
Westinghouse I . L . 4 1-504A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
S D F -1 R E L A Y O P E R A T I N G T I M E  

The ope ra ting time for the SDF-1 re lay, taken from the firs t 
pos itive -going zero c ros sing o f  the ac po tential wave a fter the 
unde rfrequency s e t-point is  c ro s s ed, is  equal  to the time delay 
s e t  on the front pane l decade swi tches plus ?. cycles. Thi s  i s  
becaus e  one cyc l e  i s  used by the period-checking circui t ry t o  de­
termine tha t an unde rfrequency condi tion exi s t s  be fore the time r can 
be s ta rted ; � l s o, the tripping relay requires one cyc l e  to pick up 
a fter the time de lay expi res. Trip control logic wi l l  not a l l ow 
tripping to take place until  a t  leas t 3 unde rfrequency cyc l e s  have 
b een de tect ed, rega rdle s s  of a l owe r time de lay se tting ; the minimum 
tota l op era ting time i s  thu s 4 cyc l e s  i f  trip relay pickup time i s  
inc luded. 

Examples  o f  SDF- 1 timing a re i l lus t ra ted in the figures. 
Refer to figure 1. No te tha t the re lay s enses  frequency by mea su ring 
the time between posi tive -going zero cro s s ings. I f  the frequency 
is ini ti a l ly above the trip s e tting and then dec l ine s fa irly l ine a rly, 
a s  will  occur in service, the relay wi l l  mea s ure the average fre­
quency ove r each cyc le. Thus, it wi l l  detec t the underfrequency 
c ondi tion during a given cycle only if the t rip se tting is c ros sed 
before tha t  cyc l e  is ha lf- completed. Otherwi se, detec tion wi l l  occur 
during the fol lowing cyc le. The resul tan t t iming varia tion i s  less 
than + 1 / 2  cyc le. In the examp le o f  figure 1, the re lay has a 
del ay

-
s e tting of 6 cyc l e s  on the front pane l decade swi tche s. The 

tota l time from under frequency se t-point c ro s s ing to trip contact 
c losure wi l l  be between 7.5 and 8.5 cyc les,  depending on the pos ition 
o f  the ac wave when the frequency setting i s  c ro s s ed. 

Now re fe r to figu re 2. Suppos e tha t ac i s  suddenly applied a t  
a frequency be low the t rip s e tting, a s  might occur during bench 
tes ting o f  the re lay, or pos s ibly in the mids t o f  a frequency 
di s turbance. In thi s case  the re wi l l  be  a del ay o f  up to, bu t le s s  
than, one cyc le be fore the SDF- 1 s ta rts to mea sure the unde rfrequency 
c ondi tion. Thi s variab l e  time is in addi tion to the trip de lay 
se tting plus 2 cyc les. In the examp le, the time from ene rgization to 
contact c losure wi l l  be between 8 and 9 cyc l e s. 

S U P P L E M E N T  T O  
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INSTALLATION 
Westinghouse I . L .  4 1 -504 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE SDF-1 

SOLID STATE UNDERFREQUENCY RELAY 

CAUTION: It is recommended that the user of this 
equipment become acquainted with the 

information in this instruction leaflet 
before energizing the equipment. Failure 

to observe this precaution may result 
in damage to the equipment. 

Printed circuit modules should not be 
removed or inserted while the relay is 

energized unless specific instructions 

elsewhere in this instruction leaflet 
state that such action is permissible. 
Failure to observe this precaution can 
result in an undesired tripping output, 
and cause component damage . 

A P P L I C A T I O N 

The SDF-1 Relay (Figures 1 & 2) is a solid state, 

single-frequency-setting, high-accuracy under-freq­

uency relay for use in automatic load-saving 

schemes. (See setting section page 4 for further 
application data . )  

C O N S T R U C T I O N & O P E R A T I O N 

The type SDF-1  Underfrequency Relay is composed 
of (1) an isolation transformer, (2) a zero crossing 
voltage detector , and synchronizer printed circuit 
module, (3) a main clock and four bit binary counter 
printed circuit module, ( 4) a twelve bit binary 
counter printed circuit module , (5) a trip control 
circuit and delay timer printed circuit module, ( 6) a 

pov;er supply printed circuit module , ( 7 )  a front 

panel mounted digital underfrequency trip-point 

setting assembly, ( 8 ) a trip relay, and ( 9 )  an in­
dicating contact or switch unit ( ICS) . 

All components are identified on the internal sche­

matic in Figure 3. 

NEW I N FORMATION 

ISOLATING TRANSFORMER 

The isolation transformer is a 1: 1  transformer which 
provides de isolation . 

ZERO CROSSING, VOLTAGE DETECTOR, AND 
SYNCHRONIZER PRINTED CIRCUIT MODULE 

The zero crossing, voltage detector, and synchro­

nizer printed circuit module contains a two-cell 
symmetrical low pass filter to provide transient and 

high frequency noise suppression, a zero crossing 

detector that generates a low voltage square wave 

signal having the same frequency as the fundamental 

of the input signal, and a synchronizer for the syn­
chronization of the output signals from the zero­
crossing detector with the main clock signals. Also 
contained on this module are the two power supply 
voltage detectors to prevent spurious tripping at the 
time .of power turn-on, and an undervoltage detector 
which provides an inhibiting signal to avoid incor­
rect operation of the relay if the input line voltage 
drops below the minimum prescribed value (2 5 to 40) 
volts.) Refer to Figure 5 for component location and 
board layout. 

MAIN CLOCK AND FOUR BIT BINARY COUNTER 
PRINTED CIRCUIT MODULE 

The main clock and four bit binary counter printed 
circuit module contains the main clock and the 
first four bits of the binary counter . The main clock, 

consisting of a crystal controlled oscillator to 

provide the reference frequency and a driving state , 

sup plies clock pulses to the main counter and to 

the synchronizer . The first four bits of the 1 6-bit 
binary counter are also contained on this module. 

Refer to Figure 6 for component location and board 

layout. 
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T Y P E  S D F -1 SOLID STATE U N D E R FREQUE NCY RELAY-----------------------

on the main clock and 4 bit binary counter printed 
circuit module by a stable crystal oscillator which 

uses the parallel resonance of the crystal CL-1 in 
the circuitry associated with field-effect transistor 

Q8 to produce a 1 . 966 080 megahertz clock signal, 
CPO . 

The 1 6  bit binary counter is located on the main 
clock and four bit binary counter printed circuit 

module (bits [O], [ 1 ] .  [Z], and [3], )  and the twelve bit 
binary counter printed circuit module (bits [ 4 ]  through 

[ 15] ) .  With a 1 . 966080 MHz clock frequency (CPO), 

bit [ 15] changes status every 1 6 . 6667  milliseconds . 
Since all the bits of the counter are reset to ZERO 

at the beginning of each period [ 15] goes to ",1" 
only if the actual period is longer than the 6 0  Hz. 
period. For frequencies ranging from 60 to 54 Hz 

the actual period ranges from 1 6 . 6667 to 1 8 .5185 

milliseconds . When [ 15] goes to "1" all bits from 
[0] to [ 1 4] go to ZERO . During the 1 . 85 18  ms cor­

responding to the difference between 54 and 60 Hz 
periods there are 1 82 1  CP 1 clock pulses. (Bit [0] 
is used as a scaling stage to obtain a CP1 output 
at half the frequency of CPO). With the condition 

[ 15] = ONE, only the first 1 1  bits must be then 

decoded to detect if the input frequency falls below 
a preset value from 6 0 . 00 Hz to 54:00 Hz set on 
the digital underfrequency trip-point setting assem­

bly per Table 1. This is accomplished by the 
coincidence circuit generating a signal to the trip 

control circuitry where it is stored and utilized in 
a manner previously described. 

4 

CHA R A C T E R I S T I C S  

CALIBRATION FREQUENCY RANGE (HZ) 

The SDF-1 relay can be set at values from 54:00 to 

60 . 00 Hz in increments of 0 .  05 Hz, with an accuracy 

of ± 0. 007 Hz from the set point . The repeatability 
is thus ± 0 . 007 Hz. 

(See Table I)  

Increments of less than 0.  05 Hz can be obtained if 

needed for unusual applications . 

D.C. CONTROL VOLT AGE 

The SDF-1 relay is designed to operate on either 

48 or 1 25 volts d .c. with no settings or adjustments 

required. The operating range is 42 to 1 4 0  volts de . 

ENERGY REQUIREMENTS 

AC Burden 

DC Burden 

7 . 3  Volt-Amperes at 1 2 0VAC 60 Hz. 

14 Watts at 4 8  VDC Control Voltage 
1 6 Watts at 1 25VDC Control Voltage 

TIME DELAY RANGE 

3 to 99 cycles in 1 cycle digital settings , with a 
tolerance of ±5%. The time duration until the closing 

of the trip relay contact is the above set time plus 

1 6  milliseconds operating time of the trip relay . .  

TRIP CIRCUIT 

The main contacts will close 3 0 amperes at 25 0 
volts d-e and the seal-in contacts of the indicating 
contactor switch will safely carry this current long 
enough to trip a circuit breaker. The indicating 

contactor switch has two taps that provide a pickup 

setting of 0 . 2  or 2 amperes . To change taps requires 
connecting of the lead located in front of the tap 
block to the desired setting by means of a screw 
connection. 

TRIP CIRCUIT CONSTANTS 

Indicating Contactor Switch -

0. 2 amp tap 6 .5  ohms d-e resistance . 

2 . 0  amp tap 0. 15  ohms d-e resistance . 

TEMPERATURE RANGE 

The SDF-1 is designed to operate over a temperature 
range from -20°C to +55°C. 

S E T T I N G S  

UNDERFREQUENCY TRIP POINT 

The SDF-1 relay is set for underfrequency trip by 

the diode set plugs in the underfrequency trip point 

setting assembly on the front panel of the relay. 
The binary settings for frequencies from 60 .00 to 

54 .00 Hz in 0 .  05 Hz steps are given in Table I .  
When the diode set plug is in the " 1" upper position 
it contributes to the frequency setting as in the 
following weighting table. 
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TY PE SD F-1 SOLI D STAT E  U N D ERFREQ U E N C Y  R E LAY -------------------..!I.:!.L:.:.·..:4:.:.;1-�5.::::!.04 

TABLE II 

Underfrequency Set Point Position Weights 

Binary Code 
Position A B  C D  E F G H J K L 

Weight ("1" 
Position) 1 2 4 8 1 6  3 2  64 1 28 256 5 1 2  1 024 

When the diode set plug is in the "0" lower position 

it contributes 0 to the weight . The diode set plugs 

must be firmly tightened with a screwdriver in either 

of the two positions . 

An illustrative example is the assumption that a 

tripping point of 59.50 Hz is desired . The diode 
set plugs should be fastened in the following com­
bination according to Table I . 

A B c D E F G H J K L 

1 X X X 

0 X X X X X X X X 

Settings in increments as fine as the accuracy of the 

relay are possible, if needed for an unusual applica­
tion. A request for the binary setting for a frequency 

not listed in Table I (but between 54 . 0  and 60 .0  Hz) 

can be made through the nearest Westinghouse sales 

office. 

Selecting a Frequency Setting 

For load-shedding, the frequency is normally set as 

high as possible without approaching the region of 

normal system frequency swings (usually set 59.5 
Hz or below). High settings , combined with short 
time de lay, will provide greatest protection from 
severe system overload (see "Selecting a Time 
Delay" in the following section) .  A number of relays 
may be set in successively lower steps for more 
selective load-saving . 

Trip Time Delay Setting 

The trip time delay is set in 1 -cycle increments with 
the decade switches on the front panel from the 

minimum of 3 cycles to 99 cycles (60 Hz base). The 

delay settings of the two controls are additive . A 
delay of less than 3 cycles is not possible because 

ot tri r control logic (as explained in ''Theory of 

Operation"); setting below 3 cycles will be of no 

benefit. The closing of the trip relay contact will 

require one additional cycle after the time delay 
has elapsed. 

Note that the cycle calibrations assume a 60  Hz 
reference (i .e., one cycle equals 1 6 . 67 ms). The 
time delay is an analog function, unrelated to the 
ac input cycles . 

Selecting a Time Delay 

When a system overload occurs, underfrequency 
relays must disconnect load to arrest frequency 
decline. The output of generating plants may be 
impared below 57-57 .5 Hz, so shedding must be 
completed before this level is reached. Shortest 
possible time delay is usually advantageous. Note 
that, due to the frequency-checking technique of 
the SDF-1 relay, no intentional time delay is re­
quired to avoid misoperation for transients of short 
duration (such as phase-angle shifts due to fault 
inception or clearing) .  However, time delay may be 
used to prevent response to misleading inputs (such 
as line excitation by a slowing motor load); or, in 
some schemes, to coordinate a number of relays set 
to the same frequency. 

Fig. 1 3  shows the effect of time delay on the actual 
frequency at which tripping takes place under de­
clining frequency conditions. The curves show how 
the frequency continues to drop in the time interval 
required for the relay to operate after its frequency 
set-point is crossed. 

For example, suppose that for a system of inertia 
constant H = 2, the frequency is not to dip below 
57.5 Hz for any overload up to 50%. Assume the 
relay is set to trip at 59 . 20 Hz. From Fig. 1 3, we 
see that 50% overload causes a 6 .5 Hz/sec. rate 
of decline. 

For a time delay of less than 1 6  cycles, including 
breaker trip time, the load will be removed while 
frequency is still above 57.5 Hz (i.e. , 1 .  7 Hz below 
trip setting). If a 5-cycle breaker is used, we would 
set the intentional delay to no more than 1 0  cycles. 
Note that the curves of Fig. 13 already include 1 
cycle of operating time for the trip relay along with 
the variable time delay. 

INDICATING CONT ACTOR SWITCH (ICS) 

The only setting of the ICS unit required is the 
selection of the . 2  or 2 ampere pick-up tap. This 
accomplished by connecting the lead located in 
front of the tap block to the desired terminal by 
means of a connecting screw. 
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T Y PE SD F-1 SOLI D STA T E  U N D ERFREQUE NCY RELAY-----------------------

I N S T A L L A T I O N  

The relays should be mounte-d on switchboard panels 
or their equivalent in a location free from dirt , mois­
ture, excessive vibration and heat. Mount the relay 
vertically by means of the mounting stud 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. The 
electrical connections may be made directly to the 
terminals by means of screws for steel panel mount­
ing or to the terminal stud furnished with the relay 
for thick panel mounting. 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 detailed information on the FT case, refer to 
l .L.  4 1-076 .  

ADJ U S T M E N T S  & M A I N T E N A N C E  

The proper adjustments to insure correct operation 
of this relay have been made at the factory. Upon 
receipt of the relay no customer adjustments, other 
than those covered under "SETTINGS" should be 
required. 

ACCEPTANCE CHECK 

It is recommended that an acceptance check be 
applied to the SDF-1 relay to verify that the circuits 
are functioning properly. 

The following procedure can be used for this pur­
pose. 

1 .  Settings 

Check front panel settings; they should be as 
follows: 

a. Underfrequency trip point desired set on the 
underfrequency trip point setting assembly 
as per Table I. 

b. Trip time delay set for the desired cycles 
delay on the trip time delay decade setting 
knobs. 

2. Indicating Contactor Switch 

6 

Close the trip relay contacts and pass sufficient 
d-e current through the trip circuit (Relay ter­
minals 1 and 10 )  to close the contacts of the 
ICS. This value of current should not be greater 

than the particular ICS tap setting being used . 
The indicator target should drop freely. 

3. Underfrequency Trip Point Setting 

Connect SDF-1 Relay per test diagram Figure 1 0. 
Using a variable frequency source apply 1 20 
volts at set tripping frequency. Relay should 
trip within ± . 007  Hz of set trip frequency in 
the time set on the digital trip time delay setting 
plus 1 6  milliseconds operating time of the trip 
relay. Raise frequency of source above the trip 
point setting ( .007 Hz. or higher) and the trip 
relay should drop out after approximately two 
cycles delay. 

4. Undervoltage Detector 

Lower frequency of source so relay once again 
trips; lower voltage of source below 25 volts, 
and the trip relay should drop out. 

5. Test Module 204C299G 0 1  (Optional) 

Test module 204C2 99G 01  may be utilized to test 
the underfrequency trip setting of the SDF-1 
relay. When inserted into its relay connector and 
test points TS and T9 on module 204C2 6 1 G0 1 
are connected together, underfrequency trip 
point settings may be checked by switching the 
same bina(y number on the test module that is 
set on the underfrequency trip point setting 
assembly to trip the relay. Likewise, dropping 
the test module setting down by a weight of one 
or greater (see Table II), corresponding to a 
higher frequency, will allow the relay to reset. 

ROUTINE MAINTENANCE 

All relays should be checked at least once every 
year or at such other intervals as may be dictated 
by experience to be suitable to the particular 
application. 

CALIBRATION 

Use the following procedure for calibrating the relay 
if the relay has been taken apart for repairs or the 
adjustments have been distrubed. This procedure 
should not be used unless it is apparent that the 
relay is not in proper working order. (See "Accept­
ance Check"). 

INDICATING CONTACTOR SWITCH (ICS) 

Close the trip relay contacts and pass sufficient 
d-e current through the trip circuit (Relay terminals 
1 and 10)  to close the contacts of the ICS. This 
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T Y P E  SD F -1 SOLID STATE U NDERFREQUENC Y  RELAY ____________________ ...:.I...:..L...:.·...:.4...:.1..:;-5 ..;...;,04 

value of current should not be greater than the 
particular ICS tap setting being used. The indicator 
target should drop freely. 

The contact gap should be approximately .047" 
between the bridging moving contact and the adjust­

able stationary contact. The bridging moving con­
tact should touch both stationary contacts simult­
aneously. 

D.C. REGULATED SUPPLIES 

The 18  volt d�c� supply should be adjusted by pot­
entiometer R8 1 on power supply module 204C265GO 1 
for 1 8  volts ± 1% at 125 VDC battery voltage. The 
5 volt d-e .  supply should then be within ±5%. Both 
regulated supplies should maintain their respective 
voltages ±5% with a battery range of 42 to 1 40 volts 
d.c.  

MAIN CLOCK ADJUSTMENT 

Inductor L- 1 should be adjusted to obtain the correct 
clock signal CPO at TP2 on module 204C262G0 1 .  
The correct signal is 1. 96 6080 MHz. with a tolerance 
range of 1 . 965980 MHz. to 1 . 966180 MHz. 

UNDERFREQUENCY TRIP TEST 

Connect the SDF-1 Relay per test diagram Figure 
10 .  Using a variable frequency source apply 1 20 
volts at set tripping frequency. Relay should trip 
within ± 0 .007 Hz. of set trip frequency in the time 
set on the trip time delay setting plus 1 6  milli­
seconds operating time of the trip relay . Raise 
frequency of source 0.007 Hz or higher above the 
trip point setting and the trip relay should drop 
out after approximately two cycles delay. 

TRIP CONTROL CIRCUIT AND 
DELAY TIMER ADJUSTMENT 

Potentiometer R46 on module 204C 264G0 1 should 
be adjusted to bring the 99 cycle delay setting to 
99 cycles ( 60 Hz base), i .e., 1 . 650 seconds. Re­
member that the trip relay requires one additional 
cycle to operate. The delay timer should be tested 
at each position on the selector switch. (Note: 
Delay settings for 1 ,2 ,  or 3 cycles will give the 
minimum delay of 3 cycles and can only be checked 
at a higher setting: i .e .  1 cycle has to be checked at 
1 1  cycles delay setting, or 2 1 ,  3 1 ,  etc . ) .  

TEST MODULE 204C299G01 (Op tional) 

Test module 204C299GO 1 may be utilized to test 
the underfrequency trip setting of the SDF-1 relay. 
When inserted into its relay connector and test 
points T8 and T9 on module 204C2 6 1 G0 1  are con­
nected· together, underfrequency trip point settings 
(Table I) may be checked by switching the same 
binary number on the test module that is set on the 
underfrequency trip point setting assembly to trip 
the relay. Likewise, dropping the test module setting 
down by a weight of one or greater (see Table II ) ,  
corresponding to a higher frequency, will allow the 
relay to reset. 

