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CR793I-NAIOI
VOLTAGE REGULATOR EQUIPMENT

INTRODUCTION

The CR7931-NA101 voltage-regulator equipment
is des:gned o regulate automatxcally t‘he terminal
voltage of alte‘rnatmg-curreni generators and syn-
chronous dondensers The reguIator supplies ex-
citation to"; £ Small “amplidyne- generator whlch con-
trols the voltage ‘of the a-c machme

The regulator is'normally equipped thh an under-
excited reactive’ ampere limit circuit. Thi$ circuit
prevents the excitation of thea-c¢ machine from be-
ing automatically reduced materially below a de-
sired minimum value which iseither dependent upon

ar 1ndependent of thie load on'the a-c¢ mackine. The -
regulator - and the underexcited reactive ampere

limit components are located in two separate units.
In a few’ cases a’ fixed minimum excitér voltage

limit is supphed The latterequxpment 1sdescr1bed
in GEI- ,46943

An auxiliary maximum excitation limit unit may
be prowded to reduce the excuatxon of the a-¢ ma-
chine in the event of excessive a-c machine field
voltage ofsé.;'mamre current. An equalizing reactor

" Yents between paralleled machines,
'“_ compensator is occasionally provided to facili.ate
‘the regulation of voltage at some point remote from
“'the machine terminals.
‘amplidyne driving motor, a magnetic switeh for

is usually mcluded to permlt proper division of re-
active current,and to restrict tﬁe flow of cross cur-
A line-drop

A motor starter for the

placing the amphdyne in the exciter-field circuit, |
an amplidyne voltmeter, and the necessary control
switches, relays, and control ‘transformersare usu-
ally mcluded with the regulating equipment.

Since both the number and the arrangement of the
auxiliary components vary with the requirements of

* the particular application, all components are de-
“scribed. It is necessary to refer to the material

lists and diagrams provided for each individual ap-
plication to determine what material is included and
what connections should be used. Therefore, the
diagrams shown inthis bookare for jllustrative pur-
poses; they are not mtended to apply to all installa-
tions.

RECEIVING, HANDLING AND STORAGE

RECEIVING AND HANDLING

Immediately upon receipt, the equipment should
13 carefully unpacked to avoid damaging the ap-
I watus. Particular care should be exercised to
} 'event small parts being mislaid or thrown away
i. the packing material.

As soon as the equipment is unpacked, it should
be examined for any damage that might have been
sustained in transit. If injury or rough handling is
evident,a damage claim should be filed immediately
with the transportation company and the nearest
General Electric Apparatus Sales Office should be
notified promptly.

STORAGE

If the equipment is not to be used as soonas it is
unpacked, it should be stored in a clean, dry place
and protected from accidental damage. Particular
care should be exercised to avoid storing the equip-
ment in locations where construction work is in
progress.

WEIGHTS

The approximate weight of each of the various
units is as follows:
APPROX. WEIGHT
EQUIPMENT iN POUNDS
1 Enclosed voltage regulator, con~
sisting of items 2,3,4,5and6in
an enclosing case (CR7931-NA), . .. . 1600
2 Voltage-regulator panel

(CR7930-N4) ...... . ve... 120
3 Reactive-ampere limit panel
(CR7932-KA) ........ cersee.. 135
4 Control panel (CR7932-CA) ceesses 170
5 Auxiliary panel (CR7932-M4) ,.... 300
6 Maximum excitation limit panel
(CR7932-JA). . ....... veeeeoss 90
7 Manual voltage-adjusting unit
(CR7932-HA) ......... ceeress 10
8 Control switch (Type SB} ........ 10
9 Voltmeter (Type DD) ... ... vee.. 10
10 Amplidyne motor-generator set
2-kw, 4-bearing. ...... eve... 300
3-kw, 4-bearing....... veee.. 375
3-kw, 4-bearing. . ........... 500
5-kw, 4-bearing. .. ... N 11
7 1/2-kw, 4-bearing .. ..., .... 875
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CR7931-NAI10] Voltage Regulator

' DESCRIPTION

COMPONENT ARRANGEMENT

The CR7931-NA101 central-station voltage regu-
lator is generally housed in a floor-mounted en-
closure that can be opened at both the front and the
back. It usually includes the following units:

1. A CR7932-CA control panel, which may contain
a transfer contactor,a motor starter,and other re-
laying devices.

2. A CR7932-MA auxiliarypanel which may con-
_ tain the stabilizers, T-connected transformer,and
equalizing reactor, line-drop compensator, and
motor-operated voltage adjustor when required.

3. A CR7930-NA voltage-regulator panel.
4. A CR7932-KA reactive-ampere limit panel.

5. A CR7932-JA maximum-excitationlimit panel
where required.

All of the above panels have steel bases with the
‘exception of the control panel which usually has a
base of a compound material. All of the panels are
provided with mounting holes so that they may be
bolted to the supporting iramework.

The front and back of all of the panels contain
adjustments. Therefore, the equipment must be so
installed thataccess canbe had to both thefront and
back of all panels.

VOLTAGE REGULATOR
GENERAL

As shown in Fig. 21, the regulator can be placed
in, or removed from, service by operating the regu-
lator control switch,

With the control switch at OFF, the excitationand
terminal voltage of thea-c machine canbe manually
controlled by adjusting the exciter-field rheostat.
Under this condition, the regulator is completely out
of service and the amplidyne generator armature is
disconnected from the exciter-field circuit,

With the control switch at ON, the regulator will
control automatically the excitation and terminal
voltage of the a-c machine.

When the a-c machine voltage is higher than nor-
mal, the regulator will supply control-field current
to the amplidyne, so that the amplidyne voltage will
oppose, or *‘buck,’”’ the exciter voltage impressed
across the exciter-field circuit. This will tend to

4

reduce the exciter-field current, lower the excite:
voltage, and decrease the a-c machine field current
and terminal voltage.

When the a-c machine terminal voltage is below
normal, the regulator will supply control-field cur-
rent to the amplidyne which will produce an ampli-
dyne voltage in the opposite direction to raise, or
‘“‘boost,”’ the exciter voltage impressed across the
exc1ter-fxeld circuit. This will tend to mcrease the
exciter-field current, raise the exciter volta.ge, in-
crease the a-c machme field current, and raise the

_terminal voltage of thea-c machi_ne_toward normal.

The exciter-field rheostat can be manually md-
justed sothat at any given load the resistance of the
exciter-field circuit will be correct for normal a-¢
machine voltage, and the amplidyne voltage will be
zero. If the load on the a-c machine is increased,
the resultant drop interminal voltage will cause the
regulator to produce an amplidyne voltage in: the

‘boost direction to raise the a-c machine excitation.,

As the load on the a-c¢ machine is still. further in-

‘creased, the amplidyne voltage will increase further

in the boost direction to continually raise the ex-
citation in an effort to maintain normal terminal
voltage. Should theload bedecreased tothe original
load value, the machine excitation requirements will
be less, and the amplidyne boost voltage will fall until
it becomes zero, Lowering the load on the a-c ma-~
chine beyond this value will cause the regulator to
produce an amplidyne voltage in the buck direction =
to reduce the a-c¢ machine excitation.

The regulator control switch is provided with
position to be used for test and adjustment of tt
regulator preparatory toplacing it in service. Wi
the control switch at TEST, the regulator is coi -
nected to the signal-voltage source and the transfer
contactor is so positioned that the amplidyne will
operate independently without affectmg the excitation
of the a-c machine, This permlts operation of all
regulator equipment for test purposes,

W e

-

The regulator control switch may also be pro-
vided with INTER (intermediate) and POLARIZE
positions for correcting the polarity of the exciter
armature if the polarity is the reverse of that re-
quired by the voltage regulator. With the control
switchat INTER, thea-c¢ motor-amplidyne generator
setis started. Withthe control switchat POLARIZF
the polarityof the exciter is corrected. Inthis latte
position the regulator is disconnected from the
signal-voltage source, the transfer contactor is so
positioned that the amplidyne armature is connected
in series with the exciter field, and the amplidyne
control-field (F3-F4) is energized toprovide proper
voltage and polarity to the amplidyne. -
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Caution

The polarity of the exciter should be cor-

rected only when thea-c machine is not syn-

chronized with the power system or when the

exciter is not connected to the a-c machine
1 field.

REGULATOR SIGNAL VOLTAGE

When the control switch is at ON, the regulator
is.connected to the secondaries of potential trans-
formers whose primaries are connected to the a-c
machine terminals or bus. If an equalizing reactor
is not used, the potential transformers supply the
regulator with'a signal voltage which isdirectly pro-
portional to the terminal voltage of the machine.

If the a-c machine is to be. operated in parallel
withother machines, an equalizing reactor should be

connected inone of the transformer secondary lines -

tothe regulatar. The equalizing reactor isdescribed
in greater detail in a following section,and connec-
tions for this device are shown in Fig. 13.

REGULATOR CIRCUIT

The three-phase signal voltage is supplied to the
regulator circuit at the primary of T-transformer
1T which changes the three-phase voltageintoatwo~
phase voltage (Fig. 21). Resistor A1Rand linear re-
actor A1X are used to convert the two-phase volt-
age intoa single-phase voltage whichis substantially
an average of the three-phase signal voltages sup-
plied to the regulator. One secondary of T-trans-
former 1T is usually provided with taps for factory
adjustment of the single-phase voltage.

The combinationof T-transformer 1T, linear re-
actor A1X, and resistor AlR is generally referred
toas the three-phase response circuit. This circuit
h .s a positive phase-sequence characteristic, and the

gnal voltage supplied to the T-transformer primary
ust have a phase rotation in the order of 1-2-3 at
1e correspondingly numbered primary terminals.

Linear reactor A2X and one or more capacitors
(A1C1-A1CT7 inclusive] are connected in parallel
across three-phase response-circuit resistor AlR.
These elements form a frequency-sensitive circuit
which should be inresonanceat the rated signal fre-
quency. Additionor removalof trimming capacitors
(A1C2~A1CT inclusive) permits factory adjustment
3" he circuit to obtain resonance at the proper fre-

ncy. Increasing the capacitance will lower the

onant frequency and decreasing the capacitance

. raise the resonant frequency. Resistor AIR is
y svided with taps for factory adjustment.

The combination of linear reactor A2Xand capaci-
‘8 A1C1-A1CT inclusive, is called the frequency-

Single

-PNESE -y
l signal

Transformer

AT Single
Resistor phase
A2k Signal
ot voits
Load -"‘lt Load resistor
res () omperes
| TP
(b)
{a)
Fig. 1. Linear circuit and its signal voltage—

load current characteristic

o

compensation circuit. This circuit is provided to
vary the single-phase voltage output of the three-
phase response néetwork as a function of the signal
frequency. -Thus, the frequency-compensation cir-
cuit acts to raise or to lower the single-phase out-
put voltage with corresponding increases or de-
creases in frequency., This is necessary as im-
portant elements in the remainder of the regulator
circuit are frequency sensitive.

The frequency-compensated single~phase voltage
is impressedupon the major components of the regu-
lator. These components may be divided into three
groups: the linear circuit, the nonlinear circuit, and
the comparison circuit,

. }

The linear circuit consists of transformer A1T,
resistor A2R, and full-wave sgelenium rectifier
A2REC, Y this circuit were connected across are-
sistor representing the load offered by the com-
parison circuit, it would appear ag shownin Fig. 1(a).
As the single-phase voltage isincreased, the current
passed through the load resistor will increase in
direct proportion, and will flow in the direction in-
dicated by the arrow.

The characteristic of this circuit is represented
in graphical form in Fig. 1(b) in which the current
to the left along the abscissa represents the current
passing through the load resistor in the direction
shown by the arrow,

The second, or nonlinear circuit, consists of re-
sistor A4R, capacitor A2C, saturable reactor Al-
SX, variable transformer 1VT, and selenium rec-
tifier A1REC. K this circuit wereconnected across
a resistor representing the load offered by the
comparison circuit, it would appear as shown in
Fig. 2(a).

The characteristic of this circuit is represented
graphicallyin Fig. 2(b) and 2(c). Asthe single-phase
voltage increases from zero, the characteristic is
linear until reactor AlSX begins to saturate, The
voltage at which reactor A1SX will beginto saturate
may be raised by effectively increasing the number
of turns inreactor A18X, as shown in Fig. 2(b). This

: 5



GEI-31260

CR7931-NAIO! Voltage Regulator

Single
phase -«
signal
Adjustable
resistor
A4R

Capacitor

A2C E

Saturcble

reactor OR
<

Rectifisr
BL AIREC
Slider r-i] )
Variable | Loa
transformer| J { '} resistor
T 1 i

(e}

Singis
phass
signat
volts

Decreased

Load resistor amperes Lood ruislor amperes

Gireuit chardcteristic showing
effect of increasing or decreasing of fact of mcmumg or decreasing
the number of soturable raactor turns”  series - resistance

(b) (c)

Circuit characteristic showing.

Fig. 2. Nonlinear circuit and its signal voltage—
load current characteristic

is accomplished by moving the slider on variable
transformer 1VT (down in Fig. 2(a)) toward the end
of reactor ‘A18X opposite capacitor A2C, The satu~
rating voltage may be lowered by moving the slider
on variable transformer 1VT (up in Fig. 2(a)) to re-
duce the effective number of reactor turns,

When reactor Al1SX begins to saturate, iis re~
actance decreases and it will pass arelatively large
current with a very small increase in voltage. The
series combinationof resistor A4R, capacitor A2C,
and reactor A1SX then has a very flat character-
istic over an appreciable current range. At the
limit of this range, however, the capacitive reac~
tance begins to predominate and the characteristic
again slopes sharply upward. The slope of theflat
portionof the curve may beincreased as shown in
Fig. 2(c), byincreasing the resistance of adjustable
resistor A4R in the nonlinear circuit, and decreased

by decreasing this resistance.

