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This invention deals with a regulated rectifying system,
and especially with a system in which a small source of
regulated voltage serves as a standard for controlling the
output of a larger system. This invention is an improve-
ment over the arrangement shown in my U. S. patent
application Serial No. 780,408, filed October 17, 1947,
now Patent No. 2,653,293, which is a regulated rectify-
ing system employing a source of standard voltage to
control the output voltage of a relatively large rectifying
system.

An object of my invention is to provide a regulated
rectifying system in which the rectified output voltage is
substantially independent of the alternating current volt-
age, the input frequency, the load current, and the am-
bient temperature.

A further object of my invention is to limit the maxi-
mum output current of a regulated rectifying system
and to reduce the output of the standard voltage source
when the current limit is reached.

Another object of my invention is to synchronize the
operation of two or more regulated rectifiers operating
in parallel to make them share the load in proportion
to their ratings.

Another object of my invention is to increase the
output voltage of a regulated rectifier with increasing
load current in order to supply constant voltage to a
load supplied from the regulated rectifier through a series
resistance.

My present invention employs a different type of
standard voltage source which is not sensitive to changes
in line frequency, and which has several other advantages
which will be pointed out more particularly in the speci-
fication.

When a regulated system has its output voltage con-
trolled by comparison with a standard voltage, the point
at which the standardizing circuit is connected is the point
at which the voltage will be regulated. Sometimes the
load is located a distance away from the source of regu-
lated power, and a considerable voltage drop may occur
between the source and the load.

In prior devices, this resulted in a dropping voltage
characteristic at the load, which could be compensated
by extending a set of potential leads, used for the voltage
comparison circuit, to the load. By this means, the volt-
age at the load could be regulated to the required degree
of accuracy, but the installation was considerably com-
plicated by the extra potential leads, and by the necessity
for protection in the potential circuit, particularly protec-
tion against the possibility of the power source becom-
ing disconnected from the potential leads.

By means of my present invention, these difficulties can
be overcome and the voltage drop between the source of
power and the load can be compensated without extend-
ing the standard voltage circuit to the load. Instead,
the standard voltage source of my invention can be
made with a voltage characteristic rising with increasing
load current, this characteristic being adjustable to match
the voltage drop between the power source and the load.
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Another feature of my inventicn is the positive syn-
chronization of two or more regulated rectifiers operat-
ing in parallel across a common load. When two or
more regulated rectifiers or other direct current power
supply units having constant direct current output voltage
operate in parallel with each cther, the fact that each
unit maintains a nearly constant voltage up to its full
rating tends to cause an unegual division of load current
between the several power supply units. If one of the
units has a slightly higher regulated output voltage than
another, even though the difference in voltage is very
small, the unit having the higher cutput voltage may de-
liver its full load current before the lower unit delivers
any current at all. My present invention overcomes this
disadvantage, and makes it possible to operate two or
more constant voltage rectifier units in parallel with each
other and to syachronize their operation so that each unit
carries its proportionate share of the load current. 1 ac-
complish this by means of a synchronizing circuit extend-
ing from one to the other of the regulated rectifier units
and effecting the standard voltage source of each unit in
such a way as to increase or decrease its voltage just
enough to produce the proper division of load current
between the two or more rectifier units.

The synchronizing circuit is energized by an auxiliary
rectifier in each power supply unit. The auxiliary recti-
fier produces an output voltage substantially proportional
to the output current of the power supply unit. By bal-
ancing the voltage of the auxiliary rectifier in one unit
apainst that in another unit by means of the synchroniz-
ing circuit, I am able to regulate the output current of
each power unit to produce the required division of load
current as will be pointed out in more detail in the fol-
lowing specification.

Other objects of my invention will become apparent
by referring to the following specification and claims
taken in conjunction with the accompanying drawings,
in which: .

Figure 1 shows the circuit diagram of a voltage regu-
lated rectifying system made according to my invention
and capable of supplying a constant output voltage which
is substantially unaffected by input voltage or frequency
and by ambient temperature. The system shown in
Figure 1 is equipped to be synchromized with another
similar system operated in parallel with it. It also in-
cludes means for limiting the maximum output current
of the rectifying unit, and for compensating for resistance
existing between the load terminals of the unit and the
load;

Figure 2 is a detailed drawing of one of the three-legged
reactors which is shown symbolically in Figure 1;

Figure 3 shows an alternative arrangement for the satu-
rating reactors shown in Figure 1, employing two sep-
arate saturating cores in place of a single three-legged re-
actor; and

Figure 4 is a circuit diagram showing how two of
the regulated rectifying units such as shown in Figure 1
can be operated in parallel, taking advantage of the syn-
chronizing feature shown in Figure 1.

