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The present invention relates to voltage stabilizers and, 
more particularly, to a passive element magnetic voltage 
stabilizer for producing a constant output voltage over a 
wide range of applied input voltages. 7 

Electrical or electronic equipment is usually designed 
to‘ operate effectively within a narrow range: of applied 
supply voltages. Where the available supply voltage 
?uctuates over a greater range,,or where the nominal sup 
ply voltage falls outside the design range, it is conven 
tional to employ a line voltage‘ stabilizer to supply a' 
substantially constant operating voltage to the equipment. 
One class of devices‘ of this type frequently used‘ and 

well known in the art are the so-called “magnetic volt 
age'stabilizers,” which depend on the properties of a satu 
rable reactor or transformer to achieve the desired regu 
lating response. Generally, such arrangements are capa 
ble of providing a stabilized‘ output voltage in the face 
of line voltage ?uctuations of i20%. 
Where operation of a particular regulator at a number‘ 

of different nominal line voltages is anticipated, taps or 
switches are usually included to adapt the circuit to differ 
ent supply voltages. It is, however, clear that such ar 
rangements add to the cost of the unit, and actually do 
not extend‘the range of voltage regulation once a particu 
lar nominal voltage is selected. 

In order to avoid the use of switches and taps and pro 
vide stabilization in the presence of‘ extreme line varia 
tions, such as, for example, from 90 to 240 volts, mag 
netic wide range stabilizers have been developed. Such‘ 
devices permit operation. from either 110 or 220 volt 
sources without switching as an additional advantage. 
The knownvarieties of wide range stabilizers are, how 
ever,-cumbersome and heavy. In-addition, the apparent 
power input increases approximately as the square of the 
line voltage, so that the power factor decreases to a value 
of less than 0.5 in the vicinity of the upper regulation» 
limit. While the poor power factor may be compensated 
by connectingv an additional capacitor. across the input, 
the device itself still draws heavy currents at higher in 
put voltages. These heavy currents introduce additional 
signi?cant losses which may result in overheating, unless 
a corresponding signi?cant increase in the size of the 
regulator elements has been made. 

It is, therefore,.an object of the present invention to 
provide a magnetic voltage stabilizer for producing‘a con 
stant output voltage over a wide range. of: applied line 
voltages. 
A further object of the present invention is to provide 

amagnetic voltage regulator which operates at substan 
tially unity power factor and high e?iciency while pro 
viding a stabilized output voltage over a wide range of 
applied line voltage ?uctuations. 
Yet another object of ‘the present invention is to provide 

a magnetic voltage regulator which is comparatively light 
and compact, and easily fabricated from relatively in 
expensive, non-critical components. 
The novel features which are believed to'be character 

istic of the invention, both as to its organization and 
method of operation, together with further objects and 
advantages thereof, will be better understood from the 
following description considered in connection with the 
accompanying drawings in which an embodiment of the’ 
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invention is illustrated by way of example. It is to be 
expressly understood, however, that the drawings are for 
the purpose of illustration and description only, and are 
not intended as a de?nition of the limits of the invention. 

FIG. 1 is a schematic diagram of an embodiment of 
a magnetic voltage stabilizerv according to the present 
invention; 

FIG. 2 is a vector diagram of currents and voltages in 
a voltage stabilizer typical of the prior art; and 
FIG. 3 is a vector diagram of currents and voltages in 

a voltage stabilizer according to the embodiment of the 
invention shown in FIG. 1. 

Referring now to FIG. 1, there is shown a schematic 
diagram of an embodiment of a magnetic voltage stabilizer 
according to the present invention; As shown in the ?g 
ure, the embodiment comprises a pair of input terminals 
1, 2 for applying line voltage through a series choke 3 to 
a shunt circuit generally designated 12. The shunt cir 
cuit includes the primary 5 of a transformer generally 
designated 4, across which the seriescombination of a 
capacitor 9 and choke 10 are connected. The secondary 
6 of transformer 4 is connected to a pair of output ter 
minals 7,, 8, from which the stabilized output voltage 
may be supplied to a load 11. 
More particularly, according to the present invention, 

series choke 3 is a saturable reactor, while transformer 4 
is a saturable transformer. Capacitor 9 and choke 10 
form a series circuit which'is tuned to the third harmonic 
of the line frequency, and operate to improve the output 
waveshape of the stabilizer by‘ removing third harmonic 
distortion introduced by'the non-linear magnetic elements 
of the circuit. The improved voltage waveshape is ac 
companied by a signi?cant decrease in copper losses in' 
the inductive elements of the circuit. The tuned series 
circuit also suppresses self-oscillations or jump phe 
nomena which might otherwise occur. 
At line frequency, the series combination of capacitor 

9 and choke 10 appears as a capacitor which should be 
proportioned to resonate with transformer 4 in its satu» 
rated conditionin the upper range limit of regulation. 
Series choke 3 on the other hand should be selected to 
saturate at a level of line input voltage somewhat less 
than that at which shunt circuitresonance occurs with 
maximum load connected. The signi?cance of such a 
choice of values will be more readily apparent from the 
following discussion. 

