
Westinghouse I.L. 41-776.5 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTli®NS 
TYPE SBF-1 CIRCUIT BREAKER 

FAILURE RELAY 

CAUTION: It is recommended that the user of 
this equipment become acquainted with the infor­
mation in these instructions before energizing the 
relay. Failure to do so may result in damage to the 
equipment. Before putting the relay into service, 
operate the relay to check the electrical connec­
tions. 

Printed circuit modules should not be removed or 
inserted while the relay is energized. Failure to 
observe this precaution may result in an undesired 
tripping output or cause component damage. 

APPLICATION 

The SBF - 1  is a solid state breaker failure 
detection relay with contact output . It is used in 
conjunction with the primary and backup relays. 
Other logic inputs (such as the 52a contact) may 
be used where the fault current is insufficient to 
operate the current detector. 

The relay is applicable with any of the 
bus/breaker schemes in general use. 

Provision is included in the relay for "retrip­
ping" the breaker without time delay. This may 
avoid clearing a bus during incorrect maintenance 
procedure or due to the failure of a trip contact to 
close. 

CONSTRUCTION 

The SBF-1 Relay consists of a phase and 
ground current detector, a breaker failure timer, a 
control timer, a seal-in (X) relay and an output 
relay (AR) along with 2 indicating contactor 
switches (ICS). 

Overcurrent Detector 

The detector consists o f  3 or 4 input 
transformers and a plug in module. The primary of  
the transformer is  tapped and brought out to a tap 
block located on the front of the relay. Each 
transformer has three taps which cover the range 
of pickup. 

The secondary of the transformers are con­
nected to the input of the plug-in detector module 
where the phase and ground signals are connected 
to separate pickup level adjustments located on the 
front of the module. A comparator circuit consists 
of a plug-in operational amplifer whose output is 
connected to logic circuitry which controls the AR 
output relay. 

Also located on the module is a reed relay 
( RR) which is controlled by the breaker failure 
(BF) timer on the timer module. The normally 
open contacts of the reed relay are connected in the 
current detector circuit and controls the operation 
of the circuit . 

BF and Control Timer 

These timers are located on the timer plug-in 
module. 

The BF timer can be continuously varied over 
the range by means of an adjusting knob located at 
the front of the module. A calibrated scale permits 
setting the desired time delay. A test jack is also 
located at the front if it is desired to check the set­
ting with an electronic test timer. 

At the bottom of the front plate is an access 
hole which permits adjusting the control timer 
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trim pot. A test jack is also supplied to change the 
control timer delay in conjunction with a tester if 
other than the factory setting is desired. 

Power Supply 

Consists of a zener diode (Zs) mounted on an L 
shaped heat sink. The zener is connected to a 2 
inch tubular resistor (RS) . A small capacitor (C3) 
located on the timer module is connected across 
the zener diode. 

Telephone Relay (X) 
This is a clapper type auxiliary relay with two 

normally open contacts. 

Output Relay (AR) 

This is a 4 pole normally open h igh speed aux­
iliary output relay used for tripping duty. 

The relay coil is connected in series with a 2 
inch tubular resistor (RA). 

Indicating Contactor Switch 
Unit ( ICS) 

The de indicating contactor switch is a small 
clapper type device. A magnetic armature, to 
which leaf-spring mounted contacts are attached, 
is attracted to the magnetic core upon energization 
of the switch . When the switch closes, the moving 
contacts bridge two stationary contacts, com­
pleting the trip circuit. Also, during this operation, 
two fingers on the armature deflect a spring 
located on the front of the switch, which allows the 
operation indicator target to drop. 

The front spring, in addition to holding the 
target, provides restraint for the armature and thus 
controls the pickup value of the switch. 

OPERATION 

The operation of the SBF- 1 i s  somewhat 
different than the conventional breaker failure 
relay. It may be summarized by saying that the 
breaker failure relay timer is started by only the 
BFI (62X) input rather than the BFI and the over­
current fault detector. The breaker failure timer 
controls the fault detector so that after it times 
out, the overcurrent signal (if present) is connected 
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to the level detector. This arrangement keeps the 
overcurrent input transformer load at a low level. 
This permits fast reset of the secondary voltage of 
3 ms or less, even at very high multiples of pickup 
current. By use of an additional timer (called the 
control timer) the breaker failure timer as well as 
the X seal-in relay is reset after it times out. The 
circuit operation can be explained by referring to 
the internal schematic drawing 77588 1 3  (Fig. 2) 
and detailed internal schematic 1 3260 1 9  (Fig. 3). 

During stand-by condition the de input to the 
relay (terminal 9 positive) is zero since the de con­
trol voltage is connected through the breaker 
failure initiate contact (see the external schematic) 
which is normally open. 

Upon the closing of the B FI contact and 
providing the de voltage is 80% or greater (of rated 
value) a level detector zener diode Z 1  (connected 
to terminal 9) will permit transistor Q2 and Q 1 to 
turn on. The power supply consisting of a 1 0  watt 
zener Zs and 25 watt resistor Rs is also energized 
which supplies a regulated 24Vdc to the modules 
and the X relay. When transistor Q2 and Q l  turn 
on it connects the regulated power supply to the 
control timer which consists of 1/2 of IC 1 ,  trim pot 
P2 and timing capacitor C l .  Resistor R26 and 
R27 form a voltage divider which requires ap­
proximately one time constant [( P2+R22) x C 1 )] 
before the output terminal 1 2  goes from 24Vdc to 
less than 2.5Vdc. At the same time the control 
timer receives power through Q 1 ,  the 24 V de out­
put of the control timer (term. 1 2  ofiC 1 )  is used to 
turn on transistor Q7 which operates the X relay. 
One X contact is brought out to relay terminal 1 5  
to permit seal-in of the initiate contact. This is 
desirable where the BFI contact is only picked up 
for a short time. The initiate contact must be clos­
ed for 8 ms in order for seal-in to take place. While 
the control timer is timing out, the BF timer will 
time out first since it is always set for a shorter 
delay. The output of the BF timer is connected to 
terminal 9 of the timer module which is wired to 
terminal 2 of the overcurrent detector module. 
Since operation of the BF timer is indicated by a 
voltage drop to less than 2 .5V, transistor Q 1  turns 
off and transistor Q2 turns on to pickup the reed 
relay (RR). In addition, the output of the B F  timer 
also supplies one of the two inputs to transistor Q5 
which controls the AR relay switching transistor 
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(Q6). The other input controlling transistor Q5 is 
either the 52a contact input (if used) connected to 
relay terminal 1 8  or operation of the overcurrent 
unit circuit. This is obtained when the reed relay 
operates to remove the 1 00 ohm resistor (Rl 9) 
from capacitor C 1 and to apply the input current 
signal to terminal 5 of the IC 1 on the overcurrent 
detector module. If this signal voltage is higher 
than the reference voltage at terminal S ofiCl the 
output voltage at terminal 1 0  (of ICl )  will drop 
from its high state to less than 2.5 volts. This out­
put change is then applied to the transistor logic 
circuit consisting of transistor Q3, Q4 and Q5 (on 
the timer module). 

CHARACTERI STICS 

Overcurrent Detector 

The overcurrent detector has a range of 0. 5 to 
1 3.5 amperes. This is obtained by means of three 
tap settings in conj unction with the tap m ultiplier 
to give a continuous adj ustment over· the range. 
The pickup point is determined by multiplying the 
tap value by the tap multiplier setting. The operate 
speed varies from 3 ms to 8 ms. The reset time is 3 
ms maximum and would be measured as the time 
for the secondary voltage to decay to 10 volts peak 
(with the reed relay RR contacts open). This reset 
time applies whether the input current is reduced 
to zero or up to 95% of pickup current. 

Continuous rating is 1 0  amperes. One second 
rating is 250 amperes. 

The accuracy of the pickup setting is 5% over 
the full range and 1 0% from -20 to + 5 5 °C .  Since 
the setting is continously adjustable, closer setting 
accuracy can be obtained by using a current source 
and a precision ammeter. 

CAUTION: Since the tap block connector screw 
carries operating current, be sure that the screw 
is turned tight. 

In o rder to avoid opening the cur rent 
transformer circuits when changing taps under 
load, connect the spare tap screw in the desired tap 
position before removing the other tap screw from 
the original tap position. 

I.L. 41-776.5 

Control Timer 

The range of the control timer is 1 50 to 250 ms. 
The timer as received should be set for ap­
proximately 200 ms. 

The timer setting can be changed by means of a 
screwdriver through the hole on the front plate of 
the timer module. 

The accuracy is 5% over the temperature and 
voltage range. 

BF Timer 

The range of the RFI timer is 1 8  to 1 7  5 ms. It 
is set by means of a knob and calibrated scale at 
the front of the timer module. 

The accuracy of the pickup setting is 5%. Since 
the setting is continuously adj ustable, the tiner 
may be set closer by instrumentation. 

The accuracy is 5% over the temperature and 
voltage range. 

Power Supply 

Consists of a 1 0  watt zener diode (Zs), a 
resistor (Rs) and provides a regulated voltage of 
24Vdc ± 1 0% over the voltage and temperature 
range. A capacitor C3 is connected across the 
zener diode to decrease the rate of rise and fall of 
the output voltage to reduce transient effects. 

Both modules and the telephone relay (X) are 
energized by the power supply. 

Temperature and Voltage 

The relay is operative over a range of 80 to 
1 1 0% of rated voltage and from -20 to + 55 ° C .  

I t  can be energized continuously at 1 10% of 
rated input voltage. 

Capacitive Effect 

The capacitive surge immunity is as follows 
(considering the 52a contact input present): 
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Relay Rating BF Timer Setting Capacitance 

48 Vdc 1 8  ms or higher 1 8  MFD 

1 25 Vdc 1 8  ms or higher 6 MFD 

1 25 Vdc 35 ms or higher 1 3  MFD 

250 Vdc 1 8  ms or higher 2.5 MFD 

250 Vdc 35 ms or higher 13 MFD 

Any value of capacitance effectively in series 
with the input greater than that shown above 
might result in an undesired trip operation.  

Ordinarily capacitance should not be con­
nected from the lead connecting the 52a contact to 
the relay and ground. A value of 0.5 M FD could 
cause the 52a input to stay on for 1 . 5 ms (48V 
relay), 4 . 5  ms ( 1 25V relay) and 20 ms (250V relay) 
after the 52a contact opened . 

X RELAY 

Coil resistance is 1 500 ohms ± 5% and rated 
for 24Vdc operation .  The seal-in contact will 
pickup providing the BFI (62X , 62Y) initiate con­
tacts are closed for a minimum of 8 ms. A second 
contact is wired to the relay terminal to provide a 
retrip feature. 

AR RELAY 

The coil resistance is 630 ohms ±5% and will 
operate in series with the appropriate resistor 
from 80% to II 0% of rated voltage. 

The operate speed is 3 to 5 ms at rated voltage. 
The dropout time is 30 to 45 ms (diode around the 
coil) .  There a re 4 normal ly open contacts 
available. 

I N DICATING CONTACTOR SWITCH (I CS) 

The coil resistance is approximately 6 . 5  ohms 
on the 0.2 amp tap and 0 . 1 5  ohms on the 2.0 amp 
tap. 