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at the 
factory. However, interchangeable parts can be 
furnished to the customers who are equipped for 
doing repair work. When ordering parts, always 
give the complete nameplate data. 
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T Y PE S D F-1 SOLI D STAT E U N D E R F R EQ U E NCY R ELAY----------------------

TABLE I 

U N D E R F R E QUE NCY U N D E R F R E Q U E N CY 

F R E Q .  P E R I O D  T R I P  P O I N T  S E T T I N G  F R E Q .  P ER IOD T R I P  POINT S E T T I N G  
( HZ) (MS) (HZ)  

(MS) 

A B c D E F G H J K L A B c D E F G H J K L 

60 . 00 1 6 . 6 667 0 0 0 0 0 0 0 0 0 0 0 58.50 1 7 . 0940 0 0 1 0 0 1 0 1 1 0 0 

59 . 95 1 6. 6806 0 1 1 1 0 0 0 0 0 0 0 58 . 45 1 7 . 1086  0 1 0 0 1 1 0 1 1 0 0 

59 . 90 1 6. 6945 1 1 0 1 1 0 0 0 0 0 0 58 . 40 1 7 . 1 233  1 0 0 0 0 0 1 1 1 0 0 

59 . 85 1 6 . 7084 1 0 0 1 0 1 0 0 0 0 0 58 . 35 17 . 1 3 80 1 1 1 1 0 0 1 1 1 0 0 

59. 80 1 6. 72 24 1 1 1 0 1 1 0 0 0 0 0 58. 30 1 7. 1527 0 1 1 1 1 0 1 1 1 0 0 

59 . 75 1 6 . 7364 1 0 1 0 0 0 1 0 0 0 0 58 . 25 1 7. 1 674 0 0 1 1 0 1 1 1 1 0 0 

59. 70 1 6. 7504 0 1 0 0 1 0 1 0 0 0 0 58. 20 1 7 . 1 82 1  1 1 0 1 1 1 1 1 1 0 0 

59 . 65 1 7. 7645 0 0 0 0 0 1 1 0 0 0 0 58 . 1 5  1 7. 1 969 1 0 0 1 0 0 0 0 0 1 0 

59. 60 1 6 . 7 785 0 1 1 1 0 1 1 0 0 0 0 58. 1 0  1 7 . 2 1 1 7  0 0 0 1 1 0 0 0 0 1 0 

59 .55 1 6 . 7926  0 0 1 1 1 1 1 0 0 0 0 58 . 05 1 7 . 2 265 0 1 1 0 0 1 0 0 0 1 0 

59.50 1 6 . 8067 0 1 0 1 0 0 0 1 0 0 0 58 .00 1 7 . 24 1 4  1 0 1 0 1 1 0 0 0 1 0 

59 . 45 1 6. 8209 0 0 0 1 1 0 0 1 0 0 0 57 .95 1 7 . 2563 0 0 1 0 0 0 1 0 0 1 0 

59 .40 1 6 . 8350 1 0 1 0 0 1 0 1 0 0 0 57 .90 17 . 2 7 1 2  0 1 0 0 1 0 1 0 0 1 0 

59.35 1 6 . 8492 1 1 0 0 1 1 0 1 0 0 0 57 .85 1 7. 28 6 1  1 0 0 0 0 1 1 0 0 1 0 

59. 3 0  1 6. 8634 1 0 0 0 0 0 1 1 0 0 0 57 .80 1 7 . 3 0 1 0  0 0 0 0 1 1 1 0 0 1 0 

59. 25 1 6 . 8776 1 1 1 1 0 0 1 1 0 0 0 57 .75 17 . 3 1 60 0 1 1 1 1 1 1 0 0 1 0 

59 . 20 1 6. 89 19 1 0 1 1 1 0 1 1 0 0 0 57 .70 17 . 3 3 1 0  1 0 1 1 0 0 0 1 0 1 0 

59. 15 1 6. 9062  1 1 0 1 0 1 1 1 0 0 0 57. 65 1 7 . 3 4 6 1  0 0 1 1 1 0 0 1 0 1 0 

59 . 10 1 6 .9205 0 1 0 1 1 1 1 1 0 0 0 57 . 60 1 7. 36 1 1 1 1 0 1 0 1 0 1 0 1 0 

59 . 05 1 6 .9348  0 0 0 1 0 0 0 0 1 1 0 0 57.55 1 7. 3762 1 0 0 1 1 1 0 1 0 1 0 

59 .00  1 6.9492  0 1 1 0 1 0 0 0 1 0 0 57 .50 1 7 . 39 1 3  0 0 0 1 0 0 1 1 0 1 0 

58. 95 1 6. 9635 0 0 1 0 0 1 0 0 1 0 0 57.45 17 . 40 64 1 1 1 0 1 0 1 1 0 1 0 

58 .90 1 6 . 9779 0 1 0 0 1 1 0 0 1 0 0 57 .40  1 7. 4 2 1 6  0 1 1 0 0 1 1 1 0 1 0 

58. 85 1 6 . 9924 0 0 0 0 0 0 1 0 1 0 0 57 .35 1 7. 4 3 68 1 0 1 0 1 1 1 1 0 1 0 

58 . 80 1 7 . 0068 0 1 1 1 0 0 1 0 1 0 0 57. 30 1 7 .4520 0 0 1 0 0 0 0 0 1 1 0 

58. 75 1 7 . 0 2 1 3  1 0 1 1 1 0 1 0 1 0 0 57. 25 1 7. 4672 1 1 0 0 1 0 0 0 1 1 0 

58.70 1 7 . 0 358 1 1 0 1 0 1 1 0 1 0 0 57 . 20 1 7. 4825 0 1 0 0 0 1 0 0 1 1 0 

58. 65 1 7.050 3 1 0 0 1 1 1 1 0 1 0 0 57. 15 1 7 . 4978 1 0 0 0 1 1 0 0 1 1 0 

58. 60 1 7 .0648 1 1 1 0 0 0 0 1 1 0 0 57. 1 0  17 .5 1 3 1  0 0 0 0 0 0 1 0 1 1 0 

58.55 1 7. 079 4 0 1 1 0 1 0 0 1 1 0 0 57. 05 17 .5285 1 1 1 1 0 0 1 0 1 1 0 
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TABLE I (Con t . )  

U N D E R  F R E Q U EN CY U N D E R  F R E Q U ENCY 

F R E Q. P E R I O D  T R I P  P O I NT S E T T I N G  F R E Q. P E R IOD TRIP  POINT S E T T I N G  

( H Z )  (MS) (HZ) (MS) 

A B c D E F G H J K L A B c D E F G H J K L 

57.00 17.5439 0 1 1 1 1 0 1 0 1 1 0 55.50 18.0180 0 0 0 0 1 1 0 0 1 0 1 

56.95 17.5593 1 0 1 1 0 1 1 0 1 1 0 55.45 18.0343 0 0 0 0 0 0 1 0 1 0 1 

56.90 17.5747 1 0 1 1 1 1 1 0 1 1 0 55.40 18.0505 0 0 0 0 1 0 1 0 1 0 1 

56.85 17.5901 0 0 1 1 0 0 0 1 1 1 0 55.35 18.0668 0 0 0 0 0 1 1 0 1 0 1 

56.80 17.6056 1 1 0 1 1 0 0 1 1 1 0 55.30 18.0832 0 0 0 0 1 1 1 0 1 0 1 

56.75 17.6211 0 1 0 1 0 1 0 1 1 1 0 55 .25 18.0995 1 0 0 0 0 0 0 1 1 0 1 

56.70 17.6367 0 0 1 1 1 0 1 1 1 0 
55.20 18.1159 1 0 0 0 1 0 0 1 1 0 1 

1 

0 1 0 1 1 1 1 0 
55.15 18.1324 1 0 0 0 0 1 0 1 1 0 1 

56.65 17.6523 1 0 0 
55.10 18.1488 1 0 0 0 1 1 0 1 1 0 1 

56.60 17.6678 0 0 0 1 1 0 1 1 1 1 0 
55.05 18.1653 1 0 0 0 0 0 1 1 1 0 1 

56.55 17.6835 0 0 0 1 0 1 1 1 1 1 0 
55.00 18.1818 1 0 0 0 1 0 1 1 1 0 1 

56.50 17.6991 1 1 1 0 1 1 1 1 1 1 0 
54.95 18.1984 0 1 0 0 0 1 1 1 1 0 1 

56.45 17.7148 0 1 1 0 0 0 0 0 0 0 1 
54.90 18.2149 0 1 0 0 1 1 1 1 1 0 1 

56.40 17.7305 0 1 1 0 1 0 0 0 0 0 1 
54.85 18.2315 0 1 0 0 0 0 0 0 0 1 1 

56.35 17.7462 1 0 1 0 0 1 0 0 0 0 1 
54.80 18.2482 1 1 0 0 1 0 0 0 0 1 1 

56.30 17.7620 1 0 1 0 1 1 0 0 0 0 1 
54.75 18.2648 1 1 0 0 0 1 0 0 0 1 1 

56.25 17.7778 0 0 1 0 0 0 1 0 0 0 1 
54.70 18.2815 1 1 0 0 1 1 0 0 0 1 1 

56.20 17.7936 0 0 1 0 1 0 1 0 0 0 1 
54.65 18.2983 0 0 1 0 0 0 1 0 0 1 1 

56.15 17.8094 1 1 0 0 0 1 1 0 0 0 1 
54.60 18.3150 0 0 1 0 1 0 1 0 0 1 1 

56.10 17.8253 1 1 0 0 1 1 1 0 0 0 1 
54.55 18.3318 1 0 1 0 0 1 1 0 0 1 1 

56.05 17.8412 1 1 0 0 0 0 0 1 0 0 1 
54.50 18.3486 1 0 1 0 1 1 1 0 0 1 1 

56.00 17.8571 0 1 0 0 1 0 0 1 0 0 1 
54.45 18.3655 0 1 1 0 0 0 0 1 0 1 1 

55.95 17 .8731 0 1 0 0 0 1 0 1 0 0 1 54.40 18.3824 1 1 1 0 1 0 0 1 0 1 1 

55.90 17.8891 0 1 0 0 1 1 0 1 0 0 1 54.35 18.3993 1 1 1 0 0 1 0 1 0 1 1 

55.85 17.9051 1 0 0 0 0 0 1 1 0 0 1 54.30 18.4162 0 0 0 1 1 1 0 1 0 1 1 

55.80 17.9211 1 0 0 0 1 0 1 1 0 0 1 54.25 18.4332 1 0 0 1 0 0 1 1 0 1 1 

55.75 17.9372 1 0 0 0 0 1 1 1 0 0 1 54.20 18.4502 1 0 0 1 1 0 1 1 0 1 1 

55.70 17.9533 1 0 0 0 1 1 1 1 0 0 1 54.15 18.4672 0 1 0 1 0 1 1 1 0 1 1 

55.65 17.9695 1 0 0 0 0 0 0 0 1 0 1 54.10 18.4843 1 1 0 1 1 1 1 1 0 1 1 

55.60 17.9856 1 0 0 0 1 0 0 0 1 0 1 54.05 18.5014 0 0 1 1 0 0 0 0 1 1 1 

55.55 18.0018 0 0 0 0 0 1 0 0 1 0 1 54.00 18.5185 0 0 1 1 1 0 0 0 1 1 1 
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T Y PE S D F - 1  SOLI D STATE U N D ER FREQUENC Y RELAY----------------------

ELECTR ICAL PARTS LIST 

C I RCUIT SYMBO L 

RESISTORS 
I 
I 

R1  
R2  
R3, R3, R7 ,  R 1 6, R30, R32 ,  R4 1 
R5, R64, R68 
R6 , R33 ,  R7 1 
R8 
R9 
R 1 0  
R 1 1, R 1 3, R5 5, R72 
R 1 2, R86 
R 14, R67 
R 1 5  
R 1 7  
R 1 8  
R 1 9, R20 
R 2 1 ,  R22,  R23, R24 
R25 
R26, R27 
R28 
R29,  R39, R79 
R3 1, R38 
R34 , R37 
R35 ,  R3 6, R6 1 
R40 
R42 

R43 
R45 
R46 
R47 
R50 
R5 1,  R5 6, R5 8 
R52 
R53 
R54 
R5 7 

R59 
R60 
R62 
R63 
R65 
R66 
R69 
R70, R74 
R73, R89 
R75 
R76 
R77 

10 

D E S C R I PTION 

68 
4 . 3  
3 
5 . 1  
1 .8 
3 . 3  

K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 

3 . 5 7  K ohm 
1 .  78 K ohm 
2 .43  K ohm 

1 5  
1 . 1  

20 
9 . 1 
1 . 5  

22 . 1 
2 
2. 7 
1 . 2  

5 6  
5 . 6  
2 . 4  

330 
300 

2 . 2  
1 20 

75 
1 1  

2 

K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 

ohm 
·K ohm 
K ohm 

ohm 
K ohm 
K ohm 
K ohm 

1 . 87 K ohm 
4 9 . 9  ohm 

3 K ohm 
3 9  K ohm 
2 7  K ohm 

2 . 2 1  K ohm 
1 0  
1 0  
68 

8 . 2  
1 00 

1 0  
3 0 1  

K ohm 
ohm 

K ohm 
K ohm 
K ohm 
Megohm 

ohm 
1 .  2 1  K ohm 

200 ohm 
1 K ohm 

4 7 . 5  K ohm 
3 . 92 K ohm 
1 ohm 

5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W:. 
5% Yz W. 
5% Yz W. 
1% Yz W. 
1% Yz W. 
1% Yz W. 
5% Yz W. 
1% Yz W. 
1% Yz W. 
5% Yz W. 
5% Yz W. 
1% Yz W. 
5% 2 W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
1% Yz W. 

1 0% Yz W. 
1% Yz W. 
1% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
1% Yz W. 
5% Yz W. 
5% 25 w. 
5% 1 w. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
1% Yz W. 
1% Yz W. 
5% Yz W. 
1% Yz W. 
1% Yz W. 
1% Yz W. 
5% 2 W. 

W E STI N G H O U S E  
STYL E 

N UMB E R  

184A763H7 1 
184A763H42 
1 84A 763H38 
184A763H44 
184A763H33 
184A763H39 
862A376H54 
862A376H25 
862A376H38 
184A763H55 
862A376H05 
862A37 7H30 
184A763 H50 
184A 763H3 1 
862A377H34 
1 85A207H34 
1 84A763H37 
1 84A763H29 
184A763H69 
184A763H45 
1 84A 763H3 6 
184A763H 1 5  
184A763H86 
1 84A763H35 
1 84A763H05  
184A763H72 
862A3 7 7H05 
862A406H0 1 
862A3 76H27 
862A374 H68 
1 84A 763H38 
1 84A 763H65 
184A763 H 6 1  
862A3 76H34 
184A763H5 1 
04D 1 297H27 
187A643 H 7 1  
184A763H49 
184A 763H75 
1 87A290H27 
862A3 75H47 
862A3 76H09 
184A763H 1 0  
862A376H0 1 
862A3 7 7H66 
862A3 76H58 
187A683H25 
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TYPE S D F - 1  SOLID STATE U N D ERF REQU E NCY RELAY __________________ __.:.I:..:.L:.:..
· .::.4.:..:1- .:::;50::.::.4 

E LECTR ICAL PARTS LIST 

WESTI N GHOUS E 
C I R C U I T  SYMBOL D E S C R I P T I ON S T Y L E  

N U M B E R  

RESISTORS (Continued) 

R78 2 . 74 K ohm 1% Yz W. 862A376H43 
RSO 1 0  ohm 5% Yz W. 1 87A290H0 1 
R8 1 500 ohm 1 0% 1 W. 837Al66H0 1 
R82 392 ohm 1% Yz W. 862A375H5 8 
R83, R85,  R87 1 . 62 K ohm 1% Yz W. 862A376H2 1  
R84 6 1 9  ohm 1% Yz W. 862A375H77 
R88 1 20 ohm 5% 3 W. 763A 1 27H2 1 
R90 , R9l, R92 , R93, R94 , R95,R96 , R97 , R98 1 . 2 1  K ohm 1% Yz W. 84 8A8 1 9H56 
RlO O ,  RlOl, R102 ,  R 1 03, R 1 04 ,  Rl05, Rl06 ,  Rl07, Rl08 1 2 . 1 K ohm 1% Yz W. 848A820H53 

CAPACITORS 

Cl, C2 , CS , Cll, Cl6,  C20 ,  C28 , C30 . 1 MFD lOOV . 1 0% 836A620H03 
C3, C5, C24 . 47 MFD 200V . 1 0% 1 8 8A6 69H0 1 
C4 1 00 PFD 200V 1 0% 836A620H0 1 
C6,  C7 ·50 PFD 500V. 2% 1 87A695 H 1 5  
C9 30 PFD 500V. 2% 1 87A695H09 
ClO . 0 1 8  MFD lOOV 1 0% 836A620H04 
C 1 2  500 PFD 500V 1 84A6 63H0 5 
C13  5 1  PFD 500V 2% 1 87A69 5H 1 6  
C14  250  PFD 500V 2% 1 87A695H33 
C 1 5 ,  C 1 7 ,  C19  100 PFD lOOOV 1 84A663H0 6 
C 1 8  8 MFD 30V 5% 862A 1 77H0 7 
C22 1 . 0  MFD 200V 20% 876A409Hl0 
C23 . 4 7  MFD lOOV 5% 876A409H02 
C25 75  PFD 500V 2% 187A695H20 
C26 . 0 1  MFD 50V 1 0% 836A620H05 
C27 5 . 0  MFD lOOV 20% 763A2 1 9H 1 2  
C29 1 . 0  MFD 50V 20% 876A409H09 

DIODES 

D 1 , D2 , D7 , D 8 , D 10 , D 1 2,D 13, D 14 , D 1 5 , D 1 6 , D 1 7 , D 19 , D 2 1  
D22, D23, D27, D28 1N4148 878A649H01 

D3, D4, D5, D6 1N645 1 84A855Hl3 
D9 , D 11 1N457  1 84A85 5H 1 5  
Dl8 338D 837A398H07 
D20 1N45 7A 1 84A885H07 
D24, D25  1N5400 1 88A342H 1 7  
D26 MR84 2 878A648H0 1 

ZENER DIODES 

Z 1 ,  Z7 1N747A 837A398H08 
Z2 1N965B 1 8 6A 797H08 
Z3 1N962B 837A398H09 
Z4, ZS, Z9 1N753A 862A606H0 1 
Z5 1 N97 1 862A606H04 
Z6 1N974 1 86A797H 1 4  
ZlO HW2 2B 1 85A2 1 2 H 1 6  
Zll 1N957B 1 8 6A797H06 
Z 1 2  1R200 629A369HO 1 
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T Y P E  S D F -1 SOLID STAT E U N D E RF R EQ U E NC Y  R ELAY---------------------

ELECTR ICAL PARTS L IST 

W E STINGHO USE 

C I R C U IT SYMBOL D E S C R I PTI ON STY L E  
N U M B E R  

TRANSISTORS 

Q 1 , Q2 ,  Q3, Q5 , Q7,  Q9 ,  Qll , Q 1 2 , Q 1 3,Q1 5 , Q20 , Q2 1 , Q24 , Q25  2N22 19A 762A672H 1 1  

Q4 ,  Q6 ,  Q1 0 ,  Q 1 6, Q 1 9 ,  Q22 ,  Q26 ,  Q29 2N2905A 762A672H10  

QS 2N4 222  878A5 7 7H0 1 

Q 1 4 ,  Q 1 7  D 13T 1 878A289H0 1 

Q 1 8  2N3440 762A67 2H08 

Q23 2N54 1 5  762A672H09 

Q2 7  2N305 5  1 87A673H08 

Q28  DTS4 1 0  1 87A673H09 

INTEGRATED CIRCUITS 

I Q4 CA3026 7 1 7B 20 5HO 1 

A,Q, V, W  U6A99305 9X 204C328H04 

B, K, L, R, S , T, U U6A9 94659X 204C328H03 

C, D, E ,  F, I ,  J, P U 6A99325 9X 204C328H0 1 

G , H U6A993659X 204C32 8H0 2 

Counter Bits 0-1 , 2-3, 4-5 , 6-7, 8-9 , 10-1 1 ,  1 2- 13, 1 4- 1 5  

Trip 1-2 U6A909 959X 204C33 1 H0 1  

TRANSFORMERS - INDUCTORS 

T 1  Input Isolation Transformer 878A574H0 1 

L 1  Inductor 878A654H0 1 

L2 Inductor 8 78A562G0 1 

MISCELLANEOUS 

TR Trip Relay 54 1D5 1 4H0 2 

CL 1 Crystal 1 87A857H23 

Diode Set Plugs ( 1 1  Req'd) 290B854G02 

TEST MODULE 204C299G01 (OPTIONAL} 

R1  1 20 ohm 5% Yz W. 1 84A763H05 

C 1  . 4 7  MFD 35V 20% 1 8 7A508H05 

C2 100 PFD 200V 1 0% 836A620H0 1 

C3 . 1 MFD lOOV 1 0% 836A620H03 

D 1  to Dll 1N4 148 878A4 69H0 1 

A U6A99305 9X 204C328H04 

B U6A994659X 204C328H03 

c U6A993259X 204C328H0 1 

SWITCH ( 1 1  Req'd) 878A645H0 1 
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T Y P E  S D F-1 SOLI D STATE U N D E RF R EQ U E NC Y  RELAY ___________________ .:.1-:..::L:.:..·.:.4.:...;1- ;:::;50:;:::. 4 

Fig. 1 Type SDF- 1 Underfrequency Relay Front View (Without Case) 
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T Y P E  SD F-1 SOLI D  STATE U N D ERFR EQUE NCY RELAY-----------------------

Fig. 2 Type SDF- 1 Underfrequency Relay Rear View (Without Case) 
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TYP E SDF-1 SOL ID STAT E UND E RF R EQUE NCY R ELAY----------------------

� 81 

f sPARE r:
R CONTACT t 

!!.!. 
5 

NEG. 

