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This sheet notes changes which should be made in the attached

instruction booklet GEK-26460 for the

SFF12A type relay.

The following should be added between the second and third
paragraphs in the part of the Application Section titled QVER-
FREQUENCY RESTORE CONSIDERATIONS. This is near the top of page
7, after the second line on the page. v

“If the restore frequency setting of this relay is at
or very close to rated frequency, and if the continuous variations
in normal frequencies are such that the restore function output
relay will pick-up and drop-out continually, the 1ife of the
output relay may be shortened. For such applications another
type of SFF relay is available in which facilities are included
that permit the restore function to be incapacitated except
during the interval from after the relay has operated to shed
load until the load shed by the relay has been restored. Contact
your local General Electric Sales Office for more information
on this device." ”

Thase in§tructions do not purport to cover all details or variations in equipment
nor to_pruvlde for evary possible contingency to be met in connection with installation,
operation or maintenance. Should further information be desired or should particular

problems arise which are not covared sufficiently for the purchaser's purposes, the
matter should be referred to the General Electric Company.
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STATIC FREQUENCY RELAY
TYPE SFF12A

v INTRODUCTION
The SFF12A is a static frequency relay designed to protect A. C. systems against abnormal frequency
conditions.  The relay employs solid state components to provide a very accurate, stable and reliable
method of checking the frequency of a system. The relay consists of two functional elements called the
tripping element and restore element, each containing independent frequency setting capability. When
the system frequency reaches the set point frequency of either element, the relay provides an output
accordingly. :

'DESCRIPTION

. The SFF12A is a static single set point underfrequency relay with a single set point overfrequency
restoration feature. It operates on a digital principle and utilizes integrated circuits to provide
a highly accurate and stable detection of frequency conditions on a power system. The underfrequency
trip, and overfrequency restore points of these relays may be set independently in integral steps of
0.05 hertz. These settings will maintain a repeatability pattern within plus or minus 0.005 hertz
over the complete range of rated temperature and voltage variation.

The SFF12A relay is basically a high speed device. However, adjustable time delay is included for
operation with the underfrequency tripping function. There is no significant time delay in the restor-
ation function. An external timer should be utilized for this function where time delay is required.

The underfrequency tripping output of the SFF12A jncorporates two electrically separate normally
open contacts with target seal-in units. These contacts close on underfrequency. The overfrequency
restore output is comprised of two electrically separate normally open contacts without targets. These
contacts close whenever the frequency is above the restore setting. In the deenergized condition all
contacts are open.

Also included as an integral part of the SFF12A relay is a voltage cut-off feature. This is adjust-
able in the range of 20-90 percent of the rated AC voltage and it blocks all outputs when the voltage
gets below the cut-off setting.

The SFF12A relays are furnished in M2 drawout cases. The outline and internal connections are
shown in figure 6 and 3 respectively.

GENERAL APPLICATION

The SFF12A frequency relays find application wherever an extremely stable device is regquired to
detect underfrequency, initiate load shedding, and then initiate restoration of this load when the
frequency returns to normal or near normal. The minimum operating time (no intentional time delay) of
the umderfrequency trip output is 4.5 cycles as measured from the beginning of the first full positive
going cycle of underfrequency voltage applied to the relay. Time delay up to a maximum of approximately
1.3 seconds is available by adjustment. The operating time of the restoration output is 6-8 cycles with
no adjustment available. This is deemed satisfactory because restoration will generally be on a relative-

ly Tong time basis for which a suitable external timer would be required as well as additional auxiliary
equipment.

UNDERFREQUENCY TRIP CONSIDERATIONS

The underfrequency trip function of the SFF12A was specifically designed to be applied in under-
frequency laod conservation schemes where the accuracy and repeatability of the measurements are important.
If a system disturbance results in some loss of generating capacity such that the load exceeds the gener-
ation, the system is in danger of collapse. The first indication of impending difficulties is a slowing
down of the generators which results in a proportionately lower frequency. SFF12A relays distributed
around the system will detect this condition and operate to disconnect system load in a programmed manner
in order to compensate for the loss of generation. Such action must be taken promptly and must be of
sufficient magnitude to enable the system to recover and so conserve the major part of the total system
load. By preventing a complete system shutdown, restoration of the entire system to normal operation
is greatly facilitated and expedited.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible
contingeney fo be met in connection with installation, operation or maintenance. Should further information be desired

or should particular problems arise which are not covered sufficiently for the purchaser's purposes, the matter should
be referred to the General Electric Company.
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An overall load conservation scheme can be arranged to trip off non-essential or interruptible load
as follows:

a. Trip off blocks of load in several steps with several relays set at successively lower
frequency values.

b.  Trip off blocks of load in several steps on a time basis at one level of frequency, so that
as each time step is reached additional load is dropped.

t. Any combination of (a) and (b).

