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My invention relates to regulators for dy-
namo-electric machines and has particular
relation to means for effecting improvements

. in the operating characteristics and general

performance of -vacuum-tube voltage regu-
lators for electrical generators.

In the application of vacuum-tube regu-
lators to electrical machines, the extremely
high sensitivity of the change-responsive
means, which the vacuum tubes afford, makes
it essential that seemingly minor character-
istics or conditions which, in the case of
other types of regulators are inconsequential,
be considered and compensated for.

In the case of a direct-current generator,
one such condition is the presence of small
and relatively rapid fluctuations in the ter-
minal voltage of the generator, which fluctu-
ations, spoken of as commutator ripples, are

principally produced by action of the ma-.

chine commutator and brushes, or, in addi-
tion, may result from dissymmetry in the
machine windings. The amplitude of these
ripples is found to.vary with different ma-
chines, and, in generators of commercial de-
sign, it commonly has a value of from one
to five per cent of the rated terminal voltage.
Furthermore, for a given generator, the rip-

ple amplitude is found to change with the

operating conditions of the machine, being
dependent. upon the constancy of ‘speed, the
generator load, the mechanical condition of
the commutator and brushes and other fac-
tors.

Tests reveal that, when vacuum-tube volt-
age regulators are applied to direct-current

- generators, these ripples act to change the

49

value of regulated voltage in accordance with
their amplitude, so that, unless some means
be provided for neutralizing them, the ac-

tion of the regulator is detrimentally affected

thereby. -

It is known that regulators applied to dy-
namo-electric machines having separate ex-
citers have a pronounced tendency to over-
shoot in their corrective actions, due to the
time delay which the inductive character-
istics of the field winding circuit introduces
to the corrective change. In copending ap-
plication Serial Ne. 543,514 by J. H. Asﬁ-

1931. Berial No. 543,518.

baugh and myself, filed June 11, 1931 and
assigned to Westinghouse Electric and Manu-
facturing Company, there is described and
claimed anti-hunting means for vacuum-tube
regulators which utilize a series-connected
resistor and condenser energized by the volt-
age of the machine exciter, the resistor béing
included in the grid-control circuit of the
regulator tubes for the purpose of modify-
ing the control potential in accordance with
the direction and rate of change of the ex-
citer voltage.

In the vacuum-tube regulating system of
this invention, I propose to utilize anti-hunt-

‘ing means of this type. It will, therefore, be
-apparent that the presence of

) commutator
ripples in the exciter voltage likewise intro-
duces a problem, in connection with vacuum-
tube regulating systems, similar to the one
discussed for direct-current generators to
which vacuum-tube voltage regulators are
applied. _

The inherent characteristics of the vac-
uun-tube circuits utilized in regulating sys-
tems, of the type under consideration, are
such as to cause the regulator to have, in the

.absence of special .compensating means, an

inherent drooping or decreasing regulated-
voltage with generator-load characteristie.
In many cases, this type of characteristic is
undesirable, so that, in this respect a further
problem for solution is introduced.

In the majority of regulator applications,
the magnitude of the field-current to be con-
trolled is found to be greater than the capac-
ity of a single vacuum tube of the type which
the teachings of the art, in its present state,
indicate to be most suitable. Consequently,
it is frequently necessary to utilize a plural-
ity of tubes connected in parallel to obtain
the required current-capacity. However, the
connection of the grid-control elements of
the tubes directly to a common conductor,
which is the method practiced i the past, has
been found to reduce the total capacity of the
combination to a value considerably below
that given by the product of the number of
tubes and the current capacity of each, so
that complete utilization of the capacity of
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the equipment in question has, in the past,
been impossible,

Likewise. in o, lying the vacuum tubes of
a regulating system with the necessary ener-
gizing and operating voltages, it is frequent-
ly desirable to utilize, as a power source, the
standard alternating-current lighting-supply
circuit. Asisknown, the voltage of such com-
mercial eivenit is not ordinarily maintained
at an exact vilue but may vary an appre-
ciable percentage above or below an average
normal value. Vacuum-tube regulators
known heretofore, when so supplied, have

- been subject to a variation in their operating
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characteristics with the changes in the sup-
ply voltage, and their performance has there-
by been detrimentally affected.

It is accordingly, an object of my inven-
tion to provide, in vacuum-tube voltage reg-
ulators for direct-current generators, means
for eliminating the effects, on the regulator
performance, of commutator ripples in the
voltage of the machine regulated.

1t is another object of my invention to pro-
vide, in vacuum-tube regulators for electrical
generators having separate -exciters, anti-
hunting means which function to modify the
regulating-control . potential in accordance
with the rate of change of the exciter voltage,
with which the effects of commutator ripples
in the exciter voltage may be neutralized.

It is a further object of my invention to
provide, in vacuum-tube voltage regulators
for electrical generators, means whereby the

35 regulator may be given a flat- or a rising-

with-load characteristic.

It is another object of my invention to pro-
vide a method of paralleling vacuum tubes
which permits of full realization of the total
current capacities of all of the several tubes
in the combination.

1t is a still further object of my invention
to provide a vacuum-tube voltage regulator
of high sensitivity in which the vacuum tubes
are so disposed as to automatically compen-
sate, in their operating characteristics, for
changes in the voltage of the power-supply
source utilized therewith. :

More specifically stated, the object of my
invention is to provide a vacuum-tube voltage
regulator having high sensitivity, which may
be applied to electrical generators of either
the alternating-current or the direct-current
type, with or without separate exciters, in
which the effects of direct-current voltage
commutator ripples are neutralized, anti-
hunting means are provided, compensation
for changes in the vacuum-tube power-supply
source voltage is had, full utilization of paral-
lel-connected tube capacity is obtainable, and
a flat or a rising-with-load characteristic may
be effected.

In practicing my invention, I attain the
desired high sensitivity by interposing be-
tween the quantity-adjusting vacuum tubes
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and the source of quantity-controlling forces
a suitable amplifier to strengthen the inher-
ently weak change-initiating impulses and
render them more effective.

Likewise, I contemplate, for the purpose
of eliminating the effects of commutator rip-

les, the provision of a neutralizing trans-

ormer, or of filter equipment, interposed be-
tween the direct-current machine involved
and the vacuum-tube grid or control circuit of
the regulator, on which the machine voltage
is disposed to act.

In applications of the regulating system
of my invention to machines having separate
exciters, I prevent overshooting of the correc-
tive action through the utilization of a re-
sistor, interposed in the vacuum-tube grid-
control circuit, connected in series with a con-
denser for energization by the voltage of the
exciter, and I eliminate the detrimental effect
of the commutator ripples in the exciter
voltage through the utilization of a suitable
neutralizing transformer.

To obtain a flat or a rising-with-load char-
acteristic for the vacuum-tube regulator of
my invention, I contemplate the provision of
special coupling circuits for the vacuum
tubes, which function to so modify the in-
herent drooping characteristic as to give the
flyp_e of regulator characteristic which may be

‘desired. .

