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Abstract

Auxiliaries systems in generating plants at times need to be transferred from one source of
power to another. There are three general methods of performing this transfer, two of which
result in the auxiliaries system being energized while there is significant residual flux in the auxil-
iaries motors. This energization with significant motor flux requires assurance that the phase angle
between the motor residual voltage and the incoming source voltage is not excessive in order to
limit the duty imposed on the motors when the transfer is compieted. Moreover, there are
various contingencies that may result in source voltages that are significantly out of phase, which
creates a need to provide a check of phase angle of the incoming source with respect to the motor
bus voltage.

This paper reviews bus transfer methods, identifies the need for synchronism check in these
methods, presents an advanced synchronism check relay — the type SLJ12A relay to perform the
function for auxiliary bus transfer — and describes studies which illustrate the performance of the
auxiliaries bus and application of the relay during a typical bus transfer.

Introduction

Most ““unit-connected’’ generating units have at least two sources of power for the auxiliaries.
Figure 1 is a simplified one-line diagram of the auxiliaries system for a typical unit.

During normal operation the auxiliaries are supplied from the unit auxiliaries transformer which
is connected to the main generator leads, usually by means of a tap in the isolated phase bus.
During plant-startup before the generator is able to accept load or during periods when the unit
auxiliaries transformer is out-of-service the auxiliaries power is supplied through the station serv-
ice transformer {also referred to as “‘startup’’ or “reserve’’ transformer). During startup, when the
generator is able to accept load, the auxiliaries loads are transferred from the station service trans-
former to the unit auxiliaries transformer; and during plant shutdown a transfer back to the station
service transformer may be necessary. Such transfers are commonly known as bus transfers or
throwovers.

Most generating units and particularly nuclear units require.power for the auxiliaries that must
operate during and after shut down. The station service transformer supplies the auxiliaries power
during these periods also. ‘

A number of generating units do not have a unit auxiliaries transformer and use the station serv-
ice transformer for the auxiliaries power during all circumstances. Nuclear units require a minimum
of two off-site sources of power for the Class 1E systems (engineered safeguards) in addition to
the standby a-c generator. Figure 2 illustrates a simplified one-line diagram for a nuciear unit with
the conventional unit-connected scheme. The second off-site source need only have capability for
starting and supplying the Class 1E and related loads. At some stations the second off-site source
is capable of supplying the unit auxiliaries under normal operation, since it may be the station
service transformer for another generating unit. In addition to the transfers between the station
service and the unit auxiliaries transformers, it is necessary to provide for transfer of the Class 1E
buses between the two off-site power sources.



A variation of the unit-connected scheme is one in which a generator circuit breaker or load-
break switch is installed between the generator terminal and the bus tap to the unit auxiliaries
transformer as shown in Figure 3. A number of nuclear units are being built with this arrangement.
With the generator breaker open the generator step-up transformer serves as an off-site source to
the unit auxiliaries transformer. The unit can be started up using the unit auxiliaries and generator
step-up transformers and the generator is synchronized with the system by closing the generator
breaker. Similarly the unit auxiliaries can continue to be supplied during shutdown by opening
the generator breaker. Routine transfers for startup and shutdown are therefore eliminated. The
generator step-up and unit auxiliaries transformers qualify as an off-site source for Class 1E power
systems eliminating one of the station service transformers that served as the alternate off-site
source in the system shown in Figure 2. The capability for bus transfer is still required for circum-
stances requiring the Class 1E loads. The Class 1E buses would be transferred to the station serv-

“ice transformer if the source of power through the generator step-up transformer became unavail-
able. There may be other non-routine conditions which would require a transfer of all auxiliaries
to the station service transformer.

Bus Transfer Methods

Some methods of bus transfer result in all external sources of power being removed from the
auxiliaries buses for some period of time. Electric motor driven equipment will decelerate with all
external power sources removed from the buses. The rates of deceleration depend upon the iner-
tias of the drives, and the synchronizing power flowing between motors due to the relative trapped
motor fluxes. As the drives decelerate, the motor fiuxes will drift with respect to the voltage
angle of the auxiliaries s;/stem sources. |f these relative angles become large enough at the time
the incoming source breaker is closed, the resuitant voltages between the source and the motors
will preduce inrush currents which may be significantly larger than normai full-voltage starting
currents. These high currents cause high winding forces and transient torques that can damage the
rotating equipment. The motor fluxes and the resulting residual voitage at the auxiliaries bus de-
cay with time. The rate of decay depends upon the motor time constants and is affected by
power transfer between dissimilar motors and by deceleration. Electrical faults can have a signifi-
cant effect on the rate of decay.

