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ALTERNATING-CURRENT REGULATOR. 
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Westinghouse Electric & Manufacturing Com- . 
pany, a corporation of Pennsylvania 

Application October 13, 1931, Serial No. 568,537 
6 Claims. 

My invention relates to regulators and has par 
ticular relation to electronic-tube regulators for 
dynamo-electric machines. 

Electronic-tube regulators, when utilized with 
dynamo-electric machines, possess inherent ad 
vantages over the well known vibrating-contact 
and other mechanically-moving-part regulating 
devices. Because of the absence of mechanical 
inertia in the electron tubes, regulators utilizing 
them are much faster in responding to, and in 
correcting errors in, the quantity regulated, and 
in addition, the possibility of mechanical trouble 
is removed. 

Regulators of the electronic-tube type, having 
been more recently developed than the older mov 
'able-part structures mentioned, have been Sub 
ject to limitations which have considerably re 
stricted their field of application. My invention 
is directed to a regulating system which over 
comes such limitations through the incorpora 
tion of the novel and desirable features to be 
particularized hereinafter. 

It is one object of my invention to provide an 
electronic-tube regulaturfor dynamo-electric ma 
chines which is capable of handling relatively 
large values of machine-field current. 

It is another object of my invention to provide 
a regulator of the type described which permits 
energization of the machine-field windings from 

30 
vide an electronic-tube regulator which is ap 

an alternating-current source of power. 
It is a further object of my invention to pro 

plicable to both alternating-current and direct 
current machines. 
An additional object of my invention is to pro 

vide a regulator which utilizes a plurality of ma 
chine-field current-carrying tube devices. So dis 
posed that failure of one of the tubes will not 
impair to an appreciable degree the effectiveness 

i. of the regulator. 
It is a still further object of my invention to 

provide a regulator of the type described, which, 
in addition to the features above named, pos 

S es extremely high sensitivity and regulatory 
ecision. Another object of my invention is to provide a 
gulator of the type described having improved 

means of attaining an anti-hunting character 
istic. 
An additional object of my invention is to pro 

vide a regulator of the type described having 
improved load-compensating means. 
In practicing my invention, I dispose in the 

energizing circuit of the machine field windings a 
plurality of grid-controlled electronic tubes in a 

(CI. 171-119) 
manner that a full-wave rectifying action is ob 
tained, thereby permitting the utilization of an 
alternating-current source of power to supply the 
machine-field excitation. The characteristics 
of such tubes, which are preferably of the gas 5 
or vapor-filled variety, allow them to be con 
trolled in a highly satisfactory and reliable man 
ner, thereby permitting the desirable rectifying 
characteristics to be advantageously utilized in 
regulators of the type under consideration. 
To effect the necessary control of these tubes, 

I utilize an improved form of grid-potential 
phase-shifting bridge circuit operable by a tri 
ode vacuum tube having a grid-control circuit 
disposed to be energized by a direct-current po- 5 
tential dependent upon the voltage or other 
electrical characteristic of the regulated machine. 
In accordance With Well understood practice, a 
standard potential battery is utilized in this last 
named circuit, and in the case of voltage regu 
lators for direct-current generators, for exam 
ple, this standard battery may be connected di 
rectly in opposition with the machine armature 
terminals. In the case of alternating-current 
generators or other machines, the same effect is 5. 
obtained by interposing current-rectifying and 
filtering equipment intermediate the regulated 
machine terminals and the control-grid circuit. 
The improved anti-hunting characteristics of 

the regulator of my invention are obtained 
through the use of a series-connected resistor 
and capacitor energized in response to changes 
in the voltage impressed upon the exciting-field 
Winding or to changes in the current flowing 
therein, the resistor being disposed in the con 
trol-grid circuit of the vacuum tube above men 
tioned in a manner that the grid bias is prema 
turely changed in proportion to the rate of 
change of the machine excitation. 
To effect load-compensation in the regulat 

ing system of my invention, I make provision 
for introducing into the control-grid circuit of 
the voltage-change-detecting tube a modifying 
potential which varies in accordance with the 
excitation of the regulated generator So that the 
value of voltage which the regulator will main 
tain is made to depend upon the degree of gen 
erator loading. 
To further improve reliability with respect to 

the machine-field-current-carrying tubes, I pro 
vide the regulated machine with a plurality of 
parallel-arranged field-winding sections, each 
of which is connected for energization from an 
alternating-current power source through a pair 
of grid-controlled electronic tubes disposed to ef 
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fect full-wave rectification. Because of this ex 
pedient, the failure of any one tube in the con 
bination will have negligible effect upon the reg 
ulator performance since the remaining tubes 
are of sufficient capacity to compensate for the 
loss of the One. 
To obtain the extremely high sensitivity and 

precision which many regulator applications re 
quire, I interpose intermediate the quantity 
change-detecting tube, associated with the stand 
ard-potential battery and regulated machine, and 
the grid-potential phase-shifting circuit for the 
field-current-carrying tubes, a vacuum-tube or 
other suitable amplifier which permits exceed 
ingly small changes in the regulated quantity to 
be effective in producing the desired corrective 
change in machine excitation. 
My invention itself will best be understood 

through a description of specific embodiments 
thereof when taken in conjunction with the ac 
companying drawings, in which: 

Figure 1 is a diagrammatic view of apparatus 
and circuits arranged in accordance with one 
form of my invention when applied to regulate 
the voltage of a direct-current generator, 

Fig. 2 is a diagram of vectors illustrating the 
action of the phase-shifting bridge circuit ulti 
lized in the system shown in Fig. 1, 

Fig. 3 is a diagram of curves illustrating the 
manner in which the grid-controlled gas-filled 
electron-discharge devices utilized by the regul 
lating system of my invention in the field-wind 
ing circuit of the regulated machine function to 
rectify and control the magnitude of exciting 
current supplied to the winding from an alter 
nating-current source. 

Fig. 4 is a diagrammatic view of apparatus and 
circuits arranged in accordance with a second 
form of my invention applied to effect voltage 
regulation of a direct-current generator having 
a separate exciter. 

Fig. 5 is a diagram of vectors illustrating the 
manner in which the phase-shifting bridge cir 
cuit of the system shown in Fig. 4 functions, and 

Fig. 6 is a diagrammatic view of apparatus and 
circuits arranged in accordance with One form 
of my invention, which utilizes a sensitivity-in 
creasing amplifier, when applied to effect voltage 
regulation of an alternating-current generator 
having an exciter provided with a multi-circuit 
field winding. 

Referring to the drawings, in Fig. 1, I have 
shown a direct-current generator 0 disposed to 
energize circuit conductors and 2. The gen 
erator is provided with an exciting-field winding 
3. Energization of the field winding from an 

alternating-current power source, represented by 
conductors 5 and B, is effected through the 
utilization of rectifying means f comprising 
electronic tubes 9 and 20. - 
The regulating system of my invention shown 

in Fig. 1, of which tubes 9 and 20 form a part, 
is disposed to maintain constant the voltage be 
tween generator conductors and 2. To effect 
such regulation, a voltage-change-responsive 
vacuum tube 22 is disposed in a control-poten 
tial-bridge circuit 23 to effect changes in the 
conducting characteristics of the field-current 
carrying tubes by Suitably modifying the control 
potential impressed upon the grid elements . 
thereof. 