To permit of a full realization of the total
current capacity of all of a plurality of
parallel-connected vacuum tubes, I modify
the wusual parallel connection of the grid-
control elements by disposing, betwecen the
required common grid-paralleling conductor
and the grid-element of each tube, a resistor
of suitable dimensions, which, I have dis-
covered, will effect the result desired.

Likewise, compensation for changes in the
vacuum-tube power-supply source is attained
through the use, in the sensitivity-increasing
amplifier of the regulator of my invention, ot
vacuum tubes of the screen-grid type, inter-
connected and energized in such manner that
changes in their respective anode-to-cathode
currents take place in opposite directions.

The complete regulating system of my in-
vention, and the novel features embodied
therein, will best be understood from a de-
scription of specific embodiments thereof,
taken in conjunction with the accompanying
drawings, in which:

Figure 1 is a diagrammatic representation
of the apparatus utilized by the voltage
regulator of my invention, when applied to a
direct-current generator having a separate
exciter, in which communicator - ripple -
eliminating transformers are combined both
with the main generator and with exciter-
energized anti-hunting means;

Fig. 2 illustrates diagrammatically the
regulator of my invention applied to a direct-
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currelnt generator having no separate ex-
citer; o v

4, and b are diagrams of curves
illustrating the characteristic-shifting effects
obtainable through the provision of special

“ coupling means in the vacuum-tube circuits

of the regulating systems of Figs. 1 and 2}
Fig. 6 is a diagrammatic representation of

~ the regulator of my invention applied to a

10

_direct-current generator having a separate

exciter in which a filter type of commutator-

“ripple eliminator and exciter-energized anti-
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larly to Fig. 1 thereof,

in a well known manner,

hunting means are incorporated ; and

Fig. 7 illustrates diagrammatically the
apparatus used in the voltage regulator of
my invention when applied to an alternating-
current generator, .

Referring to the drawings, and particu-
a direct-current
generator 10, having a field winding 11, is
] voltage to
circuit conductors 12 and 13. Generator 10
may be driven by any suitable source of
power (not shown). A separate exciter 14,

which may be directly connected to the

generator, or otherwise suitably driven, is

isposed to supply exciting current to genera-
tor-field winding 11. A field winding 16 of
the exciter is energized from some suitable
source of direct-current voltage, represented
by conductors 17 and 18, which are of posi-
tive and negative polarity, respectively.

The voltage of generator 10 is controlled,
by suitably adjust-
ing the magnitude of the current in exciter-

field winding 16, and to provide this adjust-
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ment, in response to changes in the generator
voltage from a desired value, the vacuum-

_ tube voltage regulator, shown generally at

20, is utilized.

In the circuit of exciter-field Winding 16
are disposed one or more vacuum tubes 21

-and 22, each having an anode or plate ele-
ment 23 and 23’, a cathode or filament ele-

ment 24 and 24’ and a control-grid electrode
o5 and 25’. As illustrated, vacuum tubes 21
and 929 are of the well known triode type, the
filaments 24 of which may be supplied with
heating current from any suitable source,
cuch as from an alternating-current circuit,
represented by conductors 97 and 28, through
a suitable transformer 29.

As will be observed, the energizing circuit
for exciter-field winding 16 extends from
positive conductor 17 of the supply source,
through an adjusting rheostat 32, winding
16, conductor 83, plate elements 23 and 23’
of the vacuum tubes 21 and 22, filament ele-
ments 24 and 24’ thereof, a mid-tap connec-
tion 80 in the secondary winding of trans-
former 29 and conductor 34, to negative con-
ductor 18 of the power-supply source.

Tt will be understood that adjustment in
the magnitude of the current passed by tubes
91 and 22 is effected by suitably varying the

3

potential impressed upon the control grid-

elements 25 and 25’. Likewise, it will be .

evident that the number of vacuum tubes dis-
posed in the field-winding circuit, in the
manner shown for tubes 2% and 22, will be
detérmined by the magnitude of the required
field current and the capacity of each tube
thus employed.

In order, as has been mentioned, that the
total current-carrying capacity of two or
more parallel-connected tubes may be real-
ized T have found it necessary to modify the
grid-control - circuit connections from the
usual form, in which the individual tube
grids are directly joined to a common con-
trol-circuit conductor, since tests have shown
that the combined capacity of a combina-

70
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tion, when so connected, may be considerably -

less than the sum of the individual tube ca-
pacities. This deficiency appears to result
from local oscillations, set up in the parallel-
ing circuits, which cause circulating currents
between anode to cathode -ciréuits of adja-
cently connected tubes, and thereby reduces
the output of the combination.

By interposing, between each grid element
and the common control conductor. a suit-
ablK dimensioned resistor, I have found that
each tube may be made to deliver, to.the
external circuit, its full current rating, and
full realization of the sum of the several
capacities is thereby made possible.

In the system of Fig. 1, such resistors,

00

95

shown at 98 and 98/, connect grid elements -

95 and 25, respectively, of tubes 21 and 22,
to the grid-control conductor 26. Additional
vacuum tubes may be connected in a man-
ner similar to that shown and described for
tubes 21 and 22, as will -be evident, should
they be required.

To provide, for the regulating system, a
control potential determined by the differ-
ence in the voltage of generator 10 from a
given desired value, I utilize a standard-
voltage source, represented by battery 36,
connected . in opposition, to generator-circuit
conductors 12 and 13, in the manner shown,
to act upon the control circuit of the vacuum
tubes. Tt will be observed that positive ter-
minal 87 of the battery is joined to positive
Eenerator conductor. 12, and that negative

attery terminal 38 and negative generator
conductor 13 are connected, in the circuit
shown, to impress upon the vacuum-tube sys-
tem a voltage determined by, the potential
difference therebetween.

An adjustment in the normal or desired
value of the regulated voltage may be effect-
ed through the use of a ratio-adjusting po-
tentiometer 40, having a shiftable tap con-
nection 41, combined with the generator and
regulator-control  circuits, in well known
manner, ‘ -

- To increase the sensitivity of the regulat-
ing system, I provide the amplifier hook-up
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shown generally-at 43, which, as illustrated,
comprises the two vacuum tubes 44 and 45,
interconnected in the manner shown. It will
be recognized that tubes 44 gnd 45 are each
of the well known screen-grid alternating-
current-heated-cathode variety. Tube 44, for
example, comprises an anode or plate ele-
ment 47, a cathode or electron-emissive ele-
ment 48, a cathode-heating coil 49. a control-
grid electrode 50, and a screen-grid element
51, ' :
Direct-current voltage for suitably ener-
gizing and maintaining the respective ele-
ments in the amplifying tubes 44 and 45 at

the necesrary potentials may be supplied in

any suitable manner. In the system illus-
trated, I utilize for this purpose, a plural-
ity of series-connected resistors 52 in combi-
nation with means for impressing a direct-
current potential of suitable magnitude upon
them, and, in such manner that, in the con-
nection shown, terminal 58 of resistors 52
is maintained at a pocitive polarity with
respect to terminal 54, :

It will be apparent that the energizing
potential may be supplied from any suitable
source and in the system of Tig. 1, T have
shown a rectifier-filter scheme for deriving it

~ from alternating-current-source conductors

30

35

40

45

50

55

60

65

27 and 28. Tt will be evident, however, that,
if desired, a battery or auxiliary direct-cur-
rent generator may be utilized.

