INSTALLATION

Westinghouse LL. 41-776:5
OPERATION ¢ MAINTENANCE

INSTRUCTIO 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 failufe
detection relay with contact output. It is aised in
conjunction with the primary and backup relays.
Other logic inputs (such as the 52a comtact) 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 genéral use.

Provision is includedyin the relay for “retrip-
ping” the breaker without®ime“delay. This may
avoid clearing a bus dufing incorrect maintenance
procedure or due to theifailure of a trip contact to
close.

CONSTRUCTION

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

Overcurrent Detector

The detectorgconsists of 3 or 4 input
transformers and a plagin module. The primary of
the transformer 1Stapped and brought out to a tap
block locatgd omy the front of the relay. Each
transformer has three taps which cover the range
of pickup.

The secondary of the transformers are con-
nected toythe input of the plug-in detector module
where the phase and ground signals are connected
to separate pickup level adjustments located on the
frent 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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trimpot. 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 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 dc indicating contactor switch is a small
clapper type device. A magnetic armature, tQ
which leaf-spring mounted contacts are attached,
is attracted to the magnetic core upon energization
of the switch. When the switch closes, thesfioving
contacts bridge two stationary comtacts, com-
pleting the trip circuit. Also, during this‘eperation,
two fingers on the armature deflect a“spring
located on the front of the switch,;whichtallows the
operation indicator target to drép.

The front spring, in addition“to holding the
target, provides restraint forghe/armature and thus
controls the pickupgvalue,of*the switch.

OPERATION

The operation of the SBF-1 is somewhat
different than theyconventional breaker failure
relay. It may be summarized by saying that the
breaker failute relay timer is started by only the
BFI (62X)Ninput rather than the BFI and the over-
curreng, fault detector. The breaker failure timer
controlsithe fault detector so that after it times
outythe overcurrent signal (if present) is connected

to the level detector. This arrangement keeps the
overcurrent input transformer load at a low Jevel:
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 itgimes out. The
circuit operation can be explained\by referring to
the internal schematic drawing 7%75B813 (Fig. 2)
and detailed internal schemaficih326D19 (Fig. 3).

During stand-by conditign‘the dc input to the
relay (terminal 9 positivie) is zero since the dc con-
trol voltage is conmeeted™through the breaker
failure initiate contact (se®the external schematic)
which is normallyyopen,

Upon ‘the, clesing of the BFI contact and
providing the,dcwoltage is 80% or greater (of rated
value) ‘aqyleveldetector zener diode Z1 (connected
to terminaly®) will permit transistor Q2 and QI to
turpfon.“Ehe power supply consisting of a 10 watt
zenemyZs and 25 watt resistor Rs is also energized
which_supplies a regulated 24Vdc to the modules
and the X relay. When transistor Q2 and QI turn
on it connects the regulated power supply to the
control timer which consists of % of ICI, trimpot
P2 and timing capacitor Cl. Resistor R26 and
R27 form a voltage divider which requires ap-
proximately one time constant [( P2+R22) x Cl1)]
before the output terminal 12 goes from 24Vdc to
less than 2.5Vdc. At the same time the control
timer receives power through Ql, the 24Vdc out-
put of the control timer (term. 12 of IC1) is used to
turn on transistor Q7 which operates the X relay.
One X contact is brought out to relay terminal 15
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 QI turns
off and transistor Q2 turns on to pickup the reed
relay (RR). In addition, the output of the BF 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 QS is
either the 52a contact input (if used) connected to
relay terminal 18 or operation of the overcurrent
unit circuit. This is obtained when the reed relay
operates to remove the 100 ohm resistor (R19)
from capacitor Cl and to apply the input current
signal to terminal 5 of the IC1 on the overcurrent
detector module. If this signal voltage is higher
than the reference voltage at terminal 5 of ICI the
output voltage at terminal 10 (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 QS5 (on
the timer module).

CHARACTERISTICS

Overcurrent Detector

The overcurrent detector has a range of 0.5 to
13.5 amperes. This is obtained by means of three
tap settings in conjunction with the tap multiplier
to give a continuous adjustment over- the range.
The pickup point is determined by multiplying the
tap value by the tap multiplier setting. Thé operate
speed varies from 3 ms to 8 ms. The resetitimie is 3
ms maximum and would be measured as,thettime
for the secondary voltage to decay to l@wolts,peak
(with the reed relay RR contacts opén){This reset
time applies whether the input currentiis‘reduced
to zero or up to 95% of pickupicurrent.

Continuous rating is 10samperes. One second
rating is 250 amperes.

The accuracy of the pickup setting is 5% over
the full range and 10%, frem -20 to +55°C. Since
the setting is continouisly adjustable, closer setting
accuracy can, betgbtainéd by using a current source
and a pregision, ammeter.

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

In order to avoid opening the current
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 150 t,250 ms.
The timer as received should beWsetd for ap-
proximately 200 ms.

The timer setting can b€ changed by means of a
screwdriver through the hele 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 18 to 175 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 adjustable, the timer
may be set closer by instrumentation.

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

Power Supply

Consists of a 10 watt zener diode (Zs), a
resistor (Rs) and provides a regulated voltage of
24Vdc +10% 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
110% of rated voltage and from -20 to +55°C.

It can be energized continuously at 110% of
rated input voltage.
Capacitive Effect

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



Relay Rating BF Timer Setting Capacitance
48 Vdc 18 ms or higher 18 MFD
125 Vdc 18 ms or higher 6 MFD
125 Vde 35 ms or higher 13 MFD
250 Vdc 18 ms or higher 2.5MFD
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 MFD could
cause the 52a input to stay on for 1.5 ms (48V
relay), 4.5 ms (125V relay) and 20 ms (250V relay)
after the 52a contact opened.

X RELAY

Coil resistance is 1500 ohms +5% and rated
for 24Vdc operation. The seal-in contact will
pickup providing the BFI (62X, 62Y) initiate cofs
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 Tesistor
from 80% to 110% 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 gnormdlly) open contacts
available.

INDICATING CONTACTOR SWITCH (ICS)

The coil resistance is approximately 6.5 ohms
on the.0.2 amp tapand 0.15 ohms on the 2.0 amp
tap.

TRIP CIRCUIT

The,main contacts will safely close 30 amperes
ata250\Vdc and the seal-in contacts of the ICS will

safely carry this current long enough to trip a cir-
cuit breaker.

SETTINGS

OVERCURRENT DETECTOR

The pickup of the overcurrentfunitfis obtained
by means of a tap screw and tapyblockgn conjunc-
tion with the tap multiplier kneb setting located at
the front of the overcurrent unit medule. This per-
mits a continuous adjustment Qver the range of 0.5
to 13.5 amperes. Each tap@setting permits ad-
justing the pickup oyer a%34t0 | range.

There are 2 or, 3 phase inputs depending on the
relay style. Each gne,has its own tap block. Nor-
mally all they,phase settings should be in the same
tap. The operate, point for each phase should be
within®3%wef ‘each other. There are trimpots for
eachihinput, located on the overcurrent module
which are factory adjusted but which may be read-
justed, if the 5% accuracy must be improved at any
oneypickup 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
multiple of pickup of at least 2 under minimum
fault conditions.

CONTROL TIMER

The control timer can be set by 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 16
milliseconds longer than the BF timer. This allows
for pickup time of the reed relay (I to 3 ms), AR
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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 100
ms (150 to 250 ms).

The control timer must be set at least 16 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
18 to 175 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 TPZ
on the timer module prevents the control timer
from resetting the BF timer and will help 1, set=
ting the BF timer. Remember that if the control
timer is set shorter than the BF timer, ¢he BE 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 £hanged.

The breaker failure timef 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 ongtripping and the over-
current fault detectorsyare/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)

INDICATING CONTACTOR
SWITCH (ICS)

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

When the relay energizes a 125 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

tap and use a type WL relay with a
S#304C209GO1 coil or equivalent.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive wibration and heat.
Mount the relay vertically by means of the rear
mounting stud or studs, forthe 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 relays External toothed washers are
provided for usewn the locations shown on the out-
line and_drilling plan to facilitate making a good
electri¢al /Connection between the relay case, its
mounting screws or studs, and the relay panel.
Ground,wires are affixed to the mounting screws
om,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. 41-076.

ADJUSTMENTS AND
MAINTENANCE

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. 10 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 X1 calibration mark.

Jumper test point TP 6 and TP7 on the timer



module and apply rated dc 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 Vdc
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 afd
set exactly like the phase overcurrent circuit.

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

Control Timer

Use a low bounce initiate contagt,in sesies with
relay terminal 9 (positive). Conneet anwélectronic
timer to the relay so that the start ipput is con-
nected to relay terminal 9g(through a voltage
divider, if necesary). The stop ifiput should be con-
nected to the bottom test ‘jack on the timer
module. The commdn sheuld¥e connected to ter-
minal 8. The test timer start input should be ad-
justed to commence timifig 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 dow'state in 190 to 210 milliseconds.

If some other time interval is desired, the timer
settingumay be changed by means of a screw driver
adjustment through the access hole on the timer

module to a multiturn potentiometer. Use the elecs
tronic test timer in the manner described to obfain
the desired time interval. Remember that the Con-
trol Timer should always be set at least 16
milliseconds longer than the BF timer. The adjust-
ment range is 150 to 250 ms.

BREAKER FAILURE (BF)
TIMER

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

First jumper test gpoints TP6 and TP7 on the
timer module. Conrfegt the'test timer stop lead to
the upper test jack"®n, thétimer module. Output of
the BF timeg takes/place when it goes from a high
state to low'state (similar to the Control Timer
output),

Setithe 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 dc voltage to relay terminal 18 (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
16 ms or more longer than the Control Timer.

Reduce voltage to relay terminal 18 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 (ICS)

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 dc 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 contactsfA
contact burnisher S#182A836H01 is recommend#
ed for cleaning contacts. The use off'abrasive
material for cleaning contacts should, be%ayoided
because of thedanger of embedding smallypartigles
in the face of the contact material whi€hpmight im-
pair the contact operation.

Calibration

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

Overcurrent Detector

Refer to“Eigl 7 aftd 8 or 9 when replacing com-
ponents.

