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This invention relates to a voltage regulator and more 
particularly to a voltage regulator utilizing electric cur 
rent valves to control the voltage output. 

In certain applications such as control systems and the 
like it is necessary to provide a regulated direct current 
voltage as the source of power. However, while a regu 
lated DC source is necessary frequently'it need only be 
regulated to within specified limits to be used to power 
the control circuit or may otherwise be fed through 
another voltage regulator to obtain a more closely regu 
lated DC voltage. In such voltage regulation it is im 
portant to provide a feedback loop to sense the output of 
the circuit for voltage regulation within the limits of the 
regulator. It is additionally important for such a regu 
lating circuit to operate over a wide frequency range in 
a manner to provide a regulator suitable for universal 
application. 

It is therefore the object of this invention to provide a 
voltage regulator having a wide frequency range capa 
bility and utilizing a feedback system for output voltage 
regulation. 

In a preferred embodiment of the invention there is 
provided a voltage regulator wherein the input signal is 
supplied to a distribution transformer primary winding 
in series connection with parallel and opposed connected 
current valves, with the primary winding of a control 
transformer also connected in parallel across the input 
terminals having secondaries connected through control 
circuits to saturable reactors in a manner such that each 
controls the electric current conduction of one of the 
current valves with the saturable reactors having bias 
windings providing reference and feedback signals re 
sponsive to the output of the distribution transformer in 
a manner such that conduction through the control cir 
cuits is controlled by the feedback signal and in turn con 
trois the electric current conduction through the current 
valves to regulate the signal supplied to the primary of 
the distribution transformer and in turn regulate the volt 
age output from the distribution transformer. 

Other objects and many of the attendant advantages of 
this invention will be readily appreciated as the same be 
comes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings wherein: 
FIG. l is a schematic diagram of one embodiment of 

the invention, 
FIG. 2 represents a wave form of the 

the input terminals of the regulator, 
FIG. 3 represents a wave form of the voltage 

through one branch of the control circuit, 
FIG. 4 represents a wave form of the Voltage signal 

through the other branch of the control circuit, 
FIGS. 5, 6 and 7 represent voltage signals at the out 

put transformer of the regulator. 
Referring now to FIG. 1 illustrating a preferred em 

bodiment -of the invention, the regulator circuit is illus 
trated in schematic form comprising a pair of terminals 
15 and 16 to which is applied an unregulated alternating 
current signal from a source 17. Tracing the power cir 
cuit of the regulator from the terminal l5 through the 
juncture I3 power is supplied to a distribution trans 
former 19 by electric current flow through the primary 
Winding 20 to the juncture 21 where the current may 
thereafter pass through one of the electric current valves 
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or silicon control rectiliers with the choice of which valve 
depending upon the direction of current ñow or the half 
cycle of the alternating current source, and thereafter 
flow through the terminal 24 and terminal 25 to the ter 
minal 16 and the alternating current source 17. 
The secondary circuit of transformer 19 includes sec 

ondary winding 29 having terminals 30 and 31 with a 
center tap terminal 32. Connected across the terminals 
30 and 31 is a full wave rectifier 33 comprising rectifiers 
34, 35, 36 and 37 such that current flows out of terminal 
38 and back into terminal 39 of the transformer second 
ary 29 in a manner to provide direct current flow through 
the terminals 40 and 4l.. Filter capacitors 42. and 43 are 
connected between the center tap of the transformer at 
terminal 44 and the terminals 4@ and 4l to provide a 
low-reactance path for alternating currents and further 
smooth out the direct current flow. 
However voltage supplied to the secondary in this form 