Electronic tube devices 9 and 20 are prefer 
ably of the well known hot-cathode variety. As 
shown, tube 9, for example, comprises two major 
elements, -an anode or plate 25, and an electri 

winding, 

a005,899 
cally-heated cathode 26, and one minor or con 
trol-grid element 27. Tube 20 will be seen to 

e similarly disposed elements 29, 30 
and f. 
To supply exciting current to machine-field 

winding 3, a transformer 35, having a primary 
energized from alternating-current 

power-source conductors 5 and 6, and a sec 
ondary winding connected with the tubes 9 and 
20 and the field winding 3 in the manner shown, 
is utilized. Full-wave rectification of the alter 
nating-current is obtained by disposing each of 
the tubes in a circuit which inciudes, as an ener 
gizing source, the portion of the secondary wind 
ing of transformer 35 on either side of a sym 
metrically-located tap connection 37. 
Each of the tubes possesses the well known 

characteristic of passing current between the 
major elements in one direction oniy-from 
anode to cathode-so that when energized from 
an alternating-current source, current passage 
can take place only during the positive half cycle. 
Thus, when connected as in the system of Fig. 1, 
tube 9 passes current through machine-field 
winding 13 during one half of the alternating 
current cycle, while tube 2C sinnilarly passes cur 
rent through the winding during the other half 
of the cycle, and the full-wave rectification de 
sired is thereby effected. 
The portion of this positive half cycle during 

which conduction takes place, and hence the ef 
fective current passed, may be regulated by suit 
ably modifying the control patential impressed 
upon the grid element of the tube. 

In the control of gas-filled tubes dispor in 
alternating-current circuits, two fundamental 
methods well known in the art are available. 
In the first or "magnitude' method, an alternat 
ing-current control potential having a fixed 
phase relation with the potential impressed upon 
the major elements of the tube is varied in mag 
nitude in accordance with the changes which it 
is desired to make in the major element-circuit 
current. 
utilizes an alternating-current control-grid po 
tential of substantially constant magnitude but 
of shiftable phase position with respect to the 
potential acting in the major element circuit of 
the tube. It is this second or phase-shift method 
which I prefer to utilize in the system of my in 
vention, although it will be understood that, if 
desired, the magnitude method of control may 
also be applied. 
The control-potential bridge circuit 23 is ac 

cordingly of the phase-shifting variety. As illus 
trated it is energized from power-source Conduc 

the Second or 'phase-shift' method 
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tors 5 and 6 through a transformer 40, the 
secondary winding. of which is connected with a 
capacitor 4 and a rectifier unit 42 in series 
circuit relation. Rectifier 42 may be of any suit 
able type such as the well known metallic-Oxide 
full-wave variety illustrated in Fig. 1, the Output 
terminals of which are respectively connected to 
the anode and cathode elements 44 and 45 of 
detector tube 22. This particular bridge circuit 
is the same as that shown and described in my 
copending application Serial No. 621,141, filled 
July 7, 1932, and assigned to the same assignee 
as this invention. . 
The grid element 46 of tube 22 is disposed in 

a circuit which includes a Standard-potential 
battery 4 connected in opposition with genera 
tor-circuit conductors and 2 in well known 
manner. The cathode or flament element 45 of 
the tube may be supplied with heating-current 
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2,005,892 
from any suitable Source, as from conductors f5 
and 6 through a transformer 48. 
The control potentials for field-current carry 

ing tubes 9 and 2 derived from bridge circuit 
23 are caused to be dependent upon the voltage 
acting between mid-tap connection 50 of the 
winding of transformer 40 and a connection 5 
which is common to capacitor 4 and rectifier 42. 
As illustrated in Fig. 1, this is accomplished by 
disposing in series-circuit relation, between these 
two points in the bridge circuit, two resistor 
elements 53 and 54 and connecting these resist 
ors with the grid and cathode elements of the 
two grid-glow tubes in the manner shown. It 
Will be understood that should it be desired a 
grid-transformer may be utilized instead of the 
resistors named to accomplish the same result. 

In the System shown in Fig. 1, normal voltage 
of the generator is of a value slightly greater than 
that of standard battery 47, in order that grid 
element 46 of vacuum tube 22 may be maintained 
at a Small value of negative potential. Such a 
negative bias will be seen to obtain for this con 
dition, since cathode element 45 of tube 22 is 
joined, by means of conductor 56, with generator 
conductor , and the negative polarity points 
of both the generator and the battery are joined 
by means of conductor 5. Grid element 46 of 
the tube, connected with battery 4 through a 
grid resistor 43, is thus maintained at a poten 
tial, which, for the normall-voltage condition 
assumed, is negative with respect to that of 
cathode element 45. 
The voltage of transformer 4t acting upon the 

rectifier 42 and the capacitor 4 in series produces 
in these elements potential drops having some 
such phase relation as is given by the vector 
diagram of Fig. 2. In this diagram, vectors E1 
and E2 indicate the voltages acting in the two 
Sections of the transformer Secondary Winding, 
vectors Er and Ec indicate the Voltage drops oc 
curring in the rectifier and the capacitor units, 
respectively, and vector E designates the poten 
tial acting between points 50 and 5 of the bridge 
circuit or upon resistor elements 53 and 54 in 
Series. 
At the normal voltage of generator C, the 

phase position of vector E, with respect to the 
pOWer-source Voltage, is of Some intermediate 
value, such as indicated in Fig. 2 by the angle 
theta. In the diagram of curves of Fig. 3, in 
which curve 60 designates the voltage impressed 
upon the anode element of either of the field 
current carrying tubes, and curve 6 the control 
potential impressed upon the grid element of 
the tube, theta, designates the angular displace 
ment between these two potential curves. 

Before a grid-controlled gas-filled tube can 
conduct current through the major-element cir 
cuit, it is necessary that the control grid element 
be maintained at a potential in excess of some 
given critical value. Such a series of minimum 
or critical values of grid voltage, is represented 
in Fig. 3 by curve 63. This curve will be recog 
nized as applying to a hot-cathode tube of the 
mercury-filled type, which tube behaves in a 
manner that if a negative bias be maintained on 
the grid in exceSS of a given Series of Values 
throughout the cycle, no current conduction be 
tween the major elements can take place. How 
ever, if this negative grid-bias voltage falls below 
the critical value indicated by curve 63, conduc 
tion from that point during the remainder of 
the positive-half cycle will take place. Conse 
quently, when the displacement of the grid volt 

3 
age is that given by angle theta, current con 
duction from anode to cathode of the tube will 
result during the shaded portion of the positive 
half cycle. It will be apparent that the starting 
point of such conduction may be changed by 
shifting the phase position of the control po 
tential. 

