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This invention relates to voltage control appa 
ratus, and has particular reference to automatic 
means for effecting accurate regulation of a plu 
rality of voltage supplies from a single source, 
Such as all of the tube filament, grid and pate 
Supply Outputs of a power-pack for electronic 
mechanical servo-systems. 

In electronic servo-systems utilizing the char. 
acteristics of vacuum tubes in accurate mathe 
natical calculations, it is important that the volt 
age supply to many points be accurate and uni 
form. Electronic systems of voltage control are 
known to the art which are accurate and reli 
able, but the power which they can handle is 
decidedly limited. Saturated core reactors, on 
the other hand, are capable of handling great 
power, but are not reliable, by themselves. 

In accordance with the present invention, an 
automatic Voltage control apparatus is provided, 
Which Supplies uniform and accurate voltages to 
many points and affords great power with utmost 
reliability at all times, so that the control ap 
paratus of this invention is safely adaptable for 
use in making mathematical calculations for pur 
pOSes requiring great accuracy. 
The invention combines in a novel way the ad 

Wantage of accuracy of an electronic voltage con 
trol System with the great power capacity of a 
Saturated COre reactor, So that both accuracy and 
a multiplicity of voltage outputs result. In a pre 
ferred embodiment of the invention, a suitable 
electronic voltage regulator provides a relatively 
low poWer constant Voltage as a Standard, Which 
is compared with the input voltage applied to 
series windings on two legs of a saturable core 
reactor, whose third leg winding is supplied with 
any difference between the input and standard 
Voltage to thereby Vary the output of the reactor. 
The reactor is used to vary the output voltage 
of the entire control system, preferably by appli 
cation of the regulated Voltage therefrom to the 
primary windings of the input transformers sup 
plying the Various loads, such aS vacuum tubes 
and the like. 

It will be seen that the voltage control Sys 
ten of this invention affords large power out 
put while maintaining the accuracy and con 
stancy of a conventional low power electronic 
voltage regulator, and that these desirable results 
are obtained by a simple arrangement involving 
the use of relatively few parts additional to the 
usual electronic regulator. 
A more complete understanding of the inven 

tion may be had upon reference to the accom 
panying drawing, which is a diagram of a pre 
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2 
ferred form of the invention, the parts thereof 
being represented by conventional electrical sym 
bols. 

Referring to the drawing, numeral 0 indicates 
a Service connection to a 115 volt, Single-phase 
alternating Supply which is subject to the varia 
tion. Of Supply Voltage common to a commercial 
Outlet. This supply is fed to the assembly of 
transformers shown at , the service lead 2 
feeding one side of each of the primary windings 
5, 6 and 7 of transformers T1, T2 and T3 and 

the other service lead 3 feeding through the 
Series Windings 9 and 2 of the Saturable core 
reactor RE-f, which is of conventional con 
Struction comprising a core 8 having three inter 
connected legs bearing windings 9, 20 and 2. 
The return lead 4 is connected to the other side 
of primary windings 5, 6, 7 of transformers 
T1, T2, T3. 
The Secondary Winding 22 of the step-down 

transformer T3 may be connected to a pair of 
amplifier tube heater leads, not shown, and to 
the usual pair of high-voltage secondary wind 
ings 23 and 24 of step-up transformer T2. These 
are to Supply the double-Wave electronic rectifier 
WT-4, the positive side of which is connected 
to the pair of secondary windings 25, 26 of trans 
former T1 whose common lead is connected 
through the choke CH- to the terminal B1--. 
The negative terminal of rectifier WT-4 is con 
nected by the grounded lead 27 to the B-terminal 
as ShoWn. 

In similar well-known manner, the primary 
Winding of transformer T induces in the var 
ious other Secondary Windings suitable heater 
voltages for the vacuum tubes used, as indicated 
in the drawing. In addition to the heater volt 
age Secondary Winding of transformer T1, an 
other pair of secondary windings 28, 29 is pro 
vided for transformer T1, in conformity with 
this invention. These Windings feed relatively 
high Voltages through the duplex rectifier tube 
VT- and resistors R-1, R-2 and condenser 
C-4 to provide a direct current voltage at the 
point 30 for an indication of the relative Value 
of all output voltages of the composite load of 
transformers T1, T2, and T3 for a purpose to be 
explained. 
The final unit of the Voltage-control appa 

ratus of this invention is designated 3 and is 
adapted for producing across the terminals B2-- 
and B- an accurately regulated standard voltage 
of low power, to which the voltage produced at 
point 30 is to be continuously conformed. The 
unit 3 is of known construction comprising the 
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parts shown and Operating in Such a Way as to 
cause the output voltage across 32-33 to be 
Substantially independent of the load impedance 
connected across 32-33 or of the unregulated 
filtered direct current voltage input to the unit 
3. This is because any fluctuation in tie out 
put voltage across 32-33 will vary the potential 
applied to the grid of type 6.J. tube WT-5, and 