TRIP C I RCUIT 

The main contacts will safely close 30 amperes 
at 250 Vdc and the seal-in contacts of the ICS will 
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safely carry this current long enough to trip a cir­
cuit breaker. 

SETTINGS 

OVERCURRENT DETECTOR 

The pickup of the overcurrent unit is obtained 
by means of a tap screw and tap block in conjunc­
tion with the tap multiplier knob setting located at 
the front of the overcurrent unit module. This per­
mits a continuous adj ustment over the range of 0 .5  
to 1 3 . 5 amperes. Each tap setting permits ad­
justing the pickup over a 3 to I range. 

There are 2 or 3 phase inputs depending on the 
relay style. Each one has its own tap block . N or­
mally all the phase settings should be in the same 
tap. The operate point for each phase should be 
within 5% of each other. There are trimpots for 
each input located on the overcurrent module 
which are factory adjusted but which may be read­
justed if the 5% accuracy must be improved at any 
one pickup point. 

The ground unit pickup is obtained similar to 
the phase above and is independent of the phase 
pickup. This permits the ground setting to be lower 
than the phase setting. 

The phase units must be set below the 
minimum expected fault current and the ground 
unit set below the minimum expected residual 
(310) current. Settings should be made to assure a 
mu ltiple of pickup of at least 2 under minimum 
fault conditions. 

CONTROL TI M E R  

The control timer can be set b y  use of a screw­
driver to adjust the trimpot which is accessible 
through the hole in the front plate of the timer 
module. Clockwise rotation will increase the on 
time. An oscilloscope or electronic timing device 
can be connected between the bottom red test jack 
on the timer module front plate and terminal 8 of 
the relay (common negative). 

The control timer should be set for at least 1 6  
milliseconds longer than the B F  timer. This allows 
for pickup time of the reed relay ( l  to 3 ms), AR 
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relay pickup (3 to 5 ms) and operate time of the 
ojc unit (3 to 8 ms). 

The range of adjustment is a minimum of 1 00 
ms ( 1 50 to 250 ms). 

The control timer must be set at least 1 6  ms 
longer than the breaker failure timer. The control 
timer acts essentially as a pulse stretcher on the 
BFI input and then resets. Since the overcurrent 
unit never picks up on successful clearing, it can­
not be used as a cutoff for the breaker failure 
timer. 

BF TIMER 

A calibrated scale located on the front of  the 
timer module permits setting the time delay from 
1 8  to 1 75 milliseconds. The scale is calibrated in 25 
ms increments. If more accurate settings are 
desired an oscilloscope or electronic timer may be 
connected between the upper red test jack on the 
timer module and terminal 8 of the relay (Com­
mon Negative). Jumpering test point TP6 and TP7 
on the timer module prevents the control timer 
from resetting the BF timer and will help in set­
ting the BF timer. Remember that if the control 
timer is set shorter than the B F  timer, the BF timer 
will not be able to operate the reed relay (RR). 

A locking tab is provided to hold the BF timer 
setting from being accidentally changed. 

The breaker failure timer should be set to ex­
ceed the breaker normal clearing time by an ap­
propriate margin. Where the breaker contains a 
resistor that is inserted on tripping and the over­
current fault detectors are set below the resistor 
current, the additional time for this interruption 
must be included. A secure margin for the SBF- 1 
is 2 cycles. (33 ms) 

INDICATI NG CONTACTOR 
SWITCH (I CS) 

Connect the lead located in front of the tap 
block to the desired setting by means of the con­
necting screw. 

When the relay energizes a 1 25 or 250 Vdc type 
WL relay switch or equivalent use the 0.2 amp tap. 
For 48 Vdc applications set the unit in the 2 amp 

I.L. 41-776.5 

t a p  a n d  u s e  a t y p e  WL r e l a y  w i t h  a 
S#304C209G0 1 coil or equivalent. 

I NSTALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
dirt, moistu,re, excessive vibration and heat . 
Mount the relay vertically by means of the rear 
mounting stud or studs for the type FT projection 
case or by means of the four mounting holes on the 
flange for the semi-flush type FT case. Either the 
stud or the mounting screws may be utilized for 
grounding the relay. External toothed washers are 
provided for use in the locations shown on the out­
line and drilling plan to facilitate making a good 
electrical connection between the relay case, its 
mounting screws or studs, and the relay panel. 
Ground wires are affixed to the mounting screws 
or studs as required for poorly grounded or in­
sulating panels. Other electrical connections may 
be made directly to the terminals by means of 
screws for steel panel mounting or to the terminal 
stud furnished with the relay for thick panel moun­
ting. The terminal stud may be easily removed or 
inserted by locking two nuts on the stud and then 
turning the proper nut with a wrench. 

For detail information on the FT case refer to 
I.L. 4 1 -076. 

ADJU STMENTS AND 
MAI NTENANCE 

The proper adjustment to insure correct 
operation of this relay have been made at the fac­
tory and should not be disturbed. 

Routine Test 

The following check is recommended to insure 
that the relay is in proper working order. Refer to 
Fig. 1 0  for test connections. 

Overcurrent Detector 

Check for correct scale marking by placing all 
the tap settings in the 0.5 Amp. position and rotate 
the Phase and Ground tap multiplier knob (on the 
overcurrent unit knob) to the X 1 calibration mark. 

Jumper test point TP 6 and TP7 on the timer 
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module and apply rated de voltage. Also apply 
phase current to phase A input. The voltage at test 
point TP3 on the overcurrent module should drop 
from approximately 23.5 volts to less than 2.5 V de 
when the ac current input is between .48 and .52 
amperes. The AR output relay will pickup at the 
same time. 

Use the same test with applying current to 
phase C (and also phase B if  used). Pickup should 
be within 5% of the phase A pickup. 

Rotate Tap Multiplier Knob to the X3 setting 
and repeat above. The operate current should be 
between 1 .44 and 1 .56  amperes on phase A input 
and within 5% of phase A pickup for phase C (and 
phase B if used). 

For setting Phase A current operate level, set 
the tap screw in the proper range location and set 
the phase tap multiplier at the point at which the 
voltage at TP3 changes from high to low at the 
desired input current .  The phase C and Phase B (if 
used) tap screws should be set for the same current 
range. 

The Ground overcurrent setting is checked and 
set exactly like the phase overcurrent circuit. 

A locking feature is provided to hold the tap 
multiplier knob at the desired setting. 

Control Timer 

Use a low bounce initiate contact in series with 
relay terminal 9 (positive). Connect an electronic 
timer to the relay so that the start input is con­
nected to relay terminal 9 (through a voltage 
divider, if necesary). The stop input should be con­
nected to the bottom test jack on the timer 
module. The common should be connected to ter­
minal 8. The test timer start input should be ad­
justed to commence timing on a positive going 
slope and to stop timing on a negative going slope. 

The control timer output should go from a high 
state to a low state in 1 90 to 2 1 0  milliseconds. 

If some other time interval is desired, the timer 
setting may be changed by means of a screw driver 
adjustment through the access hole on the timer 
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module to a multiturn potentiometer. Use the elec­
tronic test timer in the manner described to obtain 
the desired time interval. Remember that the Con­
trol Timer should always be set at least 1 6  
milliseconds longer than the B F  timer. The adjust­
ment range is 1 50 to 250 ms. 

BREAKER FAI LURE (BF) 
TIMER 

This may be checked in  the same way as  the 
Control Timer. 

First jumper test points TP6 and TP7 on the 
timer module. Connect the test timer stop lead to 
the upper test jack on the timer module. Output of 
the BF timer takes place when it goes from a high 
state to low state (similar to the Control Timer 
output). 

Set the timer knob at the desired setting and 
verify setting by operating the timer several times. 
The timer should operate within 5 %  of the setting. 
The setting may be made closer by means of the 
electronic test timer. 

When the desired setting has been obtained it 
may be locked in place by means of the locking 
tab. 

Overall operation may be checked by connec­
ting rated de voltage to relay terminal 1 8  (52A 
breaker auxiliary contact input). 

Remove jumper from test point TP6 and TP7 
on the timer module. 

Now when the test switch to terminal 9 is clos­
ed, the AR output relay should pickup momentari­
ly and reset even though the test switch is left clos­
ed. Remember that the BF timer setting should be 
1 6  ms or more longer than the Control Timer. 

Reduce voltage to relay terminal 1 8  to 60% of 
rated relay voltage. Close test switch and note that 
AR relay does not pickup. 

Return voltage to normal and reduce voltage to 
terminal 9 to 60% of rated relay voltage. Close test 
switch and note that AR relay does not pick up. 
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Indicating Contactor 
Switch ( I CS) 

There are two ICS units used. Each may be 
checked by placing the ICS tap screw in the 
desired tap (0 .2 or 2 Amps) . Adjust the de current 
to the tap value. 

Test for seal-in by closing switch to terminal 9 
and see that each I CS picks up and seals itself in 
the closed position. 

The contact gap should be approximately 
.04 7". Both stationary contacts should make with 
the moving contacts simultaneously. The in­
dicating target should drop just p,rior to or at the 
same time the contacts make. 

Routine Maintenance 

The relay should be inspected periodically. The 
operation of the overcurrent circuits, timers and 
indicating contactor switch should be checked 
similar to procedure described under SETTI NGS. 
In addition inspect the X and A R  relay contacts. A 
contact burnisher S#l 82A836H0 1 is recommend­
ed for cleaning contacts. The use of abrasive 
material for cleaning contacts should be avoided 
because of the danger of embedding small particles 
in the face of the contact material which might im­
pair the contact operation. 

Calibration 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs 
or the adjustments have been disturbed. This 
procedure should not be used unless it is apparent 
that the relay is not in proper working order. 

Overcurrent Detector 

Refer to Fig. 7 and 8 or 9 when replacing com­
ponents. 

If  a new module is inserted, it will require 
calibration of the dial plate. Other replacement 
parts such as a transformer or certain components 
on the module such as the reference zener, 
operational amplifier, rheostat, etc . might require 
new scale markings. In that case a new dial plate 
will be necessary. 

I.L. 41-776.5 

To mark the dial, first jumper test point TP6 
and TP7 on the timer board. Energize the relay 
with rated de voltage and apply 0.48 Amps ac 
current to phase A. With the tap in the 0 .5  position 
and the phase multiplier dial knob fully counter­
clockwise, rotate the phase A trim pot slowly CCW 
(to lower pickup) . Operation of the overcurrent 
unit is indicated when the A R  output relay picks 
up. Verify this adjustment by increasing the ac 
current until the relay again picks up. This should 
be between 0.47 and 0.49 amps. N ow turn the front 
panel dial knob fully CW. Check to see that 
pickup is 1 . 5 5  to 1 . 80 amps. If  it is slightly below 
1 . 55 amps, rotate the phase A trimpot CW slightly 
clockwise to raise the pickup to 1 . 5 5  amps. Go 
back and check to see that the pickup with the dial 
knob fully CCW is no h igher than .495 amps. Ad­
just knob on shaft so that the high and low operate 
point are equidistant from the knob lock . Apply 
0 .5 ,  0 .7 ,  0 .9 ,  1 . 1 ,  1 . 3 ,  and 1 .5 amps and scribe the 
scale at the knob pointer setting at which the out­
put relay just operates . 

