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The present invention relates to voltage stabilizers. 
Heretofore voltage control has generally been achieved 

through the use of feedback regulation. Prior art feed 
back control systems are used extensively where precise 
voltage control is required. Such systems function by 
detecting an error signal in the regulated output circuit 
and utilizing the error signal in a closed loop feedback 
circuit to reduce the error signal. This type of voltage 
control system has the disadvantage of requiring an 
error in the output voltage for the purpose of operating 
the feedback control circuit. 

Such feedback voltage control systems also have poor 
transient response which renders their use unsatisfactory 
in many applications. The lack of sutiicient transient 
suppression in `prior art voltage control systems has pre 
sented serious problems. For example, transient volt 
age spikes and similar phenomenon have caused serious 
errors in electronic computers. Feedback control voit~ 
age regulators have the additional disadvantage of pro 
viding insuñ‘icient control of undesired harmonics in the 
output voltage for many applications. The eifect of un 
desired harmonics generated by some modern day regu 
lators have made it mandatory for the user to employ 
extra equipment such as radio noise filters and harmonic 
Suppressors. These undesirable transients are due to the 
inherent delays in the feedback correction circuit. Such 
delays prevent instantaneous correction of harmonic dis 
tortion within the feedback control circuit. To eliminate 
such harmonics it has been the practice in the past to 
place passive filter networks in the output or load circuit. 
Such ñlter networks are large in size and expensive where 
the anticipated load current is high. 
The above disadvantages are overcome by the present 

invention which provides voltage stabilization without 
the necessity of undesirable steady state and transient 
errors. The voltage stabilizing means of this invention is 
of a direct compensation type as contrasted with a closed 
loop feedback type. The voltage stabilizing means pro 
vides complete compensation for transient and harmonic 
distortion. This is possible because the action of the 
stabilizing means of this invention is not dependent upon 
any error in the output voltage. In the apparatus of this 
invention, the output voltage is never sensed for the 
purpose of controlling its magnitude. 

In accordance with this invention a reference signal 
generating means is provided for generating a reference 
signal vhaving predetermined electrical characteristics such 
as waveform, voltage, amplitude and phase. Means are 
coupled between an unregulated voltage source and the 
reference signal generating means for obtaining a con 
trol signal which is proportional to the instantaneous dif 
ference between the unregulated voltage from the source 
and the reference signal. Means are also provided for 
coupling a signal representative of the control signal in 
series with the unregulated source across a pair of output 
terminals to provide an output voltage which is propor 
tional to the reference signal in waveform and amplitude. 
Thus the waveform and amplitude of the output voltage 
are controlled without feedback networks or filters in the 

y output circuit. 

The invention is described in more detail by reference 
to the accompanying drawings in which: 

FIG. 1 is a block diagram of a voltage stabilization 
circuit embodying the principles of the present invention; 

FIG. 2 is a graph illustrating one example of the possi 
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ble waveform of the signals present in the circuit of 
FIG. l; 
FIG. 3 is a schematic circuit diagram of another em 

bodiment of the present invention; 
FIG. 4 is a block diagram of a further embodiment of 

the present invention; 
FIG. 5 is a block diagram of another type of voltage 

reference network that may be employed in the apparatus 
of this invention; and 
FIG. 6 is a schematic circuit diagram of a particular 

type of voltage reference network. 
Referring now to the drawings and more particularly 

to FIG. l, there is shown a source 10 of unregulated out 
put voltage eu. A reference signal generator 12 having 
an output circuit 14 is provided for generating a reference 
signal er having predetermined electrical characteristics 
such as amplitude, waveform and phase as will be more 
fully described. 
A differential amplifier 16 having a pair of input cir 

cuits 18 and 20 and an output circuit 22 is provided for 
obtaining a control signal ec which is proportional to the 
instantaneous difference between the unregulated source 
voltage eu and the reference signal er. The input cir 
cuits 13 and 2@ of the amplifier 16 are connected across 
the output circuit of the reference signal generator 12 
and the unregulated source 1t), respectively as shown. 
The output circuit 22 of the amplifier 16 is connected 
across a line impedance such as a resistor 24 to produce 
a voltage across the resistor Z4 which is representative of 
ec or _(eu-er). The resistor 24 is connected in series 
with the unregulated source 1@ across a pair of output 
terminals 26 so that the output voltage eo established 
across the terminals 26 is proportional to the reference 
signal er. For example, summing the voltages in the 
circuit connected to the output terminals 26 provides the 
following equations: 

‘gazed-(eu-er) 
or 

eo=er 

If desired the differential amplifier 16 may be arranged 
to provide an output signal e,3 which is proportional to 
the difference between the unregulated voltage eu and a 
preselected value of the reference signal such as Ker, 
where K is a constant. The regulated output signal eo 
would then be equal to Ke,. 