The majority of auxiliaries system bus transfers are executed using one of three basic methods:

1. “Parallei”or "'Closed Circuit’”” Transfer.
2.  “iIntentional Time Delay” Transfer.
3.  “High-Speed’ or ““Fast’” or “Non-Intentional Time Delay’’ Transfer.

Parallel Transfer is executed by closing the circuit breaker to the source to which the auxiliary
system is being transferred, before opening the circuit breaker to the source from which the sys-
tem is being separated. Parallel transfer, which ensures that the auxiliary system is not simultane-
ously separated from both sources, eliminates problems associated with the deceleration of the
drives. Parailel transfer should be avoided in situations where the sources are significantly out-of-
phase. Unit auxiliaries and station service transformers can be subjected to excessive duty during
out-of-phase paraliel transfers,



Intentional Time-Delay Transfer is executed by opening the circuit breaker to the source from
which the system is being separated and allows the residual voltage in the auxiliary system to decay
to a specific level before the incoming source breaker closes. The transfer is completed after a
specific time delay or, more frequently, after the residual bus voltage reaches an acceptable, pre-
determined value which will not result in inrush currents that are high enough to damage the ro-
tating equipment regardless of the phase-angle difference. When the motors are re-energized many
or all of them will draw currents which could be equal to or nearly equal to normal starting cur-
rent since they may have decelerated well below full speed. Unless non-essential motors are strip-
ped from the bus the total ““starting’” current for all 'of the drives may cause excessive voltage dip,
preventing some or all of the drives from re-accelerating.

High speed transfer, employing fast-closing, stored-energy-mechanism circuit breakers, can mini-
mize drive deceleration to a level that will limit motor inrush currents to acceptable values. High
speed transfer can be accomplished in either of two ways. Both source breakers can be simuitane-
ously signalled to operate, usually resulting in the auxiliary buses being disconnected from both -
sources for a time of less than three cycles. (Ref. 4, page B-10). There is some probability with
certain circuit breakers that the sources will be paralleled for a very short time using this scheme.
As an alternate method to avoid paralleling the sources, a fast auxiliary contact on the opening
breaker can be employed to signal the incoming source breaker to close, resulting in disconnecting
the buses from both sources for a maximum time of two to five cycles, depending upon the ratings
of the breakers. {Ref. 4, page B-10} This method provides positive indication that the opening
breaker has started to open before the closing breaker is signalled to close. Any auxiliary relays
which are interposed between the opening breaker auxiliary contact and the closing coil of the
incoming source breaker will increase the time that both sources are disconnected from the bus.

A number of generating stations, where more than one transmission voitage is available, are ar-
ranged with the station service transformer connected to a different transmission voltage than the
generator step-up transformer. In these situations, a significant phase angle can exist between the
voltages of the two sources. Care must be exercised to evaluate the effect of this initial phase
angle difference when considering the high speed transfer method. The intentional time delay
transfer must provide sufficient time for motor fluxes to decay, so that the motor inrush currents
are reduced to acceptabie levels. Transfer times, falling between the times associated with high
speed and intentional time delay transfers, will greatly increase the risk of damage to equipment.

To limit the exposure of motors and driven equipment to excessive inrush currents and tran-
sient torques, it is recommended that the resultant voltage between the motor residual volts per
hertz and the incoming source volts per hertz not exceed 1.33 per unit volts-per-hertz of the motor
rated voltage and frequency bases (Ref. 1, paragraph 15, page 14).

Need for a High Speed Synchronizing Check Reiay

There is a need for a high speed synchronism check relay for high speed automatic bus transfers.
Such a relay is also desirable for parallei transfer cperations.