During the half cycle of alternating-current 
Supply voltage in which the right-hand end of 
the Secondary winding of transformer 35 is posi 
tive with respect to the left-hand end, an energiz 
ing current for the machine-field winding 3 may 
be permitted to flow through a circuit which 
extends from the right side of this winding 
through conductor 78, the anode and cathode 
elements 25 and 26 of tube t9, the mid-tap con 
nection 65 of transformer 66, conductor 67, ma 
chine-field winding 3 and conductor 81, back to 
the mid-tap connection 37 of the winding of 
transformer 35. 

Likewise, during the half of the alternating 
Current cycle when the left side of the transformer 
Winding is positive with respect to the right, an 
energizing current for the machine-field winding 
may be permitted to flow through tube 20 through 
a circuit which extends from the left side of the 
Secondary winding of transformer 35 through 
conductor 79, the anode and cathode elements 29 
and 30 of tube 20, mid-tap connection 65 of trans 
former 66, conductor 67, machine-field winding 
3 and conductor 8 back to mid-tap connection 

37 of the winding. w 
In the System of Fig. 1, the control potentials 

for the tubes 9 and 20 are impressed upon the 
grid elements through a circuit which includes, 
for tube 9, cathode element 26, mid-tap connec 
tion 65 of a cathode-heating transformer 66, 
conductors 6 and 68, mid-point 69 of series-con 
nected resistors 53 and 54, resistor 53, conductor 

and grid resistor 72, back to grid element 27. 
In the case of tube 20, the circuit extends from 
the cathode element 30, transformer tap 65, con 
ductors 67 and 68, resistor 54 of bridge circuit 23, 
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conductor 74 and a grid resistor 75 back to grid 
element 3. 

For the normal-voltage condition of the regu 
lated generator fe assumed, the phase position 
of the control potential impressed upon the grid 
elements of the field-current carrying tubes is 
Such that the effective current which the tubes 
paSS to the machine-field winding is of a value 
Sufficient to maintain the voltage in the armature 
of the generator at this normal value. 
In the event that the generator voltage is caused 

to decrease below the desired value, the negative 
bias of the grid element 46 of detector tube 22 is 
reduced, the tube impedance is lowered and the 
effective resistance of rectifier 42 is likewise de 
creased. This lowers the total impedance of the 
bridge circuit 23, increases the current through 
the series-connected capacitor 4 and rectifier 42, 
thereby increasing the voltage drop across the 
condenser, designated in Fig. 2 by Ec, and de 
creasing the voltage drop across the rectifier 42, 
designated by vector Er. 

Since these last-named vectors are always dis 
placed from one another by the angle of substan 
tially 90 shown, and since the total impressed 
voltage, given by the sum of vectors E1 and E3, 
remains unchanged, the intersection of vectors Er 
and Ec Will be caused to move along a path. Which 
forms a semi-circle 83 drawn upon E1 and E2 as 
a diameter. 

Hence, when vector Ec is lengthened and vector 
Eris shortened, Vector E will be rotated in a coun 
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4. 
ter-clockwise direction to a new position in which 
the displacement angle theta is of a value Smaller 
than that shown. Reference to the curves of Fig. 
3 will show that as angle theta is decreased, the 
intersection of grid-voltage curve 6 with critical 
voltage curve 63 will be moved to the left and 
current conduction by the field-current carrying 
tubes will start at an earlier period in the positive 
half cycle. Such being the case, the effective cur 
rent passed through the machine-field Winding 
will be raised, and the voltage of the regulated 
generator 0 will be correspondingly increased. 
In a similar manner, if the voltage of generator 

is caused to increase above the desired value, the 
negative bias impressed upon grid 46 of vacuum 
tube 22 will be raised, the tube impedance will 
likewise be increased and the effective resistance 
of rectifier unit 42 will be raised. This action 
raises the impedance of the phase-shifting bridge 
circuit and decreases the current therein, thereby 
causing the voltage drop across the capacitor 4 to 
decrease and the voltage drop across the rectifier 
to increase. 

Reference to Fig. 2 will indicate that such a 
shortening of vector Ec and a lengthening of vec 
tor Er causes vector E to be rotated in a clock 
wise direction to a position in which displace 
ment angle theta is of a higher value. Such a 
higher displacement angle means that control po 
tential curve 6 will be moved to the right in Fig. 3 
to be further out of phase with anode voltage 
curve 60, and as a result the current conduction 
of the field-current carrying tubes will start at a 
later point during each positive half cycle. Such 
being the case, the effective value of machine 
field winding current will be lowered, and the 
voltage of generator O will be appropriately de 
creased. 

If desired, filtering apparatus may be utilized 
in the field winding circuit in Order to Smooth 
out the rectified current pulsations and eliminate 
any resulting ripples which these pulsations might 
cause to be present in the voltage of the regulated 
generator. One well known types of filtering 
equipment which may be used is indicated in the 
form of a resistor 85 connected in series with a 
capacitor 86 across the field winding 3 in the 
manner shown. When so disposed, these ele 
ments act in a well known manner to smooth out 
the ripples of rectified current and thus make 
the energizing current of the field winding of a 
more nearly uniform value throughout the alter 
nating-current cycle. 
The critical voltage curve 63 of Fig. 3 applies, 

as has been mentioned, to an electronic tube of 
the mercury-filled type. Other equivalent types 
of tubes may also be successfully utilized in the 
system of my invention, as for example the equal 
ly well known gas-filled and cold-cathode devices. 
The critical voltage characteristics of certain 
gas filled tubes, for example, differ Somewhat 
from those given by curve 63 of Fig. 3 since cur 
rent conduction or break-down between cathode 
and anode of such tube may be prevented by 
making the grid element voltage lower than a 
series of positive values during the positive half 
cycle of alternating current impressed upon the 
tube anode. It will be apparent, however, that 
the effect of shifting the grid potential curve 6 
would be exactly comparable in this situation as 
in the one explained, although the exact values 
of the phase displacement would, of course, be 
somewhat modified from those which apply to the 
mercury tube characteristic illustrated. It 
should be noted, therefore, that the system of 

2,005,892 
my invention may utilize electronic tubes of a 
Wide variety of types. 
The phase-shifting bridge of the modification 

of my invention shown in Fig. 1 utilizes, as has 
been seen, a capacitor connected in series with an 
adjustable effective4resistance unit. This par 
ticular arrangement possesses the advantage of 
providing a distortionless shift of grid potential, 
a feature which is found to be particularly de 
sirable in regulating applications of the type 
under consideration. While this is perhaps the 
most satisfactory method of attaining grid-po 
tential control, I have found that other types of 
phase-shifting bridge circuits may also be utilized 
in the system of my invention, as for example, 
one which comprises a fixed resistor connected in 
series with an adjustable inductance for ener 
gization from the alternating-current source of 
power. One form of this last-mentioned scheme 
is shown in Fig. 4. 