Referring more particularly te Figure 1, there is shown
a regulated rectifying arrangement having alternating cur-
rent input terminals 87, 88 and 89 energized from the
three-phase alternating current source 1§, and having
direct current load terminals 11 and 12 to which a load
74 is connected through a series resistance 80. The power
circuit which extends from the alternating current input
terminals to the direct current load terminals includes
rectifier elements, impedance windings which control! the
flow of current through the rectifier elements, and series
transformer windings which are used in the control cir-
cuit. Thus the power circuit extends from the input ter-
minals 87, 88 and 89 through the series transformer
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windings 16, 17 and 18 and through the impedance wind-
ings 28, 29, 39, 31, 32 and 33. These impedance wind-
ings are located on the three-legged magnetic core struc-
tures 25, 26 and 27 indicated symbolically by the T-shaped
figures on the diagram. Each magnetic core structure has
impedance windings located on its two outer core mem-
bers and aiso has saturating windings located on its cen-
tral core member. Thus on the three-legged core struc-
ture 26, impedance windings 28 and 29 are on the two
outer core members and saturating windings 34 and 37
are on the central core member.

Each of the impedance windings is connected in series
with a half wave rectifier element, thus impedance wind-
ing 28 is in series with rectifier element 49, impedance
winding 29 is in series with rectifier element 41, winding
30 in series with rectifier 42, winding 31 in series with
rectifier 43, winding 32 in series with rectifier 44 and
winding 33 in series with rectifier 45. Together, these
six rectifier elements constitute a full wave three-phase
rectifier bridge supplying direct current to ‘the load ter-
minals 11 and 12. Filter choke 46 connected between
the rectifiers and positive output terminal 11 serves to
filter the output current, but this choke may be omitted
where the load does not require the elimination of the
small amount of ripple present in the three-phase full
wave rectified output,

The impedance of windings 28-33 inclusive, and con-
sequently the current supplied to terminals 11 and 12 is
primarily controlled by the current flowing through sat-
urating windings 34, 35 and 36. The current through
these windings is determined by balancing a' standard
voltage appearing across resistor 69 against the voltage
across load terminals 11 and 12.

The standard voltage source in Figure 1 is of the type
shown and described in my U. S. patent application en-
titled “Voltage and Current Regulator,” which is being
filed concurrently with this present application. The
voltage source comprises the three-legged magnetic core
structure 89 shown symbolically by the T-shaped figure
and having impedance windings 61 and ‘62 on its two
outer core members and saturating winding means com-
prising windings 60, 63, 64 and 85 on its central core
member.

The symbolic representation of the three-legged core
structure used in Figure 1 can be more clearly understood
by reference to Figure 2 in which the three-legged core
§9 is diagrammatically represented, with the impedance
windings 61 and 62 on the two outer core members, and
saturating windings 69, 63, 64 and 85 on the central core

member. Each of the impedance windings is connected

in series with a half wave rectifier elemient, element 65
being in series with winding 61 and element 66 being in
series with winding 62. These rectifier elements together
with elements 67 and 68 comprise a full wave rectifier
bridge energized from transformer 47 under the control
of impedance windings 6% and 62.

The three-legged core structure 59 is magnetized by a
substantially constant biasing current flowing through a
winding 60. The arrows shown in Figure 2 indicate the
directions of the direct current fluxes produced by the
various windings on core 59. Current through winding
60 premagnetizes the core structure with the flux flowing
upward in the central core member and dewnward in the
two outer core members. With the core thus premag-
netized, the impedance of windings 61 and 62 is very low
for all values of current up to the value of current which
substantially cancels the magnetization produced by wind-
ing 60. When this value of current is reached, the im-
pedance of the winding becomes very high, substantially
limiting the rectified current to a value determined by the
premagnetization produced by winding 60. Rectifiers 65
and 66 conduct on alternate half cycles of alternating cur-
rent, so that each half cycle is limited in the same way,
and the resultant rectified current supplied to resistance
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element 69 is very accurately limited to a value deter-
mined by the premagnetization of core 59.

The voltage balancing circuit extends from resistance
element 69 to direct current load terminals 11 and 12
through filter choke 70, saturating winding 34, 35 and
36, adjusting resistor 77, and saturating winding 63.

The current through saturating winding 63 increases
the premagnetization of core 59 with increasing load cur-
rent drawn from across resistor 69 at a rate sufficiently
great to cause the voltage across resistor 69 to increase
as the load current drawn from it increases, the amount
of increase being just sufficient to compensate for the
voltage drop through winding 63, resistor 77, filter choke
70, and saturating windings 34, 35 and 36. Because of
this characteristic, I am able to maintain a substantially
constant voltage across load terminals 11 and 12 even
when considerable values of saturating current are drawn
from the standard voltage source through the saturating
windings 34, 35 and 36. Furthermore, in case the cir-
cuit conditions are such that a reversal of current through
windings 34, 35 and 36 is required, the current reversing
through winding 63 reduces the premagnetization of core
59 at exactly the rate required to maintain constant volt-
age across terminals 11 and 12.