Operation of? the magnetic voltage stabilizer of the I‘ 
present invention and its improved characteristics may 
be most readily illustrated by a direct comparison of 
a vector diagram of the currents and. voltages in a voltage 
stabilizer‘ typical of the prior art with a similar vector 
diagram‘of' a voltage stabilizer according to the present 
invention. 

Referring‘ now to FIG. 2, there is shown a vector 
diagram of currents and voltages in a voltage stabilizer‘ 
typical of the prior art, thelengths- of each vector'repre'-' 
senting'amplitude, while the directions or angles indicate 
the mutual phase relationship of the various voltage and‘~ 
currents depicted. Such a prior art regulator, generally 
known as a “‘ 

similar to that of the present invention‘, as shown in FIG. 
1, except thatv series choke 3 is a conventional, non-‘ 
saturable reactor, and‘shunt resonant circuit 12 is tuned 
to resonate at the supply frequency when the mean or 
nominal value of line voltage is applied to the regulator. 

In order tov simplify the analysis and comparison, cer 
tain assumptions will be made, and certain magnitudes 
will be considered of negligible value. In practice, such 
assumptions have been found to be consistent with actual‘ 
performance to an acceptable approximation. Thus, 
series choke 3, transformer 4 and capacitor 9 are re 
garded‘as lossless; transformer 4 has a turns'ratio and“ 

ierro-resonant regulator,” has a structure’ 
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coupling factor of unity, load 11 has a unity power 
factor, and choke 10 is regarded as short circuited. It 
has also been assumed that saturable transformer 4 is 
operated in its saturated range, and that the voltage Vp 
across the transformer is constant over the range of cur 
rents under consideration by virtue of the well known 
regulating properties of such a transformer, although 
such ideal performance cannot be achieved in practice. 
Under such assumptions, the amplitude of the real current 
Ir ?owing in transformer 4, and the amplitude of the 
current Ic through capacitor 9 will also remain constant. 
The current 1,, leads the voltage V,p by 90". Accordingly, 
the following vectorial equations may be written: 

V1,: V,+V,, (1) 
IpIIL+Ir Iin:IL+Ir+Ic (3) 
Ir=constant (4) 
Ic=constant (5 ) 

where V1,, is the line supply voltage, V5 is the voltage 
drop across choke 3, ID is the vector sum of the real 
current Ir and reactive current 1;, through transformer 4, 
11,, is the input current, and the remaining symbols have 
the signi?cance heretofore noted. 
The input current I“, through series choke 3 is the 

vectorial sum of IL, I, and Ic. Since the load current 
IT is constant, the geometric locus of supply current 1m 
and transformer current Ip for various applied voltages 
Vm may be represented by line A-A' which is perpen 
dicular to the vector 1,. Since all correlated current 
and voltage triangles are mutually similar (under the 
assumption that circuit values are constant), the line 
B-B’ similarly represents the geometric locus of supply 
voltage Vin for various values of Vm. Line B-B’ is 
rotated 90° with respect to line A—A', since the voltage 
Vs across series choke 3 has a constant ratio to current 
In, and leads the current by 90°, so that its vector must 
always be perpendicular to current vector 111,. 

It has also been assumed that shunt circuit 12 resonates 
at a nominal supply voltage Vim, and the related vectors 
are also designated by the subindex “0.” Similarly, vec 
tors corresponding to the minimum input supply voltage 
within the regulating range are designated by the sub 
index “1,” while vectors corresponding to the maximum 
input supply voltage within the regulating range are 
designated by the subindex “2.” 
At nominal input voltage, with shunt circuit 12 

resonating, ILO=Ic and Im is in phase with Vpo! i.e., 
the directions of the vetcors coincide. The impedance 
of shunt circuit 12 is real, and Im is equal to Iino. The 
voltage Vso across series choke 3 leads the current lino 
through it by 90°. 
As the supply voltage decreases, IL decreases, and, 

in accordance with Equation 3, 11,, increases in magnitude 
and shifts phase in a positive direction. Similarly, as 
the supply voltage increases, IL increases, and 11,, increases 
in magnitude and shifts in a negative direction. 

