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3 Claims.
1

This invention relates to voltage regulators of
the type wherein variations of the cutput volt-
age from a desired value are detected, amplified,
and then employed to control a variable resistive
element in series with the source voltage.

In such voltage regulators there are two stand-
ards of performance, namely its rapidity of re-
sponse characteristic and ifs long time stability
characteristic. It is ordinarily desired for the
regulator to have a very rapid response char-
acteristic in order that small rapid fluctations
in the source voltage be promptly suppressed and
not appear in the output voltage. This rapidity
of response characteristic is determined by the
time constant of the regulator, the rapidity of
response being increased by a decrease in the
time constant. It is also ordinarily desirable for
the regulator to have an extremely good long time
stability characteristic such that the output volt-
age will remain constant over a long period of
time and have little or no tendeney to drift. This
long time stability characteristic is determined
by the gain of the amplifying system of the regu-
lator such that the long time stability char-
acteristic is improved by an increase in gain.

Tn the design of prior regulators, ordinarily one
of these characteristics had to be sacrificed at
the expense of the other, that is, if it was desired
to design a regulator having a very rapid re-
sponse, it was ordinarily necessary to sacrifice
good performance of the regulator with respect
to its long time stability characteristic, and con-
versely, if it was desired to provide a regulator
which would have very little tendency to drift
over a long period of time, it was necessary to
sacrifice the performance of the regulator with
respect to its rapidity of response. When it
was desired to provide a regulator having par-
ticularly good performance with respect to both
of these characteristics, complicated, expensive,
and cumbersome designs had to be resorted to.

The principles of the present invention permit
the design of a simple regulator having extremely
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good characteristics both with respect to rapidity -

of response and long time stability. Moreover,
adjustable means are provided within the regula-
tor for increasing the rapidity of response at the
expense of the long time stability characteristic,
and also for improving the long time stability
characteristic at the expense of the rapidity of
response.

These beneficial characteristics of the present
regulator are obtained by the provision of a
novel high gain extremely stable amplifying sys-
tem consisting of a plurality of series-connected
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amplifying stages connected across the regulated
output voltage of the regulator.

Also, in the prior art devices designed for a
maximum output voltage of the order of four
thousand volts or so, a direct potential of two ov
three thousand volis generally appears across
one of the tubes in the regulator amplifier. Such
a large potential across one tube is undesirable
from the standpoint of continuity of operation.
The present design eliminates the necessity for
such a large potential appearing across any one
tube in the amplifying system.

Accordingly, the primary object of the present
invention is to provide a simple high voltage regu-
lator having a wide adjustable range oi oubput
voltages.

Another object of the present invention is to
provide a regulator having at the same time an
extremely rapid response to small rapid fluctua~
tions in the source voltage and very little tend-
ency for its output voltage to drift over a long
period of time.

Still another object of the present invention
is to provide a regulator including adjustable
means for controlling both its rapidity of re-
sponse characteristic and its long time stability
characteristic.

Still another object of the present invention is
to provide a regulator including adjustable means
for controlling both its rapidity of response char-
acteristic and its long time stability character-
istie,

Another object of the invention is to provide an
extremely stable high gain electronic amplifier
particularly adaptable for use in a voltage regu-
lating system.

Other objects and advantages will become ap-
parent from the specification, taken in connec-
tion with the accompanying drawing wherein one
embodiment of the invention is illustrated.

Referring to the single figure of the drawing,
there is shown a wiring diagram of a regulator
embodying the principles of the present inven-
tion and particularly designed to provide a con-
tinuously adjustable output voltage of a range
from perhaps one thousand five hundred volts
to about four thousand volts. In this diagram,
the unregulated input voltage to the reuglator
from the direct current source appears at the
extreme left between positive lead i and negative
lead 3, and the regulated cutput voltage from the
regulator is produced at the extreme right be-
tween. positive lead 2 and negative lead 3. As in
conventional regulators, a three element therm-
ionic vacuum tube 4, preferably type 808, is
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inserted in series between input lead 1 and out-
put lead 2 such that the internal resistance of
the tube is in series with the source voltage.
As a result the regulated output voltage is at all
times equal to the unregulated source voltage
minus the voltage drop across this tube. As
shown, the filament may be heated by any suit-
able alternating current supply through a’'trans-
former. Also in accordance with conventional
regulator design, the potential of the grid of tube
4, and therefore the voltage drop across. the
tube, is controlled in such a way, as will later be
described in detail, that the output voltage ap-
pearing between leads 2 and § is mamtamed sub-
stantially constant at its desired value irrespec-
tive of variations in load current or in source volt-
age.

