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My invention relates to electric circults and
more particularly to electric valve circuits in-
cluding a plurality of electric discharge paths
operating in parallel.

In . electric valve circuits including electric
valve means of the type using ionizable me-
diums such as gas or vapor, there has been
evidenced a decided need for apparatus to elimi-
nate or reduce to g minimum the arc-back con-
ditions to which these electric valves may be

subjected in operation. In my Patent 2,126,603,

dated August 9, 1938, and assigned to the same
assignee as the present invention, an electric
valve system is disclosed in which saturable re-
actors are employed in each of the anode leads
of the valve cireuit. Each of the reactors is
arranged to saturate at a comparatively low
value of current and when it becomes unsatu-
rated during the reduction of current at the
end of the conducting period. of the discharge
path with which it is associated, the increase
in impedance causes the anode current to de-
crease very gradually and approach the zero
axis substantially -tangentially. 'This reduction

in the rate of decrease of current decreases the :

voltage gradient between the main electrodes
of the electric valves and causes & reduction in
the number of arc-backs. In order to eliminate
the effect of the inductive impedanée to the ini-
tiation of discharge in the electric valves, a con-
trol winding on each of the saturable reactors
is provided which conducts the current of an-
other phase of the system and has a time phase
relation such that the core of the reactor is satu-
rated at the time that the anode with which it
is associated starts to conduct current. In this
manner there is substantially no impedance
offered by the saturable reactors to the initia-
tion of current in the discharge paths. In elec-
tric circuits employing a plurality of electric
discharge paths in parallel or a plurality of
parallel paths through mechanical switching
means there is a tendency for there to be an
unbalance between the currents of the parallel
paths. This tendency for the parallel paths
to conduct unequal currents may be reduced
by ordinary reactors. Ordinary reactors, how-
ever, are wasteful of energy and delay the build-
up of current at the beginning of each period
of conduction, resulting in poor power factor
on the alternating current side of the electric
translating apparatus. By utilizing saturable
reactors of the type employed in the above-men-
tioned patent and properly connecting the con-
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trol windings with respect to the groups of par- 55

allel discharge paths it is possible to obtain an
arrangement which not only reduces the tend-
ency of the electric valves to arc back, but also
tends to force a current balance between the
parallel operating electric valves without a sub-
stantial waste of electrical energy. Such an
arrangement is particularly desirable in elec-
tric valve installations where grid control is not
employed.

It is an object of my invention to provide a
new and improved electric valve circuit.

It is another object of my invention to pro-
vide new and improved electric translating ap-
paratus including a plurality of parallel current
paths in which a predetermined division of load
current between the parallel paths is insured.

It is still another object of my invention to
provide a new and improved electric valve cir-
cuit, including a plurality of electric discharge
paths in parallel, the operation of which is
characterized by an equal distribution of load
current between the parallel discharge paths
and an absence of arc-backs.

In accordance with an illustrated embodi-
ment of my invention I provide an electric valve
circuit employing electric valves, preferably of
the lonizable medium type, for controlling the
transfer of energy between an alternating cur-
reént circuit and a direct current circuit. A
phase multiplying transformer including a plu-
rality of groups of phase windings is employed
and saturable inductive devices, each includ-
ing impedance windings connected in circuit
with the electric discharge valves associated
with each of the phase windings. The induc-
tive devices are provided with control wind-
ings which carry the current conducted by elec-

- tric valves associated with groups of phase wind-

ings differing from those with which the imped-
ance windings of that device are associated.
The time phase relation of the current con-
ducted by the impedance windings and the con-
trol windings of each reactor or inductive de-
vice is such that the reactor core is variably
saturated at the beginning of the conductive
period in accordance with the current conducted
by the control windings, but is unsaturated at
the end of the conductive period so that the
impedance winding of the reactor offers an in-
creased impedance as the current approaches
zero and in this way the rate of decrease of the
current through each valve during this period
is kept at a low value. In order that the pre-
saturation of the core by the. control windings
will tend to maintain a current balance between
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the current conducted by the electric valves as-
sociated with each of the groups of phase wind-
ings, the control winding associated with the
impedance windings connected in the anode
Jleads of the valves .associated with one group
of phase windings are energized by the current
conducted by the electric valves associated with
other groups of phase windings.