If a new module is inserted, it will require
calibration of the dial plate. Other replacement
partsysuch 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.

To mark the dial, first jumper test [point\TP6
and TP7 on the timer board. Energize thefrelay
with rated dc voltage and apply 0.48 Amps ac
current to phase A. With the tap in the'0# position
and the phase multiplier dial knob fully counter-
clockwise, rotate the phase A trimpaet slowly CCW
(to lower pickup). Operation of the overcurrent
unit is indicated when the A’RJoutput relay picks
up. Verify this adjustment by increasing the ac
current until the relay®agaim picks up. This should
be between 0.47 and 049 amps. Now turn the front
panel dial knob™fullywCW. Check to see that
pickup is 1.554¢ 1.80vamps. If it is slightly below
1.55 amps, gotate the phase A trimpot CW slightly
clockwise 40 raise the pickup to 1.55 amps. Go
back andacheek, to see that the pickup with the dial
knob fully CEW is no higher than .495 amps. Ad-
justknoblon 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-
puprelay just operates.

After scribing the scale, set the dial at 0.5 amp
(X1) 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 if 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



slippage of the knob pointer on the shaft, this can
be corrected by rotating the shaft fully CCW. Now
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 175
ms delay. Loosen the set screw and position the
knob on the shaft so that the 25 and 175 ms
locations are equidistant about the knob locking
tab. Scribe lines at the 25 ms setting and for each
25 ms increment up to 175 ms.

Indicating Contactor Switch (ICS)

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 value current. The indicating target should
drop at or just prior to the contacts closingw The
targer should drop freely.

If the target does not drop or does not feset it
may be necessary to remove the cover andybend the
tab on the spring that supports the tagget.

TROUBLE SHOOTING

The components, ingthewSBF-1 relay are
operated well withinftheir rating and normally will
give long and trodble #ree service. However, if a
relay gives indication“of tfouble in service or dur-
ing routine checks the following information will
prove helpful. All measurements are approximate
and may vagy as much as 20%. All voltages are
positive with reference to common negative (relay
terminal 8)\exeept ac voltages.

Timer,Module

14 Jamper test points TP6 and TP7.

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.

. Jumper test points TP6 and TR7

a. Apply rated relay voltage. Violtage at upper
test jack=less than 2.5 Vde.

b. Remove jumper. Apply rdted voltage.
Voltage at upper testjack=less than 2.5
Vdec.

. Jumper test poings TP6yand TP7.

a. Apply rated veltage. Voltage at terminal 6
of ICh=18:3V.

b. Removeyumper. Apply rated voltage.
Voltage at terminal 6 of IC1 should be ap-
proximately 0.1 Vdc less than voltage
measured in section a.

. dumper test points TP6 and TP7.

a. Apply rated relay voltage. Voltage at ter-
minal 7 of IC1=20.8V with timer knob fully
CW.

b. Voltage at terminal 7 of IC1=23.8V with
timer knob fully CCW.

. Jumper test points TP6 and TP7.

a. Apply rated relay voltage. Voltage at ter-
minal 2 of IC1=16.5V.

b. Remove jumper and apply voltage. Voltage
at terminal 2 of ICI should be approxi-
mately 0.1V less than voltage measured in
section a.

. Apply twice tap value ac current.

a. Apply rated relay voltage. Voltage at
TP3=12.7V. Voltage at TP4=less than
0.5V.

b. Interrupt ac current. Voltage at TP3=less
than 0.5V. Voltage at TP4=12.7V.

. 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=12.7V.
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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 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 10 or 11=less than
0.5V (X and AR relay picked up).

b. Remove jumper. Apply rated voltage.
Voltage at pc terminal 10=24V (X relay not
picked up). Voltage at pc terminal 1| =rated
relay voltage (AR relay not picked up).

Overcurrent Module

1. Jumper test points TP6 (timer module). Set tap
in 0.5 hole and turn tap multiplier knob to XI
position.

a. Apply 0.5 amp ac current to the particuldr
input in question. Then apply rated relay
voltage. Measure 6.6 Vac at the trafisformer
secondary terminals. The saniey vdltage
should be read with the tap in"the ["Syamp
tap and 1.5 amps ac applied. Likewise with
the 4.5 amp tap.

2. Jumper test points TP6 and TP7. Set tapin 0.5

hole and turn tap multiplier tewX1 position.

a. With 0.4 amp ac current flowing apply rated
relay voltage. Measurge voltage at terminal 5
of ICI to be 6.4¥."Nowfincrease the current
until the outputtrelay operates. The voltage
should now g€ad approx. 5.4V. At this point
the voltagetaf terminal 4 should measure
6.4V HThenyoltage at printed circuit board

terminal 3 should measure 23.5Vdc before
the output relay operates and less‘than/2.5V
after it 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 acgand apply rated relay
voltage. Measuge 4.2¢volts at the brush ter-
minal of the tap ‘multiplier rheostat.

4. Jumper test points)TP6 and TP7 (timer
module).

a. Apply rated,relay voltage. Measure 6.2V at
TP1 and“ess than 0.5V at TP2.

b. Remove jumper. Apply rated relay voltage.
Measure less the 0.5V at TPl and 24V at
TR2.

SaCheck of Reed relay (RR) contact.

a,, Resistance should be greater than 500 ohms
when measured from jumper J1 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) (1000
ohms), AR relay (630 ohms) and X telephone
relay (1500 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. However, 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.



TABLE |

ENERGY REQUIREMENTS

60 HZ
TAP 0.5

TAP MULT. 1(0.5A PICKUP) 3 (1.5A PICKUP)

REED (RR)

CONTACT OPEN* CLOSED OPEN* CLOSED
Current 0.5A 5.0A 0.5A 5.0A 1.5A 1.5A 0.5A 5.0A
VA 15 2.1 .04 2.2 53 2.1 133 2.2
OHMS .6 .08 .16 .09 .23 .08 .15 .09
P.F. Angle** 75 25 15 27 63 25 20 27

TAP 1.5

TAP MULT. 1(1.5A PICKUP) 3(4.5A PICKUP)

REED (RR)

CONTACT OPEN* CLOSED OPEN* CLOSED
Current 1.5A 5.0A 1.5A 5.0A 4.9A 5.0A 4.5A 5.0A
VA 165 75 .06 .60 .03 75 .50 .60
OHMS .073 .03 .027 024 .031 .03 024 024
P.F. Angle** 45 36 15 15 36 36 15 15

TAP 4.5

TAP MULT. 1(4.5A PICKUP) 3 (13.5A PICKUP)

REED (RR)

CONTACT OPEN* CEOSED OPEN* CLOSED
Current 4.5A 5.0A 45A 5.0A 13.5A 5.0A 13.5A 5.0A
VA 23 .28 .16 .20 1.6 .28 1.5 .20
OHMS 011 .011 1008 .008 .008 .011 .008 .008
P.F. Angle** 36 18 S 4 9 18 3 4

* = Saturated Burden
** = Current Lagging Voltage

TABLE 2
BATTERY DRAIN
CONDITION 48Vdc 125Vdc 250vVdc
Standby 0 0 0
During Timing 120mA 95mA 90mA
Trip (ARyRelay Picked up) 155 130 125

10
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TABLE 3
CURRENT RATING

O

O

CURRENT RANGE (Phase and Ground) 0.5 to 13.5 Amperes
TAP RANGES CONTINUOUS 1 SECOND
0.5to 1.5 Amps 10 Amps 250 s
1.5t04.5 10 0
4.5t013.5 15 3

TABLE 4

O

6.5

AR CONTACT RATINGS
INTERRUPTING RATING

CONTACT CIRCUIT TRIP CARRY RATING | SISTIVE INDUCTIVE
RATING RATING CONTINUOUS L/R=.005
48Vdc 30 Amps 3 Amp 3.75 Amps 1.75 Amps
125 30 3 S .35
250 30 3 .25 A5

1



SEAL-IN RELAY (X)

TRANSFORMER TB

RESISTOR RA

TRANSFORMER TA

ICS INDICATING
CONTACTOR SWITCH

Fig. 1. Photograph of SBF-1 Relay, (without case) with four overcurrentinput. Frontview

12



I.L. 41-776.5

POTENTIOMETER PA

POTENTIOMETER PC

POTENTIOMETER PG

POTENTIOMETER PB

TRANSFORMER TG

RESISTOR RS

TRANSFORMER TC

(right oblique).

13



SIMPLIFIED INTERNAL SCHEMATIC

WHEN
USED

L RED LEAD
(SEE. NOTE)
| (SEE NOTE)
AC/DC 0H
CONVERTER 'TSEE TABLE)
=T+ AR RELAY
UPPER
LeFT | l L REED RELAY
[ TELEPHONE
PHASE RELAY
PICKUP or b1
LEVEL
ADJUST] BF Wyl [RELAY
TIMER Vi
GROUND QRIVER
PICKUP 65—
LEVEL CONTROL
ADJUST TIMER
ar
* T TRRY LeveL
LOWER =1 =2 ™ DETECTOR
RIGHT __| acsoc |[ Ac/nc AC/DC | | PREER
CONVERTER] |cONV
LowenT—_| ONVERTERMNCONVERTER [ Linzoses
I Common comm 24 voC
NEG. L
Te -1 (SEE TABLE)
LRS |®
zs
| _RED HANDLE

l-TEST SWITCH

J--TI--1- TERMINAL
FRONT VIEW
CHASSISNOPERATED
SHORTING SW/TCH
NOTES:
CURRENT TEST JACK TO OBTAIN AR CONTACT OUTPUT, MOVE RED
LEAD FROM TERMINAL Il TO TERMINAL I2.