Referring now to the graph of FIG. 2, the ordinate is 
representative of voltage and the abscissa is representa 
tive of time. In this graph the unregulated voltage eu 
is shown as a square wave for illustrative purposes. The 
reference signal er is illustrated as a sine wave which is 
the desired waveform of the output Voltage e0. The con 
trol signal ec is the diiference between the signals eu and 
er. When the control signal ec is subtracted from the 
unregulated output signal eu by means of the resistor 24 
the resulting output signal eo is identical or proportional 
to the reference signal er in waveform, amplitude and 
frequency. 
The reference signal generator 12 may be a crystal 

oscillator having low power output signal. The differen~ 
tial amplifier 16 may be of any well known type and 
may derive its power from any desired source such as 
the source 1i). It should be noted that the unregulated 
source 1t? and the reference signal generator 12 may pro 
vide direct or alternating current signals. 

Referring now to FIG. 3 there is illustrated a modifica 
tion of the voltage stabilization circuit of FIG. l in which 
a voltage reference network 30 has an input circuit 32 
connected across the unregulated source 1@ and an out 
put circuit 34 across which a sine wave reference signal 
is produced. A resistor 35 and a pair of Zener diodes 36 
are connected across the input circuit 32 to clamp the 
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voltage of the input signal to the network at a predeter 
mined level, for example within a few percent of the peak 
value of the reference signal. The diodes 36 are illus 
trated by conventional symbols with the cathodes thereof 
connected together as shown. A pair of filter networks 
37 and 3S including series and parallel coupled capacitors 
and inductors, respectively, are connected across the Zener 
diodes 36 for filtering out undesired frequencies from the 
input signal to establish an approximate sine wave of the 
desired frequency. A resistor 39 and a second pair of 
Zener diodes 40 are connected across filter 3S for reduc 
ing the amplitude of the input signal to the final predeter 
mined value of the reference signal er. Another pair of 
ñlter networks 41 and ¿l2 are connected across the Zener 
diodes ¿i0 for reducing the undesired frequencies of the 
final sine wave output to within the permissible distortion 
level, for example .01%. The values and arrangement of 
the iilter components are preferably selected to maintain 
phase coherence between el. and eu. 
To obtain the difference between the unregulated volt 

age eu and the reference signal er subtracting means such 
as a transformer ¿i4 is `provided with a primary winding 
46 connected across the output circuit 341 of the voltage 
reference network 30. The transformer 441 includes a sec 
ondary winding 4S which is connected in series between 
the unregulated source 10, a load current compensating 
device such as a resistor 641 and an input circuit 50 of an 
amplifier 52. rIhe primary winding 46 forms a first input 
circuit of the subtracting means 44 and the secondary 
winding 4S forms a second input circuit which is con 
nected across the source 10 and an output circuit which 
is connected to the amplifier 52. The difference or con 
trol signal obtained by the transformer 44 may be repre 
sented by (Kleu--KzelJ where K1 and K2 are constants. 
The amplifier 52. has an output circuit 54 which is 

coupled through a line transformer 56 between the source 
10 and the output terminals 26 as shown. The amplifier 
S2 also includes a pair of power input terminals 5S which 
are connected across the source 10 so that the ampliiier 
may take its power from the unregulated source 10. The 
difference signal which is applied to the input of the arn 
pliiier 52 is amplified and applied to primary winding d0 
of the transformer 56. The secondary winding 62 of the 
transformer 56 establishes a Voltage which subtracts from 
or bucks out the undesired components of the voltage 
from the unregulated source 10 to produce a regulated 
output signal across the terminals 26 which is propor 
tional to the output signal from the voltage network 30. 
The current transformer 63 is connected across a resistor 
64 which is connected in series with the input circuit 50 
of the amplifier 52 to provide additional íine compensa 
tion for voltage errors due to load current passage through 
the transformer 56. 

Referring now to FIG. 4 there is illustrated a voltage 
regulation circuit for a three-phase network in which a 
source 70 such as an alternator is connected across aV 
three-phase transmission line 72 having a neutral line 74. 
Three voltage reference networks 7 d which may be similar 
to the network 30 are provided with input circuits which 
are connected between respective phases of the three 
phase line 72 and the neutral line 74. Algebraic sub 
tracting means such as transformers 78 are connected be 

` tween the output circuits of the respective voltage refer 
ence networks 76 and the respective phases of the unregu 
lated line 72 to the input circuits of amplifiers 80 as 
shown. The ampliñers 30 are connected to respective iso 
lating line transformers 82' for applying desired controlV 
signals in the respective phases so that the three-phase 
output voltage established across output terminals Mis 
regulated in accordance with the output signals from the> 
voltage reference networks 76. Current transformers 85 
and resistors 36 (similar to the transformer 63 and re 
sistor 64' arrangement of FIG. 3) are provided to corn 
pensate for voltage errors resulting from load current flow 

Y through the transformers S2. 
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4. 
In FIG. 5 there isV illustrated another type of voltage 

reference network that may be employed to provide a 
reference voltage for the compensation circuits of FIGS. 
l, 3 and 4. 