The = rectifier-filter scheme mentioned,
which will be recognized as comprising well
known elements, employs a transformer 56,
having a primary winding 57 energized from
the alternating-current-source conductors
named, and a multi-section seondary wind-
ing which includes a main section 58 and
three auxiliary sections 59. 60 and 61. To
convert the alternating-current potential de-
rived from winding 58 into direct current,
a rectifier tube 63, or its equivalent, is uti-
lized in the:manner shown. Rectifier 63,
which is of the full-wave type, comprises an
electron-emissive cathode element 64, sup-
plied with heating current from transformer
winding 59, and two anode or plate elements
65 and 66, connected respectively, to the
ends of transformer winding 58.

It wili be observed that transformer wind-
ings 58 and 59 are provided with mid-tap con-

“nections to which are respectively connect-

ed conductors 67 and 68. These conductors
will be seen to constitute the direct-current
output circuit of the rectifier, which is dis-
posed to energize series-connected resistors
52 through the connections shown. .
In operation of rectifier tube 63, current
is permitted to pass between the anode and
the cathode elements thereof in one direction
only, namely, from either anode 65 or anode
66 to cathode 64. Such being the case, dur-
ing the half of the alternating-current cycle
when anode element 65 is positive with re-

1,909,084

spéct to the cathode; a current will flow from -

it to the cathode 84, and, during the other
half of the cycle, a similar current will flow
from anode 66 to cathode 64. Consequently,
it will be seen that conductor 68 will be main-
tained at a
conductor 6
This potential is, however, of a pulsating
nature, and, to smooth out these pulsations
and obtain a steady direct-current voltage,
the filter circuit, shown generally at 70, is
utilized. This circuit comprises the con-
denser and reactor elements disposed in the
manner shown, which, acting in a well known
manner, convert the pulsating voltage sup-
plied by the rectifier Into the desired steady
direct-current potential, which is impressed
between points 53 and 54 of the resistor com-
bination 52. ’
Secondary windings 60 and 61, of trans-
former 56, are utilized to supply heating cur-
rent to cathode-heater coils 49 and 49’ of am-
plifier tubes 44 and 45, respectively, connec-
tions being made thereto in the manner
shown. While it would be possible to utilize
a common source of heating potential for
both tubes, the use of a separate transformer
winding for each heating coil is found ad-
vantageous from the standpoint of eliminat-

ing capacity effect and insulation strain be-

tween the cathode and heater elements of the
two separate tubes.

The use of screen-grid-type tubes in the
amplifier 43 permits o%rself-compensation for
changes in the voltage of the supply source
derived from alternating-current-circuit con-
ductors 27 and 28, which, in practice, as has
been pointed out, may vary within appre-
ciable limits. I have found that, by properly
proportioning the respective ~screen-grid-
voltage biases of the two vacuum tubes 44
and 45, changes in the voltage of supply con-
ductors 27 and 28 result in no appreciable

-change in anode-to-cathode current of tubes .

21 and 22. This self-compensating feature
results from the action of the screen-grid ele-
ments, in combination with “staggering” of
control grid 86 with respect to cathode 87 of
tube 45, acted upon by the voltage drop across
supply resistors 73 and 74, whereby a change,
due to grid control, in the anode-to-cathode
current of tube 44 is caused to produce a

change in the opposite direction in the magni-

tide of anode-to-cathode current of tube 45.
The application of this feature, in the sys-
tem described, will be seen to perform a valu-
able function in the regulating scheme.

The resistance values of the series-connect-
ed resistors 72, 78, 74, 75 and 76 are so chosen
that the respective voltage drops across them
are of the proper values for maintaining the
necessary and desired potential differences
between the several elements of vacuum tubes
44 and 45 with which they are connected. It
will be observed that the system of coupling
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between the two amplifier tubes is a modifi-
cation of the well known resistance-coupled
scheme and is so arranged that maximum am-
plification is attainable, since it will be recog-
nized that the sensitivity of the regulating
scheme is directly dependent thereon.

In operation of the regulating system of

Fig. 1, normal voltage of generator 10 bears

a fixed ratio to the voltage of standard bat-
tery 86, the value of this ratio being deter-
mined by the setting of ‘adjustable-resistor
contact 41.  For this normal or desired voli-
age value, the potential difference between
tap connection 41 and terminal 38 of battery
36 will be of a definite negative value, for
example —2 volts, and thus the potential im-
pressed between control grid 50 and cathode

_ 48, of vacuum tube 44, will likewise be of a

)

similar negative value. Tt will be observed
that cathode 48 is joined to battery terminal
38 by conductor 78, and that grid element 50
is joined to resistor tap 41 through grid re-
sistor 79, conductor 80, resistor 81, conduc-
tor 82 and a transformer winding 83.

In vacuum-tube regulating systems of this
general type known in the past, elements 81
and 83 just named, and whose functioning
will sibsequently be explained, have not been
included, so that, in effect, adjusting tap 41
lias been joined directly to grid resistor 79.
Assuming for the moment that such connec-
tion obtalns in the system of Fig. 1, ifs op-
eration, for voltage deviations above and
below the desired value, is as follows:

A rise in the voltage of generator 10, above
the desired value, causes resistor terminal
41 to assume an increased negative potential
with respect to battery terminal 38. Conirol
grid 50 of vacuum tube 44, accordingly, has
impressed upon it this new value of negative
potential by action of the grid-control cir-
cuit. This increased negative potential acts
to decrease the flow of electrons from cath-
ode 48 to anode 47, in tube 44, and the cur-
rent flow between these two elements is de-
creased. It will be observed that anode 47
is, at all times, maintained at a positive po-
tential with respect to cathode 48 by the volt-
age drop across resistors 73 to 76, inclusive,
through a circuit which extends from posi-
tive resistor terminal 69, through conductor
84, a coupling resistor 85, conductor 89,
anode 47 and cathode 48 of tube 44, con-
ductor 78 and conductor 67 back, to negative
resistor terminal 54.

The decrease in this current through tube
44, which is supplied thereto through re.
sistor 85, proportionately decreases the volt-
age drop through this resistor, so that a cor-
responding change in potential between grid
clement 86 and cathode element 87 of vacaun
tube 45 is effected. It will be seen that grid
86 of vacuum tube 45 is joined to anode or

plate 47 of vacuum tube 44 by conductor 89,

and that cathode 87 of tube 45 is main’qained

5

at an intermediate value of potential from
the series-connected resistor combination

mentioned, connection being made thereto, at

terminal 55, by conductor 90.