Therefore, the nonlinear circuit provides a means
of obtaininga very large change in current with only
a small change in signal voltage over a given useful
range. Variablg transformer 1VT makes it possible
to select the level of the given voltage range, and the
adjustable resistance may be used to determine the
sensitivity of the circuit,

The respective outputs of the linear and nonlinear
circuits are compared by a comparison circuit, This

e

circuit cansists of resistor A3R, linear reactor A3X,
and amplidyne field F1-F2, The circuit is repre-
sented in Fig, 3(a). The impedance presented to the
linear circuit consists of comparison-circuit resis-
tor A3R and reactor A3X inseries with the parallel
combinationof amplidynefield F1-F2 and nonlinear-
circuit rectifier AIREC. The impedance presented
tothe nonlinear circuit will be amplidyne field F1~ P2
in parallel with the series combination of linear-
circuit rectifier A2REC, comparison-circuit resis-
tor A3R, and comparison circuit reactor A3X.

If the outputs of the two circuits are equal, the
voltage at F1 will equal ‘the voltage at ¥2, I, how-
ever, the output of the nonlinear circuit is greater
than that of the linear circuit, the voltage at FZ will
be greater than'at F1 and current will flow downward
through the field. When the linear circuit output is
greater, current will flow upward through the field.
The amplidyne armature voltage will boost to raise
the a<c-machine excitation if current flows' through
the field from 'F1'to F2, and will buck to lower the
a~c¢ machine- excitation if figld current flows frdm
F2to F1. Thus;asF¥ onthe amplidyne ﬁeld beco es i
increasingly positlve, C2 onthe amplidyne armatiire
becomes increasingly positive.

REGULATOR OPERATION

The characteristicof the complete regulator ¢cir-
cuit is shown in Fig. 3(b). This characteristi¢ ts*g,
combination of the linear and nonlingar character--
istics shown in Fig 1and 2.

’

To.' To
nontineor linsar ~
cireun cl rc:mtw )
\
Rncﬂﬁn Amplidyne Resistor Reactor Rectifier
AIREC !iold - A3R  A3X A2REC
Buck ‘ 1 Boost
{a)
A-¢ signal
voltage

e meam o
Normal | Operating
range

-—Boost Buck=—e
Ampiidyne field amperas

(b)

Fig. 3. Comparison circuit and its signal voltage—
amplidyne field current characteristic
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As thea-c signal voltageis increased fromze
the linear-circuit output will continually incre%
and will be greater thanthe nonlinear-circuitout
which increases at a much less rapid rate due to
high impedance. Boost current will, thqrefore,f o
through the amplidyne field and the amphdyx?e ar e -
ture voltage will be of such polarity as to incre==g, .,
the a-c machine excitation. This will further

O,
se
ut,

its
W

, . dn-
“crease the machine terminal voltage and the =g o
signal voltage, As thea-cmachine terminal volt. ge,

and consequently the signal voltage ,‘approach_nor al
nonlinear-circuit reactor A1SX, Fig. 2(a), will beey .’

to saturate, its impedance will rapidly decrease, Qg;g
the output of the nonlinear-circuit will rapidly in-
crease. Thus at normal voltage the outputs of— the

linear and nonlinear circuits will be eq_ua.l.
result, no current will flow through amphdyr}e ﬁiel d
F1-F2. The amplidyne armature voltage will en
be zeroand will not affect the a-c machine excita._.\ion.

s a

If the signal voltage should increase above noxr

dueto a co%reSponding increase inthe termipal é;}:
age of the a-c machine, the nonlinear circuit C-'Ql‘tput
will increase rapidly to overcome the lim?ar-c1:§\‘mit
output. Current will pass through amplidyne _ ®j01d
¥2-F1 in the buck direction to cause the :a.mplqurle
armature voltage to oppose theincrease in a-C ma.
chine terminal voltage by acting to reduce MAGNY e
excitation.

The normal operating range of the regulat ) SY
along the flat portion of the curve shown in Fig e 3(b).
It is evident that a small change in a-c voltag eme will
produce proportionally large changes in a.mpLidYne
field current,and therefore large changes in a lﬁpli-
dyne terminal voltage. The regula-tor is conseq&\Qnuy
quite sensitive,and will act to raise the a-c vemyy tage
if it is slightly less than normal and lower i % it is
slightly greater than normal.

REGULATOR ADJUSTMENTS

The normal voltage level which the regglatczl. will
operate to maintain may be increased by incxr Qasing
the number of active turns in saturable reactor Alsx
or may be decreased by decreasing the num};er of
active turns. Variable transformer 1VT, cal M ey the
voltage-adjusting unit, which is connected =
part of the saturable-reactor winding (Fig. 27 > may
be used for this purpose. It will usually perray .47
justment of the voltagelevelovera fairly wide= Tange.
Larger changes in normal voltage levgl may b= made
by using lead OR to reconnect capacitor A2z to any
of the several taps provided atone end of the Sature
able-reactor winding. The actual range of v— Qltage_
level adjustment by voltage-adjusting unit LVT ean
beset byusing lead BL to connect the voltage — Aqjust-
ing unit to appropriate taps at the other enc3} of the
,saturable-reactor winding.

Qross

i 'Regulation, or regulator sensitivity, mayb=ey,_ . 4
iwithadjustable resistor A4R. Increasing th -
{ n
( -

|

Tesis-
—_oen

tance will make the slope of the flat portion of the
curve greater and will make the regulator lesssensi-.
tive, thereby increasing_ voltage regulation; de-

creasing the resistance will have the opposite ef-
fect.

Adjustments for frequency compensation, ratio
of T-transformer 1T, voltage-adjustment. range,
voltage level, and sensitivity are the only adjustments
provided in the regulator. Frequency compensation
and ratioof T-transformer 1T are properly adjusted
at thefactoryand should require no further attention,
Voltage-adjustment range, voltage level, and sensi-
tivity are also adjusted at the factory, but further
adjustment may be required at the time of installa-
tion,

STABILIZING TRANSFORMER

To prevent excessive overshooting of thea-c ma-
chine voltage and to obtain voltage stability, one or
more siabilizing transformersare used. Three sta-
bilizing transformers (18T, 2ST, 5ST) are shown in
Fig. 21 with primary and secondary windings con-
nected in series. The primariesof stabilizing trans-
formers 18T, 2ST and 58T are connected to the ex-
citer armature lines with the B (black) lead of IST
on the positive line, and the G (green) leadof 5ST on
the negative line. The secondaries of the stabilizing
transformers are connected in series with theampli-
dyne field F3-F4 with the R (red) lead of 5ST con-
nected to F3.

The stabilizers will act as transformers during
changes in exciter voltage,and are therefore effec-
tive only during transient conditions when needed, -
They are ineffective under steady-state conditions
when stabilizer action is not required.

Neglecting the voltage drops due to winding re-
sistances, and with the exciter voltage increasing,
the B lead will become increasingly positive with
respect to the G lead, and by transformer action the
O (orange) lead will become increasingly positive
with respect to the R lead. This effect causes cur-
rent to flow in the amplidyne field F3-F4from F4 to
F3 producing an amplidyne armature voltage in such
a direction asto oppose an increase in exciter volt-
agetoprevent overshooting and instability, With the
exciter voltage falling, the opposite action takes place
to oppose this decrease in exciter voltage.

Resistor 6R is connected in series with the pri-
maries of stabilizing transformers 1ST, 28T and 55T
and permit adjustment of the primary-circuit resist-
ance. This resistor iscalled the stabilizer resistor
and should normally be adjusted to provide a 90-volt
maximum continuous voltage drop across the pri-
maryof eachstabilizer whenthe exciter isoperating
at rated full-load voltage. Special adjustments may

7
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ACTIVE AMPERES

o T i ™ T Y T

%o

2 REACTIVE AMPERE LMIT STARTS T0
RESET VOLTAGE REGULATOR  _ .-

[ BELOW DOTTEDLINE 5 _—="

%

3

o

-
AC. MACHINE WILL LOSE STEADY STATE
STABUTY BELOW SOLID CURVE

Fig. 4. Typical a-c machine pull-out and reactive-
ampere limit-start characteristics

be made in individual cases to obtain optimum sta-
bility.

In some cases, special stabilizing-transformer
connections may be employed, but since these will
vary with the requirementsof the particular instal-
lation, they are not described.

MINIMUM EXCITATION LIMIT
UNDEREXCITED REACTIVE AMPERE LIMIT
General

The functionof the underexcited reactive ampere
limit circuit, shown in Fig, 21 is to prevent the regu-
lator from reducing the a~c machine excitation to
such a low value that the machine would lose steady-
state stability. It operates by limiting the under-
excited reactive current of the a-c machine

Under normal operating conditions, with the regu-
lator and the limit in service, the underexcited re~
active current of the a-¢ machine is less than the
value at which the limit functions, and the limit is
inoperative; however, if the regulator reduces the
machine excitation to a sufficiently low value, the
limit immediately becomes operative and prevents
the underexcited reactive current from rising ma-
terially above the value for which the limit is ad-
justed. The output from the limit circuit is applied
to a voltage resetting circuit which recalibrates the
voltage regulator to hold a higher machine voltage.
Consequently, the limit will prevent appreciable in-
creases in a-c machine underexcited reactive cur-
rent beyond a predetermined value.

Since in many caset tie magnitude of the under-
excited reactive current at which the a-c machine
would lose steady-state stability, is a function of a-¢
machine active current, the limit can beadjusted so
that the value of underexcited reactive current at

which the limit will become operative (the limit start

point) will decrease as the machine active current

increases. Therefore, it is pesOSSible to arrange the
limit so that its starting peoint is automatically
changed as machine active cuarrent varies. Active
current is the in-phase or we/ait component of the
machine armature current.

Figure 4 illustrates the los8 of stability charac-
teristic of atypical a~c machinm®,2s well asa typical
setting of the underexcited re2active ampere limit.
The solid curve representsthe limitof stableopera-
tionof thea-c machine whileth € dotted lineindicates

particular setting of the u-mderexcited reactive
ampere limit, The loss of st=ability characteristic
is afunctionof thea-c machine and the power system
and must be determined for eaCh case,

The solid curve demonstrate=s that with noload on
the a-c machine the underexci—=%ed reactive current
which is allowable, without e><Ceeding the steady- .
state stability limit, is greate=r than the allowable
underexcited current at full loz2d. To prevent loss
of steady-state stability, the usderexcited reactive
ampere limit acts to prevent the generator from
operating below the solid curve=, and therefore must
be adjusted to become effective«e at lower values of
underexcited reactive current than those shown on
the solid curve, This resuits in =2 Settingasindicated
by the dotted characteristic cuerve in Fig. 4. The
distance between the curves r<ePresents a margin
between the underexcited rea«ctive ampere limit
operating point and the steady-state stability charac-
teristic.

Both the loss of steady-state stability charac-
teristic illustrated in Fig. 4, a3d the underexcited
reactive ampere limit start point, are functions of
terminal voltage of the a-c machine. Therefore, a
setting of the underexcited rea ctive ampere limit
establishes the limit start curwe for a particular
terminal voltage on the machines Which will protect
against loss of steady-state stability for normal
variations inthe terminal voltage ©of thea-c machine.

The underexcited reactive anapere limit circuits
include the following:

1. .Reactive ampere sensitiv € circuit.
2..Comparison circuit.
3. .Voltage-resetting circuit. ,
These are shown with the voltage-regulator cir-.
cuits in Fig. 21.

Réadive Ampere Sensitive Circuit
The reactive ampere sensitive circuitaobtains its

input from one phase of the output Of the alternator
potential transformers, and one alternator current

- transformer. It is the functionof this circuit to de-.

tect anincrease of the reactive current inthe alter-
nator beyond a predetermined value in the under-
excited direction, and to send a signal into the com
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‘parison circuit which ultimately acts to limit
increase of reactive current. Referring to Fig\ 21
the reactive ampere sensitive circuit consist . :
transformer B3T with a muititapped seconck
limit-start variable transformer BIVT, resi_
‘B3R, reactive-ampere limit power recalibratiolﬁ tap
switch B1SW, reactor B3X, and isolating tr
formers B1T and B2T. The secondary of B3" T~

four terminals numbered 3, 4, 5 and 6. Termim~,; 4
is the midpoint between 3 and 5.

With limit-start variable transformer BIVT
nected acrossterminals 4and 6 of transformer pap
secondary, the limit start isadjustable inthe um e,
excited reactive current region. With the Var{ able
transformer B1VT connectedacross terminals 3
4of transformer B3T, the limit start isadjustatay, i,
the overexcited reactive current region, Since this
latter connection is not normally used, it will newy be
discussed in detail. However, limit operation
this connection is similar to that for underext:ited
operation. When the POWER RECALIBRA')DION
switch is at zero, the reactance in the circuit Trom
reactor B3X is zero ohms, and the setting of MIT
START variable transformer B1VT determine he
reactive current at which the limit functions ,,_
gardless of the power loading on the alternatox~_

The output voltages of the reactive ampere sg;q;.
tive circuitareimpressed onthe primaries of isggjy.
ing transformers B1T and B2T, It i.s an inherent
property of the reactive ampere limit circuit that
when the reactive current reaches the predeterxhined
value where the limit action starts (the limit start
point) the voltagesacross BIT and B2T are equg) i,
magnitude. An inc in reacti 3 e
underexcited direction above.this predetermnineq
value causes the voltage across B1T.io exceeq gt
across B2T. : .