will be unregulated, that is it will vary with the voltage 
level of that supplied from the source 17, for instance if 
this source is driven by an internal combustion engine 
such as a turbojet as the engine speed increases the volt 
age level and frequency will change and the voltage level 
of the output will change giving an unregulated voltage 
at the terminals 40 and 41. To overcome this the control 
circuit Sil is provided which senses the voltage output of 
the circuit and regulates the output within specified limits. 
The control circuit comprises a transformer 5l having a 
primary winding 52 and secondary windings 53 and 54 
with the polarities indicated conventionally by the dots. 
The primary winding 52 is connected across the termi 
nals 18 and 25 which places them in series connection 
with the alternating current source 17. This control cir 
cuit including the primary winding 52 presents a high im 
pedance to control current flow, therefore, most of the 
current from the alternating current source 17 passes 
through the primary winding Ztì of the distribution cir 
cuit of the distribution transformer which supplies the 
output power current for the regulator thereby making 
the regulator more efficient. The secondary winding 53 
impresses a voltage across the series circuit including the 
gate winding S6 of the current valve or saturable trans 
former 5S having an iron core 57, and thereafter through 
a diode 58 and a load resistor 59 back to the other ter 
minal of the secondary winding 53. Similarly the second 
ary winding 54 impresses a voltage across the gate wind 
ing 61 of the saturable reactor al) having an iron core 62, 
the diode 63 and the load resistor 64 back to the second 
ary winding S4. The gate windings 56 and 6l are posi 
tioned on toroidal square loop cores having control wind 
ings 65 and 66 such that at some point during each half 
cycle the voltage supplied by either the secondary Wind 
ings 53 or 54 will pass a current through the associated 
gate winding 56 or 6d creating a flux density which when 
added to that of the control windings 65 and 6o will 
cause the reactor to saturate and thereafter represent sub 
stantially a short circuit through the diode $3 or 6-3 to 
impress a voltage across the load resistor 59 or 64 de 
pending upon the polarity of the primary winding 52. 
While an iron core saturable reactor is illustrated it should 
be understood that other types of current Valves could 
be utilized. 

Referring now to FIG. 2 which represents one cycle 
of the alternating voltage as seen across the input termi 
nals Vof the regulator and across the winding 52 while 
FIG. 3 represents the current How through one branch of 
the control circuit through winding 53, gate winding 56 
and load resistor 59 with the curve from the points A to 
B representing the non-saturated state of the core 57 of 
the winding 56 during the time which the core 57 has 
not saturated thereby causing winding 55 to represent a 
high impedance to current flow. At point B the core 57 
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saturates and the current rises sharply to point C since 
the impedance of the coil 56 now represents essentially 
a short circuit until the alternator voltage returns to Zero 
at point D at which timel the diode 58 prevents the cur 
rent ñow in the opposing direction wit-hin this circuit'. 
Thereafter for the next half-cycle the circuit' of the sec 
ondary winding 5'4‘ acts in thel same manner with the 
voltage signal as illustratedl in FIG. 4. 
At point C there is a sudden rise in voltage across the 

load'v resistor 59 dueto the increased current flow which 
occurs after core saturation. A current limiting> resistor 67 
and the gate or control electrode 6'8‘ of a current valve or 
lsilicon contol’ rectifier 22 are connected in' parallel with 
this voltage> being impressed thereacross with a portion 
of this voltage' causing the rectifier 22v to switch from» a 
non-conducting to the conducting state in> the' known 
manner. The rectifier 22- continues in the conductive state 
until the alternator voltage returns'to z'erowhen it again 
returns to a non-conducting state. During' the period" of 
the cycle in FIG. 3 from points C to D the alternating 
current source 17 is connected through the conducting 
silicon control rectiñer'22 to the primary winding 20 of 
the' distribution transformer 19.A During the secondl half 
cycle or'f'rom point D' to point G of the voltage curve of 
FIG. 2 the silicon control’ rectifier 22‘ is back biased and' 
is thusnon-conducting; However, since thev diodes 581and' 
63 are connected" in an opposing voltage relationship' dur 
ingl this half-cycle from points D to G o'n the curve the 
control circuitV including the secondary winding 54: con 
trols` and' operates in the same manner as that circuit’ of 
winding 53’l to supply a voltage across the' load resistor 
64. ThusV since the current limiting resistor' 69 and’ gate 
or control electrode 70 are connected' in parallel with this 
resistor, a portion of this voltage' is suppliedv to the con 
trol electrode 70' ofthe silicon control rectifier 23' which 
operates in the manner as rectifier 22' or as'.v illustrated 
iuthecurrent'iiowcurve of‘FIG; 4 such thaty upon satura 
tion of thev saturable reactor core 62, which occurs at 
pointV E, the' current immediately jumps to that illustrated 
at point F since the reactor winding 61' isV now substan 
tially a short circuit, and' follows the voltage curve to G 
.at which.l time the voltage againk reaches zero and the 
diode 63 prevents' a reversal in current fiow. 
Thus it can be seen that current' iiow during each half 

