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I PURPOSE AND APPLICATION

The XASV automatic generator synchronizing device is a
single package which houses a synchronizer, with a volt-
ageimit option, a speed matching option and a voltage
matching option. These options permit various combina-
tions of functions for particular generator synchronizing
schemes.

The XASV system, shown in an expanded view in Fig.
I, can manipulate the speed of the. generators’ prime
mover, manipulate the voltage of the incoming generator,
then close the connection between the incoming generator
and the running bus only when conditions are satisfactory
for synchronizing.

The name XASV is derived from the following basic
functions that make up the system:

X - Automatic Synchronizer

This function is used to close the connection between an
incoming power generator and the running bus when they
are at a slightly different frequency. The synchronizer is
designed to energize the closing circuit of the connecting
circuit breaker at a constant time before the point of

synchronism is reached. This time is set equal to the

" breaker closing time. The synchronizer also limits the
maximum phase angle before the point of synchronism at
which the breaker closing circuit may be energized.

This basic synchronizer (X) consists of the case and
rack assembly furnished with a regulated power supply, a
plug-in converter printed circuit module, a plug-n
synchronizer printed circuit module, and a synchronizer
relay.

The printed circuit modules described are shown on
Fig. 1 from left to right.

A - Voltage Acceptor

This option is a voltage lock-out device which inactivates
the synchronizer if the generator and/or bus voltages are
outside set limits. It is the third plug-in printed circuit
module shown in Fig. 1.

S - Speed Matcher

This option provides raise or lower signals to the speed
control of the prime ‘mover governor to correct the fre-
quency of the oncoming generator to the frequency of the
bus. It consists of the fourth plug-in printed circuit mod-
- ule and a pair of relays.

V - Voltage Matcher

This option provides raise or lower signals to the voltage
adjuster of the incoming generator. It is a pulse and wait
controller which brings the generator voliage to within the
set values of the voltage acceptor card to allow synchro-
nizing. It consists of the fifth plug-in printed circuit mod-
ule and a pair of relays.

The following combinations are availabie:

Type  Style No. Components Included

XASV  127D741G01 Automatic Synchronizer, Volt-
age Acceptor, Voltage Matcher
and Speed Matcher

XAS 127D741G02  Automatic Synchronizer, Volt-

age Acceptor, and Speed
Matcher

Automatic Synchronizer and
Speed Matcher

X8 127D741G03

Automatic Synchronjzer and
“Voltage Acceptor

XA 127D741G04

X 127D741G05  Automatic Synchronizer

NOTE

The rack assembly is furnished with all the printed
circuit card module connectors and their wiring.
Thus, Efi‘y synchronizer unit originally furnished
from the factory without options can have these op-
tions added in the field by merely plugging in the
option p.c. card modules and plug-in relays.

A typical XASV application for synchronizing an in-
coming generator to a running bus system is shown in Fig.
2. The two generators in the scheme have breakers with
different closing times. A type EQ breaker closing time
equalizer, described in 1.B.127D742, is included in the
generator No. 2 breaker closing circuit, permitting the
XASV system to be used with common synchronizing set-
tings for both generators. :

For synchronizing generator No. 1, switch SSI is
closed. The synchronizing switches 851, $82, etc., are op-
erated by a common handle removable only in the off
position. Thus, ali switches are in the off position except
the one in use. When in the aufomatic position, switch
581, for example, connects generator No, ! potentiat
source to the converter module and the bus potential



source to the power supply and converter module. Corn-
nections are also made to Generator No. 1 breaker as well
as its speed and voltage controllers.

11 DESCRIPTION

a. Type X Automatic Synchronizer

The Type X Automatic Synchronizer is used as a means of
recognizing conditions of synchronism between two a.c.
systems and appropriately energizing the closing circuit of
the circuit breaker that ties the incoming system to the
running system. Any circuit breaker will have a definite
operating time and the synchronizer recognizes this by
energizing the closing circuit at a constant time before the
exact point of synchronism, The closing circuit of the
breaker is therefore energized while the systems are still
out of synchronism. This is done at an advance angle that
is computed from the rate at which the systems are reach-
ing synchronism. For example, if the systems are coming
into synchronism rapidly, the closing circuit must be ener-
gized at an angular position well in advance of synchro-
nism in order that there be enough time for the circuit
breaker to close. On the other hand, if the systems are
coming into synchronism at a slow rate, the circuit
breaker closing circuit is energized at a small advance
angle, since the systems will change their relative angle
very little while the circuit breaker is closing.

It is undesirable to tie two systems together when they
are approaching synchronism very rapidly. Consequently,
the Type X Automatic Synchronizer will lock out if the
angle in advance of synchronism at which the circuit
breaker closing circuit must be energized exceeds a spe-
cific value. This advance angle is adjusted on the synchro-
nizer module and has a range of O to 40 degrees. The
other adjustment on the synchronizer p.c. module is la-
beled “Breaker Closing Time.” One control knob of this
adjustment allows a range of .10 to .20 seconds while
another knob operates a 3 position switch which multi-
plies the range by 1, 2 and 4 respectively providing a
breaker closing time range from .1 to .8 seconds.

A breaker anti-pump circuit is incorporated in the Type
X synchronizer so that if the generator breaker does not
remain closed for approximately 15 seconds after the clos-
ing command is given by the synchronizer, the synchro-
nizer is locked out.

b. Type A Voltage Acceptor
A lockout circuit on the optional voltage acceptor p.c.

module inactivates the synchronizer if voltages are outside
of set values. It has three adjustments:

1. Lower Voltage Limit - A five-position under-voltage
lock-out switch has settings of 80, 9Q, 100, 110 and
120 volts. If either the generator voltage or the bus

“voltage falls below the selected setting, a lockout signal
is given to the synchronizer.

2. Upper Voltage Limit - A five-position over-voltage
lock-out switch has settings of 90, 100, 110, 120 and
130 volts. If either the generator voltage or the bus
voltage is above the selected setting, 2 lock-out signal is
given to the synchronizer.