After scribing the scale, set the dial at 0 .5  amp 
(X I) pickup and note what value current the out­
put relay operates. Apply current source to phase 
C and note at what current value the output relay 
operates. If the difference is greater than .025 amp 
from phase A,  adj ust the phase C trimpot to bring 
the operate point within .025 amps of phase A .  
Repeat for phase B i f  used. 

The same procedure should be followed for the 
ground overcurrent circuit as was used for phase A 
input. 

Remove jumper from TP6 and TP7 on the 
timer module. 

Control Timer 

Refer to Fig. 4 and 5 or 6 when replacing com­
ponents. 

If components in the control timer circuit have 
been replaced or if it is desired to change the con­
trol timer setting the same procedure should be 
used as described under acceptance testing. 

Breaker Failure (BF) Timer 

If the scale appears to be off calibration due to 
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slippage of the knob pointer on the shaft, this can 
be corrected by rotating the shaft fully CCW. N ow 
adjust the knob at the pin prick mark.  This should 
return the knob to its original position on the shaft 
and bring the scale markings back into calibration . 

If components in the breaker failure timer cir­
cuit have been replaced it may be necessary to 
change the scale plate and recalibrate. First 
jumper test points TP6 and TP7.  Using a low 
bounce initiate switch adjust timer knob until a 25  
ms time delay has  been obtained. Use test 
procedure described under acceptance testing for 
measuring time delay . Note the knob position for 
25 ms delay. Also note the knob position for 1 75 
ms delay . Loosen the set screw and position the 
knob on the shaft so that the 25  and 1 75 ms 
locations are equidistant about the knob locking 
tab. Scribe lines at the 25 ms setting and for each 
25 ms increment up to 1 75 ms.  

Indicating Contactor Switch ( I CS) 

Adjust the contact gap for approximately 
.04 7" by adjusting the stationary contacts. Both 
contacts should make simultaneously. 

Check to see that the contacts close at rated 
tap value current. The indicating target should 
drop at or just prior to the contacts closing . The 
targer should drop freely . 

If the target does not drop or does not reset it 
may be necessary to remove the cover an9 bend the 
tab on the spring that supports the target. 

TROUBLE SHOOTI NG 

The components in the SBF- 1 relay are 
operated well within their rating and normally will 
give long and trouble free service. However, if a 
relay gives indication of trouble in service or dur­
ing routine checks the following information will 
prove helpful. All measurements are approximate 
and may vary as much as 20%.  All voltages are 
positive with reference to common negative (relay 
terminal 8) except ac voltages. 

Timer Module 

I. Jumper test points TP6 and TP7. 
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a .  Apply rated relay voltage. Voltage at lower 
test jack = 23 . 5V  

b .  Remove jumper . Apply rated voltage . 
Voltage at lower test jack = less than 2 . 5  
Vdc. 

2. Jumper test points TP6 and TP7 

a.  Apply rated relay voltage . Voltage at upper 
test jack = less than 2 . 5  Vdc. 

b. Remove jumper .  Apply rated voltage. 
Voltage at upper test jack = less than 2 . 5  
Vdc. 

3. Jumper test points TP6 and TP7 . 

a .  Apply rated voltage. Voltage at terminal 6 
of I C 1 = 1 8 .3V.  

b .  Remove j umper . Apply rated voltage. 
Voltage at terminal 6 of I C 1 should be ap­
proximately 0 . 1 Vdc less than voltage 
measured in section a. 

4 .  Jumper test points TP6 and TP7.  

a .  Apply rated relay voltage. Voltage at ter­
minal 7 of IC l = 20.8V with timer knob fully 
CW. 

b.  Voltage at  terminal 7 of I Cl = 23 . 8V  with 
timer knob fully CCW. 

5 .  Jumper test points TP6 and TP7. 

a .  Apply rated relay voltage. Voltage at ter­
minal 2 of I C 1 = 1 6 .5V .  

b .  Remove jumper and apply voltage . Voltage 
at terminal 2 of IC 1 should be approxi­
mately 0 . 1 V less than voltage measured in 
section a. 

6. Apply twice tap value ac current. 

a. Apply rated relay vo ltage . Vo ltage at 
TP3 = 1 2 .7V.  Voltage at TP4 = less than 
0 .5V.  

b .  Interrupt ac current. Voltage at  TP3 = less 
than 0 .5V.  Voltage at TP4= 1 2 .7V.  

7 .  Apply rated voltage to relay terminal 18 (52a 
input). 

a. Apply rated relay voltage to terminal 9 .  
Voltage at TP4= less than 0 .5V.  

b .  Reduce voltage to terminal 18  to 60% of 
rated relay voltage. Voltage to TP4 = 1 2 .7V.  
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8 .  Jumper test point TP6 and TP7. Apply twice 
tap value ac current. 

a .  Apply rated relay  voltage.  Vo ltage at 
TP5 = 6.2V.  

b .  Remove jumper . Apply rated voltage. 
Voltage at TP5 = less than 0 .5V.  

9 .  Jumper test point TP6 and TP7 . 

a. Apply rated relay voltage. Voltage at printed 
circuit board terminal l 0 or 1 · 1  = less than 
0 .5V (X and A R  relay picked up). 

b. Remove jumper . Apply rated voltage . 
Voltage at pc terminal l 0 = 24V (X relay not 
picked up).  Voltage at pc terminal l l  =rated 
relay voltage (AR relay not picked up). 

Overcurrent Module 

l .  Jumper test points TP6 (timer module). Set tap 
in 0 .5  hole and turn tap multiplier knob to X l 
position. 

a. Apply 0.5 amp ac current to the particular 
input in question. Then apply rated relay 
voltage. Measure 6 .6 Vac at the transformer 
secondary terminals. The same voltage 
should be read with the tap in the 1 .5 amp 
tap and 1 .5 amps ac applied. Likewise with 
the 4.5 amp tap. 

2. Jumper test points TP6 and TP7. Set tap in 0 . 5  
hole and turn tap multiplier t o  X l position. 

a. With 0.4 amp ac current flowing apply rated 
relay voltage. Measure voltage at terminal 5 
of I C l to be 6 .4  V .  Now increase the current 
until the output relay operates. The voltage 
should now read approx. 5 .4V. At this point 
the voltage at terminal 4 should measure 
6.4V. The voltage at printed circuit board 

I.L. 41-776.5 

terminal 3 should measure 23 . 5Vdc before 
the output relay operates and less than 2 . 5V 
after i t  operates . 

3 .  Jumper test points TP6 and TP7. Set tap in 0 . 5  
hole and turn tap multiplier knob fully CW.  

a .  Apply 0 . 5  amp ac  and apply rated relay 
voltage . M easure 4 .2  volts at the brush ter­
minal of the tap multiplier rheostat. 

4. J u m per test points TP6 and TP7 (timer 
module) . 

a. Apply rated relay voltage. M easure 6 .2V at 
TP l and less than 0 .5V at TP2.  

b .  Remove jumper. Apply rated relay voltage. 
M easure less the 0 .5V at TP l and 24V at 
TP2.  

5 .  Check of Reed relay (RR) contact . 

a .  Resistance should be greater than 500 ohms 
when measured from jumper J l to common 
negative. 

b. Jumper test points TP6 and TP7 and apply 
rated relay voltage. Resistance should drop 
to less than 5 ohms. 

6. Check coil resistance of reed relay ( RR) ( 1 000 
ohms), A R  relay (630 ohms) and X telephone 
relay ( 1 500 ohms). Attention should be paid to 
polarity since each of the coils have a diode con­
nected across it. 

RENEWAL PARTS 

Repair work can be done most satisfactorily 
at the factory. H owever, interchangeable parts 
can be furnished to the customers who are equip­
ped for doing the repair work . When ordering 
parts, always give the complete nameplate data, 
and style numbers from the electrical parts list. 
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TAP 

TABLE I 
E NERGY REQUIREM ENTS 

60 HZ 

0.5 
TAP M U LT. 1 (0.5A PIC KUP) 3 (1 .5A PICKUP) 
REED ( R R) 
CO NTACT OPEN* CLOSED 

Current O .SA S .OA O.SA S .OA 
VA . 1 5 2 . 1 .04 2 .2 
OH MS .6 .08 . 1 6  .09 
P .F .  Angle** 75 25 1 5  27 

TAP 
TAP M U LT. 1 (1 .5A PICKUP) 
REED (R R) 
CONTACT OPEN* CLOSED 

Current ! .SA S.OA 1 . 5A S.OA 
VA . 1 65 .75  .06 .60 
OH MS .073 .03 .027 .024 
P .F .  Angle** 45 36 1 5  1 5  

TAP 
TAP M U LT. 1 (4.5A PICKUP) 
REED (RR) 
CONTACT OPEN* 

Current 4. 5A S .OA 
VA .23 .28 
O H M S  .0 1 1  . 0 1 1 
P . F . Angle** 36 1 8  

* 
* *  

Saturated Burden 
Current Lagging Voltage 

C LOSED 

4.5A S.OA 
. 1 6 .20 
.008 .008 

5 4 

OPEN* C LOSED 

! .SA ! .SA O .SA S .OA 
.53 2 . 1 .33  2 .2  
.23 .08 . 1 5  .09 

63 25 20 27 

1 .5 
3 (4.5A PICKUP)  

OPEN* C LOSED 

4.5A S .OA 4 .5A S.OA 
.63 .75  . 50 .60 
.03 1 .03 .024 .024 

36 36 1 5  1 5  

4.5 
3 (1 3.5A PICKUP) 

OPEN* C LOSED 

1 3 . 5A S .OA 1 3 .5A S.OA 
1 .6 .28 1 . 5 .20 

.008 .0 1 1 .008 .008 
9 1 8  3 4 

TABLE 2 
BATTERY DRAIN 

CONDITION 48Vdc 1 25Vdc 250Vdc 

Standby 0 0 0 
During Timing 1 20mA 95mA 90mA 
Trip (A R Relay Picked up) 1 55 1 30 1 25 
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TABLE 3 
C URRENT RATING 

C U RRENT RANGE ( Phase and Ground) 
TAP RANGES CONTI N U O U S  

0 . 5  to  1 . 5 Amps 1 0  Amps 
1 .5 to 4 .5  10  

4 .5  to 1 3 . 5  1 5  

TABLE 4 

I.L. 41-776.5 

0.5 to 1 3.5 Amperes 
1 SECOND 

250 Amps 
250 
300 

AR CO NTACT RATINGS 

I NTERRUPTING RATIN G  

CO NTACT C I RC U IT TRIP CARRY RATI N G  RESISTIVE I N DUCTIVE 
RATING RATI N G  CONTI N U O U S  L/R = .005 

48Vdc 30 Amps 3 Amps 3 .75 Amps 1 .75 Amps 
1 25 30 3 . 5  . 35  
250 30 3 .25 . 1 5  
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TRANSFORMER TB 

TRANSFORMER TA 

Fig. 1. Photograph of SBF-1 Relay, (without case) with four overcurrent input. Front view 

12 

SEAL-IN RELAY (X) 

ICS INDICATING 
CONTACTOR SWITCH 
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(right oblique). 