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

REF. DWG., 25W RESISTORS

I — VOLTS DC|” RA RS
1326019 - DETAILED SCHEMATIC a8 s00m 2000
1326D3! - (4 OVERCURRENT UNITSIWIRING | 155 |31500 | 1000 0
1326D83 - ( 3 OVERCURRENT UNITSIWIRING | 0 |75 | 220

Dwg. 7758813

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

14

TEE &R



I.L.41-776.5

L3

POS. 14 €— I, NEG,
24 vDC

c3 RELAY
POS. 12 I¢ DRIVER —=>7

24 VvDC

DX TO X RELAY
L% 10

LEVEL LINE CONTROL BF. TIMER
RATED VDC (3 <—[PETECTORL DRIVER isoMER 25-175 9 TO TERM.2 OF OVERCURRENT
182 020 27 Y285 DETECTOR MODULE
IJL ZA REPLACED BY J2 FOR GROUPS 182
e
OR OR AND RELAY ADa TO AR RELAY
FROM TERM.3 OF 4 <— b DRIVER s
OVERCURRENT 3 4 5 6
DETECTOR MODULE
LEVEL
RATED VDC 3 €——DETECTOR

(524a)

TIMER ANDROUTPUT, MODULE

Rl

NNV N

WHEN USED

I

DX ][I0

. 7
DA Y

Q7 8

ZA

A
Y
,_ REPLACED BY
7B A1 ) FOR GROUPS k
o b e o . ’ 2
e 145481 |

Fig. 4. Internal 561
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1454C81 GO| (a8 voc) 1454C81 GO2 (125 voc) 1454C81G03 (250 voc)

CAPACITOR DESCRIPTION STYLE NO. CAPACITOR DESCRIPTION STYLE NO. CAPACITOR DESCRIPTION LE NO.
c3 -270UF 200V 1B8A66IHOS c3 -270UF 200V 188A669HOS c3 «270UF 200V, 0s
c2 3.300UF 35V 862A530101 c2 3.300UF 35V 862A530H0! cz2 3.300 1
c1 6.800UF 35V  1$4n661H21 c1 6.800UF 35V  184A661H2] c1 6800 1

DI10DE DESCRIPTIGN STYLE NO. DI@DE DESCRIPTION STYLE ~a. DIODE DESCRIPTION NO.
D1-2 IN64S 184A355H13 »1-2 IN64S 184ABSSHLE3 D1-2 1N64S 4ABSSH13
D3-4-A INAS9A 184A355108 03-4-A 1N4S9A 184ABSSHOB D3-4-A 1NAS, 855H08
DX IN5053 188A342H12 DX INSO0S3 188A342KH12 DX NS 188A342H12

INT CKT DESCRIPTION STYLE NO. INT CKT DESCRIPTION STYLE NO. INT CKT DESCRIP STYLE N3.
1ch 7470M 1443C521H01 C1 74701 1443C52HO1 ci 1443C52H01

JUMPER DESCRIPTION STYLE N3. JUMPER DESCRIPTION STYLE N@. JUMPER STYLE NO.
Ji-2 0 0AM RESISTSR B62A473:0) Ji1-2 0 OHM RESISTOR B862A473HOI J1 STOR 862A478HOI

POT DESCRIPTISN STYLE ND2. POT DESCRIPTICN STYLE NO. POT 16N STYLE NO.
P2 20.04  +50% 3624406,102 P2 20.0K .50 B62A4A06H02 P2 - 504 3624405H02
P 25.0k .50w 880A687HO2 P 25,0k  .50wW 880A687HO2 Pi . - Sow 880A687H02

TRANSISTOR DESCRIPTION STYLE N3. TRANSI STOR DESCRIPTION STYLE NO. SCRIPTICN STYLE NG.
Q1 2N2905A 762A672H10 1 2N2905A 762A672H10 2905A 762A672H10
92-3-4-5-7 281711 762A5% 5HOB €2-3-4-5-17 281711 762A585H08 281711 762A535H08
06 2N4063 878A432H01 ] 2N4063 878A432HO1 2N4063 878A432HO1

RESISTOR DESCRIPTION STYLE N@. RESISTOR DESCRIPTION STYLE NO. DESCRIPTION STYLE NO.
R4-6-9-12-15  2000.0 50k 2% 629A531H39 R4-6-9-12-15 20000 .50W 2% 629AS531H39 2000.0 +50% 2Z 629A531H39
-25 -25 5600.0 +S0W 22 629AS531HS0
R2-14 6800.0 504 22 629AS531HS2 K2-14 6800.0 -S04 22 629AS3IHS2 680040 +50W 271 629A531HS2
RI-16 10,04 +50W 2% 629A531HS6 Ri-16 10.0K .50 2% 629AS31HS6 10.04 +50W 2%  629A531HS6
R7-8-10-11-22 15.04 «506 2%  629A531H60 R7-8-10-11-22 15.0K .50W 22 629A531d60 15.04 .50% 2% 629A5311460
R3-17 20.0K «50W 2% 627A531H63 RS-13-24 27.0K .50k 2Z 629A531466 27.0K 504 2% 629A531H66
RS-13-24 27.04 +50% 2% 629A531466 R3-17 47.0€ -S0W 2%  629AS531HT2 100-0K .50% 22 629A531HB0
R20 162.04 «50W 12 B4BAS21H62 R20 162.04 «504 172 8adAB21H62 162.0K 50w 17 84BA321H62
R26-28 20.0K .50% 1% B48A820HT4 R26-28 20.0K 504 12 B843A820474 20.0K «50k 1% B848AB20HT4
R27 40.24 «50W 12 B43A321H04 R27 40.2% .50% 12 B4BA32MA 402K .S0W 172 B4gAB21H04
R21 3320.0 .50W 1Z B4BAB19H93 R21 3320.0 .50 1Z  §43ABI9H 3320.0 .S0W 12 B4BA319H98
R19 10.0K2.00% 5% 185A207HS1 R19 10.042.00% SZ  185A207H531, 60.4K +S50W 12 B84BAB21H21
R29 60.4K .50 12 B4BAB21H21 R29 60.4K .S0W 12 B4aBA321H 499.04 +50% 1Z  BA4BAB22H10
R23 499.04 +50W 12 848AB22H10 R23 499.0K .S0W 12 B4BA322 36.0K2.00i 52 185A207H64
R18-30 2.2M .504 ST 137A290H26 R18-30 2.21 .S0W 52 187A29 R18-30 2.2 .50W 52 187A290H26

R3| 1.OM  50W (% B848AB22H39

ZENER DESCRIPTION STYLE N3. ZENER DESCRIPTIOV STYLE NO. ZENER DESCRIPTION STYLE N3.
ZA 1R200 200.0V  629A359HOIL 1K200 200.0v 6 1 ZA-B IN3050B 180.0V 187A936K17
z1-2 IN9TIB  27.0V B62A606HIL z1-2 UzZ8870  70.0v  B88TAGY z1-2 IN30498 160.0V 187A936H13

REF. DWG._

COMPONENT LOCATION (48/125 vDC) -~ 35I7A76
COMPONENT LOCATION (250 VDC)- - - - 35I7A77

1325061 |




I.L.41-776.5

—— WHEN USED

f 2d

O

TP6

T

a

|
!

312

o

Pi-2
PI-3

R30

it
i

o

4

b 1O

.. ... ...ﬁ

a

—fR’IEj— —{R’EH}-

RTS

3

C

RI3

|

3517A76

Fig. 5. Component Location for Timer Module 48 or 125Vdc rated relay
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3517A77

—— WHEN USED

ZI

EDeR:

- anang

Te |~ =

cd

L-.__

u
R

13T

o

J

3||2

S

o~ ™
h&.r
a a

[ Ret ]

Aoty

R3i

Rel

—{RU-NRI3 |-

RcZS
Fig. 6. Component Location for Timer Module 250Vdc rated relay.

RI9
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e

‘8|NPOW 1019818( IUBLINIIBAQ JO dJBWAYIS [euIdu| *f "Bi4

POS, 14 &—o

24'v0C PnSE
oa { 8 voLmace AC TO OC | PICKUP
5<—| LIMITER CONVERTER ]_ ADJUST|
oc d 8 VOLTAGE [ AC TO DC
7¢—| LIMTER | | CONVERTER
o8 d© VOLTAGE AC TO DC
(WHEN USED) | s LIMITER CONVERTER
12 VOLTAGE AC TO DC o
h -
GROUND LIMITER CONVERTER :D%T,‘Js?r
OR RELAY GEED
FROM TERM.9 OF 2 <— [—-—DRIVER RELAY RR
TIMER & OUTPUT ) 2 RR
MODULE

OVERCURRENT DETECTOR

INV.
COMPARA-
TOR

i NEG.

TO TERM.4 OF
TIMER & OUTPUT
MODULE

PANEL
MOUNTED

]

- s 1 _1asac7e

600SS¥L

Cl

Pt
L1
N
-1

1C

J1

1454C7 9GO s weuT)

GAPACLIOR BEBL 1P TIoN
W@uUF Puny

D1OVE DESCRIPTICN
3-24 INa9
2-3-4-5-6 195053
=892 10-1 )

138z 0a- 15

STNT- 1809

-2h-22

a1 CAT

T

Y PER PTICN

RESISTCR

PRAVST STUR DESCRIPTION

G- 201711
RESISTIR o RIPTIEN
RIY Bl %

K21-23 .0

R2e

wli-21

K23

RIT

R15

W1-2~3-2

6

Kl3-1a .