In Fig. 4, a direct-current generator 90 having 
an exciting-field winding 9 supplies voltage to 
circuit conductors 92 and 93. An exciting gen 
erator 95 energizes field winding 9 in a well 
known manner by current which varies in ac 
cordance with the excitation of a field winding 
96 of the exciter. Winding 96 is energized from 
an alternating-current power source designated, 
as in Fig. 1, by conductors 5 and 6 through an 
electronic tube rectifying hook-up which is shown 
as being identical with that already explained 
in connection with Fig. 1. 
The regulating system of Fig. 4 is disposed to 

maintain constant the voltage between generator 
conductors 92 and 93 and to accomplish this, the 
triode vacuum tube 22, mentioned in connection 
With Fig. 1, is disposed to have its grid electrode 
46 acted upon by a potential determined by the 
difference between the voltage of Standard-volt 
age battery 47 and that of generator 90. 
Intermediate tube 22 and the field-current-car 

lying tubes 9 and 20 is disposed the second modi 
fication of the phase-shifting bridge circuit al 
ready mentioned. This, like the first modifica 
tion of phase-shifting bridge circuit, is the same 
as that shown and described in my copending ap 
plication Serial No. 621,141, filed July 7, 1932, and 
aSSigned to the same assignee as this invention. 
As illustrated, this bridge circuit comprises a 

resistor 98 connected in series with the windings 
99 of an adjustable reactance device for energiza 
tion by the secondary winding of a transformer 
40', the primary winding of which is connected 
with power-source conductors f 5 and f6. The 
primary Winding of a grid-potential transformer 
f O is connected for energization by the voltage 
acting between mid-tap connection 50' of trans 
former 40' and a connection 03 which joins re 
Sistor 98 with adjustable reactance windings 99. 
Transformer O is utilized to couple the bridge 

circuit with the control elements of the field 
current carrying tubes. The secondary winding 
of this transformer is provided with a mid-tap 
connection 04 which is joined by means of con 
ductor f05 to cathode elements 26 and 30 of tubes 
9 and 20, while the two ends of this winding are 

respectively connected to influence grid elements 
27 and 3 of grid-glow tubes 9 and 20 by means 
of conductors 106 and O7, respectively. 
The windings 99 mentioned form a part of an 

adjustable reactance device of well known type, 
they being associated with a magnetically-sat 
urable core member fo which is provided with 
an exciting winding . The passage of direct 
Current through winding causes the reactor 
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2,005,892 
core ff0 to become saturated and thus reduces the 
effective reactance of windings 99 carried there 
on, the magnitude of such reduction being de 
pendent upon the magnitude of this exciting Cur 
rent. 
This exciting current for winding may be 

supplied from any suitable Source, such as from 
transformer 40' through a circuit which includes 
the major elements 44 and 45 of vacuum tube 22. 
Tube 22 functions in well known manner to rectify 
the alternating-current impressed upon this cir 
cuit and to control the magnitude of the resulting 
pulsating-direct current in exciting winding fif 
in accordance with the control potential im 
pressed upon grid element 46 of the tube. 

in operation of the System of Fig. 4. thus far 
described, normal voltage of the regulated gen 
erator 90 is of a value slightly greater than 
that of opposition-connected Standard-potential 
battery 47 in order that, as in the case of the 
system of Fig. 1, the potential impressed upon 
grid element 46 of vacuum tube 22 may normally 
be of a Small negative Value. For this condition, 
an intermediate value of exciting current is al 
lowed to flow through winding fl of the bridge 
circuit reactor through a circuit which extends 
from the left side of the Secondary Winding of 
transformer 40' through conductor 13, the wind 
ing , conductor 4, anode and cathode ele 
ments 44 and 45 of vacuum tube 22, and con 
ductor 6 back to the right-hand Side of the 
secondary winding of transformer 40'. 
This value of exciting current causes Windings 

99 of the reactor to offer some such intermediate 
value of reactance to the flow of alternating-cur 
rent that the voltage drop across the windings, 
caused by the energization from transformer 40' 
through resistor 98, is of a value represented in 
the vector diagram of Fig. 5 by vector Ek. 

In Fig. 5, as in Fig. 2, previously described 
vectors E1 and E2 designate the bridge circuit 
energizing voltages Supplied by transformer 40'. 
For the conditions assumed, resistor 98 Will have 
a voltage drop therein given by vector E'R, which 
bears a 90° phase relation. With respect to in 
ductive circuit vector Ek. The Voltage acting 
upon transformer O is designated by E, which 
voltage for the particular conditions aSSumed, 
has a phase displacement with respect to the 
power-circuit-Supply voltage of a value given by 
angle beta. 

It will be seen that the control potential in 
pressed upon the grid elements of field-current 
carrying tubes 9 and 20 is dependent for its 
phase position upon voltage E', and, for the nor 
mal voltage of generator 90, this position is Such 
that there is allowed to flow through field wind 
ing 96 of exciter 95 current sufficient to cause 
the exciter voltage to be of the proper value to 
excite generator field winding 9 to the degree 
required to reduce this normal voltage in regu 
lating generator 90. 
A decrease in the voltage of generator 90 will 

be seen to lower the value of negative bias im 
pressed upon grid 46 of vacuum tube 22. This 
increases the current passed by the tube through 
exciting winding of the bridge-circuit reactor 
and further Saturates reactor core f G, thereby 
lowering the reactance of windings 99. This de 
creases the total impedance of the bridge circuit. 
The current through resistor 98 and reactor 

windings 99 is accordingly increased and the 
voltage drop across the resistor, given by vector 
ER, is raised, while the voltage drop across the 
reactor windings, given by vector Ek, is lowered. 

5 
The lengthening of vector ER and the shortening 
of vector Ek causes vector E' to be rotated in a 
counter-clockwise direction to decrease the value 
of displacement angle beta. 
The Connections of transformer Of With the 

grid elements of grid-glow tubes 9 and 20 are 
Such that a decrease in the angle beta, which is 
the equivalent of an increase in angle theta in 
Fig. 5, effects a shift of grid-control potential, 
Which is represented by vector E', because of 
Crossing of grid conductors 06 and 07, in Fig. 
4 in such a direction that the exciter-field cur 
rent is caused to be raised. Therefore, by this 
modification in the control potential, the voltage 
of generator 90 is thus brought back to normal. 

It will be apparent that a rise in the voltage of 
generator 90 produces effects opposite to those 
given for the action resulting from a decrease in 
generator voltage, So that in the event of Such a 
rise the voltage of generator 90 is thus caused 
to be corrected in a manner similar to that ai 
ready explained. 