The output voltage characteristic of the circuit just de-
scribed is almost completely independent of input voltage
and input frequency, but by proper control of the ener-
gizing circuit connected to winding 60, I am able to com-
pensate for minor variations which may occur as the
result of changes in input voltage and input frequency.

The regulated biasing current for winding 60 is obtained
from rectifier 55 which is energized from source 10
through substantially linear inductances 49 and 54. The
saturable inductance 53 is also energized from source 10
through at least a portion of inductance 49; as shown
in Figure 1, it is connected to tap 50, with the optional
connections being shown as taps 51 and 52, tap 52 being
the end of the winding of inductance 49. Because of the
saturation of its core, the voltage across inductance 53
changes very little over a wide range of magnetizing cur-
rent. The slight variation in voltage across inductance
53 which may occur with increasing magnetizing current
(increasing input voltage) can be neutralized by proper
location of the taps 50 and 51. When the core material
used for saturable inductance 53 is such that the change
in voltage across inductance 53 is negligible over the nor-
mal operating range, tap 52 may be used for connection
with inductance 53.

Inductance 54 acts as a current limiting impedance in
the circuit of rectifier 55, so that even though the resist-
ance of the direct current circuit' connected to rectifier
§5, and comprising filter inductance 57, and winding 69,
may change due to changes in temperature, a substan-
tially constant current can be maintained through this
circuit. Furthermore, since the output voltage developed
across saturable inductance 53 increases linearly with
increasing frequency, and the impedance of linear induct-
ance 54 likewise increases linearly with increasing fre-
quency, the current through rectifier 55 may be main-
tained substantially constant with variable frequency input
as well as with variable voltage input from source 10.

A filter circuit comprising inductance 57, and resistors
56 and 58 is connected between rectifier 55 and biasing
winding 60. This filter circuit prevents ripple voltage
from winding 60 from being fed back into rectifier 55
where it could adversely influence the regulating prop-
erties of the circuit. Resistors 56 and 58 are preferably
proportioned so that the direct current passed by them
is a small fraction of the output of rectifier 55, so they
do not prevent the maintenance of constant current
through winding 60 when its resistance changes due to
changing temperature. Capacitors may be used.in place
of resistors 56 and 58, but the power handled by this
circuit is generally small and resistors are more econom-
ical.
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As previously mentioned, the regulating- circuit can be
made to have a characteristic which will compensate for
minor effects of the variation of source 10 on the regu-
lating properties of the impedance windings on core §9.
With saturable inductance 53 connected to tap 50 on
inductance 49, the current supplied to rectifier 55 can
be caused to decrease as the voltage of source 10 increases,
because of the effect of the voltage produced between
taps 56 and 52 on inductance 49. Since the voltage
across saturable inductance 53 is nearly constant with
variations in the voltage of source 10, the voltage drop
occurring through the entire winding of inductance 49
becomes more than sufficient to compensate for the vari-
ation in the voltage of source 10, because the voltage in
the portion of the winding terminated at tap 50 is suffi-
cient to compensate for practically all of the voltage
variation in source 10. Under these conditions, the volt-
age and current supplied to rectifier 55 diminish as the
voltage of source 10 increases. This characteristic can
be used to compensate for the effect of changing input
voltage on the reference source unit having magnetic
core 59. I am therefore able to maintain a substantially
constant voltage across terminals 11 and 12, even though
the performance of the saturating reactor having core §9
may not closely approach the ideal performance previ-
ously described.

The series transformer having primary windings 16, 17
and 18 are loaded with capacitors 13, 14 and 15 con-
nected across secondary windings 19, 20 and 21. With
these capacitors connected across the secondary windings,
the series transformers become substantially linear imped-
ance elements in series with the power circuit which
extends from the input terminals to the load terminals and
includes the regulating reactors and the rectifiers. As a
result, the voltage developed across the series transformers
increases substantially in direct proportion to the cur-
rent drawn from load terminals 11 and 12. Rectifier
48 connected to taps 22, 23 and 24 of secondary wind-
ings 19, 26 and 21 has an output voltage which there-
fore increases as the load current increases. The direct
current terminals of rectifier 48 are connected across
the direct current load terminals 11 and 12 in a circuit
which extends through windings 37, 38 and 39 on cores
25, 26 and 27 and also through winding 64 on core 59.