A vector diagram of the reactive ampere sengijtive
circuit input quantity is shown in Fig. 5. At unity
power factor, the vector positionof I3 and henqg 0
voltage drop across resistor B3R (in phase wity, and
proportional to machine phase 2 current)is in Quad-
rature with the secondary voltage of B3T (in Dhase
with and proportional to generator line 1 to line 3

voltage).

A vector diagram of reactive ampere S€ngjtive
circuit voltages for the case when the Teactapnce
from reactor B3X in the circuit is zero ohmg g
shown in Fig. 6. At unity power factor the VQliage
across B3R is represented by the vector Mb, For
given overexcited and underexcited conditions, 4 is
Ma and Mec, respectively, Under these condig.
the voltages on transformer B1T are 5b, 5a ay, .
respectively, and the voltages on transformey B2T

are 3b, 3a and 3c, respectively. :

ions,

- In all these cases, the voltage on B2T exqeeqs
that on BIT and the reactive ampere limit Wyrgz
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Fig. §. Vector positions of input quantities of reactive-
ampere sensitive circuit

inoperative, When the current vector swings further
in the underexcited direction so that the voltage
across resistor B3R is Md, the voltage on B1T (§d)
equals that on B2T (3d). Now anyincrease inunder-
excited reactive current will cause the voltage on
B1T to exceed thaton B2T which will cause the com-
parison circuit to excite the voltage resetting circuit
and oppose further increases in underexcited re-
active current. Therefore, the reactive ampere limit
will operate to prevent vector Md from extending
materially beyond the vertical limit line 4d. Thus,
theunderexcited reactive current tends to be limited
proportionally to the vector length M4, By varying
the positionof M between4and6 by moving the slider
on variable transformer BIVT, it is possible to
change the maximum value of underexcited reactive
current at which the limit will operate. Since the
active power component of current is in quadrature
with the reactive current, the reactive current
limited is independent of the amount of active power,

- 1
Puli-out -t Normal

range | operating
| ) range '
: Underexcited | Ovarexcited -
H 1.0
;32 bﬂ
Voltaga
on B2T
Phase of current
12 and witoge
drop across B3R
3= H ™ 6  tesistor
Vector position ]
of B3T voitage | ""'l';'lﬂ.’ on A
Limit Iho——’f"'“: . Underexcited ) Overexcited
Locus of operating points | Reactive
wrée.'r_- voltogclon B1Tend | °°"‘°°"{"°'°‘m'“
B2T are squal 1 Point Mis the position
L Reactive cumrent __| o The movas cimor

h limited on the limit start
varioble tronsformer

(BLVT)

Fig 6. Vector diagram for reactive-ampere sensitive
circuit without power recalibration reactance in
circuit
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The purpose of the power recalibrating reactor
(B3X) adjustment is to change the limit-start point
as a function of the active current delivered by the
machine. Figure 7 shows that when the machine is
delivering active current, power recalibrating re-
actor B3X will cause the reactive ampere limit to
become operative at a value of underexcited reactive
current less than that set by the limit-start adjust-
ment. With zeroactive amperes, the limit will start
to reset the regulator with A underexcited amperes
which is determined by the limit-start adjustment.
As the active amperes increase, less underexcited
reactive amperes are required to reset the voltage
regulator,

If some of the reactance of B3X is connected in
series with the resistance of B3R, the voltage drop
across the resistance and reactance will be shifted
in the underexcited direction as shown in Fig. 6.
The vector diagram will now be as shown in Fig. 8.
Three operating points are shown at b, ¢, and d,
where the limit is ready to start. At point d there
is no active power load on the machine. The value
of the reactive current limit is proportional to the
vector Md and is equal to that limited without the
reactance of B3X in the circuit since the impedance
in the resistor-reactor (B3R-B3X) circuit has been
- increased by the ratio of Md to M4. At point ¢, the
power component of voltage across the resistor-
reactor combinationis Mc’ and the reactive current
limited in proportional to cc’. At point b, the power
component of voltage across the resistor-reactor
(B3R-B3X) combination is Mb' and the reactive cur-
rent limited is proportional to bb’. Thus, the re-
active current limited decreases as the active cur-
rent increases, This amounts to a linear decrease
of reactive amperes limited as a function of active
amperes,

Comparison Circuit

The voltages from the secondaries of B1T and B2T
are applied to the comparison circuit, The function

Voltage which

the regulator
operates to
maintain

~———e= Q Underexcited reactive amperes

Fig. 7. Reactive-ampere limit power recalibration
characteristic
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Fig. 8. Vector diagram for reactive-ampere sensitive
circuit with some power recalibration reactance
in circuit
of this circuit is to allow the flow of control direct
current into the voltage-resetting circuit, when the

voltage across transformer BIT exceeds that across
B2T.

The comparison circuit consists of bridge-type
rectifiers BIREC and B2REC together with resistors
B1R and B2R, capacitors B1C and B2C and reactors
B1X and B2X, necessary for filtering and rectifier

preloading. In addition, two inverse voltage-limiting

rectifiers (B3REC) are used toallow a unidirectional
flow of control current through the d-c winding of
saturable reactor B1SXonly whenthe voltage across
BIT is greater than the voltage across B2T.

Included inthe comparison circuit islimit-sensi-
tivity rheostat BIRH. Increasing the resistance of
rheostat BIRH causes the limit to requirea greater
change of reactive current in the underexcited di-
rection to produce a given change in control direct
current to the voltage-reseiting circuit. Rheostat
B1RH should be set at zero resistance to provide
maximum sensitivity. If, however, a less sensitive
limit is desired, rheostat BIRH should be turned to
insertadditional resistance, thus causing the under-
excited reactive current to increase further above
the limit-start point as the limit becomes increas-
ingly effective. Curve 2 in Fig. 9 shows how the limit

\ operation is affected by decreasing the sensitivity,

Voltage-resetting Cireuit

The control current fromthe comparison circuit
isapplied tothe d-c control coil of saturable reactor
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Fig. 9. Reactive-ampere limit sensitivity adjustment
characteristic

B1SX in the voltage-resetting circuit. The function
of this circuit is to cause a linear increase of the
voltage which the regulator will operate to maintain
as a function of the direct control current of saturable
reactor B1SX.

The voltage-resetting circuit consists of satu-
rable reactor B1SX, supplied from transformer B4T
and connected toresistor B4R. The reactance of the
saturable reactor isan inverse functionof its direct
control current. The circuit subtracts a voltage
from the three-phase response-circuit single~phase
output voltage impressed on the voltage-regulator
nonlinear circuit. This resetting voltage appears
across resistor B4R (through which flows the alter-
nating current from saturable reactor B1SX) and is
proportional to thedirect current supplied from the
limit comparison circuits, The resetting voltage
causes an increase in the voltage which the regulator
will operate to maintain, Figure 10 shows the re-
lation beiween the voltage across resistor B4R, the
resetting voltage for the voltage regulator, and the
direct control current in saturable reactor B1SX,
Figure 11 shows the relation between the voltage
which the regulator will operate to maintain and the
control current in the d~c winding of saturable reactor
B1SX for a typical voltage-regulator equipment,

Stabilizing transformers are normally connected
in the limit circuitand function in a similar manner
to the stabilizersused in the regulator circuit. The
sacondary windings of the stabilizers are connected
in series with the d-¢ windings of saturable reactor
B18X, while the primary windings are usually con-
nectedacross the exciter armatureas shown in Fig.
21. In some cases other connections may be used.

RATINGS

VOLTAGE REGULATOR

[ The voltage regulator imposes an unbalanced
three-phase burden at about 115 volts a-c on the
{

GEI-31260
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’

A-c¢ voitage across resistor B4R

Control current in d-¢ winding of saturable reactor BISX

Fig. 10. Characteristic of voltage-resetting circuit

generator potential transformers. The regulator
will require, from the secondaries of the potential
transformers, a maximum of approximately three
amperes for phase 1 and two amperes for phases 2
and 3 without the reactive-ampere limit, The cur-
rent required by the voltage regulator and the re-

Voltage which regulator operates to maintain

0

Current in d-c winding of saturable reactar BI1SX

Fig. 11. Qver-all characteristic of volfage-resefting
cireuit and a typical voltage-regulator equipment
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Fig. 12. Saturable-reactor winding connections

active-ampere limit circuit combined are given in
a later paragraph.

In general, regulators are adjusted at the factory
for a signal voltage of 115 volts a-c and the rated
frequency of the equipment with which theyare to be
installed. Where potential-transformer ratings and
a~-c machine voltages are known, adjustments are
made for the expected sigual voltage, but regulators
are almost always nominally rated for 115 voltsa-c.
Saturable-reactor taps may be used for adjustment
of the regulator for other signal voltages at the time
of installation. The maximum normal voltage level
should not exceed 135 volts for normal operation or
with the minimum exeitationlimit operating to raise
the voltage.

12

Saturable reactors are provided with fourteen
voltage-level adjusting taps and with five taps for the
voltage-adjusting unit, Fig. 12, The voltage-ad-
justing unit permits manual control of voltage level
over a total range of about 10, 14,20 and 25 percent
of the rated voltage of the regulator. Voltage-level
taps on the reactor permit adjustment over a range
of roughly 4 percent of the rated voltage, with about
a 4 percent change between individual taps. In
general, the minimum voltage level may not be less
than 100 volts.

MINIMUM EXCITATION LIMIT
Underexcited Reactive Ampere Limit

The underexcited reactive ampere limit circuit
imposes a burden of about 250 volt-amperes on the
current transformer with 5 amperes flowing in the
secondary, The voltage regulator and the reactive-
ampere limit circuit together imposes an unbalanced
burden on the generator potential transformer and
will require, from the secondaries of the potential
transformer, a maximum of approximately the fol-
lowing currents:

AMPERES IN
LIMIT RESETTING | PHASE | PHASE | PHASE
1 2 3
From 115 volts to
125 volts 4.0 2.0 3.0
From 125 volts to
135 volts 4.5 2.3. 3.5

AUXILIARY EQUIPMENT

EQUALIZING REACTOR OR REACTIVE
CURRENT COMPENSATOR

The equalizing reactor is used to equalize division
of reactive kva and to prevent circulating reactive
current between a-c machines when two or more
machines with individual regulators are operating
in parallel. As shown in Fig. 13, the adjustable
reactor winding is connected to the secondary of a
current transformer located in one of the a-c ma-
chine lines, while the insulating winding is connected
on one phase of the three-phase regulation signal
voltage. IT IS ESSENTIAL THAT TWO WINDINGS
OF THE EQUALIZING REACTOR BE CONNECTED
IN THE SAME PHASE.

The equalizing reactor will vary the regulator
signal voltage in this phase mainly as a function of
the machine reactive current. As the machine over-,
excited reactive current increases, the voltage will
be increased. As a result, the average three-phase
signal voltage supplied tothe regulator will rise. Due
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to this higher voltage signal, the regulator will act
to reduce excitation, thereby reducing the over-
excited reactive current if the machine is operating
in parallel with another machine.

Iftwo a-c machines are connected throughtrans-
formers, the equalizing reactor is not normally
used as described above, instead one windingis re-
versed to obtain the opposite effectto thatdescribed
above. This makes it possible to adjust the trans-
former impedance to an optimum value of 6or 7
percent on a reactive basis, improving system volt-
age regulation,

If the a-c machine is operating in the under-
excited region, the equalizing reactor will decrease
the average three-phase voltage signal presented to
the regulator, so that the regulator will act to in-
crease the excitationand decrease the underexcited
reactive current. The effect of the equalizing reactor
can be increased by increasing the active reactance
of the unit appearing in the current-transformer
secondary circuit. This may be done readily with
the tap switches located on the reactor.

The reactor is adjustable in one-volt steps, on
the basis of five amperes in the current-transformer
secondary, by means of two manually operated tap
switches. One of the separately adjustable tap
switches gives coarse adjustments and the other fine.
The voltage across this winding in the regulator
signal voltage circuit is proportional to the current
flowing through the current-transformer secondary
winding. With five amperes flowing through the
reactor and with the reactance all cut in, the totaldrop
is 24 volts. This is equivalent to about 36 percent
line-to-neutral voltage dropin one signal lead to the
regulator, or an average effect of approximately 12

\
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Fig. 13. Equalizing-reactor connections

percent line-to-line voltage drop on a three-phase
basis at zero power factor,

The equalizing reactor imposes a burden of 120
volt-amperes onthe current transformer at fiveam-
peres secondary current,and with all the reactance
cut in. Approximately 25 volt-amperesistheburden
encountered in actual practice since it is usually
necessarytoturn inonlyafew steps of the equalizing
reactor for successful parallel operation.

The equalizing reactors are built with two inde-
pendent windings, as shown in Fig. 13, so that the
current and potential transformer secondaries are
electrically separate and both may be grounded. The
unit is enclosed ina perforated steel case witha dead-
front control panel. “It is arranged for surface or
bracket mounting.

LINE-DROP COMPENSATOR OR ACTIVE AND
REACTIVE CURRENT COMPENSATOR

Incertain special applications, the line-drop com-
pensator is used to reproduce in miniature, at the
regulator, the resistance and reactance between the
a~-c machine and some predetermined point in the
system. The functionof the compensator isto lower
the signal voltage to the regulator as the machine
load increases, thereby causing the regulator to
maintain normal voltage at some predetermined point
on the system regardless of changes in the voltage
dropover the system impedance, between the machine
and this point.

In case line-drop compensation is required on
regulators equipped with equalizing reactors and
which control machines that operate in parallel, pro-
vision may be made to prevent interference between
the reactor and line-drop compensator, This is ac-
complished by special connections of current trans-
former supplying the equalizing reactors, or by
special line-drop compensator connections.