For normal voltage of the generator regu-
lated, current through coupling resistor 85
is of such value that the potential drop
through this resistor is slightly in excess of
the combined drop through resistor sections
73 and 74, to give grid 86 of tube 45 a definite
negative bias with respect to cathode 87, of
—9 volts for example, and, for such a condi-
tion, it will be scen that the potential im-
pressed upon grid 86 of vacuum tube 45 will
be of that value. Consequently, the decrease
in current and voltage drop through resistor
85, caused by the rise in generator voliage

_mentioned, will be seen to cause a potential to

ke impressed upon grid 86 which is less nega-
tive with respect to that of cathode 87 than
for normal voltage of the generator.

This decreased negative potential acis to
increase the electron flow from cathode 87 of
vacuum tube 45 to anode or plate element 92,
so that the current flow between these two
elements is correspondingly increased. It
will be cbserved that anode 92 of tube 45 is
maintained at a positive potential, with re-
spect to cathode 87, of a value determined by
the combined voltage drop across series-con-
nected resistors 72, 78 and 74, anode 92 bein
joined to positive terminal 53 of the combi-
nation mentioned through a conductor 93
and a coupling resistor 94.

The increase in current through resistor
94 raises the voltage drop between its ter-
minals, so that terminal 95 assumes a greater
negative potential with respect o termiral
96 than for the normal voltage condition of
regulated generator 10. Such being the case,
grid elements 25 and 25’ of exciter-field-cur-
rent-carrying tubes 21 and 22 have impressed
thereon an increased value of negative po-
tential with respect to the cathode or fila-
ment element 24 of this tube. It is seen that
filaments 24 and 24’ of these tubes are joined
to terminal 96 of resistor 94 through 8 con-
ductor 97 and that grids 25 and 25" are each
joined to conductor 26 and terminal 95 of
this resistor through suitable resistors 98 and
98’, the function of which has already been
explained.

This increase in negative grid potential
for vacuum tubes 21 and 22 decreases the
electron flow between the plate and filament
elements thereof, and hence lowers the cur-
rent passed by the tubes, which current, as
has been explained, energizes field winding
16 of exciter 14. This reduction in excitin
current lowers the voltage of exciter 14 an
correspondingly decrease the excitation of
generator 10, with the result that its voltage
1s lowered.

Similarly, a decrease in voltage of genera-
tor 10 acts to decrease below normal the value
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of negative potential impressed upon grid 50
of vacuum tube 44 with respect to cathode
48 of this tube, it being apparent that, for
such condition of below-normal generator
voltage, resistor-tap connection 41 will as-
sume a lower value of negative potential with
respect to terminal 38 of battery 36. The
current flow from plate 47 to cathode 48 of
this tube is accordingly increased, and. the
voltage drop through resistor 85 is corre-
spondingly raised.

Grid 86 of vacuum tube 45 thus has im-
pressed upon it a potential which is of an in-
creased negative value with respect to that of
cathode 87 of this tube, and the current flow
from plate 92 to cathode 87 is accordingly
diminished, so that the voltage drop across
resistor 94 1s likewise decreased. Such being
the case, terminal 95 of this resistor assumes
a lower negative potential with respect to ter-
minal 96, than for the normal voltage condi-
tion of regulated generator 10.

This potential, directly affecting the grid
elements of vacuum tubes 21 and 22, allows a
greater flow of electrons between the filament
and the plate elements thercof and permits
the tubes to pass a higher value of current
through field winding 16 of exciter 14. The

~ voltage of the exciter is accordingly raised,

the excitation of generator 10 is increased,
and the voltage of the generator is corre-

spondingly raised,
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As has been pointed out, the terminal volt-
age of a direct-current generator contains
ripples caused by the action of the commu-
tator, and by lack of uniformity in the arma-
ture winding coils, which ripples are of sub-
stantial magniture and vary with the oper-
ating conditions of the generator. In a reg-
ulating system such as is shown in Fig. 1,
the ripples affect the regulator performance
in a very undesirable manner in that a change
in their magnitude is found to effect a change
in the average termninal voltage which the
regulator maintains for the generator being
controlled.

To eliminate the effect of commutator rip-
ples, I provide, in the regulating system of
my invention, means for neutralizing them,
so that they will not be permitted to reach
the sensitive grid-control circuit of the vac-
uum tubes. To accomplish this result, I pro-
vide, in the system of Fig. 1, a transformer
shown generally at 100, the secondary wind-
ing 83 of which has already been mentioned

as being included in the potential control cir- -
cuit of grid 50 of vacuum tube 44. Primary’

winding 101 of this transformer is disposed,
in the manner shown, to be energized by the
generator voltage.

By providing windings 83 and 101 with
an equal number of turns and properly in-
terconnecting them in the manner shown,
changes in voltage impressed upon the pri-
mary winding by inducing similar changes
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of voltage in the ,secondary winding, may
be made to completely neutralize them-

selves, so that, in the system of Fig. 1, the °

voltage which appears between points 102 and
103 of the connection there shown will be en-
tirely devoid of the ripples which may be
present in the voltage between gencrator con-
ductors 12 and 18. _

It will be apparent that a ripple-eliminat-
ing transformer connected in the manner
shown and described allnws the average volt-
age of the regulated generator to act upon
the regulating system, and hence 1 no way
detrimentally affccts the action of the regu-
Iator. Aside from the function of neutral-
izing the voltage ripples in the grid-control
circuit, which is a most advantageous effect in
vacuum-tube regulators, it has no other ac-
tion or effect. Thus, in the system of ¥ig.
1, the introduction of transformer windin
83 in the control circuit of vacaum-tube gris
50 modifies the action of the regulator, which
has been explained in detail, only to the ex-
tent that the undesirable commutator and
other voltage ripples of generator 10 are pre-
vented from affecting the regulating system.

It will be recognized that any regulating
system for an electrical generafor having a
separate exciter which acts to control the ex-
citation of the exciter in response to changes
in a characteristic of the generator regulated
inherently has a tendency to hunt or over-
shoot in its corrective action becanse of the
inductive characteristics of the ficld-winding
circuits involved, which introduce a time lag
between a change in the exciter-field current
and a final change in the generator character-
istic. :

To overcome this tendency, I provide, in
the regulating system of my invention, anti-
hunting means represented generally at 104
in Fig. 1. Such means comprise a resistor
81, which has already been mentioned as
being connected in the control-grid circunit
of the regulating system, and a series-con-
nected condenser 105. This combination is
disposed for energization by the voltage of
exciter 14, terminal 106 of the resistor being
connected to exciter- conductor 107 which is
of positive polarity and terminal 108 of the
condenser 105 being connected to exciter con-
ductor 109 which is of negative polarity,
through a circuit which includes transformer
winding 110, a portion of resistor 111, and an
adjustable resistor tap 112. .

In combination with adjustable tap 112,
resistor 111 will be seen to serve a voltage-
dividing function which is utilized to adjust
the sensitivity or effectiveness of the anti-

hunting means 104. Winding 110 mentioned.

is the secondary of a voltage-ripple-eliminat-
ing transformer 114, the function and method
of connection of which will be seen to be sim-
ilar to that of transformer 100 used in con-
nection with generator 10, it being under-
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stood that the transformer 114 acts to-pre-
vent commutator and other ripples in the
exciter voltage from reaching and eflecting
the anti-hunting means 104, the resisior of
which is disposed directly in the grid-control
circuit of amplifier tube 44.