� SPPt 

t SPP-

SURGE PROTEC TIVE PACKAGE- USE 
ONLY WHEN SURGE VOLTAGE 
MAY EXCEED 25 00V PEAK. 

T �����D
C
E�N1��� 

ON SPECIALLY 
ORDERED RELAY. 

F. 4 External Schematic and Logic Diagram 

81 

DEVICE DESI GNATIONS 

UNDERFR EQUENCY R ELAY, 
TYPE SDF-1 

ICS _ I NDICATING CONTACTOR 
SWITCH IN TYPE 
SDF-1 R ELAY 

TR _ TELEPHONE RELAY I N  
TYPE SDF-1 RELAY 

52 _ POWER CIRCUIT BREAKER 
a - BREAKER AUXILLIARY SWITCH 

TC _ BREAKER TRIP COIL 

719 B 25: 

lg. 

r------------------�----------------� 

0 .-f -.. --, 

c 

8 7 8A6 34 
Fig. 5 Zero Crossing, Voltage Detectors, and Synchronizer Prinfec/ Circuit Moclule Component Location 
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12·11 

I N 

·� 

0 

10·11 
c::J c::J 

c::J 
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0 

8 78A6 3 2  

Fig. 7 Twelve Bit Binary Counter Printed Circuit Module 
Component Location 
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� 
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� 
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I C24+1 
I R65l 

I R64l 
mJ 
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@ 

TP5 TP4 TP3 TP7 
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� 

c � 
� {Ba 

rru1D [ill] 
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CJ CJ 

v CJ 
�TRIP 1·2 1 c::J c:..b ......;,;R_....J 

c::J CJ 
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CJ 

li1 I R53l 
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CJ 

I.L.. 41-504 
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8 7 8A6 3 3 

Fig. 8 Trip Control Circuit and Delay Timer Printed 
Circuit Module Component Location 

SDF- 1 R ELAY 
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T Y PE SDF-1  SOLID STATE U N D ERFREQUENCY RELAY ____________________ __:,I.:.:L:.:.·..::4.:_1-:.::5=.04 

3 ��F � 
1<7 1 .. 01 
k1s 1._o2 

k6 �03 

kl4 1._o4 

k
8 

�05 

k6 �06 

ks 14 07 
kl2 ,._ 08 

k'1 14 D9 

1<
9 14 DIO 

10 011 

C2 
IOOPF 

Cl 
.47MF 

8 

--l 

OG 

I 

TP3 
I 

I 

TP2 
I 

13 

I 

I 

I 

I 

I Dl TO Dll IN4148 

A =  930 
B= 946 
C= 932 

7 1 78 3 74 

F i g. 1 1  Test Mo dule lnternol Schemat i c  ( O ptional) 

@'i @!] 
@:;l � 

"' [g] ffi] @-< I@!] ... 
"' lEI mJ Cl � B rn:J 

E::Q IIEl 
Cl [E!) 

E:CJ 00 
Cl Cl 00 

o:::::J 

i D � 0 
"' 

[£[] 
r--------� L _______________ � 

8 7 8A6 3 6  

Fig. 1 2  Test Module Component Location 

RATE OF FREQUENCY DECLINE, Hz /SEC. 

10 20 30 40 50 60 

I I I I I I I I I I 
10 20 30 40 50 60 70 80 90 100 120 

APPROX. PERCENT SYSTEM OVERLOAD t 
t- ASSUMING LOAD CONSTANT WITH FREQUENCY, AND PI= .85 

H = SYSTEM INERTIA CONSTANT. KW- SEC / KVA 

70 

I 
140 

f'- ONE ADDITIONAL CYCLE FOR TRIP RELAY ALREADY INCLUDED IN CURVES. 

10 

34 8 9  A8 0 

Fig. 13 SDF- 1 Relay Trippi n g  Delay Under 
Declin ing Frequen cy Conditions 
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TYP E SD F - 1  SOL ID STA T E  U ND E R F R EQUE NC Y  R ELA Y
---------------------

20 

1---.! 
I 16 

J 
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11 
I I  

l-si -1 
PANEL CUTOUT I DR ILL IIIG 
FOR SENI-FLUSH MTG. 

PANEL DRILLING OR CUTOijT FOR 
PROJECTION NTG. 

(FROIIT V I EW) 

.� _J 
32 

F i g. 14 O utline and Drilling P lan for the SDF- 1 R e l ay in the Type F T- 3 1  Case. 
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Westinghouse I . L. 4 1-S04A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE SDF-1 

SOLID STATE UNDERFREQUENCY RELAY 

CAUTION: It is recommended that the user of this 
equipment become acquainted with the 

information in this instruction leaflet 
before energizing the equipment. Failure 

to observe this precaution may result 
in damage to the equipment . 

Printed circuit modules should not be 
removed or inserted while the relay is 
energized unless specific instructions 
elsewhere in this instruction leaflet 
state that such action is permissible. 
Failure to observe this precaution can 
result in an undesired tripping output, 
and cause component damage . 

A P P L I C A T I O N  

The SDF-1 Relay (Figures 1 & 2) is a solid state, 

single-frequency-setting, high-accuracy under-freq­

uency relay for use in automatic load-saving 

schemes . (See setting section page 4 for further 
application data . )  

C O N S T R U C T I O N & O P E R A T I O N 

The type SDF- 1  Underfrequency Relay is composed 
of (1) an isolation transformer, (2) a zero crossing 
voltage detector, and synchronizer printed circuit 
module, (3) a main clock and four bit binary counter 

printed circuit module, (4) a twelve bit binary 
counter printed circuit module, (5) a trip control 
circuit and delay timer printed circuit module, (6) a 

power supply printed circuit module, (7 ) a front 

panel mounted digital underfrequency trip-point 

setting assembly, (8) a trip relay , and ( 9 )  an in­
dicating contact or switch unit (ICS) . 

All components are identified on the internal sche­

matic in Figure 3 .  

SU PE RSEDES I. L. 4 1-504 
*Denotes change from superseded issue. 

ISOLATING TRANSFORMER 

The isolation transformer is a 1 :1 transformer which 
provides de isolation. 

ZERO CROSSING, VOLTAGE DETECTOR, AND 
SYNCHRONIZER PRINTED CIRCUIT MODULE 

The zero crossing, voltage detector , and synchro­

nizer printed circuit module contains a two-cell 
symmetrical low pass filter to provide transient and 

high frequency noise suppression, a zero crossing 

detector that generates a low voltage square wave 

signal having the same frequency as the fundamental 

of the input signal, and a synchronizer for the syn­
chronization of the output signals from the zero­
crossing detector with the main clock signals . Also 
contained on this module are the two power supply 
voltage detectors to prevent spurious tripping at the 
time .of power turn-on, and an undervoltage detector 
which provides an inhibiting signal to avoid incor­
rect operation of the relay if the input line voltage 
drops below the minimum prescribed value (25  to 40)  
volts. )  Refer to Figure 5 for component location and 
board layout. 

MAIN CLOCK AND FOUR BIT BINARY COUNTER 
PRINTED CIRCUIT MODULE 

The main clock and four bit binary counter printed 

circuit module contains the main clock and the 
first four bits of the binary counter. The main clock, 

consisting of a crystal controlled oscillator to 

provide the reference frequency and a driving state, 

sup plies clock pulses to the main counter and to 
the synchronizer. The first four bits of the 1 6-bit 

binary counter are also contained on this module. 

Refer to Figure 6 for component location and board 

layout . 

EFFECTIVE JULY 1 973 www . 
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TYPE SDF-1 SOLID STATE UNDERFREQUENCY RELAY ______________________ _ 

The curves in Figure 13 have been plotted to include 

the effect ot the delay setting, as labeled on each 

curve, along with two additional cycles for initial 

underfrequency detection and telephone relay opera­

tion. Thus, the curve corresponding to 2 cycles 

of delay setting is plotted for 4 cycles total SDF-1 

operating time, etc. Use the curve whose label 

corresponds to the actual setting of the decade 

switches. 

INDICATING CONT ACTOR SWITCH (ICS) 

The only setting of the ICS unit required is the 

selection of the .2 or 2 ampere pick-up tap. This 

accomplished by connecting the lead located in 

front of the tap block to the desired terminal by 

means of a connecting screw. 

IN S T A L L A TION 

The relays should be mounted on switchboard panels 

or their equivalent in a location free from dirt, mois­

ture, excessive vibration and heat. Mount the relay 

vertically by means of the mounting stud 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. The 

electrical connections may be made directly to the 

terminals by means of screws for steel panel mount­

ing or to the terminal stud furnished with the relay 

for thick panel mounting. The terminal stud may 

be easily removed or inserted by locking two nuts 

*on the stud and then turning the proper nut v\ith a 

wrench. See Fig. 14 for Outline and Drilling plan. 

For detailed information on the FT case, refer to 

I.L. 41-076. 

A D JU S TM E N T S  & MA I N T E N A N C E  

The proper adjustments to insure correct operation 

of this relay han' been made at the factory. Upon 

receipt of the relay no customer adjustments, other 

than those cO\·cred under "SETTINGS" should be 

required. 

ACCEPTANCE CHECK 

It is recommended that an acceptance check be 

applied to the SDF-1 relay to verify that the circuits 

are functioning propc•rly. 

The following procedure can be used for this pur­

pose. 

6 

1. Settings 

Check front panel settings; they should be as 

follows: 

a. Underfrequency trip point desired set on the 

underfrequency trip point setting assembly 

as per Table I. 

b. Trip time delay set for the desired cycles 

delay on the trip time delay decade setting 

knobs. 

2. Indicating Contactor Switch 

Close the trip relay contacts and pass sufficient 

d-e current through the trip circuit (Relay ter­

minals 1 and 10) to close the contacts of the 

ICS. This value of current should not be greater 

than the particular ICS tap setting being used. 

The indicator target should drop freely. 

3. Underfrequency Trip Point Setting 

Connect SDF-1 Relay per test diagram Figure 10. 

Using a variable frequency source apply 120 

volts at set tripping frequency. Relay should 

trip within ± .007 Hz of set trip frequency in 

the time set on the digital trip time delay setting 

plus 16 milliseconds operating time of the trip 

relay. Raise frequency of source above the trip 

point setting ( .007 Hz. or higher) and the trip 

relay should drop out after approximately two 

cycles delay. 

4. Undervoltage Detector 

Lower frequency of source so relay once again 

trips; lower voltage of source below 25 volts, 

and the trip relay should drop out. 

5. Test Module 204C299G0 1 (Optional) 

Test module 204C299G01 may be utilized to test 

the underfrequency trip setting of the SDF-1 

relay. When inserted into its relay connector and 

test points TS and T9 on module 204C261G01 

are connected together, underfrequency trip 

point settings may be checked by switching the 

same binary number on the test module that is 

set on the underfrequency trip point setting 

assembly to trip the relay. Likewise, dropping 

the test module setting down by a weight of one 

or greater (see Table II), corresponding to a 

higher frequency, will allow the relay to reset. 

ROUTINE MAINTENANCE 

All relays should be checked at least once every 

year or at such other intervals as may be dictated www . 
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T YPE SD F-1 SOLID STATE UNDER F REQUENCY RELAY ____________________ I_.L_._4_1_-s_o 4_A 

by experience to be suitable to the particular 
application. 

CALI BRATION 

Use the following procedure for calibrating the relay 
if the relay has been taken apart for repairs or the 
adjustments have been distrubed. This procedure 
should not be used unless it is apparent that the 
relay is not in proper working order. (See " Accept­
ance Check"). 

I NDICATING CONTACTOR SWITCH (ICS) 

Close the trip relay contacts and pass sufficient 
d-e current through the trip circuit (Relay terminals 
1 and 10 ) to close the contacts of the ICS. This 
value of current should not be gr eater than the 
particular ICS tap setting being used.  The indicato r 
target should drop fre ely. 

The contact gap should be approximately . 047"  
between the bridging moving contact and the adjust­
able stationary contact. The bridging moving con­
tact should touch both stationary contacts simult­
aneously. 

D.C. REGULATED SUP PLIES 

The 18 volt d�c� supply should be adjusted by pot­
entiometer R8 1 on power supply module 204C265GO 1 
for 18  volts ± 1% at 125 VDC battery voltage .  The 
5 volt d-e . supply should then be within ±5%. Both 
regulated supplies should maintain their respective 
voltages ±5% with a battery range of 42 to 140 volts 
d . c .  

MAI N  CLOCK ADJUSTMENT 

Inductor L-1 should be adjusted to obtain the correct 
clock signal CPO at TP2 on module 204C262G0 1 .  
The correct signal is 1 .  966080 MHz. with a tolerance 
range of 1 . 965980 MHz. to 1 . 96 6 1 80 MHz. 

UNDERFREQUENCY TRI P  TEST 

Connect the SDF- 1 Relay per test diagram Figure 

1 0 .  Using a variable frequency source apply 120 

voltc; at set tripping frequency. Relay should trip 
within ± 0 . 007 Hz. of set trip frequency in the time 
set on the trip time delay setting plus 16 milli­
seconds operating time of the trip relay. Raise 
frequency of source 0 . 007 Hz or higher above the 
trip point setting and the trip relay should drop 
out after approximately two cycles delay. 

TRIP CONTROL CIRCUIT AND 
DELAY TIMER ADJUSTMENT 

* Potentiometer R46 on module 204C264G0 1 must 
be adjusted to bring the 99 cycle delay setting to 
99 cycles ( 60 Hz base), i . e. ,  1 . 650 seconds. 
Remember that the total operating time is equal to 
the delay setting plus 2 additional cycles. Thus , 
at 99 cycles delay setting the potentiometer R46 
should be set so that the total operating time is 
10 1 cycles or 1 . 683  seconds. The delay timer should 
be tested at each position on the selector switch. 
(Note : Delay settings for 1 or 2 cycles will give 
the minimum delay of 2 cycles and can only be 
checked at  a higher setting: i .e .  1 cycle has to be  
checked at  1 1  cycles delay setting, or 2 1 , 3 1 , etc . ) .  

TEST MODULE 204C299G01 (Optional) 

Test module 204C299G 0 1  may be utilized to test 
the unclerfrequency trip setting of the SDF-1 relay. 
When inserted into its relay connector and test 
points T8 and T9 on module 204C2 6 1 G0 1  are con­
nected together, underfrequency trip point settings 
(Table I) may be checked by switching the same 
binary number  on the test module that is set on the 
unclerfrequency trip point setting assembly to trip 
the relay. Likewise, dropping the test module setting 
clown by a weight of one or greater (see Table II), 
corresponding to a higher frequency, will allow the 
relay to reset. 

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at the 
factory. However, interchangeable parts can be 
furnish ed to  the customers who are  equipped for 
doing repair work. When ordering parts, always 
give the complete nameplate data. 
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T Y PE SD F - 1  SOL ID STA T E  UND E R F REQUENCY R EL A Y----------------------

TABLE I 

U N D E R  F R E QU E N C Y  U N D E R  F R E Q U EN C Y  

F R E Q .  P E R IO D  TR I P  P O I NT S ETTING F R E Q. P ER I O D  T R I P  P O I NT S ETT I N G  
( HZ) (MS)  (HZ)  

(MS) 

A B c D E F G H J K L A B c D E F G H J K L 

60.00 1 6 . 6667 0 0 0 0 0 0 0 0 0 0 0 5 8 . 50 1 7 . 0940 0 0 1 0 0 1 0 1 1 0 0 

59 . 95 1 6 . 6806 0 1 1 1 0 0 0 0 0 0 0 58. 45 1 7 . 1086  0 1 0 0 1 1 0 1 1 0 0 

59 .90 16. 6945 1 1 0 1 1 0 0 0 0 0 0 5 8 . 40 1 7. 1233 1 0 0 0 0 0 1 1 1 0 0 

59. 85 1 6. 7084 1 0 0 1 0 1 0 0 0 0 0 58 . 35 17. 1380 1 1 1 1 0 0 1 1 1 0 0 

59. 80 1 6. 72 24 1 1 1 0 1 1 0 0 0 0 0 5 8. 30 1 7. 15 27 0 1 1 1 1 0 1 1 1 0 0 

5 9 . 75 1 6 . 7364 1 0 1 0 0 0 1 0 0 0 0 58. 25 1 7. 1 674 0 0 1 1 0 1 1 1 1 0 0 

5 9 . 70 1 6. 7504 0 1 0 0 1 0 1 0 0 0 0 58. 20 1 7 . 1 82 1  1 1 0 1 1 1 1 1 1 0 0 

5 9 . 65 1 7. 7645 0 0 0 0 0 1 1 0 0 0 0 5 8 . 1 5  17 . 1 969 1 0 0 1 0 0 0 0 0 1 0 

59. 60 16 .7785 0 1 1 1 0 1 1 0 0 0 0 58 . 1 0  1 7 . 2 1 1 7  0 0 0 1 1 0 0 0 0 1 0 

5 9 . 5 5  1 6. 7926  0 0 1 1 1 1 1 0 0 0 0 58 . 05 1 7 . 2 265 0 1 1 0 0 1 0 0 0 1 0 

59 . 50 1 6 . 8067 0 1 0 1 0 0 0 1 0 0 0 5 8 . 00 1 7 . 24 1 4  1 0 1 0 1 1 0 0 0 1 0 

5 9 . 45 1 6. 8209 0 0 0 1 1 0 0 1 0 0 0 5 7 . 95 1 7 . 2 5 63 0 0 1 0 0 0 1 0 0 1 0 

5 9 . 40 1 6 . 8350 1 0 1 0 0 1 0 1 0 0 0 5 7 . 90 17 . 2 7 1 2  0 1 0 0 1 0 1 0 0 1 0 

5 9.35 1 6 . 8492 1 1 0 0 1 1 0 1 0 0 0 5 7. 85 1 7. 28 6 1  1 0 0 0 0 1 1 0 0 1 0 