As far as physical appearance is concerned, this
device is very similar to the equalizing reactor, In
addition toa variable reactance and insulating wind-
ing, it hasa variable resistor with insulating current
transformer.

The resistance and reactance of the compensator
are each divided into a number of equal sections.
Taps are brought out from these sections and con-
nected to independently adjustable tap switches,one
having coarse adjustments and the other fine. Both
the reactance and resistance elements are variable
in one-volt steps based on five amperes in the cur-
rent transformer. Each has a total of 24 steps, and
will introduce a maximum of 24 volts total drop each
in the regulator signal voltage circuit with five am-
peres in the current-transformer secondary. This
voltage drop is proportional to the current flowing
in the compensator.

13
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Figure 14 shows the connections for this device
whenused witha single machine. Insulating windings
are provided for both the reactor and resistor to per-
mit grounding the currentand potential-transformer
secondaries separately. It isessential that the cur-
rent transformer be inthe same phase as the signal-
voltage line in which the line-drop compensator is
connected.

One compensator, connected in one phase of a.

three-phase circuit, gives an average of approxi-
mately 12-percent resistance compensation and 12-
percent reactance compensation on a three-phase
basis., Two or three compensators may be used if
more compensation is required.

This device imposes a maximum burden of 225
voit-ampefes with five amperes in the current-
transformer secondary and with the total reactance
and resistance in the circuit.

MAXIMUM EXCITATION LIMIT
General

A maximum excitation limit is sometimes pro-
vided for applications where it may be desirable to
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limit thea~c machine excitationor armature current
to some maximum value. It may be controlled by a
signal from a current transformer inone of the a-¢
machine leads or by a voltage-sensitive relay con-
nectedacross the a-¢ machinefield circuit. When it
is energized, the limit will operate to reduce exci-
tation on the a~¢c machine by decreasing the number
of active turns in the regulator nonlinear-circuit
saturable reactor. This will effectively recalibrate
the regulator for a lower normal voltage and will,
therefore, reduce the amplidyne boost voltage and
lower the a-c machine exciter voltage and field
current.

Maximum Excitation Limit Circuit

The maximum excitation limit circuit as applied to
armature current limit control is shown in Fig. 15.
When the a-¢ machine armature current exceeds the
maximum desired value which is set with resistor
C4R and current sensitive control relay CR, this
relay will operate to open its ‘‘raise’’ contact and
close its‘‘lower’’ contact. Timerelay 2TR isthere-
by energized, After a time delay determined by the
setting of time relay 2TR, the contact TC closes.
Lower relay LR will be energizedand timing motor
ITR will operate to intermittently close and open
timer contact 1TR. When contact 1TR is closed,
driving motor M will move the slider of variable
transformer VT, called therecalibrating unit, in the
““lower’’ direction, and reduce the number of active
saturable reactor AlSX turns. Timer ITR may be
adjusted to operate motor M intermittently to vary
the total recalibrating time. Thus the recalibrating

“rate may be selected to suit the requirements of

individual installations.

After recalibrating unit VT has completed its total
traverse in the lower direction, lower limit switch
LLS will be opened to de-energize driving motor M
and timer motor TR circuits,

When the a-c machine armature current is reduced
tonormal byaction of this maximum excitation limit
or due to any other factor, during or following the
recalibrating cycle, current-sensitive control relay
CR will operate to de-energize time relay 2TR which
de-energizes ‘‘lower” relay LR and energizes
‘““rajse’’ relay RR. This will cause driving motor
M to return recalibrating unit VT to its normal po-
sition at the ‘‘raise’’ position end of the active part
of the saturable-reactor A1SX winding. When this
position is reached, raise limit switch RLS will be
opened tode-energizedriving motor Mand the timer
motor 1TR circuits.

Recalibrating unit VT is usually connected to the
saturable-reactor taps located at the opposite end of
the winding used for the voltage-adjusting unit. The
operation of recalibrating unit VT is in every way
identical to that of the voltage-adjusting unit, except
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that the former is subject toautomatic control while
the latter is usually controlled manually.

When exciter voltage is to be limited, the control
relayis sensitive toexciter voltage instead of arma-
ture current.

Component Arrangement

The limit components are mounted on a steel base
and connected to a terminal board, This assembly
includes the control relay, raise and lower relays,
motor-operated variable-transformer recalibrating
unit, and the timing relays,

Separate instructions for the components are
usually supplied with the equipment,

The current-sensitive type of control relay is
equipped with a coil rated ata normal currentof 0.5
amperes, 50/60 cycles a-c, The adjustable resistor
C4R inparallel withthe coil provides for adjustment
of the limit current from approximately 2,5 to 5.0
amperes. At 5.0 amperesit will imposea burden of
approximately seven volt-amperes on the signal-
current transformer. The voltage-sensitive control
relay is usually equipped with a coil rated at 0.5
ampere d-c, An adjustable series resistor is pro-
vided to permit selection of the limit voltage for
values up toapproximately the rating of the exciter.
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Fig. 15. Maximum excitation limit circuit
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The raiseand lower relaysareusually each provided
with a 115-volt, a-c coil rated at approximately 0.12
ampere.

The recalibrating-unit driving motor is normally
rated at 115 volts,a~c, 0.5 ampere. The total travel
time for the recalibrating unit, with thedriving motor
operating continuously, is 45 seconds for mostappli-
cations. The limit operates to reduce the regulator
voltage level by approximately 10 percent of the
normal rated voltage of the regulator.

Thetimer relay 1TR hasa 15-second time-cycle.
The timer motor is rated at 115 volts, a-c, and re-
quires less than 0.1 ampere. The relay may be ad-
justed to vary the total recalibrating time from a
minimum of 90 secénds to a maximum of over 45
minutes, Time relay 2TR providesa timedelay that
canbe adjustable from 3 seconds to 100 seconds. The
relay motor and coil is rated at 110 volts and requires
less than 0.25 ampere.

MISCELLANEOUS EQUIPMENT
Amplidyne Generator

The amplidyne generator is normally supplied
with the regulator eguipment and assembled in a
four-bearing motor-generator set. Amplidynes
are commonly rated at 2, 8, 5 or 71/2 kw, and
125 or 250 volts d-¢, with driving motors rated at
5, 71/2, 15 or 20 hp and 220/440 or 550’ volts,
three-phase, 50/60 cycles a-c. Separate instruc-
tions for the amplidyne are usually supplied withthe
equipment, and additional copies may be - secured
upon request.

The amplidyne usually has two control-field
windings. The field and armature leadsare marked
with metal identification tags which should not be
removed even after installation is completed. The
field leads are connected to a small terminal board
mounted on the machine frame and the terminals are
marked with the field-lead identification numbers.

The F1-F2 field, which is excited by the voltage
regulator, normally has a resistance of approxi-
mately 10 ohms at 25 C (77 F). The winding usually
consists of 250 turns per pole, and has a continuous
duty rating of two amperes.

The F3-F4 field is normally excited by the sta-
bilizing transformer circuit. The F3-F4 winding has
a normal resistance of approximately 30 ohms,
usually consists of 320 turns per pole, and has a
continuous duty rating of one ampere. .

The armature leads are marked Al and C2. The
polarity of theleads will depend upon the magnitude
and direction of current flow through the amplidyne
fields, If the F1-F2 field is energized with the F1
terminal positive, armature terminal C2 will become
positive. Likewise if the F3-F4 field is energized

15
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with F3 positive, terminal C2 will become positive.
If both fields are simultaneously energized in op-
posite directions, the amplidyne polarity will depend
upon the resultant ampere turns of the two control
fields.

The amplidyne motor-generator set is usually
equipped with anoverspeed switch havinga normally
closed contact which will open whenthe speed is too
high. This is desirable since overspeeding might
occur if the' driving motor were disconnected from
the line so that the amplidyne operates as anunloaded
d-c motor in the exciter-field circuits. The switch
contact is rated at 115 volts, 10 amperes a-c; 125
volts, 0.3 ampere d-c; and 250 volts, 0.15 ampere
d-c,

Control Equipment

The regulator equipment usually includes the
components required for the control of the regulator
and the amplidyne generator. Multicontact, dead-
front, switchboard-type, cam-operated control
switches are used for control of the regulator cir-
cuits. These switches are used for transfer and
control functions, and may be supplied with fixed
-handles, or with removable handles where protective
interlocking is required.

A motor starter is provided when the amplidyne
is supplied directly coupled toadriving motor. This
starter may be equipped with a fusible disconnect
- switch or a circuit breaker. The starter magnetic
switch is a 3-poled-c operated device with overload
relays, The operating coil may be rated for 125 or
250 volts d-c.

A transfer contactor is provided for switching the
amplidyne into and out of the exciter field circuit,
This contactor may be a two-pole double-throw device
with two normallyopenand two normally closed main
contacts; or it may be a single-pole double-throw
.device with one normally open and one normaily
closed main contact. In thelatter instance,two con-
tactorsareused with interconnected operating coils.
The single-pole device is a latched-in type switch
which will remain closed after the closing coil has
heen de-energized, and which can only be opened by
energizing a separate opening coil. This latched-in
-feature is obtained by means of a permanent magnet

inserted in the operating-coil core.

To protect against the possibilityof establishing a
serious amplidyne short circuit through the normally
open and normally closed contacts of the transfer
contactor, a current-limiting resistor is supplied for
connection in this short-circuit path. This resistor
is usually composed of several resistance units
assembled with mounting brackets. The total re-
sistance may be as much as approximately seven
or as little as approximately four ohms, depending
upon the installation,
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For reference purposes, a zero-center d-¢ volt-
meter is usually supplied for connection across
amplidyne terminals.

The various control devices are covered by indi-
vidual instructions which are usually included with
the equipment. Additional copies may be obtained
upon request, Instruction referencesare generally
given on the device nameplates.

Variable Transformers

Variable transformersare generally usedas ad-
justing units at various points inthe regulator equip-
ment. The voltage-adjusting unit is normally a
manually operated, semiflush-mounted, 115-volt,
50/60-cycle, 0,.69-kva, single-phase variable trans-
former. In some cases, however, a surface-mounted,
motor-operated variable transformer is used. This
latter device is usually rated at 230 volts, 50/60
cycles, 2.07 kva, single phase, and is driven by a
115-volt, 50/60~cycle, 0.5-ampere motor or a 115-
volt d-c, 0.23-ampere motor. Total travel time for
the motor-operated units is 45 seconds. . Motor-
operated units are usually controlled with standard,
cam-operated, dead-front switchboard-type control
switches for remote semiflush mounting to permit
locating the motor-operated unit with the principal
components of the regulator equipment,

The manually operated voltage-adjusting unit is
provided with a knob and dial. Since the dial is nu-
merically graduated in the clockwise direction, it
may be suitable for use only when clockwise rotation
for increased voltage is desired. The variable
transformer on the reactive ampere limit panel is
rated 115 volts, 50/60 cycles, 0.345 kva, single phase.
The maximum excitation limit unit variable trans-
former, which is identical tothatused for the motor-

Winding Terminals
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Manually operated voltage adjusting unit

Motor operated voltage adjusting unit ond
moximum excitation recatibrating unit.

NOTE: Voltage adjusting and recalibrating unit connections should be
made 1o terminals morked @ Limit adjusting unit terminals -
normaily used are marked ®

Fig. 16. Variable transformer internal connections



operated voltage-adjusting unit, is driven by a 115-
volt, 50/60-cycle, 0.5-ampere motor, and has a
total travel time of 45 seconds.

Variable transformers should operate easily and
care should be exercised to prevent the rotor from
being slammed against the stop since this tends to
damage and weakenthe entire variable-transformer
assembly.

Internal connections for the variable transformers
are shown in Fig. 16. Connections for driving motors,
when used, are shown in the applicable connection
diagram for the complete regulator equipment.
Variable transformers used as voltage-adjusting and
recalibrating units are always connected with the full
winding across the proper saturable-redctor taps.

Exciter Voltage Relay Panel
When a voltage regulator and an underexciter re-

active ampere limit are used with a synchronous
condenser, an exciter voltage relay panel is provided.
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The relay panel will detect and respond to incorrect
polarity and magnitude of the exciter voltage. When
a synchronous condenser isOperated near the steady-
state stability limit it will always operate with nega-
tive excitation. I the synchronous condenser slips
a pole when initially operating with negative exci-
tation, the operation of the amplidyne voltage regu-
lator will be incorrect and the exciter voltage willbe
driven to ceiling in the negative direction. ‘The ex-
citer voltage relay senses this condition and closes
a*contact. The exciter voltage relay panel consists
of an adjustable resistor 1R, arectifier 1IREC and a
relay CR1., When the relay panel operates, the
synchronous condenser should automatically be re-
moved from the line, the regulator removed from
service and the amplidyne driving motor should be
de-energized.

TG EMERGENCY SHUT DOWN GCIRGUIT
Fig. 17. Exciter valiage relay panel

Figure 17 shows the exciter voltage relay circuit,
with the exciter operating with exciter voltage as
shown. For this case, current passes from the ex-
citer throughresistor 1R and through rectifier 1REC.
Since the rectifier has a low forward resistance, the
voltage drop across the relay CR1 is insufficient to
cause CR1 to pick up. For reverse polarity, due to
the blocking action of rectifier 1REC, current will
pass through relay CR1 and resistor 1R, Resistor
1R is adjusted so that relay CR1 will operate with
negative exciter voltage at approximately 70 percent
of the exciter rated voltage.

INSTALLATION

LOCATION AND MOUNTING

The various components of the regulator equip-
ment may be supplied unmounted or panel mounted
withor without an enclosingcase. It is important that
all components be placed ina well-ventilated, clean,
drylocation, and securely mounted on surfaces which
are relatively freefrom vibration. The normal am-
bient temperature should not be greater than 40 C
(104 F).