The anti-hunting combination 104 is

_basically the same as already mentioned, as

that disclosed and claimed in copending ap-
plication, Serial No. 543,514 by J. H. Ash-
baugh and myself as joint inventors, filed

June 11, 1931 and assigned to the same as-

signee as this invention.

n operation of the anti-hunting means
104, condenser 105 is charged to a value cor-
responding to the given exciter voltage act-
ing upon it. 'Thus, for the normal voltage

- conditions of generator 10, which correspond

20

to a given value of exciter voltage, condenser
105 has stored, in an electrostatic field asso-

“ciated with it, a given quantity of energy,

0
o

30

and, for such & stable condition, it draws no
charging current from the exciter, and does
not supply any discharge current thereto.
For the connections shown in Fig. 1, the left-
hand member of the condenser is at all times
of negative polarity with respect to the right-
hand member, this relation being determined
by the particular connections with the ex-
citer, : .

A rise in exciter voltage causes condenser
105 to draw a charging current, which cur-
rent, passing through resistor 81, in a direc-
tion, from right to left in the diagram, which

5 is indicated T)y arrow 118 sets up, in this re-

sistor a voltage drop, making terminal 106

* thereof 1positive with respect to terminal 117.

40

45
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Similarly, a f£all in the voltage of exciter 14
allows condenser 105 to send & discharge cur-
rent through resistor 81, in the opposite di-
rection as indicated by arrow 116 setting up
in the resistor a voltage drop which causes
terminal 117 to be positive with respect to
terminal 106. ‘

It will be apparent that the magnitude of
the condenser-charging or discharging cur-
rent, as the case 'may be, will be dependent
upon the rate of change of the exciter voltage,
since it is evident that a high rate of change
will resultin a higher condenser current than
a slow or more gradual rate of change. This
condenser current persists for the period nec-
essary for the condenser to change its electro-
static field to a new value which corresponds
to the changed exciter potential.

. Anti-hunting resistor 81, when disposed in_.

the grid-control circuit of the vacuum-tube
regulator, in the manner indicated in the
diagram of Fig. 1, acts to modify the grid-
control potential to prevent overshooting of
the corrective actions, the magnitude of such
modification being, as already pointed out,
a direct function of the rate of change of the
exciter voltage.

Thus, in the operation of the complete
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regulating system illustrated in Fig. 1, a
rise in the voltage of generator 10 above the
desired - value, causes, through the regulat-
ing ‘action already explained, the voltage of
exciter 14 to decrease. This cfecreasg in volt-
age allows condenser 105 to send a’'discharge
current through resistor 81 indicated by ar-
row 116 which resistor thus superimposes

upon the grid-control circuit a voltage hav- .

ing the polarity represented by the signs at
the ends of arrow 116, which, it will be seen,
is such as to reduce the negative control po-
tential impressed upon grid 50.of vacuum
tube 44, it having been pointed out that 2
rise in the generator voltage sets up in this
control circuit, between points 103 and 38,
a potential tending to make grid 50 more
negative with respect to cathode 48 than for
normal generator voltage. As the voltage of
generator 10 is brought back toward the de-
sired value, the change in the exciter poten-
tial thus acts to slow down the corrective
aciion in a manner to effectively prevent over-

.shooting,

Similarly, a decrease in the voltage of gen-
erator 10 pelow the desired value causes,
through the regulator action explained, the
voltage of exciter 14 to increase. This in-
crease causes condenser 105 to draw a charg-

ing current which is indicated by arrow 118,

setting up in resistor 81 a voltage drop of the
polarity indicated by the signs at the ends of
this arrow. It will be seen that this polarity
is such that the negative control voltage im-
pressed upon grid 50 of vacuum tube 44 is
inereased by ity action, it having been shown
that, for this below-normal voltage condi-
tion, there is impressed upon the vacuum-
tube control grid a lower negative potential
with respect to that of cathode 48 than for
normal generator voltage. Thus, it will be
evident that anti-hunting means 104 slows
down the corrective action as the generator
voltage rises to approach the desired value,
and overshooting in this direction is likewise
prevented.

Experiments show that, in a resistance-
coupled amplifier system of high amplifica-
tion, oscillations will arise. "Tests indicate
that such oscillations tend to recalibrate the
regulator to give the drooping characteristic
shown in Fig. 8 by curve 120. Thus, for a
given adjustment of the regulating equip-
ment, the regulator will maintain the gener-

ator voltage at a slightly higher value when :

the generator is operating at no load than
it -will when the generator-is operating at
the higher-load values which approach the
limit of its capacity. »

In many applications, it is desirable that
a voltage regulator shall act to maintain the
potential regulated at a constant value
throughout the entire load range of the ma-
chine. By combining, with the fundamental
portion of the regulating system of my in-
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vention already described, a series-connected
resistor and a condenser between the grid
and cathode elements of each of the ampli-
fier tubes 44 and 45, I have discovered that
such flat regulator: characteristic is obtain-
able due to the suppression of the oscilla-

tions in the amplifier. Thus, in the diagram
of curves of Fig. 3, the regulator character-

. istic, the inherent shape of which is shown

10

5

at 120, may be shifted, by such means, in
position to that of the flat curve illustrated
at 121, and the utility of the regulating sys-
tem may thereby be further broadened. The
resistors and condensers mentioned are illus-
trated in the system of Fig. 1, by well known
symbols at 123,124, 125 and 126, respectively.

Tests indicate, as before mentioned, that

- the modifying effect of these elements is at-
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tained through a suppression of oscillations,
which are of & plurahtg; of different or vari-
ous frequencies, and which appear to be set
up in the circuits of the amplifying tubes 44
and 45. The curves of Fig. 4, which are re-
productions of oscillograms of the exciter-
field current, or the current through field
winding 16 in the system of Fig. 1, for a
given generator load condition, substantiate
this explanation. Thus, section 128, of Fig.
4, taken for the regulating system of my
invention without the stabilizing elements
123, 124, 125 and 126 mentioned, indicates
that the exciter-field current fluctuates at
a high frequency above and below the mean
or average value of this current. Section
129 of Fig. 4, which represents the same aver-
age value of field current when the regulat-
ing system is provided with the stabilizing
elements mentioned, shows that one of the
effects has been to reduce the magnitude of
these fluctuations, which indicates that the
oscillations, in the amplifying system, al-
ready mentioned, have been considerably
damped out. The result is the shifting of
the regulator characteristic from the droop-

5 ing type, shown by curve 120 of Fig. 3, to

the flat type shown by curve 121 already men-
tioned. ,

An additional advantage to be gained
through the suppression of oscillations in
the amplifier circuits is the increase in tube
life which the reduction of peak-voltage val-
ues and insulation stresses affords.

