8 show resetting times for the type 

BL- 1 relay for the shorting link opened or closed. 

The complete resetting time is considered to be the 

time measured from the moment the relay current is 
interrupted until the contacts return to the position 

they would occupy for the steady state condition of 
100 percent of full load current. This complete time 

is composed of the time required for the contacts to 
part and the time for them to travel back to 100 per­
cent position, and separate curves are shown for 
these two components of the complete time. The 

time will vary depending upon whether the overload 

occurs after the motor has been carrying 100 percent 

load or from a cold start, and curves are shown for 
the two conditions. The curves ate shown for a relay 
setting at either end of the adjustment range , and 
intermediate values may be obtained by interpolation. 

The ambient temperature compensation provided 
in the type BL-1 relay causes its operating time for 
a given current to remain approximately the same 
regardless of changes in the ambient temperature at 
the relay. If the ambient temperature at the motor 
location varies, the motor of course will carry a high­
er overload safely when the ambient temperature is 

low. However, a replica type relay cannot respond to 

the ambient temperature at the motor unless it has no 

ambient temperature compensating means and unless 

it is mounted either adjacent to the motor or, if at a 

distance, in a location where there is assurance that 

the ambient temperature will vary in exactly the saml:l 

way as at the motor. This condition frequently can­

not be met. Also, the relay temperature at the opera­

ting point should be very close to that of the motor 

at its maximum safe operating temperature. The type 
BL- 1 . relay was designed for a minimum operating 
temperature much lower than the safe oper�tting tem­
perature of a motor, but with a similar rate of rise 

when the rise is expressed as a percentage of the 

total change in the relay temperature. This was done 
to obtain a low relay burden and to increase the 

amount of overload that the relay can carry without 
injury. With the low operating temperature of the 
type BL- 1 relay, it would not be satisfactory to block 
or render inoperative the ambient temperature compen­

sation, as even moderate changes in ambient temper­
ature would cause appreciable changes in the relay 
operating time. 

The instantaneous unit used in the type BL- 1 

relay has a vertical scale graduated from 6 to 50 am­
peres. The scale markings indicate the pick-up cur­

rent when the Micarta disc is opposite the scale divi­
sion and when the element is in correct adjustment. 

The operation indicator normally supplied in the 

type BL- 1 relay will pick-up at 1 . 0  ampere direct 
current. 

CONTACT RATINGS 

Control 
Unit Voltage 

Heater 1 25 v. d-c 
Heater 250 v.d-c 
Heater 1 20 v . a-c 
Instan-
taneous 1 25 v.d-c 
Ins tan-
taneous 120 v.a-c 

Control Capacity in Amperes 
Will Break 

0 . 8  
0 . 6  
5 . 0  

1 . 5  

1 5 . 0  

Will Close 

3.0 t 
3.0 t 
5 . 0  t 

30.0 t t  

30.0 t t  
t These values apply where the contactor switch is 

not used to seal around the heater unit contact or 
contacts. For tripping duty, the heater unit con­
tacts can close 30 amperes at 1 25 or 250 volts d-e 
if these contacts are sealed around by the con­
tactor switch. 

t t The instantaneous unit contacts will c arry 30 am­

peres for 1 second. 

I NSTALlATION 

The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt, 

moisture, excessive vibration, and heat. Mount the 

relay vertically by means of the four mounting holes 
on the flange for semi-flush mounting or by means of 
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TYP E BL-1 R ELAY 

the rear mounting stud or studs for projection mount­
ing. Either a mounting stud or the mounting screws 

may be utilized for grounding the relay. The electrical 

connections may be made directly to the terminals by 
means of screws for steel panel mounting or to the 

terminal studs furnished with the relay for thick panel 
mounting. The terminal studs may be easily removed 

or inserted by locking two nuts on the stud and then 

turning the proper nut with a wrench. 

For detailed FT case information refer to I. L. 
4 1-076. 

SETTINGS 

There are two settings to be made on the relay. 

They are as follows: 

1. INSTANTANEOUS UNIT 

Set the element for a pick-up current slightly 

above the maximum current which the apparatus may 
receive in normal service ,  as for example, the starting 
current of motor or the magnetizing inrush current of 

a transformer. This setting is made by moving the 

Micarta disc to a point opposite the desired pick-up 
current value indicated on graduated scale. After the 
setting is made lock the disc in place by means of 
the locknuts. 

2. HEATER UNIT 

For the usual case , setting the thermal element 

involves only locating the scale pointer at a position 
corresponding to the full load secondary current of 
the protected equipment, and opening or closing the 
shorting link depending upon whether the pointer is 
being set in accordance with the upper or the lower 

scale markings.  The relay then will have the charac­
teristics shown in Figs. 6 or 7. This method of set­
ting the relay for various full load currents affords 
greater flexibility in application and precision in 

setting than is provided by multi-tapped heater units 

or by interchangeable heater units of various ratings . 

It is desireable to have a time-current heating 

curve for the protected equipment, or to know the 

lengths of time that the equipment will stand several 

different values of overload. These times should be 

as high or higher than the relay times for the same 
load and overload conditions , as shown by Figs. 3 

and 4. 

For full load currents which lie between any two 

values marked on the scale , the pointer can be moved 

to a readily estimated intermediate position with 

1 2  

negligible error. Even if the pointer were left at the 
nearest scale marking the maximum deviation in point­
er position from the actual load current would be only 
2.5% at the 5 . 0  ampere setting , increasing to 5% at 

the 2.5  ampere setting. The scale lengths will vary 
somewhat in different relays due to variations in the 

thermally sensitive springs. However, some move­

ment of the pointer will be possible counterclockwise 

from the 3 . 5  ampere point or clockwise from the 3 .  75 
ampere point, so that for a full load current between 
3 . 5  and 3. 75 amperes the scale pointer can be set in 

a corresponding position without appreciable error. 

If the safe operating time of the equipment at 
some high value of overload should be less than the 
corresponding relay time, and if the instantaneous 
unit cannot be set as low as this value of overload , 

either some additional relay must be used to provide 

a shorter operating time at this overload but with a 
pickup setting higher than the lesser overloads,  or 
the type BL- 1 relay must have its settings changed 
for faster operation. This rarely should be necessary, 

but if it is required the contact setting must be de­

termined by test. It would be undesirable to compli­
cate and confuse the scale by adding markings for 
special operating conditions, arid the added calibra­

ting time would increase the cost of the relay un­

necessarily. Also, no single special condition would 
be likely to occur more frequently than others. 

Figs. 5 and 6 illustrate the reduction in operating 
time obtained by decreasing the contact travel, but 

these curves also show that the time at low overloads 
is reduced by a much greater percentage than the 
time at high overloads. Since in general this will 
prevent the overload capacity of a motor at low over­
loads (which probably will occur most frequently) from 
being fully utilized, the characteristic curves should 
not be lowered more than necessary below those of 
Figs. 3 and 4. 

If it is determined that the relay should be set by 

test to obtain faster operation, it should be allowed 

to stand de-energized for several hours if the check 

is to be made from a cold start. The cover should be 

on the relay when the check is made,  of course . It is 

recommended that the check be made at 125 percent 

of the current setting, or that this point be included 

in case more than one overload is checked. After 

energizing the relay for the required time with the re­

quired value of overload , which should be carefully 

regulated or adjusted throughout the run, the pointer 

should be moved clockwise until the adjustable con­

tacts just touch the moving contact. D ue to a slight 

amount of play in the gearing, if the pointer is moved 
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TYP E B L - 1  R ELAY 

counte rclockwise until the contacts just part, its po­
sition may diffe r slightly from its po sitio n when 
moved clockwise until the contacts just to uch. The 
calib ration points on the scale are de termined by 
moving the pointer clo ckwise until the contacts just 
touch and the same procedure sho uld be followed 
when making subse quent settings. 

The adjustable break contacts, when supp lied, 
can be used to pre ve nt re-starting a motor until some 
desired time interval has elapsed after the motor has 
been disconnected due to overload. By se tting the 
break contacts close to the make contacts, the y can 
be used to initiate an alarm on opening, thus giving 
warning of the existence of an overload before the 
motor reaches a temperature at which it should be 
disconne cted (by the make contacts) and possibly 
permitting readjustme nt of the load so that it does 
not become necessary to disconnect the motor. A 
scale having ten major divisions and fifty minor di­
visions is provided on the plate on which the make 
contacts are mo unted, and an index mark on the plate 
which supports the break contacts is used for setting 
the break contacts at any desired position along the 
scale . The scale is inte nded as a position re ference 
only and has no fixed relation to operating times. In 
many case s no great accuracy is re quired in the se t­
ting of the break contacts, and when clo ser se ttings 
are desired they should be made by test. 

ADJ USTME NTS AND MAINTE NANCE 

The prope r adjustments to insure correct ope ration 
of this relay have been made at the factory and sho uld 
not be disturbed afte r rece ip t b y  the customer. Con­
tact or pickup settings must be made as re quired b y  
the application, b u t  alteration of assembly adjust­
ments sho uld be avoided. If the ad justments have 
been changed, if the relay has been taken apart for 
rep airs, or if it is desired to check the adjustments 
at regular maintenance periods, instructions below 
should be followed. 

All contacts should be cleaned periodically. A 
contact burnisher S�t 182A836 H0 1  is recommended for 
this purpose . The use of abrasive material for clean­
ing contacts is not re commended, because o f  the 
danger of embedd ing small p articles in the face o f  
the soft silve r and thus impairing the contact. 

INSTANTANEOUS UNIT 

Remove the plunger core and see that the top of 
the plunger is clean. Reassemble the plunger, and 
adjust the position of the core screw so that whe n  the 

I.L. 41-553. 1 A  

contacts are closed the plunge r  b utts against the 
stop with the spring half compressed. With a 1/32 
inch contact separation, the contacts should pick-up 
at 6 ampere s, 60 cycle s. If the plunge r  does not pick­
up and se al in at this curre nt, adjust the core screw 

so that it will and yet have sufficie nt compre ssion 
of the spring to prevent sticking. Te st for sticking 

after 50 ampe re s  has been p assed through the coil. 

OPERATION INDICATOR 

Adjust the indicator to operate at 1 .0  ampere di­
rect current gradually applied by loose ning the two 
screws on the under side of the assembly, and moving 
the bracket forward or backward. If the two he lical 
springs which re set the armature are replaced by new 
springs they should be weakened slightly b y  stre tch­
ing to obtain the 1 ampere calibration. The coil re­
sistance is app roximate ly 0. 16 ohm. 