Kr=10-11-12 105.0<42. 0%
CENER LESCRIPTION

L2 INT53A A2V

21 INAT52A 33.0v
POT DESCRIPTION

PA-PB-PC-PG 500.0 2,00W 10%

PU-PL 10.0K12.5W 10%
REED RELAY DESCRIPTION

MR 1000 OHM COIL
VARISTOR DESCRIPTION

RS5-R6-R7-R8 ZNR K43

REF. DWG

STYLE wde
168A669R0Y

STYLE N2
158474 55H8
155A3a26 12

STYLE NO.
6677061H08

STYLE ~O.
HE62A473HO )

5TYLe

T62AR45508

STYLE
6294531403
629A331H5Y
6294531152
531H56
86233311466
629A531H67
643451
INRTHOR

145AZ0THTS

STYLE Ve
4ARAADANO L
QAPADTHADR

STYLE NG.
B848A778H04
B836A635H14
STYLE NO.
204C556H05
STYLE NO.
3509A31H03

1454C79G02 (3 npuT)

CAPACETOR
[

»10DE
L23-24
D1-2-3-4-5-6
-7-8-13-14-15
-16-17-18-20
-21-22

INT CKT
ci
JUMPER
Ji

TRANSISTOR
.-

RESISTOR

RIS
Ri-2-4
R16
RI3-14
R¥-10-12
ZENER

z2
21

PoOT
PA-PC-PG
PU-PL

REED RELAY
MR

VARISTOR
R5-R6-R8

4 INPUT COMPONENT LOCATION-35I7A79
3 INPUT COMPONENT LOCATION- 35/7A78

DESCRIPTLUN
«270UF 200V

DESCRIPTION
INASPA
195053

DESCRIPTION
741C

DESCRIPTION
0 OHY RESISTOR

DESCRIPTION
2N1TH

DESCRIPTION
100.0 - 50W 2%
20C0.0 .50W 2%
6800.0 .50W 2%
10.0Kk .50W 23
27.0K .S0W 23
30.8K .SOW 2%
10.0K1.00W 5%
1.0K3.
1.5K1-08W 57
3.9K2.00W 5%
100.8K2.00W 5%

DESCRIPTION
INTS3A 6.2V
1Na752A  33.0V

DESCRIPTION
500.0 2.00W 10%

10.0K12.5W 10%
DESCRIPTION
1000 OHM COIL
DESCRIPTION
INR K431

STYLE nd.
158A669H0Y

STYLE ND.
1B4ABSSHOB
188A342:112

STYLE NC.
6677D61HO8

STYLE N3.
B62A4TSHO I

STYLE NC.
762A 585404

STYLE N3«
627A531H83
629A531H39
629453152
529A331H%6
6294531166
6290531H67
1574643451
163A127HO2
1874643431
1854207441
135A207H7TS

STYLE NC.
EHLARNAHD T
4745151402

STYLE ¢

B848A7T78HO4
B836A635HI4
STYLE NO.
204C556H05
STYLE NO.
3509A3tHO3

S9LL-LY T
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Fig. 8. Component Location for 3 Current Input Overcurrent Detector Module.
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; E:‘;Ei\ . E:\__;Eﬁ
j:_ ! ! { r__L
L_nt
-1. RI3 |-
cw 1 g CCWE=
z R Wl SRSy o
? - /) {RIsL
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M
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3517A79

Fig. 9. Component Location for 4 Current Input Overcurrent Detector Module.
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T0
TEST‘—’T(\\—

TIMER
(STOP)

(+
=) 52% J l i

— — INPYUT S O
{_é?@‘ﬂ'bés)@@@ (e

TO LH CONTACT
0

F AR RELAY

l
| |
| ( 7 T , |
; 75%/25 TO TERM 9 3 |

)

| T (J) |
| TR e E |

@BFT —_— TAP MULT I

) GROUND
I CONTROW AR l
| T(I%ER
I | 3 l
| I8 o5 15 a5 05 15045 % IGND |
| (6 ool [0 @ O0) |
l TAP RANGE l
| 05 0 TO I.5AMPS
1.5 1.5 TO45 AMPS |

| Ia 45 45 TOI35AMPS 1. |
l CoO O OWNTe O O ) |
| 05 15 45 05 15 45
|  [AMPERE PICKUP=TAP SETTING X'TAP MULTIPLIER l
| |
l Ics ICs |
| (L) (R) I
| TO RH CONTACT TO RH CONTACT |
| OF AR RELAY OF AR RE

=) |

l__é? _@_ _?__ __qsg_ g ©__© I/Lg \S%UCN:E

+ START vbC

L, TO TEST TIMER(COMMON)
' ® [20VAC

NOTE:TO TEST FOR OVERCURRENT UNIT PICKUP, JUMPER TIMER BOARD TEST POINT
TP6 AND TP7 BEFORE ENERGIZING RELAY.
TEST BKR FL TIMER IN SIMILAR MANNER.

I¢A+ I¢c+ IGND 10K TO TESTTIMER RATED |

1479829

24

Fig. 10. Test Diagram for SBF-1 Relay.




RING BUS OR BREAKER AND A HALF SCHEME

‘Aejay 1-49S 404 2neWAYIS DV 1eusdix3 “LL by

LLOVIVL

°T4

Java N avan P g SINGLE BREAKER SCHEME
S S — sl U 1 s s =
Fan"my P aaY N a'a '™ e
[——.-' !—r‘ ~ ~ N — ST — -
P} b |
—a Y 1 JTaaY ' =~
I, A e, SN Ny
@2 1 622
2 3 -
[ 1B WHEN
62-2 | 622
16 USED) | %7 —i
r ! D—)
N 622 I¢ 62-2 SBF-1 RELAY
TRANSMISSION LINE 3 -, 5 > FOR BREAKER
OR TRANSFORMER ——ﬁ—)@—/\r 52-2
>
622 Io 62-2
% - =, T
‘[; BACKUP
Lot - RELAYS
62-4 62-
2 T 3 9
R, -
- (IB WHEN E_ %
§2d usep) & b
bV} L
r_) BACKUP
RELAYS
624 2=
4 Ic = 52-1
L3 . -
=
62l To 62:(
& i g g
P> - E g (E BUS
= SRRyt T 't *—— Recars
PRIMARY}
RELAYS
1 \L
A B C
+ SPP SURGE PROTECTION TRANSMISSION LINE OR TRANSFORMER
CAPACITORS TO BE USED
WHEN SURGE VOLTAGE MAY
EXCEED 2500VOLTS PEAK
L
LEGEND
DEV DESCRIPTION

52 CIRCUIT BREAKER

62 SBF-1 BREAKER FAILURE RELAY{775B8I3, 1326DI9)
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92
‘Aejay L-48S 10) onewaysg Oa jeusdx3g gi b1y

8L0v9rv i

REQUIRED WHERE PROTECTED

5¢ POS BREAKER ISOLATES A TRANSFORMER EGEND
M + ¥ DEV. DESCRIPTION
s2x/62Y T86T! [ER—- 520 52 © | CIRCUIT _BREAKER
1 spP I —_——— 4 o= 62 | SBF-I BREAKER FAILURE RELAY(775B8I3, 1326D19)
621 62-1 62 = =
62-1 a2t < T [62x62Y | BREAKER FAILURE INITIATE CONTACTS
1S |
L 9 $3%0s | 18 T ORAL COMPLEMENT BEBF | BREAKER FAILURE LOCKOUT RELAY
86TI | TRANSFORMER LOCKOUT RELAY
VOLTAGE
LEVEL —
DETECTOR 7
/
jns /
+24vDC /
/
1hes /
PHASE
WHIEBN “ VOLTAGE . AC/DC CURRENT]|
USED LIMITER |—~{CONVERTOR LEVEL
DETECTOR
VOLTAGE AC/DC
Ic . / /
LIMITER CONVERTER) /
GROUND
I VOLTAGE ] AC/DC / CURRENT
LIMITER | CONVERTER 7 LEVEL
J / DETECTOR,
TRR
‘K g2t

/ DC NEG
. DC POS

SPP +
I 621

—
o
n
L
—4
o
N
&

AR RED
(RCY LEAD TYPICAL 86BF AND/OR RELAY AUX FUNCTIONS
Ics i dics AR I.TRIP BREAKERS CONNECTED TO SAME BUS SECTION-
X(R) (R) T(R) (LD L 2.BLOCK ALL AUTOMATIC RECLOSING.
3.8LOCK MANUAL CLOSING.
62 62-1 621 62-1 4.KEY TRANSFER TRIP TRANSMITTERS TO TRIP
s2d == 2 = REMOTE BREAKERS AND BLOCK RECLOSING.
5.STOP" BLOCKING CARRIER.
TO RETRIP
BREAKER 52-1 FOR HIGHISPEED TRIP
(TO OBTAIN AR ADJACENT BREAKERS
CONTACT OUTPUT OROTHER AUX FUNCTIONS

1 SPP SURGE PROTECTION CAPACITOR TO BE USED
WHEN SURGE VOLTAGE MAY EXCEED 2500 VOLTS PEAK

¥ WHEN SURGE VOLTAGE MAY EXCEE D 2500 VOLTS PEAK
USE SHIELDED CONTROL CABLE & GROUND BOTHENDS
PER SWITCHYARD RUNS WHERE SURGE VOLTAGE MAY
EXCEED 2500 VOLTS REAR

MOVE RED LEAD
FROM TERMINAL |1
TO TERMINAL 12)

AC SCHEMATIC 1464C77

“DC NEG
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5.563 250 plA, 4 HOLES FOR
1594 6.063 (141.30) (6.35),190-32 MTG. SCREWS
\ (40.49 ) 1654,00) 2,78l ) r
=

[ {70.64
1 L
8.250 5
5 15,25
(209.55) (384.18 )
—
) i
a !
¢ 16.500 7.563
(419.1) (192.10)
. ) /
- 3.188 3 R P 2,938
(80.98) PANEL CUTOUT & DRl‘ml'r\?(s3 )
LL
E§;39735)* FOR SEMISFLUSH MTG.

PANEL LOCATION

SEMI-FLUSH MTG.
PROJECTION MTG

DIMENSIONS IN INCHES
DIMENSIONS IN MM

LARGE INTERNAL
8 EXTERNAL

TOOTH WASHER VAN .,
4,375 (— 5-888 563 oA, 2 HOLE
ey SMALL (i, 3) (68.28) ¢ (430) " 2 HOLES
XTERNAL - -
: TOOTHED \ 4 U3653) |
WASHERS ¥ 250 +.016(.397)
(6.35)~

190-32 SCREW 4.375

0
1-03|-’i~l.03l1l.03l-—¢~'l.031—« .375 R
9.53)
SPAGERS,FOR (l11.13) 26.19) (26.12) (26.19) (26.19) (
PANEL " TN SeANELS l /_,ﬁﬁ_,t\/ R

5/16-18“SCREW 594
(FOR JTHICKGPANELS “5 09)
USEy 546-18 STUDS) =,

INTERNAL-EXTERNAL
TOQRHED WASHERS | g3

1190-32 SCREW (46.04)

FOR THICK PANELS
USE_.190-32 STUDS

NUMBER

—F — - — 20 HOLES OR |+1.03] ~H1.03] (031~} 03]
641 “piad TERMINAL AND cutouT | (2619) (26i9) (26.19) 26.19)
: PANEL DRILLING OR CUTOUT FOR -

(16.28) MOUNTING DETAILS PROJECTION MTG.(FRONT VIEW)

57D7903
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INSTALLATION

Westinghouse 1. L. 41-776.5A
OPERATION e MAINTENANCE

INSTRUCTI O DS

TYPE SBF-1 CIRCUIT BREAKER
FAILURE RELAY

CAUTION: [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 failurg
detection relay with contact output. It is used in
conjunction with the primary and backupfrelays.
Other logic inputs (such as the 52a contagt) snay
be used where the fault current is instufficient to
operate the current detector.