In accordance with another illustrated embodi-
ment of my invention, a plurality of parallel elec-
tric discharge paths are associated with each
phase winding of an inductive network. In this
arrangement the current conducted by one of the
parallel discharge paths variably saturates the
core associated with the corresponding discharge
path associated with the phase which is to be-
come conductive at the next succeeding interval.
In this way any decrease in the current conduct-
ed by one of the parallel discharge paths asso-
ciated with one of the phase windings causes an
increase in the presaturation of the core structure
of the reactor associated with the corresponding

discharge path associated with the phase which’

becomes conductive at the next interval so that
an equalization of the load current conducted by
each of the parallel discharge valves is main-
tained by variations in the magnitude of the in-
ductive impedance in series therewith.

For a better understanding of my invention,
reference may be had to the following descrip-
tion taken in connection with the accompany-
ing drawings and its scope will be pointed out in
the appended claims. In the drawings, Fig. 1is a
schematic representation of one embodiment of
my invention, Fig, 2 represents certain operat-
ing characteristics of the circuit shown in Fig.
1, and Fig. 3 is a schematic representation of a
modification of my invention.

Referring now to Fig. 1 of the accompanying
drawings, my invention is diagrammatically
shown as applied to an electric valve circuit for
transmitting energy between an alternating cur-
rent circuit 10 and a direct current circuit 1t
through a transformer 2 and electric. valve
means {3, preferably of the type employing an
ionizable medium such as a gas or vapor. As
illustrated, the electric valve means comprises
a container 14 having a single pool type cathode
15 of conducting liquid, such ‘as mercury, and
in the particular embodiment illustrated, twelve
anodes designated by numerals.i6-27. A control
member 28 may be associated with each of the
anodes for controlling the conductivities of the
discharge paths formed by the anodes {6-27
and cathode 5. The control members may be
energized by any suitable excitation circuit (not
shown) if desired.

The transformer {2 comprises- ‘a, delta connect-
ed primary winding 29 and a quadruple-Y.sec-
ondary connection including four groups of zig-
zagged Y inductive networks 30, 31, 32 and 33.
The neutral terminals of the Y connected net-
works 30 and 31 are interccnnected by an inter-
phase transformer or phase equalizing inductive
impedance element 34, while the inductive net-
works 32 and 33 have their neutral terminals in-
terconnected by a similar interphase transformer
35. The midterminals of interphase transform-
ers 34 and 35 are interconnected by an interphase

transformer 36, the midterminal of which is con.

nected to one of the lines of the direct current
“ eircuit 11. The other line of the direct current

< -circuit is connected with the cathode {6 of the

"i¢leetric discharge means 13
As is well understood the quadruple- -Y connec-
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tion just described is effective to produce twelve-
phase secondary voltages at the twelve end ter-
minals of the four inductive networks 30-32
which make up the secondary windings of the
transformer 12. For facility in explanation, the
end terminals have been numbered with the
same numbers as the anodes with which they
are connected but with a suffix a. Thus the
twelve end terminals of the networks 30-33, in-
clusive, have been numbered i6a to 27a corre-
sponding to-the anodes 16-27 with which they
are connected.

In order to control the rate of change of cur-
rent through the electric discharge paths to
maintain a distribution of current and to mini-
mize the voltage gradient across the discharge
paths at the end of each period of conduction,
the saturable inductive impedance devices 37 are
provided. Each of the impedance devices in-
cludes a core member 38 having a pair of im-
pedance windings associated therewith and each
of which is connected in circuit with one of the
anodes of the electric discharge device {3. For
the sake of clarity these windings have been
numbered with the same number as the anode
with which they are connected but with a suffix
b. Thus the impedance winding interconnecting
terminal {8a with anode 16 is designated 16b.
Similarly, the other impedance windings of the
inductive devices 37 are numbered {7b to 27b,
inclusive, corresponding to the anodes iT to 27
with which they are connected. It will be noted
that the two impedance windings such as 16b
and 22b associated with one of the saturable in-
ductive devices 37, are associated with anodes {8
and 22, respectively, which are energized to con-
duct current at intervals displaced substantially
180 electrical degrees. Wound on the core mem-