5 9.30 1 6.8634 1 0 0 0 0 0 1 1 0 0 0 5 7 . 80 1 7 . 30 1 0  0 0 0 0 1 1 1 0 0 1 0 

5 9. 25 1 6. 8776 1 1 1 1 0 0 1 1 0 0 0 5 7 . 7 5  17 .31 60 0 1 1 1 1 1 1 0 0 1 0 

5 9 . 20 1 6. 89 19 1 0 1 1 1 0 1 1 0 0 0 5 7. 70 17 .3310  1 0 1 1 0 0 0 1 0 1 0 

59 . 1 5  1 6. 9062  1 1 0 1 0 1 1 1 0 0 0 5 7 . 65 1 7 .34 6 1  0 0 1 1 1 0 0 1 0 1 0 

59. 1 0  1 6 . 9205 0 1 0 1 1 1 1 1 0 0 0 57 . 60 1 7. 36 1 1 1 1 0 1 0 1 0 1 0 1 0 

59.05 1 6 .9348 0 0 0 1 0 0 0 0 1 0 0 5 7 . 5 5  1 7.3762 1 0 0 1 1 1 0 1 0 1 0 

59 .00  1 6.9492 0 1 1 0 1 0 0 0 1 0 0 5 7 . 50 1 7 . 39 1 3  0 0 0 1 0 0 1 1 0 1 0 

5 8. 9 5  1 6 . 9635 0 0 1 0 0 1 0 0 1 0 0 5 7 . 45  1 7 . 4064 1 1 1 0 1 0 1 1 0 1 0 

5 8 . 90 1 6 . 9779 0 1 0 0 1 1 0 0 1 0 0 57 .40  1 7. 42 1 6  0 1 1 0 0 1 1 1 0 1 0 

5 8 . 85 1 6 . 9924 0 0 0 0 0 0 1 0 1 0 0 5 7 .35 1 7.4368 1 0 1 0 1 1 1 1 0 1 0 

58. 80 1 7 .0068 0 1 1 1 0 0 1 0 1 0 0 57 .30 1 7 .4520 0 0 1 0 0 0 0 0 1 1 0 

5 8.75  1 7 . 0 2 1 3  1 0 1 1 1 0 1 0 1 0 0 5 7 . 2 5  1 7 . 4672 1 1 0 0 1 0 0 0 1 1 0 

5 8 . 70 1 7 .0358 1 1 0 1 0 1 1 0 1 0 0 5 7 . 20 1 7. 4825  0 1 0 0 0 1 0 0 1 1 0 

5 8. 65 1 7 . 0 503 1 0 0 1 1 1 1 0 1 0 0 5 7. 15 1 7 . 4978 1 0 0 0 1 1 0 0 1 1 0 

58 . 60 1 7 . 0648 1 1 1 0 0 0 0 1 1 0 0 57 . 1 0  17. 5 1 3 1  0 0 0 0 0 0 1 0 1 1 0 

5 8 . 5 5  1 7. 079 4 0 1 1 0 1 0 0 1 1 0 0 57 .05  17 . 5285 1 1 1 1 0 0 1 0 1 1 0 
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T Y P E  S D F -1  S O L I D  STAT E U N D E R F R EQU E NC Y  R E LAY -------------------..:I.:..:.L;.;.·..;:4.:...1-.=.50;;;;.4 

TABLE I (Cont . )  

U N D E R  F R E Q U EN CY U N D E R  F R E Q U E N C Y  

F R E Q .  P E R I O D  TR I P  P O I NT SETTING F R E Q .  P E R I O D  TR I P  P O I NT S ETTI N G  

(HZ)  (MS) (HZ)  (MS)  

A B c D E F G H J K L A B c D E F G H J K L 

57 .00  1 7 . 54 39 0 1 1 1 1 0 1 0 1 1 0 55. 50 1 8 . 0 1 80 0 0 0 0 1 1 0 0 1 0 1 

56 .95  17 . 5593  1 0 1 1 0 1 1 0 1 1 0 5 5 . 4 5  1 8 . 0343 0 0 0 0 0 0 1 0 1 0 1 

5 6 . 90 17. 5747 1 0 1 1 1 1 1 0 1 1 0 55 . 40 18 . 0505 0 0 0 0 1 0 1 0 1 0 1 

5 6 . 85 17 . 5 90 1 0 0 1 1 0 0 0 1 1 1 0 55 . 3 5  1 8 . 0668 0 0 0 0 0 1 1 0 1 0 1 

56 . 80 1 7 . 605 6 1 1 0 1 1 0 0 1 1 1 0 5 5 . 30 1 8 . 0832  0 0 0 0 1 1 1 0 1 0 1 

5 6 . 75 17 . 62 1 1  0 1 0 1 0 1 0 1 1 1 0 
55 . 25  18 . 0995 1 0 0 0 0 0 0 1 1 0 1 

5 6 . 70 1 7 . 6367 0 0 1 1 1 0 1 1 1 0 
55 . 20 1 8. 1 159 1 0 0 0 1 0 0 1 1 0 1 

1 

1 1 
55 . 15 18 . 1324  1 0 0 0 0 1 0 1 1 0 1 

5 6 . 65 1 7 . 65 23 1 0 0 1 0 0 1 1 0 
55 . 1 0  1 8 . 1 488 1 0 0 0 1 1 0 1 1 0 1 

56 . 60 1 7 . 6678 0 0 0 1 1 0 1 1 1 1 0 
5 5. 05 1 8. 1 65 3  1 0 0 0 0 0 1 1 1 0 1 

5 6 . 55 17 . 6835 0 0 0 1 0 1 1 1 1 1 0 
55 . 00 1 8 . 1 8 1 8  1 0 0 0 1 0 1 1 1 0 1 

5 6 . 5 0  1 7 . 69 9 1  1 1 1 0 1 1 1 1 1 1 0 
54 . 95  18 . 1 984 0 1 0 0 0 1 1 1 1 0 1 

56 .45  1 7 . 7 1 48 0 1 1 0 0 0 0 0 0 0 1 
54 . 90 1 8. 2 1 49 0 1 0 0 1 1 1 1 1 0 1 

56 .40 1 7 . 7305 0 1 1 0 1 0 0 0 0 0 1 
54 . 85  18 . 23 1 5  0 1 0 0 0 0 0 0 0 1 1 

56 .35  17 . 7462 1 0 1 0 0 1 0 0 0 0 1 
5 4 . 80 1 8 . 2482  1 1 0 0 1 0 0 0 0 1 1 

5 6 . 30 17 . 7620 1 0 1 0 1 1 0 0 0 0 1 
54 . 75 18 . 2 648 1 1 0 0 0 1 0 0 0 1 1 

5 6 . 2 5  1 7 .7778 0 0 1 0 0 0 1 0 0 0 1 
5 4 . 70 1 8 . 2 8 1 5  1 1 0 0 1 1 0 0 0 1 1 

5 6 . 2 0  1 7 . 7936  0 0 1 0 1 0 1 0 0 0 1 
54 . 65 18 . 2983 0 0 1 0 0 0 1 0 0 1 1 

56 . 1 5  1 7. 8094 1 1 0 0 0 1 1 0 0 0 1 
54 . 60 1 8. 3 1 50 0 0 1 0 1 0 1 0 0 1 1 

56 . 10  17 . 8253  1 1 0 0 1 1 1 0 0 0 1 
54 . 5 5  1 8 . 3 3 1 8  1 0 1 0 0 1 1 0 0 1 1 

5 6 . 05 1 7 . 84 1 2  1 1 0 0 0 0 0 1 0 0 1 
54 . 50 18 . 34 86 1 0 1 0 1 1 1 0 0 1 1 

5 6 . 00 1 7 . 85 7 1  0 1 0 0 1 0 0 1 0 0 1 5 4 . 4 5  1 8 . 3 6 5 5  0 1 1 0 0 0 0 1 0 1 1 

5 5 . 9 5  1 7 .8 7 3 1  0 1 0 0 0 1 0 1 0 0 1 54 . 40 1 8 . 3 824  1 1 1 0 1 0 0 1 0 1 1 

5 5. 90 1 7. 889 1 0 1 0 0 1 1 0 1 0 0 1 54 . 35 18 . 3993 1 1 1 0 0 1 0 1 0 1 1 

5 5. 85 17 . 905 1 1 0 0 0 0 0 1 1 0 0 1 54 . 30 1 8. 4 1 62 0 0 0 1 1 1 0 1 0 1 1 

5 5.80 1 7. 92 1 1  1 0 0 0 1 0 1 1 0 0 1 5 4 . 25 1 8 . 4 3 32 1 0 0 1 0 0 1 1 0 1 1 

55 . 75  1 7 . 93 72 1 0 0 0 0 1 1 1 0 0 1 5 4 . 2 0  1 8 . 4502 1 0 0 1 1 0 1 1 0 1 1 

5 5 . 70 17 . 9533  1 0 0 0 1 1 1 1 0 0 1 54 . 1 5 1 8 .4 672 0 1 0 1 0 1 1 1 0 1 1 

5 5 . 65 17 .9695  1 0 0 0 0 0 0 0 1 0 1 54 . 10 1 8. 4 843  1 1 0 1 1 1 1 1 0 1 1 

5 5 . 60 17 . 9856 1 0 0 0 1 0 0 0 1 0 1 5 4 . 0 5  1 8. 5 0 14 0 0 1 1 0 0 0 0 1 1 1 

5 5 . 5 5  1 8. 0 0 1 8  0 0 0 0 0 1 0 0 1 0 1 54 . 00  1 8 . 5 185  0 0 1 1 1 0 0 0 1 1 1 
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TYPE S D F - 1  SO L I D  STA T E  U N D ERFREQU ENC Y RELA Y----------------------

ELECTR ICAL PARTS LIST 

CI RCUIT SYMBOL D E S C R I PTION 

RESISTORS 

R 1  
R2 
R3, R3 , R7, R 1 6, R30 , R32 ,  R4 1 
R5 , R64 , R68 
R6 , R33 ,  R7 1 
R8 
R9 
R 1 0  
R 1 1 ,  R 1 3 ,  R5 5 ,  R72 
R 1 2 ,  R86 
R 1 4 ,  R67 
R 1 5  
R 1 7  
R 1 8  
R 1 9 ,  R20 
R2 1 ,  R22, R23 , R24 
R25 
R26,  R27 
R28 
R29,  R39,  R79 
R3 1 ,  R38 
R34 , R3 7 
R35 ,  R36 ,  R 6 1  
R40 
R42 
R43 
R45 
R46 
R47 
R50 
R5 1 ,  R5 6 ,  R5 8 
R52 
R53 
R54 
R57 
R59 
R60 
R62 
R63 
R65 
R66 
R69 
R70 , R74 
R73 , R89 
R75 
R76 
R77 

1 0  

68 
4 . 3  
3 
5 . 1  
1 . 8  
3 . 3  

K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 

3 . 5 7  K ohm 
1 .  78 K ohm 
2 .43  K ohm 

1 5  
1 . 1  

20 
9 . 1 
1 . 5  

2 2 . 1 
2 
2 . 7  
1 . 2  

5 6  
5 . 6  
2 . 4  

330 
300 

2 . 2  
1 20 

75 
1 1  

2 

K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 
K ohm 

ohm 
·K ohm 
K ohm 

ohm 
K ohm 
K ohm 
K ohm 

1 . 87 K ohm 
49. 9 

3 
3 9  
2 7  

ohm 
K ohm 
K ohm 
K ohm 

2. 2 1  K ohm 
1 0  
1 0  
68 

8 . 2  
1 00 

1 0  
3 0 1  

K ohm 
ohm 

K ohm 
K ohm 
K ohm 
Megohm 

ohm 
1 . 2 1  K ohm 

200 ohm 
1 K ohm 

4 7 . 5  K ohm 
3 . 92 K ohm 
1 ohm 

5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W:. 
5% Yz W. 
5% Yz W. 
1% Yz W. 
1% Yz W. 
1% Yz W. 
5% Yz W. 
1% Yz W. 
1% Yz W. 
5% Yz W. 
5% Yz W. 
1% Yz W. 
5% 2 W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 

5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
1% Yz W. 

1 0% Yz W. 
1% Yz W. 
1% Yz W. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
1% Yz W. 
5% Yz W. 

5% 25 w. 
5% 1 w. 
5% Yz W. 
5% Yz W. 
5% Yz W. 
1% 1/z W. 
1% Yz W. 
5% Yz W. 
1% Yz W. 
1% Yz W. 
1% Yz W. 
5% 2 w. 

W E STI N G H O U S E  
STYL E 

N UMB E R  

1 84A 763H71  
1 84 A763H42 
1 84A763H38 
1 84A763H44 

1 84A763H33 
1 84A 763H39 
862A376H54 
862A376H25 
862A3 76H38 
1 84A763H55 
862A376H05 
862A377H30 
1 84A763H50 
1 84A 763H3 1 
862A3 77H34 
1 85A207H34 
1 84A763 H3 7 
1 84A763H29 
1 84A763H69 
1 84A763H45 
1 84A763 H3 6 
1 84A763 H 1 5  
1 84A763H86 
1 84A763H35 
1 84A763H05 
1 84A763H72 
8 6 2A3 7 7H05 
862A406H0 1 
862A3 76H27 
862A374 H68 
1 84A763H38 
1 84A 763 H65 
1 84A763 H 6 1  
862A3 76H34 
1 84A763 H 5 1  
04D 1 297H27 
1 8 7A643 H 7 1  
1 84A763H49 
1 84A 763 H75 
1 87A290H27 
862A375H47 
862A3 76H09 
1 84A763 H 1 0  
862A3 76H0 1 
862A3 7 7H66 
862A376H58 
1 87A683H25 
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TYPE SD F - 1  SOLID STA T E  U ND ERFREQU E NC Y  R ELA Y __________________ J ._L_. _4 1_-s_o_4_A 

* E LECTRICAL PARTS L IST 

W E STINGHOUSE 
C I R C U IT SYMBOL D E S C R I P T I ON STY L E  

N UMB E R  

RESISTORS (Continue d) 

R78 2 . 74 K  ohm 1% Yz W . 8 6 2A376H43 

R80 10 ohm 5% Yz W .  1 87A290H01 

R8 1 500 ohm 1 0% 1 W .  8 3 7A l 66H0 1 

R82 392  ohm 1% Yz W .  8 6 2A375H58 

R83 ,  R85 , R87 1 . 6 2 K  ohm 1 %  Yz W. 862A3 76H2 1 

R84 6 1 9  ohm 1% Yz W .  862A375 H77 

R88 1 2 0  ohm 5% 3 w. 763 A l 27H2 1 

R,90 , R9 1 ,  R 9 2 ,  R9 3 ,  R94 , R94 , R96,  R97,  R98 1 . 2 1 K  ohm lo/c Yz W .  84 8A829H56 

R l O O ,  R l O l ,  R l 02 ,  R l 0 3 ,  R l 0 4 ,  R l 05 ,  R l 0 6 ,  R 1 0 7 ,  Rl 08 1 2 . 1 K ohm 1% Yz W. 848A820H53 

CAPACITORS 

C l ,  C l 6 ,  C20 , C 2 9 ,  C30 , C3 1 . 47 MFD . 50V . 20% 762A68 0H04 

C2, C8, C l l ,  C 2 8  . 1  MFD l O O V .  1 0% 836A6 20H03 

C3 , C5 , C24 . 4 7  MFD 200V.  1 0% 1 88A66 9H0 1 

C4 100 PFD 200V. 1 0% 8 3 6A620H0 1 

C6 , C 7  5 0  PFD 500V. 2% 1 87A695 H 1 5  

C9 30 PFD 500V.  2% 1 8 7A695 H09 

C l O  . 0 18 MFD l OOv 1 0% 83 6A6 20H04 

C 1 2  500 PFD 500V 1 8 4 A663H05 

C 1 3  5 1  P FD 500V 2% 1 8 7A69 5 H l 6  

C 1 4  250 P FD 500V 2% 1 8 7A695H33 

C l 5 ,  C l 7 ,  C l 9  1 00 PFD l OOOV 1 84A663H06 

C l 8  8 MFD 30V 5% 862A l 77H07 

C2 2 1 . 0  MFD 200V 20% 876A409 H 1 0  

C23 . 47 MFD l OO V  5 %  876A409H0 2  

C25 75 PFD 500V 2% 1 87A695H20 

C 26 . 0 1  MFD 50V 1 0% 836A620H05 

C 2 7  5 . 0  MFD l OOV 20% 763A2 1 9H l 2  

C 3 2  1 . 0  MFD 2 00V 20% 8 76A409H 1 0  

DIODES 

D l ,  D 2 ,  D 7 .  D 8 ,  D l O ,  D 1 2 ,  D 1 3 ,  D 1 4 ,  D 1 5 ,  D l 6 , D l 7 ,  D l 9 ,  D 2 1  
D 2 2 ,  D 2 3 , D 2 7 ,  D 2 8 ,  A .  B . C . D .  E, F ,  G ,  H ,  J ,  K ,  L, 1 N4 1 4 8  878A649H0 1 

D3 , D4 , D5 , D 6  1 N645 1 84 A8 5 5 H 1 3  
D9,  D l l  1 N457 1 84A85 5 H 1 5  
D l 8  3 3 8 D  8 3 7A398H07 
D 20 1 N457A 1 84 A885H07 

D24 , D25 1 N5 4 00 1 88A34 2H l 7  

D 2 6  MR842 8 78A64 8H0 1 

ZENER DIODES 

Z l , Z7 1 N 747A 83 7A398H08 

Z2 1 N965B 1 8 6A797H08 

Z3 1 N 962B 837A398H09 

Z4 , ZS , Z9 1 N753A 86 2A606H0 1 

Z5 1 N97 1 86 2A606H04 

Z6 1 N974 18 6A797H l 4  

Z l O  HW2 2B 1 85 A 2 1 2H l 6  

Z l l  1 N957B 1 86A797H06 

Z 1 2  1 R200 6 29A3 69H0 1 
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T Y PE SDF -1  SOL ID S TA T E  UNDERF R EQ UENC Y R EL A Y---------------------

12 

ELECTR ICAL PARTS LIST 

C I R C U I T  SYMBOL D E SC R I P TION 

TRANSISTORS 

Q 1 , Q2 , Q3, Q5 , Q7 , Q9 , Ql l ,  Q 1 2 , Q 1 3 , Q 1 5 , Q20 , Q2 1 , Q24 , Q25 2N22 1 9 A  

Q4 , Q 6 ,  Q 1 0 ,  Q 1 6 , Q 1 9 , Q22 , Q26 , Q29 2N2905A 

Q8 2 N 4 2 2 2  

Q 1 4 , Q 1 7  D 1 3T 1 

Q 1 8  2N3440 

Q23 2N54 1 5  

Q27 2N305 5 

Q28 DTS4 1 0  

INTEGRATED CIRCUITS 

IQ4 CA3 026 

A , Q, V , W U6A993059X 

B,  K ,  L , R ,  S , T ,  U U6A9 94 659X 

C , D , E, F , I ,  J ,  P U 6A993 2 5 9X 

G , H U6A9 9 3 65 9 X  

C ount er Bits 0- 1 , 2-3 , 4-5 , 6- 7 , 8-9 ,  10- 1 1 , 1 2- 1 3 , 1 4- 1 5  

Trip 1 - 2  

T 1  

L 1  

L 2  

T R  

CL 1 

R 1  

C 1  

C 2  

C3 

D1 to D l l  

A 
B 

c 
SWITCH 

U6A909 959X 

TRANSFORMERS - INDUCTORS 

Input Isolation Transformer 

Induct or 

Ind uctor 

MISCELLANEOUS 

Trip Relay 

Crystal 

TEST MODULE 204C299G01 (OPTIONAL) 

1 20 ohm 5% Yz W. 