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

Provision is included in the relay for “retrip-
ping” the breaker withoutstime,delay. This may
avoid clearing a bus during ifgosrect maintenance
procedure or due to theffailuge of a trip contact to
close.

CONSTRUCTION

The SBF-1 Relay consists of a phase and
ground cufreng/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 of 3 or 4 input
transformers and a‘plugin‘module. The primary of
the transformerds tapped and brought out to a tap
block locatedmen “the front of the relay. Each
transformerghas thyee taps which cover the range
of pickup.

The (se¢ondary of the transformers are con-
nectedito theinput of the plug-in detector module
whereithe'phase and ground signals are connected
toyseparate pickup level adjustments located on the
frontyef the module. A comparator circuit consists
offagplug-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

AU possible contingencies which may arise during installation, operation, or maintenance, and all
deiqils and variations of this equipment do not purport to be covered by these instructions. If further
taformation is desired by purchaser regarding his particular installation, operation or maintenance of
his equipment, the local Westinghouse Electric Corporation representative should be contacted.
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trimpot. 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.

A level detector circuit consisting of zener
diode Z1 and resistor R3 is connected to terminal
13 of the module for controlling the dc voltage
supply to the timer circuit.

A second level detector consisting of zener
diode Z2 and resistor R17 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 seriesfwith,a*2
inch tubular resistor (RA).

Indicating Contactor Switch
Unit (ICS)

The dc indicating contact@r switch is a small
clapper type device. A magnetie” armature, to
which leaf-spring mounted contacts are attached,
is attracted to the magnetic'€os€ upon energization
of the switch. When the switch closes, the moving
contacts bridge4twof stationary contacts, com-
pleting the trip circuity, Adso, 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
tagget, provides restraint for the armature and thus
controls“the pickup value of the switch.

OPERATION

The operation of the SBF-1 is somewhat
different than the conventional breaker failure
relay. It may be summarized by saying that the
breaker failure relay timer is started by oaly the
BFI (62X) input rather than the BEF and the over-
current fault detector. The breaker failure timer
controls the fault detector so that 4after it times
out, the overcurrent signal (if’present) is connected
to the level detector. This arrangement keeps the
overcurrent input transformer®oad at a low level.
This permits fast resetof the secondary voltage of
3 ms or less, even atWery high multiples of pickup
current. By use ofvan additional timer (called the
control timer) th€ybreaker failure timer as well as
the X seal-in relay is’reset after it times out. The
circuit operation‘ean be explained by referring to
the internaltschematic drawing 775B813 (Fig. 2)
and detailedunternal schematic 1326D19 (Fig. 3).

Duringpstand-by condition the dc input to the
relaya(terminal 9 positive) is zero since the dc con-
trolyvoltage 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 dc voltage is 80% or greater (of rated
value) a level detector zener diode Z1 (connected
to terminal 9) will permit transistor Q2 and Ql to
turn on. The power supply consisting of a 10 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 QI turn
on it connects the regulated power supply to the
control timer which consists of 2 of ICI, trimpot
P2 and timing capacitor C1. Resistor R26 and
R27 form a voltage divider which requires ap-
proximately one time constant [( P2+R22) x C1)]
before the output terminal 12 goes from 24Vdc to
less than 2.5Vdc. At the same time the control
timer receives power through QI, the 24Vdc out-
put of the control timer (term. 12 of IC1) is used to
turn on transistor Q7 which operates the X relay.
One X contact is brought out to relay terminal 15
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 QI turns
off and transistor Q2 turns on to pickup the reed
relay (RR). In addition, the output of the BF timer
also supplies one of the two inputs to transistor Q5
which controls the AR relay switching transistor
(Q6). The other input controlling transistor QS is
either the 52a contact input (if used) connected to
relay terminal 18 or operation of the overcurrent
unit circuit. This is obtained when the reed relay
operates to remove the 100 ohm resistor (R19)
from capacitor C1 and to apply the input current
signal to terminal 4 of the ICI1 on the overcurrent
detector module. If this signal voltage is higher
than the reference voltage at terminal 5 of [CI the
output voltage at terminal 10 (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).

CHARACTERISTICS

Overcurrent Detector

The overcurrent detector has azsange of 0.5 to
13.5 amperes. This is obtained by medns of three
tap settings in conjunction withythestap multiplier
to give a continuous adjustment ‘Gyer the range.
The pickup point is determined¥y multiplying the
tap value by the tap multipliemsetting. The operate
speed varies from 3 ms(to 8 ms. The reset time is 3
ms maximum and would¥besmeasured as the time
for the secondary vpltageito decay to 10 volts peak
(with the reed relay ‘RRgcontacts open). This reset
time applies’ whether, the input current is reduced
to zero of .upA£0 95% of pickup current.

Continuous Trating is 10 amperes. One second
rating is 250 amperes.

The accuracy of the pickup setting is 5% over
the, fallyrange and 10% from -20 to +55°C. Since
thessetting 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 order to avoid opening the current
transformer circuits when changing taps under
load, connect the spare tapfscrew in the desired tap
position before removing th€ other tap screw from
the original tap position:

Control Timer

The range of the,control timer is 150 to 250 ms.
The timer as@geceived should be set for ap-

O proximatelys200 ms. A 150 to 600 ms timer is

available and is shipped set at 600 ms.

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

‘khe accuracy is 5% over the temperature and
voltage range.

BF Timer

The range of the BF timer is 18 to 175 ms. It
is set by means of 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 10 watt zener diode (Zs), a
resistor (Rs) and provides a regulated voltage of
24Vdc +10% 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
110% of rated voltage and from -20 to +55°C.




It can be energized continuously at 110% of
rated input voltage.
Capacitive Effect

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

Relay Rating BF Timer Setting Capacitance
48 Vdc 18 ms or higher 18 MFD
125 Vdc 18 ms or higher 6 MFD
125 Vdc 35 msor higher 13 MFD
250 Vdc 18 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 MFD could
cause the 52a input to stay on for 1.5 ms (48¥
relay), 4.5 ms (125V relay) and 20 ms (250V relay,)
after the 52a contact opened.

X RELAY

Coil resistance is 1500 ohms +8% and rated
for 24Vdc operation. The seal-in gcontact will
pickup providing the BFI (62X,,62¥),initiate con-
tacts are closed for a minimum ofi8 mshA second

© contact is wired to relay termiffal ™¥and 12 to

provide a retrip feature.

AR RELAY

The coil resistance is%930 ohms +5% and will
operate in series’ with the” appropriate resistor
from 80% to 110%n0f rated voltage.

The operate speed is 3 to S ms at rated voltage.
The dropout time i$ 30 to 45 ms (diode around the
coil). Thewe are 4 normally open contacts
availablé,

INDICATING CONTACTOR SWITCH (ICS)

Bhe coil resistance is approximately 6.5 ohms

on the 0.2 amp tap and 0.15 ohms on the 2.0 amp
tap.

TRIP CIRCUIT

The main contacts will safely close 30 amperes
at 250 Vdc and the seal-in contactssof the ICS will
safely carry this current longeenough totrip a cir-
cuit breaker.

SETTINGS

OVERCURRENT DETECTOR

The pickup of th@wvereurrent unit is obtained
by means of a tap4serew and tap block in conjunc-
tion with the tapmmultiplier knob setting located at
the front of the overeurrent unit module. This per-
mits a continuousyadjustment over the range of 0.5
to 13,5 amperes. Each tap setting permits ad-
justingsthe"pickup over a 3 to | range.

Thereyare 2 or 3 phase inputs depending on the
relayastyle. Each one has its own tap block. Nor-
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
multiple of pickup of at least 2 under minimum
fault conditions.

CONTROL TIMER

The control timer can be set by 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
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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 16
miiliseconds longer than the BF timer. This allows
for pickup time of the reed relay (! to 3 ms), AR
refay pickup (3 to 5 ms) and operate time of the
¢/c unit (3 to 8 ms).

The range of adjustment is a minimum of 100
ms (150 to 250 ms). The control timer is shipped
from the factory set for 200 ms.

A 150 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_efithe
timer module permits setting the time deldy from
18 to 175 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 testjackion the
timer module and terminal 8 of th&relay’(Com-
mon Negative). Jumpering test point TP6 and TP7
on the timer module prevents“the “@éntrol timer
from resetting the BF timemand will help in set-
ting the BF timer. Remember that if the control
timer is set shorter than ghe BFimer, the BF timer
will not be able to operate the reed relay (RR).

A 50 to 500, msyBE timer with 50 ms scale
increments i§ also“available.

A lockingftab i§ provided to hold the BF timer
setting from beig accidentally changed.

The timér is shipped set at 175 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

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

INDICATING CONTACTOR
SWITCH (ICS)

Connect the lead located4in front of the tap
block to the desired s€tting By means of the con-
necting screw.

When the relay energizes a 125 or 250 Vdc type
WL relay swigChyor equivalent use the 0.2 amp tap.
For 48 Vdcfapplications set the unit in the 2 amp
tap and®Musewa type WL relay with a
S#304C209GQY coil or equivalent.

INSTALLATION

T he*relays should be mounted on switchboard
panelsyor their equivalent in a location free from
dirty” moisture, 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. 41-076.

ADJUSTMENTS AND
MAINTENANCE

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



© Acceptance Test

The following check is recommended to insure
that the relay is in proper working order. Refer to
Fig. 10 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 X1 calibration mark.