In certain applications, it is desirable that
a voltage regulator shall possess a rising-
with-load characteristic. I have discovered
that the basic system of my invention, as
shown, is capable of producing this result
also by the addition of a very simple yet
effective addition in the form of an exter-
nal capacity connected between the grid and
filament elements of the field-current-carry-
ing tubes. Thus, in the diagram of Fig. 1,
stuch modification may be made in the form
of a variable condenser 131, connected to
bridge coupling resistor 94, When using
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condenser 131, it is found preferable to omit
the previously mentioned stabilizing ele-
ments 123, 124, 125 and 126.

The modification of the regulator charac-
teristic thereby afforded is illustrated in Fig.
5 in which curve 120 represents, as in Fig. 3,
the inherent characteristic of the regulator.
The insertion of the proper value of capacity
in parallel with coupling resistor 94 shifts
the characteristic of the regulator to the flat
value, indicated in Fig. 5 by curve 133, and
further increase in the value of this capacity
shifts the characteristic to the rising-voltage-
with generator-load type illustrated %)y
¢ irve 134 of the same figure. It will be ap-
prarent that intermediate values of charac-
teristic are readily obtainable through a suit-
able adjustment of variable condenser 131.

1t will be evident that the regulating sys-
tem of my invention, which comprises the
amplifying apparatus designated in Fig. 1 at
43, the excitation-control vacuum tubes in-
fluenced thereby and the several auxiliaries
mentioned, is not limited in its application to
the combination of a direct-current genera-
tor having a separate exciter, but may in
addition, be applied to other regulating situ-
ations. Thus, in Fig. 2, T have illustrated my
invention as applied to the voltage regula-
tion of a direct-current generator 140, with
which no separate exciter is used. It will be
observed that, in the energizing circuit of the
generator fleld winding 141, the excitation-
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control vacuum tubes 142 and 143 are in-

cluded and that the amplifying tubes 144 and
145 are disposed in & manner similar to that
illustrated at 43 in the system of Fig. 1.
The supply source for energizing the heating
filaments of these tubes, and for impressing
a suitable direct-current voltage between
points 53 and 54 of the resistor group al-
ready described, is not shown, since it may
be a duplicate of that illustrated in the sys-
tem of Fig. 1, or its equivalent.

It will be apparent that, in operation, a
rise in the voltage of generator 140 above
8 desired value, determined by standard
voltage source 146, causes to be impressed
upon control grid 147 of tube 144 a negative
potential which functions to increase, in
the manner already explained, the exciting
current in field winding 141, which current
is supplied from any suitable source, such
as is indicated by direct-current-source con-
ductors 150 and 151. The voltage of the gen-
erator is, accordingly, lowered by this action.

Likewise, it will be evident that a decrease
below the desired value of the generator volt-
age impresses upon control grid 147 of vac-
uum tube 144 a positive potential which acts
to increase the excitation of the generator
and thereby raise its voltage.

It will be noted that, in the system of Ifig.
2, no anti-hunting means have been provid-
ed, since it will be recognized that there is
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inherently little tendency for the regulator
to overshoot in its corrective actions, since
it acts directly in the generator field wind-
ing circuit, instead of to control the excita-
tion of a separate exciter, as in the system of
Fig. 1. To eliminate the effect of commuta-
tor ripples, transformer 152 may be disposed
in the grid-control circuit, in the manner
already explained.

It will Ee noted- that, in the system of
Fig. 2, I have represented regulator-charac-
teristic medifying means in the form of the
series-connected resistor and condenser be-

. tween the grid and cathode elements of each

15
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of the vacuum tubes 144 and 145, these means
being designated in Fig. 2 at 154 and 155,
respectively. The action of these means is
the same as that already described in con-
nection with the system of Fig. 1, to give to
the regulator a flat characteristic. It will be
understood, however, that, should it be de-
sired, a rising characteristic may likewise
be obtained through the use of a variable con-
denser in the position shown at 131 in the
system of Fig. 1, in this, as well as in the
subsequently illustrated embodiments of my
regulator. : - .

As an alternative method of eliminating
the effects of commutator ripples in vacuum-
tube voltage-regulating systems applied to
direct-current generators, I contemplate the
provision of filter equipment interposed be-
tween the generator-cireuit conductors and
the vacuum-tube control-grid circuit. Thus,
in the system of Fig. 6, I have illustrated this
embodiment, the filter equipment being
shown generally at 158, as interposed be-
tween circuit conductors 159 and 160 of the
generator 161, the voltage of which is to be
regulated, and the control circuit of grid
element 163 of amplifier tube 164, As in the
previously described embodiment, this rid-
control circuit includes a standard-voltage
battery 166, or other equivalent source, con-
nected in opposition to the regulated gen-
erator.

Filter 158 may be of any suitable type well
known in the art and, as illustrated, com-
prises an inductance 167 and two intercon-
nected capacitors 168 and 169 which are so
disposed and proportionied electrically as to
damp out ripples which commutator action
may introduce into the generator voltage im-
pressed upon conductors 159 and 160.

It will be noted that the system of Fig. €
is similar to that of Fig. 1 already explained,
with the exception of the ripple-eliminating
means 158 associated with the generator con-

- ductors, and the energizing circuit for the

(0]
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anti-hunting means 171 associated with a
separate exciter 172. In this circuit, no rip-
ple-eliminating device has been included,
although it will be understood that such may
be utilized should it be found desirable.

Tt will be understood that, due to the time

9

required for filter condensers 168 and 169 to
change their average values of charge ih ac-
cordance with deviations of the generator

_voltage from the desired value, the system of

Fi%.‘fi will have a somewhat greater tendency
to hunt than were this particular tyg of
ripple-eliminating means not utilized. How-
ever, by so proportioning the elements of the
anti-hunting means 171 that their effective:
ness is correspondingly increased, this tend-
ency may be properly dealt with in a manner
to permit satisfactory operation of the
system.

Nor is the vacuum-tube voltage-regulating
system of my invention limitef in its appli-
cation to direct-current generators alone,ﬂut
it may likewise be utilized with alternating-
current generators in the manner indicated
in Fig. 7. In Fig.7, the alternating-current
generator 175 supplies voltage to conductors
176 and 177 which serve to energize a trans-
former 178, the secondary winding of which
is connected to a suitable rectifier 179, from
which the rectified voltage is passed through
a suitable filter 180 before being introduced
into the control circuit of vacuum-tube grid
182, which circuit includes the standard-
voltage source 183 and the other elements
ramed in the systems hereinbefore described.

It will be apparent that the direct-current
voltage derived from the filter-output termi-
nals 184 and 185, which are of positive and
negative polarities, respectively, will be di-
rectly proportional to the voltage of alternat-
ing-current generator 175, and that this volt-
age, acting in opposition with that of stand-
ard battery 183 serves, in the manner already
explained, to influence the vacuum-tube regu-
lator in response to changes from a desired
value to bring about, through field-current
changes for the direct-current exciter 187, the
necessary corrective changes in the generator
voltage.

It will be noted that a ripple-eliminating
transformer 188 has been shown in connec-
tion with the anti-hunting means 189 ener-
gized by the exciter voltage, although it will
be understood that this transformer may not
be required in all applications. It should be
noted further that some form of anti-hunt-
ing means will ordinarily be essential in the
system of Fig. 7 to compensate for the time
lag introduced by the condensers in the filter
180 which, without such means, would cause
serious overshooting of the regulatory
actions.