The amplidyne current-limiting resistors must
not be mounted in a position which will permit dis-
sipated heat to pass over any of the other com-
ponents.

The static equipment should be readily accessible
for adjustmentandtesting. The amplidyne should be
located to permit easy inspection and maintenance.
The variable transformer used as a voltage-adjusting
unit should be placed in a reasonably dust-free lo-
cation which will permit ready inspection of the con-
tact-brush assembly.

CONNECTIONS

Connections must be made in accordance with the
diagram supplied with the equipment for each par-
ticular installation, Care must be exercised to de-
termine that connections are correct toavoid damag-
ing the equipment. Interconnecting wires will conduct
a maximum current of approximately five amperes
in all regulator circuits. Maximum currents in the
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amplidyne driving motor lines and amplidyne arma-
ture connections will he appreciably greater and will
vary depending upon the ratings of these units,

It is suggested that disconnect switches be pro-
vided in the a-c supply lines and the control power-
supply lines and that fuses be provided in the latter
case, Amplidyne driving motors, may, in most
cases, be connected for either of two voltages and the
proper connections for the appropriate voltage must
be made toavoid damaging the motor., Rotationof the
motor should be investigated to determine that it is
in the proper direction.

~ POLARITY AND PHASE ROTATION

When making connections from the exciter-arma-
ture leads to the voltage regulator, polarity should be
carefully checked to ascertain that the connections
- are as shown in the applicable diagram.

The amplidyne-armature lead marked A1 must be
connected to the positive side of the exciter~armature
circuit. Amplidyne-field polarity should be checked
at the regulator conirol terminals before the am-
" plidyne-field leads are connected to the regulator.
For this purpose it is possible to use a small dry
cell, or alow-voltage d-c supply from a potentiometer
or other source which will not deliver a voltage in
excess of 10 volts. Amplidyne-armature polarity
should be determined with a portable voltmeter di-
rectly at the machine terminals, rather than with a
remote switchboard instrument, to prevent errors
due to incorrect meter connections.

The amplidyne must be operated disconnected
from the exciter field circuit to make this test, and
care should be taken to avoid exceeding the amplidyne
field-current and armature-voltage ratings. Po-
larities should be as described on Page 15 under
heading ‘‘Amplidyne Generator.’’ If discrepancies
exist, the amplidyne-field leads must be interchanged
to obtainthe correctpolarityat the armature termi-
nals.

Equalizing-reactor and line-drop compensator
polarities must be carefully observed when connec-
tions are made, THE CURRENT TRANSFORMERS
USED WITH THESE UNITS MUST BE LOCATED
IN THE SAME PHASE AS THE SIGNAL VOLTAGE
PHASE IN WHICH THEY ARE CONNECTED.

The phase rotationof the a-c signal-voltage supply
from the a-c machine potential transformers to the
regulator equipment must be determined at the T-
connected transformer (1T) terminal board. Phase
rotation should be measured at terminals 1,2 and 3
at the terminal board, and should be in the order
1, 2, 3 referred to the terminal numbers.
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INITIAL OPERATION, TESTING
AND ADJUSTMENT

CONTROL CIRCUITS

If thea-c machine is equipped with a single, inde-
pendent regulator equipment including an integral
motor-amplidyne set, the following tests should be
made. With the a-c machine and exciter out of
service and with the amplidyne driving motor power
supply not energized, the regulator control switch
ghould be turned to OFF or MANUAL, and the control
power supply energized. Under this condition, the
amplidyne driving motor starter magnetic switch, the
undervoltage relay, and thetransfer contactor should
remainde-energized. The control switch maythenbe
turned to TEST. The motor-starter magnetic switch
should be energizedand the switch should close, the
undervoltage relay should be energized but the trans-
fer contactor should remain in the de-energized
condition. The switch may then be turned to ON or
AUTO, the transfer contactor should be energized
and should operate to place the amplidyne in the
exciter-field circuit. The switch mayagainbe turned
to TEST to determine that the transfer contactor will
be properly de-energized and the motor-starter
magnetic switch will remain closed. Turning the
switch to OFF or MANUAL should de-energize the
coil of the magnetic switchand the coil of the under-
voltage relay. The undervoltage relay should drop
out in about 1 to 1 1/2 seconds after its coil is de-
energized.

The overspeed-switch circuit should be checked
after placing the control switchat ON to energize the
motor-starter magnetic switch and transfer con-
tactor. Disconnect one overspeed-switch leadat the
overspeed~switch terminals on the motor-amplidyne
set. This should de-energize all three devices. The
control switch should be left at ON and the lead re-
connected; the devices should not be re~energized.

Some installations involve two or more regulator
equipments consisting of normal equipments and
spare equipments for a single or for several a-c
machines. In such cases, transfer switches arefre-
quently provided for selectionof the proper regulator.
If these switches are equipped with removable
handles for protective interlocking, all handles but
one must be immediately removed and stored ina
remote locationrto prevent incorrect and dangerous
operationof the regulator equipment, The previously
described tests must then be conducted on each equip-
ment by turning the transfer switches to the proper
positions to place the regulators successively under
control of the respective control switches,

Occasionally regulator control circuitsare inter-
locked with exciter circuit breaker opening and clos=
ing control circuits, either withor without theuse of
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relays. These circuits must be carefully tested by
operation of the circuit-breaker control switches and
the circuitbreakers themselves toascertain that all
details of operation are correct.

Ingeneral, this type of interlocking is provided to
prevent placing two regulators in service with one
a-¢ machine and exciter, to prevent placing a single
regulator in service with an exciter operating in
parallel with a second exciter on the same a-c ma-
chine field, and to permit closing exciter breakers
only when the regulator control switches are at the
OFF or MANUAL positions. The regulator diagrams
must be carefully studied to determine what control
functions are provided, and no further tests should
be made until the control circuits have been com-
pletely tested.

VOLTAGE REGULATOR
Preliminary

The regulator should be tested with the a-¢c ma-
chine operating at normal speed and normal voltage,
-and in the case of agenerator, at no load and discon-
nected from the system.

The underexcited reactive ampere limit should be
removed from service by disconnecting the wire from
terminal 4 on the terminal board for saturable re-
actor B1SXonthe CR7932-KA reactive-ampere limit
panel.

I a maximum-excitation limit is provided, it
should also be disconnected at'the CR7930-NA volt-
age-regulator terminal board. This may be done by
removing external connections from terminal num-
bers 8, 9 and 10; terminals 9 and 10 should then be
connected together with an external jumper.

If an equalizing reactor and/or line-drop com-
pensator are used, they should be connected in the
single-voltage circuit and the adjusting knobs for
these units turned to the zero position.

. Voltage Adijusting Unit

The regulator control switch should be kept at
OFF or MANUAL until the a-c¢ machine has been
started and brought up to normalspeed and voltage.
The exciter polarity should be checked to be certain
that it is correct. After the control power supply
has been energized, the switch may be turned to
TEST to énergize the regulator circuits. When this
is done, the amplidyne armature voltage may sud-
denly increase in either direction. Do not allow the
amplidyne to operate continuously at more than rated
voltage, It should be possible to reduce the am-
plidyne voltage to zero by turning the voltage-ad-
justing unit. Turningthe voltage-adjusting unit knob
or voltage-adjusting control switch clockwise should

cause the amplidyne voltage to increase in the boost
direction so that the amplidyne-voltmeter needle
will move up scale from zeroand amplidyne terminal
C2 willbecome positive withrespect to A1, Turning
the voltage-adjusting unit knob or voltage-adjusting
control switch counterclockwise should cause the
amplidyne voltage to increase in the buck direction,
s0 that the voltmeter will read downscale from zero
and amplidyne terminal Al willbecome positive with
respect to C2. If the operation of the voltage-ad-
justing unit must be reversed, it may be changed as
follows after the regulator control switch has been
returned to OFF.

The external connections to the two terminals of
the voltage-regulator panel which connect to the wind-
ing of *he voltage-adjusting unit may be interchanged.
(The connection from the voltage-regulator panel to
the slider on the voltage-adjusting unit should notbe
changed.) The control switch should then be turned
to TEST and the operation of the voltage-adjusting
unit rechecked to determine that it is satisfactory.

It is possible that operation of the voltage-adjust-
ing unit will have no noticeable effect on the ampli-
dyne voltage when the regulator is first tested. If
the amplidyne voltage is in the boost direction and
cannot be reduced to zero by operating the voltage-
adjusting unit, it may be caused by either incorrect
phase sequence or the signal voltage being out of
range. The phase sequence of the regulator signal-
voltage connections from the potential transformers
tothe primary of T-connected transformer 1T may
be incorrect. This should be checked at the T-con-
nected transformer terminals 1, 2, and 8 with a
phase-rotation meter and should be in the order 1,
2, 3 referred to the terminal board. Connections
from T-connected transformer 1T to the voltage-
regulator panel should also be checked. If the am-
plidyne voltage is in the buck direction and cannot
be reduced to zero by operation of the voltage-ad-
justing unit, it may be caused by the signal voltage
being out of range.

T-connected Transformer

The T-connected transformer (17T) is usually pro-
vided withtaps on one secondary winding. Normally
these taps arefactory adjusted,but since there may
be instances in which this adjustment is to be made
during installation, the following procedure is given:

Turnthe voltage control switch to OFF. Turn the
regulator sensitivity dialtoward 100 untilthe stop is
reached. Adjust resistor A4R to 25 ohms. Set the
voltage-regulator control switch at TEST, set the
voltage-adjusting unit for zero amplidyne volts, and
turn the knobs on the equalizing reactor and the linew
drop compensator to their zero positions. Measure
the a-c voltage at the primary of the tranasformer 1T
between terminals 1 and 2, 2 and 8, 3 and 1, and
average the three voltages.
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Measure the a-c voltage betweenterminals 1 and
2at the primary of transformer A1T onthe CR7930~
NA voltage-regulator panel. (This is the voltage
between wires 3 and 15.)

The ratio of the averaged primary voltage of
transformer 1T to the primary voltage of trans-
former ALT should be between 1to 1.02 and 1to
1.10.

If the ratio of these voltages is outside the above
limits, turn the control switch to OFF, and move the
tap on the secondary of transformer 1T to the next
lower number if the ratio is too low (less than 1 to
1.10) or to the next higher number if the ratio is too
high (greater than 1 to 1.02).

Turn the control switch to TEST and set the volt-
age-adjusting unit for zeroamplidyne volts. Recheck
ratio of transformer voltages and if necessaryagain
movetaps asdescribed until the ratio is between the

. specified limits.

- Voltage Level and Range

__ Inability to control the amplidyne voltage mayalso
* :be due to the signal voltage falling outside of the regu-
lator range. I the amplidyne voltage istoohighinthe
buck direction, the signal voltage may be too high. If
the amplidyne voltage is too high in the boost di-
rection, the signal voltage may be too low. Theregu-
lator is normally connected for a signal voltage of
approximately 115 volts, but can be adjusted for
signal voltages which differ appreciably from this
value. After turning the control switch to OFF, this
adjustment is made by increasing or decreasing the
number of effective nonlinear-circuit saturable-
reactor (A1SX) turns to respectively raise or lower
the regulator voltage level as follows:

The saturable-reactor (A1SX) taps for changing
the number of effective turnsare connected totermi-
nals of the same number on those voltage-regulator
terminal boards which arelocated adjacent toand on
the same plate as the saturable reactor. Four wires
for outgoing connections from the terminal boards
are identified by different colored sleeving, The
voltage level is determined by the ‘“‘orange’’ identi-
fied wire. To raise the voltage level, connect the
orange wire to a higher numbered terminal and to

ease the voltage level connect it to a lower
numbered terminal, T—

e

NOTE: If a maximum-excitation limit is used,
recalibration unit VT is usually connected to the
orange and to the red identified wires. To maintain
a predetermined range for recalibration unit VT, it
is necessary to move the ‘‘red’’ identified wire an
equal number of terminalsand in the same direction
as the orange wire,
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After thisad justment has been completed, the con-
trol switch may be turned to TEST to determine if
operation is satisfactory. It should be possible to
adjust the amplidyne voltage to zero by turning the
voltage-adjusting unit. If the brush armis appreci-
ably away from the midposition, additional adjust=-
ment of the regulator voltage level maybe required.
If the brush arm is too far from the midposition in
the direction for increasing the amplidyne voltage
toward boost, the number of effective saturable-
reactor turns must be increased. This isequivalent
to adjusting the regulator for a higher voltage level.
If the brush arm is too far from the midposition in
thedirectionfor increasing amplidyne voltage toward
buck, the number of effective saturable-reactor turns
must be decreased, which is equivalent to lowering
the regulator voltage level. Adjustments may be
made as previously described, and should only be
made with the regulator control switch at OFF.

It may be preferable, however, to delay final
voltage-level adjustment of centering the voltage-
adjusting unit since the equalizing reactor and line-
drop compensator may appreciably alter the signal
voltage under loaded a-c machine conditions. This
might make Feadjustment of voltagelevel fora given
load desirable. Readjustment may also be required
following the addition or removal of equalizing re-
actors or line-drop compensators,

The range over which the voltage level can be con-
trolled by the voltage-adjusting unit maybe increased
by connecting the blue identified wire to a higher
numbered terminal and decreasedby connectingit to
a lower numbered terminal. DO NOT CONNECT
THE BLUE WIRE TO A TERMINAL HIGHER THAN
NO. 5. NOTE: The greenwire is normally connected
to terminal No. 1.