. 4 7  MFD 35V 

100 PFD 200 V  

. 1  MFD 100V 

1 N4 1 4 8  

U6A993059X 
U6A9 94659X 

U6A9 9 3 2 59X 

( 1 1  Re q ' d )  

20% 

1 0% 

10% 

WESTI N G H O U S E  
STY L E 

NUM B E R  

7 6 2A672H l l  

762A67 2 H 1 0  

878A 5 7 7H0 1 

878A289H0 1 

762A67 2H08 

76 2A672H09 

1 87A673H08 

1 8 7A673H0 9  

7 1 7B 20 5 H0 1 

204C 3 2 8H04 

204C32 8 H03 

204C3 28H0 1 

20 4C32 8H02 

204C33 1 HO 1 

878A5 74H0 1 

878A65 4 H0 1  

878A5 6 2 G0 1  

5 4 1 D 5 1 4 H0 2  

1 87A85 7H23 

1 84A763H0 5  

1 87A508H05 

8 3 6A620H0 1 

83 6A620H0 3 

878A469H01  

204C 3 2 8H04 
204 C 3 2 8H0 3 

204C 3 2 8H0 1 

878A64 5 H0 1 
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TYPE SD F - 1  SO LID STA T E  UND E R F R EQUENCY RELA Y  ___________________ I ._L_. _4_1 -S_0_4_A 

F i g. 1 Type SDF- 1 Underfrequency Relay Fron t View (Without C ase) 
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TYPE S D F -1 SO L ID STA T E  U N DERFREQ UENCY RELAY-----------------------

Fig. 2 Type SDF- 1 Underfrequen cy R elay R ear View ( Witho ut Case) 
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TY P E  S D F - 1  SOL ID STA T E  U N D E R F R EQUE NCY R ELAY------------------------

g � N 0 � 

� 81 

TSPARE r:R CONTACT f 
.!!.! 
5 

NEG. 

t SPP -
SURGE PROTECTIVE PACKAGE- USE 

ONLY WHEN SURGE VOLTAGE 
MAY EXCEED 2500V PEAK. 

T SPARE CONTACT 
PROVIDED ONLY 
ON SPECIALLY 
ORDERED RELAY. 

81 -

res -

TR -

52 -
a -
TC -

DEVICE DESIGNATIONS 
UNDERFREQUENCY RELAY, 
TYPE SDF- 1 
INDICATING CONTACTOR 
SWITCH IN TYPE 
SDF-1 RELAY 
TELEPHONE RELAY IN 
TYPE SDF-1 RELAY 
POWER CIRCUIT BREAKER 
BREAKER AUXILLIARY SWITCH 
BREAKER TRIP COIL 

71982 5 2  

Fig. 4 External Schematic and Logic Diagram 

E£D 
[ill] 
Ill 
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u !? � @We em 
� a []!] 

!§:] [!!§] Q� � c or 'oz lEI em I 1130 I � I R26 l IE] ffiJ I 1120 I 
� � [!ill [ill 

� �  � � 
[]EJ []!] 

I!EJ B [ill] [EJ mTI [ru  IT!3 
� m.J eJ [!!!] I 1121 I 

� � � I I 0 D [E) 
I 1132 1 f ,. CID 

mJ 
I C4+J []E) []iiJ f c c:::J 

L _ _ _ _ _ _ _  Q_r 

-- ---- --� 
8 78A6 34 

�---------------------------

TPZ 
@ oo�. o� l+<:r4 I 

OB D CJ s (j c  
� � _J 

G I R3& 1  

1-cr3 I 

Et 
I R39l � c::::J 

I R42 1 

� 
co I R3B I 

I C ID+I 
CJ I R35 l  

CCJ � E£!J 
g I R37 l 
N EiliJ 1e ' 
0 C!=:J � � [!ID 
� @!) N c:::J 

19 CJ EillJ I..- - - - - - - - -
-

� -

� - - - -
8 7 8A63! 

Fig. 5 Zero Crossin g, Voltage Detectors, a n d  Syn chron izer 
P rin ted Circuit Module Compon en t Location 

Fig. 6 Main Clock and Four Bit Binary Counter Prin ted 
Circuit Module Component Location 
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� N 
� 0 N 

Cl 

0 
Cl 

CJ c:::l 

Cl 

Cl 

10-11 

H 

8 78A6 3 2  

F i g. 7 T w elve B i t  B in ary Counter P ri n tecl C ircuit Moclule 
Compon ent Lo cation 

Cl?+ 

� 
coo 

I CZB+ I 
� 

fill 
� 

[!ill 
Dlil 

� 
IB§i] 

I C24+1 
[ill] 

I R64 l 
lliJ 

[ill] 

P S I P rinted C i rcuit  Modu l e  Compo n en t  

* Fig. 9 ower u p p  Y 
Locat ion 

18  

CJ 
�TRIP 1-2 1 CJ p R 

I . L .  4 1 -504A 

� B c� 

8 7 8A6 3 3 

F i g. 8 Tri p Control Circuit an cl D elay T i m er P rintecl 
Circuit  Moclule Component Lo cation 

SDF-1 R E LAY 

NEG. POS. 

48 OR 125V. D.C. 
SUPPLY 

8 8 0 A 3 1 0  
F i g. 10 D i agram of Test Con nections for SDF- 1 R e l ay 
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TYPE SDF-1 SOLID STATE UNDE RFR EQUENCY RE LAY ____________________ I_. L_._4_1_-5_0�4..:.A 

8 

TEST BOARD - -- -- --

F i g. 1 1  Test  Mo dule Internal Sch ematic (Option al) 

(i')'il @!] 
@� I]!Q) 

"' [R] 1m @-< 00 , 
"' (]!] llil D lliJ 

6 
� 

ECJ � 
D liD 

EQ 00 
D D 00 

D::J 

i 
N 0 
g 
N 

@] 
r--------� 

L _____________ � 
8 7 8 A 6 3 6  

Fig.  1 2  Test Module Componen t  L o c ation 

DG 13 
Dl TO 011 IN4148 

A =  930 

B= 946 

C= 932 

7 1 78 3 74 
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T Y P E  SDF - 1  SOLID STATE UNDERFREQUE NCY RE LAY --------------
-----------

5 

4 

:r fT1 ::0 � N 
!D fT1 r 0 ::E 
en fT1 

3 � 
""tJ 
� z � 
::E :r fT1 z 
::0 fT1 r l> 

2 -< 
() 0 z � l> 
() � en 
() r 0 en fT1 

1 

0 1 

1 0  
H = 2  I H=4 

10 20 

20 

2 3 4 5 6 7 

RATE O F  F R EQ U ENCY D EC LI N E , H Z  I S EC. 

20 30 40 50 60 

I I I I I 
30 40 50 60 70 80 90 100 120 

APPROX. PERCENT SYSTEM OVER LOAD 

(ASSU M E  LOAD CONSTANT W I T H  F R EQ U ENCY , AN D PF = 

H = SYSTEM I N ERTIA CONSTANT , KW-S EC/KVA 

* F i g. 13 SDF- 1 Relay Tripp ing Delay Under 
D e c l i n i n g  Frequen cy Conditions 
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T Y PE S D F - 1  SO LID STATE UN DER F R EQUENCY RELA Y  ___ �--------------_..:.:.I · :::L .:....: 4:..:.1.::-5:::;0 4::=,A 

UJ 
(f) 
""' 
(,) 

l 

-r
, '
f
r1 

r · T. i 
� 1 - l:::r 
! . ... i i �<t 

. pr -
+s 

.1 
I I _  

T� -- -- - I : 
I I '  I I I I 

I I I I 
1 1 I I  

• 1 9C-32 SCREW 
_ __ / TOOTHED 

/ LOCK-.. ASHER 

PANEL  

SPACERS FOR /TH I N  PANELS 

·� " �8 SCREW / FOR TH ICK / ANEL USE �,1' I PAm •j< y ,,� 1 8  STUD 

-�. 190-32 SCREW 

11 FOR TH� I"ANEL 
USE . .  I 32 STUD 

I I 
' '  [ ,  

-

-
t 

.., , .., 
"' 

I -
:7 

!:?/� 

'--._.... 

r 
I 

- , :: f- r 
� si

-1 

PANEL CUTOUT l DR I LL I NG 

FOR SEM I -FLUSH MTG • 

�-
-

�
-
-

-

-

I I  r---� i6 --

- .. ·-- -- · 

I 
I 

PANEL DR I LL ING  OR CUTOijT FOR 
PROJECTION MTG. 

( FROIIT V I EW) 

Fig. 14 O utline and D rillin g  P lan far th e SDF- 1 R e l ay in the Type F T- 3 1 .Case. 

! Dl A.2 HOLES 16 

TmMI MAL 
NUMBER 

5 7 - D- 7 9 0 2  
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Westinghouse I . L .  4 1-s o  4A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
S D F- 1 R E L AY O P E RAT I N G  T I M E  

The opera ting time for the SDF- 1 re lay , taken from the fi rs t 
positive-going zero c ro s sing o f  the a c  potential wave a fter the 
unde rfrequency s e t-point i s  c ros s ed ,  is  equa l to the time de lay 
s e t  on the front pane l decade swi tche s plus 2 cyc le s . This i s  
because one cyc l e  i s  used by the period-checking c i rcui try t o  de­
termine tha t an unde rfrequency condi tion exis t s  be fore the time r can 
be s ta rted ; � l s o , the tripping relay requi res one cyc l e  to pick up 
a fter the time delay expi res . Trip control logic wi l l  no t a l low 
tripping to take place unt il  a t  l eas t 3 unde rfrequency cyc les have 
been de tec t ed , rega rdl e s s  o f  a l owe r time de lay se tting ; the minimum 
tota l opera ting time i s  thu s 4 cyc les i f  trip relay pickup time i s  
inc luded . 

Examp les o f  SDF - 1  timing a re i l lu s t ra ted in the figure s .  
Refer t o  figure 1 .  No te tha t the re lay s ens e s  frequency b y  measuring 
the time between positive -going zero c ros s ings . I f  the frequency 
is ini tia l ly above the trip s e tting and then dec line s fa irly linea rly , 
a s  will  occur in service , the relay wi l l  mea sure the average fre­
quency ove r each cyc le . Thus , it wi l l  de tec t the unde rfrequency 
c ondi tion during a given cyc le only if the t rip se t ting is c ros sed 
be fore tha t cyc l e  is ha lf-completed . O therwise , detec tion wi l l  occur 
during the fol lowing cyc l e . The resul tan t timing varia tion i s  le s s  
than + 1 / 2  cyc le .  In the examp le of figure 1 ,  the relay ha s a 
delay

-
s etting of 6 cyc l e s  on the front pane l decade swi tche s .  The 

tota l  time from unde r frequency s e t -point c ros sing to trip contac t  
c l osure wi l l  b e  betwe en 7.5 and 8.5 cyc l e s , depending on the posi tion 
o f  the a c  wave when the frequency setting i s  c ros sed . 

Now re fer to figure 2 .  Suppos e tha t ac i s  s uddenly applied a t  
a frequency be low the trip s e tting , as might occur during bench 
tes ting of the re lay , or pos s ib ly in the mids t of a frequency 
di s turbance . In thi s case  the re wi l l  be a delay of up to , bu t les s 
than , one cyc le be fo re the SDF- 1 s ta rts to  mea sure the unde rfrequency 
c ondi tion . Thi s va riab l e  time i s  in addi tion to the trip de lay 
s e tting plus 2 cyc les . In the example , the time from ene rgiza tion to 
contac t c losure wi l l  be between 8 and 9 cyc le s . 

S U P P L E M E N T  T O  
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T R I P  C O N T R O L  LO G I C  

E N A B L E S  T R I P P I N G  

T I M E R  D E LAY 

E X P I R E S  

I I 8 : i4-14----r- C YC LES DESIRED IN TERNAL DELAY 1 
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INSTALLATION 
Westinghouse I .L .  4 1 -504 B 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE SDF-1 

SOLID STATE UNDERFREQUENCY RELAY 

CAUTION: It is recommended that the us er of this 

equipment bec ome acquainted with the 

information in this instruction leaflet 

before ener gizing the e quipment.  Failure 

to observe this precaut ion may result 

in damage to the equipment . 

Printed c ircuit modules should not be 

re moved or ins erted while the relay is 

e nerg ized unless specific  instructions 

elsewhere in  this instr uct ion leaflet 

state that such act ion is permiss ibl e .  

Failure to observe this prec aution c an 
result in an unde s ired tripping output . 
and cause component damage . 

A P P L I C A T I O N  

The SDF-1  Re lay (Figures 1 & 2 )  is a solid stat e ,  

single-fre quency-sett in g ,  high-accuracy under-freq­

uency relay for use in automat ic load-s av ing 

schemes . ( See setting section page 4 for further 

application data. )  

C O N S T R U C T I O N & O P E R A T I O N 

The type SDF-1 Underfrequency Relay is c omposed 

of ( 1 ) an isolation t ransformer ,  (2) a zero crossing 

voltage detector , and synchronizer printed circuit 

module , ( 3 )  a main c lock and four bit binary counter  

p rint ed c ircuit module,  (4 ) a twelve bit b inary 

counter printed circuit module . (5 ) a trip control 

circuit and de lay timer printed ci rcuit module,  ( 6 )  a 

po wer supply printed circuit module . ( 7 ) a front 

panel mounted digit al underfrequency trip-point 

setting ass embly , ( 8 )  a trip relay , and ( 9 )  an in­

dicat ing contact or switch unit ( ICS).  

All c omponent s are ident ified on the internal sche­

matic in Figure 3 .  

SU PERSEDES I . L .  4 1 -504A 
* Denotes change  from su perseded i ssue . 

ISOLATING TRANSFORMER 

The isolation transformer is a 1 : 1 t ransformer which 

provides de isolation.  

ZERO CROSSING, VOLT AGE DETECTOR, AND 
SYNCHRONIZER PRINTED CIRCUIT MODULE 

The zero cros sing, volt age detector . and synchro­

nizer printed circuit module c ont ai ns a two-cell 

symmetrical low pass filt er to provide t rans ient and 

high frequency noise suppre ssion , a zero crossing 

detector that generates a low volt age square wave 

signal having the same fre que ncy as the fundamental 

of the input signal, and a syn chronizer for the syn­
chron ization of the output s ignals from the zero­
crossing detector with the main clock signals.  Also 

contained on this module are the two power s upply 

volt age detectors to prevent s purious tripping at the 

time of power turn -on , and an undervolt age detector 

which provides an inhibiting signal to avoid incor­

rect operation of the re lay if the input line voltage 
drops below the minimum prescribed value ( 2 5  to 4 0  

volt s . )  Refer t o  Figure 5 for compon ent locat ion and 

board layout .  

MAIN CLOCK AND FOUR BIT BINARY COUNTER 
PRINTED CI RCUIT MODULE 

The main c lock and four bit binary counter printed 

circuit module contains the m ain c lock and the 

first four bit s of the binary counter . The main clock,  

c onsisting of a crystal controlled osci llat or to 

provide the reference fre quency and a driving state , 

sup plies clock pulses to the main counter and to 

the synchronizer .  The first four bits of the 1 6-bit 

binary c ount er are als o  cont ained on this module . 

Refer to Figure 6 for co mponent location and board 

layout .  

E F F ECTIVE APRIL 1 974 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  SD F -1 SO L ID STA T E  U ND E R F R EQ U E NCY R E LAY-----------------------

TWELVE BIT BINARY COUNTER PRINTED 
CIRCUIT MODULE 

T he t welve bit binary c ounter print ed circ uit module 

contains the l ast 12 b it s  of the 16 bit binary counter 

and the t iming control c ir cuit . The t iming control 

circuit acc omplishes the generat ion of the proper 

signals required by t he trip control circuit to perform 

the specified t rip enabling or inhibiting se quenc es 

* as well as generation of the reset signal for the 

binary counte r .  Refer to Figure 7 for compo nent 

location and board l ayou t .  

TRIP CONTROL CIRCUIT AND DELAY TIMER 
PRINTED CIRCUIT MODULE 

The t rip control c ircuit and delay t imer printed 

c irc uit module c ont ains the c oincidence output 

circuit , a trip c ontro l  c ircuit , a trip timer , and a 

t rip output circuit . T he c oincidence output circuit 

generates a signal that is stored by the trip control 

c ircu it when the period set on the underfrequency 

t rippoint setting is exceeded . T he trip control c ir­

cuit stores the information whether or not a trip 

condition occ urred during the actual cycle and be­

fore the reset signal initiates the next period timing. 

This circuit also steps up one of the required 

counting sequences of three c onsecutive trip cycles 

for tripping or two c onsecutive no-trip cycles re­

quired for r eset . The trip t imer st arts after  the 

first trip cycle is rec ognized.  B efore three c on­

secut ive trip cycles have occurred it is reset by 

the first no-t rip cycle ; after three c onsecut ive trip 

cycles have occurred it is r eset only if two con­

secut ive no-trip cycles occur . The timer energizes 

the trip output circuit after the de lay t ime is expire d .  

The delay time , after the first trip cycle i s  recog­

nized , c an be set from 1 to 99 cycles ( 60 Hz base) 

with the front p anel decade s witche s ;  the pres cribed 

range however goes from a minimum of 2 cycles,  

since three c onsecut ive trip cycles are required by 

the trip c ontrol c ircuit for a trip condition , to a 

maximum of 99 cycle s .  The trip output circuit pro­

vides the required signal char acterist ics in order 

to drive the trip relay.  The trip output circuit is set 

in the t rip condition by the completion of the trip 

delay t ime and is reset by e ither a low volt age 

inhibit signal or the t rip c ontrol circuitry. Refer to 

Figure 8 for component loc ation and board layout. 

POWER SUPPLY PRINTED CIRCUIT MODULE 

The power supply print e d  circ uit module contains a 

2 

dual voltage regulat e d  s witching power supply with 

an 1 8  volt de output for most relay functions and 

a 5 volt de output for the int egrated c ircuit func­

tions .  T he main supply is of the switching regulator 

design giving high e fficiency and relat ive insen­

sitivity to input voltag e .  The initial t urn on circuitry 

of the supply prevents false starts and provides non­

de structive short c ircuit prot ection which,  if the 

output is shorted ,  requir e s  de supply volt age to b e  

removed and re applied to rest art t h e  power supply . 

Refer to Figure 9 for component locat ion and board 

layout.  

DIGITAL UNDERFREQUENCY TRIP-POINT 
SETTING ASSEMBLY 

The digital und e rfrequency trip-point setting as­

sembly is where the frequency trip-point is set as 

m ax imum allowed period . The setting c orre sponds 

to the binary coded number of main c lock pulses 

that c an be c ount ed during t he maximum period 

dur at ion. If the actual period exceeds t he set value , 

the c oincidence generates a signal to the trip 

c ontrol c ircuit . 

T he two trip de l ay t imer decade setting swit ches are 

located on the underfrequency t rip-point setting 

as sembly and c an be set in any combinat ion yield­

ing from 2 to 99 cycl e s  of time de lay ( 60 H z  base).  

TRIP RELAY 

The oper ation of the trip relay is c ontrolled by the 
trip out put c irc uit on the trip c ontrol c ircuit and 

delay t imer print ed circuit module . The trip relay ,  

when energized , allows the indicat ing c ontact or 

switch unit to operat e .  

Indicating Contactor Swi-tch Unit (ICS) 

The ind icating c ont actor swit ch is a s mall d -e 

operated c lapper type device . A m agnet ic armature,  

to which le af-spring mounted contacts are attache d ,  

i s  attracted t o  t h e  magnetic core upon energization 

of the switch.  When the s witch c loses , the moving 

contacts b ridge two stat ionary contacts , c ompleting 

the trip circuit . Also during this operation two 

fingers on the armature deflect a s pring loc ated on 

the front of the swit ch which allows the operation 

indicator target to drop. The t arget is reset from 
the outside of the c ase by a push r od locat ed at 
the bottom of the cover.  
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UNDERFR EQUENCY TEST MODULE 204C299G01 
(Opti onal) 

The underfrequency test module consists of a pr int ed 

circuit module with an 1 1  bit binary keyboard mount­

ed on the front module panel .  The complete circuit 

diagram is shown in Figure 1 1 .  To obtain a de sired 

test fre que ncy , t he corresponding b inary code 

(Table I) is set on t he keyboar d .  D iodes D 1  through 

D 1 1  operat e  as a coincidence detector for the main 

counter b it s  conne cted t o  the closed switches on 

the test module . Refer to Figure 1 2  for component 

locat ion and board layout . 