3. Voltage Difference Limit - A five-position difference-
voltage lock-out switch has settings of 1, 2, 5, 10 and
50 volts. If the voltage difference between the genera-
tor and bus exceeds the selected setting, a lock-out
signal is given to the synchronizer.

c. Type S Speed Matcher

The Type S speed matcher option is used to automatically
provide raise or lJower signals to the prime mover governor
of the oncoming generator. It becomes operable when the
generator frequency is within * 10% of the bus frequency.
It is a proportional type signalling device which gives a
speed correction pulse each beat cycle, i.e., the time inter-
val between correction pulses become increasingly longer
as the frequency (speed) of the incoming generator ap-
proaches the frequency of the bus system. The puises,
having a duration time adjustment control, occur at the
50 degree past phase coincidence point.

Should the incoming generator stabilize at the exact
speed of the bus for an extended period of time, the speed
matcher will energize the raise relay to slightly increase
the generator speed. This kicker-pulse will cause the in-
coming generator to pass through synchronism rather than
possibly remain in an “out of phase” position. The kicker
pulse range is adjustable.

The three speed matcher module adjustments are:

1. Raise Speed Relay Closure Time - The range of adjust-
ment is from .1 to .4 seconds,

2. Lower Speed Relay Closure Time - The range of adjust-
ment is from .1 to .4 seconds.

3. Raise Relay Kicker Pulse - The range of adjustment is
from 10 to 40 seconds.

d. Type V Voltage Matcher

A pulse-and-wait repulator is built into the voltage
matcher to automatically manipulate the motor driven



voltage adjustor of the inconing generator. A pulse, with
adjustable duration of .25 to 2 seconds, and a fixed wait
time of 6 seconds is deliveréd to the raise or lower circuit
of the voltage adjustor until the voltage of the incoming
circuit is within the set point selected on the voltage
matcher. The set point is adjustable from 1 to S volts.
When the voltages are this close topether, the voltages fall
within the dead band of the voltage matcher and its regu-
lating action on .the motor operated voltage adjustor
stops.

Il OPERATION
a. Type X Synchronizer

Accuracy of synchronization is accomplished by using
serni-conductors to develop a triangular waveform voltage
which precisely represents the phase relationship between
the generator and bus system potentials. This triangular
waveform has a maximum value at phase coincidence of
the two potentials. Also it is linear from the maximum
value at phase coincidence to a zero value at the 180
degree relationship between the generator and bus system
potentials. In the synchronizing procedure, the frequency

(speed) of the generator is slightly different from the bus.

Thus, the phase difference between the generator and bus
voltage of a different frequency is a linear function of
time. The triangular phase difference waveform, therefore,
represents exact variation of phase difference with time
permitting accurate phase coincidence prediction. With
this technique, the Type X synchronizer provides a closing
command to the generator breaker within three degrees of
phase coincidence. '

The Type X synchronizer includes the converter card
and synchronizer card. The circuitry for developing the
triangular waveform voltage is located on the converter
printed circuit module. As shown on Fig. 4, the generator
and bus sine wave inputs, terminals 11, 12, 14 and 15, are
applied to transformers whose secondaries drive switching
transistors. The outputs from the switching transistors are
square waves of constant amplitude (12 volts) but differ-
ent frequencies, terminals 19 and 20. These square waves
are taken to the speed-matcher module.

These square waves are also mixed in an “exclusive or”
circuit on the converter card to develop the triangular
phase difference voltage e 1 at terminal 1. This voltage is at
maximum value of approximately 39 volts at phase coinci-
dence of the two sine wave inputs. The low pass filter
eliminates the high frequency ripple from the output.

Tiwe synchronizer module, Fig. 5, will allow synchro-
nizer relay 25 to close only when the following conditions
are satisfied.

1. The generator breaker is open.

2. The opticnal voltage acceptor module gives a release
signal indicating that the generator and bus voltages are
within required limits.

3. The rate at which the systems are approaching
synchronism is such to allow the breaker to close at
exact phase coincidence with minimum disturbance to

the systems.

4. The incoming voltage which energizes the internal
power supply of the synchronizer is above a minimum
value.

5. The synchronizer has been energized for one second.

As stated under purpose and application, the closing
circuit of the breaker must be energized while the incom-
ing generator and the running bus system are still out of
synchronism. The advance angle at which this is to be
done is shown on the curve Fig. 9.

The two leve] detectors in Fig. 5 constitute the basic
synchronizer circuit. One is a phase advance level de-
tector, It is connected directly to the triangular output ]
of the converter card, to give an outpui shown as ey in
Fig. 5 at a definite phase angle before synchronism. This
has an adjustable range from O to 40 degrees.

The second level detector produces a pulse at a definite
time before phase coincidence. It is the breaker closing
time detector and is fed by the output of a differentiator
and summing network. This signal is shown as e, in Fig. 5
and it produces an output e,; at a definite time before
synchronism. This breaker closing time setting has an ad-
justable range from .1 to .8 seconds.

Assume that the frequency difference is too large for
desired synchronization; the speed of the incoming gen-
erator is too slow or too fast. The resultant beat period,
that is, the time in seconds for a synchroscope to make
one complete revolution, is shown as Typ in Fig. 4.

.This condition results in the output signal from the
breaker closing level detector e,y occurring ahead of the
output from the advance angle level detector ¢5,. The
synchronizer logic circuit recognizes this as an unfavorable
synchronizing condition and therefore blocks relay 25
from being energized.




Thus, it is required that the speed of the generator be
brought closer to that of the bus system to result in a
smaller frequency difference, that is, the beat period must
be lengthened. This speed change must be sufficient to
make the phase angle level detector signal e} ; occur ahead
of the breaker closing time level detector signal €, 1- This
is shown as Tp in Fig. 4. The logic circuit then, noting
pulse ey precepded pulse e, allows relay 25 to be ener-
gized since, at this new frequency difference, there is now
sufficient time for the breaker to close within the set
advance angle.

The dotted example shown on Fig. 9 illustrates an in-
stallation having a breaker with 0.4 second closing time.
For a desired frequency difference of 0.2 hertz (5 seconds
for one complete revolution of the synchroscope}, the
advance angle setting would be 31 degrees. Thus, the
.synchronizer will stay locked out until the frequency dif-
ference is 0.2 hertz or lower.

