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My invention relates to regulator systems, and
particularly to regulators for controlling the ex-
citation of a dynamo-electric machine in accord-
ance with the variations in a regulated charac-
teristic thereof from the desired value. My in-
vention is particularly adapted for use in con-
trolling the voltage of electric generators.

It is an object of my invention to provide a
regulator of simple construction, that is prompt
and accurate in its operation and is inexpensive
to manufacture. -

It is another object of my invention to provide
& voltage regulator having no parts that are
movable so long as the regulated voltage remains
at its desired value. )

Other objects and advantages of my invention
will be apparent from the following description
of one preferred embodiment, reference being

had to the accompanying drawing, in which the .

single figure illustrates apparatus and eéircuits
comprising such an embodiment.

Referring to the drawing, a generator [ is pro-
vided for supplying alternating-current energy
{o a power circuit 2, the generator having a fleld
winding 3 that is supplied with energy from an
exciter generator 4 having an armature wind-
ing § and a field winding 8. The fleld winding
6 is connected in a circuit comprising a fixed re-
sistor 1 and a fleld regulating rheostat 8 having
a variable resistor § connected to a plurality of
contact buttons 12 that are adapted to be en-
gaged by a movable contact member 13 carried
by a rheostat arm (4. The rheostat arm {4 is
operatively connected by a stem 1§ to a core

5 armature 6 that is adapted to move axially into

a central bore within a solenoid 7. The core
16 is attracted by the solenoid i7 against a bias-
ing force, which, in the arrangement illustrated,
is gravity. The solenoid 171 is connected to be
energized from conductors 18 and {9 forming an
energizing or regulating circuit therefor, and
connected to the power circuit conductors, the
energizing circuit including a recalibrating rheo-
stat 22 having a variable resistor 23 to which a
plurality of contact buttons 24 are connected at
spaced intervals and adapted to be engaged by
a movable contact member 25 carried by the
rheostat arm {4 and connected by a conductor
26 to the upper end of the resistor 23.

A bracket 27 is operatively connected through
resilient or blasing spring members 28 and 29 to
the rheostat arm {4 s0 as to be bilased through
the resilient spring members to move in a direc-

tion corresponding to the motion of the rheostat .

arm 4. A retarding or damping member 32 is

(CL 171—229)

carried by the bracket 27 and so mounted as to
have frictional engagement with a guideway or
track 33 to resist the biasing force of the springs
28 and 29. A field forcing contact 34 is mounted

on the lower arm of the bracket 21 and con-

nected by a conductor 35 to the lower end of the
resistor 9. This field forcing contact member is
adapted to engage a contact member 36 carried
by the rheostat arm {4 and connected through
conductor 31, field forcing contacts 38 and 39,

and conductor #2 to the upper end of the resis-

tor 9, .

The field forcing contact member 38 is carried
by the upper arm of the bracket 2T and is nor-
mally held in engagement with the contact mem-
ber 38 carried by the arm 43 that is pivotally
mounted at 44 by means of a spring 45 biasing
the contact carrying end of the lever 43 toward
the upper arm of the bracket 21. A projection
46 extends upwardly from the rheostat arm (4
adjacent the opposite end of the lever 43 that is
adapted upon a sudden upward movement of the
rheostat arm to move the lever 43 in a direction
to separate the contact members 38 and 39.

The coil of the solenoid {7 is relatively long so
as to permit a relatively large movement of the
core I and rheostat arm 4 to control the ex-
citer field current over a range required to main-
tain normal generator voltage from no load to
full load. The large movement of the core 16 in
response to slight variations in the regulated
voltage from the desired value is obtained by the
use of the calibrating rheostat 22, which so ad-
justs the current in the solenoid (7 upon move-
ment of the core 6 as to compensate for the
varying pull on the core with changes in posi-
tion thereof, so that, for any given position of
the core 16, the current supplied to the solenoid

17 that will be just sufficient to overcome the pull.

of gravity on the core {6 and the parts con-
nected thereto, will be a constant for a constant
or predetermined voltage applied to the ener-
gizing circuit conductors 18 and {9. A change
from the desired value in the voltage applied to
the energizing circuit conductors {8 and 18 will,
therefore, cause a movement of the armature {6
in the one or the other direction, depending upon
the direction of voltage change, and the return
of the applied voltage to its desired value will be
just sufficient -to hold the armature (8 at rest
against the force of gravity in any position of
the armature within the solenoid. '

If the regulated voltage increases above its de-
sired value, the corresponding increase in the
energization of the solenoid i1 will cause the
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armature {6 to move upwardly as viewed in the
drawing, carrying the rheostat arm {4 with it to
decrease the number of turns of the field regu-
lating resistor -9 shunted through conductor 42,
between the rheostat contact member 13 and the
upper end of the resistor, thus increasing the re-
sistance of the rheostat 8 in circuit with the field
winding 6 to decrease the energization of the
excited generator 4 and of the main generator |.
As the theostat arm {4 moves upwardly the con-

tact member 25 also moves upwardly, decreasing -

the nuinber of turns.of the recalibrating rheo-
stat 22 that is shunted through contact member
25 and conductor 26 to increase the rheostat re-
sistance in series with the solenoid IT at such
rate as to prevent the force of the solenoid on
the armature 11 from being increased as a result

of the motion of the armature along the axis of

the solenoid. Thus the pull of the solenoid i1
on the armature 16 is determined solely by the
voltage between conductors 18 and 19 and is
just sufficient to hold the armature {6 in a posi-
tion balanced against gravity when the voltage
applied to the energizing circuit {8—19 corre-
sponds to the desired value.