The rate at which rotating equipment decelerates when electric power to the motors is inter-
rupted is basically a function of the inertias of the rotating parts. Large generating station boiler
fans and reactor coolant pumps with large flywheels generally decelerate very slowly and the phase
angle of the motor residual voltage does not change very much with respect to the system voltage
during a high-speed transfer. On the other hand iow inertia drives such as circuiating water pumps
decelerate quite rapidly and the change in phase angle of the motor residual voltage with respect
to the system voltage can be relatively large during a high-speed transfer. The degree to which in-
dividual motors are loaded also affects the rate of deceleration. It is quite common practice to
group motor drives of different applications and ratings on a single bus. In these situations the
high inertia drives will decelerate faster and the low-inertia drives will decelerate slower than if
they were isolated from each other. Examples of an isolated fan drive, an isolated circulating
water pump and a bus with dissimilar loads are presented later. At a particular time the combina-
tion of motors connected to & bus can be different from the combination required for a different
operating condition. The degree to which the individual motors are loaded can vary also. Under
varying ioad circumstances the changes in bus residual voltage during bus transfer operations can
vary between the extremes for the individual drives operating alone on the bus.

Where it is desired to apply a fast transfer scheme it is necessary to determine the worst condi-
tions of resultant voltage between the motor residual flux {or voltage) and the incoming source at
the time the transfer is completed. Any initial phase angie difference between the sources must
be taken into account.

Where the high-voltage windings of the generator step-up transformer and the station service
transformers are connected to the same high-voltage bus the assumption that the sources are in
phase is usually a reasonable one. The step-up transformers of many large contemporary generat-
ing units are connected to 500 kV and 765 kV systems. The costs associated with connecting the
station service transformers to these EHV systems is considerably higher than the cost of connect-
ing them to lower voltage transmission systems. |f lower voltage transmission is available at the
plant site or even nearby, the startup or reserve transformers are often connected to the lower volt-
age systems. In these situations assumption that the sources are in phase is no longer a valid one
since the possibie maximum phase angle differences between the systems can be significant. For
instance when a transmission-tie autotransformer at the Qenerating station is out of service, the
phase angle difference between the voltage levels can be significant if the systems are tied together
remotely or not at all. A number of situations exist where the phase angle difference can be 20 to
30 degrees prior to the transfer operation. Angles of this magnitude can provide quite a head start
for the motors which will begin decelerating and drifting away from the source after a high speed
transfer is initiated. The authors are aware of a contingency situation at a large generating station ‘
where the initial phase angle prior to transfer is close to 70 degrees.

The initial phase angle is a very important factor in determining where the motor fluxes will be
relative to the power source after a given time during a transfer. For such situations it is more im-
portant than ever to determine the expected resultant voits/hertz between the incoming power
source and the motor residual voits/hertz to determine whether excessive duty will be imposed on
the motors or the driven equipments. Where contingencies or operating conditions ¢an cause



changes in the phase angle between the source voltages and these changes can result in excessive
duty on motor drives as the result of a bus transfer operation, there is a need to continuously mon-
itor the source voltages and block high speed transfers when an acceptable initial angle is exceeded.

Another example of the need for monitoring the phase angle between sources involves a gener-
ating unit where the auxiliaries are not automatically transferred to the station service transformer
when a load rejection occurs (the generator high side breaker trips). Such a situation exists where
particular units are to be used to reenergize the transmission system after a major system disturb-
ance. Under these circumstances the transmission system is unavailable to supply power to the
auxiliaries through the station startup transformer. The auxiliaries must continue to be supplied
from the generator through the unit auxiliaries transformers. These units must be capable of oper-
ating with only their auxiliaries for load. Many automatic transfers are initiated by mechanical
problems such as boiler or turbine trips. When a unit experiences a load rejection the turbine-
generator accelerates rather rapidly until control action corrects the speed. The motors which
remain connected to the unit source follow the speed of the generator. |f a load rejection occurs
that is not the result of, or accompanied by, a loss of the transmission system, the source through
the station service transformer might still be available. i{f a mechanical problem develops subse-
quent to the load rejection and an automatic transfer is initiated, the auxiliaries would probably
be at some random phase angle and frequency with respect to the station service source. The trans-
fer could occur at any time and the motor drives could be subjected to severe transient torques as
a result. If the phase angle between the auxiliaries bus and the station service source exceeds a pre-
determined value, the automatic transfer could be blocked by action of a synchronism check relay
which is capable of monitoring the phase angle continuously. The expected acceleration rates of
the turbine-generator and auxiliary motors should be considered when determining the limiting
phase angle at which the relay should initiate blocking action.