CONT ACTOR SWITCH 

Adjust the stationary core of the sw itch for a 
cle arance between the stationary core and the moving 
core of 1/64" whe n the switch is p icked up . This 
can be done by turning the relay up-side-down or b y  
disconnecting the switch and turning i t  up-side-down. 
Then screw up the core screw until the moving core 
starts rotating. Now, back off the core screw until 
the moving core stops rotating. This indicates the 
points where the p lay in the assembly is taken up , 
and where the moving core just separate s from the 
stationary core screw. Back off the core screw ap­
proximate ly o ne turn and lock in place. This pre­
vents the moving core from striking and sticking to 
the stationary core because of residual magnetism. 

Adjust the co ntact clearance for 3/32" by means of 
the two small nuts on e ither side of the Micarta disc. 
The sw itch should pick up at 2 ampere s  d-e . Test 
for sticking after 30 amperes have been passed 
through the coil. 

HEATER UNIT 

The assemb ly and adjustment of the the rmal unit 
re quires alignment fixture s and other special tools, 
as well as special test e quipment for locating the 
position of the compensating spring assembly on the 
shaft and de te rmining the calibration points. Any 
dismantling or alteration of the adjustments should 
be avoided, as this may resul t  in e xcessive be aring 

friction or calib ration errors. However, the construc­
tion and o verload capacity of the thermal unit is such 
that very little maintenance should be re quired. 

The resistance of the heater and instantaneous 
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TYPE BL- 1 R ELAY-----------------------------------------------------------

unit, measured at the case terminals, should be 0 . 25 
ohm when the shorting link is open and 0. 13 ohm when 
the link is closed. 

The moving contact should rotate witho ut notice­

able friction, and when displaced manually and re­
leased it should return to its original position. The 
shaft should have about 0 . 0 10 inch end play. 

If the calibration of the thermal unit is to be 

checked at one or more points, the precautions men­
tioned in previous sections should be observed. 

Testing should be done with the relay in its case and 

the cover in place, and preferably with the case mount­

ed on a switchboard panel. If the relay time is to be 

checked from a cold start, the relay should have been 

de-energized for several hours before hand . If the 

overload is to be applied following a constant load, 
the current must be maintained at the constant initial 

value until there is no further change in the moving 

contact position before applying the overload. Both 
the load and overload currents must be carefully re­
gulated throughout the test. The relay should not be 
subjected to drafts or sudden changes in temperature 
during the test, as there is some delay in the response 
of the temperature compensation. In the factory cali­

bration the relay is held in a controlled temperature 
and other precautions are taken to minimize factors 
which would introduce calibration errors . 

14 

The test current should be interrupted as soon as 

the contacts close in order to a void possible damage 
to the heaters, particularly when testing at high values 

of overload. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 
furnished to the customers who are equipped for doing 

repair work . Completely assembled and calibrated 

thermal elements can be furnished, but individual 
parts for the thermal element should not be ordered 
since factory fixtures and �quipment are necessary 
for satisfactory assembly and calibration. When 

ordering parts , always give the complete nameplate 

data. 

E N E R GY R E QU I R EME NTS 

The burdens of the heater unit plus the 6-50 am­
pere instantaneous unit in series at 5 amp eres 60 

cycles is as follows:  

Heater 
Tap Link Continuous 
Position Rating Amp Watt Volt-Amp Power Factor 

Open 
Closed 

3.5 

5. 0 

6 . 25 
3 . 25 

6.25 
3 . 25 

1 .0  
1.0 
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I. L. 41·553. 1 A 
TYPE BL- 1 RELAY-----------------------------------------------------------

• 1 '3 0 -32. SC.R.EW 

SPACER FOR THIN PAN�L'=' 

� -IS SC.RE.W 
IG (F"OR \1-\ICK 

PANEL USE 
� - IS ':>TUD) 1 6  

�0-3Z SCR�W 
(FOR T�\CK PANEL U SE 
. 1 9 0 -32 SIIJO) 

T ERMI NAL AND 
MClJNT I N "'"  Dt:TA.\ L 'S  

NOTE : AL-L DIM ENS I ON S  I N  H-.IC.\·U:� 
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(FRONT VIEW) 

57-D-7901 

Fig. 10. Outline and Drilling P lan for the BL- 1 Relay in Type FT21 Case. 
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1.:�:;;, " I. L. 41-553. 18 

INSTALLATION • OPERATION • MAINTENANCE 

��'»)) 
INSTRUCTIONS 

� * • �------------------------------------------------------------
...-

TYPE BL-1 THERMAL OVERLOAD RELAY 

CAUTION Before putting relays into servi"ce, re· 
move all blocking which may have been inserted for 

the purpose of securing the parts during shipment, 

make sure that all moving parts operate freely, in· 

spect the contacts to see that they are clean and 

close properly, and op erate the relay to check the 
settings and electrical connections . 

APPLICATION 

The type BL· 1 relay is used primarily for thermal 
overload and instantaneous overcurrent protection 

of motors and generators, but it may also be used 
for the protection of transformers or any other ap· 
paratus if the temperature·rise under overload is ap· 
proximately similar to that of motors. The thermal 
element is the "replica type" and has a time·current 

characteristic closely approximating the average 
heating curves of motors. Its characteristics prevent 
the protected equipment from being subjected to over· 
loads of such magnitude or duration as to cause them 
to reach dangerous temperatures, but at the same 

time permit the utilization of the inherent thermal 

capacity of the apparatus in carrying intermittent 
overloads which will not cause the windings to be­
come overheated. 

As its operation depends upon the rate of heat 
generation in a heater element within the relay, it 
may be used for either a-c or d·c application. It is 
ordinarily connected in the secondary circ uit of a 
suitable current transformer in a-c application. Since 

the voltage drop across the . relay must be within a 

range of about 0 . 49 to 0.88 volts at full load on the 

protected machine , customary shunts rated in milli­

volts are unsuited for d-e applications. However, the 

drop across a portion of the protected circuit, such 

as the interpole field winding of a machine , some­

times can be utilized as a source of energy for the 

relay. 

SUPERSEDES I. L. 41-553. 1 A 
*Denotes change from superseded issue. 

CONSTRUCTION AND OP E RATION 

The single element type BL- 1 relay consists of 

a heater unit, an instantaneous overcurrent unit, two 

operation indicators, and a contactor switch. 

The double element type BL- 1 relay contains 
two heater units , two instantaneous units, three 

operation indicators, and a contactor switch. 

THERMAL UNIT 

The thermal unit consists of a housing of molded 

material which encloses a coiled thermostatic metal 

spring mounted on a shaft, two die-cut heater elements 

made of resistance material , metal heat storage 

blocks , and bearings for the shaft; and, external to 

the molded housing, a second thermostatic metal 

spring fastened to the shaft extension and carrying 

the moving contact at its outer end, the stationary 
contacts , and scales for setting the stationary con· 
tacts at suitable positions for obtaining various time­
overload operating curves under specified operating 
conditions. 

The external and internal thermostatic metal 
springs have identical temperature-angular rotation 
characteristics, and the external spring is mounted 
so that its rotation is in the opposite direction to 
that of the internal spring. Consequently, a change 
in ambient temperature will not produce an appreci· 

able permanent change in the position of the moving 
contacts , although the enclosure of the internal spring 
will cause it to respond more slowly than the external 

spring and a temporary change in contact position 

would result from a large and rapid change in ambient 

temperature. This would not need to be considered 

in normal applications, however. 

The internal spring is housed within ceramic 

discs having high thermal-shock resistance, and the 

two heater elements are mounted against the outer 
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TYP E BL- l R E LAY ________________________________________________________ ___ 

INTUU.L SCIIEMAT IC 

CCNITACTOII II'ITCn 

FIIOIIT YllW 

tlUTU UMIT 

IIISTAMTAUOUS 
TRIP IUI I T  

-1----+--t-- ���� :!.; ������D 

ii.Eil iiA/11)1,.[ 
TEST SWITCn 

"--..-�...-- CWRIIEMT TEST .lAC� 

TUM I MAL 

182A964 

Fig. l. Internal Schematic of the Type BL- l Single Unit 
Relay, with Front and Back Contacts, in the Type 
FT2l  Case. Relays with a Front Contact Only 
Have the Circuits Associated with Terminals 2 and 
3 Omitted. 

surfac es of these discs. The outer end of the spring 

is held fixed by a notch in the discs .  Openings in 

the centers of the discs expose the springs to the 

heaters with only air separation. Thus heat is trans­

ferred to the spring by convection as well as by con­

duction through the ceramic, and (particularly at high 

overloads) by radiation also. The heater elements 

are connected in series and to terminals on the mold­

ed housing. In addition, a tap on each element is 

connected to a terminal , and a link is provided by 

which the two tap terminals can be connected to­

gether and thus bypass a portion of each heater. The 

portions of the heaters remaining in the circuit have 

a larger cross section also, so that they will with­

stand the same percentage overload based on a higher 

full load current. 

Metal heat storage discs, with intervening insu­

lation, are clamped against the o uter surfaces of the 

heaters , and this assembly of spring and shaft, ceram­

ic insulation, heaters, and heat storage discs is 

mounted so that it has a minimum of direct contact 

with tlie molded housing. The proportions and spac­

ings of the components have bee:t des igned to pro­

vide fast operation at overloads of several hundred 

percent or higher, and to provide long operating times 

at low overloads so that the inherent thermal capacity 

present in the usual motor design can be fully utilized. 

The contacts are silver and are of the bridging 

2 

LEFT liMO WAIT 
(FROIIT WIEI) 

ll lliltT IAIII U•IT 
(FIIO.T WIEI) ------+-------=-

ltnUIAL SCHEMAT IC 

FRCMIT YIEif 

il.t1. 11EAlEII I.UU T 
(FROM T � I Er) 

L.n. IIISI"MTAIIfik.IS 
TIIJP I.IAIT 

/ (FJi.OfiT V I EW) 

il..ll. IIIST�U.iiEilllS 
TIIIP IUIIT 
(FIIOIIf WIEW) 

CriASSIS OPERATED 
__J----j----___,-- SKOII.TIIhl SIIIITC. 

iiED K�DLE 

TEST SWITCH 

CUIUlEAT TEST .1� 

TEIMIIIAL 

182A859 

Fig. 2. Internal Schematic of the Type BL- l  Double Unit 
Relay, with Front and Back Contacts, in the Type 
FT2 l Case. Relays with Front Contacts Only 
Have the Circuits Associated with Terminals 2 
and 3 Omitted. 

type so that flexible leads are unnecessary. The 

moving contact consists of a silver plate constructed 

so that it can pivot on its mounting and be self­

aligning with the stationary contacts. The stationary 

make contacts are supported in molded insulation 

fastened to a plate which can be rotated around the 

shaft by means of a gear sector on its edge and a 

pinion attached to the scale pointer. This serves to 

expand the scales and permit increased accuracy of 

setting. 