.ber 38 of each of the devices 37 is also a pair

of control windings of relatively few turns com-
pared with the impedance windings 16b and 22b.
Each of the control windings is connected in cir-
cuit with an anode energizeéd by a phase wind-
ing of a different network from the networks
with which the impedance windings 16t and 22b
are associated. Each of the control windings is
designated with the number of the anode with
which it is in series but with a suffix ¢. Thus,
the control winding of the device 37 with which
the main windings 16b and 22b are associated
are energized by the current conducted by the
anodes 19 and 25 and are designated by numerals
19¢ and 28¢, respectively. The current conducted
by the control windings (9¢ and 25¢ produces flux
in opposite directions in the magnetic core 38
at electrically displaced intervals,

As is well understood by those skilled in the
art, the electric valve system thus far described
may be operated to interchange energy between
the alternating current circuit 10 and the direct
current circuit 11. The quadruple-Y secondary
networks, including the interphase transformers
34, 35 and 36, are-effective to produce twelve-
phase voltages which, when impressed on the
anodes 16 to 28, cause four anodes to conduct
simultaneously with each anode conducting for a
period of 120 electrical degrees. Although the
system may be operated with any desired form of
grid control for voltage regulation or other pur-
poses, none has been illustrated since the present
invention is equally applicable to systems em-
ploying any of the well known types of grid con-
trol or operating simply as a rectifier without grid
control.

The operation of the saturable inductive de-
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vices 31 to produce a load balance and & mini-
mum voltage gradient across the discharge paths
at the end of each period of conduction will be
understood more readily from an examination
of Fig. 2 which illustrates the magnetomotive
forces produced in one of the core structures 38
by the windings associated therewith.

Referring now to. Fig. 2, the upper curve A
represents the magnetomotive force produced in
the core structure by the winding 16b, Similarly,
the curve B represents the magnetomotive force

ot
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impressed on the core structure by the winding -

22b. The periods of conduction are 120 degrees
and the time of conduction of the anode 22, in
series with which the winding 22b is connected, is
displaced 180 degrees with respect to the period
of conduction of the anode 16 in series with
which the winding 16b is connected. The control
winding 28¢, associated with terminal 26a and

anode 25, produces the magnetomotive force :

illustrated by the curve C which occurs at a time
to presaturate the core 38 at the beginning of the
period of conduction of the anode 16. This mag-
netomotive force is in the same direction as the

magnetomotive force produced by the current :

flowing in the winding i6b. In this way the im-
pedance of the winding 16b is decreased to a fair-
1y low value dependent on the current conducted
by control winding C at the start of the period

of conduction of anode 16 so that the initiation of

current in the associated discharge path is not
delayed. It is to be noted that the control wind-
ing 25c¢ is associated with the terminal 25a¢ of the
inductive network 32 which is different from the
network 30 with which the winding 16b is asso-
ciated and the magnitude of the current con-
ducted by a discharge path associated with the
network 32 controls the amount of presaturation
of the core structure 38 with which winding 16b
is associated. In this way the magnitude of the
impedance offered to the build-up of current
through the discharge path 16 is controlled in ac-
cordance with the current conducted by one of
the parallel operating discharge paths associated
with a different network. In this manner the
saturable inductive devices tend to produce & load
balance since an increase in current conducted
by an anode associated with one network tends to
decrease the impedance in circuit with an anode
which is to conduct at a succeeding interval of
time and associated with another network. Sim-
ilarly, a decrease in current conducted by an
anode associated with one network presaturates
the core associated with an impedance winding
connected in series with an anode energized from
another network to a lesser extent and tends to
decrease the current conducted by the latter
anode. The control winding I8¢ is wound to pro-
duce a magnetomotive force in the same direction
as the winding 22b asscciated with anode 22 and
has the proper time relation to presaturate the
core 38 at the beginning of the period of conduc-
tion of the anode 22 in the same manner as the
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control winding 25¢ controls the impedance of