Jumper test point TP 6 and TP7 on the timer
module and apply rated dc 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 Vdc
when the ac current input is between .48 and .52
amperes. The AR output relay will pickup at the
same time. When TP6 and TP7 is jumpered the
dropout time of the o/c output at TP3 will be
slow. Opening switch to terminal 9 momentarily
will speed up the dropout 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 shouldfbe
between 1.44 and 1.56 amperes on phase A input
and within 5% of phase A pickup for phasefC (and
phase B if used).

For setting Phase A current gperate level, set
the tap screw in the proper range location,and set
the phase tap multiplier at the peint atshich 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 forthe same current
range. The AR output relay will also pickup and
can be used for angindigation;

The Ground overeélirrent setting is checked and
set exactly like the phas€ overcurrent circuit.

A locking featur is provided to hold the tap
multiplier knab at the desired setting.
Control“Timer

Usesa'low bounce initiate contact in series with
relay, terminal 9 (positive). Connect an electronic

o

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 bé con-
nected to the bottom test jack on the timef
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 negativefgoing slope.

The control timer output sheuld ge from a high
state to a low state in 190 to. 240 milliseconds (or
in 570 to 630 ms for the dengersange timer).

If some other timesinterval is desired, the timer
setting may be changed byymeans of a screw driver
adjustment through the access hole on the timer
module to a multitiripotentiometer. Use the elec-
tronic test timer inytdre manner described to obtain
the desired time‘interval. Remember that the Con-
trol Timer*should always be set at least 16 milli-
second§ longer than the BF timer. The adjustment
rang€ is %S0 to 250 ms (or 150 to 600 ms in the
longenrange timer).

BREAKER FAILURE (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. Qutput of
the BF timer takes place when it goes from a high
state to low state (similar to the Control Timer
output). Close switch to terminal 9 and see that the
timer output switches in 170 to 180 ms (or 485 to
515 ms for the longer range timer).

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 dc voltage to relay terminal 18 (52A
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 18 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.

Set voltage to terminal 9 and 18 to 80% of
rated relay voltage. Close switch to terminal 18
and then 9. See that AR relay picks up momen-
tarily.

Indicating Contactor
Switch (ICS)

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 dCeufrent
to the tap value.

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

The contact gap should, be “approximately
.047°, Both stationary contacts'should make with
the moving contacts gsimultafiecously. The in-
dicating target should drop just prior to or at the
same time the contaets, make.

Routine Maintenance

The reldy sheuld¥be inspected periodically. The
operation“ef 4£he overcurrent circuits, timers and
indicating comtaétor switch should be checked
similar to procedure described under SETTINGS.
In addition inspect the X and AR relay contacts. A
congact burnisher S#182A836H01 is recommend-
ed, for cleaning contacts. The use of abrasive
material for cleaning contacts should be avoided
beeanse 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 apartt, 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 8mer 9ywhen replacing com-
ponents.

If a new modulenis inserted, it will require
calibration ofgthendial plate. Other replacement
parts such a$§ a trapsformer or certain components
on the _module such as the reference zener,
operatignal amplifier, rheostat, etc. might require
new'scalelmarkings. In that case a new dial plate
will ‘he“necessary.

To mark the dial, first jumper test point TP6
andpTP7 on the timer board. Energize the relay
with rated dc 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 trimpot slowly CCW
(to lower pickup). Operation of the overcurrent
unit is indicated when the AR 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. Now turn the front
panel dial knob fully CW. Check to see that
pickup is 1.55 to 1.80 amps. If it is slightly below
1.55 amps, rotate the phase A trimpot slightly
clockwise to raise the pickup to 1.55 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
(X1) 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 if 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
slippage of the knob pointer on the shaft, this can
be corrected by rotating the shaft fully CCW. Now
adjust the knob at the pin prick mark. This shouid
return the knob to its original position on the shaft
and bring the scale markings back into calibration.

[f components in the breaker failure timer cirz
cuit have been replaced it may be necessary o
change the scale plate and recalibrate. First
jumper test points TP6 and TP7. Using a Jjow
bounce initiate switch adjust timer knob untiifg 25
ms time delay has been obtained. Ug€" test
procedure described under acceptance testing for
measuring time delay. Note the knob pésitionfor
25 ms delay. Also note the knob_position fer 175
ms delay. Loosen the set screw and position the
knob on the shaft so that thes25 and 175 ms
locations are equidistant aboutithe knob locking
tab. Scribe lines at the 25 ms=setting and for each
25 ms increment up to, 175 nis.

Indicating Contactor Switch (ICS)

Adjust the comtact gdp for approximately
.047" by adjusting theystationary contacts. Both
contacts should make simultaneously.

Check tg see that the contacts close at rated
tap value_cugrent. The indicating target should
drop at oryustyprior to the contacts closing. The
targerqshould, drop freely.

[feheptarget does not drop or does not reset it
nfay,benecessary to remove the cover and bend the

tab on the spring that supports the target.
TROUBLE SHOOTING

The components in the SBF-1 relay are
operated well within their rating and normaliy will
give long and trouble free servicegHowever, ii a
relay gives indication of trouble inigérvice or dur-
ing routine checks the following%nfdfmation will
prove helpful. All measureménisyare’approximaie
and may vary as much as 20%. All voltages are
positive with reference to commoén negative (reiay
terminal 8) except ac vValtages:

Timer Moduie
. Jumper test ppoints, TPS and TP7.

a. Applysratedarélay voltage. Voltage at Jower
test jack=23.5V

b.,Remgve “jumper. Apply rated voltage.
Valtage” at lower test jack = 23.5 Vee.

[§=)

guumper test points TPO and 727

4. JApply rated relay voltage. Voltage at upper
test jack=less than 2.5 Vdc.

h. Remove jumper. Apply rated voltage.
Voltage at upper test jack=less than 2.5
Vde,

(0%}

. Jumper fest points TP6 and TP7.

a. Apply rated voltage. Voltage at terminai 6
of 1C1=13.3V.

b. Remove jumper. Apply rated voltage.
Voltage at terminal 6 of IC1 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 IC1=20.8V with timer knob (ully
CW.

b. Voltage at terminal 7 of IC1=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 IC1=16.5V.

b. Remove jumper and apply voltage. Voltage
at terminal 2 of ICl should be approxi-



. L.41-776.5A

mately 0.1V less than voltage measured in
section a.

. Apply twice tap value ac current.

a. Apply rated relay voltage. Voltage at
TP3=12.7V. Voltage at TP4=less than
0.5V.

b. Interrupt ac current. Voltage at TP3=less
than 0.5V. Voltage at TP4=12.7V.

. 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 at TP4=12.7V.

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

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

b. Remove jumper. Apply rated voltage.
Voltage at TPS=less than 0.5V,

. Jumper test point TP6 and TP7.

a. Apply rated relay voltage. Voltage atyprinted
circuit board terminal 10 or 11=lessthan
0.5V (X and AR relay pickedgtip).

b. Remove jumper. Apply rated yoltage.
Voltage at pc terminal 1024V (Xfrelay not
picked up). Voltage atepc terminal 11 =rated
relay voltage (AR relay ‘net picked up).

Overcurrent Module
QO 1. Jumper test points TP6 atd TP7 (timer module).

Set tap in 0.5 hole andgttirn tap multiplier knob
to X1 position.

a. Apply 0.5%mp ac current to the particular
inp@it ip”question. Then apply rated relay
voltage. Mgasure 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 tapin 0.5

amp. hole and turn tap multiplier to X1 posi-
tion.

a. With 0.4 amp ac current flowing dpplyrated
relay voltage. Measure voltage.at terminal 5
of ICI1 to be 6.4V. Now increase the current
until the output relay operatesiihe 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 it operates:

3. Jumper test points{EP6 and TP7. Set tap in 0.5

hole and tugn tapymultiplier knob fully CW.

a. Apply s amp ac and apply rated relay
voltage. M€asure 4.2 volts at the brush ter-
minal ofvthe tap multiplier rheostat.

4 Jumper” test points TP6 and TP7 (timer

medule).

a. Apply rated relay voltage. Measure 6.2V at
TP1 and less than 0.5V at TP2.

b. Remove jumper. Apply rated relay voltage.
Measure less the 0.5V at TPl and 24V at
TP2.

5. Check of Reed relay (RR) contact.

a. Resistance should be greater than 500 ohms
when measured from jumper J1 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) (1000

ohms), AR relay (630 ohms) and X telephone
relay (1500 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. However, 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.



TABLE |

ENERGY REQUIREMENTS

60 HZ
TAP 0.5

TAP MULT. 1(0.5A PICKUP) 3 (1.5A PICKUP)

REED (RR)

CONTACT OPEN* CLOSED OPEN* CLOSED
Current 0.5A 5.0A 0.5A 5.0A 1.5A 1.5A 025 A 5.0A
VA 15 2.1 .04 2.2 53 2.1 33 2.2
OHMS .6 .08 16 .09 23 .08 .15 .09
P.F. Angle** 75 25 15 27 63 25 20 27

TAP 1.5

TAP MULT. 1(1.5A PICKUP) 3(4.5A PICKUP)

REED (RR)

CONTACT OPEN* CLOSED QPEN* CLOSED
Current 1.5A 5.0A 1.5A 5.0A 4.5A 5.0A 4.5A 5.0A
VA 165 75 .06 .60 163 75 .50 .60
OHMS 073 .03 .027 024 031 .03 024 024
P.F. Angle** 45 36 15 15 36 36 15 15

TAP 4.5

TAP MULT. 1 (4.5A PICKUP) 3 (13.5A PICKUP)

REED (RR)

CONTACT OPEN* CLOSED OPEN* CLOSED
Current 4.5A 5.0A 45A 5.0A 13.5A 5.0A 13.5A 5.0A
VA 23 28 16 20 1.6 28 1.5 20
OHMS 011 011 008 .008 .008 011 .008 .008
P.F. Angle** 36 18 5 4 9 18 3 4

* = Saturated Burden
** = Current Lagging Voltage

TABLE 2
BATTERY DRAIN
CONDITION 48Vdc 125Vdc 250Vdc
Standby 0 0 0
During Timing 120mA 95SmA 90mA
Trip (ARgRelay Picked up) 155 130 125

10




I.L.41-776.5A

TABLE 3
CURRENT RATING

CURRENT RANGE (Phase and Ground)

0.5 to 13.5 Amperes

TAP RANGES CONTINUOUS 1 SECOND

0.5to 1.5 Amps 10 Amps 250 Amps

1.5t04.5 10 250

4,5t013.5 15 300
TABLE 4

AR CONTACT RATINGS

INTERRUPTING RATING

CONTACT CIRCUIT TRIP CARRY RATING RESISTIVE INDUCTIVE
RATING RATING CONTINUOUS L/R=.005
48Vdc 30 Amps 3 Amps 3.75 Amps 1.75 Amps
125 30 3 ) 35
250 30 3 .25 A5
O TABLE 5

X RELAY CONTACT RATINGS

CONTACT CIRCUIT TRIP CARRY RATING
RATING RATING CONTINUOUS
48Vde 30 Amps 3 Amps
125 30 3
250 30 3

1



s

SEAL-IN RELAY (X)

TRANSFORMER TB

RESISTOR RA

TRANSFORMER TA

ICS INDICATING
| CONTACTOR SWITCH

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

12



I.L.41-776.5A

POTENTIOMETER PA

POTENTIOMETER PC

POTENTIOMETER PG

POTENTIOMETER PB

TRANSFORMER TG

RESISTOR RS

TRANSFORMER TC

(right oblique).