Stationary break contacts can be provided when 

required. These are similar to the make contacts and 

are mounted on a second rotatable plate in front of 

the plate which supports the make contacts. This 

plate is held in position by spring pressure , but can 

be moved to any desired position with reference to 

the make contacts. A scale on the supporting plate 

for the make contacts is used in locating the break 

contacts at a definite position. Rotation of the make 

contacts by means of the scale pointer doe s not 

change the spacing between the make anrl the break 

contacts. 

INSTANTANEOUS UNIT 

This is a small solenoid type unit . A cylindrical 

plunger moves up and down on a vertical guide rod in 

the center of the solenoid coil. This guide rod is 

fastened to the stationary core which in turn screws 

.. 

/ 
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TYP E BL- 1 R ELAY ________________________________________________________ ,_. L_._4_1-_sD_._1_a 

into the element frame.  A silver disc is fastened tc 
the moving plunger thru a helical spring. When the 
coil is energized, the plunger moves upward carrying 
the silver disc which bridges three conical shaped 
stationary contacts. After the contacts close the 

plunger moves slightly farther before seating against 

the stationary core. This assures positive contact 

pressure. 

A Micarta disc on a threaded bushing is assembled 
on the lower portion of the guide rod and is locked in 
place by a nut. Its position determines the de-ener­

gized position of the plunger and therefore the pick­

up current of the element, as indicated by the gradu­

ated scale beside the disc. 

OPERATION INDICATOR 

The operation indicator is a small solenoid coil 

connected in the trip circuit. When the coil is ener­
gized, a spring-restrained armature releases the white 
target which falls by gravity to indicate the comple­

tion of the trip circuit. The indicator is reset from 
outside the case by a push rod in the cover or cover 
stud. 

CONTACTOR SWITCH 

The d-e contactor switch in the relay is a small 

solenoid type switch. A cylindrical plunger with a 

silver disc mounted on its lower end moves in the 
core of the solenoid. As the plunger travels upward, 
the disc bridges three silver stationary contacts. The 

coil is in series with the main contacts of the relay 
and with the trip coil of the breaker. When the relay 

contacts close, the coil becomes energized and closes 
the switch contacts. This shunts the main relay con­
tacts , thereby relieving them of the duty of carrying 
tripping current. These contacts remain closed until 
the trip circuit is opened by the auxiliary switch on 
the breaker. 

CHARACTE RISTICS 

The type BL-1 relay is designed for use in ap­

plications where the current transformer ratio is such 

that with 100 percent of full load on the protected 

machine the relay will receive a current within the 

limits of 2.5  to 5.0 amperes. For full load currents 

within this range, the relay can be set to operate in 

accordance with the characteristic curves shown in 

Figs. 3 and 4. 

The entire heaters are in the circuit for the curves 

of Fig. 3. The outer scale markings range from 2.5  

to 3 . 5  amperes in 0. 25 ampere steps, and when the 
scale pointer is set to one of the indicated current 
values the relay contacts will close in approximately 
60 minutes if the current increases to 125 percent of 
the full load value after the full load current has been 
flowing long enough for the temperature rise to reach 

a constant value. The operating time for other per­
centages of overload after a steady state condition 

has been reached on full load are shown by the two 
lower curves of Fig. 3 .  These curves represent the 
primary performance requirements of the type BL- 1 

relay. While there are no uniform standards for the 

overload capacities of all types of motors, these relay 

characteristics will permit full utilization of the 

overload capacity of most motors at light overloads 

while providing rapid operation under heavy overloads. 

Since an overload might occur at or shortly after 
the time a motor is started ,  or after a motor has 
reached a constant temperature rise while carrying 
less than full load, Fig. 3 shows how the operating 
time will be affected for a zero initial load and for 

a 70 percent initial load. As would be expected, the 
operating time is somewhat longer for these condi­
tions , but the protected motor could carry the over­

load longer before reaching a dangerous temperature. 

It will be observed that the curves for the 2 . 5  and 

the 3 . 5  ampere settings diverge somewhat as the 
overload increases. The amount of divergence will 

not seriously affect any application of the relay. For 

full load current settings greater than 2 . 5  amperes 
but less than 3 . 5  amperes , the operating time at any 
of the higher values of overload can readily be ob­
tained by interpolation. 

For the curves of Fig. 4, the short-circuiting 
link is closed on the two right-hand terminals, thus 
leaving only a portion of each heater in the circuit. 
The inner scale markings, which range from 3. 75 to 
5.0 amperes in 0. 25 ampere steps , have the same 
significance as the outer scale markings which are 
used for the full heater, as descrY:>ed for Fig. 6. The 
curves for Fig. 4 are for the 3 .  75 and 5.0 ampere set­
tings, and time values at high overloads at interme­

diate settings can be obtained by interpolation. The 

curves of Figs. 3 and 4 will be found to be very near­

ly identical if one set is superimposed on the other. 

The heater element will not be injured by carrying 

a current ot 3 5  amperes with the shorting link open, 

or 50 amperes with the link closed, for a length of 

time sufficient to close the contacts from a cold start 

with the pointer set at 3 . 5  to 5.0 amperes respective-
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60 M I N .  CUR RENT - T I ME CURVES FOR TYPE B l - 1  RELAY 

E PO I NTER AT 2.5 AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 
CONTACT REACHES F I NAL POS I T I ON 
FOR I N I T I AL STEADY LOAD 
I ND I CATED BELOW. 

!;;:!:;; ZERO CURRENT ( I NTERNAL TEMP. AT 
APPROX. AMB I ENT TEMP ) 
70% OF 2.5 AMPS. 

100% OF 2.5 AMPS. 

PO INTER AT 3.5 AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 

' CONTACT REACHES F I MAL POS I T I OM 
1-+-l++++++l+++++--H--k-f--t-h:-f-'!,;1\J-f't+t+l-t-t+t-t+l-t-t-t-t-f FOR I N  I T  I AL STEADY LOAD 

�= I ND I CATED BELOW• 

7 APPROX. AMB I ENT TEMP. ) 6 70� OF 3.5 AMPS. 5 1 00% OF 3.5 AMPS. 

� 

3 

2 

• 1 ���LU��LU�UU��LU�wu��LW���
00
�

0
������� 

100 200 300 �00 500 600 700 800 900 1 
PERCENT OF PO I NTER SETT I NG 

Curve 396065 

* Fig. 3. Current· Time Curves for Norma/ Applications of the Type BL-l Relay Covering Range of Fu//-Loacl Current• 
from 2.5 to 3.5 Amperes, Using Pointer Settings marked on Dial. 60-Minute Time-Delay for 125" Loacl Occurr­
ing alter Steady Full-Load. Shorting Link Open. 
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60 M I N .  CURRENT - T I ME CURVES FOR TYPE B L - 1  R E L AY 

PO I NTER AT 3 .75 AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 
CONTACT REACHES F I NAL POS I T I ON 
FOR I N I T I AL STEADY LOAD 
I ND I CATED BELOW. 

ZERO CURRENT ( I NTERNAL TEMP.AT 
APPROX. AMB I ENT TEMP. ) 
70% OF 3 .75 AMPS. 

100% OF 3 . 75 AMPS • 

PO I NTER AT S.O AMPS. 
1-t-t++++-1-t-t++t+-f---IT+-'H--H--p.f-1\:-b'J'..Jl+--l-++--l+++H-+--l++++ OYER LOAD APPL I ED AFTER MOV I NG 
1-H++++-1-t-t++++f--H--N-+hi--N-E-!tll+l-++--t+++H-+--t++++-- CONTACT REACHES F I MAL POS I Tl OM 

FOR I N I T I AL STEADY LOAD 
I ND ICATED BELOW. 

ZERO CURRENT ( I NTERNAL TEMP.AT 
APPROX. AMB I ENT TEMP. ) 
70� OF S AMPS • 

100% OF 5 AMPS • 

H-+++H-+-t++-+1-++-I-I-H-+++t+-+-++-l--l-lf++++H-+-t+-l-l-l--1-l-+-kJ-..-1.1l::::r::l=P:: • 093 M I H. AT 1�00% 

1 00 200 300 �00 soo 600 700 800 900 1000 

PERCENT OF PO I NTER SETT ING  

Curve 396066 

* Fig. 4. Current· Time Curves for Normal Applications of the Type BL- J Relay Covering Range of Full Load Currents 
from 3. 75 to 5.0 Amperes, using Pointer SeHings marked on Dial. 60-Minute Time-Delay for JlS% Load Occurr• 
ing after Steady Full-Load. Shorting Link Closed. 
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1 5  M I N .  C U R R EN T  - T I ME CURVES FOR TYPE B l - 1  R E L AY 

-

. 075 M I N .  AT 1000% 

FOR 2. 75 AMP. { WHEO STARTI NG FROM 
SETT I NG ZERO CURRENT ( I NTERNAL 

FOR 3 . 7 5  AMP. TEMP. AT APPROX. 
SETT I NG AMB I ENT TEMP. ) 

FOR 2.75 AMP. { WHEN START I N G  FROM SETT I NG 100% OF FULL-LOAD FOR 3 .75 AMP. CURRENT 
SETT I NG 

I 
100 200 300 �00 500 600 700 800 900 1000 

PERCENT OF FULL-LOAD CURRENT 

Curve 396063 

* Fig. 5. Current-Time Curves for Special Applications of the Type BL- 1  Relay covering Range of Fu.II-Load Currents 
from 2. 75 to 3. 75 Amperes. Contact Settings Determined by Test for 15-Minute Delay with 125% Load Occurring 
after Moving Contact reaches Final Position for Steady Full-Load. Shorting L ink Open. 
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1 5  M I N  CURRENT - T I ME CURVES FOR TYPE B l - 1  R E L AY 

I 

,_,_ 

FOR � AMP SETT I NG{WHEN STARTI NG FROM 

FOR 5 AMP SETT I NG ZERO CURRENT ( I NTERNAL TEMP. 
AT APPROX. AMB I ENT TEMP. ) 

WHEN START ING } 
FROM 100% OF FOR � AMP SETT ING 
FULL-LOAD FOR 5 ANP SETT I NG -l=!ff$tj:fttij:itiijifj±- . 07� N I N . AT 1000% 
CURRENT I � .095 M I N . AT 1000% 

-U-I ..J.. i' .L l lui..L! .L. !! 1....: l iui..LI .L. l wi i...J.I..LI ..J.. i ui i...J.I...LI ..J.. ! wll 1-!.I..LI .L i wii i...J.I...LI .LW..u....LW..u....L::!.I!..u...�..u... .LW'...J.I.LILiui...J.I.Lwl lui..LI ..J..wi iLLJI · 1 -
100 200 300 �00 500 600 700 800 900 1000 