Additional Control-switch Circuits

Where additional control, transfer, or exciter-
polarity reversing switches are used, the previous
tests should be repeated with these switches for all
operating conditions, to determine that the amplidyne
voltage may be controlled with the voltage-adjusting
unit when each of the regulator control switches is
at TEST. This will indicate that all switch connec-
tions are correct.

Polarity Tests

Before the regulator is first placed in control of
machine excitation, it is recommended that a final
polarity test be conducted. With the regulator control
switch at OFF, short circuit the normally open con-
tact on the transfer contactor which is connected
between amplidyne-armature terminal Al and the
exciter-field rheostat, or occasionally between Al
and the positive exciter-armature lead, Thiscan be
done with a small clip lead, since the shorting con-
nection will not be required to carry any current.
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Connect a d-c¢ voltmeter across amplidyne-armature
terminal C2 and the negative exciter-armature lead,
with the positive voltmeter lead on C2. These con-
nections may be made with thea~c machine and ex-
citer in operation, if the necessary precautions are
taken.

With the a~¢ machine operating at normal speed
and voltage, turn the regulator control switch to
TEST and adjust the amplidyne-armature voltage to
zero with the voltage-adjusting unit. The voltage
indicated by the previously connected test voltmeter
should be roughly equal tothat portionof the exciter
voltage which appears across the exciter field. Turn
the voltage-adjusting unit in the raise direction to
increase the amplidyne voltage in the boost direction.
The voltage indicated by the test voltmeter should
increase bythe amount that the amplidyne-armature
voltage is increased. Thenturnthe voltage-adjusting
unit in the lower direction toincrease the amplidyne
voltage in the buck direction. The voltage indicated
by the test voltmeter should decrease below the initial
value by the amount that the amplidyne-armature
voltage isincreased. If the abovetestsare notsatis-
factory, connections must be carefully checked and

" proper operation obtained before any further tests
are made, ’

Before praceeding, it is necessary to check the
stabilizer connections in the following manner. With
the control switch at TEST and thea~c machine and
exciter operating at normal speed and voltage, use
the voltage-adjusting unit to adjust the amplidyne
voltage to zero. Then open the stabilizer primary
circuit., Asthe circuit is disconnected the amplidyne
voltage should increase in the boost direction and
return to approximately the original value. The
actual value to which the amplidyne voltage returns
depends upon regulator sensitivity. The actual value
is increased as regulator sensitivity is increased.
After observing this, close the stabilizer primary
circuit. The amplidyne voltage should momentarily
increase inthebuckdirectionand thenreturntozero.
If opposite effects are observed, reverse the stabi-

lizer secondary or primary connections and repeat
the test. )

If an equalizing reactor is provided, its polarity
must be checked before putting the regulator in
service with a machine which is connected to the
system, Turn the reactor tap switches to zero and
the control switch to TEST. With the a-c¢ machine
operating overexciter, adjust the amplidyne voltage
to zero, Then turnthe coarse adjustment toa higher
number, The amplidyne voltage should increase in
the buckdirection. If it increases inboost direction,
reverse the signal voltage leads to the reactor and
repeat the test. Then turn the coarse adjustment to
zero and the fine adjustment to 4,

Ifa line-drpp compensator is provided, its polarity
must be checked before placing the regulator in

service. Turn both adjusting knobs to zero, and
operate the a-c machine in the overexcited region.
With the regulator control switch at TEST and. the
amplidyne voltage adjusted to zero, turn the coarse
reactance-adjustment knob to the right to insert
reactance. The amplidyne voltage should increase
in the boost direction. Return the reactance-adjust-
ing knob to zero, and turn the coarse resistance-
adjusting knob to the right to increase resistance,
This should also increase the amplidyne voltage in
theboostdirection. If the amplidyne voltage. in-
creases inthe buck direction during these tests, the
compensator potential leads must be interchanged
and the tests repeated.

¢.
.

Initial Operation

It is recommended that where possible the a-c¢
machine be disconnected from the load or system at
the time the regulator is first placed in control of
a~c machine excitation. If thea-c machine isa gen-
erator and must be connected to the system, itis
suggested that it be operated at light load to insure
a minimum disturbance tothe system inthe event of
improper functioning of the voltage-regulator equip-
ment whenfirst put in service. For complete infor-
mation on puiting the regulator in service and re-
moving it from service, refer to the section on
‘‘Operation.”

The regulator control switch should be turned to
TEST and the amplidyne voltage adjusted to zero with
the a~-c machine operating at normal speedand volt-
age. The control switch maythen be turned to ON or
AUTO. This will place theamplidyne inthe exciter-
field circuit, and the regulator in control of the a-c
machine excitation, The amplidyne voltage may
immediately change, but should promptly return to
nearly zero, If a very large change in amplidyne
voltage appears, and the voltage does not promptly
return to zero, remove the regulator from service,
Repeat the amplidyne polarity tests and check all
connections to determine the cause of the trouble,

Turning the voltage-adjusting unit knobor control
switch in the raise direction with the regulator in
control of machine excitation should cause the ampli-
dyne voltage to change in the boost direction andthe
a-¢ machine terminal voltage to rise. Turning the
voltage-adjusting unit knob or switch in the lower
direction should cause the amplidyne to change in
the buck direction and the a-¢ machine terminal
voltage to fall. If the a-c machine is a generator
which is not connected to a load or a system,use of
the voltage-adjusting unit should permit a total
change of machine voltage of about 10, 14, 20 or 25
percent of rated voltage, depending on whether the
blue identified wire on the voltage-regulator panel is
connected toterminals 2, 3,4 or 5, respectively, for
saturable reactor A1SX. Usually this change of ma-
chine voltage is equally divided about the normal
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voltage to provide a maximum change of plus or
minus half of this total change,

Operation of the voltage regulator may also be
tested by changing the resistance of the exciter-field
rheostat. As the rheostat resistance is decreased,
the amplidyne voltage should change in the buck
direction, and as resistance is increased, voltage
should change inthe boost direction. Noappreciable
change in exciter voltage should occur,

Where additional control, transfer or exciter-
polarity reversing switches are used, the previous
tests should be repeated with these switches adjusted
for all operating conditions todetermine that the a-c
machine excitation may be properly controlled with
theregulator. This will indicate that all switch con-
nections are correct.

Regulator Stability

With thea~-c machine operating at rated speed and
voltage,and at noload if the machine isa generator,
voltage-regulator stability should be satisfactory. If
the regulator does not appear to be stable, it may be
~ necessary toincrease the stabilizing effect provided
" by stabilizing transformers 1ST, 28T or to decrease
the regulator sensitivity, or both,

The stabilizer primaries are usually connected in
series across the a-c machine exciter armature
through resistor 6R so that the maximum voltage
impressed across each of the stabilizer primaries
will not exceed 80 volts with the a-c machine exciter
operating at maximum normal voltage.

If stable operation cannot be obtained by adjust-
ment of stabilizer resistor 6R, special stabilizer
connections may be warranted, These arrangements
are not normally required and will vary with the
equipment and services involved.

It is also possible that the stabilizer connections
may be reversed if satisfactory stability cannot be
obtained. External connections should be checked
and if these arefound to be correct, the connections
from the secondaries of the stabilizers may be inter-
changed. Stability should be noticeably improved or
definitely poorer after this change is made, and
caution should be exercised when placing the regu-
lator in service to prevent excessive voltage oscil-
lations,

It may be necessary under some conditions to
desensitize the regulator if stabilizer adjustments
do not produce completely satisfactory results. This
will aid in producing stable operation,
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Resistor A4R, whichhas a slider adjustable from
the back of the panel, is used to decrease regulator
sensitivity. Move the slider on resistor A4R so as
to increase its resistance about five ohms. This
adjustment must be made with the regulator control
switch at OFF or MANUAL. It should be remem-
bered that a small increase in resistance will pro-
duce a large change in sensitivity, Therefore, it
is desirable to increase resistance in small steps.
In some cases, in order to obtain stable operation,
it may be necessary to add resistor 3R, per Fig.
21. An alternative means of obtaining stable opera-
tion is to remove one or two stabilizers by short-
ing both primary and secondary windings.

In general, it is more likely that stability dif-
ficulties will appear at reduced excitation, rather
than at normal or high values of a-¢ machine excita-
tion current. Hence, it is usually possible to obtain
satisfactory stability under lodded conditions, if
satisfactory stability is obtained at no load.

Regulator Sensitivity and Voltage Regulation

Determination of a-¢ machine voltage regulation
with the regulator inservice isordinarily a difficuit
procedure and one which will produce only qualitative
results. Sincethe regulator isadjustedat the factory
to provide adequate sensitivityfor close regulation,
this measurement is usuallyunnecessaryat the time
of installation, and for this reason no special test
procedure is described. After the equipment has
been placed in service, it is possible to obtain data
which will provide anapproximate measure of voltage
regulation, but even these results must be carefully
interpreted to gain a reliable estimate of perform-
ance.

If the machine is connected toa system, theregu-
lation will depend toa great extent uponthe charac-
teristics of this system. Regulationwill alsobe con-
siderably affected by the use and adjustment of
equalizing reactors and line-drop compensators.
Furthermore, the setting of the exciter-field rheo-
stat will have an effect on regulation. And finally,
the sensitivityof the regulator itself will bea major
factor aifecting voltage regulation.

If it is desired toimprove regulation by increas-
ing regulator sensitivity, resistor A4R, on the back
of the voltage-regulator panel, may be used for this
purpose.
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Decrease the resistance of A4R about five chms
by moving the slider, This process may be re-
peated if necessary. This adjustment should be
made cautiously with the regulator out of service.

Decreasing resistance will not only increase
gensitivity but may produce stability difficulties
which will only appear at low values of a-c machine
excitation current, such as are encountered under
no-load or underexcited conditions. Changes should
therefore, be made carefully, and the stability should
be checked after each change. If necessary, sensi-
tivity may be reduced to increase regulation by in-
creasing the resistance of the sensitivity-adjusting
resistor as previously described.

"

—

Underexcited Reactive Ampere Limit
Limit Polarity

After satisfactory operation of the regulator has
been obtained, the reactive ampere limit should be
tested., Setthe REACTIVE AMPERE LIMIT SENSI-
TIVITY dial at zero. Set the REACTIVE AMPERE

LIMIT POWER RECALIBRATION switch at zera, .

Set the REACTIVE AMPERE LIMIT START dialat
its highest numbered position,

Set the regulator control switch at OFF. During
the preliminary adjustments of the regulator, the
wire was disconnected from terminal 4 bnthe termi-
nal board for saturable reactor B1SXonthe CR7932-
KA underexcited reactive ampere limit panel. During
all limit polarity tests, a test milliammeter (0-10~
100 ma DC) should be connected from terminal 4
on saturable reactor B1SX to the wire that normally
connects to terminal 4 on B1SX.

Caution

When setting the REACTIVE AMPERE LIMIT
POWER RECALIBRATION switchatany time
the switch knob should be turned to a definite
position as evidenced by a snap action.

With the machine carrying power load and some
safe value of underexcited_reactive current, move
the regulator control switch to TEST, Set the volt-
age-adjusting unit for zero amplidyne volts: Slowly
turn the REACTIVE AMPERE LIMIT START dial
toward zero. At some setting of the dial, the ampli-
dyne voltage will increase in theboogt direction and
the test milliammeter will start to indicate. If the
amplidyne voltage does not increase appreciably
before the dial has been turned to zero, return the
dial tothe highest numbered position. Decrease the
a-c machine excitationtofurther increase theunder-
excited current,being careful not to exceed the safe
operating limit for the machine,

Again turn the REACTIVE AMPERE LIMIT
START dial toward zero. The point at which the
amplidyne voltage starts tomove from zero is con-
sidered thelimit-start point. This correspondsto a
reading of approximately 5 O milliamperes as indicated
by the test milliammeter. Continue turning the dial
until the amplidyne voltage is 20 volts boost. If the
amplidyne voltage cannot be increased from zero by
turning the LIMIT START dial to zero, the limit
polarity maybe reversed. Turnthe regulator control
switch to OFF and reverse the primary connection of
transformer B3T (Fig, 21) by interchangingat termi-
nals 1 and 2 the wires that connect to the CR7932-
KA ipeaclive-ampere limit panel. Repeat the test
previously described todetermine if a boost ampli-
dyne voltage can be.obtained by turning the LIMIT
START dial toward Zero. THIS TEST MUST GIVE i

PROPER RESULTS BEFORE FURTHER TESTS [——

ARE CONDUCTED. With the REACTIVE AMPERE |
LIMIT START dial so set that the amplidyne volt-
age is 20 volts in the boost direction, turn the RE-
ACTIVE AMPERE LIMIT POWER RECALIBRA-
TION switch in steps from zero toward 9. If the a-c
machine is delivermg power, the amplidyne voltage

isturned toward 9. (See preceding CAUTION note.)

Turn the REACTIVE AMPERE LIMIT POWER
RECALIBRATION switch to zero. Readjust the am-
plidyne voltage to 20 volts boost withthe REACTIVE
AMPERE LIMIT START dial. Before proceeding
further with the test on the reactive-ampere limit
circuit, it is necessary to check the polarityof the
reactive-ampere limit stabilizing transformers.

During this check observe the test milliammeter
carefully., Carefully disconnect one of the primary
leads of a limit stabilizing transformer. (Refer to

the connection diagram supplied with each equip-
ment.)

A careful observationof this test milliammeter is
necessary when the primary lead is disconnected.
Correct stabilizing polarity results intest milliam-
meter needle swinging up scale and then returnin,

tely to its original position, | | Incorrect
stabilizer polarity results in The test milliammeter
needle first swinging down scale, then up scale, but
beyond its original position, and finally returning to
approximately its original position,i{ This should
thé amplidyne voltage to increasein the
direction. Replacing the primary lead should cause
the amplidyne voltage to change inthe buck direction.
Do not proceed with the reactive-ampere limit test
until the polarity of the limit stabilizer is correct.