cycle is controlled by either the control circuit including 
the secondary winding 53’ or by the circuit including sec 
ondary winding 54 with the conduction of the current 
valves or silicon control rectifiers 22 and 23 controlled 
regulated’y by theA saturation point at which the saturable 
cores 57'and 62 saturate. Thus the current flow for each 
half-cycle is controlled through the primary winding 20 
of thefdistribution transformer 19 regardless of the direc 
tion. of current ñow with the total flow generally as illus 
tratedin FlGS. 5 through 7. As illustrated in these figures 
theÄ amount of current flow per half-cycle may be con 
trolled by regulating the saturation point of the saturable 
reactors 55 and 60 which in turn controls the tiring or 
conduction of the electric current valves 22V and 23. These 
valves 22 and 23>control current fiow through the primary 
of the distribution transformer 19. If the silicon control 
rectifiers Z2 and 23 are caused to fire earlier during each 
half-cycle the current flow through the winding 20 is as 
illustrated in FIG. 6 and if the control'rectifiers are caused 
to lire later in each half-cycle the voltage or current curve 
is as illustrated in FIG. ̀7. 
To control the saturation of the saturable reactors 55 

and 60. and thereby control the current flow through the 
distribution primary winding 20 as heretofore described 
control windings 65` and 66 on the saturable reactors 56 
and 60y respectively are provided which are connected to 
control the saturation of these saturable reactors respon 
sive. to the output voltage of the distribution transformer 
as detected' at the junctions 40 and 41. By the manner in 
which the-voltage from the secondary winding 30 of the 
distribution transformer is conducted through the full 
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4 
wave rectifier 33, the juncture 40 is always positive with 
respect to the juncture 44 and the juncture 41 is always 
at a negative potential with respect to the juncture 44.' 
The voltage between juncture 40l and juncture 44 is sup 
plied across the series combination of a resistor 71 and 
a Zener diode 72. The Zener `diode 72 has a breakdown 
voltage lower than the voltage across the junctures 40 to 
44 while the resistor 71I limits the current through the di 
ode to that desired value. By the regulating action of the 
Zener diode 72 in the normal manner the voltage across 
the Zener diode 72 is maintained a constant value and 
this voltage is appliedI across the control winding 65> 
through a current control resistor 73 to establish a con 
trol current for the saturable reactors of the control cir 
cuit 50. Since the voltage across the Zener diode 72 is con 
stanty the control current through the controll winding 65' 
will remain constant and' therefore serve as a constant 
reference current establishing a constant reference flux 
in> the cores 57' and 62. Current is also caused to íiow 
through the' contro1> winding 66 from the juncture 40 
throughV the current limiting resistor 74~ and this control 
winding back tofthey juncture 41 with this current> respon 
sive to the voltage potential across the juncture 40 to 41 
or thatY voltage representing the output of the distribution 
transformer 19; The voltage which the subject regulator 
will: maintain across-the junctures ‘tuto 41 is made adjust 
able by adjustment ofthe value of the variable resistor 74'. 
The primary to secondary turns ratio of the transformer 
19I is setI so. that the voltage of alternating'currentsource 
1~7~ is: slightly larger than that' required: to produce the 
desired voltages across the junctures 40 to 41 at' the low 
estl alternator frequency whereA operation is desired.` 