In Co-pending application, Serial No. 543,514, 
by J. H. Ashbaugh and myself, filed June 11, 1931, 
and aSSigned to the Same assignee as this in 
vention, there is shown and described anti-hunt-. 
ing means for vacuum-tube regulators' applied 
to dynamo-electric machines having separate 
exciters. The means there shown comprise a 
Series-connected resistor and condenser' disposed 
to be energized by the voltage of the machine 
exciter, the resistor being Connected in the grid 
control circuit of the regulator tubes in a manner 
that changes in the exciter voltage, by causing 
the condenser to draw a current through the 
resistor result in a modification of the grid-con 
trol potential in accordance With the rate of 
change of the exciter voltage, this modification 
being of Such a nature that Over-shooting of the 
corrective action is prevented. Such anti-hunt 
ing means are especially desirable because the 
Speed of regulator response is not slowed down 
thereby. 
In combination with the system of Fig. 4 of 

this application, I have shown anti-hunting 
means of the general type just described, such 
means comprising a resistor 20 connected in 
the grid-control circuit of vacuum tube 22, inter 
mediate generator conductor 92 and the positive 
terminal of standard potential battery 47. A 
capacitor 2 is connected in series with this re 
sistor and the two are disposed for energization 
by a Voltage drop which the passage of exciting 
current supplied to generator-field winding 9 
Sets up in a resistor 23 included in this field 
winding circuit. 

It will be apparent that the desired anti-hunt 
ing action may be obtained by this manner of 
energization, as well as by the method shown and 
described in the previously mentioned co-pend 
ing application in which energization is had di 
rectly from the exciter terminals. 
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In operation of the anti-hunting means shown 
in Fig. 4, when the voltage of generator 90 is be 
ing corrected in a rising direction the voltage of 
exciter 95 is caused to increase so that the cur 
rent in generator-field winding 9 and resistor 
23 will accordingly be raised. This increasing 
potential, impressed upon resistor 20 and con 
denser 2 by means of conductors 25 and 26 
which when connected as shown are of negative 
and positive polarities, respectively, causes con 
denser 2 to draw a charging current, which 
current in flowing through resistor 20 in a direc 
tion from left to right causes the left-hand end 
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of this resistor to assure a positive potential with 
respect to the right-hand end. 

It will be seen that such an added polarity in 
the grid-control circuit artificially lowers the 
grid bias of vacuum tube 22 and thus premature 
ly arrests and prevents over-shooting of the cor 
rective action. 

In a similar manner, when the voltage of gen 
erator 90, is being corrected in the lowering direc 
tion, the voltage of exciter 95 is caused to de 
crease so that the current supplied to generator 
field winding 9f through resistor 23 is according 
ly caused to decrease. The voltage drop acroSS 
resistor 23 thus also decreases and condenser 2 
is allowed to send a discharge current through 
the circuit which includes resistor 20. This 
discharge current causes the right end of re 
sistor f 20 to assume a positive polarity With re 
spect to the left end, and the value of negative 
bias impressed upon grid 46 of vacuum tube 22 
is thus artificially lowered. Hence, the correc 
tive action of the regulator is prematurely ar 
rested and prevented from over-shooting. 
As has been pointed out, it is apparent that, 

should it be desired, resistor 20 and condenser 
2 may be energized directly from the terminals 

of the exciter 95 by connecting conductor 26 to 
exciter conductor 28, and conductor 25 to 
exciter conductor 29. 

In addition to the direct-current generator ap 
plications shown in Figs. 1 and 4, the regulating 
systems of my invention may likewise be applied 
to alternating-current machines. Such an appli 
cation is depicted in Fig. 6 in which the alter 
nating-current generator to be regulated is 
shown at 40. In addition to the armature wind 
ings which are respectively connected with gen 
erator-circuit conductors 4, 42 and 43, the 
generator comprises an exciting-field winding 
45 which is energized by an exciting generator 

connected thereto by means of conductors 
48 and 49 of positive and negative polarities, 
respectively. Exciting current for the field wind 
ings 52 of the exciter, and energizing current 
for the various electronic-tube devices utilized 
in the regulating System, is supplied from alter 
nating-current power source conductors 5 and 
6 in a manner similar to that utilized in the 

systems of Figs. 1 and 4. 
To further increase reliability as regards con 

tinuity of operation of the electronic tubes uti 
lized to rectify and control the current which 
energizes the exciter field windings s2, a multi 
section winding is provided. As shown it com 
prises four sections 53, 54, 55 and 56, al 
though it will be understood that a greater or 
..lesser number of Sections may be provided if de 
sired. With each section is associated an in 
dependent pair of electronic tubes in a position 
intermediate the winding section and an exciting 
current Supply transformer f60. Thus section 
f 53 of the exciter winding is energized by a cir 
cuit which includes tubes 67 and f 68, section 
54 by a circuit including tubes 72 and 73, sec 

tion 55 through tubes 75 and 76, and section 
56 through tubes 8 and 79. 
The cathode elements of each of the pairs of 

tubes named are supplied with current by means 
of a separate section of the secondary winding 
of a transformer 8, the primary winding of 
which is energized from power source conductors 

5 and 6. Thus cathode elements 83 and 84 
of tubes 6 and 68, respectively, are energized 
from winding section 86 of transformer winding 
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and 73 are similarly connected to winding sec 
tion 88, those of tubes 75 and 76 with wind 
ing Section 89 and those of tubes 78 and 9 
With winding section 90. 

It will thus be seen that during the half cycle 
of alternating-current supply voltage when the 
left side of the secondary winding of transformer 
60 is of positive polarity with respect to the 

right side, exciter-field winding section 53 may 
be energized through a circuit which extends 
from the left side of the transformer winding 
through conductor 70, anode and cathode ele 
ments 92 and fB4 of tube 68, mid-tap connec 
tion 95 of transformer winding 86, conductors 
65 and 64, exciter-field winding section 53, 
and conductor 62 back to the mid-tap connec 
tion 6 of the exciting-current supply trans 
former winding mentioned. 

In a similar manner, during the other half 
cycle of alternating-current supply voltage, or 
When the right side of the secondary winding of 
transformer 60 is of a positive polarity with re 
Spect to the left end, exciter-field winding sec 
tion f$3 may be energized from a circuit which 
extends from the right end of the transformer 
Winding mentioned, through conductor 69, 
anode and Cathode elements 98 and 83 of tube 
f67, mid-tap connection 95 of transformer 
winding section 86, conductors 65 and 64, field 
Winding 58, and conductor f 62 back to the mid 
tap connection 6 of the secondary winding of 
transformer 60. 

In a similar manner, exciter-field winding sec 
tions 54, 55 and 56 are energized through one 
or the other of the tubes which comprise the 
pairs with which these winding sections are re 
Spectively associated. 
To control the magnitude of the exciter-field 

current in accordance with deviations from a de 
sired value of the voltage of generator 40, the 
apparatus and circuits shown at the right-hand 
Side of the diagram of Fig. 6 are utilized. As 
in the Systems of Figs. 1 and 4, this apparatus 
comprises a phase-shifting bridge circuit, shown 
generally at 240, in combination with vacuum 
tube voltage-change-detecting means. As will 
be seen, bridge circuit 240 is disposed to supply 
control potential to the grid elements of the sev 
eral pairs of field-current carrying tubes just de 
Scribed. 