Turn the regulator control switch to OFF. Dis-
connect the test milliammeter and reconnect the wire
to terminal 4 on the terminal board of saturable
reactor B1SX on the underexcited reactive ampere
limit panel. This isthe wire which was disconnected
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during preliminaryadjustments of the voltage regu-
iator.

Initial Operation

Turn the REACTIVE AMPERE LIMIT START
dial to its highest reading. Readjust the amplidyne
voltage to zero with the voltage-adjusting unit, if
necessary., Operate the a-¢ machine at normal
voitage and withunderexcited reactive current. Turn
tn» regulator control switch to ON as discussed under
‘RATION.” Slowly turn the REACTIVE AM-
iE LIMIT START dial toward zero. At some
point the ampiidyne voltage should increase slightly
in the boost directionand the exciter voltage should
increase, causing underexcited reactive current to
decrease, Thedial settingat which the underexcited
reactive current starts todecrease is alsothe limit-
start point. If the operation is not as described,
immediately remove the regulator from control of
the a-c machine by turning the regulator control
switch to OFF. Repeat the limit polarity test. Do
not proceed further until satisfactory operation is
obtained.

With the regulator control switch at ON, and the
‘REACTIVE AMPERE LIMIT START at the limit-
start point, observe the amplidyne voltmeter, the
exciter voltmeter,and the a-¢c machine ammeter for
signs of oscillation. If oscillation of the reactive
current or amplidyne voltage appear, remove-the
regulator from control of thea-c machine excitation
by turning the regulator control switch to OFF. Ad-
just resistance TR in series with the primary of the
limit stabilizing transformers (3ST and 4ST) in 15-
percent steps, first in the direction to decrease re-
sistance and then in the direction to increase re-
sistance. After each of these adjustments, repeat
the procedure for putting the limit in service as
previously described, being very careful to observe
the amplidyne and exciter-voltage oscillationand re-
active-current oscillation.

Note: Adjustment of resistor TR and con-
nection of the primaries of stabilizers 3ST
and 4ST should be such that the maximum
voltage impressed across a stabilizer pri-
mary will not exceed 90 volts with the a-c
machine exciter operating at maximum nor-
mal voltage. )

After stable operation of the reactive-ampere

limit has been obtained, check the limit operation

with the regulator in control of the a~-¢ machine exci-
tation. Move the REACTIVE AMPERE LIMIT
START dial to the limit-start point and record the
reactive current. Decrease the underexcited re-
active-ampere load on the a-¢ machine by operating
the voltage-adjusting unit to raise the a-c machine
voltage, The underexcited reactive current should
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decrease. It should be possible to adjust the under-
excited reactive current to any value lower than it
was at the limit-start point. Now increase the under-
excited reactive current by turning the voltage-ad-
justing unit to lower the a-c machine voltage. Turning
the voltage-adjusting unit to lower the a-c machine
voltage causes the amplidyne voltage to increase in
thebuck direction. As the limit-start point is passed,
the amplidyne voltage should continue to increase in
the buck direction, but at a reduced rate, and it
should be impossible to raise the reactive current
appreciably above the previously recorded value,no
matter how far the voltage-adjusting unit is turned
in the direction to lower voltage.

As a final checkof optimum limit stability, move
the REACTIVE AMPERE LIMIT START dial until
the amplidyne voltage is about 20 volts in the boost
direction. Abruptly move the voltage-adjusting unit
a few degrees in the lower direction and observe
carefully the amplidyne voltmeter and the reactive-.
current ammeter for signs of oscillation. I oscil-
lations appear, adjust for optimum stability as previ-
ously outlined. When the amplidyne voltmeter and
the reactive=current ammeter showonly afew oscil-
lations after an abrupt change of the voltage-~adjusting
unit, the limit stability is satisfactory. Move the
REACTIVE AMPERE LIMIT SENSITIVITY adjust-
ment slowlytoward itshighest scale reading. Again
check the limit stability.

This completes the initial adjustmentof thelimit,
Final adjustment can be made at any time,

Final Adjustment

The final adjustmentof thelimit maybe made by
use of Fig. 18 and 19, unless special calibrationdata
are supplied.

The REACTIVE AMPERE LIMIT START adjust-
ment is determined from Fig. 18. This graph shows
the value of the machine' current-transformer sec=-
ondary underexcited reactive current which will
cause the limit to operate asa functionof dial setting,
and normal a-c machine potential-transformer sec-
ondary voltages. Values of voltages differing from
those shown on the graph may be easily interpolated.
Figure 19 shows the amount by which the limit-start
point will be reduced below the limit-start adjust-
ment as a function of machine current-transformer
secondary active current for various values of the
REACTIVE AMPERE LIMIT POWER RECALI-
BRATION switch (B1SW) setting.

The determination of the proper setting of the
underexcited reactive ampere limit should be ar-
rived at after a study of the steady-state stability
limit for the particular generator and system in-
volved, When the required setting of the limit has
been determined by consideration of the desired
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operation of the a-c¢ machine involved, the actual
setting of the limit can be obtained by adjusting two
dialsontheunderexcited reactive ampere limit panel
as follows:

1. For a condition of no load (0 active current,
Fig. 20) on the generator, calculate the underexcited
reactive amperes (IgA through the secondary of the
current transformer) at which the limit is to start,
Determine the potential transformer secondary volt-
tage (V1) that is connected to terminals 1 and 2 on
the underexcited reactive ampere limit panel. For
this voltage (Fig. 18) determine the underexcited re-
active amperelimit start dial setting corresponding
to the underexcited reactive current Iq(A). Set the
UNDEREXCITED REACTIVE AMPERE LIMIT
START dial for this setting and lock dial,

2. Calculate Ig(B)and Ip(B) as defined in Fig. 20.
Compute the difference between Iq(A) and Iq(B) from
paragraph 1 above, Call this difference Alq. From
Fig. 19 determine the underexcited reactive ampere
limit power calibration switch position correspond-
ing to Ip(B) and Alq. Set the UNDEREXCITED RE-
ACTIVE AMPERE LIMIT POWER RECALIBRA-
TION switch at this position.

The following example is given to illustrate the
method of setting the limit:

Iq(A) Underexcited Reactive Current (Amperes-

' secondary of current transformer) at which
the limit is to start with zero amperes active
current to regulator. (No kilowatt load.)

Iq(B) Underexcited Reactive Current at which the
limit isto start for agivenvalue of active cur-

rent, Ip(B) to regulator. (Usually maximum
load, )

CR7931-NAIO! Voltage Regulator  GEI-31260
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Note: For frequencies ather than 60-cycle see appro-
priate curves supplied with the equipment.

Fig. 19. Calibration of reactive-ampere power
recalibration limit circuif

Ip(B) Active current (amperes-secondaryof current
" transformer) at a givenkilowattload. (Usually
maximum load.)

Example: It is desired to have the reactive-
ampere limit start to function whenthe underexcited
reactive current input to the limit reachesfour am-
peres with zero activeamperes and when the under-
excited reactive current input reaches three amperes
withfour activeamperes. The normal voltage on the
secondary of the a-c¢ machine’s potential tra.ns-
formers is 110 volts.

OVEREXCITED

ACTIVE CURRENT (AMPERES-SECONDARY OF ¢.T. Jp(B)

——-—_—_—_—__I——

REACTIVE CURRENT
(AMPERES - SECONDARY OF CURRENT TRANSFORMER)

UNDEREXCITED

LIMIT STARYT LINE

UNDEREXCITED REACTIVE AMPERE
LIMIT STARTS TO RESET THE
VOLTAGE REGULATOR SELOW THE
LIMIT START LINE.

Typical limit start characteristics.
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Ig(A)is 4 amperes andfrom Fig, 18 for 110 volts,
the reactive ampere limit start dial should be set at
approximately 47. Ip(B) is 4 amperes and Iq(B) is
3 amperes. Alq is Iq(A)-Iq(B) or 4 - 3 = 1 ampere.
Therefore, from Fig.19 we observethat for a value
of Alq = 1 ampere and 4 active amperes to the Limit,
the two lines cross on the No. 4 line indicating that
the POWER RECALIBRATION switch should be set
at tap position No. 4.

If desired, before making the final adjustment of
the limit, the calibration curves (Fig. 18and 19) may
be checked in the following manner:

Place REACTIVE AMPERE LIMIT POWER RE-
CALIBRATION dial at position No. 8. Place the RE-
ACTIVE AMPERE LIMIT START dial at its highest
scale position. Put the regulator in control of the
a-c machine excitation. Withthe a-c machine carry-
ing some convenient power load at about unity
power factor, move the REACTIVE AMPERE LIMIT
START dialslowly toward zero. At some position of
the dial, the limit will start to operate. This position
will be that which will just start todecrease the ma-
chine underexcited reactive current, or increase the
overexcited reactive current.

Determine the active and reactive amperes de-
livered by the machine current transformer to the
limit. Draw a vertical line from the active-ampere
schle point in Fig. 19 to the curve for tap 8. Read
the corresponding reactive amperes recalibration
of the limit, and the setting of the REACTIVE AM-
PERE LIMIT START dial.

In Fig. 18, use the dial setting and the proper a-c
voltage curveto determine the value of underexcited
reactive current for which the limit is set. From
this value, subtract the reactive-amperes recali-
bration. The result will be essentially equal to the
feactive amperes delivered to the limit if the tests
have been carefully conducted.

Set the reactive-amperelimit adjustments to the
positions desired for final operation. If itis desired
to check the adjustments, the following procedure
may be followed. Place the regulator in control of
the a-c iiiachine excitition. Operate the machine at
the desired power load and at a reactive load which
should not cause limit operation. Turn the voltage-
adjusting unit in the direction to lower voltage until
the limit prevents further reduction in machine over-
excited reactive current, or increase in underexcited
reactive current. Determine the value of reactive
current and active current supplied by the machine
current transformer to the limit.

Knowing the a-c machine voltage and the setting
ofthe REACTIVE AMPERE LIMIT START dial, de-
termine the underexcited reactive current setting
from Fig. 18. Determine the reactive amperes re-
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calibration from Fig. 19. The result of subtracting
the value of reactive amperes read in Fig. 19 from
the value of underexcited reactive amperes in Fig.
18 will be essentially equal to the value of under-
excited reactive current to the limit at the limit-
start point.

EQUALIZING REACTOR

The polarity of the equalizing reactor is checked
asdescribed under ‘‘Polarity Tests,’’ page 20. Final
adjustment of the equalizing reactor can only be made
after considerable experience withthe machine oper-
ating under control of the regulator. It is desirable
to keep the amount of reactance used to the minimum
required for optimum voltage regulation. As an
initial adjustment, it is frequently desirable to turn
the fine~adjustment knob to position No. 4 with the
coarse knob at zero. Adjustments may be made with
the equalizing-reactor current transformer ener-
gized. When making adjustments, the a-c machine
overexcited reactive current should automatically
decrease as the reactance of the equalizing reactor
is increased.

LINE-DROP COMPENSATOR

The polarity of the line-drop compensator is
checked as described under ‘‘Polarity Tests,’’ page
20. Final adjustment of the compensator must be
made on thebasis of operating experience. Prelimi-
nary adjustment may be made in accordance with the
known values of resistance and reactance for that
portion of the system over which compensation is
desired. If the voltage at the point which is to be
compensated goes down as the power factor becomes
more lagging and up as the power factor becomes
less lagging, more reactance and possibly less re-
sistance maybe required. Adjustments may be made
with the compensator and regulator in service.

»

MAXIMUM EXCITATION LIMIT

First, remove the external test jumper previously
connected to terminals 9 and 10onthe voltage-regu-
lator panel terminal board, page 19 and then recon-
nect the maximum excitation limit leadsto the volt-
age-regulator panel as shown in the applicable
diagram, -

Energize the maximum excitation limit control
power supply. With the a-c¢ machine operating at
rated speed and voltage, turn the regulator control
switch to TEST and adjust the amplidyne voltage to
zero. Manually close limit control relay CR with a
small insulated implement, and maintain the relay
in this position. Time Relay 2TR should energize
and after a time-delay the contact T.C. will close.
Lower relay LR and timer motor 1 TR should be ener-
gized, and motor-operated recalibrating unit VT
should turn either steadily or intermittently until it

PR
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reaches the extreme lower position, at which time
1t should operate lower limit switch LLS tode-ener-
gize timer 1TR and the driving-motor circuits. The
amplidyne voltage should increase in the buck direc-
tion,

Release control relay CR and determine that raise
relay RR is energized and timer 1TR and driving
motor M operate to return recalibrating unit VT to
the extreme raise position. Raise limit switch RLS
should operate to de-energize driving motor M and
timer 1TR. The amplidyne voltage should have been
returned toapproximately zero during this operation.

If the amplidyne voltage did not increase in the
buck direction, but increased in the boost direction
when control relay CR was held closed, the recali-
brating unit (VT) connections may bereversed. This
may be corrected by interchanging the external con-
nections at terminals 5 and 7 of the maximum exci-
tation limit’ upit terminal board. The above tests
should be repéated if this change was required.

The recalibrating time may then be adjusted by
use of timing relay TR. The optimum time will de-
pend upon the particular installation involved and no
general statement can be made regarding a desirable
setting. However, a preliminary setting of approxi-
mately two minutes is suggested.