It should be recognized in the application of the SFF12A relay, that during an underfrequency condi-
tion on the system if for any reason the frequency of the system goes above the underfrequency setting of
the relay, for 1 cycle or more during the operating time delay, the relay will reset and the entire
timing sequence will begin again. Also, these relays include an adjustable voltage cut-off feature
arranged so that when the applied AC voltage gets below the cut-off setting for a time that is Tong enough
to cause the cut-off feature to onerate, the underfrequency operation is incapacitated. After the voltage
returns to prior levels and the cut-off unit resets, the normal timing sequence will start. The operating
level, cperating time, and reset time of the undervoltage cut-off feature are described in the section
under "CHARACTERISTICS."

When applying these relays in a system load conservation program, it must be recognized that a Tow
frequency condition does not begin to be corrected until a circuit breaker operation occurs which discon-
nects some load. The family of curves shown in Figure 2 is constructed to show frequency vs time to open
the breaker after the disturbance starts. This is shown for a number of different rates of change of
" frequency. These curves include an allowance of ten cycles for total relay plus breaker clearing times
as well as consideration of underfrequency settings. If any of these factors change, then a new curve
should be plotted. The curves can be read directly to determine the system frequency at which the load
is actually removed. -

The underfrequency operating characteristics of the SFF12A relay are such that an underfrequency
condition must persist continuously for a minimum of about 4.5 cycles to a maximum of about 80 cycles
depending on setting, before a tripping output is produced. The relay bases its measurement of frequency
on the time between successive positive going zero crossings of the voltage wave. If this voltage wave
is distorted in a manner so as to affect the zero crossings, and if this distortion persists for the time
delay setting on the relay, it is possible for the relay to make an incorrect measurement of fundamental
system frequency. Longer time delay settings make this less 1ikely to occur.

In the application of underfrequency relays the Tocation of the potential source from which the
relay makes its frequency measurement is an important consideration. In general it is not good practice
to supply a relay from a potential source that is connected to one bus section and use that relay to
shed Toad on another bus section. Experience has indicated that the voltage and frequency of circuits
to which motor load is connected do not go to zero immediately when the circuits are deenergized. Rather,
both the voltage and the frequencv often decay at different rates depending on the characteristics of
the circuit and the load. An underfrequency relay supplied from a potential source that is connected
to such a circuit could operate when .the circuit is deenergized and the frequency decays to a value
below the trip setting. Thus, if an underfrequency relay is suppiied with potential from a source
on one circuit and is connected to trip another circuit, Toss of the first circuit could cause the relay
to operate, as the frequency decays, and this would result in the loss of the second circuit also.

In order for this to result, the frequency must decay but the voltage must stay above the under voltage
cut-off Tevel until the relay time delay setting (if any) expires.

It is obvious that the most desirable solution to this possible source of trouble is to arrange the
underfrequency relays on the system in such a way as to eliminate the opportunity for this type of
undesired operation.

Where this cannot be accomplished, longer time delay settings and/or a higher voltage cut-off
setting will make the scheme less susceptible to operations of this kind.

OVERFREQUENCY RESTORE CONSIDERATIONS

The overfrequency restore function of.the SFF12A was designed to operate in conjunction with the -
underfrequency trip function in load conservation schemes where extreme accuracy and repeatability of
setting is required to insure the desired load restoration pattern.

Load restoration is most desirably accomplished at normal system frequency. However, in order to
expedite the process, it may be desirable to begin slightly below this value. In any case, automatic
restoration should not be permitted until the frequency is substantially above that which may damage
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turbines or significantly curtail the outputs of generator auxiliary motors. It must also be sufficiently
above the underfrequency trip setting so that pumping does not take place as blocks of load are restored.