- hence the glid-cathode potential, Since the legul 
lating action of two-Watt neon tube N keeps 
the cathode potential of tube WT-5 constant. 
Any Variation in output Voltage is accordingly 
applied to tube WT-5 and, after amplification 
thereby, affects the grid potential of 2A3 type 
tube WT-3 SO as to produce a change in voltage 
drop therein Which opposes the change in out 
put Voltage across 32-33. The foregoing de 
scription of Voltage regulator unit 3 f is suf 
ficient for an understanding of its function in 
connection. With the present invention, further 
details being obtainable upon reference to page 
615 and Fig. 19 of Telman's "Radio Engineers' 
Handbook,' published 1943 by McGraw Hill Co. 
Across the output terminals 32-33 of voltage 

regulator unit 3 are bridged in series the resist 
ances R. and R i? and from their junction 
point 34 a lead 35 is connected to the point 30 
on the grid of the tube WT-2, which controls 
the flow of current through the winding 20 on 
the center leg of the reactor RE- in accord 
ance with the voltage on its grid, and causes 
regulation of the input voltage from Source O to 
primary windings 5, 6 and 7 of transformers 
T1, T2, T3, in a well known manner. 
The operation of the voltage control appa 

ratus of this invention is readily understood from 
the foregoing description and may be summa 
rized as follows: The voltage regulator unit 31, 
regardless of variation of voltage of the power 
Source 0, produces a standard direct current WOlt 
age which is predetermined by the ratio of re 
sistances R0, R and R8, and applies that stand 
ard voltage to the point 30, i. e. the grid of the 
tube WT-2. At the same time tube WT-1 pro 
vides a sample direct current voltage proportional 
to the alternating current voltage of the power 
Source fo and applies it also to point 30 but in 
opposite Sense to the voltage supplied from unit 
3. When, therefore, the sample voltage of the 
Systein applied at 30 from VT- agrees With the 
standard voltage from unit 3, also applied at 30, 
a predetermined current flows in the regulating 
winding 20 of reactor RE-f. However, when the 
sample voltage from tube WT-f disagrees with 
the standard voltage from unit 3, appropriate 
change in correction current will be passed by 
tube VT-2 through regulating winding 20 of 
reactor RE- to vary the portion of the full 
voltage source O which is applied to the primary 
Windings 5, 6 and 7 of transformers T1, T2, T3. 
In this way, continuous and accurate control 
of a heavy load is automatically accomplished 
by means of a regulator of a very light load, 
without requiring attention for indefinitely long 
periods. 
Although a preferred embodiment of the in 

vention has been illustrated and described here 
in, it is to be understood that the invention is 
not limited thereby, but is susceptible of changes 
in form and detail within the scope of the ap 
pended claims. 

I claim: 
1. In voltage control apparatus wherein a rel 

atively high-power composite load is applied to 
an alternating current Source in Series With a 
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4 
Voltage input control means for said load, the 
combination of a delivery voltage measuring de 
vice, a relatively low-power constant voltage 
standard comprising an electronic voltage reg 
ulator, comparing means responsive to any dif 
fei'ence in magnitude and sense between the volt 
age Output of said Voltage measuring device and 
the constant Voltage of said voltage standard, 
and means energized by the difference output 
of said comparing means and interposed between 
said source and load, whereby said control ap 
paratus is caused to operate in accordance with 
said voltage comparison to regulate the Voltage 
applied to said relatively high-power load. 

2. In a Voltage control apparatus wherein a 
relatively high-power composite load is applied 
to an alternating current source in series with 
a Voltage input control means, the combination 
of a Voltage regulator connected to said Source 
for producing a relatively low power constant 
voltage, a winding interposed between said source 
and said load, a rectifier connected to said Source, 
comparing means responsive to any difference in 
magnitude and sense between the output volt 
ages of said regulator and rectifier, and a second 
Winding in electrical relation to said first winding 
and connected to said responsive means, whereby 
said control apparatus is caused to operate in 
accordance with said Voltage comparison to reg 
ulate the voltage applied to said relatively high 
power loads. 