13



SIMPLIFIED INTERNAL SCHEMATIC

WHEN
USED
’_L_|\

1
1
|
1

L—— RED LEAD

_____ (SEE NOTE)
Tg
AR ICS X - (SEE NOTE)
fw AC/DC L [ l(H
CONVERTER SEE,TABLE)
H +| s" AR RELAY
UPPER L REED RELAY
Lerr | AND . TECEPHONE
PHASE @ RELAY
PICKUP OR ||
LEVEL

ADJUST]
GROUND
PICKUP
LEVEL R
ADJUST
:l: RR

i SE— R
LOWER +[ -1 1 -1 + =
RIGHT _| ac/oc |[ Aac/oc AC/DE || pRRER
CONVERTER| |CONVERTER}{CONVERTER
LOWER | IN29868B
LEFT W% "] 24 vbC
L RH
Te (SEE TABLE)

Ta
| RED HANDLE

l-TEST SWITCH

L\-MJTC
g

/TERMINAL

FRONT VIEW

CHASSISHOPERATED
SHORFING “SWITCH

CURRENT) TESTWACK

NOTES:
TO OBTAIN AR CONTACT OUTPUT, MOVE RED

LEAD FROM TERMINAL |l TO TERMINAL I2.

(L),(R),(LC) 8 (RC) DENOTE LEFT HAND,RIGHT HAND,
LEFT CENTER 8 RIGHT CENTER POSITIONS.

Z5W RESISTORS

REF, DWG, VOLTSOC| RA | RS
1326019 - DETAILED SCHEMATIC 48 3000 | 20001

1326D3! - { 4 OVERCURRENT UNITS) WIRING | 28 31500 | 10000
1326083 -( 3 OVERCURRENT UNITS) WIRING 250 71000 | 28000

Sub. 4
Dwg. 7758813

14

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



I. L. 41-776.5A

POS.
24 VvDC

POS.
24 vDC

RATED vDC

FROM TERM. 3 OF
OVERCURRENT
DETECTOR MODULE

RATED VDC
(52a)

14— >1 NEG,
RELAY
12 ?;3 DRIVER 7,
%Dx T0 X\ RELAY
10
LEVEL LINE CONTROL B.F. TIMER
13 & PETECTOR, DRIVER LIMER 25175 - ®, TO TERM. 2 OF OVERCURRENT
182 @(')2—5 o 8 DETECTOR MODULE
ZA\ REPLACED BY J2 FOR GROUPS 182
| ——=-—>8
OR OR AND RELAY A DA TO AR RELAY
4< E DRIVER mn
3| 4| 5 6
LEVEL

3¢ |DETECTOR

TIMER AND OUTPUTOMODULE"

Pl

IS PANEL MOUNTED |

UPPER i

TEST
JACK

9.
) 'I

WHEN USED l
n
DX 1031
; 7
DA 8 l
R24}9o— Q7 —91
) ZA
o REPLACED BY J
ZB' A+ ] FOR GROUPS 18
T
1454C8I

17

¢ Fig. 4. Internal Sch



1454C81 GO! (48 voc)

CAPACITOR
c3

c2
4]

DIODE
D1-2
D3-4a-A
DX

INT CXT
1c1

JUMPER
Ji1-2

POT
P2
Pl

TRANSI STOR
o1

92-3-4-5-1
Q6

RESISTOR
R4-6-9-12-15
-25
R2-14
R1-16
R7-8-10-11-22
R3-17
RS-13-24
R20
R26-28
R27
R21
R19
R29
R23
R18-30
R3)

ZENER
ZA
Zi-2

DESCRIPTION

«270UF 200V
3- J00UF 35V
6.800UF 35V

DESCRIPTION
IN6AS
INAS9A
INS0S3

DESCRIPTICON
7470M

DESCRIPTIGN

0 OHM RESISTOR

DESCRIPTIZ:

DESCRIPTICN
2N29054
2N171]
2N4063

DESCRIPTION

2000.0 .50+ 22

6800.0 .50u 22

10.04 .50 2%
15.04 .50 22
20.0¢ .50 22

27.04 +50w 2%
162.04 « 50 1%
20.04 .50.: 1%
40.24 +50W" 12
3320.0 .50W %

10.042.00\ 52

60.4% .50W 1%

499.04< .50w 1%
2.2M .50\ ST

STYLE NO.
188A669H0S
B862A530H01
1840661H21

STYLE NO.
184A355113
1844255103
188A342H 12

STYLE NO.
1443C52401

STYLE NJ.
B62A4T3HOI

STYLE NOJ.
8623406402
880A687HO2

STYLE ~NO-.
T62A672410
762A53 51403
878A432:101

STYLE NO.
629AS31H Y

629A5311452
629A531H5%
629A531H58
62394531163
629A531:65
8a8A321H62
848A320:474
343A321404
848AB 19195
185A207451
848A821H21
843A822110
137a290H26

1.OM .50W % 848A822H39

DESCRIPTION STYLE NO.
1R200 200.0V  629A359H01
IN9 718 27.0V  352A606M11

|454C8I1G04 (125 voc)(

CAPACITOR
c3
c2
ci

DievkE
Di1-2
03-4-A
DX

INT CKT
ic1

JUMPER
Ji-2

PeT
P2
Pl
TRANSISTOR
Q1
02-3-4-5-7
06

RESISTOR
R4-6-9-12-15
-25
R2-14
R1-16
R7-8-10-i1-22
RS-13-24
R3-17
R20
R26-26
R27
R2}

R19
R29
R23
R18-30

DESCRIPTION
«270UF 200V
6.800UF 35V
$.B00UF 35V

LESCRIPTION
1N64S
INAS9A
INS0S3

DESCRIPTION
747011

DESCRIPTION
O OHM RESISTOR

DESCRIPTICN
500K .75W
50.0k 50w
DESCRIPTION
2N2905A
2N1711
2N4063

DESCRIPTION
2000.0 -50w 22

6800.0 - 50% 22
10.04 +50u 2%
15.04 .50W 22
27.0/¢ .50u 2%
47.04 .50W 22
255.0K . 50w 1%
20.0K .50%
40.24 .50
4.99K .50uw
10.042.00%
40.2K . 50%
226.04% .50
2.21 .50%

1LOM 50w |
DESCRIPTION

IR200  200.0V

uz8470  70.0V

50-500 MS BF TIMER
150-600MS CONTROL TiM

STYLE NQ.
13BA669H0S
184A661H21
18 aA66 1121

STYLE ~NQ.
184ABS5SSH13
184A855H08
168A342H12

STYLE NO.
1443C52H01

STYLE NO.
862A473HOT

STYLE NO.
3528A37HOI
880A687HO3

STYLE N2.
762A672H10
762A585H08
878A432HO1

STYLE Ne.
629A531:439

629AS531HS2

L 4

629A531HS6
629253146
629A531:46
629753117

er )

1454C81GO2 (125 voc)

CAPACITOR
c3

c2
4]

DIeDE
D1-2
D3-4-A
DX

INT CKT
icy

JUMPER
Ji-2

PoT
P2

!
TRANSISTOR
Qi

02-3-4-5-7
Q6

RESISTOR
R4-6-9-12-15
-25
R2-14
R1-16
R7-8-10-11-22

DESCRIPTION
-270UF 200V
3.300UF 35V
$-800UF 35V

DESCRIPTION
IN64S
INAS9A
INS0S3

DESCRIPTION
74701

DESCRIPTION
0 OHM RESISTOR

DESCRIPTICN
20.0K .50
25.0k  .sow
DESCRIPTION
2N2905A
281711
2N4a063

DESCRIPTION
2000.0 .S50w 22

6800.0 .50%' 22
10.04 -50u 22
15.04 .50 22
27.0K 50w 224
47.04 .50 22
162.0¢ .50% 12
20.0K .50% 1%
40.24 +50%

3320.0 .sow !z
10.042.00% S%
60.4X .S50w 1%
499.0K -50% 12
2.24 .50 52
LOM .50W |%
DESCRIPTIOV
1R200 200.0v
uzg8870  70.0v

REF. DWG._

STYLE N@.
18BA669HOS
B862A5S30KHO1
184R661H21

STYLE NO.
184ABSSH13
184A8SSHO3
188A3421412

STYLE NO.
1443CS2H01

STYLE N@.
B62A473HO1

STYLE NO.
B62AA06HO2
880A687HO2

STYLE N3«
162A672H10
762A585H08
B78A432HO01

STYLE NO.
629AR531433

629A531HS2
629A531HS6
6294531160
B29A531H66
629A531172
BaBAB21IH62
343A320:74
845A21IHO4,

1454C81G03 (250 voc)

CAPACITOR DESCRIPTION
c3 +270UF 200V
c2 3.300UF 35V
ci 6.800UF 35V,

DI10ODE DESCRIPTION
Di-2
D3-4-A
OX

INT CKT
c1

JUMPER
J1

TRANSISTOR
o1
02-3-4-
Q6 2N4063

DESCRIPTI @N
2000.0 .S50W 22
5600.0 .SO0wW 22
6800.0 50w 2%

10.04 .50w 2%

15.04 .50k 22

27.0K «50u 22

100.0K .5S0%w 22
162.0K 50w 12
8 20.0K «50W 12

40.2« .50% 12
3320.0 .50 12

60.4K .S0W 12

499.0K .50w 1%
36.0K2.00% S2

-30 2.2 .50W ST
31 1L.OM 50w i%

DESCRIPTION
INJOS0B 180.0V
2 1N30498 160.0V

COMPONENT LOCATION (48/125 vDC) -- 35{7A76
COMPONENT LOCATION (250 vDC)- - - - 35I7AT7

STYLE NO.
188A669HOS .