winding 16b. The magnetomotive force produced
by winding 19¢ is illustrated by the curve D of
Fig. 2. From the foregoing it is seen that the
core structure with which the impedance winding
connected with each anode is associated; Is pre-
saturated a variable amount at the beginning of
the period of conduction of each of the anodes to
force a load b..lance. From an inspection of Fig.
2 it is also apparent that the magnetomotive
forces produced by the control windings 25¢ and
19a overlap the periods of conduction of the

]

70

-

SR

3

anodes {6 and 22 in such a manner that during

-the latter part of the period of conduction of the

anodes {6 and 25 the magnetomotive forces pro-
duced by the control windings oppose the mag-
netomotive forces produced by the impedance
windings 16b and 22b. In this manner, the mag-
netomotive force impressed on the core structure
38 reaches zero before the current through the
impedance windings 16b and 22b reaches zero
and accordingly the impedance of the windings
16b and 220 increases at the end of each period
of conduction to decrease the rate of current
change. The resultant magnetomotive force im-
pressed on the core structure 38 is illustrated in
the bottom curve E of Fig. 2.

From the foregoing.it is seen that the present
invention provides a system of saturable anode
reactors with control windings which makes very
good use of the magnetic material of the reactors
and at the same time tends to limit arc backs and
to force a load balance without utilizing a large
amount of energy of the supply circuit. The in-
vention, although not limited thereto, is particu-
larly well adapted for use with electric valve cir-
cuits supplying a load which does not vary over a
wide range.

In Fig. 3 I have shown a modified form of my
invention embodied in g circuit in which a plu-
rality of parallel electric discharge paths are as-
sociated with each phase winding of the second-
ary network of a supply transformer and in
which electric discharge paths are connected for
full wave operation.

Referring now to Fig. 3, a three-phase alter-
nating current supply circuit 40 and a direct
current ‘load circuit 4i are interconnected by
electric translating apparatus comprising a trans-
former 42 and a plurality of electric valves 43-54,
inclusive, The electric valves are preferably of
the type containing an ionizable medium, such
as a gas or vapor, and each includes an anode
55, a cathode 56 and a control member or grid
§7. The transformer 42 comprises a delta-con-

‘nected primary winding 58 and a Y-connected

secondary winding 59 having three phase termi-
nals 60, 6f and 62. The electric valves 43 and
45 are connected in parallel to be energized from
the phase terminal 61 and to conduct current
when the phase terminal 6f{ is negative. The
electric valves 44 and 46 are connected in par-
allel to be energized from the phase terminsal 61
and to conduct current when the terminal 81 is
positive. That is, the valves 43-46 form a full
wave rectifier having two parallel paths conduct-
ing for each half cycle. Similarly, the valves
47-50 are associated with the phase terminal 61
and the valves 51-54 are associated with the
phase terminal 6§2.

In order to maintain a division of load current
between the parallel operating electric valves,
such as 44 and 46 for example, I provide a plu-
rality of saturable inductive impedance devices
or reactors 63-68, inclusive, each of which in-
cludes a core structure 89, Associated with each
of the core structures is an impedance winding
connected in series between one of the phase ter-
minals and the common terminal of a pair of
electric valves connected for full wave operation.
Thus, the impedance winding 60a of the saturable
inductive device 63 is connected in series with
the phase terminal 60 and the common terminal
of the electric valves 43 and 44. Control wind-
ings 8ib and Glc are also associated with core
structure 69 of reactor 63. Similarly, the re-
actor-84 includes an impedance winding 60d con-
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nected in series. with the phase terminal 60 and
the common terminal of the electric valves 45
and 46, a pair of control windings 61b and Efec.
In like manner, the reactors 85 and 66 include
the impedance windings 6ia and control windings
620 and 62c¢ while the reactors 67 and 68 in-
clude the impedance windings 62a and control
windings 60b and 60c. The manner in which
‘the impedance windings and control windings of
the reactors are connected between the phase
terminals of the transformer.secondary 89 and
the common terminals of the electric valves 43
_to 54 may best be explained by tracing the cir-
cuits of the windings of reactors 83 and 64.
The circuit of the impedance winding 68¢ of re-
actor 63 may be fraced from the phase terminal