A breaker anti-pump feature is included in the synchro-
nizer scheme. It is shown as a timer in Fig. 5. The object
of the timer is to disable the synchronizer for approxi-
mately 15 seconds after the breaker closes. If the breaker
remains closed during this period, the synchronizer is
automatically reset. However, if the breaker trips within
the 15 second period, the synchronizer remainsdisabled
until it is de-energized, allowing for the fault to be cor-
rected and then turned on again. This circuit requires the
use of an “a™ contact of the generator breaker, terminal 3.
The breaker “b™ contact, terminal 16, is in the relay 25
circuit to lock out the synchronizer.

b. Type A Voltage Acceptor

Since the triangular phase difference wave form, ¢ on the
converter card, is developed independent of the input
voltage magnitudes, the synchronizer will close accurately
at wide generator and bus voltage limits. The type A volt-
age acceptor module will prevent synchronization unless
the generator and bus voltage are within specified Hmits.
This module, shown in Fig. 6, necessitates that the genera-
tor and bus voltage to be above a minimum value, below a
maximum value, and within a difference value to give a
release signal to the synchronizer. This lock out value at
terminal 12 is approximately 1 volt with a release value of
approximately 35 voits.

The lower-voltage limit sensing circuit, Fig. 6, is a three
transistor level detector. If either input falls below the
selected value, the output transistor will give the synchro-
nizer module a lock-out signal.

The upper voltage limit circuit operates in a similar
manner.

The voltage difference level detector compares the dif-
ference value of the generator and bus voltages to the
selected permissive difference value.

c. Type S Speed Maicher

The Type S speed matcher option is used to automatically
provide raise or lower signals to the prime mover governor
of the oncoming generator. [t becomes operable when the
generator frequency is within * 10% of the bus frequency.

The inputs to the speed matcher module are the genera-
tor and bus square waveform voltages, terminals 7 and 13
and the triangular phase difference waveform voltage ter-
minal 1 from the converter module. By taking the genera-
tor square waveform into a pulse shaper and combining it
with an “AND”’ circuit from the bus square waveform, it
can be determined whether the generator speed is faster or
slower than the bus. If the generator speed is slower, the
output of this speed determining circuit will set the flip-
flop shown in Fig. 7. Conversely, if the generator speed is
faster than the bus, the bus speed determining circuit will
reset the flip-flop.

The 50 degree level pulse circuit samples both outputs
of the flip-flop. If the flip-flop is set when the 50 degree
sampling occurs, a raise signal is given. If the flip-flop is
reset, then a lower signal is given. Should the 50 degree
sampling pulse not occur during the time set on the kicker
pulse adjustment, a timer will actuate the raise circuit.

d. Type V Voltage Matcher

The voltage matcher compares the magnitudes of the gen-
erator and the bus voltages. Should the generator voltage
be too low, a pulse is given to the voltage adjuster to
slightly increase the generator voltage. A fixed wait period
of 6 seconds duration appraises the correction and delivers
another pulse if the corrected voltage is not within the
accuracy setting of the voltage matcher.

As shown in Fig. 8, the line and bus voltages obtained
from the potential transformers are fed to isolation trans-
formers, each with double secondary windings. All the
secondary voltages are rectified and filtered. These d.c.
voltages are connected to a difference amplifier. The two
outputs of the difference amplifier indicate which of the
input voltages is larger and gives the proper raise or lower
pulse accordingly. The timer determines the length of
pulse duration.

IV BURDENS

The XASV synchronizer system is designed to operate
from potential transformers having 120 volt secondaries
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on either 50 or 60 hertz systems. The intelligence circuits
impose burdens of approximately 5 voltamperes on the
generator and bus potential transformers. The systems
power supply, having a burden of 45 voltamperes, is nor-
mally served from the bus potential through jumper con-
nections at the terminal blocks at the rear of the case.
These jumpers are furnished by the factory between ter-
minals 1 and 3 and between terminals 2 and 4.

Shouid the power supply burden prove to be excessive
for special bus sources, such as capacitor potential devices,
the terminal block jumpers can be removed and the power
supply connected to an auxiliary a.c. source to terminais 1
and 2.

The power supply of the XASV system will function
with its input voltage as low as 70 volts. The synchronizer
will lock out if the voltage falls below this value.

V  SENSITIVITY

The Type X synchronizer is designed to close the breaker
within 3 degrees of phase coincidence under the worst
possible combinations of voltage magnitudes, frequency
difference and temperature (-25 degrees C to +65 degrees
C). As stated under descriptidn, the triangular signal used

for determining phase position between the inputs, is de-

veloped independent of input voltage magnitude. There-
fore, the Type A voltage acceptor is required where moni-
toring of the generator and bus voltage magnitudes and
difference is required.

VI RELAY RATINGS

The five relays of the system; synchronizer, raise and
lower speed, and raise and lower volts are plug-in types
with dust covers. Their contacts are rated 5 amp contin-
uous with an interrupting rating of 1 amp resistive at 125
V d.c. Interposing relays of higher rating can be added
externally if required. :

VII SHIPPING INSTRUCTIONS

The XASV synchronizer unit is shipped in a carton having
measurements of 20 x 12 x 10 inches and having a gross
weight of 45 pounds. {Net weight of the XASV unit is 40

pounds.)

Should it be necessary to return any p.c. card to the

factory for recalibration or repair, special effort-should be

taken in packing the p.c. card so that the card compo-
nents do not get damaged in shipment.

VIil VOLTAGE CORRECTION TRANSFORMER

The XASV system takes its intelligence from the second-
aries of the generator and bus potential transformers. A
serious voltage mismatch occurs at the input to the XASY

_unit if these potential transformer ratio dlfferences are
-significant,

An auxiliary voltage correction transformer can be con-
nected between the generator potential transformer and
the XASV input to offset any ratio errors. S# 1649626 or
equivalent, shown on Fig. 12, can be connected as an
auto-transformer to be either add1t1ve or subtractive in 2
volt steps. :

X SYNCHROV-VERIF IER NOTE

The Type X synchronizer is not applicable for closing
breakers where there is no frequency difference between
the voltages on the two sides of the breaker such as'occurs
with the last open breaker in'a transmission loop. Under
these conditions there will be no phase rotation between
the two voltages although there may be a phase angle
displacement between them. A Type CVE synchro-verifier
relay is recommended for synchromzmg under such condi-
tions.

X SYNCHRONISM CHECKING DEVICE

The XASV system is designed to be as fail safe as circuitry
will permit. Conservative application of components
coupled with liberal width of printed circuit conductors
and with liberal spacing of these conductors assures near
infinite life of the device. Interlocking of circuit functions
also aids in approaching fail safe operation.. For those ap-
plications where the contingencies of failure warrant veri-
fication of the synchronizer’s action, a second device is
used redundantly in series connection to the breaker clos-
ing circuit to supervise the synchronizer operation itself.
It is the Type Y synchre-aceeptor.