The initia] time delay may be adjusted by use of
Time Relay2TR. Controlrelay CRand resistor C4R
must be adjusted to close at the proper point. This
adjustment maybe made with relaycoil CRenergized
from a separate a~c or d-c voltage source, or with

thea-c machine inoperationunder loaded conditions.
The a~-c machine should be operated under manual
control, with the regulator control switch at TEST
and the amplidyne voltage adjusted to zero. The
limit-control signal may then be increased to the
value atwhich thelimit should operate, and resistor
C4R adjusted sothat CR closes at this value. Set 1TR
and 2TR as required.

EXCITER VOLTAGE RELAY

Where necessary, the exciter voltage relay is
adjusted as follows:

The regulator is removed from service by turn-
ing the regulator control switch tothe OFF position,
Carefully disconnect the wires from the exciter
armature toterminals 1 and 2 of the exciter voltage
relay panel. Connect a test voltmeter and an aux-
iliary adjustable d-c supply to terminals 1 and 2 of
the relay panel with the positive side of supply con-
nected to terminal 2. Set resistor 1R so that relay
CR1 operates when the d-c voltage is approximately
70 percent of the rated exciter armature voltage.
Disconnect the test voltmeter and auxiliary supply
and reconnect wires from the exciter armature to
terminals 1 and 2 of the relay panel.

For positive exciter polarity, relay CR1 should
not pick up because the current by-passes the relay
coil and flows through rectifier IREC. Thisis shown
in Fig. 17. For negative exciter polarity relay CR1
should pickup because the current flows through the
relay coil due to blocking action of rectifier 1REC,

OPERATION

NORMAL OPERATION
GENERAL

The complete voltage-regulator equipment should
be placed in normal service with the a-c machine
only after the control circuits, regulator, minimum
excitation limit, equatizing reactor, line-drép com-
pensator, and maximum excitation limit have been
properly tested in general conformance with the pre-
viously described instructions. Final adjustment of
these units may, of course, be delayed until operating
experience has been obtained, but circuits which have
not been thoroughly tested must npt be employed with
the regulator in service if the possibilities of damage
tothe equipment and disturbance of the systemareto
be avoided.

OPERATION WITH ATTENDED EQUIPMENT

In attended stations, the a~-c machine is generally

brought up to normal speed and voltage under manual
control before the regulator is placed in service.
Generators are frequently connected to the load or
system before the regulator is used, but this is not
essential since the regulator may be placed in service
with the machine under any load condition and with
the machine connected to or disconnected from the
system.

The following procedure should be used to place
the regulator in control of machine excitation:

1. With the regulator control switch at OFF or
MANUAL, and with the a-¢ machine at normal speed,
adjust the machine terminal voltage to approximately
normal withthe exciter-field rheostat. If the machine
is operating under loaded conditions or connected
to the system, thiz step should not be necessary.

2. Turn the regulator control switch to TEST,
27
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CR7931-NAIOI] Voltage Regulator

3. Adjust the amplidyne .voltage to zero with the
voltage-adjusting unit. If this cannot be done, do not
proceed further until the trouble has been determined
and eliminated.

4. Turn the regulator control switch to ON or
AUTO. This will place the regulator in control of
the a-c machine excitation.

5. The terminal voltage or excitation level of the
a-c machine may now be adjusted with the voltage-
adjusting unit as required for the normal operating
schedule.

The regulator will successfully control the a-c
machine excitation over the complete load range of
the machine with the exciter-field rheostat at a po-
sition which will give rated machine voltage at no
load without the regulator in service, or at a position
which will give rated machine voltage at rated load
without the regulator in service, or any intermediate
position. However, additional excitation system re-
liability may be securedby the proper adjustment of
the exciter-field rheostat when the regulator is in
control of machine excitation.

For this purpose, it is recommended that im-
mediately after the regulator has been placed in serv-
ice, the field rheostat be adjusted to and maintained
atapredetermined position. This position should be
such that the machine excitation will be sufficient
under all normal a-c machine leads to give stable
operation and avoid serious operating disturbances
if the excitation system should be suddenly returned
to manual control through anemergency, resulting in
loss of control by the regulator. It is suggested that
this rheostat positionbe so selected that withthe ex-
citation system under manual control, it will produce
from three-fourths of rated to rated a-c machine
field current, with preference given to the latter
value. Where the a-c machine is closely paralleled
with other machines equipped withautomatic voltage
regulators, without minimum excitation limits,a po-
sition corresponding to the lower value may be found
more desirable. Rheostats are normally supplied
with a position switch whichmay be used in conjunc-

_tion withremote indicating lights to facilitate obtain-
ing the predetermined setting as a normal operating
procedure. Operation with the rheostat at such a
predetermined position should result in buck ampli-
dyne voltage at most a-c machine loads, and as a
result, under most load conditions, sudden return to
manual control will actually cause an increase in
excitation.

Regardless of the operating procedure employed
when the regulator is in control of the a-c machine
excitation, it is essential that under any sustained load
condition a field-rheostat position be maintained

which will give sufficient excitation in the event of

sudden return to manual ¢ontrol, to permit stable op-
eration in the case of agenerator and to avoid other
serious disturbances for all types of a-c machines.
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The regulator may be removed from service and
the a-c machine excitation returned to manual control
under any load condition. The following procedure
should be used for this purpose:

1. Adjust theamplidyne voltage to zero by use of
the exciter field rheostat.

2. Turn the regulator control switch to OFF or
MANUAL.

With the regulator in control, the exciter-field
rheostat may be adjusted as follows to bring the
amplidyne voltage to zero:

1. If the amplidyne voltage is in the boost direc-
tion, slowly reduce the rheostat resistance until the
amplidyne voltage is zero. Noapparent change in ex-
citer voltage or a-c machine voltage should occur,

2. If the amplidyne voltage is in the buck direc-
tion, slowly increase the rheostat resistance. No
apparent exciter or a-c machine voltage change
should occur.

OPERATION WITH UNATTENDED EQUIPMENT

Incases where a synchronous condensor machine
is located in an unattended station, the regulator
may control the machine excitation throughout the
entire machine starting cycle and under all operat-
ing conditions, or may be placed in control of ma-
chine excitation when the starting cycleis completed
by automatic means. The regulator control switch
is normally at ON or AUTO and the exciter-field
rheostat should be adjusted in accordance with in-
structions given under "OPERATION WITH AT-
TENDED EQUIPMENT".

EXCITER POLARITY REVERSAL

INCORRECT POLARITY

If when the a-c machine is started at any time, it
is found that the exciter polarity is reversed, this
condition shouldbe corrected to obtain proper oper-
ation of the voltage-regulator equipment.

The method by which reversed exciter polarity
can be corrected depends upon the circuit provided.
Comments on typical circuits follow: -

UNDEREXCITED REACTIVE AMPERE LIMIT
CIRCUIT WITH SEPARATE POLARIZING CIRCUIT

The polarizing circuit will vary depending on the
installation. Refer to the elementary diagram sup-
plied with the equipment.

The voltage-regulator control switch usually has
five positions: ON, TEST, OFF, INTER, and PO-
LARIZE. The ON, TEST, and OFF positions are the
same as previously described.
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The exciter shouldbe operated at reduced voltage
with the a-c machine disconnected from the lcad or
system. Turn the regulator conirol switch from
OFF to INTER until the amplidyne is running, Thea
turnthe regulator control switchto POLARIZE, The
amplidyne voltage should be in the boost direction
until the exciter voltage is reduced to zero and starts
to build up with the proper polarity. The regulator
conirol switch may then be turned from POLARIZE
to OFF.

UNDEREXCITED REACTIVE AMPERE LIMIT

CIRCUIT WITHOUT SEPARATE POLARIZING
CIRCUIT

No special arrangement is provided in this case
for exciter polarity reversal. However, reversal of
exciter polarity can be accomplished by use of the
amplidyne as follows:

Disconnect amplidyne field F1-F2 and excite it
from a separate d-c source to produceboost ampli-
dyne voltage. Turn the control switch to TEST to
check the polarity of the amplidyne voltage and then
quickly to ON, The exciter polarity will reverse as
previously described, following which the control
switch should be immediately turned to OFF, This
may be done with the exciter at rest and with the

exciter rheostat at a low-resistance position; or it
may be done with the exciter in operation, in which
case the rheostat should be at a higher-resistance
position, and the control switch must be turned to
OFF as soon as the exciter polarity reverses to
prevent excessive exciter voltage.

After the exciter polarity is correct reconnect
the amplidyne field F1-F2. The regulator may then
be put in service.

POLARITY REVERSING SWITCH

In certain applications, a separate reversing
switch is providedto permit proper operation of the
regulator with normal or reversed polarity of the
exciter., The reversing switch interchanges the
amplidyne-field connections for this purpose, and in
some cases, reverses the amplidyne voitmeter and
the exciter voltmeter and ammeter connections.
Where instrument connections are not reversed, the
instruments will read backward when the exciter is
operated with reversed polarity, Caution must be
exercised under these conditions, since the ampli-
dyne voltmeter will indicate buck voltage when the
amplidyne is boosting, and boost voltage when the
amplidyne is bucking.

MAINTENANCE

STATIC EQUIPMENT

The equipment shouldbe kept relatively cleanand
dry. If vibration is present, all screw-type con-
nections should be regularly checked to determine
that they are properlytightened. Normally, the static
components should require no further attention.

OTHER EQUIPMENT

Maximum excitation limit relays, motor starter,
transfer contactor, control relays, and other mag-
netically operated contact-making devices should be
regularly inspected and maintained in accordance
withapplicable instructions for these devices. Nor-
mally, the amplidyne will be the only unit requiring
frequent inspection and this machine shouldbe care-
fully maintained as described in the amplidyne in-
structions.

Variable-transformer contact brushes should be
inspected periodically. If the brush becomes worn
a new one should be installed, and since it is made
of special material it should be obtained from the
transformer manufacturer.

To install a new brush, loosen the locking nut,
unsolder the seal, and remove the brush spring
screw, Fit the new brush to the commutator by
grinding with fine crocus cloth. After the brush has
been fitted, carbon particles must be blown off the
commutator. To insure proper operation, brush
pressures mustbe carefully adjusted to15 ounces for
the minimum excitation limit units, and to 16 ounces
for the manually operated voltage-adjusting units.

On each variable transformer or rheostat whose
contact brush isto remain in a fixed position for an
extended period of time (such as on the minimum
exciter-voltage limit, reactive-ampere limit, or
voltage-regulator panel) the shaft should be turned
back and forth severaltimes to remove any oxidation
that may have formed between the brugshand the wind-
ing. This shouldbe done at least once each year. In
addition where discoloration ig present ¢cleanthe con-
tact surfaces witherocus clothand reseat the brush.

Driving motors for motor-operated variable-
transformers should be inspected periodically and
lubricated as required. The d-c motor commutators
should be kept clean, and brushes replaced when worn.
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TROUBLE SHOOTING

GENERAL

In the event of abnormal operation of any part of
the regulator equipment, the complete equipment
should be immediately removed from service and
carefully tested to determine the cause of the trouble.

In addition, reference shouldbe made to the instruc-
tions previously given. Ifany changes in connections
are made, the circuits affected should be fully tested,
in accordance with the applicable section of these
ingtructions, before returning the equipment to
service,

TROUBLE-SHOOTING CHART

Trouble

Possible Cause

Regulator operation apparently normal, except that
regulator will not raise a-c machine excitation or
terminal voltage to the desired value.

Regulator operation apparently normal, except that
regulator will not reduce excitation to the desired
value.

Sudden change in excitation and reduction of ampli-
dyne voltages to zero (no control of amplidyne volt-
age possible with voltage-adjusting unit).

Sudden increase in excitation and amplidyne boost
voltage (no control of amplidyne voltage possible
with voltage-adjusting unit).

Suddendecrease in excitationand increase in ampli-
dyne buck voltage (no control of amplidyne voltage
possible with voltage-adjusting unit).

Sudden change in excitation (with control of ampli-
dyne voltage possible by use of voltage-adjusting
unit, but no control of excitation possible with con-
trol switch at ON).

Variation of machine power factor (with system or
load power factor essentially constant).

Erratic fluctuations of amplidyne voltage and exciter
voltage during operation of voltage-adjusting unit.

Fallure of minimum excitation limit to function at
proper point.

Regulator stable at some amplidyne voltages but
unstable at others.

Maximum excitation limit controlrelay incorrectly,
adjusted, controlrelay or lower relay stuck in closed
position, recalibrating unit stuck in lower position,
or failure of raise limit switch.

Underexcited reactive ampere limit incorrectly ad-
justed. :

Opening of amplidyne driving-motor starter switch
due to loss of control power, operation of overload
relays, operation of amplidyne overspeed switch or
failure of control switch.

Open connection in nonlinear circuit due to loose
connection, failure of voltage-adjusting unit, failure
of maximum-excitation recalibrating unit, or other
circuit component.

Open connection in linear circuit due to loose con-
nection or failure of any circuit component.

Transfer contactor open due to coil failure, open
control circuit, loss of control power, or control-
switch contact failure.

Incorrect adjustment or failuré of equalizing reactor
or line~-drop compensator, or operation of minimum-
excitation limit,

Poor contactbetween variable-transformer winding
and brush or broken brush,

High resistance at brush contact in variable trans-
former.

Improper operation of amplidyne due to incorrect
brush position.

RENEWAL PARTS

When ordering renewal parts, address the nearest
Apparatus Salee Office of the General Eleciric
Company and supply the following information:

a. Catalog number stamped on the part anda com-

alete description of part, including its use and loca-
on.

b. Complete nameplate data appearing on the as-
sembly of which the part is a component.

c. If possible, data on original order on which
equipment was first supplied, including all numerical
references.

SPECIALTY CONTROL DEPARTMENT, GENERAL ELECTRIC COMPANY, WAYNESBORO, VA.
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