If the upward motion .of the rheostat arm 3
takes place gradually, as it will in response to a
gradual change in the voltage applied to con-
ductors 18—19, the force of the springs 28 and
29 will move the bracket 271 upwardly against
the retarding or damping force of the member 32
with comparatively slight displacement of the
bracket 21 from its illustrated posifion with re-
spect to the rheostat arm f4. If howsver, the
change in voltage is sudden, causing a sudden up-
ward movement of the armature {6 and of the
rheostat arm 14, the retarding effect of the
damping member 32 will be sufficient to prevent
an immediate corresponding upward movement
of the bracket 27, and this upward mobion of the
rheostat arm (4 will cause the projection 46
thereon to engage the inner end of the lever 43,

causing it to pivot about the pin 44 separating
the field forcing contact member 3§ from the

contact member 38, thus interrupting the circuit
through these contact mermbers and introducing
into ihe field winding circuit that portion of
the resistor 9 connected between the movable
rheostat contact member 13 and the upper end
of the resistor 9 to cause an abrupt decrease in
the excitation of the exciter generator 4 and of
the generator f. This field forcing asction will
cause the core 16 to move downwardly, thus
decreasing the force on the biasing members 28
and 29 and bringing the bracket 27 into a cen-
tered position with respect to the rheostat arm {4
at some lower position thereof than that initially
resulting from the abrupt rise in generator volt-
age.

Tf the génerator voltage drops below its desired
value at a gradual rate, the decreasing energiza-
tion of the solenoid 17 resulting therefrom per-
mits the armature 16 to be moved downwardly
by the force of gravity, thus shuniing a larger
number of turns of the fleld regulating rheostat

‘8 between the movable contact member {3 and

the upper end of the resistor 9 to decrease the
rheostsat resistance in series with the fleld wind-
ing 6, causing the excitation of the exciter gen~
erator 4 and of the main generator # to increase.
As the rheostat arm [4 moves downwardly, the
number of turns of the recalibrating rheostat 22
{hat are shunted through the contact member
25 and conductor 26 are likewise increased, leav-
ing a lesser number of turns in series with the
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solenoid 1 to compensate for the characteristic
of a plunger type solenoid to vary its pull upon
a centrally moving armature-as the position of
the armature changes, so that the pull on the core
{6 remains a constant value for a constant volt-
age applied to the conductors {8 and i9 of the
energized circuit.

If the decrease in voltage applied to the sole-
noid energizing circuit takes place at a rapid
rate, the downward movement of the armature
16 and of the rheostat arm {4 also takes place
at a correspondingly rapid rate, but the move-
ment of the bracket 2T in response to the biasing
influence of the springs 28 and 29 is retarded by
the damping member 32, permitting the contact
member 36 carried by the rheostat arm 14 to en-
gage the contact member 34 carried by the lower
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15

arm of the bracket 27, thus shuniing the entire .

resistor 8 of the field controlling rheostat 8 from

the circuit of the exciter generator field winding-

§ to effect a rapid increasé in the excitation of
the exciter # and of the main generator {. ‘This
field forcing action causes a sudden rise in gen~
erator voltage and & corresponiding upward move-
ment of the armature 18 to separate the contact
members 36 and 34 and reinsert that portion of
the resistor 9 below the contact member 13 in
series with the exciter generator field winding 6.
The rheostat arm 14 finally comes %o rest at such
position as to insert that part of the fleld con-
trolling resistor 9 in series with the exciter gen-
erator field winding & that is necessary to produce
the desired voltage on the main generator 1.

If desired, the circuit represented by conductors
18 and 19 may be energized from a three-phase

rectifier connected between the three-phase con~

ductors 2 and the solenoid energizing circuit con-
ductors 18—19 to supply a unidirectional voltage
thereto that represents the average three-phase
alternating voltage. )

Many modifications may be made in the appa-
ratus and circuits’ described without departing
from the spirit of my invention, and I do not wish
to be limited otherwise than by the scope of the
appended ciaims. .

I claim as my invention: ;

1. In g regulntor system, & dynamo-electric
machine having = field winding, means responsive
$o a regulated . characteristic’ of said dynamo-
alectric machine for governing the excitation

40
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thereof comprising a fleld regulating resistor, -

ans including an armature
ing force of constant value
for varying the effeciive value of said field con-
trolling resistor and having a varying pull-with-
position characteristic, a regulating ‘circuit for
said electroresponsive imeans, means for energiz-
ing said regulating circuit at a voltage that is 8
measure of the regulated quantity, and a recaii-
brating resistor in sald regulating circuit having
a plurality of intermediate values, means for
gradually varying said resistor throughout those
intermediate values in response to changes in the
position of said armature throughout its opera-
tive range for so recalibrating said electrorespon-
sive means that it will remain in a state of rest in
any operative position upon the application of a
predetermined voltage to the energizing circuit
that is a measure of the desired value of the
regulated quantity.