The Type Y synchro-acceptor is covered in detail in
1.B. 587C887. It performs the function of identifying the
acceptable zone in which the -automatic synchronizer
must give a closing signal to the generator circuit breaker.
The zone of closing.recognized by the synchro-acceptor is
broad enough to permit a precise choice of phase angle
and rate of change of phase angle by the automatic
synchronizer and yet it is narrow enough to prevent clos-
ing in situations that would constitute mal- performance of
the Type X synchronizer.




X1 INITIAL SETTING ON ALL THE P.C.
CARD MODULES

NOTE

Never make changes on the printed circuit card con-
trols while the synchronizer is energized. Be sure to
remove the power to the synchronizer before chang-
ing these p.c. card settings.

i. Synchronizer (Setting of Breaker Closing
Time and Advance Angle)

The converter card -has no adjustments. On the synchro-
nizer card, the breaker closing time and the advance angle
settings need to be made. Set the breaker closing time of
the actual breaker using the 0.1 to 0.2 second potentxom—
eter and the 1, 2 or 4 multiplier switch.

For the Advance Angle setting, refer to curve on Fig. 9.

1. Select the curve of Flg 9 that corrg,époniis_ fo fhe fre-
quency difference above which it is desired that the
synchronizer prevent the breaker from closing.

2. Find the point on the abscxssa of Fig. 9 that corre-
sponds to the breaker closing time and draw from
there a vertical line to the curve selected in (1) above.

3. From the intersection of the two lines, draw a line
horizontally which will intersect the ordinate at the
necessary phase angle setting.

EXAMPLE:

Given: Breaker closing time = 0.4 seconds
- Desired lock out frequency difference = 0.2 Hz

Wanted: Advance angle setting. Draw a line vertically
from 0.4 sec. on the abstissa to the line representing
0.2 Hz frequency difference. (This corresponds to a
synchroscope making one coniplete revolution in 5 sec-
onds.) A line drawn horizontally from the intersection
meets the ordinate at a point of 28.8 degrees advance
angle setting.

4. Set the advance angle and breaker closing time controls
o their respective values.

b. Voltage Acceptor (Setting of Upper Limit,
.. Lower Limit and Difference Limit)

Select on the upper limit, the desired voltage at which the
synchronizer should lock-out if either the. generator volt-
age or bus voltage should exceed this setting. The five

choices on this upper limit setting are 90, 100, 110, 120
or 130 volts.

Select on the lower limit the desired voltage at which
the synchronizer should lock-out if either the generator
voltage or bus voltage should fall below this setting. The
five choices on this lower limit setting are 80, 90, 100,
110 or 120 volts.

Select the difference value between the generator voit-
age and bus voltage desired for synchronizing. The five
choicesare 1,2, 5, 10 or 50 volts.

¢. Speed Matcher (Setting of Raise Pulse
Duration Time, Lower Pulse Duraiion Time and
Kicker Puise Duration Time) :

The raise or lower relaysare operated once each beat cycie
between the generator and bus system at 50 degree point
past phase coincidence. The raise or lower relay will close

_ its contacts for the time set on their control potentiom-

eter. The range for this closure time is 0.25 to 2 seconds.
Set these potentiometers at the time which suits the re-
sponse characteristics of the governor control.

The kicker pulse will actuate the raise relay in the situa-
tion where the generator is running synchronously with
the bus system for an extended period of time to permit
the generator voltage to go thru synchronism. The range
of this setting is 10 to 40 seconds. :

d. Voltage Matcher {Setting of the Accuracy
Limit and of the Relay Closure Time)

The voltage matcher will operate either the raise or lower
relay until the generator voltage matches the voltage of
the bus within the setting of the accuracy adjustment. The
range of the accuracy setting is.1 to 5 volts. The setting of
the -accuracy should be set below the setting of the differ-
ence adjustment on the voltage acceptor card. This is to
assure that the voltage difference on the acceptor card is
proper to give a release signal to the synchronizer. -

The fixed time duration between pulses of the relays is
approximately 6 seconds. The duration of pulée closure
time is adjustable from 0.25 to 2 seconds. This setting
should be set to suit the characteristics of the motor op-
erated voltage adjuster on the voitage regolator.

XH INSTALLATION AND CHECKING PROCEDURE

Wiring to the XASV unit is made to the two terminal
blocks at the rear of the case as shown on the interconnec-
tion diagram of Fig. 3. The wiring to the unit should be
made with #14 or #12 wire. !
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The leads from the generator breakers’ ‘a” contact to
terminals 7 and 8 of the XASV unit and the leads from
the generator breakers® *b’ contact to terminals 9 and 10
of the XASV unit should be made with twisted pairs of
wires.

The equipment is tested and calibrated completely at
the factory and should be in calibration when instatled in
the field. However, damage in shipment or changing of
calibrated settings by random hands require a check-out
of the equipment upon installation in the field. .

Should the equipment fail to perform correctly per
these mstructxons refer to the Test Instructzons in Section

X, 7
The -preferred method in checking out the synchro-
nizing system in the field is to use the manual control of
the. speed governor of the generators prime mover, and
manual control of .the voltage regulator. This manual con-
trol, with the aid of the switchboard voltmeters indicating
the generator and bus system voltages, and the synchro-
scope indicating the phase position, checks the equipment
to the actual generator condition. :

.. An alternate method is to use a stable oscillator and
amplifier to simulate the incoming generator. Still another
method is to use a variable-speed motor driven phase
shifter to simulate the incoming.generator.

. Checkmg the XASV umt usmg manual speed control
and manual voltage regulator control.

a. Synchromzer

1 Check that the synchromzer is properly connected

pet the interconnection diagram shown in Fig. 3. Be

- sure - that -the generator and bus voltages are of the
“-correct: polanty as shown in Flg 3. -

2. Place the main generator breaker in the test posmon
- 50- that its primary contacts will not close into the live
~bus system. - . : :

"3, With the XASV equipment in the de—snergized posi-
tion, make all-settings on the p.c. card modules as
described in-Section IX. S

4, With the synchronizer unit de-energized, manually
bring the generator speed up to within one cycle dif-
ference of the bus system. This will be observed on

. the synchroscope in takmg one second to make a full

: revolutlon

5 .,.The voltage 6f ‘ the.geherator sh_ould be ina-ﬁual_ly set
at the same value as the bus system..