The purpose of rectifier 48 is to limit the maximum
output current which can be drawn from load terminals
11 and 12 to a value which is within the safe operating
limits of the rectifying unit. As long as the load cur-
rent is below a predetermined maximum value, the volt-
age developed by rectifier 48 is less than the voltage
across terminals 11 and 12 and the circuit extending
through windings 37, 38, 39 and 64 passes substantially
no current, as the current is blocked by the reverse resist-
ance of rectifier 48. However, when the load current
exceeds this predetermined maximum, the voltage devel-
oped by rectifier 48 exceeds the voltage across load ter-
minals 11 and 12 and the rectifier delivers current through
the windings just mentioned. The current flowing through
windings 37, 38 and 39 is in a direction which demag-
netizes the cores 25, 26 and 27, thereby causing the
impedance of windings 28—33 to be increased in order
to limit the load current.

t the same time, the current which rectifier 48 passes
through winding 64 on core 59 opposes the magnetization
produced by winding 6% and reduces the flow of current
supplied to resistance element 69, thereby reducing the
standard voltage. By this means, I am able to reduce
the standard voltage at the same time that the imped-
ance of windings 28—33 is increased so that the action
of the standard voltage source does not oppose the de-
magnetizing action of the current delivered by rectifier
48 through windings 37, 38 and 39. In some cases the
result of reducing the standard voltage when the circuit
is overloaded will be sufficient to limit the load current
and the windings 37, 38 and 39 can be omitted entirely,
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because the load voltage will be reduced at the same
time the standard voltage is reduced.

Rectifier 78 is also energized from the series trans-
formers having primary windings 16, 17 and 18. The
rectifier 78 is energized from secondary windings 25, 26
and 27, and it likewise develops across resistor 79 an
output voltage which increases in proportion to the load
current. This voltage is used both for synchronizing
with other rectifiers, and for the compensation for the
voltage drop across resistance 86 between the load ter-
minals 11 and 12 and the load 74.

i obtain the synchronizing feature by connecting one
terminal of resistor 79 to a separate terminal 73 desig-
nated as a synchronizing terminal. In the circuit shown,
terminal 73 is connected to the negative end of resistor
7¢. 'The required portion of the voltage across resis-
tor 79 is obtained from slider 76 which is connected
to the positive load terminals 11 through the circuit
which includes resistance element 77 and, optionally,
winding 64 on core 59. This circuit is intended to be
used as a balancing arrangement when two or more
rectifier units of this type are operated in parallel across
a common load.

When the synchronizing terminal 73 is connected to
a similar synchronizing terminal in another regulated
rectifier, as shown in Figure 4, the voltage developed be-
tween terminal 11 and terminal 73 in the one rectifier
is balanced against the voltage developed between ter-
minal 11 and terminal 73 in the other rectifier. Because
this voltage consists primarily of the voltage developed
by rectifier 78 in each machine, the voltages balanced
against each other are proportional to the load currents
delivered by the several regulated rectifier units. For
example, if the rectifier unit as shown in Figure 1 is
delivering more than its share of load current, the volt-
age developed across resistor 79 in Figure 1 will be
greater than the voltage against which it is balanced,
and a current will flow from slider 76 through the cir-
cuit consisting of resistor 77 and, optionally, winding
64. The flow of current from rectifier 78 through re-
sistor 77 causes an additional voltage drop through re-
sistor 77, and since resistor 77 is common fo both the
synchronizing circuit and the voltage balancing circuit
which extends from resistor 69 to load terminals 11 and
12, the additional voltage across resistor 77 will appear
in the voltage balancing circuit, and will modify the out-
put voltage of the regulated rectifier unit. In this case,
the additional voltage drop through resistor 77 will re-
duce the voltage across load terminals 11 and 12, by re-
ducing the saturating current through windings 34, 35
and 36. The optional use of winding 64 is controlled
by contacting member 86 which may be connected either
to terminal 73 or to terminal 72.

When contacting member 86 is connected to terminal
71, the output current from rectifier 78 will flow through
winding 64 as well as through resistor 77. The direc-
tion of current flow through winding 64 is such that the
effect on the regulaticn is the same as the effect of the
voltage drop through resistor 77. In other words, when
the rectifier, as shown in Figure 1, is delivering more
than its share of load current, so that current from recti-
fier 78 flows out through tap 76 and through winding
84, the magnetization of core 59 is reduced, reducing
the voltage acress resistor 69 and thereby reducing the
output voltage appearing across load terminals 31 and
12. This has the effect of reducing the output voltage
and consequently the output current of any rectifier which
is delivering more than its share of load current. Con-
versely, the flow of current in the reverse direction
through this circuit will increase the output voltage of
any rectifier which is delivering less than its share of
load current.

Although the circuit as shown makes use of both re-
sistor 77 and winding 64, resistor 77 may be omitted
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‘when wmdmg 64 is used, and wmdmg 64 may be oxmtted
from this circuit when resistor 77 is used.