I.L. 41-776.5 

POTENTIOMETER PA 

POTENTIOMETER PC 

POTENTIOMETER PG 

-- POTENTIOMETER PB 

TRANSFORMER TG 

RESISTOR RS 
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14 

UPPER 
LEFT 

LOWER 
RIGHT 

SIMPLIFIED INTERNAL SCHEM ATIC 

WHEN 
USED 

,..---A-;--

RED LEAD 
(SEE NOTE) 

\..... -------1---lt-- AR RELAY 

REED RELAY 

TELEPHONE 
RELAY 

UPPER --1-----rl RIGHT 

RED H ANDLE 

TEST SWITCH 

TERMINAL 

NOTES: 
CURRENT TEST JACK TO OBTAIN AR CONTACT OUTPUT, MOVE RED 

LE A D  FROM TERMINAL II TO TERMINAL 12. 

(L),(R),(LC) S(RC) DENOTE LEFT HAND,RIGHT HAND, 
LEFT CENTER S RIGHT CENTER POSITIONS. 

REF. DWG. 
25W RESISTORS 

1326DI9- DETAILED SCHEMATIC 
1326D31- ( 4 OVERCURRENT UNITS) WIRING 
1326D83-( 3 OVERCURRENT UNITS l W IRING 

V OLTS DC 
48 

125 
250 

Fig. 2. Simplified Internal Schematic SBF-1 Relay. 

R A  RS 
900Il. 200Il. 

315011 IOOO.!l 
7100.!1 2500Il. 

Dwg. 7758813 
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I.L. 41-776.5 

POS. 14� 
24VDC 

C3 
POS. 12 <E-------41f---------' 

24VDC 

RATED VDC 13 

FROM TERM. 3 OF 4 
OVERCURRENT 
DETECTOR MODULE 

RATED VDC 3 
(52 a) 

TIMER AND O UTPUT MODULE 

[]4 -----
PI IS PANEL MOUNTED 

17 

7 L TO X RELAY 

10J 

WHEN USED 

REPLACED BY 
FOR GROUPS I' 

Fig. 4. Internal SCR 
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J2 
:12 

1454C81 GOI (48 voc) 

CAPt;CJ TO I� DESCfUPTI0\1 

CJ .::!70UF 200V 

C2 J, 300UF 3" 

Cl 6.SQOUF 35V 

DIODE DESCRIPTIUN 

Dl-2 IN645 

03-4-A !N459A 

ox IN 50 53 

!NT CKT OESCRI PTI ON 

ICI 747()."1 

JU�PER DESGRI PTI 0L'l 
Jl-2 0 (lr{,"J RESISTO R 

POT DESCRIPTI�N 

P2 20-0.< • ':>0'� 

PI 25.0K .sow 
TRANS I SHlR UESCRI PTIQ,'J 

01 2N29 05A 

Q2-3-4-5-7 2.'lt711 

06 2t\J4063 

RESISTOR DESCRIPTliJN 

R4-6-9-12-15 2000-0 • 501-. 2' 

-25 

R2-l4 6800.0 • 50'.� 27. 

RI-16 to. o« • SOV< 2% 

R7-8-IO-It-22 \5 . 0-< • ')0\� 2� 

R3-1 7 20.QK • 50\.J 27. 

RS-13-24 27.Qr{ • so.,; 27. 

R20 \62o0r{ • SOW " 

R26-28 2Q , QK • 50'.,' 17. 

R27 40.21'( • sow " 
R21 3320· 0 • sow " 

Rl9 IO·OK2.00\.' 57. 

R29 60· 4K • 50-J 17. 

R23 499-0r{ • SOW u 
RIS-30 2· 2M • 50,,' 5% 

ZENER DESCRIPTIO<'l 

ZA IR200 200oOV 

Zl-2 J ,\J9 71B 27•0V 

ematic of Timer Module. 

18 

STYLE NJ. 
180A66':1H05 

862A530rl01 

l!::iilf\661 rl21 

STYLE N O . 
lrl4AiSSH I 3 

J84A355rl03 

I ts8A342K 12 

STYLE NO. 

1443C52rl0 I 

STYLE NO. 

662A473rl0 I 

STYLE ,'JJ. 
06'2;',4Q(,�{Q2 

880A687H02 

STYLE ,\IJ. 
762A672HIO 

762A585HOR 

H7 8A432 HOI 

STYLE N0. 

62'1A':l31H39 

6 ?.9A S3\ HS2 

62':1A53!HS6 

629A53!H60 

629A53J rl63 

629A531 rl66 

848AS2I H62 

8481\820.;74 

648A32\H04 

848A019H93 

J85A207H':>\ 

848AS21H21 

848A822 HIO 

187A290H26 

ST'fLE N::J. 
629 A3 69HO I 

8 62A606H I I 

1454C81 G02 (125 VOC) 1454C81G03 (250 VOC) 

CAPAC I TOR 
C3 

C2 

Cl 

DIODE 

Dl-2 

03-4-A 

!NT CKT 

ICI 

JUMPER 

J t-2 

P0T 

P2 
PI 

TRANS! STOR 

01 

Q2-3-4-5-7 

06 
RESISTOR 

R4-6-9-12-15 

-25 

f\2-14 

Rl-16 

R?-8-I0-11-22 

RS-1 3-24 

R3-17 

R20 

R26-26 

R27 

R2! 

Rl9 

R29 

R23 

RIB-30 

ZEL\JER 

ZA 

ll-2 

Dt:SCRI PTI ON STYLE ,\IQ. CAPAC! HIR 

• 270UF 200V !88A669H05 C3 

3• JOOUF 35V S62AS30HO I C2 
.o.soour 35V 1!54A66 J H21 Cl 

UESC1U PTI ON �TYLE ,,1'3, DIODE 

IN645 J 84A85 5H J 3 DJ-2 
IN459A !841\!:lSSHOS 03-4-A 
J NS053 ltHSA342H 12 ox 

DESCRI PTI 0N STYLE NO. ! NT CKT 

74701"1 1443C52HO I ICI 

DESCRI PTI 'JN STYLE N0. JUM P� R 
0 OHM RESISTOR 862A413HO I Jl 

DESCRIPTI>J,'J STYLE ,'\/(). POT 

20-0K • 501·1 862A406 H02 P2 

25,0K .sow SSOA687H02 PI 
DESCRIPTHlN STYLE .'\/\). TRANS! STOR 

2N2905A 762A672H!O 01 

2.'lt 7 1 1 762A585H08 Q2-3-4-5-7 

2N4063 878A432HO 1 06 

DESCRIPTI0N STYLE N0. RES! ST0R 

2000-0 • 50\� 2> 629 A53 1H39 R6-12-1 5-25 

R-4-9 

6t>OQ.o • SQ'.i 27. 629A53\H52 R2-14 
\O.O K • 50'.1 2Z 62':1A53!H56 Rl-16 

\S.O K .sow 22 6 '29A5 3\rl60 R?-8-10-ll-22 
27. Qr( • ')Q\o; <:::Z 6 29 AS JIH66 K::.-13-24 

47. 0.< • 50\o.' 27. 629A531H72 R3-I7 
162. o..: • 50�.,! 1 ;� f)48A82\H6 2 R20 

20o OK • 501-i " S40A820rl74 R26-28 
40o2X • 50'.; I Z 840A·�.?Irl04 R27 

3320.0 • 501-. " S4dA819H98 R21 
to.or<z.oov. 54 !d5A207rl':>l R29 

60· 4.-< • 50\0o' I Z 848A321 >-121 R23 
499. OK .SN,' " 848A'522HIO R19 

2· 21� • 50\·.1 57. J8 7A290 :-1?6 R\8-30 R31 
OESCRIPTIO'i STYLE .\10. zE,\IER 

I 1-<200 200· O.J 6 2':1 A36<JHO I ZA-8 
UZtP:S70 7Qo0'/ 837A69 JH 14 z 1-2 

REF. OWG. 

COMPONENT LOCATION (48/125VDC)--3517A76 
CO MPONENT LOCATION (250 VDC)---- 3517A77 

OESCH I PTI 0:'-l STYLE N0, 

.270UF 20PV J88A669H0 5 

J,JQOUF 35V 862P.530HO I 

6o800UF 35V 184A66JH21 

OE.:.CRI PTJ ON STYLE NO. 

1:-.1645 !84A855H l 3 

IN459A 184A855H08 

li'JSOSJ 188A3421-il2 

DESCRIPTION STYLE N� • 

747DL1 1443G52H01 

OESl.:KI PTI 0N STYLE NO. 

0 OHM RES! STOR 862A478HOI 

DESCRI
. 
PT I 0N STYLE NO. 

20-0-< • 50\·i 362;'..406H02 

25.0K .sow SSOA687H02 
DESCRIPTIC\1 STYLE :�0. 

2N2905A 762A6 72HIO 

2N l711 762A535H08 

2N4063 87t!A432HOI 

DESCRIPTIO.'J STYLE ,\18. 
2000·0 .sm1 27. 629A531 H39 

5600· 0 • 50\.J 2Z 62'1A53lH50 

6800.0 • 50'" 2Z 629AS31HS2 

10-0r{ • SOW 27. 629ASJIH56 

JS.or< .SOl-> 2% 629AS3lrl60 

27·0K • sor..: 27. 629A531H 66 

lOOoOK • 50�! 2Z 629A531H80 

162.QK • so·,, t::: 848H32lrl62 

zo.OK • so•: " 840Ai320H74 

40·2'< • sow 17. 848A82!H04 

3320· 0 • 501-.' u 8 48A8J9H98 

60· 4K • SOW 17. 8 48A821H2 1 

499oOr< • SQ', u 848AS22HIO 

J6.0K2o00i·.' sz !85A207H6 4 

2.21-1 • SOW sz 187A290H26 

I. OM sow f% 848A822H39 
DESCRIPT10N STYLE ,'JJ. 

1 N30508 180·0V l87A936HI7 

I N30498 160-0V 187A936H13 

�325D6� 
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Pl-2 
a 

Pl-3 

I 14 

�=---

Fig. 5. Component Location tor Timer Module 48 or 125Vdc rated relay 

I.L. 41-776.5 

3517A76 
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WHEN USED 

3517A77 

Fig. 6. Com u e 250Vdc rated relay. ponent Location for Timer Mod I 
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1\) 
...I. 

� 
:-J 

:s 
<D 
3 
� 
(I) () =>­CD 
3 Q) 
g. 
g_ 
0 "" CD .., () c: .., 
(i; 
:l. 
0 CD 
<D () 
0 .., 
s: 
0 
Q. c: 
!b 

POS. 
24 vee 

0 A {: 
0 c {: 
08 {10 

I WHEN USED) 9 

GROUND 

FROM TERM. 9 OF 
TIMER 8 OUTPUT 
MODULE 

..... 
""' 
01 
01 (") 
0 
<o 

G4 
I 6 

II 
I' 2 
Ll 
c.._ 

{ 12 

II 

NEG. 