3. In voltage control apparatus wherein a 
relatively high-power composite load is applied 
to an alternating current Source in Series with a 
voltage input control means, the combination of 
a voltage regulator connected to Said Source for 
producing a relatively low power constant volt 
age, a saturable core having a winding inter 
posed between said source and Said load, a recti 
fier connected to said source, comparing means 
responsive to any difference in magnitude and 
sense between the output voltages of said regu 
lator and rectifier, and a second winding on said 
cole and connected to said responsive means, 
whereby said control apparatus is caused to oper 
ate in accordance with said voltage comparison 
to regulate the voltage applied to said relatively 
high power load. 

4. In a voltage control apparatus wherein a 
relatively high-power composite load is applied 
to an alternating current source in series with 
a Voltage input control means, the combination 
of a voltage regulator connected to Said source 
for producing a relatively low power constant 
voltage, an input transformer having a primary 
Winding connected to said Source and a second 
ary winding, a winding interposed between said 
Source and said primary Winding, a rectifier con 
nected to said secondary winding, comparing 
means responsive to any difference in magnitude 
and sense between the output voltages of said 
regulator and rectifier, and a second winding in 
electrical relation to said first winding and con 
nected to said responsive means, whereby said 
control apparatus is caused to operate in accord 
ance With said Voltage comparison to regulate the 
voltage applied to said relatively high power 
loads. 

5. In a voltage control apparatus wherein a 
relatively high-power composite load is applied 
to an alternating current Source in series with a 
voltage input control means, the combination of 
a voltage regulator connected to said source for 
producing a relatively low power constant volt 
age, a winding interposed between said source 
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and said load, a rectifier connected to said source, 
a pair of Series resistances bridged across the 
output of Said regulator, comparing means inter 
posed between the output of said rectifier and a 
point between said resistances and responsive to 
any difference in magnitude and sense between 
the Output Voltages of said regulator and recti 
fier, and a Second winding in electrical relation 
to Said first Winding and connected to said re 
Sponsive means, Whereby said control apparatus 
is caused to operate in accordance with said volt 
age comparison to regulate the Voltage applied 
to Said relatively high power loads. 

6. In Voltage control apparatus wherein a rela 
tively high-power composite load is applied to an 
alternating current Source in series with a volt 
age input control means, the combination of 
a Voltage regulator connected to Said source for 
producing a relatively low power constant volt 
age, an input transformer having a primary wind 
ing connected to said source and a secondary 
winding, a saturable core having a winding inter 
posed between Said source and said primary wind 
ing, a rectifier connected to said primary wind 
ing, comparing means responsive to any differ 
ence in magnitude and sense between the output 
Voltages of said regulator and rectifier, and a 
Second Winding on said core and connected to 
Said responsive means, whereby said control ap 
paratus is caused to Operate in accordance with 
Said voltage comparison to regulate the voltage 
applied to Said relatively high power load. 

7. In voltage control apparatus wherein a rela 
tively high-power composite load is applied to 
an alternating current source in series with a 
voltage input control means, the combination of 
a Voltage regulator connected to said source for 
producing a relatively low power constant volt 
age, a Saturable core having a winding inter 
posed between said source and said load, a recti 
fier connected to said Source, a pair of series re 
sistances bridged across the output of said regu 
lator, comparing means interposed between the 
output of Said rectifier and a point between said 
resistances and responsive to any difference in 
magnitude and Sense between the output volt 
ages of Said regulator and rectifier, and a second 
winding on said core and connected to said re 
Sponsive means, whereby said control apparatus 
is caused to Operate in accordance with said volt 
age comparison to regulate the Voltage applied 
to said relatively high powerload. 

8. In a Voltage control apparatus wherein a 
relatively high-power composite load is applied 
to an alternating current source in series with 
a voltage input control means, the combination 
of a Voltage regulator connected to said source 
for producing a relatively low power constant 
voltage, an input transformer having a primary 
Winding connected to said source and a secondary 
winding, a saturable core having a winding in 
terposed between said source and said primary 
winding, a rectifier connected to said secondary 
winding, comparing means responsive to any dif 
ference in magnitude and sense between the out 
put voltages of said regulator and rectifier, and 
a second Winding on said core and connected to 
Said responsive means, whereby said control ap 
paratus is caused to operate in accordance with 
said Voltage comparison to regulate the voltage 
applied to said relatively high power loads, 

9. In a voltage control apparatus wherein a 
relatively high-power composite load is applied 
to an alternating current source in series with a 
voltage input control means, the combination of a 
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Voltage regulator connected to said Source for 
producing a relatively low power constant voltage, 
an input transformer having a primary winding 
Connected to said Source and a Secondary winding, 
a Winding interposed between Said source and said 
primary winding, a rectifier connected to said 
Secondary winding, a pair of series resistances 
bridged across the output of said regulator, con 
paling means interposed between the output of 
Said rectifier and a point between said resistances 
and responsive to any difference in magnitude and 
Sense between the output voltages of said regulator 
and rectifier, and a second winding in electrical 
relation to said first winding and connected to said 
responsive means, Whereby said control apparatus 
is caused to operate in accordance with said volt 
age comparison to regulate the voltage applied to 
said relatively high power loads. 