60 through the control windings 60b of reactors

67 and 68, control winding 60c of reactor 67, im-
pedance winding 60a of reactor 63 to the common
terminal of electric valves 43 and 44. Similarly,
the circuit of impedance winding 68a of reactor
64 may be traced from the phase terminal 60

through the control windings 60b of reactors

67 and 68, control winding 608c of reactor 68,

the impedance winding 68a of reactor 64 to the

common terminal of electric valves 45 and 46.
Thus it is seen that the total current conducted
by the phase terminal 60 flows through the con-
trol winding 6@b of reactors 67 -and 68, and then
divides with part flowing through the control
winding 60c of reactor 67 and the impedance
winding 80a of reactor 63 and the remainder
flowing through the contrel winding 60c of re-
actor 68, the impedance winding 60¢ of reactor
64 to the common terminal of electric valves 45
and 46. Similarly, the circuit of control windings
81 and Blc of reactors 63 and §4 may be traced
from the phase terminal 81 through the control
windings 61b in series and thence through control
winding 6lc of reactor 63, the impedance wind-
ing 6la of reactor 65 to the common terminal of
electric valves 47 and 48. The circuit for control
winding §1¢ of reactor 64 is completed irom the
winding 61b of reactor 64 through the winding
g8ia of reactor 66 to the common terminal of
electric valves 49 and 50. Thus it is seen that the
current conducted by the electric valves 47 to 50
inclusive determines the currents conducted by
the control windings 61b and 6lc of reactors 63
and 64 and in this way control the impedance
of the windings 60a of reactors 63 and 64 to con-
trol the magnitude of the current conducted by
valves 43 to 46 inclusive. The number of turns
in the control windings 60c, 6ic and 62c bear

the same relation to the number of turns of ¢

the windings 60b, 61b and 62b as the number of
parallel paths associated with each of the phase
windings 60, 61 and 62 and in the particular
embodiment illustrated have a turn ratio of 2
to 1. From the foregoing description it is seen
that the winding 61b of reactor 63 conducts the
same current as the electric valves 47 and 48
and the winding 61b of reactor 64 conducts the
same current as the electric valves 49 and 50,
while windings 61c¢ of reactors 63 and 64 con-
duct the total current of valves 4T to 50 inclu-
sive. The control windings 6i1b are connected
to produce a magnetomotive force in the same
direction as the impedance winding 60a when
valves 44 and 46 and 47 and 48 are conducting
while the control windings 6l¢c are wound in a
direction to produce & magnetomotive force op-
posing the magnetomotive forces of windings 60a
and 61b of reactors 63 and 64. Thus it is seen
that if valves 47 and 49 conduct currents of equal
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magnitude the net ampere turns produced by the :
control windings 8ib and 6ic are zero and the
saturation of the core members §9 of reactors 83
and 64 is determined simply by the current con-
ducted by the windings 60a. If, however, one of
the parallel valves associated with the terminal
81 conducts more than its share of the current
the magnetomotive force produced by control
windings 81b and 8ic of reactors 63 and 84 will
be unequal.” For example, if valve 47 conducts
more current than valve 48 the magnetomotive
force produced by conftrol winding §lc of reactor
83 will be greater than the magnetomotive force
produced by the winding 8i{b of reactor §3 and
the net result will be a magnetomotive force in
the core structure 89 at the beginning of the con-
ducting period of: the valves associated with the
main terminal 80 which opposes the magneto-
metive force produced by current which would
flow in the winding 60a when the v..ve 44, as-
sociated therewith, conducts. This will increase
the effective impedance of winding 69a and re-
duce the current conducted by the valve 44 with
respect to the total current conducted by the
valves 44 and 46. Similarly, under the conditions
just described where electric valve 41 tends to
carry less current than valve 49, for example, the
control windings 8ib and 6ic of reactor §4 will
produce a magnetomotive force in the core struc-
ture’ which is in the same direction as the mag-
netomotive force produced by the winding 690a.
This will decrease the effective impedance of
the winding 60a of reactor 64 at the beginning
of the period of conduction of the electric valve
46 associated therewith sc that the current con-
ducted by the valve 46 will be increased, and in
this way any tendency for any one of the par-
allel electric discharge valves associated with
successive phase windings to progressively con-
duct larger and larger proportions of the total
current is reduced to a minimum.