In general, substantial time delay (in the order of minutes rather than cycles) should be used in
the automatic restoration scheme. Also, it appears desirable to time-step the restoration so that the
total shed load is restored in small blocks with significant time between each step. In this way as
each small block of load is restored, the system has a chance to absorb this load and settle at its new
frequency.  If this frequency does not fall below the restoration frequency then the next load block
is switched on atter a time delay. If the restoration of a load block causes a drop in frequency below
the restoration point, this signifies that the system is loaded beyond its full capacity and the
restore contacts on the SFF12A relays will open to prevent any further restoration until action is taken
to increase the system capability.

It is obvious that a load conservation scheme including automatic restoration will require auxiliary
functions in addition to the SFF12A relays. The functions will depend on the exact scheme to be
employed which in turn would to some degree depend on such factors as, the presence of automatic
reclosing relays, the presence of supervisory control, the desire for voltage magnitude supervision, and
possibly power pool agreements. However, regardless of the exact scheme, a long time delay will be
requ1red for the restoration function. The characteristics of this timer could be an important factor
in the overa]] performance of the restoration scheme

Since the restoration timers will be set for long time delays, it is essential that they do not
reset as a result of transient system disturbances that may momentarily reset the restore output of the
associated SFFrelays. For example, if such a disturbance causes the AC voltage to the SFF12A relay
to drop below the voltage relay cut-off setting this wiil incapacitate the restore function and tend
to reset (open) the output contacts. This action is explained in the section under CHARACTERISTICS.
However, the output relay in the restore function has been provided with a time delay drop out of about
15 cycles. Therefore, once the restore contacts close on overfrequency, they will not open as a result
of short duration loss or reduction of AC and/or DC inputs to the relay. Specifically, the performance
of the SFF12A is such that the restore feature, once operated, will provide a continuous output (closed
contacts) even in the face of loss of AC.and/or DC inputs for as long as 8 cycles out of every 15 cycles.
This wou]ddoverr1de high speed c1ear1ng of transmission line faults that might occur during the restora-
tion per1o

It appears quite possible that during the restoration process, the system frequency could momentarily
drop below the restoration setting of the SFF relays. This would cause the restore outputs of all: ’
these relays to reset which would leave the associated timers without input. If the timers are quick
to reset, the restoration program will be de]ayed Thus, consideration should be given to the employment
of a s]ow reset or integrating timer; that is, one which does not reset when the input is removed even
for significant times, but rather "notches up" as the input is applied and removed

. Since there is no "standard" scheme for the application of load conservation with automatic restora-
tion, no complete external connection diagram is included. However, figure (4) illustrates the AC and
DC input connections as well as the contact trip and restore outputs.

RATINGS AND CHARACTERISTICS

Type SFF12 relays are intended for use on 60 Hz power systems with rated voltage of 120 Volts. A
50 Hz relay is available.

FREQUENCY SETTING RANGES

On the froht of the relay there are 2 frequency set point blocks. The upper block is for trip
point settings and the Tower one for restore point settings. Each block has 10 two position tap screws.
The upper position denotes a binary "0" and the lower position a binary "1".

Both the trip®and restore functions can be set independently in the range of 54.2 Hz to 60.9 Hz in
increments of 0.05 Hz. Refer to Table I for tap screw positions versus operating frequency.
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TABLE 1I
50 HZ RELAY OPERATING POINT SETTINGS

TABLE II (CONT'D)
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Set Point Accuracy

Both the trip and restore functions are accurate to + 0.005 Hz.

Relay Ambient Temperatures

The SSF12 Relay performagce is designed for operation in environments where the case ambient tempera-
ture ranges from -20°C to +60°C.

Time Delays

a. Trip Time Delay
The time delay from occurance of a system underfrequency condition to closure of the trip (TR)
telephone relay contacts is 4% to 80 cycles, continuously adjustable. Repeatability is 1%
of the setting which is adjusted by means of time delay rheostat located on the front panel.