Across output leads 2 and 3 there is connected
a voltage divider network consisting of a primary
voltage divider resistor 8, a potentiometer 3§, a
smaller resistor 7, and an ammeter 8. Since the
total resistance included in ‘this voltage divider
network is constant, the current flowing therein,
depends upon, and is proportional to, the outpus
voltage of the regulator. Accordingly ammeter
8 provides an indication of this output voltage.

An adjustable portion of the total cutput voli~
age of the regulator is picked off on the slider of
potentiometer §, and this voltage is connected by
lead 16 to the left hand or control grid of vacutim
tube t{, shown as a dudtriode type 7¥7. A con-
denser 9 is connectéd between leads 2 and 18, It
will be apparent that if this condenser weare
omitted the potential applied to the control grid
of tube il would always'be a definite percentage
of the output voltage, as determined by the posi-
tion of the slider of potentiometer 8. The con-
denser 9, however, operates as ‘a short circuit
around resistor 5 for éxtremely rapid fluctuations
in the output voltage. Such rapid fluctuations
therefore appear in undiminished amgplitinde
upon the control grid of tube {1, thereby tending
to increase the sensitivity of the regulator in sup-~
pressing any rapid fluctuations which might tend
to be produced upon the output veltage.

The right hand or standardized grid of tube
11 is maintained at a constant standard voltage
by being connected by lead !4 to the positive
side of three series-connected gas-filled tubes
15, preferably type VR 158. These gas filled tubes
i5 are energized from the output vollage of the
regulator through the resistor 6. As is well
known, the voltage diop across such gas-ﬁlled
tubes remains extremely constant over a wide
range of tube currents. Accor dingly, the poten—
tial of the standardized grid of tube 11 remaing
constant at a known value independeritly of any
variations in the output voltage of the reg-
ulator. An inductance-capacitance filter
rangement, indicated generally by 1'efel'ence nu-
meral 17, is inserted between the positive side
of the series arrangement oi gas’-ﬁlléd tubes and
the standardized grid of tube {1 in order to pre-
vent any small fluctuations in the output voltage
frorn. being reflected upon the standardized grid.

The amphfymg system  essentially  comprises
two mter-connected symmetmcal palallel paths
both of which are connected “across the outpub
voltage of the regulator. One of these parallel
paths is prov1ded by the left hanc portions of
three series-connected amplifying tubes {f, 12
and 13, all of which may be type TF7 duo- tuode.a
The other palallel path is provided by the Tight
hand poruxons of these tuhes. The left and mght
hand cathcédes of éach’ of ‘these tubes are ‘con-
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_of tube Ii.
10~

and the rﬂspectwe plates of tube (3.

4

nected together. Tube I{ has its cathode resistor
18 connected to the negative output lead 3. The
respective plates of tube {i are connected to
equal plate resistors {9 and {3’ respectively, and
thence to the common cathode of tube {2. The
respective grids of tube 12 are connected to the
respective plates of tube (§. A - gain ‘control
potentiometer 22 is connected between the plates
Similar connections are made
tween tubes i2 and i3, equal resistors 28 and 26’
comprising the respective plate resistors for tube
{2, and potentiometer 23 comprising the gain
control for this stage.  Equal resistors 21 and #i’

are connected between the positive output lead 2
Shunted
across resistor 21 is a variable condenser 24 which
may be employed to control the time constant,

and therefore the rapidity of response, of the
regulator. 'The output of the whole amplifying
system is taken as the voltage across plate re-
sistor 21, one side of this resistor belng connected
to the cathode of tube 4 and the other side Teing
connected to the grid of tube’'4. )

The direct action of the regulator system 'is
to maintain the poteéential of lead 19 eqgual to
the standard potential of lead M ‘as’ Wil hete-
inafter be described in detail. Since the ,re“-
ulator output voltage between l‘eadc 2 4nd 3'is =
direct multiple of the voltage appearing bet wean
leads {9 and 3, and since the maghitude of ‘uhm
multiple may be controlled by the Position of
the slider of’ potentzomeuel 8, this potentiometer
provides a control for the value at which the
output voltage is maintained constant by the
regulator, )

Vauatlons of the legulator outut voltage with
respect to its desired voltage will effect coire-
sponding variations in the potential of the con-
trol grid of tube {i, while the potentzal of the
standardized grid of this tub° will remain con-
stant. This giff erence or. unbalance Letween the
potentials of the two 011ds of tube {!{ may be
considered as the 1nput s1gna1 to the amphfymlr
system, 'This dlﬁerence between the potent‘als
of the two grids of tube i will appear as an am-
plified variation in the Voltwge across 1e51stor 21,
A large change will uhel efore 1esu1i, in the volt-
age drop across tube 4, this change bPeing in sush
direction as to return the regulator output volt-
age to its desired value.