PERCENT OF FULL-LOAD CURRENT 
Curve 396064 

* Fig. 6. Current- Time Curves for Special Applications of the Type BL- 1 Relay Covering Range of Full-Load Currents 
from 4.0 to 5.0 Amperes. Contact Settings Determined by Test for 15-Minute Delay with 125% Load Occurring 
after Moving Contact reaches Final Position for Steady Full Load. Shorting Link Closed. 
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1--i DIAL SETIINGS RESET CUR VES FOR TYPE B l - 1  R E L AY 
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, -

3. 5 

ZERO LOAD BEFORE OVERLOAD 

100 200 300 tWO 500 600 700 800 900 1000 
PERCEMT OF CURIEMT SETTIII 

Curve 396061 

Fig. 7. Contact-Opening and Reset Time Curves for the Type BL-1  Relay for Full-Load Settings of 2.5 to 3.5 Amperes as 
marked on Dial. Shorting Link Open. 
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5 
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100 200 300 ijOQ 500 600 700 800 900 1000 
PEIICEIIT OF CU itREIIT SETTIIIG 

ED) 

Curve 396062 

Fig. 8. Contact-Opening and Reset Time Curves for the Type BL- 1 Relay for Full-Load SeHings of 3. 75 to 5.0 Amperes 
as marked on Dial. Shorting Link Closed. 
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T · OPERATION I N D I CATOR 

52 - POWER C l RCU IT 8REAIC: ER 
a - AUX I L.IARY SWITCH CONTACT 
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<9 
9 52 

TC 
52 

NEG. Ja 
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POS · -.-"'O C'-'T"'R'-'-I P_c;BI"'US __ _ 

I� r � t?" . · 
. t� 

ALARM 
52 
a 

NEG.-4---------

2 

dl MOTOR �} t ....... STARTING 

] MOTOR 
STAR T I N G  
IMTER LOCK 

OR 
ALARM 

288B836 

* Fig. 9. External Schematic of the Type BL- 1 Double Unit Relay, with Front and Back Contacts in the Type FT2 1  Case. 

ly. One-second ratings for the heater are twenty 

times the maximum full load current setting for the 

open and closed link positions , or 70 and 100 am­

peres respectively. 

In certain applications it might be desirable to 

have faster operation at high values of overload. 

This can be accomplished by a change in the con­

tact setting, but the operating time at light overloads 

will be reduced to a still greater extent and thus the 

full overload capacity of the rmtor at light overloads 

may be made unavailable. Fig. 5 shows time-over­

load characteristics for the limits of the adjustment 

range when the short-circuiting link is open and when 

the contact spacing has been reduced so that the 

contacts will close in 15 minutes on an overload of 

125 percent after constant temperature has been 

reached on full load. For this combination of load 

and overload, at the end of the 15-minute p eriod the 

pointer should be moved clockwise to a position 

where the contacts j ust close. It will not be possible 

to move the pointer sufficiently beyond the 2.5 am-

10 

pere point to obtain a 15-minute setting for this value 

of full load, so Fig. 5 shows 2. 75 amperes as being 

one end of the range for the accelerated operation. 

The upper end of the range when the shorting link is 

not used has be en shown as 3.  75 amperes ,  since the 

pointer position for a 15-minute setting at 125 percent 

of a 3 .  75 ampere full load current will be near or 

somewhat to the left of the 3 . 5  ampere scale marking. 

It is not expected that these faster operating 

curves will be used for general application. They 

are presented to show how the relay characteristics 

may be modified to meet special conditions. Since 

the pointer position must be determined by test, it 

could be located to give a time other than 15 minutes 

at 1 25 percent overload . If the time were between 

15 and 60 minutes , an approximate operating curve 

could be estimated by interpolation betwe en Fig. 3 
and 5 .  

Fig. 6 i s  similar t o  Fig. 5 but shows faster time­

overload curves for full load currents that require the 
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TYP E BL_-1 R ELAY ----------------------------• ·_L_. _"1_-s_s_3 ·_1B 

use of the shorting link. 

It will be observed that the curves of Figs. 3 and 

4 are approaching an asymptotic position at 125% of 

full load, and that the curves of Figs. 5 and 6 are 

farther from their asymptotic position at 125% of full 

load, as would be expected because of the shorter 

time delay. Prior conditions of load (between zero 

and full load) will not affect the value of current that 

will ultimately close the relay contacts, but variables 

such as friction and discrepancies in calibration 

prevent precise location of the asymptotic value. How­

ever, after making some allowance for such varia­

bles,  a value of 1 18% of full load current can be con­

sidered as the maximum current that will not produce 

eventual closing of the relay contacts when settings 

are made as described for Figs. 3 and 4. For settings 

made per Figs. 5 and 6 this curre nt value will be 

1 10% of full load. 

Figs. 7 and 8 show resetting times for the type 

BL- 1 relay for the shorting link ope ned or closed. 

The complete resetting time is considered to be the 

time measured from the moment the relay current is 

interrupted until the contacts return to the position 

they would occupy for the steady state condition of 

100 percent of full load current. This complete time 

is composed of the time required for the contacts to 

part and the time for them to travel back to 100 per­

cent position, and separate curves are s hown for 

these two components of the complete time. The 

time will vary depending upon whether the overload 

occurs after the motor has been carrying 100 percent 

load or from a cold start, and curves are shown for 

the two conditions . The curves are shown for a relay 

setting at either end of the adjustment range , and 

intermediate values may be obtained by interpolation. 

The ambient temperature compensation provided 

in the type BL- 1 relay causes its operating time for 

a given current to remain approximately the same 

regardless of changes in the ambient temperature at 

the relay. If the ambient temp erature at the motor 

location varies, the motor of course will carry a high­

er overload safely when the ambient temperature is 

low. However, a replica type relay cannot respond to 

the ambient temperature at the motor unless it has no 

ambient temperature compensating means and unless 

it is mounted either adjacent to the motor or, if at a 

distance, in a location where there is assurance that 

the ambient temperature will vary in exactly the sam� 

way as at the motor. This condition frequently can­

not be met. Also, the relay temperature at the opera­

ting point should be very close to that of the motor 

at its maximum safe operating temperature . The type 

BL- 1 relay was designed for a minimum operating 

temperature much lower than the safe operitting tem­

perature of a motor, but with a similar rate of rise 

when the rise is expres sed as a percentage of the 

total change in the relay temperature. This was done 

to obtain a low relay burden and to increase the 

amount of overload that the relay can carry without 

injury. With the low operating temperature of the 

type BL- 1 relay, it would not be satisfactory to block 

or render inoperative the ambient temperature compen­

sation, as even moderate changes in ambient temper­

ature would cause appreciable changes in the relay 

operating time. 

The instantaneous unit used in the type BL- 1 

relay has a vertical scale graduated from 6 to 50 am­

peres. The scale markings indicate the pick-up cur­

rent when the Micarta disc is opposite the scale divi­

sion and when the element is in correct adjustment. 

The operation indicator normally supplied in the 

type BL- 1 relay will pick-up at 1 . 0  ampere direct 

current. 

CONTACT RATINGS 

Control 

Unit Voltage 

Heater 1 25 v. d-c 

Heater 250 v.d-c 

Heater 1 20 v .a-c 

Ins tan-

taneous 1 25 v.d-c 

Ins tan-

taneous 120 v.a-c 

Control Capacity in Amperes 

Will Break 

0 . 8  

0 . 6  

5 . 0  

1 . 5  

15.0 

Will Close 

3 .0  t 
3.0 t 
5 . 0  t 

30.0 t t  

30.0 t t  
t These values apply where the contactor switch is 

not used to seal around the heater unit contact or 

contacts. For tripping duty, the heater unit con­

tacts can close 30 amperes at 1 25 or 250 volts d-e 

if these contacts are sealed around by the con­

tactor switch. 

t t The instantaneous unit contacts will carry 30 am­

peres for 1 second. 

I NSTALLATION 

The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt, 

moisture , excessive vibration, and heat. Mount the 

relay vertically by means of the four mounting holes 

on the flange for semi-flush mounting or by means of 
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TYP E BL- 1 R ELAY 

the rear mounting stud or studs for projection mount­

ing. Either a mounting stud or the mounting screws 

may be utilized for grounding the relay. The electrical 

connections may be made directly to the terminals by 

means of screws for steel panel mounting or to the 

terminal studs furnished with the relay for thick panel 

mounting. The terminal studs may be easily removed 

or inserted by locking two nuts on the stud and then 

turning the proper nut with a wrench. 

For detailed FT case information refer to I. L. 

4 1-076. 

SETTINGS 

There are two settings to be made on the relay. 

They are as follows: 

1. INSTANTANEOUS UNIT 

Set the element for a pick-up current slightly 

abov� the maximum current which the apparatus may 

receive in normal service, as for example, the starting 

current of motor or the magnetizing inrush current of 

a transformer. This setting is made by moving the 

Micarta disc to a point opposite the desired pick-up 
current value indicated on graduated scale. After the 

setting is made lock the disc in place by means of 

the locknuts. 

2. HEATER UNIT 

For the usual case, setting the thermal element 

involves only locating the scale pointer at a position 

corresponding to the full load secondary current of 

the protected equipment, and opening or closing the 

shorting link depending upon whether the pointer is 

being set in accordance with the upper or the lower 

scale markings. The relay then will have the charac­

teristics shown in Figs. 3 or 4 .  This method of set­

ting the relay for various full load currents affords 

greater flexibility in application and precision in 

setting than is provided by multi-tapped heater units 

or by interchangeable heater units of various ratings. 

It is desireable to have a time-current heating 

curve for the protected equipment, or to know the 

lengths of time that the equipment will stand several 

different values of overload. These times should be 

as high or higher than the relay times for the same 

load and overload conditions, as shown by Figs. 3 

and 4. 

For full load currents which lie between any two 

values marked on the scale, the pointer can be moved 

to a readily estimated intermediate position with 

12 

negligible error. Even i f  the pointer were left a t  the 

nearest scale marking the maximum deviation in point­

er position from the actual load current would be only 

2 .5% at the 5.0 ampere setting, increasing to 5% at 

the 2.5 ampere setting. The scale lengths will vary 

somewhat in different relays due to variations in the 

thermally sensitive springs. However, some move­

ment of the pointer will be possible counterclockwise 

from the 3 . 5  ampere point or clockwise from the 3. 75 

ampere point, so that for a full load current between 

3 . 5  and 3 .  75 amperes the scale pointer can be set in 

a corresponding position without appreciable error. 