STYLE N@.
B862A478H0O1

STYLE NO.
862A406H02
880A687H02

STYLE 0.
762A672H10
762AS535H08
878A432K01

STYLE N3.
629A531HJ9
629A531HS0
629AS531HS2
629A531HS6
62945311460
629AS31H66
629AS531HBO
B43A321H62
B43A320H74
848A321H04
848A319H93
843A821H2}1
B84BA322HI0
185A207164
187A290H26
848A822H39

STYLE NO.
187A936H17
187A936H13

Sub. 3
1325D61

o



I. L. 41°776.5A

—— WHEN USED

o e
S

=
3

IJT he

e}
— LIS 3
wl|™ 5
o
T

RaY

RIS
Ry

Rie

TRI {RI

25

C3

RI13

|

3517A76

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

—— WHEN USED

o

R31

11

sl [

R30
[ 24 ]
U
H
rID
IS
13

RcZB

R2j

Re2l
P7
TPS
—RI'}-

Rig

3517A77

Fig. 6. Component Location for Timer Module 250Vdc rated relay.
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(X4

"8INPOYY 10108}8( JUBLINDIBAQ JO dHEWAYDS [BuwIdul £ b4

POS, 14 &——
24 VDC

. PHASE
oA VOLTAGE AC TO DC PICKUP
5¢ LIMITER CONVERTER ’_ ADJUST]
oc 4 8<] VOLTAGE AC TO DC
7 LIMITER CONVERTER
o8 VOLTAGE AC TO DC |
(WHEN USED) | 9¢—] LMITER CONVERTER
VOLTAGE AC TO DC i
PICKUP [
GROUND LIMITER CONVERTER ADCJU%T
OR RELAY REED—J_
FROM TERM.9 OF 2 «— [——DRIVER RELAY RR
TIMER 8 OUTPUT , 2 RR
MODULE

OVERCURRENT DETECTOR

3 TO TERM.4 OF
TIMER 8 OUTPUT
MODULE

NEG.

PANEL
MOUNTED

N

TN

60065S¥L
€ qns

|
|
|
|
|
|
|
|
|

1454c79 _ |

1454C7.9GO0I (anpuT)

CAPACLTUR DESERLPTEUN
« 27908, 200V

018DE BESCRIPTION
D23-24 1 NASTA
U1 4@=8-4-5-6 1y5053
-7-8-900-11
-12-13-714915
~16-11518=09
-20-21%22

IniE CKT NESCRIPTION
ict 741C

JUMRER DESCRIPTION
a1 0 3HM RESISTOR

TRANSISTOR DESCRIPTION

nT=2 291711
RESISTOR DESCRIPTION
R19 100.0 .50 2%
K21-23 2000.0 50w 2%

Re22 6300.0 50w 23
Rid-24 10.04 «50w 2%
r20 27.04 .50k 24
R17 30.0¢ . S0 2%
RIS 10.041.00% 54
R1-2-3-4 1.0<3.00 5%
R16 1.541.00% S2
Ri3-14a 3.942.00W 5%
K9-10-11-12 100.042.00% S3
LENER DESCRIPTION
e INTS3A 6.2V
[4) 1NAT52A 33.0v
POT DESCRIPTION
PA-PB-PC-PG $00.0 2.00W 10%
PU-PL 10.0K 12.5W 10%
REED RELAY DESCRIPTION
MR 1000 OHM COIL
VARISTOR DESCRIPTION
R5-R6-R7-R8 INR K43i
REF. DWG.

STYLE 9.
166R669HDS

STYLE NO.
16 4R 55108
188A3Aa21) 2

STYLE NO.
667706/H08

STYLE ~O.
B62A4T3HO)

STYLE NO-
T62A53HH0H

STYLE 0.
629A531H84
629AH311439
629531152
529A531H56
6294531166
629A531167
15474643151
7638127402
187A643143)
14 5A20 7441
135A207HTS

STYLE v.i.
462:3606H01
349451 5102

STYLE N@.
848A778H04
836A635H14
STYLE NO.
204C556H05
STYLE NO.
3509A31H03

1454C79G02 (3 npuT)

CAPACITOR
c1

DIODE
D23-24
Di-2-3-4-5-6
-1-8-13-14-15

-16-17-18-20
-21-22

INT CKT
1c1

JUMPER
J1

TRANSI STOR
Qi-2

RESISTOR

ZENER
z2
21

POT
PA-PC-PG
PU-PL

REED RELAY
MR

VARISTOR
RS5-R6-R8

4 INPUT COMPONENT LOCATION- 35I17A79
3 INPUT COMPONENT LOCATION- 35i7A78

DESCRIPTION
-270UF 200v

DESCRIPTI®N
IN4S9A
IN5053

DESCRIPTION
T41C

DESCRIPTION
0 OHM RESISTOR

DESCRIPTION
201710

DESCRIPTION
100.0 -50W 22
2000-0 .S5S0W 22
6300.0 -50W 2%
10.0K .50W 2%
27.0K .50W 22
30.0K .50W 21
10.0K1.00W 52
1-0K3.00W 52
1-5K1.-00W 52
3.9K2.00W ST
100.0K2-00W 52

DESCRIPTION
INTS3A 6.2v
1Na752a  33-0v

DESCRIPTION
500.0 2.00wW 10%

10.0K12.5w 10%
DESCRIPTION
1000 OHM COIL
DESCRIPTION
INR K431

STYLE ~NO.
188A669105

STYLE NO-
18 4A855H08
18BA342:1) 2

STYLE NO.
6677D61HO8

STYLE NO.
B62A478HOI

STYLE NO.
T62A585H0%

STYLE ™D«
629A531103
629A531H39
6292531452
629A531IH56
629A531156
629A531H67
1374643451
763A127H02
187A643i131
1854207441
185A207H7S

STYLE NC.
B62AR0D6HOI
3494515402

STYLE ¢

B848A778HO4
B836AE35HI4
STYLE NG@.
204C556H05
STYLE N&.
3509A3H03

VS'9LL-Lp 17|



AN

}
|-

> [0

RiY

— Ry

RI2

-4 RI3 &
cw ! \ CCw \
el IR P o

2) p—

i

Ci (=2
1% 3 & Sy @
PC PA =
e
ll
n MR
i)
oJ
| 15 | L
il z|[
14
D [Ba]
SIE- ST
L L
u Pk e Bl Syl JRE
m —H;]'E}"' —L]Jaﬂ_ Lt E TP3:‘:I
ei{onl Joa||¥ oo ¢
— {Rag

e iy

3517A78

22

Fig. 8. Component Location for 3 Current Input Overcurrent Detector Module.




. L.A1-776.5A

— I

RID
RB
JRz22F =

|

( i s
—i e D
N Tz e 3k
(/ AP - 18-
N S ST S Ty S v
| Su-oel (33}
A ©HDE- D2
e — D5 {39}

S

14 "]

3-{Re3} ~{Red}-

RS
R3
Oz
O3
OF
e

:

|

3517A79

Fig. 9. Component Location for 4 Current Input Overcurrent Detector Module.
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520
.Npu% e
RED
r@@?a @@ @ e
| TO LH CONTACT
OF AR RELAY &
25 TO'T;ERMS I (3I

|

S~
| o Le— |[3)
| ???? PE

TO O BFT| [TAP MULT,
TEST ~~ 15 GROGN

|

|

|

|

|

I

|

coum " % |
O A RE |
I

|

I

|

|

l

|

|

l

|

Is o5 15 45 05 L5y 4.5 IenD
(O O O] |[0OdO © )
TAP RANGE
05 0.5 TO'.5AMPS
15 15,70 4.5 AMPS
Ia 45 45 TOI35AMPS .
05 15 45 05 15 45
AMPERE PICKUP= TAP SETZING¥X TAP MULTIPLIER

ICS ICS
(L) (R)

TO RH CONTACT, %ONTACT I

ELAY l

l
l
|
l
|
I
:
I (O O OSSO O O )
|
!
I
|
l
l
|

TO
OF AR RELEAY OF
=)

RH
AR
I_ES_@_ __C?C Q _?L g

I¢A{ I¢C+ IGN[;J 10K §_>TO TESTTIMER RATED

START vDC
- L TOTEST TIMER(COMMON)

120vAC

NOTE:TO TEST FOR OVERCURRENT UNIT PICKUP, JUMPER TIMER BOARDTEST POINT
TP6 AND TP7 BEFORE ENERGIZING RELAY.
TEST BKR FL TIMER IN SIMILAR MANNER.

1479829

24

Fig. 10. Test Diagram for SBF-1 Relay.
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RING BUS OR BREAKER AND A HALF SCHEME

A — (Y - A
B - = a r\(‘\u - N [}QL —» B
P P
c o0 . o 3
A
A N SBF-| RELAY
TRANSMISSION L INE FOR BREAKER
OR TRANSFORMER 522
sPP+
624 624
2 = 3
o (IB WHEN o)
82l usepy 8%
16 T
oA e
WY BACKUP
621 I¢ 62! RELAYS
o
> D
62 Ao 62-1
-5 }j
= SPP+
PRIMAR
RELAYS
1 SPP SURGE PROTECTION
CAPACITORS TO BE USED
WHEN SURGE VOLTAGE MAY
EXCEED 2500 VOLTS PEAK
-
N
<)
A
@]
N
J

SINGLE

BREAKER SCHEME

621y 621
2 A 3
P@ (B HEEN  s20
[ 7
S
624 62-1
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