In order that the alternating-current voltage 
of regulated generator f4.0 may be compared 
With the unidirectional voltage of a standard-po 
tential battery 200, current-rectifying and filter 
ing means, shown generally at 203, are utilized. 
As illustrated, such means comprise a full-wave 
rectifying device 204 of the well-known elec 
tronic-tube type having a pair of anode ele 
ments 205 which are connected with the ends of 
a Secondary winding 206 of a transformer whose 
primary winding 20 is energized from generator 
circuit conductors 42 and f43. Rectifier 204 
further comprises a hot-cathode electron-emis 
sive element 209 which may be supplied with 
heating current from any suitable source, such 
as from the Secondary winding section 2? of a 
transformer 23, the primary winding of which 
is energized from power source conductors 5 
and 6. : 

The Secondary winding 206 of the generator 
energized transformer mentioned is provided 
with a mid-tap connection 25 which forms the 
negative side of a direct-current output circuit 
of the rectifier, the cathode element 209 of tube 
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cuit, which circuit is connected in well known 
manner to a voltage-stabilizing resistor 28. 
As tube 204 passes current only in the direc 

tion from anode to cathode, it will be seen that, 
in the connection shown, the lower end of re 
sistor 28 will always be maintained at a positive 
potential with respect to the upper end. 
To smoothi out the pulsations in rectifier voltage 

impressed upon this resistor, well known filter 
ing apparatus comprising capacitors 222 and in 
ductances 223 connected in the manner shown 
between the rectifier 204 and the resistor 28 
may be utilized. With this arrangement, it will 
be apparent that there will be impressed upon 
resistor 28 a direct-current potential whose 
magnitude is directly dependent upon the value 
of alternating-current voltage between generator 
circuit conductors 42 and 43. 
In opposition with resistor 28 is connected 

standard-potential battery 200 before-mentioned, 
in a circuit So disposed that there will be im 
preSSed upon grid element 225 of a voltage 
change detecting tube 20 a control potential 
determined by the difference in the voltages of 
the two devices. This circuit will be seen to ex 
tend from grid element 225 of vacuum tube 20 
through conductor 227, a grid resistor 228, con 
ductor 229, an anti-hunting resistor 239, conduc 
tor 233, a section of a load-stabilizing resistor 37, 
an adjustable-tap connection 325, conductor 23, 
adjustable tap connection 232, a portion of resis 
tor 2f 8, conductor 234, standard-potential bat 
tery 200, and conductor 235, back to a cathode 
element 236 of vacuum tube 20. 
The adjustable tap connection. 232 mentioned 

is so positioned along the length of resistor 28 
that, at the desired normal voltage of regulated 
generator 40, the rectified potential, acting in 
the porticn of resistor 28 included in the con 
trol-grid circuit just traced, will be slightly 
greater than that of standard-potential battery. 
200, in order that grid element 225 of vacuum 
tube 20 may be given a negative bias with respect 
to cathode element 236. 

. In order that the sensitivity of the regulating 
system shown in Fig. 6 may be of a high order, 
I provide amplifying means intermediate detector 
tube 20 and the phase-shifting bridge circuit 
240. As illustrated, such amplifying means comi 
prise, in addition to vacuum tube 20, a Second 
and similar vacuum tube 242, the output circuit 
of which is disposed to act upon a third vac 
uum tube 22'. Tubes 20 and 242 are of the well 

60 

known pentode type, tube 20, for example, com 
prising, in addition to the cathode and control 
grid elements 236 and 225 already named, an 
anode or plate element 26, a Screen-grid element 
247, and a cathode-heating coil 248. Similarly, 
tube 242 comprises a cathode or electron-emis 
sive element 250, a cathode-heating coil 25, an 
anode or plate element 252, a screen-grid ele 
ment 253, and a control-grid element, 254. 

Direct-current voltage for energizing and 
maintaining the respective elements of the am 
plifying tubes 20 and 252 at the necessary po 
tentials may be Supplied in any Suitable manner. 
In the system illustrated, I utilize for this pur 
pose a plurality of series-connected resistors 255 
in combination with means for impressing a 
direct-current potential of suitable magnitude 
upon them in Such manner that, in the partic 
ular connection shown, the left-hand terminal 
256 of these resistors Will be maintained at a 
positive polarity with respect to the right-hand 
terminal 257. 

7 
It will be understood that this energizing po 

tential may be supplied from any suitable Source. 
Thus, in the system of Fig. 6, I have shown a 
rectifier-filter scheme of well-known type for 
deriving it from alternating-current source con 
ductors 5 and 6 through transformer 23. This 
transformer, which has been mentioned pre 
viously, is provided with a multi-section second 
ary winding comprising a main section 260 and 
five auxiliary or cathode-heating sections 26, 
262, 263, 264 and 2. 
To convert the alternating-current potential 

derived from winding 260 to direct current, a 
rectifier tube 266 is utilized in the manner shown. 
This rectifier is of the full-wave type and com 
prises an electron-emissive cathode element 268 
deriving heating current from transformer wind 
ing 262, and two anode or plate elements 269 
and 20 respectively connected to the ends of 
transformer winding 260. 
The rectifier potential is derived from mid 

tap connections of transformer windings 262 and 
260 to which are respectively connected output 
circuit conductors 272 and 273 of positive and 
negative potentials. To Smooth out the pulsa 
tions in this rectifier current, in order that a 
steady direct-current voltage may be obtained for 
energizing series-connected resistors 255, a filter 
circuit comprising capacitors 275 and resistors 
26 connected in the manner shown is utilized. 
Connections of amplifier tubes 20 and 252 

shown in Fig. 6 are identical with those shown 
and more completely described in connection 
With Fig. 1 of my c0-pending application serial 
No. 543,518, filed June 11, 1931 and assigned to 
the same assignee as this invention. In that 
application, it is pointed out that the use of 
screen-grid tubes in the amplifier permits of self 
Compensation for changes in the voltage of the 
tube-energizing Supply source. It is also there 
pointed out that the method of coupling the two 
amplifier tubes is a modification of the resistance 
Coupled Scheme and is so arranged that high 
amplification is obtainable, the connections being 
Such that a change due to grid control in the 
anode-to-Cathode current of tube 20 is caused 
to produce a change in the opposite direction in 
the magnitude of anode-to-cathode current of 
tube 242. 
The phase-shifting bridge circuit shown at 240 

Will be seen to be similar to bridge circuit 23 of 
Fig. 1, it comprising a capacitor 4' series con 
nected with a rectifier unit 42" for energization 
from the secondary winding of a transformer 40'. 
ASSociated with the rectifier unit is a triode vac 
uum tube 22 having an anode element 44' a 
Cathode element 45 and a control grid element 
46' disposed in a manner exactly similar to that 
shown for the similarly represented devices in 
the system of Fig. 1. 