If the safe operating time of the equipment at 

some high value of overload should be less than the 

corresponding relay time, and if the instantaneous 

unit cannot be set as low as this value of overload, 

either some additional relay must be used to provide 

a shorter operating time at this overload but with a 

pickup setting higher than the lesser overloads, or 

the type BL- 1 relay must have its settings changed 

for faster operation. This rarely should be necessary, 

but if it is required the contact setting must be de­

termined by test. It would be undesirable to compli­

cate and confuse the :llCale by adding markings for 

special operating conditions, an.d the added calibra­

ting time would increase the cost of the relay un­

necessarily. Also, no single special condition would 

be likely to occur more frequently than others. 

Figs. 5 and 6 illustrate the reduction in operating 

time obtained by decreasing the contact travel, but 

these curves also show that the time at low overloads 

is reduced by a much greater percentage than the 

time at high overloads. Since in general this will 

prevent the overload capacity of a motor at low over­
loads (which probably will occur most frequently) from 

being fully utilized, the characteristic curves should 

not be lowered more than necessary below those of 

Figs. 3 and 4.  

If it  is determined that the relay should be set by 

test to obtain faster operation, it should be allowed 

to stand de-energized for several hours if the check 

is to be made from a cold start. The cover should be 

on the relay when the check is mad e, of course. It is 

recommended that the check be made at 125 percent 

of the current setting, or that this, point be included 

in case more than one overload is checked. After 

energizing the relay for the required time with the re­

quired value of overload, which should be carefully 

regulated or adjusted throughout the run, the pointer 

should be moved clockwise until the adjustable con­

tacts just touch the moving contact. D ue to a slight 

amount of play in the gearing, if the pointer is moved 
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TYP E BL-1 R ELAY 

counterclockwise until the contacts just part, its po­

sition may differ slightly from its position when 

moved clockwise until the contacts just touch. The 

calibration points on the scale are determined by 

moving the pointer clockwise until the contacts just 

touch and the same procedure should be followed 

when making subse quent settings. 

The adjustable break contacts, when supplied,  

can be used to prevent re-starting a motor until some 

desired time interval has elapsed after the motor has 

been disconnected due to overload. By setting the 

break contacts close to the make contacts , they can 

be used to initiate an alarm on opening, thus giving 

warning of the existence of an overload before the 

motor reaches a temperature at which it should be 

disconnected (by the make contacts) and possibly 

permitting readjustment of the load so that it does 

not become necessary to disconnect the motor. A 

scale having ten major divisions and fifty minor di­

visions is provfded on the plate on which the make 

contacts are mounted , and an index mark on the plate 

which supports the break contacts is used for setting 

the break contacts at any desired position along the 

scale . The scale is intended as a position reference 

only and has no fixed relation to operating times.  In 

many cases no great accuracy is required in the set­

ting of the break contacts, and when closer settings 

are desired they should be made by test. 

ADJUSTME NTS AND MAINTE NANCE 

The proper adjustments to insure correct operation 

of this relay have been made at the factory and should 

not be disturbed after receipt by the customer. Con­

tact or pickup settings must be made as required by 

the application, but alteration of assembly adjust­

ments should be avoided . If the adjustments have 

been changed, if the relay has been taken apart for 

repairs, or if it is desired to check the adjustments 

at regular maintenance periods,  instructions below 

should be followed. 

All contacts should be cleaned periodically. A 

contact burnisher SII 182A836H0 1 is recommended for 

this purpose . The use of abrasive material for clean­

ing contacts is not recommended, because of the 

danger of embedding small particles in the face of 
the soft silver and thus impairing the contact. 

INSTANTANEOUS UNIT 

Remove the plunger core and see that the top of 

the plunger is clean. Reassemble the plunger, and 

adjust the position of the core screw so that when the 

I.L. 41·553.18 

contacts are closed the plunger b utts against the 

stop with the spring half compres sed. With a 1/32 

inch contact separation, the contacts should pick-up 

at 6 amperes ,  60 cycles. If the plunger does not pick­

up and seal in at this current, adjust the core screw 

so that it will and yet have sufficient compression 

of the spring to prevent sticking. Test for sticking 

after 50 amperes has been passed through the coil. 

OPERATION INDICATOR 

Adjust the indicator to operate at 1 .0  ampere di­

rect current gradually applied by loosening the two 

screws on the under side of the assembly, and moving 

the bracket forward or backward. If the two helical 

springs which reset the armature are replaced by new 

springs they should be weakened slightly by stretch­

ing to obtain the 1 ampere calibration. The c oil re­

sistance is approximately 0. 16 ohm. 

CONTACTOR SWITCH 

Adjust the stationary core of the switch for a 

clearance between the stationary core and the moving 

core of 1/64" when the switch is picked up. This 

can be done by turning the relay up-side-down or by 

disconnecting the switch and turning it up-side-down. 

Then screw up the core screw until the moving core 

starts rotating. Now, back off the core screw until 

the moving core stops rotating. This indicates the 

points where the play in the assembly is taken up , 

and where the moving core just separates from the 

stationary core screw. Back off the core screw ap­

proximately one turn and lock in place. This pre­

vents the moving core from striking and sticking to 

the stationary core because of residual magnetism. 

Adjust the contact clearance for 3/32" by means of 

the two small nuts on either side of the Micarta disc. 

The switch should pick up at 2 amperes d-e.  Test 

for sticking after 30 amperes have been passed 

through the coil. 

HEATER UNIT 

The assembly and adjustment of the thermal unit 

requires alignment fixtures and other special tools , 

as well as special test equipment for locating the 

position of the compensating spring assembly on the 

shaft and determining the calibration points. Any 

dismantling or alteration of the adjustments should 

be avoided, as this may result in excessive bearing 

friction or calibration errors. However, the construc­

tion and overload capacity of the thermal unit is s uch 

that very little maintenance should be required. 

The resistance of the heater and instantaneous 
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TYP E BL- 1 RE LAY-----------------------------------------------------------

unit , measured at the case terminals, should be 0 . 25 

ohm when the shorting link is open and 0. 13 ohm when 

the link is closed. 

The moving contact should rotate witho ut notice­

able friction, and when displaced manually and re­

leased it should return to its original position. The 

s haft should have about 0 . 0 10 inch end play. 

If the calibration of the thermal unit is to be 

checked at one or more points, the precautions men­

tioned in previous sections should be observed. 

Testing should be done with the relay in its case and 

the cover in place, and preferably with the case mount­

ed on a switchboard panel. If the relay time is to be 

checked from a cold start, the relay should have been 

de-energized for several hours before hand . If the 

overload is to be applied following a constant load, 

the current must be maintained at the constant initial 

value until there is no further change in the moving 

contact position before applying the overload. Both 

the load and overload currents must be carefully re­

gulated throughout the test. The relay should not be 

s ubjected to drafts or sudden changes in temperature 

during the test, as there is some delay in the response 

of the temperature compensation. In the factory cali­

bration the relay is held in a controlled temperature 

and other precautions are taken to minimize factors 

which would introduce calibration errors . 

14 

The test current should be interrupted as soon as 

the contacts close in order to avoid possible damage 

to the heaters , particularly when testing at high valtres 

of overload. 

R E N E WAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for doing 

repair work. Completely asse mbled and calibrated 

thermal elements can be furnished, but inil>ividual 

parts for the thermal element should not be ordered 

since factory fixtures and "!Quipment are necessary 

for satisfactory assembly and calibration. When 

ordering parts , always give the complete nameplate 

data. 

E N E R GY R E QU I R EME NTS 

The burdens of the heater unit plus the 6-50 am­

pere instantaneous unit in series at 5 amp eres 60 

cycles is as follows :  

Heater 

Tap Link Continuous 

Position Rating Amp Watt Volt-Amp Power Factor 

Open 

Closed 

3.5 

5.0 

6 . 25 

3 . 25 

6 . 25 

3 . 25 

1 . 0  

1 . 0  
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Fig. 10. Outline and Drilling Plan for the BL- l Relay in Type FTl l  Case. 
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INSTALLATION 
Westinghouse I . L. 4 1 -553. 1 C  

• OPERATION • MAI NTENANCE 

INSTRUCT I ONS 

TYPE BL-1 THERMAL OVERLOAD RELAY 

C A UTION Before putting relays into service , re­

move all blocking which may have bee n  inserted for 
the purpose of se curing the part s during shipme nt, 
make sure that all moving parts operate freely, in­
spect the contacts to see that they are clean and 
close properly, and operate the relay to check the 
settings and e lectrical conne ctions. 

APPLICATION 

The type BL- 1 relay is used primarily for thermal 
overload and instantaneous overcurrent protection 
of motors and generators, but it may also be used 
for the protection of transformers or any other ap­
paratus if the temperature-rise under overload is ap­
proximately similar to that of motors. The thermal 
e lement is the "re plica type " and has a time- current 
characteristic closely approximating the average 
heating curves of motors. Its characteristics prevent 
the protecte d e quipment from being subjecte d to over­
loads of such magnitude or duration as to  cause them 
to reach dangerous temperatures, but at the same 
time permit the utilization of the inhere nt thermal 
capacity of the apparatus in carrying intermittent 
overloads which will not cause the windings to be­
come overhe ated. 

As its operation depends upon the rate of heat 
generation in a heater e le ment within the relay, it 
may be used for either a- c or d-e application. It is 
ordinarily conne cted in the se condary circuit of a 
suitable current transformer in a- c application. Since 
the voltage drop across the relay must be within a 
range of about 0.49 to 0.88 volts at full load on the 
protected machine , customary shunts rated in milli­
volts are unsuited for d-e applications. Howe ver, the 
drop across a portion of the protected circuit, such 
as the interpole field winding of a machine , some­
times can be ut ilized as a source of energy for the 
relay. 

SUPERSEDES I . L. 4 1 -553. 1 6  

*Denotes chan ge from superseded i ssue. 

CONSTRUCTION AND OP ERATION 

The single e lement type BL- 1  relay consists of 
a heater unit, an instantaneous overcurre nt unit, two 
operation indicators, and a contactor switch. 

The double element type BL- 1  relay contain s 
two he ater units, two instantane ous units, three 
operation indicators, and a contactor switch. 

THERMAL UNIT 

The thermal unit consists of a housing of molded 
material which encloses a coiled thermostatic metal 
spring mounted on a shaft, two die- cut heater element s  
made of resistance material, metal heat storage 
blocks, and bearings for the shaft; and, external to 
the molde d housing , a second thermostatic metal 
spring faste ned to the shaft exte nsion and carrying 
the moving contact at its outer end, the stationary 
contacts, and scales for setting the stationary con­
tacts at suitable positions for obtaining various time­
overload operating curves under specified operating 
conditions. 