OVERCURRENT DETECTOR 

3 TO TERM.4 OF 
TIMER 8 OUTPUT 
MODULE 

1454C79G01 I41NPUTI J454C79G02 (31NPUTI 
Ci[cJ,t 

" 

•l!OtJfo: 
CJ,:J-24 

lJI<'!-3-<;-5-6 

-7-d-;J-JU-11 

-1;2-JJ-Jil-\S 

-] &-1 7-1:5- \9 

-,,·J-21-22 

L'.lT c,.;r 
ICI 

JPPER 

Ji 

\I·W �:,J sr . .:r1 
.,J-?. 

llr.Sl ST'JR 

KIY 

,\ l..;-2 "1 
,�20 

Kl7 

·"I'> 
,\J-2-3-4 

J'(\6 

r;IJ-\ Ll 
'u-10-\J-12 

iE\IO::tl 

u 
n 

POT 

PA· PB-PC-PG 
PU-PL 

REED RELAY 

MR 

VARIST0R 

R5-R6-R7-R8 

L!r_:_,:.;"I''TI.,,.,J ::.uu: CAPAC! TJI( 

, 27u1JF ?ul:v loc;\b6'fH0":> Ci 

Dr::oCRI t'TI �.'J S TYLt::: '<.!. DI0DE 

J'JI<y1(\ l·iLJi\rl:>'>rlaf> Ll23-24 

l � '>U ':d 1 :; --\ {\ J "' ? 'i l '� Lli-2-3-L:-5-6 

-1-8-13-14-15 

-16-17-18-20 

- 2 1 -22 

•JESC"IP flU'< STYLE 'JO. lNT CKT 

741C 6677061H08 ICI 

:JEsr:,dPJ r::::N STYLE ·\l'J, JU:1PER 

<) :::: >-t:� ll t::: S 1 S T:::: It 'H<�AL17"rl0 I Ji 

OEOoC,I[I'TI'J:'>J STil"C: THA,\JSl STO� 

,-,, � l 7 I l 01-2 

RES! ST:3K 

100·0 Rl9 
20l)Q.,) R21-23 

GdOU R22 

10 Rli3-24 
27 R20 

J :J .(],( • ":>0 �. 2 � Rl7 

I J. C � 1 • OLil ':> � lc7:;,JIJJ-L>1 RIS 

1 • ()"( 3. 00 ·� Rl-2·4 

1·'>\l.OO\ Rl6 

J, 9 -<2· 00� s:: RI3-J <1 
1 cJ:::. o.{z.uot. s;: I d SH.�U7H 7 '> ki-\0-12 

lJ[SCKIPfiJ' >TYLI: ');, ZE:-..!EK 

1"/751A f,,2'J :�,r,;::;;r,n,;r�o 1 Z2 

1""17j21:\ .JJ,Jv 0 ·<'I;,·� I �d,)c:' Zl 

DESCRIPTltlN STYLE NG!I. POT 

500.0 2,00W 10'7o 848A778H04 PA-PC-PG 
IO.OK 12.5W !O"lo 836A635HI4 PU-PL 

DESCRIPTI0N STYLE N0. REED RELAY 

1000 OHM COIL 204C556H05 MR 

DESCRIPT10N STYLE N0. VARIST0R 

ZNR K431 3509A31H03 R5-R6-RB 

REF. DWG. 
4 INPUT COMPONENT LOCATION-3517A79 
3 INPUT COMPONENT LOCATION - 3517A78 

DO:::SCrUI'Tl�,-._ Sf'I'LE 

.2-IOUF 200V lii6A669HO� 

184>'\dSSHOI:l 

IN5053 168A342rll2 

lJESCF:IPTID'l STYLE .-._c. 

741C 6677D61H08 

DESC'<I PTI ON STYLE 'IJ. 
0 DH-'1 RESI ST:J� R 62A47':l HO I 

UESCrHPTI:J.\l STYLE .'l(), 
2N 1711 7 62A j':JS'-10'� 

OESCKI f-'TIO.\l STYLE ,\JJ , 
100·0 • :,ow 27. 62iAjJJ HO� 

2CIQQ.Q • sow z;: 62'1A531H39 

6300-0 • sow 2';; 629AS3Jrlj2 

to.ok • sow 2;;. S29AjJJHC>6 

21.oK .sow z;; 621Aj]Jrl66 

JCJ.QK • SOW 2!: 629i\SJ1H67 

10·01\ l·OOW :,:;: lo7A64J.-:51 

l·OKJ-OOW �:.: ?i)JA 127H02 

1. SKI- OOW S.� 187A6<13rl31 

J, 9K2. O'JW :,:;: 135A?07.-l41 

100-0K2.QOW s;: Jd5f\207H75 

llESC'l.l PTI0\l SfYLE ·'JC. 

IN75:JA 6.2'J t;A2:<AOAHOI 

J,'<47 s�,-,. 33.011 6LloiA515rl02 

DESCRIPTI0N STYLE t 
500.0 2.00W IO"lo 848A778H04 

10.0Kt2.5W 10"70 836A635HI4 

DESCRIPTI0N STYLE N0. 

1000 OHM COIL 204C556H05 

DESCRIPTI0N STYLE N0. 

ZNR K431 3509A31H03 

:-
r 
,.. ... 
.:... 
..... CJ) 
in 
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3517A78 

Fig. 8. Component Location for 3 Current Input Overcurrent Detector Module. 
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I.L. 41-776.5 

3517A79 

Fig. 9. Component Location for 4 Current Input Overcurrent Detector Module. 
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24 

TO 
TEST 
TIMER 
( STOP) CONTRO 

TIMER 
0 

Is 
,--

..::..:o· ..::..: 5 _..:.:..1 .5=---4-=.5� ( 0 0 0 
TAP 
0.5 
1.5 

!A ,---
4
_
5 
______ __, ( 0 0 0 

0.5 1.5 4.5 

0 .5 1.5 4.5 lGND 1,...:. o=--""'=o----'-=o::------) 
RANGE 

0.5 TO 1.5 AMPS 
1.5 TO 4.5 AMPS 
4.5 TO 13.5 AMPS 

.__I o=--.....:::o'-----'o=----) 
0.5 1.5 4.5 

rc 

AMPERE PICKUP= TAP SETTING X TAP MULTIPLIER 

r:l � 
I TO RH CONTACT 
OF AR RELAY 

I .t.. (-> 

L _Q.J_ 2 �-
4-� s � a 

lGND 
' 

J:l L:J 
TO RH CONTACT I 
OF AR RELAY I l+) l 

9 Qg) _j LO BOUNCE. - -- SWITCH 
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Fig. 13. Outline and Drilling Plan for SBF-1 relay in the Type FT-32 Case. Dwg. 
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Westinghouse 1 .  L. 41-776.5A 

I N S T A L L A TI O N  • O P E R A T I O N  • M A I N T E N A N C E 

TYP E  SBF-1 CIRC U I T  BREAKER 
FAILURE RELAY 

CAUTION: I t  is recommended that the user of 
this equipment become acquainted with the infor­
mation in these instructions before energizing the 
relay . Failure to do so may result in damage to the 
equipment. Before putting the relay into service, 
operate the relay to check the electrical connec­
tions . 

Printed circuit modules should not be removed or 
inserted while the relay is energized. Failure to 
observe this precaution may result in an undesired 
tripping output or cause component damage. 

APPLICATION 

The SBF- 1 is a solid state breaker failure 
detection relay with contact output. I t  is used in 
conjunction with the primary and backup relays. 
Other logic inputs (such as the 52a contact) may 
be used where the fault current is insufficient to 
operate the current detector. 

The relay is  applicable with any of the 
bus/breaker schemes in general use. 

P rovision is included in the relay for "retrip­
ping" the breaker without time delay . This may 
avoid clearing a bus during incorrect maintenance 
procedure or due to the failure of a trip contact to 
close. 

CONSTRUCTION 

The SBF- 1 Relay consists of a phase and 
ground current detector, a breaker failure timer, a 
control timer, a seal-in (X) relay and an output 
relay (AR) along with 2 indicating contactor 
switches (ICS) .  

Overcurrent Detector 

The detecto r  c o n si st s  of 3 o r  4 i nput  
transformers and a plug in  m odule. The primary of 
the transformer is tapped and brought out to  a tap 
block located on the front of the relay. Each 
transformer has three taps which cover the range 
of pickup. 

The secondary of the transformers are con­
nected to the input of the plug-in detector m odule 
where the phase and ground signals are connected 
to separate pickup level adjustments located on the 
front of the module. A comparator circuit consists 
of a plug-in operational amplifer whose output is 
connected to logic circuitry which controls the A R  
output relay . 

Also located on the module is a reed relay 
(RR) which is controlled by the breaker failure 
(BF) timer on the timer m odule. The normally 
open contacts of the reed relay are connected in  the 
current detector circuit and controls the operation 
of the circuit. 

BF and Control Timer 

These timers are located on the timer plug-in 
module. 

The BF timer can be continuously varied over 
the range by means of an adjusting knob located at 
the front of the m odule. A calibrated scale permits 
setting the desired time delay. A test jack is  also 
located at the front if it i s  desired to check the set­
ting with an electronic test timer. 

At the bottom of the front plate is an access 
hole which permits adjusting the control timer 

A II possible contingencies which may arise during installation, operation,  or maintenance, and all 

details and variations of this equipmen t do not purport to be covered by these instructions. If further 

inj(mnation is desired by purchaser regarding his particular installation, operation or maintenance of 

his equipmen t .  the local Westinghouse Electric Corporation representative should be contacted. 

SUPERSEDES I. L. 41-776.5, DATED NOVEMBER 1978 
O D ENOTES CHANGED SINCE PREVI OUS ISSUE. 
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trim pot. A test jack is also supplied to change the 
control timer delay in conjunction with a tester if  
other than the factory setting is  desired. 

0 A level detector circuit consisting of zener 
diode Z I and resistor R3  is connected to terminal 
1 3  of the module for controlling the de voltage 
supply to the timer circuit. 

0 A second level detector conststmg of zener 
diode Z2 and resistor R 1 7  is connected to terminal 
3 of the module for controlling the turn on voltage 
level from the 52a input. 

Power Supply 

Consists of a zener diode (Zs) mounted on an L 
shaped heat sink. The zener is connected to a 2 
inch tubular resistor (RS). A small capacitor (C3) 
located on the timer module· is connected across 
the zener diode. 

Telephone Relay (X) 
This is a clapper type auxiliary relay with two 

normally open contacts. 

Output Relay (AR) 

This is a 4 pole normally open high speed aux­
iliary output relay used for tripping duty. 

The relay coil is connected in series with a 2 
inch tubular resistor (RA). 

Indicating Contactor Switch 
Unit (ICS) 

The de indicating contactor switch is a small 
clapper type device. A magnetic armature, to 
which leaf-spring mounted contacts are attached, 
is attracted to the magnetic core upon energization 
of the switch. When the switch closes, the moving 
contacts bridge two stationary contacts, com­
pleting the trip circuit. Also, during this operation, 
two fingers on the armature deflect a spring 
located on the front of the switch, which allows the 
operation indicator target to drop. 

The front spring, in addition to holding the 
target, provides restraint for the armature and thus 
controls the pickup value of the switch . 

2 

OPERATION 

The operation of the SBF- 1 i s  somewhat 
different than the conventional breaker failure 
relay. It may be summarized by saying that the 
breaker failure relay timer is started by only the 
BFI (62X) input rather than the BFI  and the over­
current fault detector. The breaker failure timer 
controls the fault detector so that after it times 
out, the overcurrent signal (if present) is connected 
to the level detector. This arrangement keeps the 
overcurrent input transformer load at a low level. 
This permits f�st reset of the secondary voltage of 
3 ms or less, even at very high multiples of pickup 
current. By use of an additional timer (called the 
control timer) the breaker failure timer as well as 
the X seal-in relay is reset after it times out. The 
circuit operation can be explained by referring to 
the internal schematic drawing 775B8 1 3  (Fig. 2) 
and detailed internal schematic 1 3260 1 9  (Fig. 3) .  