At a number of generating stations, bus transfers are initiated when certain electrical faults
oceur. It is not uncommon for the operation of a unit auxiliaries transformer differential relay to
initiate a bus transfer. When a short circuit occurs the motors contribute fault current. The
amount of fault current contributed by the motors depends upon the impedance between the
fault and the motors. |f the fault is located between the auxiliaries transformers and the auxiliar-
ies bus there is little impedance between the motors and the fault. The motor contributions will
be significant and will decay within a few cycles. Typical large squirrel cage induction motors for
power station applications have short-circuit time constants ranging between 1.5 and 6 cycles with
most falling between 2.5 and 4 cycles. Synchronous motors with excitation maintained during the
fault will have longer short circuit time constants than induction motors. Any significant imped-
ance between the motors and the point of fault will reduce the motor fault currents and lengthen
the time constants. The decay in motor fault current is caused by the decay of the motor fluxes.
Since the rate of decay of the fluxes is dependent on the total curcuit time constants to the point
of fauit the level of fluxes in the motors at a given time wiil vary depending upon the iocation of
the fault. !f the resulting residual bus voltage is depressed to a value below the value acceptable



for an intentional time delay transfer then the transfer can be completed without concern for ex-
cessive duty on the motors and driven equipment. if, however, there is significant, although pos--
sibly depressed, residual voltage on the bus when the transfer is initiated the phase angle between
the.bus and the incoming source is of concern just as in the case of a transfer from a heaithy elec-
trical system. In these situations it is desirabie for a synchronism check relay to maintain pickup
angle accuracy for depressed bus voltages.

If it is still desirable or necessary to transfer the auxiliaries after automatic high-speed transfer
has been biocked, the bus transfer logic could revert to a time delay transfer.

Operation of the Synchronism Check Relay

A synchronism check relay for use in the fast transfer of motor circuits must be capable of
being continuously energized, must exhibit an extremely fast dropout, and measure phase angle
accurately even with one input depressed from nominal. It is for this application along with one
other that the SLJ12A relay was developed. The other application is synchronism check in a high-
speed reclosing scheme on transmission lines.

The SLJ12A relay provides the synchronism check function by directly comparing the coinci-
dence between the bus voltage and the line voitage. The three basic functions of the relay are dia-
gramed in Figure 4. These are: the bus and line undervoitage units, the comparison of the angle
between the bus and line voltage, and the intentional time delay accomplished by TL2. This latter
function requires that a number of successive cycles be in phase.

The undervoltage functions are provided by electro-mechanical units, device 27B for bus, and
device 27L for line detection. These units pick up at slightly over 50 percent of rated volitage and
drop out at slightly under 50 percent rated voltage. Detection of undervoltage by either unit will
prevent further operation of the relay by applying a positive d.c. signal to the NOT input of AND
3 as shown in Figure 4.

The comparison of the angle between the bus voltage and line voltage is made by T1, T2, AND
1, AND 2, and TL1, as illustrated in Figure 4, The two voltages are coupled through separate
transformers, T1 and T2, where the positive half cycle of voltage provides a signal to AND 1 while
the negative half cycle of voltage provides a signal to AND 2. When both the bus voltage and line
voltage are positive and feeding a signal to AND 1, a signal is transmitted to timer TL1. If this co-
incidence of bus and line voltage lasts longer than the setting of the pickup time A, then timer TL1
provides an output. In a like manner, the negative coincidence of these voltages provides an out-
put through AND 2 to TL1.

The input to TL1 timer is shown in Figure 5. The top two traces are the bus and line voltages.
The third trace is the output of AND 1 that occurs whenever both the bus and line voltage are
positive by at least a small amount. The fourth trace is similarly positive when these two voltages
are negative by a small amount. The fifth trace in Figure 5 in the input to timer TL1, which is posi-
tive whenever either AND 1 or AND 2 provides a signal. |f the signal persists for longer than A,
the pickup time of TL1, then a signal is provided to the middle input of AND 3, indicating a bus
and line angular difference less than the setpoint of the reléy. This signal indicates that on an in-
stantaneous basis, the angular difference between the two voltages is less than the synchronism
check angle setting. This signal will persist for 8 milliseconds after the input to TL1 disappears.

8.