The foregoing description has been limited to
the action of reactors 63 and 64 together with
the control windings associated with the phase

3 terminal 61 for controlling the saturation of the

core structures associated therewith for the pe-
riod when valves: 44 and 46 and 4T and 43 are
conducting. The operation of reactors 63 and
64 is similar for the interval when valves 43
and 45 and 48 and 50 are conducting. In a sim-
ilar way, the electric valves 471-50 which are
energized from the phase terminal 61 include
the impedance windings 6{a which are connect-
ed in series with the phase terminal 61, the
control windings 61b and 61c associated with re-
actors 63 and 64 and the common terminals of
the valves 47, 48 and 48, 50, respectively. Con-
trol windings 62b and 62c¢ connected in circuit
with electric valves 51-52 and 53-54 and asso-
ciated with the core structures of the reactors
65 and 66 control the saturation thereof in a
manner similar to that described in connection
with reactors 63 and 64. Similarly, the reactors
67 and 68 are controlled in accordance with
the current conducted by the valves 43 to 46
inclusive by control windings 60b and 60c.

It is believed that the operation of the em-
becdiment of my invention illustrated in Fig. 3
will be apparent from the foregoing detailed de-
scription. Although the phase rotation of the
network 59 has been assumed to be 60, 61, 62,
it will be noted that the control windings of
the reactors associated with the phase 60 are
energized by the current conducted by the elec-
tric valve associated with the phase 6! which is
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{he succeeding phase r: her than the preceding
phase. However, in the full wave operation the
succeeding phase, as far as positive half waves
are concerned, conducts current at a proper time
to control the presaturation of the windings of
the preceding phase when the valves associated
therewith which conduct current during the neg-
ative half waves of the supply terminal. Thus,
for example, the current conducted by valves 41
and 49 controls the saturation for the reactors
63 and 64 at the beginning of the conducting
periods of valves 44 and 46. This arrangement
is an advantage since the control magnetomo-
tive force overlaps the perlod of conduction of
the valves which it controls.

While I have shown and described particular
embodiments of my invention, it will be obvi-
ous to those skilled in the art that changes and
modifications may be made without departing
from my invention, and I thereforc, alm in the
appended claims to cover all' such changes and
modifications as fall within the true spirlt and
scope of my invention.

What T claim as new and desire to secure by
Letters Patent of the United States, Is:

1. In combination, a supply circuit, a load

| 5
said parallel electric circuits which conduct cur-
rent at intervals displaced 180 electrical degrees,

; said impedance windings being wound to produce
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circuit, at least one of said circuits being an

alternating current circuit, electric translating
apparatus interconnecting sald circuits and in-
cluding & plurality of parallel electric circuits,
circuit controlling means for rendering each of
said parallel circuits unilaterally conductive at
electrically displaced intervals for periods of less
than 180 electrical degrees, means for controlling
the flow of current through said parallel elec-
tric circuits including an impedance winding and
a control winding in serles in each of sald par-
allel electric cireults, s plurality of saturable core
structures each having two of said impedance
windings and two of said control windings asso-
ciated therewith, the windings associated with
each core structure being connected in a dif-
ferent one of sald parallel electric circuits so
that the periodic. unidirectional magnetomotive
forces produced by each of the control windings
overlap the periodic unidirectional magnetomo-
tive forces produced by both Impedance wind-
ings, said windings being wound on sald core
structure in such a manner that the magneto-
motive force produded by one of said control
windings is in the same direction as the mag-
netomotive force produced by one of said im-
pedance windings at the beginning of the period
of conduction of the parallel electric circuit with
which the impedance winding Is associated and
opposes the magnetomotive force produced by
the other of said impedance windings during
the latter portion of the conducting period of
the parallel electric circuit with which said other
impedance winding is associated.