6. Energize the automatic synchronizer.

7. Using the manual speed control, gradually bring the
speed of the generator to that of the bus system.
When the frequency difference between the systems
is reached as set on the advance angle curve, the gen-
erator breaker should close with the synchroscope in-
dicating exactly zero phase. NOTE: Since the breaker
is in the test position,.the generator output is not
connected to the live- bus system :

8. If available, a high speed chart recorder, connected to
the sine wave generator voltage and the bus system
voltage, will- show precise phase coincidence at the
time the breaker closes.

9. If the phase coincidence is not absolute at the time
the generator breaker contacts close, make a fine cor-
rection adjustment of the breaker closing time kaob.

10. Repeat test steps 7, 8 and 9 until the generator and
-bus voltages are in the precise phase coincidence.

b.. Voltage Acceptor

1. Manual control of the generator voltage is required to
check the operation of the voltage acceptor card.

- 2. With the generator breaker still in the test position,

- bring the generator speed up to within one cycle dif-
ference of the bus system as per step XII-a-4,

‘3. Set the generator voltage- at a value beyond the set-
+ . tings on-the voltage acceptor card.

4. With the generator voltage outside the set values on
“the voltage acceptor card, bring the spéed-of the gen-
erator to within the allowable frequency difference as
set in step XIl-a-7.

5. Holdmg the speed of the generator at the allowable
frequency difference, slowly adjust the generator volt-
age until it falls within the iumts set on the acceptor
‘card. o

6. The voltage acceptor card will give the synchronizer
card a release signal and allow the generator breaker

to close.
¢. Speed Matcher

The speed matcher card receives its intelligence from the
converter card. : ‘




1. Manually bring the speed of the generator to within
one cycle difference of the bus system as per step
Xl-a-4.

2. Note on the synchroscope that the raise speed relay
closes for the time set on the:p.c. card at the 50
degree pomt past phase commdence :

3. Bring the speed of the generator closer to that of the
bus system and note that the raise pulse still occurs at
the 50 degree point past phase coincidence.

4. With the manual speed control, run the speed of the
generator faster than that of the bus system.

5. Note that the lower speed relay closes at the 50 de-
gree point past phase coincidence. '

6. With manual speed control, run the speed of the gen-
erator exactly the same as the bus system. The
synchroscope pointer, will stay in a fixed position
sirnulating a “hung-scope™ condition, Note that the
raise speed relay will operate to the time setting of
the kicker pulse knob on the speed matcher module.

d. Voltage Matcher

1. Manually bring the speed of the generator to within
one cycle difference of the bus system as per step
Xil-a4,

2. Manually lower the generator voltage to a value out-
side the accuracy setting of the voltage matcher card.

3. Note that the raise voltage relay will close for the
time setting of the pulse duration time knob on the
voltage matcher module.

4. Note that the tirne between pulses is approximately
seven seconds.

5. Manually raise the generator voltage to a value just
within the accuracy setting on the voltage matcher
module.

.6. Note that the raise volts relay ceases to pulse.

7. Manually raise the generator voltage to a value out-
side the accuracy setting of the voltage matcher card.

8. Note that the lower voltage relay will close for the
time setting of the pulse duration time knob on the
voltage matcher card. :

9, Note that the time between pulses is approximately
seven seconds.

10. Manually lower the generator voltage to a value just
within the accuracy setting on the voltage matcher
card.

11. Note that the lower volts relay ceases to pulse.

XIII TEST INSTRUCTIONS AND
TROUBLESHOOTING

These instructions are required only if difficulty has been
encountered in the performance of the synchronizing
unit. They are to determine if a fault lies within a printed
circuit module, the power supply or one of the relays.

Should it be determined that a printed circuit card
module is malfunctioning, the card should be returned to
the factory for repair. No attempt should be made in the
field to repair or replace a component on the p.c. card.

Trouble shooting requires the use of a multi-meter hav-
ing a d.c. sensitivity of at least 20 K ohms/volt. The leads
of the voltmeter are to be connected to the plug terminals
on the p.c. cards. Caution must be exercized when placing
the voltmeter leads on the p.c. card terminals in order not
to short out to adjacent terminals of the card. A universal
card extender S# 588C549G01, which can be ordered
from the factory can prove a valuable aid in trouble shoot-
ing and maintaining the synchronizing unit.

" When troubleshooting refer to the block schematic
shown in Fig. 3. The scheme shows the interconnections
of the p.c. cards, the power supply, the relays and exter-
nal terminal blocks. As noted in the scheme, the p.c. card
modules receive the power from the 50 volt dc supply
which is mounted behind the relay panel.

The following is a description of the normal sequence
of operation of the XASV system in bringing an incoming
generator to synchronism with the bus system. Should the
equipment fail to operate in this normal sequence, check
for applicable symptom and defect location explained in
this section. Also refer to typical voltage values as an aid
for pin-pointing location of trouble.

When the generator is brought up in speed to within 10
hertz difference of the bus system, the raise speed relay
will operate when the synchroscope indicates 50 degrees
past phase coincidence. This operation of the raise speed
relay will operate each slip cycle at the 50 degree phase
point. At no time will the lower speed relay operate as the
generator approaches the bus frequency.



If the speed of the generator is held to exactly the same
speed of the bus system, the raise relay will be energized
at the time set on the kicker pulse setting.

The raise voltage relay will operate while the generator
is being brought up to speed, if the generator voltage is
lower in value from the bus system as set on the voltage
matcher card.

Conversely, the lower voltage relay will operate if the
generator voltage is higher than the bus as the generator
comes up in speed. At no time, however, will both raise
and lower voltage relays operate simultaneously.

When the generator speed is brought within the fre-
quency difference of the bus as selected on the advance
angle curve, the synchronizer relay will close at the ad-
vance angle equal to the breaker closing time for the ac-
tual frequency difference. This, of course, will occur only
if the generator and bus system voltages satisfy the set:
tings on the voltage acceptor card.

When the generator breaker closes, all of the relays on
the XASV unit will cease to operate, since as shown in
Fig. 3, the generator ‘b’ contact removes the 50 volt sup-
ply from the relay circuits.