Again referring to Figure 4, there are two other inputs to AND 3 in addition to the signal from
TL1. One is the output of contact converter CC1 controlled by a supervising contact if desired,
and the other is the autput of the undervoltage units 271 and 278 through the NOT input. For
. the auxiliary bus transfer application, no supervising contact would be connected to contact con-
verter CC1. Instead a d.c. signal would be applied continuously to CC1, thus allowing continuous
operation of the synchronism check relay. The bus and line undervoltage detectors will be picked
up if their voitage is above about 50 percent.

Thus, with CC1 continuously supplied with d.c., at least 50 percent voltage on both the bus and
line and the synchronism check angle setting satisfied, the necessary inputs will be present at AND
3 and a signal will be applied to TL2. When this signai persists at TL2 for its setting of B milli-
seconds, an input is provided to AND 4.

Timer TL2 provides an intentional time delay in the pickup of the relay. This time delay de-
pends on the setting of TL2, which can be set between 10 and 180 milliseconds. This intentional
time delay performs two functions. First it requires that a number of half cycles confirm that in-
stantaneous synchronism check angle setting has been satisfied. Second, it limits the maximum
frequency difference between the two voitages which will still allow the SLJ12A relay to pick up.
The frequency difference will be discussed further in Relay Performance.

TL3is a timer used to inhibit relay operation for 100 milliseconds after d.c. energizing to pre-

- vent false operations during turn on transients.

With the output of both TL2 and TL3 to AND 4, the output relay is energized to close the syn-
chronism check contacts. These contacts will remain closed until any of the relay conditions fail
to be satisfied. i

- Relay Performance

The SLJ12A synchronism check relay provides several desirable performance features. First, it
has a fast dropout time. If after pickup, the angular displacement between the bus and line voit-
age exceeds the relay set point, the output contact will open in 25 milliseconds. This dropout
time provides verification that the systems were still within the angular setting of the SLJ12A re-

" lay until one and one-half cycles before the incoming source breaker is energized. A second contact
is provided to prevent transfer initiation in a similar time if desired. With the previously postulat-
ed conditions and the proper relay settings, this dropout limitation should limit transfer to accep-
table angular'conditions. The second desirable performance feature of the SLJ12A is that it can

be continuously energized. With the resulting continuous synchronism check, no time delay is
introduced prior to initiation of the transfer.

A third desirable characteristic is the consistency of the relay synchronism check pickup angie

with variations in voltage. Figure 6 demonstrates the SLJ12A variations in pickup angle as a func-
~ tion of voitage. Note that, the relay changes its characteristic by only 3 degrees down to 50 per-
cent voltage at which the bus undervoltage relay will inhibit the synchronism check function. On
the same plot, this SLJ characteristic is compared with that of a conventional synchronism check
relays. The conventional relay compares the voltage difference versus the bus or line voltage. The
improvement is apparent, and the SLJ12A relay will give an accurate angular verification even if



the motor bus voitage is reduced. If the voltage is below 50 percent, no relay output will result.

A separate voltage cutoff of source voltage may be desirable in order to prevent fast or simultane-
ous transfer if the alternate source is less than that voltage which would provide satisfactory
operation of the loads.

Finally, there is a possibility of the two voltages (bus and source or the two source voltages)
having a different frequency. With each voltage having a different frequency, there will be some
times that these voltages are in phase, and other times when the two voltages will be 180 de-
grees out-of-phase. If the synchronism check relay provides an output when the two voltages
are within its angular setting, before the breaker can close its contacts these two voltages may
have swung considerably apart, and there is a possibility of damage to equipment. To prevent
the above possibility, the pickup should be time delayed. If accomplished properly, this time
delay will limit the frequency difference between the two voltages to a reasonable amount be-
fore the synchronism check output relay will pick up. It is for this purpose that the TL2 time
delay of B milliseconds was introduced into the SLJ12A relay. For instance this time delay
should be long enough to prevent the relay from providing an output if the auxiliaries bus has
been separated from a source long enough to slip a complete cycle.

The slip angular cutoff of the relay is inversely proportional to the pickup time of the relay
and directly proportional to the angular setting. Equation 1 defines the relationship.

S = A/180* (P.U.) . (Equation 1)
where: S is the cutoff slip in hertz

A is the angle at which the relay is set

P.U. is the pickup time of the relay in seconds
A pickup of the relay with large slip between the bus and line voltage could create a large angu-
lar difference between these two systems at the time when the closing breaker closes even if
the systems were in phase at the instant the closing breaker was given the close signal. This is
, because of the time delay between the instant at which a breaker receives a close signal, and
the instant at which the breaker closes its contacts.