The external and internal thermostatic metal 
springs have identical temperature-angul ar rotation 
characteristics, and the external spring is mounte d 
so that its rotation is in the opposite direction to  
that of the internal spring. Consequently, a change 
in ambie nt temperature will not produce an appreci­
able permanent change in the position of the moving 
contacts, although the enclosure of the internal spring 
will cause it to respond more slowly than the external 

spring and a temporary change in contact position 
would result from a large and rapid change in ambient 

temperature. This would not need to be considered 
in normal applications, however. 

The internal spring is housed within ceramic 
discs having high thermal-shock re sistance, and the 
two heater e leme nts are mounted against the outer 
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Fig. 1. Internal Schematic of the Type BL- 1 Single Unit 
Relay, with Front and Back Contacts, in the Type 
FT21 Case. Relays with a Front Contact Only 
Have the Circuits Associated with Terminals 2 and 
3 Omitted. 

surfaces of these discs. The outer end of the spring 
is held fixe d b y  a notch in the discs. Openings in 
the centers of the discs expose the springs to the 
heate rs with only air sep aration. Thus heat is trans­
ferred to the spring b y  conve ction as well as by con­
duction through the ceramic, and (p articularly at high 
ove rloads) by radiation also. The heate r e le ments 
are connecte d in se ries and to te rminals on the mold­
ed housing. In addition, a tap on e ach ele ment is 
connected to  a te rminal, and a link is provide d b y  
which the two tap te rminals can b e  connecte d to­
gether and t.hus b ypass a portion of each heate r. The 
portions of the heaters remaining in the circuit have 
a larger cross section also, so that they will with­
stand the same percentage ove rload b ased on a highe r 
full load current. 

Metal heat storage discs, with inte rve ning insu­
lation, are clamped against the oute r surfaces of the 
he ate rs, and this assembly of spring and shaft, ce ram­
ic insulation, heate rs, and heat storage discs is 
mounted so that it has a minimum of direct contact 
with the molded housing. The prop ortions and spac­
ings of the compone nts have been designe d to pro­
vide fast operation at overloads of se ve ral hun dred 
percent or higher, and to provide long operating time s 
at low ove rloads so that the inherent the rmal capacity 
present in the usual motor design can be fully utilized. 

* A hi gh p erm eablity reactor is provided in shunt with 
the heaters. This reactor has no effect on the time 
curve of the relay at l OOOo/c of  pointer setting,  but 
provides additional protection for extremely high 
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* Fig. 2. Internal Schematic of the Type BL- 1 Double Unit 
Relay, with Front and Back Contacts, in the Type 
FT21 Case. Relays with Front Contacts Only 
Have the Circuits Associated with Terminals 2 
and 3 Omitted. 

currents of short duration. 
The contacts are silve r and are of the bridging 

type so that flexible le ads are unnecessary. The 
moving cont act consists of a silver plate constructed 
so that it can pivot on its mounting and be self­
aligning with the stationary contacts. The st ationary 
make contacts are supp orted in molded insulation 
fastene d to a plate which can be rotated around the 
shaft by me ans of a gear sector on its edge and a 
pinion attache d to the scale pointer. This serve s to 
expand the scales and permit incre ase d accuracy of 
setting. 

Stationary break contacts can be provide d whe n  
require d. These are similar to the make contacts an d 
are mounted on a second rotatable plate in front of 
the plate which supp orts the make contacts. This 
plate is he ld in position by spring pressure , but can 
be move d to any desired position with re ference to 
the make c ontacts. A scale on the supporting plate 
for the m ake cont acts is used in locating the break 

contacts at a definite posit ion. Rotation of the make 
contacts b y  means of the scale pointe r doe s not 
change the spacing between the make and the bre ak 
contacts. 

INSTANTANEOUS UNIT 
This is a small solenoid type unit. A cylindrical 

plunger move s up and down on a vertical guide rod in 
the center of the solenoid coil. This guide rod is 
faste ned to the stationary core which in turn scre ws 
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into the element frame. A silver disc is fastened to 
the moving plunger thru a helical spring. When the 
coil is energized, the plunger moves upward carrying 
the silver disc which bridges three conical shaped 
stationary contacts. After the contacts close the 
plunger moves slightly farther before seating against 
the stationary core. This assures positive contact 
pressure. 

A Micarta disc on a threaded bushing is assembled 
on the lower portion of the guide rod and is locked in 
place by a nut . Its position determines the de- ener­
gized position of the plunger and therefore the pick­
up current of the element, as indicated by the gradu­
ated scale beside the disc. 

OPERATION INDICATOR 

The operation indicator is a small solenoid coil 
connected in the trip circuit. When the coil is ener­
gized, a spring-restrained armature releases the white 
target which falls by gravity to indicate the comple­
tion of the trip circuit. The indicator is reset from 
outside the case by a push rod in the cover or cover 
stud. 

CONTACTOR SWITCH 

The d-e contactor switch in the relay is a small 
solenoid type switch. A cylindrical plunger with a 
silver disc mounted on its lower end moves in the 
core of the solenoid. As the plunger travels upward, 
the disc bridges three silver stationary contacts. The 

coil is in series with the main contacts of the relay 
and with the trip coil of the breaker. When the relay 
contacts close, the coil becomes energized and closes 
the switch contacts. This shunts the main relay con­
tacts, thereby relieving them of the duty of carrying 
tripping current. These contacts remain closed until 
the trip circuit is opened by the auxiliary switch on 
the breaker. 

CHARACTERIST ICS 

The type BL- 1  relay is designed for use in ap­
plications where the current transformer ratio is such 

that with 100 percent of full load on the protected 
machine the relay will receiv e a current within the 
limits of 2.5 to 5 . 0  amperes. For full load currents 
within this range, the relay can be set to operate in 
accordance with the characteristic curv es shown in 
Figs. 3 and 4. Note that there are three initial cur­
rent conditions shown in each figure: 0%, 70%, and 
100% of pointer setting. Th e  curves are based upon 
having the initial current maintained long enough for 

the moving contact to stop moving. Then the current 
is increased to some percent of pointer setting to 
obtain the operating time. 

Since an overload might occur at or shortly after 
the time a motor is started, or after a motor has 
reached a constant temperature rise while carrying 
less than full load, Figs. 3 and 4 show how the oper­
ating time will be affected for a zero initial load and 
for a 70 percent initial load. As would be expected, 
the operating time is somewhat longer for these con­
ditions, but the protected motor could carry the ov er­
l oad longer before reaching a dangerous temperature. 

It will be observed that the curves for the 2.5 and 
the 3 . 5  ampere settings diverge somewhat as the 
ov erload increases. The amount of divergence will 
not seriously affect any application of the relay. For 
full load current settings greater than 2.5 amperes 
but less than 3 . 5  amperes, the operating time at any 
of the higher values of overload can readily be ob­
tained by interpolation. 

The entire heaters are in the circuit for the curv es 
of Fig. 3. The outer scale markings range from 2.5 

to 3. 5 amperes in 0. 25 ampere steps, and when the 
scale pointer is set to one of the indicated current 
values the relay contacts will close in approximately 
60 minutes if the current increases to 1 25 percent of 
the full load value after the full load current has been 
flowing long enough for the temperature rise to reach 
a constant v alue. These curves represent the primary 
performance requirements of the type BL-1 relay. 
While there are no uniform standards for the overload 
capacities of all types of motors, these relay charac­
teristics will permit full utilization of the overload 
capacity of most motors at light overloads while 
providing rapid operation under heavy overloads. 

For the curves of Fig. 4, the short-circuiting 
link is closed on the two right-hand terminals, thus 
leaving only a portion of each heater in the circuit. 
The inner scale markings, which range from 3. 75 to 
5.0  amperes in 0 . 25 ampere steps, have the same 
significance as the outer scale markings which are 
used for the full heater, as described for Fig. 6. The 
curves for Fig. 4 are for the 3 .  75 and 5 . 0  ampere set­
tings, and time values at high overloads at interme­

diate settings can be obtained by interpolation. The 
curves of Figs. 3 and 4 will be found to be very near­
ly identical if one set is superimposed on the other. 

The heater element will not be injured by carrying 
a current of 35 amperes with the shorting link open, 
or 50 amperes with the link closed, for a length of 
time sufficient to close the contacts from a cold start 
with the pointer set at 3 . 5  to 5.0 amperes respective-
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60 M I N .  CURRENT - T I ME CU RVES FOR TYPE B l - 1  R E L AY 

• PO I NTER AT 2 . 5  AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 
CONTACT REACHES F I NAL POS I T I ON 
FOR I N I TI AL STEADY LOAD 
I ND I CATED BELOW. 

ZERO CURRENT ( I NTERNAL TEMP. AT 
APPROX. AMB I ENT TEMP ) 
70% OF 2.5 AMPS. 

100% OF 2 . 5  AMPS. 

PO I NTER AT 3 . 5  AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 
CONTACT REACHES F I NAL POS I T I ON 
FOR I N I T I AL STEADY LOAD 
I ND I CATED BELOW • 

ZERO CURRENT ( I NTERNAL TEMP.AT 
APPROX. AMB I ENT TEMP. ) 
70% OF 3 . 5  AMPS. 

1 00% OF 3 . 5  AMPS • 

100 200 300 �00 500 600 700 800 900 1000 

PERCENT OF PO I NTER SETT ING 

Curve 396065 

Fig. 3. Current-Time Curves for Norma/ Applications of the Type BL- 1 Relay Covering Range ol Full-Load Currents 
from 2. 5 to 3.5 Amperes, Using Pointer Settings marked on Dial. 60-Minute Time-Delay lor 125% Load Occurr­
ing after Steody Full-Load. Shorting Link Open. 
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60 M I N • CURREN T - T I ME CURVES FOR TYPE B L - 1  R E L AY 
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� 3' 
PO I NTER AT 3.75 AMPS. 
OVERLOAD APPL I ED AFTER MOV I NG 

f-· CONTACT REACHES F I NAL POS I T I ON 
FOR I N I T I AL STEADY LOAD 
I ND I CATED BELOW. 

== l;t ZERO CURRENT ( I NTERNAL TEMP. AT 
:::: APPROX. AMB I ENT TEMP. )  
=� 70% OF 3 .75 AMPS • 

100% OF 3 .75 AMPS. 

' 
PO INTER AT 5.0 AMPS. 
OVERLOAD APPL I ED AFTER MD V ING 
CONTACT REACHES F I NAL POS I T I ON  
FOR I N I T I AL STEADY LOAD 
I N D I CATED BELOW • 

ZERO CURRENT ( I NTERNAL TE MP.AT 
APPROX. AMB I ENT TEMP. ) 

70% OF 5 AMPS • 

100% OF 5 AMPS. 