The operation of the regulator w111 ‘néw bHe
more. particularly described assummg r,h'u the
regulator output voltage should tend 0 rise ‘for
any reason. It will be f'onsldered Jor the meten*
that gain control potentmmetexs 22 and 23 and
time constant condenser 24 are omﬂ:ced If the
output voltage should rise, the pot\,ntml “of the
control grid of tube {{ would rise propor tlonately,
thereby allowing a greater electron cLuen* to
flow to the left hand plate of this tube ThlS
increased current flow through cathode 1esvstm
18 raises the potemtial of t"xe cathoae of tube
i1, thereby decreasing the potm’mal of Ln tund-
ardized grid with respect to the cath0d° Tm
circuit constants are of such values bhat the
increase of potential of the contlol nud wﬂ;h 19—
spect to the cathode is substanmally the samc
as the resulting decrease of poteni‘nal oi ‘stand-
ardized grid with respect to thn cathode ) Ac—
cordingly, there results a decrease in the pl
current of the right hand side of tube 1 sub-
stantially equal to the inerease in the pht? cur-
rent of the left hand portion of that tube. Ac-
cordingly, the total current flowing thmugh ‘tube

l'\ﬂ_
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{1 is substantially constant regardless of the in-
put signal to the amplifying system.

The effect of the unbalance which has
occurred in the left and right hand portions of
tube i1 is to cause a greater amount of current
to flow through plate resistor (9 and to cause
a smaller amount of current to flow through the
plate resistor i9’. The potential of the left hand
plate of tube 11 is thereby reduced while that oi
the right hand plate is increased. Since these
plates are respectively connected to the left and
right hand grids of tube (2, a corresponding am-
plified unbalance signal is thereby produced
across the grids of the second tube.

In a similar manner, this signal is again am-
plified in tubes 12 and (3 so that a much larger
current flows through plate resistor 2i than
would flow if zero signal were received on the
grids of tube 1{. Accordingly, the potential of
the grid of tube 4 is correspondingly reduced with
respect to its cathode, and the internal resistance
of that tube is increased, thereby increasing the
voltage drop across the tube, and bringing the
voltage output of the regulator back down to its
normal value.

Conversely, if the regulator output voliage
should tend to decrease for any reason, the po-
tential of the grid of tube 4 will be automatically
increased, thereby decreasing the voltage drop
across this tube, and tending to bring the output
voltage back up to its constant desired value.

“The purpose of potentiometers 22 and 28, re-
spectively connected between the vrespective
plates of tubes 11 and 12, is to conirol the gain
of the amplifier arrangement. If these resistors
were not present at all, that is, if there were an
open circuit between the plates at these points,
then the amplifier would operate exactly as has
been previously described. However, if the two
plates of any of the amplifying tubes were short-
circuited, it will be seen that any unbalance of
plate currents resulting from a voltage signal
being impressed upon the grids would completely
equalize through the short circuit, and that the
grids of the succeeding tube would therefore be
at equal potentials. In effect then the gain of
the amplifier would be zero, since the signal
would have disappeared. Obviously with various
adjustments of potentiometers 22 and 23 inter-
mediate to the extreme conditions of open cir-
cuit and short circuit just described, there would
be corresponding degrees of gain. Either potenti-
ometer 22 or 23 would in itself be sufficient to
control the gain, and therefore the long-time
stability characteristic, of the regulator. The
provision of two such gain control potentiometers
serves merely to increase the degree of manual
control provided. If desired, a similar gain con~
trol potentiometer could be connected between
the respective plates of tube 13 to provide a man-
ual control of the gain of the amplifier stage
associated with that tube.

The effect of variable condenser 24 connected
between the cathode and grid of tube 4 is to vary
the time constant, and therefore the guickness of
response of the regulator. It will be appreciated
that if this condenser were completely omitted,
that is, if the capacitance had a value of zero, any
variation in the voltage drop across plate re-
sistor 21 would immediately appear between the
srid and cathode of tube 4, whereas, if this ca-
pacitance were to have a very large value, a con-
siderable time would be regquired to charge or
discharge the condenser to s different voltage,
and the response of the regulator system would
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therefore be slower. Various degrees of rapidity
of response can therefore be obtained by suitably
adjusting the value of this condenser.

If it is desired that the regulator have a very
good long time stability characteristic, the resist-
ance of potentiometers 22 and £3 should bhe in~
creased to a very high value in order to increase
the gain of the amplifier arrangement as much
as possible. However, as the gain is increased, it
may be found necessary to increase the capaci-
tance of variakle condenser 24 in order to corre-
spondingly increase the time constant of the cir-
cuit to a point where the system will not oseil-
late.