THEORY OF OPERATION 

Operat ion of the SDF-1 underfre quency relay will be 

described with the aid of F igure 3 int ernal sch ematic 

drawing 633F55 4 , and F igure 4 external sc hemat ic 

and logic diagram drawing 7 1 9B25 2 .  

The SDF-1 underfrequency relay utilizes the period 

of the alt ernating waveform being monitored for 

underfr e quency me asurement.  T he input signal is 

isolate d ,  filt ered to re move transients and high 

frequency noise , che cked for under-v oltage , and fed 

into the zero -crossing detect or,  where positive­

going zero-cr oss ing signals are generated t o  define 

the period of the waveform . T he posit ive-going 

ze ro-crossing signals are brought into synchroniza­

tion with the main c lock signal of 1. 966080 mega­

hertz and are used to reset the binary c ounter at 

each synchronized posit ive-going zero-crossing . 

The main c lock increments t he binary counter at a 

1 . 9 66080 megahe rtz rate so that b it [ 1 5] of the 

count e r  changes to a logic " 1 "  signal in 1 6 . 6667 

mill is e c onds ,  the pe riod of a 60 hertz waveform.  

The underfrequency trip point setting corresponds 

to the binary coded numb er of main c lock pulses 

that can be c ounted after bit [ 1 5] goe s  t o  " 1  " , or 

period in excess of the 1 6 . 66 6 7  millis ec ond (60 hertz 

period) . The binary sett ings for frequencies from 

60 . 00 to 54 . 0 0  Hz in . 05 Hz steps are give n in 

Table 1 .  

I f  the actual period exceeds this set value ( under­

fre quency condition ) ,  the c oincidence circuit gen­

erates a signal to the tripc ontrol c ircuitry where it 

is stored . The trip c ontrol cir cuit stores the informa­

t ion whether or not a trip condition occurred during 

the actual cycle and before t he reset signal which 

initiates the next period t iming.  The trip t imer 

start s after the first trip cycle is recognized.  B efore 

the re quired counting se quence of three consecutive 

trip cycles for a trip condition is c ompleted, t he 

trip control circ uit c an be reset by the first no-trip 

cycle ; after t hree c onse cutive tr,ip cycles have 

occurred it is re set only if two cons ecut ive no-trip 

cycles occur . The t imer energizes the t ri p  output 

circuitry to e ne rgize the trip relay aft er t he delay 

t ime set is expired . The delay t ime c an be set from 

the minimum 2 cycles to 99 cycles ( 60 Hz base) . 
T he trip output circuit to the trip relay is reset by 

either a low volt age inhibit signal or the trip c ontrol 

circuitry . 

A more det ailed look at the und erfrequency me asure­

ment circuitry of the SD F-1  relay is as follows ( re fe r  

t o  figs .  1 & 3 ): 

The period of the alt ernating waveform is measured 

by circuitry on the zero cros s in g ,  v olt age detector s ,  

and synchronizer printed c ircuit modul e .  The v oltage 

being monit ore d  is supplied through the 1 : 1  is olat ion 

transformer to t he low pass filter which re moves 

trans ient and high frequency noise fr om t he a-c 

signal. It is then c lipped by diodes D 5  and D 6  to 

limit the differential r ange t o  a nominal ± . 7 volts 

being fed into the input stage of the zero-crossing 

detector . Posit ive going zero-cros s ings are detected 

by differential amplifier Q4 D , Q4 E ,  and Q4 F and 

trans istors Q6 and Q7 .  When the input signal on the 

base of Q4E is more positive than t he base Q4 D ,  

corresponding to Q4 E on and Q4D , Q6 , and Q7 off, 

the voltage at pin 1 0  of N AND gate B is high result ­

ing i n  a " 0 "  output o n  pin 8 of gate B ,  which i s  the 

synchronizer.  When the input signal on the b ase of 

Q4 D is more positive than t he b ase of Q4E ,  cor­
res ponding to Q4 E  off and Q4D ,  Q6 and Q7 on , t he 

volt age at pin 1 0  of NAND gat e  B is low result in g  

i n  a ' '  J, ' '  output o n  pin 8 of gate B for t h e  zero­

cro ssing input into the synchroni zer . The zero­

cros sing of the volt age waveform being monit ored 

are thus converted int o either a " 0 "  or a ",1 " 
zero-crossing " D "  signal wh ic h is fed into the 

synchronizer for synchronization with t he signals 

from the main cloc k .  The positive-going zero cross­

ing s  are then used t o  p ropagate the reset pulse 

(RES) from the t iming cont rol c ircuit located on 

the t welve bit binary count er printed c ircuit module 

to reset the 1 6  bits of the binary c ounter to zero 

at the end of each per iod . 

The clock signal to the binary count er is pr ovid ed 
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TYPE SD F - 1  SO L ID STA T E  U ND E R F R EQUENCY RELAY-----------------------

on t he main c lock and 4 bit binary counter printed 

circuit module by a stable crystal osc illator which 

uses t he parallel resonance of the cryst al CL-1 in 

the circuitry ass ociate d wit h field-effect trans istor  

Q8 to produce a 1 .  966080 megahertz clock signal, 

CPO.  

The 1 6  b it binary counter is located on the  main 

clock and four bit b inary counter printed circ uit 

module (bits [0] , [ 1] , [ 2] , and [3] , )  and the twelve bit 

binary c ounter printed circuit module ( bits [ 4] through 

[ 1 5] ) .  With a 1 . 966080 MHZ c lock frequency ( C PO ) ,  

bit [ 1 5 ] changes status eve ry 1 6 . 66 6 7  millisecond s .  

Since all the b its o f  the counter  are reset t o  ZE RO 

at the beginning of each per iod [ 1 5] goes to ",1" 
only if the actual period is longer than the 6 0  Hz.  

period . For fre quencies ranging from 60 t o  5 4  Hz 

the actual period ranges from 1 6 . 6667 t o  1 8 . 5 1 8 5  

milliseconds.  When [ 1 5 ] goes t o  " 1 "  all bits from 

[ O] to [ 1 4] go to ZERO . During the 1 . 8 5 1 8  ms cor­

res ponding to t he difference between 54 and 60 Hz 

periods· there are 1 82 1  C P 1  c lock pulses . ( B it [0] 
is used as a scaling stage to obtain a C P 1  output 

at half the frequency of CPO ) .  With the c ondition 

[ 1 5 ] = ONE , only the first 1 1  bits must be then 

decoded to detect if the input frequency falls below 

a p reset value from 60 . 00 Hz t o  54 : 00 Hz set on 

the digital underfrequency t rip-point setting as sem­

bly per T able 1 This is accomplished by the 

coincidence circuit generating a signal to the trip 

c ontrol c ircuitry where it is stored and utilized in 

a man ner previously de scribe d .  

C H A R A C T E R I S T I C S  

FREQUENCY RANGE (HZ} 

The SDF-1 relay c an be set at values from 5 4 . 0 0  to 

60 . 00 Hz in increments of 0 .  05 Hz,  with an ac c ur acy 

of ± 0.  007 Hz from the set point . The repeatability 

is thus ± 0 . 007 Hz . 

4 

(See Table I )  

Increments of  less than 0 .  05 Hz c an be obtained if 

needed for unusual applications . 

D.C. CONTROL VOLT AGE 

The SDF-1 relay is designed to operate on either 

48 or 1 25 volts d .c. with no sett ings or adj ustments 

re quire d .  The operating range is 42 to 1 4 0  volts d e .  

ENERGY REQUIREMENTS 

AC B urden 

DC B urden 

7 . 3  Volt -Amperes at 1 2 0VAC 60 Hz.  

14  Watts at 4 8  VDC C ontrol V oltage 

1 6  Watts at 1 25 VDC C ontrol Voltage 

TIME DELAY RANGE 

2 to 99 cyc les in 1 -cycle setting increments with a 

tolerance of better than ±5% .  The total minimum 

operating time of the relay i s  4 cycles - 3 cycles 

of  underfrequency detection and 1 cycle o perating 

time for the trip relay. The timer will start after 

the first detected un derfrequency cycle and , if set 
for 2 cycles o f  de lay, will time out at the s ame 

time that tripping is e nabled by the t rip c ontrol 

logi c .  

* O P E R A T I N G  T I M E  

The o perati n g  time for the SDF-1 r elay , taken fr om 

the fir s t  pos itive-goi n g  zero crossing of the ac 

pate ntial wave afte r  the under fre quency s e t-pain t is 

cros sed , is e qual to the t ime de lay set on the fr ont 

panel decade switches plus 2 cycles.  T his is be cause 

o ne cycle is used by the period-checking c ir c ui try to 

determine that an u nderfrequency conditio n exists 

before th e time r c an be started ; als o ,  the tripp ing 

relay requires one cyc le to pick u p  after the t ime 

delay expir es . Trip co ntrol lo gic will not allow 

tr ippin g to take plac e unti l  at least 3 underfrequency 

cy cl es have been detec ted , r e gardless of a lo wer 

time delay sett in g ;  the minimum total operating time 

is thus 4 cycles if trip re lay pickup time is i nc lud ed.  

Examples of  SDF-1  timing ar e  illustrated in the 
fi gures.  Refer to figure 1 4. Note that the relay senses 

freq uency by measuring the time between pos itive­
go ing zero c r os s ings.  If the frequency is i ni tially 

above the trip setting and then declines fairly 

li nearly , as will occur in servic e ,  the re lay will 

me asure the av erage freque ncy over eac h cycle . 

Thus , it will de tec t the underfre quency cond i tion 

dur in g a give n cycle only if th e trip se t ti n g  is 

crossed before that cycle is half-co mplet ed. Ot her­

w i s e ,  d e tection will  oc c ur duri n g  the foll owing 

cycle .  The res ultant t imin g variation is l ess than 

± Yz cyc l e .  In the e xample of figur e  1 4 ,  the relay has  

a delay setting of 6 cycles on the front pa nel 

decade switches . The total time from und erfreq ue ncy 

set-point cross ing to tr ip co ntact closure will b e  

between 7 .5 and 8 . 5 cycl es , depe nd in g  on the 

position of the ac wave when the freq ue ncy setting 

is crossed.  
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N ow refer to figure 1 5 .  Suppose that ac is suddenly 

app lied at a fre quency below the trip s e tting, as 
might occ ur d uring bench t esting of the r e lay , or 

pos s ibly in the midst of a frequ ency d isturbanc e .  I n  

t his c ase ther e will be a de lay of up to ,  but less 

t han,  one cyc le before the SDF'-1  s tarts to measur e 

the underfreque ncy c onditi on .  This variable time is 

in addition to the tri p  delay se tting plus 2 cycles . 

I n  the exa mple , the time fr om energization to co ntact 

closure w ill be between 8 and 9 cyc le s .  

TRIP CIRCUIT 

The main c ontacts will c lose 3 0  amperes at 2 5 0  

volts d-e and the seal-in c ontacts o f  the indicat ing 

contactor s witch will safely carry this current long 

enough to trip a circuit breaker . The indic ating 

contactor switch has two t aps t hat provide a p ickup 

setting of 0.2 or 2 ampe res . To change taps re quires 

c onnecting of the lead located in front of the t ap 

block to the desired setting by means of a screw 

connect ion . 

TRIP CIRCUIT CONSTANTS 

Indicating Contacto r  Switch -

0. 2 amp tap 6 . 5  ohms d -e resistance . 

2 . 0  amp tap 0 . 1 5  ohms d-e resistance . 

TEMPERATURE RANGE 

The SDF' - 1  is des igned to operate ov er a temperature 

range from -30°C to + 70°C .  

S E T T I N G S  

UNDERFREQUENCY TRIP POINT 

The SDF' - 1  relay i s  set for underfre quency t rip by 

the t ap screws in the underfr e quency trip point 

setting assembly on the front panel of the relay .  

The binary settings for frequencies from 60 .00 to 

5 4 . 00 Hz in 0 . 0 5  Hz steps ar e given in T ab le I .  

When the t ap screw is in the " 1 "  upper po sit ion 

it contributes to the fre quency sett ing as in the 

following weighting table.  

TABLE II 

Underfrequenc y Set Point Position Weights 

B inary Code 
P osition A B  C D  E F' G H J K L 

Weight ("1" 
Position) 1 2 4 8 1 6 3 2  64 1 28 2 5 6  5 1 2  1 0 2 4  

When the t ap scr ew i s  in t h e  ' '0 "  lower position 

it contributes 0 to the weight. The tap scre w s  must 

be firmly tightened by hand in e ither of the two 

position s .  Not e :  A screwdriver may b e  used to ti ghten 

t he t ap screws but c aution should be e x ercised not 

to ex ert too much pressure on the screws. 

An illustrat ive example i s  the assumption that a 
t ripping point of 59 . 50 Hz is desired.  T he t ap screws 

should be fastened in the following combinat ion 
acc or ding to Table I .  

A B c D E F' G H J K L 

1 X X X 

0 X X X X X X X X 

Settings in increment s as fine as the accuracy of the 

relay are possible,  if needed for an unusual app lica­

tion . A request for t he binary setting for a fre qu ency 

not listed in Table I ( but between 5 4 . 0  and 6 0 . 0  Hz) 

can be made through the near est West inghouse sales 

office . 

Selecting a Frequenc y Setting 

For load-shedding , the frequency is normally set as 

high as poss ible without approaching the region of 

normal syst e m  frequency swings ( usually set 5 9 . 5  

Hz o r  below ) .  High sett ings , comb ined with short 

time de lay, will provide greatest protection from 
severe system over load ( see " Selecting a Time 

D el ay" in the following section).  A number of re lays 

may be set in succ e s s ively lower steps for more 

selective load-saving .  

Trip Time Delay Setting 

The trip t ime de lay i s  set in 1 -cycle increments w ith 

the decade switches on the front panel from the 

minimum of 2 cycles to 99 cycles ( 60 Hz bas e ) .  The 

delay settings of the two controls ar e addit ive . A 

delay of less than 2 cycles is not possible because 

of trip control logic (as explained in "Theory of 

Operation " ) ;  sett ing below 2 cycle s will be of no 

benefit . The timer will start after the first un der­

frequency cycle i s  recognized ; the combined pre­

sence o f  o utputs from the timer and from the trip  

control logic ( indicating 3 consec utive unde r-
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T Y PE SD F - 1  SOL I D  STATE U N D ER F REQUENCY RELAY-----------------------

frequ ency cycles) will enable tripping. The c losing 

of the trip relay contact will require one additional 
cycle after the tim e delay has elapsed . 

Note that the cycle calibrations assume a 60 Hz 

re fe rence ( i . e . ,  one cycle equals 1 6 . 6 7  ms) .  The 

time delay is an analog function , unrelated t o  the 

ac input cycles . 

Selecting a Time Delay 

When a system overload occurs,  underfrequency 
relays must disconnect load to arrest frequency 

d ecline. The output of gen erating plants m ay be 

imp ared below 5 7 - 5 7 . 5  Hz,  so shedding must be 

completed before this l ev el is reached. Short est 

pos sible time delay is usually advantageous. Not e 

that, due to the frequency-checking t echnique of 

the SDF- 1 r elay, no intentional time delay is re­

quired to avoid misoperation for tran sients of  short 

duration ( such as phase-angle shifts due to fault 

inception or clearing). However,  time delay may be 

used to prevent  response to misleading inputs ( such 

as line excitation by a slowing motor load); or,  in 

some schemes , to coordinate a number of relays set 

to the same frequency. 

Fig. 13 shows the effect of tim e delay on the actual 

frequ ency at which t ripping takes plac e  under de­

clining frequency conditions. The curves show how 

the frequency continues to drop in the time interval 

re quired for the relay to operate aft er its frequency 
set-point is  c ross e d .  

F o r  example , suppose that for a system o f  inertia 

constant H = 2 ,  it is required that the fre quency not 

dip below 5 7 . 5  Hz for any overload u p  to 46%. 

As sume the relay is set to trip at 5 9 . 20 Hz.  T he 
sc ale at the bottom of figure 1 3  indicates that a 4 6% 

overload will cause a 6 Hz/sec rate of declin e .  

Acc ording to Figure 1 3 ,  the SDF - 1  relay with 1 5  

cycles o f  delay setting will close i t s  trip contact 

when the frequency has dropped 1 .  7 Hz below the 

set point ,  or 57 .5 Hz, for thi s overload condition. 

Thus , 15 cy cles is the max imum ac cept able time 

delay setting to obtain the desired protection . 

Now suppose the relay trips a 5 -cycle breaker. 

Since load must actually be disconnected to arrest 

frequency decline , the break er operating time has 

the same effect as additional time delay setting.  

Because 1 5  cycles is the longest tolerable de lay, 

the r elay should not have more than 10 cycles of 

delay setting .  

6 

The curves in Figure 13 have been plotted to include 
the effect  of the delay setting, as labeled on e ac h  
curve ,  along with two additional cycles for initial 

underfrequency detection and tele phone rel ay opera­

tion . Thus,  the curve corresponding to 2 cycles 

of de lay setting is plotted for 4 cycles total SDF- 1 

operating time,  etc.  Use the c urve who s e  label 
corresponds to the actual setting of the decade 

switche s .  

INDICATING CONTACTOR SWITCH (ICS) 

The only s etting of the res unit r equired is the 

selection of the . 2 or 2 ampere pick-up tap. This 

accomplished by c onnec ting the l ead located in 

front of the tap block to the desired te rminal by 
m eans of a connecting screw. 

I N S T A L L A T I O N  

The relays should be mounted on swi tchboard pan els 

o r  their equivalent in a location free from dirt , mois­

ture,  exc essive vibration and heat. Mount the relay 

vertically by m eans of the  mounting stud for the 

type FT proj ection case or by means of the four 

mo unting holes on the flange for the s e mi-flush 

type FT case. Either the s tud or the mounting 

screws may be utilized for grounding the relay. The 

el ectrical connections m ay be made directly to the 
t e rminals by m eans of s c rews for steel p anel mount­

ing or to the terminal stud furnished with the relay 

for thick pan el mounting. The terminal stud may 

be easily removed or inserted by locking two nuts 
on the stud and then turnin g the proper nut v. ith a 
wrench . See Fig.  1 4  for Outline and Drilling plan .  

F o r  detailed information on t h e  F T  case,  refer to 

I . L .  4 1 -076.  

A D J U S T M E N T S  & M A I N T E N A N C E  

The proper adj ustments to insure correct operation 

of this relay have been made at the factory. Upon 

rec eipt of the relay no c ustomer adj ustments , other 

than those covered under " SETTINGS" should be 

required. 

ACCEPTANCE CHECK 

It is recommended that an acceptanc e  check b e  

applied t o  t h e  SDF- 1 relay t o  verify that the circui t s  

a r e  functioning p roperly. 

The following procedure can be used for this pur­

pose.  
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1 .  Settings 

Check front panel s ettings ; they should be as 

follows : 

a.  Underfrequency trip point desired set on the 

underfrequen cy t rip  point setting ass embly 

as per Table I .  

b . Trip t i m e  delay set  for the de sired cycles 

delay on the trip time delay de c ade s etting 

k nob s .  

2 .  Indicating Contactor Switch 

Close the trip relay contacts and pass sufficient 

d- e current through the trip circuit ( Relay ter­

minals 1 and 1 0 )  to c lose the contacts of the 

res. This value of  current should not b e  greater 

than the particular res tap s etting being used.  
The indicator target should drop freely .  

3 .  Underfrequency Trip Point Setting 

Connect SDF- 1 Relay per test di agram Figure 1 0 .  

Using a variable frequ ency sourc e apply 1 20 

volts at set tripping frequency. Re lay s hould 

trip within ± . 0 0 7  Hz of set trip frequency in 

the time set on the digital trip time delay s etting 

plus 1 6  milliseconds operating time of the trip 

relay . Raise  frequency of source above the trip 

point s etting ( .007 Hz. or higher) and the trip 

r elay should drop out after  approximately two 

cycles delay.  