Although I have shown and described cer- '

tain specific embodiments of my invention, I

am fully aware that many further modifica-

tions thereof are possible. My invention,
therefore, is not to be limited except insofar
as is necessitated by the prior art and by the
spirit of the appended claims. :
T claim as my invention:
1. In a vacuum-tube voltage-regulating
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.tubes and means for impressin
‘potential determined by the

10

S

system for a direct-current

generator com-
prising a control-grid circuit fo

r the vacuum

thereon a
ifference 1n
the generator voltage from a desired value,
means for preventing ripples in the genera-

‘tor voltage from influencing said circuit

comprising a transformer having a second-

ary winding disposed in said circuit and a
rimary winding disposed for energization
v the voltage of the generator. '

2. In a vacuum-tube voltage-regulating
system for a direct-current generator com-
prising a control-grid circuit for the vacu-
um-tubes and means for impressing thereon
a potential determined by the difference in
the generator voltage from a desired value,
means for preventing ripples in the genera-
tor voltage from influencing the vacuum
tubes comprising filter apparatus disposed
between said generator and the said vacuum-
tube grid circuit.

3, In a vacuum-tube voltage regulator for
a direct-current generator, an excitation cir-

5 cuit for said generator, vacuum-tube control

means comprising anode and cathode ele-
ments disposed to act upon said circuit and a
grid-control electrode associated therewith,
a circuit for impressing upon said grid elec-
trode a potential proportional to the devia-
tion of the generator voltage from a prede-
termined value, in combination, a transform-
er having a primary winding disposed to be
energizea by the voltage of said generator
and a secondary winding disposed in the
said grid-electrode circuit in such manner
that ripples in the voltage of said generator
are so neutralized that the average value
only of this voltage is effective in influenc-
ing said grid electrode. .

In a vacuum-tube voltage regulator for
a direct-current generator, in combination,
an excitation circuit for said generator, ther-
mionic-tube means for the control of said
circuit comprising anode and cathode ele-
ments disposed tﬁerein and a grid-control
electrode associated therewith, a standard
voltage source, a circuit for impressing
upon said grid electrode a potential propor-
tional to the variation of the generator volt-
age from that of the standard source, a trans-
former having a primary winding energized
by said generator voltage and a secondary
winding disposed in said grid circuit in such
manner that rapidly recurring variations in
the voltage of said generator are so neu-
tralized that only the average value of said
voltage is effective in influencing said - grid
electrode. :

5. In 4 voltage-régulating system for an
electrical generator having a field winding
and an exciter disposed to supply current to
said ‘winding, vacuum-tube means disposed
to control the voltage of said exciter, a con-
trol-grid circuit for the vacuum tubes and

~-means and s
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means for impressing thereon a control poten-

tial determined by the magnitude of the gen-
erator voltage, anti-hunting means actuated
by changes in the exciter voltage for intro-
ducing into said grid-control circuit a modi-
fying potential to prevent overshooting of the
corrective action, and means for preventing
ripples in the exciter voltage from influenc-
ing said grid circuit comprising a trans-
former having a seconda winding dis-
posed in the circuit of said anti-hunting
primary winding disposed for
energization by the exciter voltage.

6. In combination with a vacuum-tube

voltage regulator for a direct-current genera--

tor comprising thermionic means . aving
anode and cathode elements and a grid-con-
trol electrode disposed to control the excita-
tion of said generator, a standard-volta

source, a circuit for impressing upon the
said grid electrode a potential determined
by the difference in the generator voltage
from that of the standard source, and filter

apparatus disposed between said generator.

and said grid circuit to smooth out ripples in
the voltage of said generator so that only
the average value of this voltage acts upon
said circuit, .

7. In a voltage-regulating system for an
alternating-current generator, a field - wind-
ing for said generator, an exciter for ener-
gizing said winding, thermionic means hav-
ing anode and cathode elements and a grid-
control electrode disposed to control the volt-
age of said exciter, a rectifier and filter cir-
cuit energized by the generator voltage, a
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standard-voltage source, a circuit for im-

pressing upon said grid electrode a direct-
current potential determined by the difference
in the output voltage of said filter circuit
and that of the standard source, anti-hunt-
ing means actuated by changes in the exciter
voltage for introducing into said grid-elec-
trode circuit a modifying potential to pre-
vent overshooting of the corrective action,
and means for preventing ripples in the ex-
citer voltage from influencing said circuit
comprising a transformer having a second-
ary winding disposed in the circuit of said
anti-hunting means and a primary winding
disposed for energization by the exciter volt-
age.

8. In a voltage-regulating system for a di-
rect-current generator, a Eeld winding for
said generator, an exciter for energizing said
winding, thermionic means, having anode
and cathode elements and a grid-control elec-
trode disposed to control the voltage of said
exciter, a standard-voltage source, a circuit
for impressing upon said grid electrode a
potential determined by the difference in the
generator voltage and that of the standard
source, a transformer having a primary
winding disposed to be energized by the volf-
age of said generator and a secondary wind-
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ing dirposed in the said grid-electrode circuit
in such manner that ripples in the generator
voltage are neutralized, anti-hunting means

" actuated by changes in the exciter voltage for

b

so modifying the grid-control potential as to
prevent overshooting of the corrective ac-
tion, and a transformer having a primary
winding disposed to be energized by the volt-

" age of said exciter, and a secondary wind-
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ing disposed in the circuit of said anti-hunt-
ing means to eliminate therein the effect of
ripples in the exciter voltage. :

9. In a voltage-regulating system for an
clectrical generator, a field winding for said
generator, an exciter for cnergizing said
winding, thermionic means having anode
and cathode elements and a gri(f-control
electrode disposed to control the voltage of
said exciter, a circuit for impressing upon
said grid electrode a potential determined
by the difference in the generator voltage
from a desired value, anti-hunting means
comprising a resistor and a condenser con-
nected in series for energization by the volt-
age of said exciter, said resistor being in-
cluded in the grid-electrode circuit to modi-
fy the grid control potential in accordance
with the rate and direction of change of the
said exciter voltage, and a transformer hav-
ing a primary winding energized by the volt-
age of said exciter and a secondary winding
disposed in the circuit of the said resistor
and condenser to eliminate therein the effect
of ripples in the exciter voltage.

10. In a voltage-regulating system for a
direct-current generator, a field winding for
said generator, an exciter for energizing said
winding, thermionic means having anode and
cathode elements and a grid-control elec-
trode disposed to control the voltage of said
exciter, a standard-voltage source, a circuit
for impressing upon said grid electrode a
potential determined by the difference in
the generator voltage and that of the stand-
ard source, filter apparatus disposed be-
tween said generator and said grid circuit
to smooth out ripples in the voltage of said
generator so that only the average value of
this voltage acts upon said circuit, and anti-
hunting means comprising a resistor and a
condenser connected in series for encrgiza-
tion by the voltage of said exciter, said re-
sistor being included in the grid-electrode
cireuit to modify the grid-control. potential
in accordance with the rate and direction of
change of the said exciter voltage.