For example: If the relay is set at 20 degrees maximum angle of pickup, the pickup time is
set at 170 milliseconds by means of the TL2 timer, shown in Figure 4, and the closing breaker
takes 5 cycles to close, the worst angle of disparity allowed by the synchronism check relay
can be determined. The maximum slip for this condition, using Equation 1 and the above con-
stants is .65 Hertz or 235 degrees per second. |f the breaker takes 5 cycles or 83 milliseconds
to complete its close cycle, then the motor voltage can slip 19.6 degrees in the time that the
breaker takes to close. This 19.6 degrees added to the relay setting of 20 degrees gives a 39.6
degree separation between bus and source voitage as the maximum angle that can result with
the assumed conditions.

For the auxiliary bus transfer application, TL2 should normally be set at maximum, thus
limiting slip to values compatable with the previous example.

These performance characteristics are illustrated in Figure 7, and are compared with the re-
quirements of the bus transfer application as follows in application examples.



Application Examples

Three application examples are discussed:

1. A typical auxiliaries bus with several dissimilar motor loads.

2. A typical low inertia circulating water pump drive operating alone on a bus.

3. A typical high-inertia induced draft fan operating alone on a bus.

These examples illustrate various conditions of drive deceleration and residual voltage during a
high speed transfer typical of those which should be considered when applying an SLJ12A relay.
A typical circulating water pump drive, in isolated operation, will have a rapid deceleration rate
compared to that for a system with pumps, fans, pulverizers, etc. all connected to the same bus.
Conversely a typical boiler fan in isolated operation will have a relatively slow deceleration rate
compared to a system with drives for several applications. In addition to illustrating the differ-
ent deceleration rates for low and high inertia drives connected to separate buses the pump and
fan examples indicate possible boundary conditions of deceleration rates for a typical bus

where the pumps or fans could be the only connected load at some time when a transfer is
initiated.

The system configuration for the examples is shown in Figure 8. All of the examples repre-
sent high speed transfers. Upon initiation of the transfer, breaker U’ is signalled to open and
its auxiliary “’b’’ switch signals breaker “‘S’' to close. The resultant volts “VR" across the open
breaker “’S" just prior to the closing of the breaker contacts, is the voltage which is indicative
of the duty to which the motors will be subjected.

The following conditions and criterion apply to the examples:

1.  No electrical faults exist in the system.

2. Unit and station service source voltages are 1.0 per unit, and do not change in

magnitude or relative phase angle.

3.  Breaker closing time of 5.4 cycles from time that auxiliary b’ switch operates.

(Figure 9A illustrates the breaker sequence for the examples. A range of closing
times of 3.6 to 5.4 cycles is shown.)

"4, Criterion for acceptable duty for motor drives: Maximum resultant voltage between
station service source and bus residual Volts/Hz of 1.33 per unit volts/Hz on motor
voitage and frequency bases {(Reference 1).

For each example a maximum permissible initial phase angle difference between the unit and
station service sources will be determined based on the deceleration and decay rates for the
particular examples.



The examples representing a typical auxiliaries bus with dissimilar connected loads is based
on osciliograph data showing the phase angle drift and voltage decay on a bus after the unit
source was interrupted during a test. Figures 9A and 9B are constructed from the oscillograph
trace. The voltage decay on this particular bus is more rapid than for many auxiliaries buses.
This indicates a sizeable amount of synchronizing power was being interchanged between very
dissimilar drives. Figure 10 is a vector diagram illustrating the magnitude and phase angle
relationships of per unit volts per hertz for the unit source voltage, the auxiliaries bus residual
vaoltage just prior to the closing of the station service source breaker contacts, and the limits of
maximum acceptable station service source phase angle for leading and lagging conditions.
These limits were determined for maximum resuitant volts per hertz between the bus and sta-
tion service source of 1.33 per unit as previously specified. The indicated limit for the station
service source leading the unit source voltage {or auxiliary bus voltage prior to transfer) is 58
degrees. For a lagging source voitage the limit is 116 degrees. The relay should be conserva-
tively set for 53 degrees or less, for this example, to meet the motor criteria.