The time delay from the absence of a system underfrequency condition to opening of the "TR"
relay contacts is 4 to 6 cycles. One and one half cycle maximum of this time delay.is in the
frequency sensing element. The rest is in the TR telephone relay. Note that time measurement
is made on a 60 Hertz basis.

b. Restore Time Delay

The time delay from occurrence of a”system "non-restore" condition to opening of the restore (RS)
telephone relay contacts is a fixed 15 to 16 cycles, 15 cycles of which is attributed to energy
storage in the RS relay. :

The time delay from the occurrence of a system "restore" condition to closure of the "RS" relay
contacts is a fixed 6 to 8 cycles, 5 cycles of which is attributed to the restore frequency
sensing circuitry.

UNDERVOLTAGE INHIBIT

An undervoltage circuit inhibits operation of both the trip and the restore telephone relays when
the system voltage falls below the voltage setting. The operating point is adjustable from 20% to 90%
of the rated AC voltage by a rheostat mounted on the front of the relay.

External Restore Timer Characteristics

It appears quite possible that during the restoration process, the system frequency could drop below
the restoration setting of the SFF relays. This would cause the restore outputs of all these relays to
reset which would leave the associated timers without input. If the timers are quick to reset, the
restoration program will be delayed. Thus, consideration should be given to the employment of an in-
tegrating timer; that is, one which does not reset when the input is removed even for significant times,
but rather "notches up" as the input is applied and removed.

Since there is no "standard" scheme for the application of Toad conservation with automatic restora-
tion, no complete external connection diagram is included. However, figure (4) illustrates the AC and
DC input connections as well as the contact trip and restore outputs.

Burdens

The burden on the AC input terminal pair (studs 2-4) is 3.1 Volt-Amperes; 2.70 Watts, 1.60 Vars
(inductive) at 115 Volts, 60 Hz.

DC control power burden is 0.6 amps or Tess.
Contacts

Contact ratings ("TR" and "RS" telephone relays) for the SFF12A are Tisted in Table II.

10
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TABLE II

TELEPHONE RELAY CONTACT INTERRUPTING RATINGS
Interrqpting'Amps

Volts Inductive* B "Non-Inductive
24/48 DC 1.0 3.0
125 DC 0.5 1.5
250 DC 0.25 0.25
115-60 Cyc. 0.75 2.0
230-60 Cyc. 0.5 1.0

* Inductance of average trip coil.
Targets
Target ratings are shown in Table III.
TABLE III
TARGET COIL

2 Amp Tap 0.2 Amp Tap
DC Resistance 0.13 Ohms 7 Ohms
Minimum Operating 2.0 Amps 0.2 Amps
Carry Continuously 3.0 Amsp 0.30 Amps
Carry 30 Amps For 4 Seconds | @ —emmemee-
Carry 10 Amps For 30 Seconds 0.2 Seconds

If the trip current exceeds 30 amperes, it is recommended that an auxiliary tripping relay be used.
OPERATING PRINCIPLES
BASIC FREQUENCY MEASURING CONCEPT

The SFF12 relay measures the power system frequency by comparing it with a reference frequency
internally generated by a precise; crystal controlled oscillator. It does this by measuring the time
period of each power system voltage cycle and comparing it to a fixed time interval produced from the
intefna1 frequency reference. The period of a sine wave and its frequency are related by the formula
T-= T Where T is the period in seconds

and F is the frequency in Hertz or cycles per second
so that a measurement of the period contains the same information as a measurement of frequency but in
a different form. A larger (longer) period corresponds to a smaller (lower) frequency. For example,
60 Hz corresponds to 0.016667 seconds, 55 Hz to 0.018182 seconds and 50 Hz to 0.020000 seconds.

An underfrequency cbndition exists when the system frequency is below the frequency setting of
the relay. 'This corresponds to a system period longer than the fixed period set in the relay.

A detailed description of the relay follows. The numbers in parenthesis refer to the relay block
diagram, Figure 5. ‘

The SFF12A relays receives its power from the station battery (48, 125 or 250VDC). The power is
first fed into an RF filter (18) which consists of a Pi L-C filter. This filter prevents surges from
getting into the logic DC power. The filtered DC is then fed into the shunt zener regulator power supply
(19) where reference voltages of +10V-DC, +5V DC, -10V DC are derived. The residual voltage from the
battery is dropped across an externally mounted power resistor. As shown on the diagram, these DC
voltages are then fed to the various logic elements of the rélay.