Intermediate a mid-tap connection 50' of the 
Secondary winding 40' and the connection com 
mon to capacitor 4 and rectifier 42, indicated 
by conductor 280, is connected the primary wind 
ing of a transformer 282 having a secondary 
Winding comprising sections 283, 284, 285 and 286. 
Each of these sections is connected to act upon 
the grid elements of a separate pair of field 
Current carrying tubes. Thus, for example, the 
lower end of winding section 283 is connected to 
grid element 289 of tube 67 by means of con 
ductor 290 and grid resistor 291, while the upper 
end of the same winding is connected to grid ele 
ment 293 of tube 68 by means of conductor 294 
and resistor 295. A mid-tap connection 297 of 
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winding section 283 is joined, by means of con 
diuctors G4 and f65 and winding section 86 of 
transformer f 8 f, to cathode elements 83 and 84 
of tubes 67 and 68. 
In a similar manner, winding section 284 of 

transformer 282 acts upon the grid elements of 
tubes T2 and f 73, section 285 upon tubes 75 and 
76, and section 286 upon tubes 78 and 79. 
With the particular arrangement shown, it will 

be apparent that the phase position of the con 
trol potential acting upon the grid elements of the 
several field-current carrying tubes is directly de 
pendent upon the phase position of the voltage 
impressed upon the primary winding of trans 
former 282. 

Because of the similarity of phase-shifting 
bridge circuit. 240 of Fig. 6 with respect to cir 
cuit 28 of Fig. 1, the vector diagram of Fig. 2, 
which applies to circuit 23, may also be applied 
to circuit 240. Thus the voltage impressed upon 
this circuit by transformer 40' may be repre 
sented by the sum of vectors E1 and E2, the volt 
age drop in capacitor 4 and rectifier 42' being 
shown by vectors Ec and Er, respectively. Hence, 
the voltage impressed upon transformer 282 is 
given by vector E, while the displacement of this 
voltage with respect to that of the potential act 
ing between power-source conductors 5 and 6 
may be designated for some particular value of 
effective resistance of the rectifier unit, by angle 
theta. 
In the operation of the regulating system. So 

far described, normal voltage of generator 40 
is of such a value, as has been mentioned here 
inbefore, that the rectified generator potential 
acting in the grid-circuit portion of resistor 28 
is slightly greater than that of standard-poten 
tial battery 200, in order that grid element 225 
of vacuum tube 20 may be maintained at a nega 
tive potential with respect to cathode element 
236 of the tube. For this condition, there is 
caused to flow between anode and cathode ele 
ments 246 and 236 of tube 20 a current through 
a circuit which extends from positive-potential 
point 300 in the resistor combination 255 through 
a coupling resistor 30, conductor 302, anode and 
cathode elements 246 and 236 of tube 20, and 
conductors 235 and 273 back to negative-poten 
tial point 257 of resistor combination 255. 
This current causes a voltage drop in resistor 

30 making the lower end positive with respcct 
to the upper end, which upper end is connected 
to grid element 254 of tube 242. The magnitude 
of this potential drop is slightly greater than the 
combined drop in sections 304 and 305 of resistor 
group 255, and since cathode element 250 of tube 
242 is joined to the right end of resistor 305 by 
means of conductor 306, there will for this condi 
tion, be impressed upon grid element 254 a nega 
tive potential with respect to cathode element 
250. This negative grid bias for tube 242 permits 
a current to flow from anode to cathode of this 
tube through a circuit which extends from posi 
tive conductor 256 of resistor combination 255, 
through a coupling resistor 308, conductor 309, 
anode and cathode elements 252 and 250 of 
vacuum tube 242, and conductor 306 back to nega 
tive potential point 3 of resistor combina 

75. 

tion 255. 
The current flow through resistor 308 pro 

duces a voltage drop in the resistor, making the 
lower end positive with respect to the upper end, 
and, since this resistor is connected intermediate 
grid element 46 and cathode element 45' of 
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vacuum tube 22, a negative grid bias is there im 
pressed upon this last-named tube. 
The value of this bias is such that the im 

pedance between the and de and cathode elements 
of tube 22' 
rectifier unit 42' to be of some intermediate value 
which displaces the control voltage impressed 
upon the grid elements of the several tubes of 
the field current-carrying circuit to the extent 
required to provide the excitation for inducing in 
regulated generator 40 the desired voltage. As 
has been mentioned, the vector diagram of Fig. 2 
illustrates some such relation. 
A rise in the voltage of regulated generator 40 

increases the value of negative grid bias im 
pressed upon tube 20 f and thus decreases the 
anode to cathode current of this tube. This cur 
rent decrease lowers the voltage drop in resistor 
30 and thus acts to decrease the negative grid 
bias of vacuum tube 242. As a result, the anode 
to-cathode current of this tube is raised and the 
current and voltage drop in resistor 3O8 is in 
creased so that the negative bias of vacuum tube 
22' is likewise appropriately increased. 
Tube 22, accordingly, increases its impedance 

so that the effective resistance of rectifier 42 is 
increased. Such an increase acts to lengthen 
vector Er and shorten vector Ec of Fig. 2, thus in 
creasing the displacement angle theta between 
grid-control voltage vector E and the power 
Source voltage whose direction is given by vectors 
E1 and E2. 
Such increase in displacement will be seen, from 

examination of Fig. 3, to decrease the effective 
Current passed by the electronic tubes in the 
exciter-field winding circuit and to thus decrease 
the voltage of exciter 47. This decreases the 
excitation of and voltage induced in regulated 
generator 40 to the desired magnitude. 
A decrease in the voltage of regulated generator 

40 will be seen to act in a manner opposite to 
that just explained, to decrease the negative grid 
bias of vacuum tube 20 and raise the plate cur 
rent of this tube. This effects an increase in the 
negative grid bias of vacuum tube 242 and de 
Creases the plate current of this tube. Such de 
crease lowers the negative grid bias of vacuum 
tube 22' which lowers the tube impedance and 
decreases the effective resistance of rectifier unit 
42'. As a result, the displacement angle between 
the grid-control potential and supply voltage is 
decreased, the effective current passed by the 
tubes in the exciter-field winding circuit is raised, 
and the voltage of generator 40 is appropriately 
corrected back to the desired value. 

In Order to prevent over-shooting during cor 
rective action, I combine with the regulating sys 
tem of my invention the exciter-energized series 
connected resistor-capacitor anti-hunting means 
already referred to as being shown and described 
in co-pendillg application, Serial No. 543,514. 
The resistor 230, already mentioned as being in 
cluded in the control-grid circuit of vacuum tube 
20, is connected in series with a capacitor 35 
for energization from exciter conductors f48 and 
49 through a circuit which includes an adjusting 

resistor 37 provided with shiftable tap connection 
38. The purpose of this adjustable feature is 
to vary the sensitivity or responsiveness of the 
anti-hunting means. 

In operation of these means, changes in the 

causes the effective resistance of 
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a current through resistor 230 and induce therein 
a voltage drop which acts to prematurely arrest 
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thereof in a manner which has been completely 
explained hereinbefore, in connection with the 
regulating system of Fig. 4, as well as in the previ 
ously mentioned co-pending application, Serial 
No. 543,514. 