11. In a voltage regulator comprising, in
combination with an electrical generator
having a field winding and an energizing

' circuit therefor, one or more vacuum tubes,

cach having an anode, a cathode, and a con-
trol-grid electrode disposed to control said
circuit, an amplifier comprising a plarality
of resistance-coupled vacuum tubes each
having an anode, a cathode, a screen-grid,

11

and a control-grid element, means for con-
necting the output side of said amplifier to
the grids of the vacuum tubes disposed to
control said field-winding circuit, means for
impressing upon the input side of said am-
Eliﬁer a direct-current potential determined

y the difference in the generator voltage
from a predetermined value, and ineans for
changing the characteristic of said regulator
from the inherent drooping type to a flat
or constant-regulated-voltage-with-load type
comprising & resistor and a condenser con-
nected in series between the grid and cathode
elements of each of the vacuum tubes in the
said amplifier.

12. In a voltage regulator comprising, in
combination with an electrical generator
having 2 field winding and an energizing
circuit therefor, thermionic-tube means dis-
posed to control said circuit, a controlling
circuit for said tube means, an amplifier
comprising a plurality of resistance-coupied
vacuum tubes, each having an anode, a cath-
ode, and a control-grid element, means for
connecting the output side of said amplifier
to influence the controlling circuit for the
said thermionic-tube means, means for im-

pressing upon the input side of said ampli-

fier a direct-current potential determined by
the difference in the generator voltage from
a predetermined desired value, and means
for changing the characteristic of said regu-
lator from the inherent drooping type to a
flat or constant-regulated-voltage-with-load
type comprising a resistor and a condenser
connected in series between the grid and
cathode elements of each of the vacuum tubes
in said amplifier.

13. In a voltage regulator comprising, in
combination with an electrical generator
having a field winding and an energizing cir-
cuit therefor, one or more vacuum tubes each
having a grid element and plate and filament
elements disposed to control said circuit, an
amplifier comprising a plurality of resist-
ance-coupled vacuum tubes, each having an
anode, a cathode, a screen-grid and a con-
trol-grid element, means for connecting the
output side of said amplifier to the grids of
the vacuum tubes disposed to control said
field-winding circuit, means for impressing
upon the input side of said amplifier a di-
rect-current potential determined by the dif-
ference in the generator voltage from a pre-
determined desired value, and means for
changing the characteristic of said regulator
from the inherent drooping type to a con-
stant- or rising-regulated-voltage-with-load
type comprising an adjustable electro-static
capacity device connected between the grid
and filament elements of the vacuum tubes
disposed to control the said generator-field-
winding-energizing circuit, an increase in
the capacity of said device tending to shift
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the regulator characteristic in the rising di-
rection. -

14. A vacuum-tube voltage regulator com-
prising, in combination with an electrical
generator having a field winding and an en-
ergizing circuit therefor, one or more vac-

‘uum tubes, each having an anode, a cathode,

and a control-grid element disposed to con-
trol said circuit, a resistance-coupled ampli-
fier.comprising a plurality of vacuum tubes
each having an anode, a cathode, a screen-
grid and a control-grid_electrode, a source of
ower for maintaining potential differences
getween, and for energizing the circuits of,
the elements of said amplifier tubes, means
for connecting the output side of said ampli-
fier to act upon the grids of the vacuum tubes
disposed to control said field-winding cir-
cuit, and means for impressing upon the in-
put side of said amplifier a direct-current
potential determined by the difference in the
redetermined
value, the potential biases on the screen-grid
elements.of the respective amplifier tubes be-
ing of such values that changes in the volt-
age of said power source do not vary the am-
plifying characteristics of the regulator.
15. A voltage regulator comprising, in
combination with an electrical generator hav-
ing a field winding and an cnergizing circuit
therefor, one or more vacuum tubes, each
having an anode, a cathode and a control-
grid element disposed to control said circuit,
an amplifier comprising a plurality of vacu-
um tubes, each having an anode, a cathode,
a screen-grid and control-grid electrode, and
interconnecting circuits of the resistance-
coupled type therefor, a source of power for
maintaining direct-current potential between
the elements of said amplifier tubes, the po-
tential biases on the screen-grid elements
being of such respective values that changes
in the voltage of said power source do not

affect the amplifying characteristics of said -

amplifier, means for connecting the output
side of said amplifier with the grids of the
vacuum tubes associated with said field-
winding circuit, and means for impressing
upon the input side of said amplifier a di-
rect-current potential determined by the dif-
ference in the generator voltage from a pre-
determined value. _

16. In. a voltage regulator comprising,
in combination with an electrical generator
having a field winding and an energizing cir-
cuit therefor, thermionic-tube means dis-
posed to control said circuit, a controlling
circuit for said means, an amplifier having

‘1,000,054

v

ments of said amplifier tubes, resistance-cou-’

pling circuits for said tubes disposed in such
manner that a change in control-grid bias
voltage on the first or input tube in the posi-
tive §irection acts to change the grid bias
of the second or output tube in the negative
direction, and vice versa, means for impress-
ing upon the grid of said first amplifier tube
a direct-current potential determined by the
difference in the generator voltage from a
predetermined desired ‘value, the vacuum
tubes of the regulator being so disposed, in
the manner recited, that changes in the volt-
age magnitude of said tube power-supply
source produce no change in the amplifying
characteristics of the regulator. ,

17. In a regulating system for a dynamo-
electric machine having an excitation circuit,
a plurality of vacuum tubes, each having an
anode, a cathode and a control-grid electrode
disposed in parallel for controlling said ex-
citation circuit, a grid circuit for impressing
upon the grid electrodes of the vacuum tubes
a potential determined by a characteristic of
said dynamo-electric machine, and means
for suppressing oscillations and circulatin
or other currents in the tube circuits whic
act to reduce the current capacity of the com-
bination comprising a resistor disposed be-

-tween the grid electrode of each tube and a

conductor of said grid circuit.

18. In a regulating system for a dynamo-
electric machine comprising a plurality of
parallel-connected vacuum tubes, each hav-
ing an anode, a cathode and a control-grid
electrode, disposed to control an excitation
circuit of said machine, means for supplying
to the grids of said tubes a control potential
determined by a characteristic of said ma-
chine comprising a circuit and a resistor dis-
posed between the grid electrode of each tube
and a conductor of said circuit for the pur-
pose of SI:f)pressing local tube currents which
act to reduce the total current capacity of
the said combination of parallel-connected
tubes. .

In testimony whereof, I have hereunto sub.-
scribed my name this 4th dav of June 1931,

FINN H. GULLIKSEN.

an output circuit disposed to influence said

controlling circuit, said amplifier comprising
two vacuum tubes, each having an anode, a
cathode, a cathode-heating, a screen-grid and

* & control-grid element, a source of power for

- 86

maintaining potential differences between,
and for energizing the circuits of the ele-

70

7

100

108

110

118

120

128

1%