.093 M I N. AT 
I 

1 00 200 300 �00 500 600 700 800 900 1000 

PERCENT OF PO I NTER SETT I NG 

1000% 

Curve 396066 

Fig. 4. Current· Time Curves for Normal Applications of the Type BL- 1 Relay Covering Range of Full Load Currents 
from 3. 75 to 5.0 Amperes, using Pointer Settings marked on Dial. 60-Minute Time-Delay for 125% Load Oc:c:urr·  
ing after Steady Full-Load. Shorting Link Closed. 

s www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E BL- 1 RELAY------------------------------------------------------------

6 

(I) 
..... <.> < ..... 
� 
(.,) 
...., (I) 0 ..... 
(.,) 
0 ..... 
(I) 
...., ..... 
= 
:z: 
:z 

100 
90 
80 
70 
60 

50 
140 

30 

20 

10 
9 
8 
7 
6 

5 

q 

3 

2 

1 
. 9 
· 8 
• 7 
.6 

· 5 

, q  

· 3  

· 2  

1 
I ' 

1 5  M I N .  CURRENT - T I ME CURVES FOR TYPE B L - 1  R ELAY 

. 075 M I N .  AT 1000% 

I I  1 ' I  

t± 

SETT I NG ZERO CURRENT ( I NTERNAL 
FOR 2. 75 All'. { WHEN START l NG "" 

FOR 3 .75 AMP. TEMP. AT APPROX. 
SETT I NG AMB I ENT TEMP. ) 

' 
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PERCENT OF FULL-LOAD CURRENT 

Curve 396063 

Fig. 5. Current· Time Curves for Special Applications of the Type BL-1 Relay covering Range of Full-Load Currents 
from 2. 75 to 3. 75 Amperes. Contact Settings Determined by Test for 15-Minute Delay with 125% Load Occurring 
after Moving Contact reaches Final Position for Steady Fuii-Lor:d. Shorting L ink Open. 
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15 M I N  CURRENT - T I ME CURVES FOR TYPE B l - 1  R E L AY 
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Curve 396064 . 

Fig. 6. Current· Time Curves for Special Applications of the Type BL.- J Relay Covering Range of Full-Load Currents 
from 4.0 to 5.0 Amperes. Contact Settings Determined by Test for 15-Minute Delay with 125% Load Occurring 
after Moving Contact reaches Final Position for Steady Full Load. Shorting Link Closed. 
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RESET CURVES FOR TYP E B L - 1  R E L AY 

2.5  AMP. TO 3 .5  AMP. RANGE ( L I NK NOT USED ) 
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Curve 396061 

Fig. 7. Contact-Opening and Reset Time Curves for the Type BL- 1  Relay {or Full-Load Settings of 2.5 to 3.5 Amperes as 
marked on Dial. Shorting Link Open. 

8 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



• \  
�-· 
• 

TYP E BL-1 R ELAY-----------------------------------------------------------I ._L_. 4_1_-s_s_J._l c_ 

10 

9 

260 

2�0 8 

220 

200 7 

180 

160 6 
... 
• 
... ... 

1� � 
... • ... 
.. 

120 �5 
u 
... 
0 

100 -g. 2 
... 
0 

80 ... � 
.. 
0 � 

t>so � c ... 
... "" 0 8 ... 

�O :i3 
... ... 
0 "' 
0 0 

:20 : 
.. I!! -8 ::> -... -., 0 Z2 

I 

l-L-1 I 

- R ESET C U R V E S  FOR TYPE B L - 1  R E L A Y  
-

-

3.75 AMP. TO 5 AMP. RANGE ( L I NK USED) 

+±t±R$ I . 

� . . 
--�-- W=ftl � I 1 ' I 

' l'
f f-f-+' ' t 

D I AL SETT I NGS 
' ( SHORT I NG  L I N K  CLOS ED)  

' -
I 100% CONTI NUOUS 3.75 

H LOAD BEFORE OVERLOAD 

5 

3. 75 = 

RESET T I ME 1 
( M I N UTES) 

5 
-

1-+ 3.75 
CONTACT OPEN I NG T I ME 

(SECONDS) \ 
·-

I 
3.75 ;:: 

I 5 

5 

ZERO LOAD BEFORE OVERLOAD 

100 200 300 �00 500 600 700 800 900 1000 
PERCEIIT OF CU IIREIIT SETTIIIG 

Curve 396062 

Fig. B. Contact-Opening and Reset Time Curves for the Type BL- 1 Relay for Full-Load SeHings of 3. 75 to 5.0 Amperes 
as marked on Dial. Shorting L ink Closed. 
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�9 - TYPE 8L·l RELAY 
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CS - CONTACTOR SWITCH 
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>2 - POWER C IRCUIT BREAKER 
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Fig. 9. External Schematic of the Type BL- 1 Double Unit Relay, with Front and Back Contacts in the Type FT2 1  Case. 

ly. One-second ratings for the heater are twenty 

times the maximum full load current setting for the 

open and closed link positions , or 70 and 100 am­

peres respectively. 

In certain applications it might be desirable to 

have faster operation at high values of overload. 

This can be accomplished by a change in the con­

tact setting, but the operating time at light overloads 

will be reduced to a still greater extent and thus the 

full overload capacity of the rmtor at light overloads 

may be made unavailable. Fig. 5 shows time-over­

load characteristics for the limits of the adjustment 

range when the short-circuiting link is open and when 

the contact spacing has been reduced so that the 

contacts will close in 15 minutes on an overload of 

125 percent after constant temperature has been 

reached on full load. For this combination of load 

and overload, at the end of the 15-minute period the 

pointer should be moved clockwise to a position 

where the contacts just close. It will not be possible 

to move the pointer sufficiently beyond the 2 . 5  am-

10 

pere point to obtain a 15-minute setting for this value 

of full load, so Fig. 5 shows 2. 75 amperes as being 

one end of the range for the accelerated operation. 

The upper end of the range when the shorting link is 

not used has been shown as 3. 75 amperes, since the 

pointer position for a 15-minute setting at 125 percent 

of a 3 .  75 ampere full load current will be near or 

somewhat to the left of the 3 . 5  ampere scale marking. 

It is not expected that these faster operating 

curves will be used for general application. They 

are presented to show how the relay characteristics 

may be modified to meet special conditions . Since 

the pointer position must be determined by test, it 

could be located to give a time other than 15 minutes 

at 1 25 percent overload . If the time were between 

15 and 60 minutes , an approximate operating curve 

could be estimated by interpolation between Fig. 3 

and 5.  

Fig. 6 is similar to Fig. 5 but s hows faster time­

overload curves for full load currents that require the 
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use of the shorting link . 

It will be observed that the curves of Figs. 3 and 

4 are approaching an asymptotic po sition at 125% of 

full load, and that the curves of Figs. 5 and 6 are 

farther from their asymptotic position at 125% of full 

load, as would be expected because of the shorter 

time delay. Prior conditions of load (between zero 

and full load) will not affect the value of current that 

will ultimately close the relay contacts,  but variables 

such as friction and discrepancies in calibration 

prevent precise location of the asymptotic value. How­

ever, after making some allowance for s uch varia­

bles, a value of 1 18% of full load current can be con­

sidered as the maximum current that will not produce 

eventual closing of the relay contacts when settings 

are made as described for Figs. 3 and 4. For settings 

made per Figs. 5 and 6 this current value will be 

1 10% of full load. 

Figs. 7 and 8 show resetting times for the type 

BL- 1 relay for the shorting link opened or closed. 

The complete resetting time is considered to be the 

time measured from the moment the relay current is 

interrupted until the contacts return to the position 

they would occupy for the steady state condition of 

100 percent of full load current. This complete time 

is composed of the time required for the contacts to 

part and the time for them to travel back to 100 per­

cent position, and separate curves are shown for 

these two components of the complete time. The 

time will vary depending upon whether the overload 

occurs after the motor has been carrying 100 percent 

load or from a cold start, and curves are shown for 

the two conditions. The curves are shown for a relay 

setting at either end of the adjustment range , and 

intermediate values may be obtained by interpolation. 

The ambient temperature compensation provided 

in the type BL- 1 relay causes its operating time for 

a given current to remain approximately the same 

regardless of changes in the ambient temp erature at 

the relay. If the ambient temperature at the motor 

location varies,  the motor of course will carry a high­

er overload safely when the ambient temperature is 

low. However, a replica type relay cannot respond to 

the ambient temperature at the motor unless it has no 

ambient temperature compensating means and unless 

it is mounted either adjacent to the motor or, if at a 

distance, in a location where there is assurance that 

the ambient temperature will vary in exactly the sam� 

way as at the motor. This condition frequently can­

not be met. Also, the relay temperature at the opera­

ting point should be very close to that of the motor 

at its maximum safe operating temperature. The type 

BL-1 relay was designed for a minimum operating 

temperature much lower than the safe operSLting tem­

perature of a motor, but with a similar rate of rise 

when the rise is expressed as a percentage of the 

total change in the relay temperature. This was done 

to obtain a low relay burden and to increase the 

amount of overload that the relay can carry without 

injury. With the low operating temperature of the 

type BL- 1 relay, it would not be satisfactory to block 

or render inoperative the ambient temperature compen­

sation, as even moderate changes in ambient temper­

ature would cause appreciable changes in the relay 

operating time. 

The instantaneous unit used in the type BL- 1 

relay has a vertical scale graduated from 6 to 50 am­

peres. The scale markings indicate the pick-up cur­

rent when the Micarta disc is opposite the scale divi­

sion and when the element is in correct adjustm(,nt. 

The operation indicator normally supplied in the 

type BL- 1 relay will pick-up at 1 . 0  ampere direct 

current. 

CONTACT RATINGS 

Control Control Capacity in Amperes 

Unit Voltage Will Break Will Close 

Heater 125 v. d-c 0 . 8  3 .0  t 

Heater 250 v.d-c 0 . 6  3.0 t 

Heater 1 20 v. a-c 5 .0  5 . 0  t 

Instan-

taneous 125 v.d-c 1 .5  30.0  t t  

Ins tan-

tan eo us 120 v.a-c 15.0 30.0 t t  

t These values apply where the contactor switch is 

not used to seal around the heater unit contact or 

contacts. For tripping duty, the heater unit con­

tacts can close 30 amperes at 125 or 250 volts d-e 

if these contacts are sealed around by the con­

tactor switch. 

t t The instantaneous unit contacts will carry 30 am­

peres for 1 second. 