As in the case of the DC, the power system voltage to.be monitored is fed into an RF L-C filter (1)
to prevent AC system surges from antering the circuitry. The filtered AC is then fed into a step-up
isolation transformer. This output goes to two function elements: signal conditioning (2) and under-
voltage detection (7). The signal conditioner minimises the'effects of DC offset and other transients.

11
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In addition to filtering, the signal conditioner also "clips" the AC voltage to logic Tevels.,

The zero crossing detector (3) takes the clipped AC signal and senses each positive going zero
crossing. Its output is in the form of a very narrow negative going pulse at each positive going zero
crossing. The time between pulses is then the time period for the system voltage. If the system
frequency decreases then the time between pulses will increase. »

Function block (4) is a fixed 2 mHz crystal controlled clock generator (this clock would be a 1.67
mHz clock in a 50 hertz relay). The buffer amplifies (5) divides the 2 MHz sine wave clock signal by
4 giving a 500 K Hz signal. Its output is a fixed amplitude square wave. This 500 K Hz signal is the
input to the binary counter. Its period is 1/500 K Hz or 2 microseconds. However it is positive (high)
for one half of its period or 1 microsecond and negative (low) for the other half so that it can be said
to have a base (half cycle period) of one microsecond. The binary counter (6) consists of 14 cascaded
integrated circuits each one of which has an output whose frequency is one half its input. The number
of base 1 microsecond intervals in the output of each of the 14 integrated circuits are as follows:

Half cycle period (Base) in microseconds

-- 2
nd
%r‘d :: g
th
4 - 16
5th -- 32
6Lh - 64
7th 128
th o
gth - 256
9 - 512
10th - 1024
nth - 2048
12N - 4096
13t - 8192
14 - 16384

Note that 16384 1 microsecond bits amount to 16.384 milliseconds of time which converted to
frequency equals approximately 61 rertz, the upper end of frequency range for the SFF12A.

By adding combinations of output bits from the first 10 integrated circuits through adjustment of
the frequency set blocks (8) and (9), a total of (16384 + 2046) equals 18430 bits can be accumulated
which, in time, amounts to 18.43 milliseconds or a frequency of approximately 54.2 hertz, the lower end

of frequency range for this relay. f

- The zero crossing pulses reset the counter every time they appear. If the time interval between
zero crossing pulses is long enough to allow the counter to count all the. bits prescribed by the trip
frequency set block (8) without resetting, then the trip comparison logic (10} senses an underfrequency
condition and puts out a negative going "underfrequency pulse". Conversely, if the time interval between
zero crossing pusles was so short so as to reset the counter before the set block prescribed number of
bits have been counted, then NO underfrequency pulse appears at the output of (10) and the relay begins
to monitor the next cycle.

TRIP COMPARISON LOGIC

 The trip comparison logic (10) senses that the counter (6) has counted the number of pulses set
in the trip frequency set block and puts out a pulse. It will continue to put out one pulse each
power system cycle as long as the power system frequency remains below the trip set point.

If the counter (6) is reset by the next positive going zero crossing pulse before it reaches the
number set in the trip frequency set block then the frequency is higher than the set point. In thus
case the trip comparison logic does not put out & pulse. :

The "count of 3 cycles" function block (11) counts 3 underfrequency pulses coming from (10) (3
underfrequency cycles) before the adjustable trip timer (12) is allowed to begin timing. In the absence
of an underfreguency condition, no underfrequency pulses come from (10). The uninhibited relaxation
“oscillator (13) with a 24 millisecond period, puts out reset pulses to both the "count of 3" circuit
(11) and the actuating circuit (14) every 24 milliseconds. When underfrequency is sensed, the first
and subsequent underfrequency pulses from (10} immediately inhibit (13) from preventing (11) and (14)
from operating. Function (11) then counts 3 underfrequency pulses and puts out a DC signal when the
count is filled. After 3 cycles of time, function (12) begins timing out. If the underfrequency

12
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condition lasts longer than the setting on the adjustable trip timer (0-77 cycles...60 Hz basis),
function (12) transmits a signal to function (14) which immediately energizes the trip telephone relay

(TR). The TR contacts will close less than 1 cycle from the time that function (14) energizes the
"TR" relay. : _

If the underfrequency condition disappears before the adjustable timer (12) times out, the absence
of underfrequency pulses from (10) allows the 24 millisecond timer (13) to run freely again, thereby
resetting both functions (11) and (14) simultaneously, preventing closure of the TR relay contacts. Note
that resetting function (11) automatically resets the adjustable timer. Note also that once the

actuating circuit has been energized by (12) it will stay in this state until the underfrequency condition
has disappeared. '

Restore Function Basic Concept

Referring to functional block diagram (Figure 5) the basic c¢lock generation, zero crossing detection
and binary counting for the restore function (RS) are the same elements as for the trip function
descriped in the previous section.