Should for some reason the generator breaker just close
moimentarily, the breaker ‘a’ contact, not being closed for
15 seconds, prevents the breaker anti-pump timing circuit
from timing out. Thus, the synchronizer will automati-
cally stay locked out. To reset the synchronizer, the
power to the unit must be removed, then reapplied.

Had the generator breaker remained closed for more
than 15 seconds, then opened, the synchronizer would
proceed to reclose the breaker when synchronizing condi-
tions were satisfactory.

The following lists various trouble symptoms and the
possible defects when attempting fo localize the malfunc-
tion.

Sympton - No action of any of the relays.

Possible Defect - Defective power supply, loss of a-c

source to the power supply, generator breaker ‘b’ contact _

open or ‘a’ contact closed.

Sympton - Speed and Voltage Matcher relays operate but
the synchronizing relay does not.

Possible Defect - Defective voltage acceptor card; check to
be sure generator and bus system voltages are well within

the voltage acceptor settings. Check for 35 volt release
signal from terminal 12 to 10 on the voltage acceptor
card.

Symptom - Speed matcher relays will not operate - Voit-
age matcher and synchronizer relays do operate.

Possible Defect - Defective speed matcher card - Remiove
speed matcher card and measure for correct voltages from
terminals 11 and 20 to terminal 5§ (common) of the con-
verter card.

Symptom - Voltage matcher relays do not operate - Speed
matcher and synchronizer relays do operate.

Possible Defect - Defective voltage matcher card - Check
ac voltages at terminals 3 and 4 and 5 and 6 on voltage
matcher card to determine if voltages are truly matched at
these points, :

Symptom - Voltage matcher relays only operate speed
matcher and synchronizer inoperative,

FPossible Defect - Converter card malfunction. Phase differ-
ence output voltage from terminal 1 to 5 does not vary
from O to 39 volts as phase rotation occurs.

The following lists typical voltages at various p.c. card
terminals. Caution must be exercised when measuring
these voltages at the terminals not to short to adjacent
terminals. The card extender is very useful in making
these measurements. Always remove power from the unit
when removing or replacing the p.c. cards.

The converter card voltages can be measured with all
the other cards removed.

The synchronizer card check requires the converter
card being plugged in the rack.

The voltage acceptor card check requires the synchro-
nizer card being plugged in the rack.

The speed matcher card check requires the converter
and the synchronizer card being plugged in the rack.

The voltage matcher card check requires the synchro-
nizer card being plugged in the rack.

NOTE

The name of each p.c. module is stamped on the rack
to locate the proper position of each card.
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Converter P.C. Module

Term 5to 7 39V

TermSt013 12V
TermSto 3 50V

Term 5to 19 5V
Term 5 to 20 5V

Term Sto 1 39V (In Phase)

Term5to 1 0V (180° Out of Phase)

Synchronizer

Term9to 1 50V ‘

Term9to 3 35V (Acceptor Release Signal)
~ Term9to 5 1V (Acceptor Block Signal)

Term%to 10 12V

Term Gto il 39V

Term9to. 3 0V (Gen. Bkr. “a” Contact Open)

Term9to 15 50V

Term 9to 17 50V

Term 9 t0 20 39 V {In Phase)

Term 9t0 20 0V (180° Qut of Phase)

Voltage Acceptor

Term 101020 50V | |

35 V (Release Voltage)
1 V (Block Voltage)

Term 10 to 12
Term 10 to 12

Speed Matcher

Term 10to 9 50V

Term 10te 1 39V (In Phase)

Term 10to 1 0 V.(180° Qut of Phase)

Term10t019 SV

Term 10to 20 SV 7

Term 10 to 16  0-50 V (Depends on Action of K2)
Term 10to 3 0-50 V (Depends on Action of K2)

Voltage Matcher

Term 19 to 20 50V
Term 19to 18 0-50 V (Depends on Action of K4)
Term 19to 15  0-50 V (Depends on Action of K5)

An easy means in checking or trouble shooting the
equipment is to temporarily connect the bus system input
to both the bus system and the generator inputs. This can
be done by disconnecting the generator leads from ter-
minals 5 and 6 on the XASV terminal block.

Temporarily connect a jumper from Bus input terminal
3 to terminal 5 and from Bus input terminal 4 to terminal
6. This then presents an exact in-phase condition to the

synchronizing unit. All the voltages on the p.c. cards can
be checked pertaining to the in-phase condition.

Temporarily interchange lead of terminals 5 and 6 to
represent an exact out-of-phase condition to the synchro-
nizing unit. All the voltages on the p.c. cards can be
checked pertaining to the out-of-phase condition.

The power supply has been precisely set for 50 voits at
the factory and should not require any readjustment in
the field.

Care should be used in removing the plug-in relays.
They should be pulled straight out of their sockets. Pull-
ing them out at an angle may damage the guide pin of the

relay.

XIV SPARE PARTS

For stations having but one synchronizing unit, it is not
recommended to carry any spares. The five printed circuit
card modules are carried in stock at the factory and can

be furnished on short-delivery. -

For stations having several synchronizing units, it is rec-
ommended to carry one each of the following:

Converter Card S# 587C358G01
Synchronizing Card $# 587C359G01
Voltage Acceptor Card S# 587C361G01
Speed Matcher Card S# 587C363G01
Voltage Matcher Card S5# 587C884G01
Dust Covered Relay S#347A023H04
P.C. Card Extender S# 588C549G01
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Page
Fig. 2  Typical Application Drawing . . .. ... ... 11
Fig.3  Block Scheme and Interconnection . . .. .. 12
Fig. 4 Converter Module Scheme . . .. .. .. .. .. 13
Fig. 5 Synchronizer Module Scheme . ........ 14
Fig. 6 Voltage Acceptor Module Scheme. .. .. .. 15
Fig. 7 Speed Matcher Module Scheme ........ 16
Fig. 8 Voltage Matcher Module Scheme . ...... 17
Fig.9 Advance AngleCurve ... ............ 18
Fig. 10 Synchronizer Connection Diagram .. .. .. 19
Fig. 11 XASV Outline and DrillingPlan ........ 20
Fig. 12 Voltage Correction Transformer Outline .. 21