During stand-by condition the de input to the 
relay (terminal 9 positive) is zero since the de con­
trol voltage is connected through the breaker 
failure initiate contact (see the external schematic) 
which is normally open. 

Upon the closing of the BFI  contact and 
providing the de voltage is 80% or greater (of rated 
value) a level detector zener diode Z l  (connected 
to terminal 9) will permit transistor Q2 and Q I to 
turn on. The power supply consisting of a 1 0  watt 
zener Zs and 25 watt resistor Rs is also energized 
which supplies a regulated 24Vdc to the modules 
and the X relay. When transistor Q2 and Q l  turn 
on it connects the regulated power supply to the 
control timer which consists of 1/2 of IC I ,  trim pot 
P2 and timing capacitor C l .  Resistor R26 and 
R27 form a voltage divider which requires ap­
proximately one time constant [( P2+ R22) x C l )] 
before the output terminal 1 2  goes from 24Vdc to 
less than 2 .5Vdc. At the same time the control 
timer receives power through Q I ,  the 24 V de out­
put of the control timer (term. 1 2  ofiC I )  is used to 
turn on transistor Q7 which operates the X relay. 
One X contact is brought out to relay terminal 1 5  
to permit seal-in of the initiate contact. This is 
desirable where the BFI  contact is only picked up 
for a short time. The initiate contact must be clos­
ed for 8 ms in order for seal-in to take place. While 
the control timer is timing out, the BF timer will 
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time out first since it is always set for a shorter 
delay. The output of the BF timer is connected to 
terminal 9 of the timer module which is wired to 
terminal 2 of the overcurrent detector module. 
Since operation of the BF timer is indicated by a 
voltage drop to less than 2 .5V ,  transistor Q l  turns 
off and transistor Q2 turns on to pickup the reed 
relay (RR). In addition, the output of the B F  timer 
also supplies one of the two inputs to transistor Q5 
which controls the AR relay switching transistor 
(Q6) . The other input controlling transistor Q5 is 
either the 52a contact input (if used) connected to 
relay terminal 1 8  or operation of the overcurrent 
unit circuit. This is obtained when the reed relay 
operates to remove the 1 00 ohm resistor (R l 9) 
from capacitor C 1 and to apply the input current 

0 signal to terminal 4 of the I C l  on the overcurrent 
detector module. If this signal voltage is higher 
than the reference voltage at terminal 5 of I C 1 the 
output voltage at terminal 10  (of I C l )  will drop 
from its high state to less than 2 . 5  volts . This out­
put change is then applied to the transistor logic 
circuit consisting of transistor Q3, Q4 and Q5 (on 
the timer module). 

CHARACTERI STICS 

Overcurrent Detector 

The overcurrent detector has a range of 0 .5  to 
1 3 . 5  amperes. This is obtained by means of three 
tap settings in conjunction with the tap multiplier 
to give a continuous adj ustment over· the range. 
The pickup point is determined by multiplying the 
tap value by the tap multiplier setting. The operate 
speed varies from 3 ms to 8 ms .  The reset time is 3 
ms maximum and would be measured as the time 
for the secondary voltage to decay to 10 volts peak 
(with the reed relay R R  contacts open) . This reset 
time applies whether the input current is reduced 
to zero or up to 95% of pickup current . 

Continuous rating is 1 0  amperes. One second 
rating is 250 amperes. 

The accuracy of the pickup setting is 5% over 
the full range and 10% from -20 to +55°C .  Since 
the setting is continously adjustable, closer setting 
accuracy can be obtained by using a current source 
and a precision ammeter. 

I. L. 41-776.5A 

CAUTION: Since the tap block connector screw 
carries operating current, be sure that the screw 
is turned tight . 

I n  o rder  to  avo id  opening the  cu r rent 
transformer circuits when changing taps under 
load, connect the spare tap screw in the desired tap 
position before removing the other tap screw from 
the original tap position. 

Control Timer 

The range of the control timer is 1 50 to 250 ms .  
The timer as  received should be set for  ap-

0 proximately 200 ms .  A 1 50 to 600 ms timer is 
available and is shipped set at 600 ms .  

The timer setting can be changed by means of a 
screwdriver through the hole on the front plate of 
the timer module. 

The accuracy is 5% over the temperature and 
voltage range. 

BF Timer 

0 The range of the B F  timer is 1 8  to 1 75 ms .  I t  
i s  set b y  means o f  a knob and calibrated scale at 
the front of the timer module. A 50 to 500 ms 
timer is also available. 

The accuracy of the pickup setting is 5 % .  Since 
the setting is continuously adjustable, the timer 
may be set closer by instrumentation. 

The accuracy is 5% over the temperature and 
voltage range. 

Power Supply 

_
Consists of a 1 0  watt zener diode (Zs), a 

res1stor (Rs) and provides a regulated voltage of 
24Vdc ± 1 0% over the voltage and temperature 
range. A capacitor C3 is connected across the 
zener diode to decrease the rate of rise and fall of 
the output voltage to reduce transient effects .  

Both modules and the telephone relay (X) are 
energized by the power supply. 

Temperature and Voltage 

The relay is operative over a range of 80 to 
1 1 0% of rated voltage and from -20 to + 55°C .  
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I t  can be energized continuously at 1 1 0% of 
rated input voltage. 

Capacitive Effect 

The capacitive surge immunity is as follows 
(considering the 52a contact input present): 

Relay Rating 

48 Vdc 

1 25 Vdc 

1 25 Vdc 

250 Vdc 

250 Vdc 

BF Timer Setting 

1 8  ms or higher 

1 8  ms or higher 

35 ms or higher 

1 8  ms or higher 

35 ms or higher 

Capacitance 

1 8  M FD 

6 M FD 

1 3  M F D  

2 .5  M F D  

1 3  M FD 

Any value of capacitance effectively in series 
with the input greater than that shown above 
might result in an undesired trip operation.  

Ordinarily capacitance should not be con­
nected from the lead connecting the 52a contact to 
the relay and ground. A value of 0.5 M F D  could 
cause the 52a input to stay on for 1 . 5 ms (48V 
relay), 4 .5  ms ( 1 25V relay) and 20  ms (250V relay) 
after the 52a contact opened. 

X RELAY 

Coil resistance is 1 500 ohms ±5% and rated 
for 24Vdc operation . The seal-in contact will 
pickup providing the BFI (62X, 62Y) initiate con­
tacts are closed for a minimum of 8 ms. A second 

0 contact is wired to relay terminal 1 1  and 1 2  to 
provide a retrip feature. 

AR RELAY 

The coil resistance is 630 ohms ±5% and will 
operate in series with the appropriate resistor 
from 80% to 1 10% of rated voltage. 

The operate speed is 3 to 5 ms at rated voltage . 
The dropout time is 30 to 45 ms (diode around the 
coil) .  There are 4 n ormally open contacts 
available. 

I N DICATING CONTACTOR SWITC H ( I CS) 

The coil resistance is approximately 6 . 5  ohms 

4 

on the 0 .2 amp tap and 0. 1 5  ohms on the 2 .0 amp 
tap. 

TRIP C I RCUIT 

The main contacts will safely close 30 amperes 
at 250 Vdc and the seal-in contacts of the I CS will 
safely carry this current long enough to trip a cir­
cuit breaker. 

SETTINGS 

OVERC U R RENT DETECTOR 

The pickup of the overcurrent unit is obtained 
by means of a tap screw and tap block in conjunc­
tion with the tap multiplier knob setting located at 
the front of the overcurrent unit module. This per­
mits a continuous adjustment over the range of 0 . 5  
to  1 3 .5  amperes. Each tap setting permits ad­
justing the pickup over a 3 to 1 range. 

There are 2 or 3 phase inputs depending on the 
relay style. Each one has its own tap block . N or­
mally all the phase settings should be in the same 
tap. The operate point for each phase should be 
within 5% of each other. There are trimpots for 
each input located on the overcurrent module 
which are factory adjusted but which may be read­
justed if the 5% accuracy must be improved at any 
one pickup point. 

The ground unit pickup is obtained similar to 
the phase above and is independent of the phase 
pickup. This permits the ground setting to be lower 
than the phase setting. 

The phase un its must  be set below the 
minimum expected fault current and the ground 
unit set below the minimum expected residual 
(310) current. Settings should be made to assure a 
multiple of pickup of at least 2 under minimum 
fault conditions. 

CONTROL TI M E R  

The control timer can b e  set b y  use o f  a screw­
driver to adjust the trimpot which is accessible 
through the hole in the front plate of the timer 
module. Clockwise rotation will increase the on 
time. An oscilloscope or electronic timing device 
can be connected between the bottom red test jack 
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on the timer module front plate and terminal 8 of 
the relay (common negative). 

The control timer should be set for at least 1 6  
mil l i seconds longer than the B F  timer. This allows 
for pickup time of the reed relay ( I  to 3 ms), A R  
relay pickup (3 to 5 ms) and operate time of the 
o / c  unit (3 to 8 ms). 

The range of adjustment is a minimum of 1 00 
0 ms ( 1 50 to 250 ms) .  The control t imer is shipped 

from the factory set for 200 ms.  

0 A 1 50 to 600 ms timer is available and is ship­
ped with the timer set for 600 ms .  

The control timer acts essentially as  a pulse 
stretcher on the BFI input and then resets. Since 
the overcurrent unit never picks up on successful 
clearing, it cannot be used as a cutoff for the 
breaker failure timer. 

BF TIMER 

A calibrated scale located on  the front of  the 
timer module permits setting the time delay from 
1 8  to 17 5 milliseconds.  The scale is calibrated in 25 
ms increments . If  more accurate settings are 
desired an oscilloscope or electronic timer may be 
connected between the upper red test jack on the 
timer module and terminal 8 of the relay (Com­
mon Negative). Jumpering test point TP6 and TP7 
on the timer module prevents the control timer 
from resetting the BF timer and wil l  help in set­
ting the BF timer. Remember that if the control 
timer is set shorter than the BF timer, the BF timer 
will not be able to operate the reed relay (RR) .  

0 A 50  to  500 ms BF timer with 50  ms scale 
increments is also available. 

A locking tab is provided to hold the BF timer 
setting from being accidentally changed . 

0 The timer is shipped set at 1 75 ms.  The 50 to 
500 ms timer is shipped set at 500 ms.  

The breaker failure timer should be set to ex­
ceed the breaker normal clearing time by an ap­
propriate margin . Where the breaker contains a 

I. L. 41-776.5A 

resistor that is inserted on tripping and the over­
current fault detectors are set below the resistor 
current, the additional time for this interruption 
must be included. A secure margin for the SBF-1 
is 2 cycles . (33 ms) 

I N DI CATI NG CO NTACTOR 
SWITC H ( I C S) 

Connect the lead located in front of the tap 
block to the desired setting by means of the con­
nect ing screw . 

When the relay energizes a 1 25 or 250 V de type 
WL relay switch or equivalent use the 0.2 amp tap. 
For 48 Vdc applications set the unit in the 2 amp 
t a p  a n d  u s e  a t y p e  W L  r e l a y  w i t h  a 
S#304C209GO 1 coil or equivalent .  