The difference first appears at the comparison logic elements...(10) for trip, (15) for restore.
In essence, the trip frequency set block (8) and the restore frequency set block (9) are parallel elements
which provide an independent means of adding multiples fo time bits per the previous discussion.

The restore scheme works in an "inverse" fashion to that of the trip scheme. Like the trip function
when the system frequency is below the setting of the restore function, pulses appear at both the A and B
outputs of (15). The pulses out of "A", however, inhibit the fixed 5 cycle restore timer (16) from timing
out. Similarly, the pulses out of "B" reset the restore actuating and output circuit (17) and prevent it
from operating. Thus, for underfrequency conditions with respect to the restore setting, the RS relay
remains open. '

When the system frequency is above the restore setting, the restore comparison logic outputs "A" and
"B", respectively, stop pulsing. The absence of pulses at "A" permits the function (16) to begin timing
out while the absence of pulses at "B" prevents resetting the actuating circuitry (17). Five cycles after
the overfrequency condition has occurred, function (16) will have timed out and the restore actuating
circuitry will be energized. Since, the "RS" relay contacts will close approximatelv two cycles after the
output circuitry is energized, the overfrequency condition must last for at least 7 cycles before closure
of the RS contacts can be realized. Should an underfrequency condition occur before the 7 cycles of time
have expired, then the underfrequency pulses at "A" and "B" would automatically reset both the timer and
the actuating circuit and no contact closure would result. If, however, the overfrequency condition lasts
for greater than 7 cycles allowing the RS relay to pick up, the RS contacts would stay closed for at
least 15 cycles due to energy storage in the telephone relay copper slug. The restore actuating circuit
and 5 cycle timer, however, will immediately reset when frequency drops below the restore set point.

Undervoltage Detection

Function (7) consists of a continuously adjustable voltage detector (20% to 90% of rated input
voltage) which monitors the system voltage. On many power systems, it is practical and desirable to
prevent frequency relaying fun ctions from operating when the magnitude of the system voltage dips below
a certain level. The undervoltage detector (7) operates in less than 12 milliseconds when the system
voltage drop below its setting to prevent either the TR or RS contacts from closing. If before the
disturbance, the "RS" contacts were closed, they will open in about 15 3/4 cycles. Similarly, if the
~ "TR" contacts were open before the disturbance, they will remain open.

When the detector senses an undervoltage condition, output D of function (7) immediately stops the
clock thus preventing any further accumulation of bits in the counter. The next positive zero crossing
erases any previously stored counts on the counter and the trip function is inhibited at Teast until
the undervoltage condition has passed. Since the restore circuitry operates in the absence of pulses
(clock is stopped), output C of function (7) must also supervise the restore comparison logic (15) and
actuating Aciruit (17) in order to prevent operation of the RS telephone relay. In any event, the RS

contacts will remain open at least until the system voltage rises above the setting of the undervoltage
detector. ’

Construction

The greater part of static circuitry is located on the three printed eircuit boards contained in the
relay. The PC board name assignments and respective part number are as follows:

13
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Board Number - Function - ' : Assembly -Number

(3) Clock Generator Board 01388793563
(2) Main .Counter Board 0138B79376G-11
(1) Frequency Set Point Board 0108B92206G-1

These boards are fastened vertically to the cradle: Board #1 is the outermost, #2, the middle, and
#3, the innermost. Board (1) and Board (2) are interconnected by a 29 conductor socket and cable assembly
in addition to the conventional terminal post.

The trip time delay rheoStat is the uppermosf of the two rheostats mounted on the front pahe]. The
lower of the two is the underwoltage level adjust..