v,



i1

BupdT uonwoddy 1wad&y 7 ‘814

—- — — —~ — - — -~
— "
A IWI .W , permrerre: e s |I%l %
S .8 -1 r_"_. ¥
: 1
05 otost | 55 o w ~ofoss - n - Foge | OT 0%+ : X
& e] . ‘o‘&h.ooom .v..WwA ﬂ:\ 3 H ) .
354 ’ ENEIT wodbnn PIeCTR
s i | | | . | _.uul . | | o i | " wet ote
EL) . ATJANT HOIOW HIMLRN 3DVI0A gﬂlﬂ.. 3«1“..“_]_1 2% W .m 3 uuﬂ.nﬁl_l — WN.T .
. . | . M ; " Ty 3 |
e 1 wos-tg Houvend 30 wosto 2570 WINCN sos-fo BUNM HIN0T zonlnuw..__w IKISOTS WAV xo..,...im ;
o =# Lo =i ‘ §138 R N R A
s o : e T : .
- J _nm o, S HO 35nd v LS e cRU B FUHY MY I b dasues 1] -
FINS e 34 ¢ %.& e AT B x .
THE ; T A 3dAL - § 3dA ¥ 3dkl 0 ER-T181 ) N . I
[ ..uﬂﬂul ud Y3HII 30u00n YIHOLYW Q33dS HOLd309Y T0ulI0N, YIZINOBHINAS YALBIANOD |
[ Lo ' . Oe||_| 8 . . [N TR ' A . 5l £ i @ OF 6 oy | -
=T T . & L g5evel 1 _ R, - —
F= FHGNE HOLON USHODYR Q3345 ’ 9 @ e _ TR )
FI0R A0 FNRd , :
uos b ug L @ ; @
e -
hvul_ Ly
o N .
i e Joss 52
, o0 uh " s oo T,f
? | - - - - - Hl%._
s Lo o :
¥oH ToN $ON H_Ez ron
| | 3| wavite o r.“ﬁ W y - T
.,‘ 20N L k ™
265 LELY flt T Ferd 1 tH L
. : . Eudemnn A3 J0
;. WOLUHIE0 W03 SOMVONVIS 3K 335
—_W _#W SHOIIVNRISSO 323A30
\IALSIETH)  BAILINYYALN D04 S3Y 3 VI
. FRONNILHOD 904 €21 = ¥
) 20N T oM - OHLY 1GYLNGD AV3M
s 2= HINVING 26 HIAVIHE 25 L¥-2 9 G- GUIdWAr PIMNOT B4R OL
i : W — 03J33HHEI K1gdns UIMDJ HLUAI YADH ~S08
5 - 1408005 ¥ J¥ieE Gl
1 1 - - . QILIFNNCY X1ddNG LKL HLIA) YAD - S8
e T s T L - . ¥AG  HOLYHINID
TLa08 Wl 30N 42 o Y : ‘, s
# X N3dd'S WO FOM gt . ym- -
1380578

e O O
Tt . ) 1




C C

UONDIUNOIIDIUT PUD UidYS Yo01g ¢ ‘S

FSLUIVES.HIS OBvD FIALYPN LN

— —_ — TESTIFTDHI WD JIFALVIN DS
- e TES YT - MR DUeS DOSTERY DA
T :
. FIIMINETL NAUSBANCDBILN =« (] w ISEPVE S -HIm Qv FIUMCTHINAE
SACHINERL 02D T (( . | mhon ?35 CESSIFTS © HIS OwwD ¥RLAMNOD
2L - 1o . * ’ [T FLFOTLE » NOILVIIGIY "wIldAL
. L Bend oGt = PLOM - fal=—] l TYILNBLOD CIPSLY T DI -NUOOR NoLanasH
AN S mm_ L @ o&/ & T | snd oL ‘BB LB RBNT
) AT = | = .
& - ey Yy T | F |ost{osd] ow ] o
: °T L e —
SINOA e Lo CONOIYS SN -
v oo Sk
El 1 TLBIH opbg
[7 1 vﬂx. :
m_._ ¥ _Ans vm MSAOE IO DS
&) < o ¥ LIS
- ELA] < —
. - rMolrvend peang Asvam Do
Sen esiva N o ; =9
_ o
I -
¢ < S mumDlvin Fevinen 01 QAILYBDTD fBOL v BET SADMNIDIL, o’ =B
. S DLOMN
I.N,Uw.w_u_u oG+ = NOSt = GIFS AN FEL HETL MO SavE v OREML BG0=T7
DI % SOt
-Hnu mw,_/ OM//I uwvw_.n.wuﬂl ...mrﬂﬂ.,nwﬂw_e 1 ﬂw m) — 0___&_ © STVMIWATL NFPMLSE BRNOP LDFNNOD
o o ol 3 Sl Y Py QIS LON W LoDwD LNo-oon pewwnng i
¢ ¢ _\ Bl o= ena &/_ u T FIOW
AH \ ¢ ¢ sng _ 2P L SWMINDIL oL FBYSS 9N Yav SnoIlDINNOD
O5E =EAo z og 2 !murﬁl G I [= ON = QI Lot S LUNDDT alling -iipevyr RIS JI
| IR A0 IGNvE _ \ _ S T FlaN
< - vleI\/\\/ I eV T8 v" I (RIEAT RLUTH e 30 o5
) | e T I orHa o NG BLYBIIS NYD ASWH BHL U | STeNIomL
@l‘l_l 4 100 .07 A 3 UL W ABVINAMY FHL DNLIINNSD QMY NemoHo
t 2w N-Aae, = B SRMNNC IHL DNIAGNDE AD TYAOLI ASIYITIN MY
o e PO T < NV HOBd ORloBsdo 35 MvD Suane JOACE PHL
DI P mH NolEING rOLYaNG [A] _A =4 TASING S0F PHL MG SIRIDIING &3 AnddnG
mag H
@Il_lj_t (TS MY sond vaiwa ¢ 9% > n...._uan.._.wnw.“w_ ﬂvﬂﬂmﬂw Mu.u.vum_ - ﬂnm.“ﬂ -
L__O®vd BHMWIN O5pac , T QAYD FRIBIANTD % o e __._m;ruz
L BL — . BIHDL mﬂ(._.._o.b_
bNigoD rang O = ) sotwmagng 0 = 7 asrEsANOD oL
Bl_1h_ek ol o) ol
oLt B\ P IR SASS YRS " v |z7arse=oNs 20 avey wond TIMIA)
< AP _ oL ) FvEnOS WORDWIL NOHLDINNOD LM
SINOTIG SN : _ h
by > ) YHILNDLoA
! e Thr °8 e anD e
T ] ol t oS i 7] { oz ysero
aAg oL | ¢
SONCYPG  GaImDIT D) =T Hoss HOLMG 5Dy o [ | i i .uiﬂ
{ OV ar  wp o n I iiin miamon i mraron 1 {22 ol =g <o
| . 5 &) : [ GG [ NSO a7
s s SlLioA SO0 G L . sanon [0 o
< o o1 ou o ol RS I T g NLWM ﬂw_b?
_ C i ™ s ool tea et ey dﬁwﬂnwaa T M v
(ML BHRoND  p1p ey b 'l sLon My
APNVIFY  rubwAcw 1Y hqu.uﬂ_mw o \m_m inopzon Tl » L 18) <L B R B [T] S [ nonl onbs
(D) vz mumﬁollﬁ Bordsoay Foviion ] PRI f-{7 K _
£ 73eTT o] [e] .ﬂ|||_ ammon | _la = nhm_ a2
>3 (g HIBL 3Ty DINTATY WIBIL B Qzeas 50 z " s
j At wymMon LIl n
_’ FFda N FRlvd e T 1340M 335
— — —_— J— — J2IHNC TINIZINT