I N STALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in  a location free from 
dirt, moisture, excessive vibration and heat. 
M ount the relay vertically by means of the rear 
mounting stud or studs for the type FT projection 
case or by means of the four mounting holes on the 
flange for the semi-flush type FT case. Either the 
stud or the mounting screws may be utilized for 
grounding the relay. External toothed washers are 
provided for use in the locations shown on the out­
line and drilling plan to facilitate making a good 
electrical connection between the relay case, its 
mounting screws or studs, and the relay panel. 
Ground wires are affixed to the mounting screws 
or studs as required for poorly grounded or in­
sulating panels. Other electrical connections may 
be made directly to the terminals by means of  
screws for  steel panel mounting or to the terminal 
stud furnished with the relay for thick panel moun­
ting . The terminal stud may be easily removed or 
inserted by locking two nuts on the stud and then 
turning the proper nut with a wrench. 

For detail information on the FT case refer to 
I . L. 4 1 -076. 

ADJU STM ENTS AND 
MAI NTENANCE 

The proper adjustment to insure correct 
operation of this relay have been made at the fac­
tory and should not be disturbed. 
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0 Acceptance Test timer to the relay so that the start input is con-
-

The following check is recom mended to insure 
nected to relay terminal 9 (through a voltage / 

that the relay is in  proper working order. Refer to 
divider, if necesary). The stop input should be con-

Fig. 1 0  for test connections .  
nected to the bottom test jack on the timer 
module. The common should be connected to ter-

Overcurrent Detector 
minal 8 .  The test timer start input should be ad-
justed to commence timing on a positive going 

Check for correct scale marking by placing all slope and to stop timing on a negative going slope. 
the tap settings in the 0 . 5  Amp. position and rotate 
the Phase and Ground tap multiplier knob (on the The control timer output should go from a high 
overcurrent unit knob) to the X 1  calibration mark . state to a low state in 1 90 to 2 10 mil liseconds (or 

0 in 570 to 630 ms for the longer range timer) . 
Jumper test point TP 6 and TP7 on the timer 

m odule and apply rated de voltage. Also apply If some other time interval is desired, the timer 
phase current to phase A input . The voltage at test setting may be changed by means of a screw driver 
point TP3 on the overcurrent module should drop adjustment through the access hole on the timer 
from approximately 23 . 5  volts to less than 2 .5  Vdc module to a multiturn potentiometer. Use the elec-
when the ac current input is between .48 and . 52  tronic test timer in the  manner described to obtain 
amperes. The A R  output relay will pickup at the the desired time interval .  Remember that the Con-

0 same time. When TP6 and TP7 is jumpered the trol Timer should always be set at least 1 6  milli-
dropout time of the ojc output at TP3 will be seconds longer than the BF timer . The adjustment 
slow. Opening switch to terminal 9 momentarily 0 range is 1 50 to 250 ms (or 1 50 to 600 ms in the 
will speed up the dropout time. longer range timer) . 

Use the same test with applying current to BREAKER FAILURE (BF) ":•••"i:f,. 

phase C (and also phase B if used) . Pickup should TI MER 
b e  within 5% o f  the phase A pickup. 

Rotate Tap Multiplier Knob to the X3 setting 
This may be checked in the same way as the 

Control Timer. 
and repeat above. The operate current should be 
between 1 .44 and 1 . 56 amperes on phase A input First jumper test points TP6 and TP7 on the 
and within 5% of phase A pickup for phase C (and timer module. Connect the test timer stop lead to 
phase B if used) . the upper test jack on the timer module. Output of 

For setting Phase A current operate level, set the BF timer takes place when it goes from a h igh 

the tap screw in the proper range location and set state to low state (similar to the Control Timer 

the phase tap multiplier at the point at which the 0 output). Close switch to terminal 9 and see that the 

voltage at TP3 changes from high to low at the timer output switches in 1 70 to 1 80 ms (or 485 to 

desired input current .  The phase C and Phase B (if 5 1 5  ms for the longer range timer) .  

used) tap screws should be set for the  same current 
Set the timer knob at the desired setting and 0 range. The A R  output relay will also pickup and 

can be used for an indication. verify setting by operating the timer several times. 

The Ground overcurrent setting is checked and 
The timer should operate within 5% of the setting. 
The setting may be made closer by means of the 

set exactly like the phase overcurrent circuit. electronic test timer . 

A locking feature is provided to hold the tap When the desired setting has been obtained it 

multiplier knob at the desired setting. may be locked in place by means of the locking 
tab. 

Control Timer Overall operation may be checked by connec- .--., 

U se a low bounce initiate contact in series with ting rated de voltage to relay terminal 1 8  (52A 
relay terminal 9 (positive) . Connect an electronic breaker auxiliary contact input). 
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Remove jumper from test point TP6 and TP7 
on the timer module. 

Now when the test switch to terminal 9 is clos­
ed, the AR output relay should pickup momentari­
ly and reset even though the test switch is left clos­
ed . Remember that the BF timer setting should be 
16 ms or more longer than the Control Timer. 

Reduce voltage to relay terminal 1 8  to 60% of 
rated relay voltage. Close test switch and note that 
A R  relay does not pickup. 

Return voltage to normal and reduce voltage to 
terminal 9 to 60% of rated relay voltage. Close test 
switch and note that A R  relay does not pick up.  

0 Set voltage to terminal 9 and 1 8  to 80% of 
rated relay voltage. Close switch to terminal 1 8  
and then 9 .  See that A R  relay picks up momen­
tarily. 

Indicating Contactor 
Switch ( I CS) 

There are two ICS units used. Each may be 
checked by placing the ICS tap screw in the 
desired tap (0. 2  or 2 Amps). Adjust the de current 
to the tap value. 

Test for seal-in by closing switch to terminal 9 
and see that each ICS picks up and seals itself in 
the closed position. 

The contact gap should be approximately 
.047". Both stationary contacts should make with 
the moving contacts simultaneously. The in­
dicating target should drop just prior to or at the 
same time the contacts make. 

Routine Maintenance 

The relay should be inspected periodically. The 
operation of the overcurrent circuits, timers and 
indicating contactor switch should be checked 
similar to procedure described under SETTINGS. 
In addition inspect the X and AR relay contacts. A 
contact burnisher S#1 82A836H 0 1  is recommend­
ed for cleaning contacts. The use of abrasive 
material for cleaning contacts should be avoided 
because of the danger of embedding small particles 
in the face of the contact material which might im­
pair the contact operation. 

I. L. 41-776.5A 

Calibration 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs 
or the adjustments have been disturbed. This 
procedure should not be used unless it is apparent 
that the relay is not in proper working order. 

Overcurrent Detector 

Refer to Fig. 7 and 8 or 9 when replacing com­
ponents. 

If a new module is inserted, it will require 
calibration of the dial plate. Other replacement 
parts such as a transformer or certain components 
on the module such as the reference zener, 
operational amplifier, rheostat, etc. might require 
new scale markings. I n  that case a new dial plate 
will be necessary. 

To mark the dial, first jumper test point TP6 
and TP7 on the timer board. Energize the relay 
with rated de voltage and apply 0.48 Amps ac 
current to phase A. With the tap in the 0.5 position 
and the phase multiplier dial knob fully counter­
clockwise, rotate the phase A trim pot slowly CCW 
(to lower pickup) . Operation of the overcurrent 
unit is indicated when the A R  output relay picks 
up. Verify this adj ustment by increasing the ac 
current until the relay again picks up. This should 
be between 0.47 and 0.49 amps. N ow turn the front 
panel dial knob fully CW. Check to see that 
pickup is 1 . 5 5  to 1 . 80 amps. If it is slightly below 
1 .5 5  amps, rotate the phase A trimpot slightly 
clockwise to raise the pickup to 1 .5 5  amps. Go 
back and check to see that the pickup with the dial 
knob fully CCW is no higher than .495 amps. Ad­
just knob on shaft so that the high and low operate 
point are equidistant from the knob lock.  Apply 
0 .5 ,  0 .7 ,  0 .9 ,  1 . 1 ,  1 .3 ,  and 1 .5 amps and scribe the 
scale at the knob pointer setting at which the out­
put relay just operates. 

After scribing the scale, set the dial at 0 .5  amp 
(X 1 )  pickup and note what value current the out­
put relay operates. Apply current source to phase 
C and note at what current value the output relay 
operates. If the difference is greater than .025 amp 
from phase A, adjust the phase C trimpot to  bring 
the operate point within .025 amps of phase A .  
Repeat for phase B i f  used. 
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The same procedure should be fol lowed for the 
ground overcurrent circuit as was used for phase A 
input. 

Remove jumper from TP6 and TP7 on the 
timer module. 

Control Timer 

Refer to Fig. 4 and 5 or 6 when replacing com­
ponents. 

If components in the control timer circuit have 
been replaced or if it is desired to change the con­
tro l timer setting the same procedure should be 
used as described under acceptance test ing .  

Breaker Failure ( BF} Timer 

If the scale appears to be off ca libru tion due to 
sl ippage of the knob pointer on the shaft, this can 
be corrected by rotating the shaft ful ly CCW. N ow 
adjust the knob at the pin prick mark . This shou ld 
return the knob to its origina l  position on the shaft 
and bring the scale markings back i nto cal ibration . 

i f  components in the breaker failure timer cir­
cuit have been replaced i t  may be necessary to 
change the sca le plate and recalibrate . First 
jumper test points TP6 and TP7. Using a l cnv 
bounce initiate switch adjust timer knob until  a 25 
ms time delay has been obtained . Use test 
procedure described under acceptance testing for 
measuring time delay .  N ote the knob position for 
25 ms delay . A lso note the k nob position for 1 75 
ms delay . Loosen the set screw and posit ion the 
knob on the shaft so that the 25 and 1 75 ms 
locations are equidistant about the knob locking 
tab. Scribe l ines at the 25  ms setting and for each 
25 ms increment up to 1 75 ms .  

Indicating Contactor Switch ( I CS) 

Adjust the contact gap for approximately 
. 047" by adjusting the stationary contacts. Both 
contacts should make simultaneously. 

Check to see that the contacts close at rated 
tap va lue current .  The indicating target should 
drop at or just prior to the contacts closing. The 
targer should drop freely. 

I f  the target does not drop or does not reset it 
may be necessary to remove the cover and bend the 

8 

tab on the spring that supports the target . 

T R O U B L E  S H O OTI N G  

The components i n  the SBF- 1 relay are 
operated wel l  within their rating and normal ly wi l l  
give l ong and trouble free service. H owever ,  i f  a 
relay gives indication of  trouble in service or dur­
ing rout ine checks the fo l l owing information wi l l  
prove helpfu l .  Al l  measurements are approximate 
and may vary as much as 20%. Al l  vo ltages ar�; 
p•Jsitive with reference to common negative ( reluy 
term ina l  8 )  except ac voltages . 

Timer Module 

l .  Jumper test points TP6 and T P 7 .  

a .  Apply rated relay voltage. Voltage at l ower 
test j ack = 23 . 5 V  

b .  Remove jumper. Apply rated voltage . 
Voltage at l ower test jack = 2 3 . 5  \1 c:: c .  