The results for a typical circulating water pump drive are illustrated in Figure 11. The maxi-
mum phase angie by which the station service source can lead the unit source (or auxiliaries bus
voltage prior to transfer) and meet the resultant volts per hertz criterion for the motors is 35
degrees. The bus transfer method and system conditions were as previously stated. The results
for a typical fan drive are illustrated in Figure 12. The maximum phase angle by which the
station service source can lead the unit source {or auxiliaries bus voltage prior to transfer) and
meet the resuitant volts per hertz criterion for the motors is 84 degrees. Since the application
range of the relay is 10 to 60 degrees, the relay would be set for some expected initial phase
angle difference between the sources of 60 degrees or less,

For any c‘ombination of expected transfer conditions the limiting initial phase angle differ-
ence satisfying motor duty criteria should be determined. The limiting phase angle difference
satisfying motor duty criteria for all expected transfer conditions shouid be determined and the
relay be set accordingly.

Conclusion

The methods of transferring power plant auxiliaries from one source to another have been
discussed. For many bus transfer conditions, it ‘is desirable to verify that the phase angle bet-
ween the motor bus voltage and the incoming source voltage is not excessive in order to mini-
mize the exposure of equipment to severe duty. To perform this angular check, the type
SLJ12A synchronism check relay is proposed. A further study was performed verifying the
satisfactory performance of the SLJ12A relay for variations of auxiliary motor loads and
characteristics.

10.
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FIGURE 4
SLJ12 LOGIC DIAGRAM
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FIGURE 6
CHANGE IN RELAY CHARACTERISTICS WITH BUS VOLTAGE
FUNCTION RATING SYMBOL HOW SET
QOperate Continuously | Yes Bypass Supervising Contact
Drop Qut Time 25 Milliseconds D.OC. No Setting
Pick Up Time 20—170 Milliseconds P.U. B Time of TL2 in Figure 4
Angle Setting 10—60 Degrees A Time of TL1 in Figure 4
Siip Cutoff S= A/180 (P.U.) S Dependent on Setting

Pickup and A"

Temperature Range

~20 to 55° C Per ANST
{Proper Operation

and No Damage

at65° C

Seismic Capability

At Least 6ZPA

Applications

Synchronism Check of 1. Fast Bus Transfer
2. High Speed Reciosing of Transmission line
3. Reclosing With Significant Voltage Difference

FIGURE 7
SYNCHRONISM CHECK SLJ12 CHARACTERISTICS




UNIT

VSS

it g

N.O. |
[ S—

~%— SOURCE
VOLTAGE
Vu
(U] N.C.
RESIDUAL /
BUS VOLTAGE
Vm

MOTOR LOADS

FIGURE 8

SYSTEM CONFIGURATION FOR EXAMPLES

|« BREAKER ARCING TIME _,,]

SYSTE

- STATION SERVICE
SOURCE VOLTAGE

Vg —e RESULTANT

VOLTAGE

M MOTOR

VOLTAGE BUS

\ VOLTAGE

s o - voven e s wncrs scncs e come Sows woied

< UNIT BREAKER#

UNIT

TRIP COIL
ENERGIZED

FIGURE 9A

BREAKER
AUXILIARY
CONTACT
OPERATES

U __....&E

\

_________ X-
-

‘—]
MOTOR LOAD
COMPLETELY
SEPARATED
FROM SYSTEM

RANGE OF STATION
SERVICE BREAKER"
CLOSING

SYSTEM VOLTAGE & AUXILIARIES BUS RESIDUAL VOLTAGE
DURING HIGH SPEED TRANSFER OF TYPICAL AUXILIARY SYSTEM



SYSTEM MOTOR

VOLTAGE BUS

NO.1 % VOLTAGE
AN W

l i
ez,
MOTOR LOAD
COMPLETELY
SEPARATED

FROM SYSTEM

FIGURE 98B
SYSTEM VOLTAGE & AUXILIARIES BUS RESIDUAL VOLTAGE
WITHOUT COMPLETION OF TRANSFER AFTER SOURCE BREAKER OPENS.
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FIGURE 10
VECTOR DIAGRAM FOR RESULTS OF
TYPICAL AUXILIARIES BUS EXAMPLE
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FIGURE 11
VECTOR DIAGRAM FOR RESULTS OF TYPICAL
CIRCULATING WATER PUMP EXAMPLE
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FIGURE 12
VECTOR DIAGRAM FOR RESULTS OF TYPICAL
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