e e ————— e

12

58)C880




o ULYIG ANPOJT B2M3aU0) ST
HIHILPWOIFAS & FdAL OL
ol
Fattd HFLHIANDD THL (S TH) SLTOA & _ T
MO SLHZNLISRIGE O 23008 (#0268} DLI0A S Az P
] Fal
s e A 21 —
SFEINOYHINAS X FelAl DL & __ _N\ ehE
».lmmiu\_m.*
M
H .
HIHILY WIS § IAL y o .4. aasi
$ EIZUNCHHINAE ¥ T L O € \ << {k ' amﬁvlﬁ 5
ﬂ@. \ FrL 4 VI
+ #
7€ +
SURSHT &3 WD 70 1008582485 S ,_\
FONITIINIOT 16 (ASELT AP0 & ‘ Jm
i HIHILYNATISS & FolhL OL ows
: : I
Py

O«



C C

\

9ULZYOS AMPOY A ZIUOMIUAS. & “Blof

>2‘—|||-w

- T T T arserz sevt s sozige [T T T T
| Sarbans s wmli | ] &
| N £ H !
_ [SeA220 TuNdIS lackier ) I
_ | [
[ _
_ | FLYL
- -2 TN
“ “ .vwm':i: o5+
_ + + _
| (S Tr/0238 51) |
] _.mek SIS LI u@\v\m.%m..._
: m e
s FETAS V3 Jilotl)  TEUA VO THOATE | T
_ SHRID0 FEWMS P2 SHNI0 75 195 |
NOLITNGZ NOLITNO2
| DIIZINOSFINAS  BEINOWHINAS |
_ ISR Tt PNISSINYTS NON i )
i [ 23t
q 17T _
_ _ :
| J - biliL g .
_ | g
} N7
& | f HINETHE
AWz .
HIRINOHHINALS | _
[ &
s
LIBLNOI LAONIGT ! ,
o _
prre r (& _ . I
P | HyJ #
— - DAL LTS
f Prbmy e Y QueD st
Fig
_ e oenay [° sd o6 o @
- L 7777 ] ﬁ
7
CRAGLLER 2ON I305
GXET MOLAIITE FhE 304 ﬂs
L35 SHILTWER e 35a oM
IOBEGE 2L 5% B T SHAIIO TENDIS 1ACHIOT —
N
oL ner ases Aoge
OIS TION FHEITON WOSS CHYD HIIHZANOD

HOSr

14

288C 55/




15

YIS NPOR {01230V 280310, 9 "8

(Se7mt DA SH7 r 73 ASE ¢

{S2784 DANNIOFE) 4§

2/

Ot LIS
LA T
HIMO7

f

105195285 £

LIRS
LI
FF?

ACSH

288C 552

-

q’.y}f/
N 4




16

BUIIYIS FNPOR 4oy paads [ Sy

LI8FY
0%

&

AC7rE o107 @v £
ACSH 4

N

MA

)

I

; PE
| # ﬂﬂl.l_ ” ey

HISEHE

e >

T&ers SFIVINNCD WOy

FEWIL £A8

HOLIFIFT

B 22837

~2 = 7ENDIC A s

LT

FEWNS

L.
A

L)

AYIPY S5 % &
7

ACSY !

bd

HIWL
EINILN

IOSEREDOLRF NS

JVV.IA.II

L\

ST S
IS NIH

7

CHED B HPANDS Wi0S
4
7 2

r

Y CEED HILEIANOD HOL
f] 2ENEID B0 w3

L

288C 553




17

FUDYDS INPOYY 42U 1) 2501104 . § *Sid

DISF NI
JHAHIINT
B _“
ST DT X 5 .
- - ool
s 52°
Y Do
JE0712 - 2
FheuS prote e .
Lnatro— any i HFILILIY
g aswe| | [F
ABITY HTIET #
AOFE W”. { &
P A
i N =7/
HPELLITY R
Fo8UE = i ST
L0100 any . D
AEETE TSI & Tl anemr 5>
s ; YL ITY ! C
ATFAL *
o
FLIA §
PYETRTs 2oy
SINFHILSIT
/o8R0 IL88 #P /_\
4 M
AOFF

288C 554




18 \

BREAKER CLOSING TIME 1N EECONDS
(SETING OF BREAKER CLOSING TIME POT € SECONDS MULTIPLIER SWITCH)
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CURVE SHOWING BREAKER CLOSING TIME SETTING AND ADVANCE ANGLE SETTING
IN RELATION To VARIOUS FREQUENCY DIFFERENCES.

THE DOTTED LINE 1% AN EXAMPLE SETTING FOR A BREAKER HAVING A CLOSING TiME

©.4 SECONDS AND A FREQUENCY DIFFERENCE OF Q.2 CYCLES PER SECOND. WITH
T THIS EXAMPLE, THE ADVANCE ANGLE SETTING Wi BE 3| DEGREES THE SVNCHRONZER

WILL LOCK-CUT AT FREQUENCY DIFFERENCEDS REATER. THAN C.2 GVYLLES

PER BECOND. '

Fig. 9 Advance Angle Curve (Ref. 7844014)
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Fig. 12 Voliage Correction Transformer Qutline (Ref. 7844214)
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