1 Jumper test poi nts TP6 and T D 7  

:1 .  Apply rated relay voltage. Voltage a t  u oper 
test jack = !es'i than 2 . 5  Ydc:.  

h .  Rem ove jumper .  Apply  r:J�ed vo l lage . 
Voltage at upper test jack = less than  2 . 5  
Vdc . 

3 .  jumper test points TP6 and "':P7 .  

a .  Apply rated voltage. Voltage at term ina l  6 
of l e i = l 8 . 3 V .  

b .  Remove jumper .  Apply rated vo l tage.  
Voltage at terminal 6 o f  I C I should be ap­
proximately 0 . 1 Vdc less than vo l tage 
measured in section a. 

4 .  Jumper test points TP6 and TP7. 

a .  Apply rated relay voltage. Voltage at ter­
minal 7 of I C J  = 20 .8V with timer knob fully 
CW . 

b .  Voltage at terminal 7 o f  I C I  = 23 . 8V  with 
timer knob ful ly CCW. 

5 .  Jumper test points TP6 and TP7. 

a .  Apply rated relay voltage. Voltage at ter­
minal 2 o f  I C l  = 1 6 . 5V .  

b .  Remove jumper and  apply voltage. Voltage 
at terminal 2 of IC I should be approxi-
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mately 0. 1 V less than voltage measured in 
section a. 

6. Apply twice tap value ac current. 

a .  Apply rated relay vo ltage. Voltage at 
TP3 = 1 2 .7V.  Voltage at TP4 = less than 
0 .5V.  

b. Interrupt ac current. Voltage at  TP3 = less 
than 0 .5V.  Voltage at TP4 =  1 2 .7V.  

7 .  Apply rated voltage to relay terminal 18  (52 a 
input) . 

a .  Apply rated relay voltage to terminal 9 .  
Voltage a t  TP4 = less than 0 .5V.  

b .  Reduce voltage to terminal 18  to 60% of 
0 rated relay voltage. Voltage at TP4 = 1 2 .7V.  

8 .  Jumper test point TP6 and TP7 .  Apply twice 
tap value ac current. 

a. Apply rated relay voltage. Voltage at 
TP5 = 6.2V.  

b .  Remove j umper . Apply rated voltage. 
Voltage at TP5 = less than 0 .5V.  

9 .  J urn per test point TP6 and TP7 . 

a. Apply rated relay voltage. Voltage at printed 
circuit board terminal I 0 or 1 1  = less than 
0.5V (X and AR relay picked up). 

b. Remove j u mper . Apply rated voltage. 
Voltage at pc terminal 1 0 = 24V (X relay not 
picked up).  Voltage at pc terminal I I =  rated 
relay voltage (A R relay not picked up). 

Overcurrent Module 

0 1 .  Jumper test points TP6 and TP7 (timer module). 
Set tap in 0 . 5  hole and turn tap multiplier knob 
to X 1 position .  

a .  Apply 0 .5  amp ac  current to  the particular 
input in question .  Then apply rated relay 
voltage. M easure 6 .6  Vac at the transformer 
secondary terminals. The same voltage 
should be read with the tap in the 1 .5 amp 
tap and 1 . 5 amps ac applied . Likewise with 
the 4 .5  amp tap. 

2 .  Jumper test points TP6 and TP7 . Set tap in 0 .5  
0 amp. hole and turn tap multiplier to X 1 posi­

tion . 

I. L. 41-776.5A 

a .  With 0.4 amp ac current flowing apply rated 
relay voltage. Measure voltage at terminal 5 
of I C I  to be 6 .4V.  N ow increase the current 
until the output relay operates. The voltage 
should now read approx. 5 .4V.  At this point 
the voltage at terminal 4 should measure 
6.4V. The voltage at printed circuit board 
terminal 3 should measure 23 .5Vdc before 
the output relay operates and less than 2 .5V 
after i t  operates . 

3 .  Jumper test points TP6 and TP7.  Set tap in 0 .5  
hole and turn tap multiplier knob fully CW. 

a .  Apply 0 .5  amp ac  and apply rated relay 
voltage. M easure 4 .2 volts at the brush ter­
minal of the tap multiplier rheostat. 

4 .  J umper test points TP6 and TP7 (timer 
module). 

a. Apply rated relay voltage. M easure 6.2V at 
TP I and less than 0 .5V at TP2.  

b .  Remove jumper. Apply rated relay voltage. 
Measure less the 0 .5V at TP l and 24V at 
TP2. 

5 .  Check of Reed relay (RR) contact. 

a .  Resistance should be greater than 500 ohms 
when measured from jumper J I to com mon 
negative. 

b. Jumper test points TP6 and TP7 and apply 
rated relay voltage. Resistance should drop 
to less than 5 ohms.  

6 .  Check coil resistance of reed relay (RR) ( 1 000 
ohms), A R  relay (630 ohms) and X telephone 
relay ( 1 500 ohms). Attention should be paid to 
polarity since each of  the coils have a diode con­
nected across it. 

RENEWAL PARTS 

Repair work can be done most satisfactorily 
at the factory. H owever, interchangeable parts 
can be furnished to the customers who are equip­
ped for doing the repair work. When ordering 
parts, always give the complete nameplate data, 
and style numbers from the electrical parts list. 
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TAP 

TABLE I 
E NERGY REQUIREM ENTS 

60 HZ 

0.5 
TAP M U LT. 1 (0.5A PICKUP) 3 (1 .5A PICKUP) 
REED (R R) 
CO NTACT OPEN* C LOSED OPEN* C LOSED 

Current O .SA S .OA O . SA S .OA ! .SA ! . SA O .SA S .OA 
VA . 1 5  2 . 1  .04 2 .2  .53  2 . 1 . 33  2 .2  
O H M S  . 6  .08 . 1 6  .09 .23 .08 . 1 5  .09 
P . F .  Angle** 75 25 1 5  27 63 25 20 27 

TAP 1 .5 
TAP M U LT. 1 ( 1 .5A PICKUP) 3 (4.5A PICKUP) 
REED (R R) 
CONTACT OPEN* C LOSED OPEN* C LOSED 

Current ! . SA S .OA ! .SA S .OA 4 .5A S .OA 4 .5A S .OA 
VA . 1 65 .75  .06 .60 .63 . 75  . 50 .60 
O H M S  .073 .03 .027 .024 .03 1 .03 .024 .024 
P . F . Angle** 45 36 1 5  1 5  36 36 1 5  1 5  

TAP 4.5 
TAP M U LT. 1 (4.5A PICKUP) 3 (1 3.5A PICKUP) 
REED (R R) 
CO NTACT OPEN* C LOSED OPEN* C LOSED 

Current 4 .5A S .OA 4 .5A S .OA 1 3 .5A S .OA 1 3 .5A S .OA 
VA .23 .28 . 1 6  .20 1 .6 .28 1 . 5 .20 
O H M S  .0 1 1  . 0 1 1 .008 .008 .008 .O i l .008 .008 
P .F .  Angle** 36 1 8  5 4 9 1 8  3 4 

* = Saturated Burden 
** = Current Lagging Voltage 

TABLE 2 
BATTERY D RAIN 

CON DITION 48Vdc 1 25Vdc 250Vdc 

Standby 0 0 0 
During Timing 1 20mA 95mA 90mA 
Trip (AR Relay Picked up) ! 55 1 30 1 25 

10 
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TABLE 3 
C U RRENT RATING 

C U R RENT RANGE ( Phase and Ground) 0.5 to 1 3.5 Amperes 
TAP RANGES CONTI N U O U S  1 SECOND 

0 .5  to  1 . 5 Amps 1 0  Amps 250 Amps 
1 . 5 to 4 .5  10  250 

4 .5 to 1 3 . 5  1 5  300 

TABLE 4 
AR CONTACT RATINGS 

I .  L. 41-776.5A 

I NTERRUPTING RATING 

CONTACT C I RCUIT TRIP CARRY RATING RESISTIVE I N DUCTIVE 
RATING RATI NG CONTI N U O U S  L/R = .005 

48Vdc 30 Amps 3 Amps 3 . 75  Amps 1 .75 Amps 
1 25 30 3 . 5  . 35  
250 30 3 .25 . 1 5  

0 TABLE S 
X RELAY CO NTACT RATINGS 

CONTACT C I RC U IT TRIP CARRY RATING 
RATING RATING CONTINUOUS 

48Vdc 30 Amps 3 Amps 

1 25 30 3 

250 30 3 
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TRANSFORMER TB 

TRANSFORMER TA 

Fig. 1. Photograph of SBF-1 Relay, (without case) with four overcurrent input. Front view 

1 2 

SEAL-IN RELAY (X) 

ICS INDICATING 
CONTACTOR SWITCH 
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(right oblique). 

I. L. 41-776.5A 

POTENTIOMETER PA 

POTENT! OMETER PC 

POTENTI OMETER PG 

;.,_._ POTENTIOMETER PB 

TRANSFORMER TG 

RESISTOR RS 
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14 

LOWER 
RIGHT 

REF. DWG. 

SIMPLIFIED INTERNAL SCHEMATIC 
WHEN 
USED 

� 

UPPER ----i---tl RIGHT 

RED HANDLE 

TERMINAL 

NOTE S :  
TO OBTAIN A R  CONTACT OUTPUT, MOVE REO 
LEAD FROM TERMINAL I I  TO TERMINAL 1 2 .  

(L ) , ( R l , ( L.Cl & (RC l DENOTE LEFT HANO , RIGHT HAND, 
LEFT CENTER a RIGHT CENTER POSITIONS , 

�W RESISTORS 
VOLTS DC RA RS 

1326DI9 • DETAILED SCHEMATIC 48 900.n 200.n 
1 326D31 • ( 4 OVERCURRENT UNITS ) WIRING 
1 326 D83 · (  3 OVERCURRENT UNITS I WIRING 

1 2 !5  
2!50 

31!SO.tl. 
7100!1. 

0 Fig. 2. Simplified Internal Schematic SBF-1 Relay. 

1000/t 
2500.n. 

... 

Sub. 4 
Dwg. 7758813 
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I. L. 41-776.5A 

1 7  

POS. 14 � 
24 VDC 

C3 
POS. 12 <E----1�--------' 

24 VDC 

RATED VDC 13 

FROM TERM. 3 OF 4 
OVERCURRENT 
DETECTOR MODULE 

RATED VDC 
(52 a) 

f':i'4" - - - -

T I M E R  AND O U T P U T  MODULE 

PI IS PAN E L  MOUNTED 

7 } TO X R E L AY 
10 

WHEN USED 

I 
I 
I 
I 

9 I 

I I  

REPLACED BY J 
FOR GROUPS I a 

0 Fig. 4. Internal Sch1 
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Fig. 5. Component Location for Timer Module 48 or 125Vdc rated relay 
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Fig. 6 Comp . anent Location for Timer Mod I u e 250Vdc rated relay. 

WHEN USED 

351 7A 77 
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351 7A 78 

Fig. 8. Component Location for 3 Current Input Overcurrent Detector Module. 
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I. L. 41 -776.5A 

351 7A 79 

Fig. 9. Component Location for 4 Current Input Overcurrent Detector Module. 
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Fig. 10. Test Diagram for SBF-1 Relay. 
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5 707903 

Fig. 1 3. Outline and Drilling Plan for SBF- 1 relay in the Type FT-32 Case. Dwg. 
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