The (2) trip target and seal-in units are located in the upper corners of the relay.

) The Targer telephone relay with the copper slug on the left side of the relay is the restoe (RS)
relay. ' ' :

The small telephone relay on the right side of the relay is the trip (TR) re]ay;.'u

The upper set point block on the front of the SFF is for TRIP function frequency settings. The lower
block is for RESTORE function frequency. On both set point blocks, the upper screw position is the zero
position and the Tower is the one position. ‘ :

CALCULATION AND METHOD OF SETTINGS

The "TRIP" frequency set block is the upper of the two set blocks on the front of the relay. The
other is the "RESTORE" frequency set block. The upper of the two screw positions on a set point block
represents a binary "0", the lower similarly represents a binary "“1".

The difference in operating frequency between the "TR" and "RS" functions for identical set screw
~positions is +0.001 Hz. ’

The relation of set screw combinations (for both the "TR" and "RS" functions) for operating freguencies
in the range of 54.20 Hz to 60.90 Hz in increments of 0.05 Hz is given in Table I. Xloser settings, if
required, can be specified by referring the matter to the General Electric Company.

‘ For illustration purposes, assume that the following oper;ting frequencies are desired:

TRIP
RESTORE

57.75 Hz
59.25 Hz

o

[

The set screws will be placed in the following combination s per Table I to obtain a trip frequency
of 57.75 + Fc Hz and restore frequency of 59.25 + Fc Hz. -

A B C D E F G H J K

‘ TRIP
0 X X X XX X
1 X XX X
RESTORE
0 X X XX
1 X XX X XX

Note, that F_ (Calibration Frequency) is a number stamped on the nameplate and marked on thg relay
cradle usually of value less than +0.009 Hz. Note, also, that algebraic sign associated with this number
is significant. :

Assuming for a particular relay that the value of FC is +0.008 Hz, the actual trip and restore opera-
ting frequencies per the above settings become:

- TRIP
. RESTORE

57.7508 Hz
59,2508 Hz

i
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ACCEPTANCE TESTS

Visual Inspection

Remove the relay from its case and check that there are no broken, loose, or cracked component parts.
Check also that the mounting screws are tight. »

Operating Check

Place both the TR and RS function set blocks in the 00000-00000 mode. Apply rated DC to the relay
(+) at term 8; (-) at term 10) with the rated external dropping resistor across relay terminals 7 and 9.

Apply 120Vrms, 60 Hz to relay terminals 2 and 4. Check that the "RE" telephone relay is picked up
and that the "RS" telephone relay is dropped out.

Set both function set blocks in the 11111-00100 mode. With the above conditions, check that the TR
relay is dropped out and that the RS relay is picked up. Return all frequency set point screws to their
original positipns and tighten firmly.

INSTALLATION PROCEDURE

Location

The location should be clean and dry, free from dust and excessive vibration, and well lighted to
facilitate inspection and testing.

Mounting

The relay should be mounted on a vertical surface. The outline ard péne] drilling dimensions are
shown in Figure (6). ' 4

PERIODIC CHECKS

In view of the vital role of protective relays in the operation of a power system it is important
that a periodic test program be followed. It is recognized that the interval between periodic checks
will vary depending upon environment, type of relay, and the user's experience with periodic testing.
Until the user has accumulated enough experience to select the test interval best suited to his individual
requirements it is suggested that the points listed under Acceptance Tests be checked at an interval of
from one to two years. At each periodic check all the set point screws should be loosened and retightened
to remove any corrosion or film. '

SERVICING

General

Before removing the cover, remove any dust or foreign matter which has accumulated on the top of the
cover. Otherwise it may find its way inside when the cover is removed and cause trouble in the operation
of the relay. ' :

Contact Cleaning

For cleaning contacts, a flexible burnishing tool should be used. This consists of a flexible
strip of metal with an etched roughened surface, resembling in effect, a superfine file. The polishing
action is so delicate that no scrates are left, yet corroded material will be removed rapidly and thorough-
ly. The flexibility of the tool insures the cleaning of the actual points of contact.

Contacts should not be cleaned with knives, files or abrasive paper or cloth. Knives or files may
leave scratches which increase arcing and deterioration of the contacts. Abrasive paper or cloth may leave
minute particles of insulating abrasive material in the contacts, thus preventing closing.