The slider 75 on resistor 79 energizes winding 85 on
core 59. The magnetizing effect of winding 85 is pref-
erably small compared to the effect of winding 68, and
is used to adjust the output voltage across terminals
'11 and 12 in order to compensate for the voltage drop
through resistor 8¢. As indicated in Figure 2, the flow
of current through winding 85 magnetizes the core 5%
in the same direction as the flow of current through wind-
ing 60. Because the voliage supplied to rectifier 78
‘and resistor 79 increases directly in proportion to the
load current, the standard voltage across resistor 69
which is determined by the magnetization of core 59
increases linearly as the load current increases. By the
proper adjustment of slider 75 on resistor 79, this in-
crease in voltage can be made to exactly compensate
for the voltage drop through resistor 80, so that the load
74 receives a constant voltage from load terminals 11
and 12 over the full range of load current. This is an
extremely useful characteristic, as it permits regulation
inside the regulated rectifying unit to compensate for
voltage drop in a resistance outside the unit which may
be located a considerable distance away, as the load
74 may be located a considerable distance from the reg-
ulated rectifying unit. Furthermore, simply by adjust-
ing tap 75 to the desired point, I am able to compen-
sate for changes in the resistance 88, and, if desired,
the tap 75 can be moved to the lower end of resistor 79
to completely eliminate compensation of this type, as
for example, when the resistance 89 is negligible.

The inductance 70 connected in series in the voltage
balancing circuit between resistor 69 and load terminals
11 and 12, is used to limit the flow of alternating cur-
rent through this circuit. In general, some ripple volt-
age may appear across load terminals 11 and 12, and
prefer to keep this ripple voltage from causing an ap-
preciable current flow back through the control circuit
to resistor 63 where it could be impressed on the recti-
fier elements 65, 66, 67 and 68 to change their output
voltage.

As previously mentioned, Figure 2 is a diagrammatic
"drawing of the three-legged core structure 59 indicated
symbolically in Figure 1. The arrows on Figure 2 in-
dicate the relative directions of the normal magnetizing
forces produced by the various windings. Thus, the
current through winding 60 produces a magnetizing
force in the upward direction in the central core mem-
ber to premagnetize the core 59. The direct current
flowing through windings 61 and 62 opposes the pre-
magnetization of winding 60. In general, the demag-
netizing effect of the current through windings 61 and
62 will be substantially equal to the premagnetizing ef-
fect of the current through the windings 60, 85, 63 and
64 because the windings 61 and 62 have a very low im-
pedance as long as the core 59 is saturated, and their
impedance becomes very high as soon as the core 59 is
demagnetized to the point where the flux through the
core changes rapidly for small changes in magnetizing
current. As previously mentioned, the premagnetizing
effect of the current through winding 68 is aided by the
magnetizing effect of the current through compounding
winding 63, and by the effect of the variable current
through winding 85 which in Figure 1 is used to increase
the output voltage of the rectifying unit as the load cur-
rent increases. The current through winding 64 as in-
dicated on Figure 2, is used to reduce the magnetization
of core 5% and thereby reduce the output voltage of the
rectifying unit.

Figure 3 shows how the three-legged core structure of
Figure 2 can be replaced by two separate magnetic cores.
Winding 61 is shown on core 59A in Figure 3 and winding
62 is shown on core 59B. However, because the two
-flux paths in Figure 3 are separated from each other, the
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“impressed across either unit during all the
‘de-energized if it were not for the relay contacts 29 and

Y -
windings 60, 63, 64 and 85 are also divided, each winding
being divided into two parts, each part being identified
by the letter A or B according. to whether it is on core

‘59A or core 59B. Thus, windings 68A and 60B are in

series. with. each other, windings 63A and 63B are in
series with each other, windings 64A and 64B are con-
nected in series, and windings 85A and 858 are connected
in series, so that the magnetization of each of the two
flux paths in Figure 3. is substantially the same as the
magnstization of each of the two flux paths in Figure 2.

it will be apparent that the divisicn of the three-legged
core into two separate cores as is done in Figure 3 with
the core 59 can be applied equally well to 1he cores 25,

26 and 27 in Figure 1.

Fmﬂe 4 shows a circuit arr anﬂement for operatmg two

egulated rectifying units such as the one shown in Figure
1‘ in parallel with each other, making use of the syn-
chromizing connection in order to maintain accurate di-
vision of load between the two units. The two regulated
rectifying units in Figure 4 are designated as urnit A and
unit B, unit A being energized from source 19 through a
switch 83 and unit B being energized from source 10
through a switch 84. The direct current load terminals
11 and 12 of unit A are designated as terminals 11A and
i2A and the direct current load terminals of unit B are
designated as 118 and 12B. The load connections from

the two units are paralleled across the load 74.

. When switch 83 is closed, putting unit A in operation,
relay 81 operates closing contacts 8 and 91. When
switch &4 is closed putting unit B in operation, relay 82

“operates closing contacts 92 and 23. When both units

are in operation, therefore, the synchronizing terminals
73A and 73B are connected together through the relay
contacts 91 and 93. Therefore, if the voltage developed
by rectifier 78 across the portion of resistor 79 terminated

“at slider 76 is greater in one unit than it is in the other
unit, a

circulating current will flow through the syn-
chronizing circuit as previously described, increasing the

“output current of one unit and decreasing that of the

other unit. It is not necessary that both units be of the
same rating, it is only necessary that the voltage de-
veloped in the synchronizing circuit at full load be the
same in units which are to be synchronized. In this way,
the current will be divided between the units in operation
in proportion to their full load curreat ratings.