10. In a Voltage control apparatus wherein a 
relatively high-power composite load is applied 
to an alternating current source in series' with a 
Voltage input Control means, the combination of 
a voltage regulator connected to said source for 
producing a relatively low power constant voltage, 
a Saturable core having a winding interposed be 
tWeen Said source and said load, a rectifier con 
nected to said source, a pair of series resistances 
bridged acroSS the output of said regulator, com 
paring means interposed between the output of 
said rectifier and a point between said resistances 
and responsive to any difference in magnitude 
and Sense between the output voltage of Said 
regulator and rectifier, and a second winding on 
Said core and connected to said responsive means, 
Whereby Said control apparatus is caused to op 
erate in-accordance With said voltage comparison 
to regulate the voltage applied to said relatively 
high power loads. m 

ll. In a Voltage control apparatus wherein a 
relatively high-power composite load is applied 
to an alternating current source in series with a 
voltage input control means, the combination of a 
Voltage regulator connected to said source for 
producing a relatively low power constant volt 
age, an input transformer having a primary 
Winding connected to said source and a secondary 
winding, a winding interposed between said source 
and said primary winding, a rectifier connected 
to Said Secondary Winding, a pair of series re 
sistances bridged across. the output of said regu 
lator, comparing, means interposed between the 
output of said rectifier and a point between said 
resistances and responsive to any difference in 
magnitude and sense between the output volt 
ages of said regulator and rectifier, and a second 
Winding in eiectrical relation to said first winding 
and connected to Said responsive means, whereby 
said control apparatus is caused to operate in ac 
cordance With said voltage comparison to regu 
late the voltage applied to said relatively high 
power loads. 

12. In a Voltage control apparatus wherein a 
relatively high-power composite load is applied 
to an alternating current source in series with a 
Voltage input control means, the combination of 
a Voltage regulator connected to said source for 
producing a relatively low power constant voltage, 
an input transformer having a primary winding 
Connected to said Source and a secondary wind 
ing, a Saturable core having a Winding interposed 
between said source and said primary winding, 
a rectifier connected to said secondary winding, 
a pair of series resistances bridged across the out 
put of Said regulator, comparing means interposed 

75 between the output of said rectifier and a point 
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between said resistances and responsive to any 
difference in magnitude and sense between the 
output voltages of Said regulator and rectifier, 
a second winding on said core and connected to 
said responsive means, whereby said control ap 
paratus is caused to Operate in accordance With 
said voltage comparison to regulate the voltage 
applied to said relatively high power loads. 

13. In combination with a direct current volt 
age regulator for an alternating current source, 
an input transformer having a primary winding 
connected to Said Source and a Secondary Wind 
ing, a Saturable core reactor having a Winding 
interposed between said source and the primary 
winding of Said input transformer, a rectifier con 
nected to the Secondary Winding of said input 
transformer, means responsive to any difference 
in magnitude and sense between the output volt 
ages of said regulator and rectifier, a second wind 
ing for said reactor, and connections between said 
means and Said Second reactor Winding, Whereby 
the voltage impressed on said primary winding is 
increased or decreased in accordance with the 
correction Voltage impressed by said second re 
actor Winding. 

i4. In combination. With a direct current volt 
age regulator for an alternating current Source, 
an input transformer having a primary winding 
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8 
connected to said source and a secondary wind 
ing, a Saturable core reactor having a winding 
interposed between said source and the primary 
winding of said input transformer, a rectifier con 
nected to the secondary winding of said input 
transformer, a pair of series resistances bridged 
across the output of said regulator, means inter 
posed between the output of said rectifier and a 
point between said resistances and responsive to 
any difference in magnitude and sense between 
the Output voltages of said regulator and rectifier, 
a second Winding for said reactor, and connec 
tions between said means and said second re 
actor Winding, whereby the voltage impressed on 
said primary Winding is increased or decreased in 
accordance With the correction voltage impressed 
by said second reactor Winding. 

WILMER. C. ANDERSON. 
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