The burnishing tool described above can be obtained from the factory.

RENEWAL PARTS

It is recommended that sufficient quantities of renewal parts be carrier in stock to enable the prompt
replacement of any that are worn, broken, or damaged.

15
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Ultra Precise Settings

_The Tisting of settings under Table I is in increments of 0.05 Hz, which should be adequate for most
conditions. If a closer setting is desired for an unusual situation, refer to the nearest General Electric

Company Sales Office which can furnish information to calculate and obtain the set screw settings for any
given increment desired. ‘

Settings as fine as 0.008 Hz are obtainable.

It should be.noted that the calibration frequency (Fc) is characteristic of the particular relay and
is so stamped on the nameplate. If, in the future, replacement in whole or part of any of the printed
circuit boards is necessary, the calibration frequency }Fc) is naturally no longer ‘valid. Determination
of a new calibration would demand that the relay be returned to the factory.

Trip Timer Setting

- The time duration from switching on the AC input to closure of the "TR" relay confacts’if 4% to 5%
cycles minimum when the trip setting of the relay is above the applied frequency. The following is a
breakdown of this total minimum time. : :

0-1 cycle=w-n= Voltage incidence of first cycle

3 cycles~--- "Count of 3" circuit
L cycle----- Output timer minimum time
1 cycle----- Max. "TR" relay operating time

43; - bk cycles - Total minimum operating time.
. To set the timer with a 120Vrms, 60 Hz test source, use the following procedure:

Place the trip set screws in the 00000-00000 mode. . This makes the 60 Hz system voltage “look" 1ike
underfrequency with respect to the TR frequency sensing element (Be sure the undervoltage detector pot
is fully counter-clockwise). Connect a timer so that the application of the AC power starts it and the
closing of the relay trip contacts (either 11-12 or 14-15 as desired) stops it.  Turn the timer potentio-
meter-on the front panel fully counter-clockwise. Close the AC swithc several times and note that %he
time from closure of this switch till the TR relay operates is in the range of 4% - 5% cycles (75 - 92
milliseconds). Slowly turn the time pot clockwise while monitoring the operating time till the desired
time delay is obtained. , ‘

v‘The true timer delay is the total‘time delay minus 4-5 cycles.
‘Lock the time rheostat by turning its hexnut screw. Again, check the final time delay.

Undervoltage’ Detector Setting

The undervoltage level detector inhibits both the "TR" and "RS" units at a particular level setting
(20% - 90% of rated AC). Using a variable AC voltage source, and the same set screw combination as used
above in the "trip timer setiing” section (00000-00000), set the AC voltage to whatever inhibit level is

. desired. Slowly turn the “undervoltage adjust" pot clockwise till the "TR" relay just begins to chatter.

. Lock the pot and check that the TR relay stays open for input voltage below the intended setting.

-Receiving, Handling and Storage

These relays, when not included as part of a control panel, will be shipped in cartons designed to
protect them against damage. . Immediately upon receipt of a relay, examine it for any damage sustained in
transit. If injury or damage resulting from rough handling is evident, file a damage claim at once with
the transportation company and promptly notify the nearest General Electric Apparatus Sales Office.

Reasanable care should be exercised in unpacking the relay- If the relays are not to be installed

- immediately, they should be stored in their original cartons in a place that is free from moisture, dust
and metallic chips. Foreign matter collected on the outside of the case may find its way inside when the
cover s removed and cause trouble in operation of the relay.

- Also check the nameplate stamping to insure that the model number and the rating of the relay received

agree with the requisition. Check the telephorie relay operation manually (RS and TR) and check that the
contact gap and wipe agree with the values given under the section Mechanica] Check.
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When ordering renewal parts, address the nearest Sales Office of the General Electric Company, specify
quantity required, name of the part wanted, and give complete nameplate data. If possible, give the
General Electric requisition number on whizh the relay was furnished.

RENEWAL PARTS

It is not recommended that renewal parts obtained from sources other than the General Electric Company
be used. Many parts used in relays which appear superfically similar to parts generally available have
special feature or construction which is not apparent on inspection. This is true in some cases even
though the parts have the same manufacture's part number. Other parts, while the same as those generally
available, are specially selected or tested for their specific application.
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