In FIG. 5 a regulated direct current (DC.) voltage 
source or reference standard 90 is provided for produc 
ing a DC. output voltage of constant or controlled am 
plitude. The output from the regulated source 90 is cou 
pled through a switch 92 to a square wave-to-sine wave 
filter network 94. The switch 92 is controlled from the 
unregulated source 10 through a phase control network 
9S. The switch 90 may be of many well known types 
and serves to provide an output signal across an output 
circuit 93 thereof which is in the form. of a square wave 
having an amplitude proportional to the amplitude of the 
reference signal from the DC. source 90 and having a fre 
quency equal to the frequency of the voltage from the 
alternating current source 10. The phase control net 
work 95 controls the phase between the square wave out 
put of the switch 92 and the unregulated A.C. source 10. 
The square wave-to-sine wave filter 94 may be of con 
ventional design and serves to convert the square wave 
output from the switch 02 to a sine wave signal in the 
output circuit 96 thereof. The amplitude of the sine wave 
signal is proportional to the amplitude of the square wave 
signal in the output circuit 93 of the switch 92. The 
A.C. Voltage reference signal produced across the output 
circuit 96 of the filter 94 may be applied across the ter 
minals 3d of the >transformer ¿i4 in the apparatus o_f FIGi 
3, or may be applied to the input network of FIG. l. 
The voltage reference network of FIG. 5 may also be 
utilized as the reference network 76 in the apparatus of 
FIG. 4. 

Referring now to FIG. 6 there is illustrated a sche-` 
matic circuit diagram of a particular type of Voltage ref> 
erence network shown in block form in FIG. 5. In FIG. 
6, a regulated direct current voltage network 100 has an 
input circuit coupled across the unregulated source 10 
and an output circuit V101. The network 100 may be of 
conventional design for rectifying the AC. voltage from 
the source 10 and comparing the rectiiied voltage with a 
reference voltage to provide a D.C. output voltage across 
the output circuit 101 of constant or controlled magni 
tude. A transistor switching circuit 102 is provided for 
converting the direct current voltage from the network 

»100 into a square wave signal of Vcontrolled amplitude. 
The switching circuit 102 includes apair of p-n-p junc 
tion transistors 103 and 104 which are illustrated by the 
conventional symbols. A primary winding 105 of a 
transformer 106 is connectedrto the collector electrodes 
of the transistors 103 and 1041 as shown. The output cir 
cuit from the voltage reference network 100 is coupled td 
a center tap 107 of the primary winding 105 and to the 
emitter electrodes of the transistors as shown to provide 
the operating voltage for the transistors and control the 
amplitude of the square wave as will'be described. 
The base electrodes of the transistors 103 and 104 are 

connected to an output circuit 10S of a phase control net 
work 109. The phase control network 109 includes a pair 
of capacitors 110 and 111 connected in series with an in 
ductor 112, a variable resistor 113 and a resistor 114. 
Another inductor 115 is connected between the resistor 
114 and capacitor 110 as shown. The output circuit 
108 of the network 109 is coupled across the capacitor 
111 andthe inductor 112. The variable resistor 113 
controls the phase shift between the A.C. signal in the 
output circuit 10S and the A.C. signal of the source 10. 
To provide the proper operating bias for the transis 

Y tors of the switching circuit 102 a-pair of resistors 117 
and 118 are connected between the emitter and base elec 

' trodes of the transistors 103 and 104 as shown. 4A pair 
of diodes 120 and 121 are connectedrin series across the 
base electrodes of the transistors with the ̀ cathodes of the 
diodes being connected together to control the` maximum 
base emitter voltagesv applied to the transistors 103 and 
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1514. The transistor switching circuit is arranged so the 
transistors are alternately switched on and olf by the 
A.C. voltage output of the phase control network 1119 to 
provide a square wave signal in the primary winding 105 
of the transformer 196. This square wave signal is ap 
plied to a square wave-to-sine Wave tilter 125 by a sec 
ondary winding 1115’ of transformer 1%. The iilter 125 
includes an inductor 126, a capacitor 127, an inductor 
128, a resistor 129 and a resistor 130 connected in series 
across the secondary winding ltlS in that order. A ca 
pacitor 131 is connected between inductor 126 and the 
resistor 1311 as shown. The filter 125 includes an output 
circuit 132 coupled across the resistor 129 which provides 
a sine wave voltage having an amplitude controlled by 
the square wave signal generated in the secondary wind 
ing 195 in the transformer 1196. 
There has thus been described a simple stabilization 