In Order that the regulating system of my ins 
vention may compensate the generator voltage 
in accordance with the load carried by the gene 
erator, I provide means, as has been mentioned, 
for introducing into the control-grid circuit of 
the voltage-change-detecting tube, a modifying 
potential which varies in accordance with the 
excitation of the regulated machine. This load 
compensating scheme, which is the same as that 
covered in my Copending application, Serial No. 
568,538, filed October 13, 1931 and assigned to the 
same assignee as this invention, comprises, in 
the system of Fig. 6, the portion of exciter-ener 
gized resistor 3 f included in the control-grid 
circuit intermediate conductors 23 and 233, the 
shiftable tap connection 325 being provided to 
adjust the degree of compensation effective. 

In operation of the compensating means, when 
regulated generator 40 is operating at light load 
the excitation required is of a relatively low value 
and the voltage of exciter 47 is correspondingly 
low so that the potential introduced into the grid 
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circuit of vacuum tube 20 by resistor 3 is of a 
small value, which value may be suitably account 
ed for by properly setting tap connection 232 on 
resistor 28. As the generator load increases, 
greater excitation is required to maintain the 
voltage at the original value, and the exciter volt 
age is accordingly increased by regulator action. 
This increase raises the compensating potential 
introduced by resistor 37 into the grid-control 
circuit. . 

In the connection shown such a rise in com 
pensating potential will be seen to require that 
the generator voltage be maintained at a higher 
value in Order to restore the grid-control circuit 
to the normal stable condition, since the load 
compensating portion of resistor 37 is connected 
in Opposition with the effective-generator-voltage 
portion of resistor 28. Consequently, as the 
generator load increases, the regulator will be 
caused to increase the generator voltage, at a 
rate determined by the position of tap-connec 
tion 325 on resistor 3f. It will be apparent also 
that the regulated voltage may similarly be 
caused to decrease with rising generator load by 
connecting resistors 37 and 2 8 in cumulative 
instead of Opposition relation. 
While I have shown and described certain 

specific embodiments of my invention, I am fully 
aware that many further modifications thereof 
are possible. My invention, therefore, is not to 
be restricted except insofar as is necessitated by 
the prior art and by the spirit of the appended 
claims. 

I claim as my invention: 
1. In a regulating System for an electrical gen 

erator having a field Winding energized from an 
alternating-current power Source through a cir 
cuit which includes current-rectifying and con 
trol means comprising a gas-filled electron-dis 
charge device having a grid element, the combina 
tion of a phase-shifting bridge circuit made up of 
a transformer winding energized from said alter 
nating-current source and disposed to act upon 
a capacitor Connected in Series with a full-wave 
rectifier unit the output terminals of which are 
connected to the anode and cathode elements of a 
triode vacuum tube the grid element of which is 
disposed to be acted upon by a potential deter 

9 
mined by a quantity to be regulated, and means 
for impressing upon the grid element of Said gas 
filled discharge device a control potential derived 
from said bridge circuit between an intermediate 
point in the said transformer Winding and the 
connection joining the said capacitor with the 
Said rectifier unit. 

2. Regulating apparatus for an electrical gen 
erator having an exciting-field winding compris 
ing an electronic tube current-rectifying means 
disposed in a circuit for energizing said field 
winding from an alternating-current power 
Source, grid-element means aSSOciated with said 
rectifying means for controlling the current sup 
plied to said field winding in accordance with the 
phase position, with respect to the voltage of said 
power source, of an alternating-current control 
potential impressed thereon, and means for Supa 
plying and shifting the phase position of said 
control-potential comprising a transformer wind 
ing energized from Said power source, a capacitor 
and a full-Wave rectifier connected in series for 
energization from said Winding, a vacuum tube 
having anode and cathode elements connected 
to the Output terminals of Said rectifier and a 
grid element disposed to be acted upon by a po 
tential determined by a quantity to be regulated, 
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the control potential impressed upon the said 
grid-element means of the rectifying means be 
ing derived from the voltage acting between an 
intermediate point in the said transformer wind 
ing and the connection joining the said rectifier 
and capacitor. 

3. In a regulating System for an electrical gen 
erator having exciting means energized from an 
alternating-current power source through a cir 
cuit which includes current-rectifying means of 
the electronic tube type, and potential modifying 
means disposed to impreSS upon said rectifying 
means a Control potential determined by the volt 
age of Said generator, the combination of an 
amplifier interposed between the regulated gen 
erator and Said rectifying means for the purpose 
of increasing the Sensitivity of the system, said 
amplifier comprising two vacuum tubes each hav 
ing an anode, a cathode, a screen-grid and a con 
trol grid element, a Source of power for energizing 
Said elements, and resistance-coupling circuits 
for the amplifier tubes disposed in such manner 
that a change in control-grid bias voltage on the 
first or input tube in one direction acts to change 
the grid bias of the second or output tube in the 
Opposite direction. 

4. In a voltage regulating System for an alter 
nating-current generator having an excitation 
Control circuit energized from an alternating-cur 
rent power source through current-rectifying 
means of the electronic tube type disposed to be 
acted upon by a control potential, the combina 
tion of means for causing said control potential 
to vary in accordance with changes in the voltage 
of Said generator comprising a rectifier energized 
by the generator voltage, a standard potential 
direct-current Source, a phase-shifting bridge 
circuit disposed to supply the control potential to 
said first-mentioned rectifying means, said bridge 
circuit having an adjustable element in the form 
of an electronic tube, and a circuit for impressing 
upon said tube a voltage determined by the dif 
ference between the voltage of said standard po 
tential Source and that appearing at the output 
terminals of Said rectifier. 

5. In a regulating System for a dynamo-electric 
machine having exciting means energized from 
an alternating-current power source through a 

3) 

40 

s 

55 

G 

65 

5 



0 

1O 
circuit which includes current-rectifying and con 
trol means in the form of a grid-controlled elec 
tron-discharge device, the combination of a phase 
shifting bridge circuit energized from said power 
source and disposed to impress an alternating 
current control potential upon said device, a full 
wave rectifer and an electronic tube connected 
in said bridge circuit for the purpose of adjusting 
the phase position of said control potential, means 
for impressing a control voltage upon said tube, 
and means for varying Said voltage in accordance 
with a characteristic of said machine. 

6. In a voltage regulating System for an elec 
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trical generator having an excitation-control f : 
cuit energized from an alternating-current power 
Source through electronic-tube current-rectify 
ing means, the combination of means, including 
a phase-shifting bridge circuit for impressing a 
control potential upon said rectifying means, a 
full-wave rectifer connected in said circuit and 
an electronic tube connected to said rectifer to 
adjust the phase-shift effected by the circuit, 
means for impressing a control voltage upon said 
tube, and means for varying said control voltage 
in accordance with the voltage of said generator. 
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