I NSTALLATION 

The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt, 

moisture, excessive vibration, and heat. Mount the 

relay vertically by means of the four mounting holes 

on the flange for semi-flush mounting or by means of 
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TYP E BL- 1 R ELAY 

the rear mounting stud or studs for projection mount­

ing. Either a mounting stud or the mounting screws 

may be utilized for grounding the relay. The electrical 

connections may be made directly to the terminals by 

means of screws for steel panel mounting or to the 

terminal studs furnished with the relay for thick panel 

mounting. The terminal studs may be easily removed 

or inserted by locking two nuts on the stud and then 

turning the proper nut with a wrench. 

For detailed FT case information refer to I. L. 

41-076. 

SETTI NGS 

There are two settings to be made on the relay. 

They are as follows: 

1.  INSTANTANEOUS UNIT 

Set the element for a pick-up current slightly 

above the maximum current which the apparatus may 

receive in normal service, as for example , the starting 

current of motor or the magnetizing inrush current of 

a transformer. This setting is made by moving the 

Micarta disc to a point opposite the desired pick-up 

current value indicated on graduated scale. Mter the 

setting is made lock the disc in place by means of 

the locknuts. 

2. HEATER UNIT 
For the usual case , setting the thermal ele ment 

involves only locating the scale pointer at a pos ition 

corresponding to the full load secondary current of 

the protected equipment, and opening or closing the 

shorting link depending upon whether the pointer is 

being set in accordance with the upper or the lower 

scale markings. The relay then will have the charac­

teristics shown in Figs. 3 or 4. This method of set­

ting the relay for various full load currents affords 

greater flexibility in application and precision in 

setting than is provided by multi-tapped heater units 

or by interchangeable heater units of various ratings . 

It is desireable to have a time-current heating 

curve for the protected equipment, or to know the 

lengths of time that the equipment will stand several 

different values of overload. These times should be 

as high or higher than the relay times for the same 

load and overload condi�ions, as shown by Figs. 3 

and 4. 

For full load currents which lie between any two 

values marked on the scale , the pointer can be moved 

to a readily estimated intermediate position with 

1 2  

negligible error. Even if the pointer were left at the 

nearest scale marking the maximum deviation in point­

er position from the actual load current would be only 

2 . 5% at the 5 . 0  ampere setting , increasing to 5% at 

the 2.5 ampere setting. The scale lengths will vary 

somewhat in different relays due to variations in the 

thermally sensitive springs. However, some move­

ment of the pointer will be possible counterclockwise 

from the 3.5 ampere point or clockwise from the 3. 75 

ampere point, so that for a full load current between 

3 . 5  and 3. 75 amperes the scale pointer can be set in 

a corresponding position without appreciable error. 

If the safe operating time of the equipment at 

some high value of overload should be less than the 

corresponding relay time , and if the instantaneous 

unit cannot be set as low as this value of overload , 

either some additional relay must be used to provide 

a shorter operating time at this overload but with a 

pickup setting higher than the lesser overloads ,  or 

the type BL- 1 relay must have its settings change d 

for faster operation. This rarely should be necessary, 

but if it is required the contact setting must be de­

termined by test. It would be undesirable to compli­

cate and confuse the scale by adding markings for 

special operating conditions,  and the added calibra­

ting time would increase the cost of the relay un­

necessarily. Also,  no single special condition would 

be likely to occur more frequently than others. 

Figs. 5 and 6 illustrate the reduction in operating 

time obtained by decreasing the contact travel, but 

these curves also show that the time at low overloads 

is reduced by a much greater percentage than the 

time at high overloads. Since in general this will 

prevent the overload capacity of a motor at low over­

loads (which probably will occur most frequently) from 

being fully utilized, the characteristic curves should 

not be lowered more than necessary below those of 

Figs. 3 and 4. 

If it is determined that the relay s hould be set by 

test to obtain faster operation, it should be allowed 

to stand de-energized for several hours if the check 

is to be made from a cold start. The cover should be 

on the relay when the check is made, of course. It is 

recommended that the check be made at 1 25 percent 

of the current setting, or that this point be included 

in case more than one overload is checked. Mter 

energizing the relay for the required time with the re­

quired value of overload , which should be carefully 

regulated or adj usted throughout the run , the pointer 

should be moved clockwise until the adj ustable con­

tacts j ust touch the moving contact. D ue to a slight 

amount of play in the gearing, if the pointer is moved 
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TYP E BL-1  R ELAY 

counterclockwise until the contacts just part, its po­

sition may differ slightly from its position when 

moved clockwise until the contacts just touch. The 

calibration points on the scale are determined by 

moving the pointer clockwise until the contacts just 

touch and the same procedure should be followed 

when making subsequent settings. 

The adjustable break contacts, when supplied, 

can be used to prevent re-starting a motor until some 

desired time interval has elapsed after the motor has 

been disconnected due to overload. By setting the 

break contacts close to the make contacts, they can 

be used to initiate an alarm on opening, thus giving 

warning of the existence of an overload before the 

motor reaches a temperature at which it should be 

disconnected (by the make contacts) and possibly 

permitting readjustment of the load so that it does 

not become necessary to disconnect the motor. A 

scale having ten major divisions and fifty minor di­

visions is provfded on the plate on which the make 

contacts are mounted, and an index mark on the plate 

which supports the break contacts is used for setting 

the break contacts at any desired position along the 

scale . The scale is intended as a position reference 

only and has no fixed relation to operating times.  In 

many cases no great accuracy is required in the set­

ting of the break contacts, and when closer settings 

are desired they should be made by test. 

ADJUSTME NTS AND MAINTENANCE 

The proper adjustments to insure correct operation 

of this relay have been made at the factory and should 

not be disturbed after receipt by the customer. Con­

tact or pickup settings must be made as re quired by 

the application, but alteration of assembly adjust­

ments should be avoided. If the adjustments have 

been changed, if the relay has been taken apart for 

repairs, or if it is desired to check the adjustments 

at regular maintenance periods, instructions below 

should be followed. 

All contacts should be cleaned periodically. A 

contact burnisher Stt182A836H0 1 is recommended for 

this purpose . The use of abrasive material for clean­

ing contacts is not recommended ,  because of the 

danger of embedding small particles in the face of 
the soft silver and thus impairing the contact. 

INSTANTANEOUS UNIT 

Remove the plunger core and see that the top of 

the plunger is clean. Reassemble the plunger, and 

adjust the position of the core screw so that when the 

I. L.  41 -553. 1 C  

contacts are closed the plunger b utts against the 

stop with the spring half compressed. With a 1/32 

inch contact separation, the contacts should pick-up 

at 6 ampere s,  60 cycles. If the plunger does not pick­

up and seal in at this current, adjust the core screw 

so that it will and yet have sufficient compression 

of the spring to prevent sticking. Test for sticking 

after 50 amperes has been passed through the coil. 

OPERATION INDICATOR 

Adjust the indicator to operate at 1.0 ampere di-

. rect current gradually applied by loosening the two 

screws on the under side of the assembly, and moving 

the bracket forward or backward. If the two helical 

springs which reset the armature are replaced by new 

springs they should be weakened slightly by stretch­

ing to obtain the 1 ampere calibration. The coil re­

sistance is approximately 0. 16 ohm. 

CONT ACTOR SWITCH 

Adjust the stationary core of the switch for a 

clearance between the stationary core and the moving 

core of 1/64" when the switch is picked up. This 

can be done by turning the relay up-side-down or by 

disconnecting the switch and turning it up-side-down. 

Then screw up the core screw until the moving core 

starts rotating. Now, back off the core screw until 

the moving core stops rotating. This indicates the 

points where the play in the assembly is taken up , 

and where the moving core just separates from the 

stationary core screw. Back off the core screw ap­

proximately one turn and lock in place. This pre­

vents the moving core from striking and sticking to 

the stationary core because of residual magnetism .  

Adjust the contact clearance for 3/32" b y  means of 

the two small nuts on either side of the Micarta disc. 

The switch should pick up at 2 amperes d-e. Test 

for sticking after 30 amperes have been pas sed 

through the coil. 

HEATER UNIT 

The assembly and adjustment of the thermal unit 

requires alignment fixtures and other sp ecial tools , 

as well as special test equipment for locating the 

position of the compensating spring assembly on the 

shaft and determining the calibration points. Any 

dismantling or alteration of the adjustments should 

be avoided, as this may result in e xcessive bearing 

friction or calibration errors. However, the construc­

tion and overload capacity of the thermal unit is s uch 

that very little maintenance should be required. 

The resistance of the heater and instantaneous 
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TYP E B L - 1  R E LAY-----------------------------------------------------------

unit, measured at the case terminals, should be 0 . 25 

ohm when the shorting link is open and 0. 13 ohm when 

the link is closed. 

The moving contact should rotate witho ut notice­

able friction, and when displaced manually and re­

leased it should return to its original position. The 

s haft should have about 0.010 inch end play. 

If the calibration of the thermal unit is to be 

checked at one or more points, the precautions men­

tioned in previous sections should be observed. 

Testing should be done with the relay in its case and 

the cover in place,  and preferably with the case mount­

ed on a switchboard panel. If the relay time is to be 

checked from a cold start, the relay should have been 

de-energized for several hours beforehand. If the 

overload is to be applied following a constant load, 

the current must be maintained at the constant initial 

value until there is no further change in the moving 

contact position before applying the overload. Both 

the load and overload currents must be carefully re­

gulated throughout the test. The relay should not be 

s ubjected to drafts or sudden changes in temperature 

during the test, as there is some delay in the response 

of the temperature compensation. In the factory cali­

bration the relay is held in a controlled temperature 

and other precautions are taken to minimize factors 

which would introduce calibration errors . 

14 

The test current should be interrupted as soon as 

the contacts close in order to a void possible damage 

to the heaters, particularly when testing at high values 

of overload. 

R EN E WAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for doing 

repair work. Completely asse mbled and calibrated 

thermal elements can be furnished , but individual 

parts for the thermal element should not be ordered 

since factory fixtures and �quipment are necessary 

for satisfactory assembly and calibration. When 

ordering parts , always give the complete nameplate 

data. 

E N E R GY R EQUI REME NTS 

The burdens of the heater unit plus the 6-50 am­

pere instantaneous unit in series at 5 amp eres 60 

cycles is as follows :  

Heater 

Tap Link Continuous 

Position Rating Amp Watt Volt-Amp Power Factor 

Open 

Closed 

3.5 

5 . 0  

6 . 25 

3 . 25 

6.25 

3 . 25 

1 .0 

1 .0  
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Fig. 10. Outline and Drilling Plan lor the BL- 1 Relay in Type FT2 l  Case. 
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