2. In a regulator system, a dynamo-electric
machine having a field winding, means responsive
to a regulated characteristic of said dynamo-
electric machine for governing the excitation
thereof comprising a fleld regulating resistor,

electroresponsive
acting against a2 b
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electroresponsive means including an armature
acting against a biasing force of constant value
for varying the effective value of said field con-
trolling resistor and having a varying pull with
position characteristic, an energizing circuit for
said electroresponsive means, means for applying
a voltage to said energizing circuit the value of
which is a measure of the regulated quantity, a
variable recalibrating resistor in said energizing
circuit having a plurality of intermediate values
controlled in accordance with the position of
said armature throughout its operative range for
so recalibrating said electroresponsive means that
it will remain in a state of rest in any operative
position upon the application of a predetermined
voltage to the energizing circuit corresponding
to the desired value of the regulated quantity,
and fleld forcing contacts operative through bias-
ing means responsive to rapid changes in posi-
tion of said electroresponsive means for abruptly
varying the excitation of said fleld winding.

3. In a regulator system, a dynamo-electric
machine having a field winding, means respon-
sive to a regulated characteristic of said dynamo-
electric machine for governing the excitation
thereof comprising a fleld regulating resistor,
means for varying the effective value of said field
controlling resistor comprising a solenoid and an
armature movable axially of the solenoid against
a constant force, an energizing circuit for the
solenoid and means for applying a voltage there-
to that is a measure of regulated quantity, and a
variable recalibrating resistor in the energizing
circuit controlled in response to the movement of
sald armature for so recalibrating the solenoid
that the armature will remain in any operative
position upon the application of a predetermined
voltage to the energizing circuit that is a measure
of the desired value of the regulated quantity, said
fleld regulating resistor and said recalibrating
resistor having movable contact arms operatively
connected to said armature for simultaneously
varying the setting of said two resistors in ac-
cordance with variations in the position of said
armature.

4. In a regulating system, a dynamo-electric
machine having a fleld winding, means responsive
to a regulated characteristic of said dynamo-elec-
tric machine for governing the excitation thereof
comprising a fleld regulating rheostat, means for
varying the effective value of said field regulating
rheostat comprising a solenoid and an armature
movable axially of the solenoid against a constant
force, an energizing circuit for the solenoid and
means for applying a voltage thereto that is a
measure of regulated quantity, a variable recali-
brating rheostat in the energizing circuit con-
trolled in response to the movement of said arm-

3

ature for so recalibrating the solenoid that the
armature will remain in any operative position
upon the application of a predetermined voltage
to the energizing circuit, a rheostat arm opera-
tively connected to said armature for varying the
setting of said field regulating rheostat and said
recalibrating rheostat, a bracket operatively con-
nected through resilient means to said rheostat
arm to follow the movements of said rheostat,

retarding means attached to said bracket for -

resisting movement thereof by said rheostat arm,
and fleld forcing contact members operatively
related to the relative positions of said rheostat
arm and said bracket for temporarily forcing the
excitation of said fleld winding in the one or the
other direction in response only to a rapid rate of
motion of the rheostat arm.

5. In a voltage regulator for dynamo-electric
machines having a field winding, means respon-
sive to the regulated voltage for governing the ex-
citation of said dynamo-electric machines com-
prising a fleld regulating resistor, electrorespon-
sive means including an armature having a vary~
ing pull-with-position characteristic acting
against a constant blasing force for varying the
effective value of said field controlling resistor, a

20

regulating circuit for energizing said electro- -

responsive means, means for applying the regu-
lated voltage to sald regulating circuit, a recali-
brating resistor in said regulating circuit having
a plurality of intermediate values, and means
for gradually varying said resistor throughout
those intermediate values in response to the oper-
ation of said electroresponsive means for so re-
calibrating sald electroresponsive means that the
armature will remain in a state of rest in any
operative position upon the application of the
same predetermined voltage to the regulating cir-
cuit.

6. In a voltage regulator for dynamo-electric
machines having a fleld winding, means respon-
sive to the regulated voltage for governing the
excitation of said dynamo-electric machines com-
prising a fleld regulating rheostat having a re-
sistor controlling arm, means for varying the
effective value of said field regulating rheostat
comprising a solenoid, an energizing circuit for
the solenoid and means for applying a voliage
thereto that is a measure of regulated quantity,
and a recalibrating rheostat in the energizing cir-
cuit having a resistor controlling arm, an arm-
ature movable by said solenoid against an op-
posing force and operatively connected to simul-
taneously actuate the resistor controlling arms of

30

both said rheostats to effect settings thereof vari~ gg

able with changes in the position of the armature.

LAWRENCE L. FOUNTAIN,