4 .  Undervoltage D etector 

Lower fre quency of  sourc e so relay one e again 

trip s ;  lower voltage of source below 25 volt s .  

and the trip r elay should drop out.  

5.  T e st Module 204C299 GO 1 (Optional) 

Test module 204C 2 9 9G 0 1  may be uti lized to t est 
the underfrequency trip s etting o f  the SDF- 1 

relay. When inserted into its relay c onnector and 

test points T8 and T9 on module 204C 2 6 1 G0 1  

are c onnected t ogether,  underfrequency trip 

point s ettings may be chec k ed by switching the 

same binary number on the test module that i s  

s et o n  the underfrequ ency t rip point s etting 

ass e mb ly to trip the relay . Likewise,  dropping 
the test module s etting down by a we ight of  on e 

or greater ( s ee Table II) ,  corresponding to a 

higher frequ ency ,  will allow the relay to reset . 

ROUTINE MAINTENANCE 

All relays should be checked at least once every 

year or at such other intervals as may be dictated 

by experience t o  b e  s u itable t o  the partic ular 
application. 

CALIBRATION 

Use the following p rocedure for calibrating the relay 

if the relay has been taken apart for repairs or the 

adj ustments have been distrubed.  This p rocedure 

should not be used unless  it is apparent that the 

relay is not in  p roper working order. (See " Accept­

ance Che ck " ) .  

INDICATING CONTACTOR SWITCH (ICS) 

Close the trip relay c ontacts and pass suffic ient 

d-e current through the trip circuit (Relay terminals 

1 and 10) to c lo s e  the contacts of  the ICS. Thi s 

value o f  current should not be gr eater  than the 

particular ICS tap setting being used.  The indicato r 
target should drop freely.  

The cont act g ap should b e  approximately . 0 4 7 "  

bet we en t h e  bridging moving c on tact and t h e  adjust­

able stationary c ontact. The bridging moving con­

tact should touch both stationary c on tacts simult­

aneously. 

D.C. REGULATED SUP PLIES 

The 18 volt d�c� s upply should be adj usted by pot­

entiom et er R8 1 on power s upply module 204C265G0 1 

for 1 8  volts ± 1 %  at 1 25 VDC battery volt age .  The 

5 volt d-e .  supply should then be within ±5%. Both 

regulated supplies should maintain their respective 

volt age s ±5% with a battery range of 4 2  to 1 40 volts 

d . c .  

MAIN CLOCK ADJ USTMENT 

Inductor L- 1 should be adj usted to obtain the correct 

cl ock s ignal CPO at TP2 on module 204C26 2G0 1 .  

The correct si gnal i s  1 .  96 6080 MHz. with a tolerance 

range of 1.  965980 MHz. to 1.  9 6 6 1 80 MHz. 

UNDERFREQUENCY TRIP TEST 

Connect the SDF- 1 Relay per test diagram Figure 

10. Using a vari abl e  fr equency source apply 1 20 

volts  at set  tripping fre qu ency .  Relay should trip 

within ± 0 . 00 7  Hz. of set trip fre quency in the time 

s et on the trip time delay s ettin g plus 16 mil li­

seconds operating time of the trip re lay . Rai s e  

frequency of source 0 . 007 H z  o r  higher above the 

trip point setting and the  trip re lay should drop 
out aft er approximately two cycles delay. 
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TRIP CONTROL CIRCUIT AND 
DELAY TIMER ADJUSTMENT 

Potentiometer R4 6 on module 204C 2 64G0 1 must 

be adj usted t o  bring the 9 9  cycle delay setting to 

9 9  cycles ( 60 Hz base) , i . e . , 1 . 6 50 seconds . 
Remember that the tot al operating time is e qual to 

the delay setting plus 2 additional cycles . T hu s  , 
at 9 9  cycles de lay setting the potentiometer R46 

should be set so that the total operating time is 
10 1 cycles or 1 . 683 seconds.  The delay timer should 

be te sted at each position on the s elector switch. 

( Note : Delay settings for 1 or 2 cycles will give 

the m inimum delay of 2 cycles and c an only b e  

che cked a t  a higher setting : i . e .  1 cyc le has t o  b e  
che ck ed at 1 1  cycles d elay settin g ,  or 2 1 ,  3 1 ,  etc .) .  

TEST MODULE 204C299G01 (Optional) 

Test module 204C 299G0 1 may be utilized to t est 

8 

the underfrequ ency trip setting of the SDF- 1 relay. 

When inserted into its relay connector and test  

points T8 and T9 on module 204C2 6 1 G 0 1  are c on­

nected together, underfrequency trip point settings 

( Tabl e I ) may be checked by s wi tching the same 

binary number on the test module that is  set on the 

underfrequency trip point setting assembly to trip 

the relay. Likewise,  dropping the test module setting 
down by a weight of one or greater ( s ee Table II) ,  
c orresponding t o  a higher frequ ency , will  allow the 

relay to reset.  

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at the 

factory. However, in terch angeable p arts can be 

furnished to the customers who are equipped for 

doing repair work . When ordering p arts, always 

give the complete nameplate data. 
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TYPE SDF - 1  S O L ID STATE UNDERFREQUENCY RELAY -------------------_;':,:·L::·_:4:.:,1::,:-5::,04:.:.B 

F R E Q .  
( HZ) 

60 . 00 

5 9 . 95 

5 9 . 90 I 
59 . 85 

5 9 . 80 

59 . 75 

59 . 70 

5 9 . 65 

3 9 . 60 

I 5 9 . 5 5  

59. 50 

5 9 . 45 

59 . 40 

5 9 . 3 5  

I 
5 9. 3 0  

I I 5 9  . .25 I 
I ':9 . 20 
i 
I 5 9 . 1 ;)  

i 59 . 1 0 

5 9 . 05 

5 9 . 0 0  

5 8. 9 5 

5 8 . 90 

5 8 . 8 5 

58 . 80 

5 8 . 75 

58 . 70 

58 . 65 

5 8 . 60 

5 8 . 5 5  

P E R I O D  
(MS) 

A B 

1 6 . 6 667 0 0 

1 6 . 6806 0 1 

1 6 . 6945 1 1 

1 6 . 7084 1 0 

1 6. 72 24 1 1 

1 6 . 73 64 1 0 

1 6. 7504 0 1 

1 7 . 7645 0 0 

1 6 . 7 785 0 1 

1 6 . 79 2 6  0 0 

1 6 . 80 6 7  0 1 

1 6. 8 209 0 0 

1 6 . 8350 1 0 

1 6 . 84 9 2  1 1 

1 6. 3 634 1 0 

: 6 . 87 7 6  1 l 

1 6 . 89 1 9  1 0 

1 6 . 90 6 2  l 1 

1 6 .9205  0 l I ! I 

TABLE I 

U N DE R F R E QU E N C Y  

T R I P  P O I N T  S E T T I N G  

c 

0 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 
1 

' 
J. 

0 

0 

D 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 
0 
i 

1 

1 

E 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 ' 
i n I U ' ' 
' 

F G 

0 0 

0 0 

0 0 

1 0 

1 0 

0 1 

0 1 

1 i 1 

1 1 

l 1 

0 0 

I 
0 : 0 I 

1 i  0 
: ' i 0 : > 

I 0 ;  i : 
0 i ,,, : i \..;' ' i 
l I 0 i 
(} 1  

' 
> ' 

' i l ' 

i '  1 1 1 '" I > � ' 

H J K ! L 

0 0 0 0 

0 o f o 0 
! 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

1 0 0 0 

1 0 0 0 

1 0 0 0 

l i  0 0 0 

1 0 0 0 

1 o ' n  ! ... 0 

l 0 0 0 
1 i ') 0 0 

l 0 0 0 

F R EQ.  

( H Z )  

5 8 . 50 

5 8 . 45 

5 8 . 40 

5 8 . 35 

5 8 . 3 0 

5 8 . 25 

5 8 . 20 

58 . 1 5  

5 8 . 1 0  

5 8 . 0 5  

I 5 8 . 00 

i 5 7 . 9 5 
1 ' 5 7 . 90 I 

I 

C.:::. "7 <'C: <..) � • c t) ' 5 7 . 80 
j 

" 7 . 7 5  
! 
i C· 7 . 7 0  

i 5 7 . 65 i ! 
I 5 7 . 50 

1 6 . 9 3 4 8  0 I 0 0 0 I 0 I 0 0 0 0 5 7 . 5 5  

1 6. 9 4 9 2  0 

1 6 . 9 63 5 0 

1 6 . 9 77 9  0 

1 6 . 9 924 0 

1 7 . 0 068 0 

1 7 . 0 21 3 

1 7. 0 358 

1 7 . 0 503 

1 7 . 0 648 

1 7 . 0 79 4  0 

0 

0 0 

0 0 0 

0 

0 

0 0 

0 
I 
l o  

0 0 

0 0 0 

1 : 0 0 

0 0 

0 0 

0 

0 

0 0 0 
r; 

0 

0 
0 

! 
0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

5 7. 50 
5 7 . 4 5  

5 ..., 1 n i . '1: \J 
5 7 . 3 5  

5 7. 30 

5 7 . 2 5  

5 7 . 20 

5 7 .  1 5  

5 7 . 1 0  

1 
I 

I 

P ER I OD 
(MS) 

A B 

1 7 . 09 4 0  0 0 

1 7 . 1086 0 1 

1 7 . 1 2 33 1 0 

1 7 . 1 3 80 1 1 

1 7. 15 27 0 1 

1 7. 1 674 0 0 

1 7 . 1 82 1  1 1 

1 7 . 1 9 69 1 0 

1 7 . 2 1 1 7  0 0 

1 7 . 2 265  0 1 

1 7 . 24 1 4  1 0 

1 7 . 25 63 0 I 0 
I 

1 7 . 2 7 1 2  0 � 1 

1 7. 28 6 1  1 ;  0 
I 

: 7 . 3 0 1 0 0 : 0 
1 7 . 3 1 60 u l 

1 7 . 3 3 1 0  1 : 0 
I 

1 7 . 3 4 6 1  U I 0 
� rr ') r; � 1 
l. i . t.) \) .1_ ..:.._ 1 1 

1 7 . 3 7 6 2  

U N D E R  F R E Q U EN C Y  

T R I P  

c D E 

1 0 0 

0 0 1 

0 0 0 

1 1 0 

1 1 1 

1 1 0 

0 1 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 J. 

1 0 0 

0 0 1 

0 0 0 

0 0 1 

l 1 1 J. 

i l . o  
I 

l I 1 I 1 
I 

0 : 1 ! 0 

P O I N T  S E T T I N G  

F G 

1 0 

1 0 

0 1 

0 1 

0 1 

1 1 

1 1 

0 0 

0 0 

1 0 

1 0 

0 1 

0 1 

1 1 

1 ] 

1 l 
I 

0 0 i I 
0 I 0 i 

' ' 

1 ! 0 i 
1 i 0 

I ! 

H J K 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

1 0 1 

L o :  l 
I 

1 i 0 I 1 

0 ;  
I 

l '7. 3 9 1 3  J . 0 0 1 i 0 0 0 1  ! 
: V± ll 64 

1 7..± 2 1 6  

� 7 .f 3  68 

1 J 4 6 7 ::; 

• ..... � n. - ! 
l i . 4 8 � ::> ! 

1 �' . 4 9 7 8  

8 I 
1 I 0 i 0 

1 I J 0 : 1 

I 0 L ; l i 0 1 
i 

l l i 0 1 
i I 

� l � �� i l ii O i l  

0 ! 
0 () I 'J ; i 

() i o :  

L 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

() 

0 

0 
0 

0 

() 

s 

0 

() 

0 

0 

l) 

: �. 5 1 3 1  !j i l . 11 ! : i ·') 

!] I ., I J !  c I tJ 
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T Y PE SDF-1  SOLID STATE UNDE RFREQUENCY RELAY----------------------

TABLE I (Cont . )  

U N D E R  F R E Q U EN CY U N D E R  F R E Q U E N C Y  

F R E Q .  P E R I O D  T R I P  POINT S E T T I N G  F R E Q .  P E R I O D  T R I P  P O I N T  S E T T I N G  

(HZ)  (MS) (HZ)  (MS) 

A B c D E F G H J K L A B c D E F G H J K L 

5 7 . 0 0  1 7 . 54 3 9  0 1 1 1 1 0 1 0 1 1 0 55 . 50 1 8 . 0 1 80 0 0 0 0 1 1 0 0 1 0 1 

5 6 . 95 1 7 . 55 9 3  1 0 1 1 0 1 1 0 1 1 0 5 5 . 4 5  1 8 . 03 4 3  0 0 0 0 0 0 1 0 1 0 1 

5 6 . 90 1 7 . 5747  1 0 1 1 1 1 1 0 1 1 0 5 5 . 40 1 8 . 0505 0 0 0 0 1 0 1 0 1 0 1 

5 6 . 85 1 7 . 590 1 0 0 1 1 0 0 0 1 1 1 0 55 . 3 5  1 8 . 0 6 68 0 0 0 0 0 1 1 0 1 0 1 

5 6 . 80 1 7 . 605 6 1 1 0 1 1 0 0 1 1 1 0 5 5 . 3 0  1 8 . 0 8 3 2  0 0 0 0 1 1 1 0 1 0 1 

5 6 . 7 5  17 . 62 1 1  0 1 0 1 0 1 0 1 1 1 0 
55 . 2 5  1 8 . 0 9  95 1 0 0 0 0 0 0 1 1 0 1 

1 7 . 63 6 7  0 1 1 1 0 1 1 1 0 
5 5 . 20 1 8 . 1 159  1 0 0 0 1 0 0 1 1 0 1 

56 . 70 0 1 
55 . 1 5 1 8 . 1 3 2 4  1 0 0 0 0 1 0 1 1 0 1 

5 6 . 65 1 7 . 65 23 1 0 0 1 0 0 1 1 1 1 0 

5 5 . 1 0  1 8 . 1 4 88 1 0 0 0 1 1 0 1 1 0 1 
5 6 . 60 1 7 . 6678 0 0 0 1 1 0 1 1 1 1 0 

5 5. 05 1 8 . 1 65 3  1 0 0 0 0 0 1 1 1 0 1 
5 6 . 55 1 7 . 68 3 5  0 0 0 1 0 1 1 1 1 1 0 

55 . 00 1 8 . 1 8 1 8  1 0 0 0 1 0 1 1 1 0 1 
5 6 . 50 1 7 . 69 9 1  1 1 1 0 1 1 1 1 1 1 0 

54 . 9 5  1 8 .  1 9 84 0 1 0 0 0 1 1 1 1 0 1 
5 6 . 4 5  1 7 . 7 1 4 8 0 1 1 0 0 0 0 0 0 0 1 

54 . 90 1 8. 2 1 4 9  0 1 0 0 1 1 1 1 1 0 1 
5 6 . 4 0  1 7 . 7305 0 1 1 0 1 0 0 0 0 0 1 

I 54 . 8 5  1 8 . 23 1 5  0 1 0 0 0 0 0 0 0 1 1 
5 6 . 3 5  1 7 . 74 6 2  1 0 1 o I o 1 0 0 0 0 1 

5 4 . 80 1 8 . 24 8 2  1 1 0 0 1 0 0 0 0 1 1 
5 6 . 30 1 7 . 7620 1 0 1 0 1 1 0 0 0 0 1 

54 . 75 1 8 . 2 64 8  1 1 0 0 0 1 0 0 0 1 1 
5 6 . 2 5  1 7 .7778 0 0 1 0 0 0 1 0 0 0 1 

5 4 . 70 1 8 . 2 8 1 5  1 1 0 0 1 1 0 0 0 1 1 
5 6 . 2 0  1 7 . 79 3 6  0 0 1 0 1 0 1 0 0 0 1 

54 . 65 1 8 . 2983 0 0 1 0 0 0 1 0 0 1 1 

5 6 . 1 5  1 7. 8094 1 1 0 0 0 1 1 0 0 0 1 
5 4 . 60 1 8 . 3 1 50 0 0 1 0 1 0 1 0 0 1 1 

5 6 . 1 0 1 7 . 8 2 5 3  1 1 0 0 1 1 1 0 0 0 1 
54 . 5 5  1 8 . 3 3 1 8  1 0 1 0 0 1 1 0 0 1 1 

5 6 .05  1 7 . 84 1 2  1 1 0 0 0 0 0 1 0 0 1 
54 . 50 1 8. 34 86 1 0 1 0 1 1 1 0 0 1 1 

5 6 . 00 1 7 . 85 7 1  0 1 0 0 1 0 0 1 0 0 1 
5 4 . 45 1 8 . 3 6 5 5  0 1 1 0 0 0 0 1 0 1 1 

5 5 . 9 5  1 7 .87 3 1  0 1 0 0 0 1 0 1 0 0 1 
5 4 . 4 0  1 8 . 3 82 4  1 1 1 0 1 0 0 1 0 1 1 

5 5 . 9 0  1 7 . 8 89 1  0 1 0 0 1 1 0 1 0 0 1 
54 . 3 5  1 8 . 3 9 93 1 1 1 0 0 1 0 1 0 1 1 

5 5 . 85 1 7 . 905 1 1 0 0 0 0 0 1 1 0 0 1 54 . 30 1 8. 4 1 6 2  0 0 0 1 1 1 0 1 0 1 1 

5 5. 80 1 7. 9 2 1 1  1 0 0 0 1 0 1 1 0 0 1 5 4 . 25 1 8 . 4 3 32 1 0 0 1 0 0 1 1 0 1 1 

55 . 7 5  1 7 . 9 3 72 1 0 0 0 0 1 1 1 0 0 1 5 4 . 2 0 1 8 . 4 5 0 2  1 0 0 1 1 0 1 1 0 1 1 

5 5 . 7 0  1 7 . 9 5 3 3  1 0 0 0 1 1 1 1 0 0 1 54 . 1 5 1 8 . 4 67 2  0 1 0 1 0 1 1 1 0 1 1 

5 5 . 65 1 7 . 9 69 5  1 0 0 0 0 0 0 0 1 0 1 54 . 1 0 1 8. 4 84 3  1 1 0 1 1 1 1 1 0 1 1 

5 5 . 60 1 7 . 985 6 1 0 0 0 1 0 0 0 1 0 1 54 . 05 1 8. 5 0 14 0 0 1 1 0 0 0 0 1 1 1 

55 . 5 5  1 8 . 0 0 1 8  0 0 0 0 0 1 0 0 1 0 1 5 4 . 0 0  1 8 . 5 1 8 5  0 0 1 1 1 0 0 0 1 1 1 
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TY PE SD F - 1  SO L I D  STATE U N D ER FREQUEN C Y  RELAY -------------------I . L_._4
_