Relay contacts 99 and 92 which open one lead of the
direct current circuit to each rectifying unit can be used
to prevent possible reverse current flow through a recti-
fying unit which is not in operation. When contacts 99
and 92 are omitted, the voltage of the unit which is in
operation will be impressed across the unit which is not
in operation whenever the units are operated singly. In
addition, the load 74 may include a battery floated across
the line, and the voltage of the battery would then be
time it was

22. At the same time, it must be noted that the flow
of reverse current through a rectifying unit such as shown
in Figure 1 is blocked by the reverse resistance of the
rectifying elements, and when the value of reverse cur-
rent which the rectifiers will pass in the de-energized con-
dition is not objectionable, the contacts 98 and 92 may
be omitted. )

Although Figure 4 shows only two units operating in
paraliel, additional units operating in parallel across lead
74 can be operated in the same manner without difficulty.

Although I have described my invention with a certain

“degree of particularity as applied to a polyphase recti-

fying system, it is understood that this disclosure has
been made only by way of example and that single-phase

‘rectifying systems and other changes in the details of

construction and the combination and arrangement of
parts may be resorted to without departing from the
spirit and the scope of the mventwn as hewmafter

‘claimed.
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I claim as my invention:

1. A regulating arrangement having alternating current
input terminals and direct current load terminals and
comprising in combination, first rectifying means, first
magnetic core means having first impedance winding
means and first saturating winding means thereon, a first
circuit extending from the input terminals to the load
terminals and including said first impedance winding
means and said first rectifying means in series, second
rectifving means, second magnetic core means having
second impedance winding means and second saturating
winding means thereon, a resistance element, a second cir-
cuit extending from said input terminals to said resistance
element and including said second rectifying means in
series with said second impedance winding means, a third
circnit extending from said resistance element to said
load terminals and including at least a portion of each
of said first and second saturating winding means, to
control the impedance of the first impedance winding
means in response to the difference between the voltage
across said resistance element and the voltage across the
load terminals, and means for supplying a substantially
constant direct current to at least a portion of said second
saturating winding means to regulate the voltage across
said resistance element.

2. A regulating arrangement having alternating cur-
rent input terminals and direct current load terminals
and comprising in combination, first rectifying means,
first magnetic core means having first impedance winding
means and first saturating winding means thereon, a first
circnit exiznding from the Input terminals to the load
terminais and including said first impedance winding
means and said first rectifying means in series, second
rectifying means, second magnetic core means having
second impedance winding means and second saturating
winding means thereon, a resistance element, a second
circuit extending from said input terminals to said re-
sistance element and including said second rectifying
means in series with said second impedance winding
means, a third circuit extending from said resistance ele-
ment to said load terminals and including at least a por-
tion of each of said first and second saturating winding
means to control the impedance of the first impedance
winding means in response to the difference between the
voltage across said resistance element and the voltage
across the load terminals, third rectifying means con-
nected to at least a portion of said second saturating
winding means, first and second substantially linear in-
ductances, a saturable inductance, a fourth circuit ex-
tending from said input terminals to said saturable in-
ductance and including at least a portion of the first
linear inductance, and a fifth circuit extending from said
input terminals to said third rectifying means and in-
cluding the first and second linear inductances in series.

3. A regulating arrangement having alternating current
input terminals and direct current load terminals and com-
prising in combination, first rectifying means, first mag-
netic core means having first impedance winding means
and first saturating winding means thereon, a first circuit
extending from the input terminals to the load terminals
and including said first impedance winding means and said
first rectifying means in series, second rectifying means,
second magnetic core means having second impedance
winding means and second saturating winding means there-
on, a resistance element, a second circuit extending from
said input terminals to said resistance element and includ-
ing said second rectifying means in series with said second
impedance winding means, a third circuit extending irom
said resistance element to said load terminals and includ-
ing at least a portion of each of said first and second
saturating winding means to control the impedance of
the first impedance winding means in response to the
difference between the voltage across said resistance ele-
ment and the voltage across the load terminals, and means
for impressing on a portion of sald second saturating wind-
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10
ing means an additional direct current substantially pro-
portional to the load current drawn from said load
terminals,

4. A regulating arrangement having alternating current
input terminals and direct current load terminals and com-
prising in combination, first rectifying means, first mag-
netic core means having first impedance winding means
and first saturating winding means thereon, series trans-
former means, the first rectifying means and the first im-
minals to the load terminals and including the series trans-
former maens, the first rectifying means and the first im-
pedance winding means in series, second rectifying means,
second magnetic core means having second impedance
winding means and second saturating winding means, a
resistance element, a second circuit extending from said
input terminals to said resistance element and including
said rectifying means in series with said second impedance
winding means, a third circuit extending from said resist-
ance element to said load terminals and including at least
a portion of each of said first and second saturating wind-
ing means, means for supplying a substantially constant
direct current to said second saturating winding means,
third rectifying means energized from said series trans-
former means, and a fourth circuit extending from the
third rectifying means to the load terminals through a por-
tion of said second saturating winding means and carry-
ing current when the voltage of the third rectifying means
exceeds the voltage across the load terminals, thereby re-
ducing the voltage acress said resistance element when the
load current exceeds a predetermined value.