Since, as indicated bythe polarities of the control wind 
ings 65 and' 66fthese; windings present an opposing or 
bucking flux` in the -saturable reactor cores 57 and 62 the 
firing angles or points of the siliconcontrol rectifiers 22 
and' 23~ are-controlled’ by the relationship or additive effect 
of thefcurrents through these control. windings by control 
ling- the saturationk _levels of> the saturablereactors. For 
instance-ifr the voltage across the junctions 40'and 41 in 
creases4~ causing a corresponding. increase in the voltage 
across the controly winding 66', the flux level of the satu 
rable’reactor initheldirection> opposing the constant refer 
ence; flux resulting from winding 65> is decreasedl so as; to 
slow the saturation of the reactors and thereby slow the 
firing~ of the control rectifiers such that the voltage across 
the junctures 4flfandf 41 is again decreased to the desired 
regulated' level. This delay in the firing of control rec 
tiliers 22 and 23'= will“ cause a current iiow through the 
primary winding` 20~ of the distribution transformer 19 to 
approach that illustrated in FIG. 7- which serves to de 
crease the current or voltage output of the distribution 
transformer secondary winding 30 to ̀ that point at'which 
the current throughï the control winding 66 responsive to 
the voltage across-the junctures 40 and 41 is at the level 
which the regulator is set to sustain. Similarly a decrease 
in voltage across. the junctures 40 and 41 will serve to 
decrease the voltage and resulting fiuX of the winding 66 
allowingthe currentI through winding 65- to increase the 
liux level in the cores in a direction to cause an earlier 
firing of the silicon control rectifiers 22 and 23 during 
each cycle as illustrated in FIG. 6 to restore the current 
through the secondary winding 30 of the distribution 
transformer 19 to the level necessary to induce the de 
sired' voltage and currentv in the secondary circuit as 
detectedy across the junctions 40 and 41. 

In this manner the subject regulator serves to control 
the voltage output irrespective of frequency input since 
the total circuit operates from the same power source 
signal. While particular embodiments of the invention 
have been illustrated and described, it willV be obvious 
to those skilled in the art that various changes andmod 
ifications may be made without departing from the inven 
tion andit is intended to cover in the appended claims all 
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such changes and modifications that come within the true 2. In a rectifier as in claim 1 wherein, 
spirit and scope of the invention. the silicon-controlled rectifier means comprise a pair 
What is claimed as new and desired to be secured by of oppositely pole-d silicon-controlled rectifìers, each 

Letters Patent of the United States is: having acontrol electrode and 
1. In a rectifier having an alternating current input and 5 the magnetic amplifier means comprise a pair of gate 

a direct current output, windings of opposite polarity, driven from said alter 
means for regulating the potential of the direct current nating input with the gate windings being respec 

output comprising, tively connected to the control electrodes of the sil 
silicon-controlled rectifier means connected in series icon-controlled rectiiiers. 

with the alternating current input, 10 
magnetic amplifier means having two control windings, References Cited 
a fixed reference voltage connected across one control UNITED STATES PATENTS 

winding, thereby providing a constant reference cur 

rent therethrough, the other winding being connected 1% gacllïson ““““““““““ _“ across the direct current output providing a variable 15 3’0„7’159 5/1962 Bac _son  _" 21-25 
current íiow fluctuating as the direct output potential ’ J ’ fown “““““““““““ _' 2 _ 

2,945,172 6/1960 Bixby _____________ __ 321-25 
fluctuates, and 2 920 240 1/1960 M k1' 315 201 means connecting the output of said magnetic arnpliiier ’ ’ ac m  “ _` 

to said silicon-controlled rectifier means and control- _. . 
ling the firing thereof to vary the alternating current 20 JOHN F“ COUCH’ Fumar), Exammer‘ 
input to the rectifier inversely to changes in the direct H. HUBERFELD, M. WACHTEL, Assistant Examiners. current output potential. 