It will readily be seen from the diagram that the input 
current is a minimum at nominal line voltage, and 
increases with either increased or decreased line voltage. 
It will also be seen that'the supply voltage and current, 
represented by vectors Vml and 11m, respectively, are 
almost in phase when the supply voltage is at its mini 
mum and shunt circuit 12 and series choke 3 move 
toward series resonance. Under these conditions, the 
power factor of the stabilizer approaches unity. 

However, when the supply voltage rises to its 
maximum Vinz, the power factor becomes substantially 
smaller and inductive, with ling substantially lagging 
Vm. The different conditions prevailing for the lower 
and upper range of ?uctuations cause quite differ‘eh't 
power losses within the stabilizer depending upon whether 
the supply voltage deviates in one or the other direction 
from the nominal value. Since the elements of the cir 
cuit must in any event be designed to operate under the 
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4 
most unfavorable conditions, conventional stabilizers are 
almost of necessity large and bulky. 

In accordance with the present invention, the above 
and other disadvantages of the prior art stabilizer may be 
overcome by utilizing a saturable reactor as series choke 3, 
and adjusting shunt circuit 12 to resonate with transformer 
5 in its saturated state in the upper range of input voltage 
?uctuations. Series choke 3, on the other hand, should 
be selected to be unsaturated when shunt circuit 12 is 
in resonance, and to saturate at a level of line input 
voltage somewhat less than that at which shunt circuit 
resonance occurs with maximum load connected. 

Referring now to FIG. 3, there is shown a vector di 
agram of current and voltages in a voltage stabilizer ac 
cording to the embodiment of the invention shown in 
FIG. 1. The vector diagram is similar to FIG. 2, and 
may be derived therefrom by appropriate scale and other 
changes. Shunt resonance conditions represented by the 
fact that V1, and V, are mutually perpendicular, occur 
at a comparatively high level input supply voltage V1112, 
which, for purposes of illustration, has been taken to be 
a value of supply voltage which would produce a primary 
voltage VD which is 1.6 times its value as shown in FIG. 
2. In order to produce the same secondary voltage, the 
number of turns of primary 5 must be increased, but the 
value of capacitor 9 may be reduced. The inductance of 
series choke 3 should be signi?cantly higher than in prior 
art designs, and the choke should be selected so as to 
operate slightly below saturation when the shunt circuit 
in resonance, and to have a substantially constant volt 
age drop despite current changes when in a state of satu 
ration. A signi?cant advantage resulting from these con 
ditions is that transformer 4 need not operate at its upper 
saturation level, and accordingly, excessive magnetizing 
currents with consequent high copper losses within pri 
mary 5 may be avoided. 

In order to permit a clear comparison of FIGS. 2 and 
3, all currents have been referred to the secondary circuit 
assuming the same load conditions and output voltage. 
Since a transformer ratio of 1.6:1 has been assumed, all 
of the primary currents Im, ID, IL and I0 have been multi 
plied by the factor 1.6, and are now shown and designated 
as primed letters. 

It can easily be seen from FIG. 3 that the maximum 
primary current 1P2’ which occurs at maximum supply 
voltage Vinz is about 25% smaller than the correspond 
ing current 11,2 of FIG. 2, and therefore an approximately 
45% reduction in power losses is achieved. 
When the supply voltage decreases from its upper limit 

Vinz, the current In,’ through series choke 3 increases, and 
the choke becomes saturated. Under these conditions, 
the voltage VS across the choke becomes substantially con 
stant, and the inductance of choke 3 decreases, since, at 
saturation, it is a reciprocal function of the current I,,,'. 
Accordingly, current It,’ increases with decreasing line 
voltage Vin, and reaches its maximum value Im' with 
minimum supply voltage Vim. 
As a result of the non-linear characteristic of series 

choke 3, the geometric locus B—B’—B" of supply volt 
age vectors Vin is a straight line only in the vicinity of 
Vmz, and below this value it becomes the arc of a circle 
centered at V1, and having a radius equal to the substan 
tially constant voltage across the series choke when satu— 
rated. Accordingly, limit vectors of choke voltage V51 
and V52, as well as input currents In“ and 1m, and pri 
mary currents 11,1 and 11,2 form smaller phase angles with 
respect to each other as compared to FIG. 2. Current 11,2 
will also be seen to be smaller than its value in FIG. 2. 
As a further result, the range of saturation of the iron 

core of the transformer is signi?cantly reduced, as may 
be seen by comparing current vectors 11,1’ and 11,2’ of 
FIG. 3 with the corresponding vectors of FIG. 2. Ac 
cordingly, Vp will in practice have a smaller change of 
voltage over the stabilizing range, and enhanced stabili 
zation will be achieved. Alternatively, if the maximum 
saturation of the transformer core is not to be reduced 
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in order to reduce cooper losses, the maximum reactive 
current In of FIG. 2 may be maintained as a design pa 
rameter. Under these conditions, transformer 5 may be 
made signi?cantly smaller, or, with the same size trans 
former, a correspondingly higher level of power may be 
transferred and stabilized. As a further possibility under 
such conditions, the range of stabilization may be signi? 
cantly extended without changing the size of the trans 
former. 