5. A regulating arrangement having alternating current
input terminals and direct current load terminals and com-
prising in combination, first rectifying means, first mag-
netic core means having first impedance winding means
and first saturating winding means thereon, series trans-
former means, a first circuit extending from the input ter-
minals to the load terminals and including the series trans-
former means, the first rectifying means and first imped-
ance winding means in series, second rectifying means,
second magnetic core means having second impedance
winding means and second saturating winding means, a
resistance element, a second circuit extending from said
input terminals to said resistance element and including
said second rectifying means in series with said second
impedance winding means, a third circuit extending from
said resistance element to said load terminals and includ-
ing at least a portion of each of said first and second satu-
rating winding means, means for supplying a substantially
constant direct current to said second saturating winding
means, third rectifying means energized from said series
transformer means, and supplying additional current to
said second saturating winding means to thereby modify
the voltage across said resistance element in proportion to
the amount of load drawn from said load terminals.

6. A regulating arrangement having alternating current
input terminals and direct current load terminals and
comprising in combination, first rectifying means, first
magnetic core means having first impedance winding
means and first saturating winding means thereon, series
transformer means, a first circuit extending from the input
terminals to the load terminals and including the series
transformer means, the first rectifying means and the first
impedance winding means in series, second rectifying
means, second magnetic core means having second im-
pedance winding means and second saturating winding
means, a resistance element, a second circuit extending
from said input terminals to said resistance element and
including said second rectifying means in serjes with said
second impedance winding means, a third circuit extend-
ing from said resistance element to said load terminals
and including at least a portion of each of said first and
second saturating winding means, means for supplying a
substantialiy constant direct current to said second sat-
urating winding means, third rectifying means energized
from said series transformer means, a second re-
sistance element energized from the third rectifying means,
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and a fourth circuit extending from one of said load ter—
minals through at least a portion of said second resistance
element and at least a portion of said second- saturating
winding means, to a synchronizing terminal adapted to
be connected to a similar terminal on another similar
regulating arrangement having its load terminals con-
nected in parallel with said load terminals, whereby cur-
rent flowing through said fourth circuit wﬂl act to syn-
chronize the output currents of the regulating arrange-
ments.

7. A regulating arrangement having alternating current
input terminals and direct current Joad terminals and com-
pnsmg in combination, first rectifying means, first mag-
netic core means havmg first impedance Wmdmg means
and first saturating winding means thereon, series trans-
former means, a first circuit extending from the input
terminals to the load terminals and including the series
transformer means, the first rectifying means and the
first impedance winding means in series, second rectifying
means, second magnetic core means having second im-
pedance winding means and second saturating winding
means, a resistance element, a second circuit extending
from said input terminals to said resistance element and
including said second rectifying means in series with said
second impedance winding means, a third circuit extend-
ing from said resistance element to said load terminals and
including at least a portion of each of said first and sec-
ond saturating winding means, means for supplying a
substantially constant direct current to said second satu-
rating winding means, third rectifying means energized
from said series transformer means, a second resistance
“element energized from the third rectifying means, and
a fourth circuit extending from one of said load terminals
through a third resistance element common to said third
and fourth circuits and through at least a portion of said
second resistance element to a synchronizing terminal
adapted to be connected to a similar terminal on another
similar regulating arrangement having its load terminals
connected in parallel with said load terminals, whereby
current flowing through said fourth circuit will act to
synchronize the output currents of the regulating arrange-
ments.

8. A regulating arrangement having alternating current
input terminals and direct current load terminals and com-
prising in combination, first rectifying means, first mag-
netic core means having first impedance winding means
and first saturating winding means thereon, a first circuit
extending from the input terminals to the load terminals
and including said first impedance winding means and said
first rectifying means in series, second rectifying means,
second magnetic core means having second impedance
winding means and second saturating winding means
thereon, a resistance element, a second circuit extending
from said input terminals to said resistance element and
including said second rectifying means in series with said
second impedance winding means, a third circuit extending
from said resistance element to said load terminals and
including at least a portion of each of said first and second
saturating winding means, to control the impedance of
the first impedance winding means in response to the dif-
ference between the voltage across said resistance element
and the voltage across the load terminals, and means for
applying a substantially constant bias to said second mag-
netic core means. )

9. A regulating arrangement having alternating current
input terminals and direct current load terminals and com-
prising in combination, first rectifying means, first mag-
netic core means having first impedance winding means
and first saturating winding means thereon, a first circuit
extending from the input terminals to the load terminals
and including said first impedance winding means and said
first rectifying means in series, second rectifying means,
second magnetic core means having second impedance

-winding means and second saturatlng winding means
.thereon, a resistance element, a second circuit extending
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from said input terminals to said resistance element and
including said second rectifying means in series with said
second impedance winding means, a third circuit extend-
ing from said resistance element to said load terminals
and including at least a portion of each of said first and
second saturating winding means, to control the imped-
ance of the first impedance winding means in response to
the difference between the voltage across said resistance
element and the voltage across the load terminals, means
for applying to said second magnetic core means a sub-
stantially constant bias and means for applying thereto an
additional bias in proportion to the current through said
first circuit.