1_- s_o4_B 

ELECTR ICAL PARTS LIST 

C I R C U I T  SYMBOL 

RESISTORS I 
R 1 

R2 
R3 , R3 , R7,  R 1 6, R30 , R3 2 ,  R4 1 

RS , R64 , R68 

R6,  R33 , R 7 1  

R8 

R9 

R 1 0  

R 1 1 , R 1 3 ,  R5 5 ,  R72 

R 1 2 ,  R86 

R 1 4 ,  R67 

R 1 5  

R 1 7  

R 1 8  

R 1 9 ,  R20 

R 2 1 ,  R22,  R23,  R24 

R25 

R2 6,  R2 7 

R28 

R29,  R3 9, R79 

R3 1 ,  R38 

R3 4 ,  R37 

R3 5 ,  R3 6 ,  R61  

R40 
R42 

R43 

R45 
R46 

R47 

R50 

R5 1 ,  R56, R58 
R52 

R5 3 
R54 

R57 

R59 
R60 

R62 

R63 

R65 

R66 

R69 

R70 , R74 

R73 , R89 

R75 

R76 

R77 

D E S C R I P T ION 

68 

4 . 3  

3 

5 . 1  

1 . 8  

3 . 3  

K ohm 

K ohm 

K ohm 

K ohm 

K ohm 

K ohm 

3 . 5 7  K ohm 
1 . 78 K ohm 
2 . 4 3  K ohm 

1 5  

1 . 1  

20 

9 . 1 

1 . 5  

2 2 . 1 

2 

2 . 7  
1 . 2  

5 6  

5 . 6  
2 . 4  

330 

300 

2 . 2  
1 20 

75 
1 1  

2 

K ohm 

K ohm 

K ohm 
K ohm 

K ohm 

K ohm 

K ohm 

K ohm 

K ohm 

K ohm 

K ohm 

K ohm 

ohm 

K ohm 

K ohm 

ohm 

K ohm 

K ohm 
K ohm 

1 . 87 K ohm 

4 9 . 9  
3 

3 9  
2 7  

ohm 

K ohm 
K ohm 

K ohm 

2 . 2 1  K ohm 
1 0  K ohm 

1 0  ohm 
68 K ohm 

8 . 2  K ohm 
1 00 K ohm 

1 0  Megohm 

3 0 1  ohm 

1 . 2 1 K ohm 

200 

1 

4 7 . 5  

ohm 

K ohm 

K ohm 

3 . 92 K ohm 
1 ohm 

5% 

5% 

5% 

5% 

5% 

5% 
1% 

1 %  
1 %  

5 %  

1 %  

1% 

5% 
5% 

1% 

5% 

5% 

5% 

5% 

5% 

5% 

5% 

5% 

5% 

5% 

5% 
1% 

10% 

1% 

1% 

5% 
5% 

5% 
1% 

5% 

5% 

5% 

5% 

5% 

5% 

1% 

1% 

5% 

1% 

1% 

1% 

5% 

W E S TI NG H O U S E  
S T YL E 

N UMB E R  

Vz W. 1 84A763H7 1 

Vz W. 1 84 A763H42 

Vz W. 1 84 A 7 6 3 H 3 8  

Vz w:. 1 84 A 7 63H44 

Vz W. 1 84 A  763H33 

Vz W. 1 84A763H3 9  

Vz W .  862A3 76H54 

Vz W. 862A376H25 

Yz W .  862A376H38 

Vz W. 1 84 A 7 63H55 

Vz W. 862A3 76H05 

Vz W. 862A3 7 7H30 

Yz W. 1 84A763H50 

Yz W. 1 84A763H3 1 

Vz W. 8 6 2A3 77H34 

3W.  7 6 3 A 1 27H03 

Yz W. 1 84A763H3 7 

Vz W. 1 84 A763H29 

Yz W. 1 84A763H69 

Vz W .  1 84 A763H45 

Yz W. 1 84A763H3 6 

Yz W .  1 84 A763H 1 5  

Vz W. 1 84 A7 63 H86 

12 w. 1 84A763H3 5  

Yz W .  1 84A763H05 

!,2 w. 1 84A76 3 H 72 

Yz W. 8 6 2A 3 7 7H05 
Vz W. 862A406H0 1 

1/z W .  86 2A3 76H27 

Vz W. 8 62A374H68 

�2  W. 1 84A 763H38 
Vz W.  1 84A 7 6 3 H 6 5  

1!2 W. 1 84A763 H 6 1  

12 W .  862A3 76H34 

\lz W. 1 84 A  763H 5 1  

2 5  w. 04 D 1 2 97H27 

1 w. 1 8 7A64 3 H 7 1  

12 w. 1 84A763H49 

\2 W. 1 84A 763H75 

)2  w. 1 87 A290H27 

\1z W. 862A375H47 

Yz W .  86 2A3 76H09 

Vz W. 1 84A763 H 1 0  

\ 2  w. 862A3 76H0 1 

72 w. 862A37 7H66 

Vz W. 862A3 76H58 

2 w. 187 A683H25 

1 1  

* 
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T Y P E SDF- 1 SOLID STATE U NDER FREQU E NC Y  RELAY _____________________ _ 

E LECTRICAL PARTS L IST 

I W E S T I NGHOUSE 
C I R C U I T  SYMBOL D E S C R I P T ION S T Y L E  

N UM B E R  

RESISTORS (Contin ued) 

R78 2. 74K ohm 1% Yz W . 8 6 2A37 6H43 
R80 1 0  ohm 5% Yz W . 1 87A290H 0 1  
R8 1 500 ohm 1 0% 1 w. 8 3 7 A 1 6 6H0 1 
R8 2  3 9 2  ohm 1% Yz W. 862A375H5 8  
R83 , R85 , R 8 7  1 . 6 2K ohm 1% Yz W .  86 2A3 76H2 1 
R84 6 1 9  ohm 1% Yz W .  86 2A375H77 
R88 1 2 0  ohm 5% 3 W .  763 A 1 2 7H 2 1  
I\90 , R9 1 ,  R92 , R93 ,  R94 , R94 ,  R96 , R 9 7 ,  R98 I 1 . 2 1 K  ohm 1% Yz W .  84 8A829H56 
R 1 00 ,  R 1 0 1 ,  R 1 02 , R 1 03 , R 1 04 , R 1 0 5 , R 1 0 6 , R 1 0 7 , Rl08 1 2 . 1  K ohm 1% 1/z W .  848A820H53 

CAPACITORS 

C 1 ,  C 1 6 ,  C20 , C 2 9 ,  C 3 0 , C3 1 . 4 7  MFD . 50V.  20% 762A680H04 
C 2 ,  C 8 ,  C l l ,  C28 . 1 MFD 1 00V . 1 Oo/c 836A6 20H03 
C3 , C5 , C24 .47 MFD 200V. 1 0% 1 88A66 9H0 1 
C4 100 PFD 200V. 1 0% 83 6A6 20H0 1 
C 6 ,  C 7  5 0  PFD 500V. 2% 1 8 7A69 5 H 1 5  
C 9  3 0  PFD 500V.  2% 1 8 7A695H09 
C 10 . 0 1 8 MFD l OOv 1 0% 83 6A620H04 
C 1 2  500 PFD 500V 1 84 A6 63H05 
C 1 3  5 1  PFD 500V 2% 1 8 7A69 5 H 1 6  
C 1 4  250 P FD 500V 2% 1 8 7A695H33 
C 1 5 ,  C 1 7 , C 1 9  1 00 P F' D  1 000V 1 84 A663H06 
C 1 8  8 MFD 30V 5'/c 862A l 77H07 
C2 2 1 . 0  MFD 200V 20'1( 8 7 6A409 H 1 0  
C23 .47 MFD 1 00 V  5% 8 7 6A409H02 
C 25 75 PFD 500V 2% 1 8 7  A695H20 
C26 .01  MFD 50V 1 0% 836A62 0H05 
C 2 7  5 . 0  MFD 100V 20% 763 A 2 1 9H 1 2  
C 3 2  1 . 0 MFD 200V 20% 8 76A409 H 1 0  

-

DIODES 
-- ,-- --

D l , D 2 , D 7 , D 8 , D l 0 , D 1 2 , D l 3 , D l 4 , D l 5 , D l 6 , D l 7 , D l 9 , D 2 1 

D 2 2 ,  D 2 3 ,  D 2 7 , D 2 8 ,  A ,  B ,  C .  D ,  E ,  F ,  G ,  H ,  J ,  K ,  L, l r\4 1 4 8 878A649H01 
D 3 , D 4 , D 5 , D 6  1 N645 1 84 A8 :i 5 H 1 3  
D 9 ,  D l l 1 I\ 45 7 1 84 A8;i 5 H 1 5  
D l 8  3 3 8 D  8 3 7A398H07 
D 20 l N 457A 1 84A885H07 
D24 , D 2 t- 1 N.5 4 00 1 88A34 2H 1 7  
D26 MR842 878A64 8 H 0 1  

--
��

-

-

--

-

-

-

--

-

-

---

�

--- --
--

---ZENER DIODES 

Z 1 ,  Z7 1 N 747A 

1 

837A398H08 
Z2 1 N965B l d6A 7:YIH08 
Z3 1 N 962B 8 3 7 A398H09 
Z4 , Z8 , Z 9  1 N753A I 8 6 2 A6 0 6H 0 1  
'7 "  1 N9 7 1  862 A6,)GH04 LJ;) 
Z6 1 N974 1 8 6 A7 9 7E 1 4  
Z l O HW22B I 1 8 5 A 2 1 2 E 1 6  i I 

I Z l l  1 N 957E I 1 8 E A79 7F06 
I Z 1 2 1 R200 6 2 S A3 ·39E0 1 
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TYPE SDF-1 SO L ID STATE UNDERFREQUENCY RELAY -----------------..;I;;:.L;..;_•....:.4.:...1-5:..:0�4B 

ELECTR ICAL PARTS L IST 

WESTI N G H O U S E  

C I R C U I T  SYMBOL D E SC R I P TI ON S T Y L E  
N U M B E R  

TRANSISTORS 

Q 1 , Q2, Q3, Q5 , Q7 ' Q9 , Q l l ' Q 1 2 , Q 1 3 , Q1 5 , Q20 , Q2 1 , Q24 , Q25 2N2 2 1 9 A  762A672H 1 1  

Q4 ,  Q6, Q 1 0 ,  Q 1 6 ,  Q 1 9 , Q22 , Q26, Q29 2N2905A 762A67 2 H 1 0  

QS 2N4 2 2 2  878A57 7H0 1 

Q 1 4 ,  Q 1 7  D 1 3 T 1  878A 2 89 H 0 1  

Q 1 8  2N3440 762A67 2H08 

Q23 2N5 4 1 5 76 2A67 2H09 

Q2 7  2N3055  187A673H08 

Q28 DTS4 1 0 1 8 7A673H09 

INTEGRATED CIRCUITS 

I Q4 I CA3 0 2 6  7 1 7B 20 5 H0 1 

A , Q, V , W  U6A9 93 0 5 9X 204C328H04 

B ,  K ,  L ,  R ,  S,  T ,  U I U6A9 94 G59X 204C328H03 

C, D ,  E ,  F ,  I, J, P U 6A993 2 5 9X 204C3 28H0 1 

G , H U 6A9 9 3659X 20 4C32 8H02 

Counter Bits 0- 1 , 2- 3 ,  4-5 , 6- 7 , 8- 9 ,  10- 1 1 , 1 :?- 1 3 ,  1 4- 1 5  

Trip 1 -2  U6A909959X 204C33 1H0 1 

TRANSFORMERS - INDUCTORS 

T 1  Input Isolation Transformer 878A574H0 1 

L 1  Inductor 878A654H0 1 

L 2  Ind uctor 8 78A562G0 1 

MISCELLANEOUS 

TR Trip Relay 54 1 D 5 1 4H0 2 

CL 1 Crystal 1 87A85 7H23 

TEST MODULE 204C299G01 (OPTIONAL) 

R 1 1 20 ohm 5% Yz W. 1 84A763H05 

C 1  . 4 7  MFD 35V 20% 1 8 7A508H05 

C2 100 PFD 200V 1 0% 836A620H0 1 

C3 . 1 MFD 100V 10% 8 3 6A620H03 

D1 to D l l 1 N4 1 4 8  878A4 69H0 1 

A U6A99305 9X 204C3 2 8H04 
B U6A9 94659X 204C3 2 8H0 3 

c U6A993 2 5 9X 204C32 8HO 1 

SWITCH ( 1 1 Req'd)  878A64 5H0 1 
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T Y PE SDF-1 S O LI D  STATE UNDERFREQ UENCY RE LAY ______________________ _ 

F i g. 1 Typ e SDF- 7 Underfrequency Relay Fron t V i e w  ( Wi thout Case) 
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TYPE SDF-1 S O L ID STATE U NDER FREQ UENCY RELAY --------------------'-·
L

_
.

_
4

_
1 -

_
s

_
o4

_
B 

Fig. 2 Type SDF- 1 Underfre qu en c y  R e l ay Re ar View ( Witho u t  Case) 
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TY PE S D F - 1  SO L I D  STATE UN DER F R EQUENCY RELAY------------------------
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TYPE SDF -1 SOL ID STATE UNDERFREQUENCY RELAY-------------------------

� 81 

TSPARE ! 3 
CONTACT t TR 

81 
5 

N EG. 

'f SPPt 

t SPP -

SURGE PROTECTIVE PACKAGE- USE 
ONLY WHEN SURGE VOLTAGE 
MAY EXCEED 2500V PEAK. 

T SPARE CONTACT 
PROV IDED ONLY 
ON SPECIALLY 
ORDERED RELAY. 

Fig. 4 External Schemat i c  and L o gi c  D i agram 

TP2 
@ 

g N gj 
0 
g N 

19 c::J 

DEVICE DESIGNATIONS 
81 - UNDERFREQUENCY RELAY, 

TYPE SDF-1 
ICS - INDICATING CONTACTOR 

SWITCH IN TYPE 
SDF- 1 RELAY 

TR - TELEPHONE RELAY IN 
TYPE SDF-1 RELAY 

52 - POWER CIRCUIT BREAKER 
a - BREAKER AUXILLIARY SWITCH 
TC - BREAKER TRIP COIL 

c::J 

l+et4 I 
08 D s Q c  

G 

§I] 

� 
IEil 

[ C IO•) 
coo 
FeD 

[ill) 
EiliJ 

7 1 9 B 2 5 2 

CJ 

CJ [BE) 
� 

EillJ 

�---- --- -] 
8 7 8 A 6 3 4  8 7 8 A 6 3 �  

Fig. 5 Zero Crossing, Vol tage D etectors, and Syn chronizer 
P rin ted Circuit  M o dule Comp on en t  Lo cation 

Fig. 6 M ain Clock an d Four Bit  B i n ary Coun ter P ri n ted 
C ircuit Module Component Location 
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� N 0 <t 0 N 

12-IS 

0 

c:J 
c:J 

0 

10-11 

H 

8 7 8 A 6 3 2  

F i g. 7 T wel ve B i t  B in ary Coun ter P rin ted C irc uit Module 
Compon ent L o cation 

C29+ 
W1J 

lillJ I R89 l 
l R70 I 
[m:J 

Fig. 9 Power Supp ly P rinted C i rcuit Modu l e  Compon ent 
L o cation 
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� 

TP5 TP4 TP3 TP7 
Q 8 A_,;,J�

@ @ @ @ 

l!j l!j � �B @_j 
o 

E 
� c E£!D f8l §a IQillJ [ill] a LJ E CJ 00- CillJ n 

! c���l CJ [@] � 
s 

v 

�TRIP 1-2 I c:J ... b _R _ __. 

CJ CJ 
� T 

o�� -A � �  fil (ill] 
bgj llilll 

016 

I.L. 4 1 -504B 

19 CJ [ C20+) 1 �----- - - - -� 

--- - --- ---- - --- - __ U 

8 7 8 A 6 3 3  

F i g. 8 Trip Control Circuit  and D el ay T i m er P rinted 
Circuit Module Component L o c ation 

SDF-1 R ELAY 

NEG. POS. 

48 OR 125V.D.C. 
SUPPLY 

8 8 0 A 3 1 0  

Fig. 10  D i ogrom of Test Con n ect ion s for SDF- 1 R el ay 
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TYPE S D F - 1  S O L I D  STATE U N DE R F REQUENCY RELAY ___________________ ___:I:.:.:. L=.:•:...4.:....:1....;·5;,.;0..,;.;:4B 

L 

C2 
IOOPF 

- - - - - - - - - - - - - l 
Cl 
.47 MF 

8 

TEST BOARD -- -- -- -- - - -- -- -- --

F i g. 1 1  Test Mo dule Intern al Schematic ( O ptional) 

@'i @i] 
@:;l £R!§J 

"' @] 00 @ ... IJ]!] ... 
.. t:m mJ Cl 00 

� 
� 

ED REI 
Cl IE!] 

EO 00 
Cl Cl 00 

D:::J 

D 
@] 

r------·---� L ___________ � 
8 78A6 36 

Fig. 1 2  Test Module Component L o cation 

I 

TP3 
I 

TPI I 

TP2 I 

DG 1 3  

I 

I 

I 

I 

I Dl TO 011 IN4148 

A =  930 

B= 946 

C= 932 

7 1 78 3 7 4  
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TYPE SD F-1  SO L I D  STATE U N DER F R EQ UENCY RELAY ______________________ _ 

5 

4 

:r 
fTl ::0 ..; N 
CD fTl r 0 ::E 
en fTl ..; 3 
""0 
� z ..; 
::E :r fTl z 
::0 fTl r l> 
-< 2 
() 0 z ..; l> () ..; en 
() r 0 en fTl 

1 

0 1 

1 ::>  
H=2 I H =4 

1 0  20 
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2 3 4 5 6 7 

RATE O F  F R EQ U ENCY D E C LI N E , H Z  I SEC. 

20 30 40 50 60 

I I I I I 
30 40 50 60 70 80 90 100 120 

APPROX. PERC ENT SYSTEM OVER LOAD 

(ASS U M E  LOAD CONSTANT W I T H  F R EQ U ENCY , A N D  PF = 

H = SYSTEM I N ERTIA CONSTANT , KW-SEC/KVA 

F i g. 13 SDF- 1 R elay Tripp i n g  Delay Under 
D e c l i n in g  Frequen cy Conditions 

Q 
() r rn (/) 
0 ., 
0 rn r )> -< 
(/) rn -I -I 
z G) 

()) 
0 
:I: N 
� (/) 
l!l 

8 9 1 0  

7 0  
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I.L. 4 1 -504B 
TYPE S D F - 1  S O L I D  STATE UNDERF R EQUENCY RELAY -----------------------

L 1  NEAR FREQUEN C Y  D ECA Y 

* Fig. 1 4  L inear Frequency Decay 

SUD D EN EN ERG I ZATION BELOW SET -PO INT 

R E LAY E N E R G I Z E D  B ELOW 
S E T - PO I N T  FOR UP T O ,  

B U T  L E S S  T H A N ,  
1 C Y C L E  B E FO R E  F R E Q U E N C Y  

D E T E C T I O N  B E G I N S  I C Y C L E  : \ : � I C Y C L E  TO D E T E C T  U N D E R F R E Q U E N C Y  C O N D I T I O N 1
T R iiR E L

I
A Y 

14 �, .. 

I 
I 
I 
I 
I I 
I 

T I M E R  
STA R T S  

T R I P  C O N T R O L  LOG I C  
E N A B L E S  T R I PP I N G  

T I M E R D E LAY 
E X P I R E S  

i+-:4 --8 C YC LES DESIRED INTERNAL DELAY---+' 

1·4--r:-)------ 8 T 0 9 C Y C L E S  T O T A L  T I M E  TO T R I P ------�1 
P O S T I V E - G O I NG / I T R I P  CONTACT 
Z E R O  C R O S S I NG +C LO S E S  

* Fig.  1 5  Sudden Energi z ation B e low Set-Point 

7 7 4 8 4 8 5 

7 4 4 8 4 8 6  
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TYPE SD F -1 S O L ID STATE UNDERFREQUENCY RE LAY ____________________ _ 

I �-� - 1 �-
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• i --------
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PAN E L  LOCATI ON S041 -FLUSH IHG. ­
PROJ ECT I ON MTG. 
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/'_ t '  1 • 1 9C-32 SC REW 
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Tn��K ' i  �� :j l' PANEL USE 

i� � � -� ) . � ��- 1 8 STUD ) 

r� _ /- . 1 90-32 SCREW rl 1 I _  J� 11 FOR TH I CK PANEL 
U - US£ . . 1 90-32 STUD - - -r �--�]@ 
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s
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PANEL CUTOUT ' DR I LLI NG 

FOR SEM I-FLUSH MTG. 

{ '-�r·� 

r - ··
�

-
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-s
l 

e 
I I I  r- ---� -
I _ 

1 6 

I 

r- , !.. -; 32  
�� --

---

PANEL DRI LLI NG OR CUTOijT FOR 
PROJECT ION IHG. 

( FRONT Y I EW) 

ts 
D I A.2 HOLES 

TmrmAL 
NUMBER 

5 7 - 0 - 7 9 0 2  

Fig.  1 6  Outline and Dril l in g  P lan for th e SDF- 1 R e l ay in  the Typ e  F T- 3 1  Case. 
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