Since the input current Iml through series choke 3 is a 
minimum when the supply voltage approaches the upper 
regulating limit, losses in the choke will be small when 
transformer losses are at a maximum. The converse is 
also true, and the total heat losses in the stabilizer will 
always be less than those of the prior art, where, as shown 
in FIG. 2, for example, the maximum of loss for both 
series choke 3 and transformer 4 occur simultaneously at 
high level supply voltages. Advantage may be taken of 
this fact to reduce the cooling arrangements for the 
stabilizer. 

Ordinarily, series choke 3 will include an air gap in its 
core, but it is a particular feature of the present inven 
tion that the width of the air gap is comparatively non 
critical. Only voltage V52, associated with the unsatu 
rated state is a function of the air gap width, but voltage 
V51, corresponding to a state of saturation in the choke 
is comparatively unaffected by changes in air gap width 
which merely results in a change in the degree of satu 
ration of choke 3 but has little effect on the reluctance 
of its magnetic circuit, since a change in reluctance of 
the air gap produces an equivalent reluctance change in 
the iron because of its saturation characteristic. In con 
trast, in the stabilizer of FIG. 2, ?uctuations in line volt 
age Vml within the lower range result in signi?cant, in 
verse changes in choke voltage V51. Changes in the air 
gap width can accordingly have an appreciable effect on 
the range of stabilization possible. The insigni?cant ef 
fect of variations of air gap width on the performance of 
the stabilizer of the present invention, on the other hand, 
considerably simpli?es manufacture of the stabilizer. 

In a stabilizer according to the present invention, ca 
pacitor 9 handles a greater apparent power than in the 
prior art design, and if advantage is taken of the lower 
transformer saturation levels possible, less distortion of 
waveform will occur in the output waveshape. 

In the stabilizer of the present invention, the power 
factor presented to the line is always close to 1 over the 
full regulating range. It varies from capacitive values 
close to 1 With low line voltages, to inductive values close 
to 1 with high line voltages. This relationship is shown 
in FIG. 3 by the relatively small phase angle between cor 
responding values of Vin and 11,1’, and results in enhanced 
ef?ciency for the stabilizer. 

While variations in load have not been considered in 
the present analysis, the stabilizer of the present invention 
operates independently from the load within predeter 
mined limits. If desired, well known circuits may be 
included to compensate further for load ?uctuations or 
variations. 

Although transformer 4 has been described as a satur 
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6 
able transformer, it will be appreciated that the trans 
former may be replaced by a saturable reactor, where 
voltage or current transformation is not required. On the 
other hand, advantage may be taken of the presence of 
the transformer to provide output voltages different from 
the line voltage where desired or required. 
What is claimed as new is: 
1. A magnetic voltage stabilizer comprising: 
a reactor having a linear and a nonlinear operating 

region; 
a non-linear saturable transformer having a primary 

and a secondary winding; 
means for applying input voltage to the primary wind 

ing of said saturable transformer through said series 
reactor; 

a capacitor connected in shunt with the primary wind 
ing of said saturable transformer, said reactor, trans 
former and capacitor being selected to respond to 
applied input voltages to cause said saturable trans 
former to operate in its linear region at the maximum 
range of input voltages, and to cause said reactor 
to operate in its non-linear region in response to in 
put voltages less than the maximum producing linear 
operation. 

2. A voltage stabilizer for providing a substantially 
constant output voltage in response to widely varying 
applied input voltages ‘comprising: 

a ?rst saturable reactor; 
a parallel resonant circuit including a second saturable 

reactor and a capacitor; 
means for applying line voltage to said parallel resonant 

circuit through said ?rst saturable reactor, said par 
allel resonant circuit being adjusted to resonance at 
a value of applied input voltage substantially cor— 
responding to the upper limit of input voltage for 
which a stabilized output voltage is achieved, and said 
?rst saturable reactor being adjusted to saturate in re 
sponse to applied input voltages less than the upper 
limit of input voltage with the stabilizer under load; 
and 

means for deriving an output voltage from said second 
saturable reactor. 
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