10. A regulating arrangement having alternating cur-
rent input terminals and direct current load terminals and
comprising in combination, first rectifying means, first
magnetic core means having first impedance winding
means and first saturating winding means thereon, a first
circuit extending from the input terminals to the load ter-
minals and including said first impedance winding means
and said first rectifying means in series, second rectifying
means, second magnetic core means having second im-
pedance winding means and second saturating winding
means thereon, a resistance element, a second circuit ex-
tending from said input terminals to said resistance ele-
ment and including said second rectifying means in series
with said second impedance winding means, a third circuit
extending from said resistance element to said load ter-
minals and including at least a portion of each of said
first and second saturating winding means, to control the
impedance of the first impedance winding means in re-

‘sponse to the difference between the voltage across said

resistance element and the voltage across the load ter-

“minals, means for applying to said second magnetic core

-means a substantially constant bias, and means for apply-
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ing thereto an opposing bias whenever the current through

-said first circuit exceeds a predetermined value.

" 11.7A regulating arrangement having alternating cur-
rent input terminals and direct current load terminals and
comprising in combination, first saturable reactor means
having impédance winding means and saturating winding
means, first rectifying means connected in series w1th said
impedance winding means between the input terminals and
the load terminals, second saturable reactor means having
impedance winding means and saturating winding means,

-a resistor, second. rectifying means connected in series

with the last-named impedance winding means between
the input terminals and the resistor, means for balancing
the voltage across said resistor against the voltage across
the Joad terminals through the saturating winding means
on both the first and second saturable reactors, and means
for applying a substantially constant bias to the second
saturable reactor.

12. A regulating arrangement having alternating current
input terminals and direct current load terminals and com-
prising in combination, first saturable reactor means hav-
ing impedance winding means and saturating winding
means, first rectifying means connected in series with said
impedance winding means between the input terminals
and the load terminals, second saturable reactor means
having impedance winding means and saturating winding
means, a resistor, second rectifying means connected in
series with the last-named impedance winding means be-
tween the input terminals and the resistor, means for bal-
ancing the voltage across said resistor against the voltage
across the load terminals through the saturating winding
means on both the first and second saturable reactors,
means for applying a substantially constant bias to the
second saturable reactor, and means for reducing said bias
whenever the current through the first rectifying means
exceeds a predetermined value.

13. A regulating arrangement having alternating cur-
rent input terminals and direct current load terminals and
comprising in combination first saturable reactor means
having impedance winding means and saturating winding
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means, first rectifying means connected in series with said
impedance winding means between the input terminals and
the load terminals, second saturable reactor means having
impedance winding means and saturating winding means,
a resistor, second rectifying means connected in series
with the last-named impedance winding means between the
input terminals and the resistor, means for balancing
the voltage across said resistor against the voltage across
the load terminals through the saturating winding means
on both the first and second saturable reactors, means for
applying a substantially constant bias to the seccond sat-
urable reactor and means for applying an additional bias
in proportion to the current drawn from said load ter-
minals.

14. Means for synchronizing a plurality of regulated
rectifying arrangements operating in parallel, each of said
arrangements comprising saturable reactor means having
impedance winding means connected in series with rectify-
ing means between alternating current input terminals and
direct current load terminals and having saturating wind-
ing means energized according to the difference between
the voltage across the load terminals and a standard volt-
age, said synchronizing means comprising means in each
rectifying arrangement for producing a control voltage
proportional to load current, means for balancing the con-
trol voltages in the several rectifying arrangements against
each other, and means in each rectifying arrangement for
changing its standard voltage according to the unbalance
of the control voltages.

15. Means for synchronizing a plurality of regulated
rectifying arrangements operating in parallel, each of said
arrangements comprising first saturable reactor means
having first impedance winding means connected in series
with first rectifying means between alternating current
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input terminals and direct current load terminals and hav-
ing saturating winding means energized according to the
difference between the voltage across the load terminals
and a standard voltage obtained from second rectifying
means connected in series with second impedance winding
means on a second saturable reactor, said standard volt-
age being controlled by the application of a substantially
constant bias to said second saturable reactor, said syn-
chronizing means comprising means in each rectifying
arrangement for producing a control voltage proportional
to load current, means for balancing the control voltages
in the plurality of rectifying arrangements against each
other, and means in each rectifying arrangement for ap-
plying to said second saturable reactor an additional bias
derived from the unbalance of the control voltage.
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