On the other hand, if it is desired that the
regulator be especially sensitive to rapid fluctua-
tions in the source voltage, the capacitance of
variable condenser Z4 should be made as small
as possible in order to reduce the time constant
of the circuit. In this case, the gain of the am~
plifier arrangement may have to be correspond-
ingly cubt down by decreasing the value of the
resistance provided by potentiometers 22 and 23
in order to prevent the circuit from oscillating.

It will be understood that it is not necessary
to employ duo-triodes for the three stages of the
amplifier, as shown. If desired, two ordinary
three element vacuum tubes could be substituted
for any or all of these duc-iricdes. However, an
advantage is obtained by using duo-triodes in
that variations in the filament supply voltage for
any of the amplifier stages, or variations in the
tube characteristics, will be equally reflected into
both parallel paths of the amplifying system.
Singe the input signal and the output signal of
the amplifying system appear solely as an un-
balance between these two parallel paths, equal
variations in the characteristics of both paths
simultaneously will have no efect upon the over-
all gain of the amplifying system. 1In this way,
by employing duo-triodes ag shown, the long time
stability characteristic of the regulator is in~
creased, variations in the tube characieristics
and variations in the filament supply voltages
having substantially no effect upon the system.

The principles of this regulator may be adapt-
ed to produce a maximum output voltage of the
order of ten kilovolts or so, and the number of
tubes in the amplifier will be determined by the
maximum permissible voltage drop across each
tube. It has been found that a drop of about a
thousand volts across each tube is all that is
permissible for steady operation. If more tubes
are used in the amplifier for a particular appli-
cation the gain of each tube may have to be
limited so as to prevent oscillation. This limit-
ing may be accomplished by the use of time con-
stant condensers or plate to plate resistors, or
both. It will be understood that since the var-
ious tubes in the amplifier arrangement are oper-
ating at different potentials, separate well in-
sulated filament transformers (not shown) will
be required for each.

The range of adjustment of the output voltage
is determined by the range of current that may
be tolerated in the voltage regulating ftubes. It
was found that this range may he stretched to
about four to one as a limit. The range of ad-
justment of the regulator voltage for any par-
ticular application therefore is about four to one.

Since many changes could be made in the
above construction and many widely different
embodiments of this invention could be made
without departing from the scope thereof, it is
intended that all matiers contained in the above
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description .or shown:in the accompanying draw-
ing.shall be interpreted as illustrative and not in
a limiting sense.

I claim:

1. In a voltage regulating system of the type
wherein a variable resistive element, connected
in series with the positive side of an unregulated
input voltage supply, is automatically varied to
produce a regulated. output voliage supply, in
combination, two normally balanced symmetrical
interconnecting parallel amplifying channels con-
neeted -across said regulated output voltage sup-
ply; each of said channels comprising a plurality
of thermionic amplifying tubes, each tube having
at least a cathode, a grid, and an anode, the tubes
of each channel being arranged in series with
the anode of one tube being connected to the
cathode of the succeeding tube through a resist-
ance; -respective resistive connections from the
anode  of the last tube of each channel to the
positive side of said regulated. output voltage
supply; a common resistive connection from the
cathode of the first tube of each channel to the
negative side of said regulated output voltage
supply, respective connections between the cath-
odes of the corresponding tubes of each channel,
respective connections from the grid of each
tube, except the first tube of each channel, to
the anode of the preceding tube; a voltage di-
vider connected across said regulated output volt-
age supply; means associated with said divider
for applying a percentage of the regulated output
voltage between the grid of the first tube of one
of said channels and the negative side of said
regulated output voltage supply; circuit means
also connected across said regulated output voli-
age supply, and including a voltage regulating
tube, for deriving a constant voltage; means for
applying said constant voltage between the grid
of first tube of the other of said channels and

o

10

20

25

30

35

40

8

the negative side of said regulated output voltage-
supply; and means for controlling the value of
said variable resistive element in-accordance with
the voltage signal existing between the anode of

* the last tube of one of said channels and the posi-

tive side of said regulated output voltage supply.

2. Apparatus, as claimed in claim 1, further
including a variable condenser connected across
the two points between which said last-named
voltage signal exists to provide a control for the
quickness of response of said regulating system.

3. Apparatus, as claimed in claim 1, further
including a vaviable resistor connected between
the anode of one tube of one of said channels and
the anode of its opposite number tube in the
other of said channels to provide a control for .
the sensitivity of said regulating system.
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