circuit for controlling an output voltage in accordance 
with the waveform, amplitude and frequency of a refen 
ence signal. The voltage stabilizer of this invention un 
like conventional prior art closed loop regulators is of the 
open loop type. ln the voltage control circuit of this 
invention the stabilized output voltage is a function only 
of the reference signal and is not dependent upon the 
detection of an error signal in the output circuit or a 
closed loop feedback circuit. 

Various modiñcations of the invention will be obvious 
to )those skilled in the art. For example, the reference 
signal generator could provide an output signal of any 
predetermined Waveform such as a square wave, a tri 
angular wave, etc. Also the power for operating the am 
pliñers 52 and 7 il could be derived from a separate source. 

I clairn: 
1. In a voltage control circuit for supplying a regulated 

output signal to a load through a pair of leads from an 
unregulated output voltage source the combination which 
comprises, reference signal generating means for gen 
erating an alternating current reference signal, signal 
coupling means having a ñrst winding connected across 
said reference signal generating means and a second wind 
ing having two terminals and inductively coupled to said 
iirst winding, amplifying means having a two-terminal 
input circuit and an output circuit, means connecting one 
terminal of said input circuit of the amplifying means to 
one terminal of said second winding, and means for di 
rect current connecting the other terminal of said sec 
ond winding to one lead of said pair of leads, load cur 
rent sensing means coupled in series with the source for 
producing an output signal representative of the current 
ilow through the load, resistive means connected to said 
load current sensing means and direct current connected 
in series between the remaining terminal of said input 
circuit and said other lead for applyig the output signal 
from the load sensing means to said amplifying means, a 
pair of output terminals, means for coupling the output 
circuit of the amplifying means and the source in series 
relationship across the output terminals to provide an out 
put signal across said output terminals which is directly 
compensated for losses from said output coupling means 
and is proportional to the reference signal. 

2. The combination as defined in claim 1 wherein the 
load current sensing means includes a current transform 
er connected in parallel with said resistive means, said 
transformer being operative for measuring the load cur 
rent. 

10 

3. In a voltage control circuit for supplying three 
phase regulated output signals to a load from a three 
phase unregulated output voltage source the combination 
which comprises reference signal generating means having 
a three-phase output circuit for generating a three-phase 
reference signal of predetermined electrical character 
istics in the output circuit thereof, differential amplifying 
means having a pair of three-phase input circuits and a 
three-phase output circuit, means for connecting respec 
tive input circuits of the differential amplifying means 
across the source, means for connecting the other re 
spective input circuits of the amplifying means across the 

> output circuits of the reference signal generating means, 
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load current sensing means coupled in series with each 
phase of the source for producing an output signal rep 
repres‘entative of the current flow through the respective 
phases of the load, means for coupling the output signal 
from the load sensing means to respective input circuits 
of the amplifying means, three-phase output terminals 
and means for connecting the respective phases of the out 
put circuit of the amplifying means and the source in 
series relationship across the output terminals for provid 
ing three-phase output signals across the output signals 
which is directly proportional to the reference signal. 

4. In a voltage control circuit for supplying a stabilized 
signal from an unregulated output voltage source through 
a pair of leads to a pair of load terminals, a reference 
signal generating means for generating an alternating 
current reference signal, differential amplifying means 
having an output circuit and a two-terminal input circuit, 
a transformer having a primary winding connected across 
said reference signal generating means and a secondary 
winding inductively coupled to said primary winding, 
means direct current connecting said secondary winding 
between one terminal of said two-terminal input circuit 
and one lead of said pair of leads for applying an input 
signal to said amplifying means which is proportional to 
the instantaneous difference between said unregulated 
voltage of said source and said reference signal, means 
for coupling said output circuit of said amplifier means 
to one of said load terminals and in a series circuit with 
said unregulated source and the other load terminal; the 
improvement comprising load current sensing means in 
cluding a resistor connected to the other terminal of said 
two-terminal input circuit and direct current connected 
to the other of said leads intermediate said source and 
said output coupling means, and further including a cur 
rent transformer inductively coupled to said other lead 
and connected in parallel across said resistor for adding 
to said above claimed input signal a coupling loss corn 
pensating signal representative of the current flow through 
said load terminals. 
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