2. In combination, a supply circuit, a load
circuit, at least one of said circuits being an
alternating current circuit, electric translating
apparatus interconnecting said circuits includ-
ing a plurality of parallel electric circuits, cir-
cuit controlling means for rendering each of said
parallel circuits conductive and non-conductive

for predetermined intervals, each of said par-

allel electric circuits including an tmpedance
winding and a control winding in series, & plu-
rality of core structures each having two of said
impedance windings and two of said control
windings associated therewith, the impedance
windings associated with each of said core struc-
tures being connected in series with certain of
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unidirectiona]l magnetomotive forces in said core
structure in opposite directions, the control wind-
ings assoclated with each core structure being
wound to produce unidirectional magnetomotive
forces in opposite directions and each being con-
nected in certain of sald parallel electric circuits
which conduct current at intervals which over-
1ap portions of the periods of conduction of both
of the parallel circults with which the impedance
windings are assoclated.

3. In combination, an alternating current
supply circuit, a direct current load circuit, elec-
tric translating apparatus interconnecting said
circuits including e plurality of electrically dis-
placed polyphase inductive networks and a plu-
rality of electric discharge paths assoclated
therewith, sald inductive networks being ar-
ranged in two groups, a saturable inductive de-
vice comprising a core structure, an impedance
winding associated with said core structure and
connected In serles with an electric discharge
path associated with an Inductive network of
one group, a second impedance winding associ-
ated with sald core structure and connected in
series with an electric discharge path of another
inductive network of the same group, said im-
pedance windings being wound on sald core
structure in a direction to produce opposing
magnetomotive forces in sald core structure
when the electric discharge paths with which
they are associated conduct current in the nor-
mal direction, a pair of control windings associ-
ated with sald core structure and each connected
in series with an electric discharge path associ-
ated with a different inductive network of the
other of said groups, the current conducted by
said control windings being electrically displaced
with respect to the current conducted by said
impedance windings to produce substantial satu~
ration of said core structure at the beginning of
the conducting period of the electric discharge
paths associated with each of said impedance
windings to vary the impedance thereof in ac-
cordance with the current conducted by said
control windings and to oppose the magneto-
motive force produced by said impedance wind-
ings at the end of each conducting period so
that the impedance of the impedance windings
is substantially increased at the end of each
period of conduction. )

4. In combination, a supply circuit, a load cir-
cuit, at least one of said circuits being an alter-
nating current circuit, electric translating appa-
ratus interconnecting said circuits including a
plurality of electrically displaced polyphase in-
ductive networks and a plurality of electric dis-
charge paths associated therewlth, means for
controlling the flow of current through said elec-
tric discharge paths to maintain a predeter-
mined division of load current between the dis-
charge paths associated with different inductive
networks comprising a plurality of saturable re-
actors each including a core structure, an im-
pedance winding and a control winding, sald
impedance winding being connected in series
with an electric discharge path associated with
one of sald networks and said control winding
being energized in accordance with the current
conducted by an electric discharge path associ-
ated with another of said networks to produce a
unidirectional magnetomotive force in sald core
structure in the same direction and in overlap-
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ping relation with the first portion of the mag-
netomotive force produced by current conducted
by the. electric discharge path with which said
impedance winding is associated to saturate
variably said core structure in accordance with
the current conducted by the electric discharge
path with which said control winding is associ-
ated.

5. In combination, an alternating current cir-

cuit, & direct current circuit, electric translating
apparatus interconnecting said circuits including
a plurality of parallel groups of electric dis-
charge paths energized to conduct ¢urrent at
electrically displaced intervals with at least one
path in each group conducting simultaneously,
means for controlling the rate of change of cur-
rent through each of said discharge paths com-
prising saturable reactance means including a
core structure, an impedance winding connected
in series with one discharge path, a control
winding energized in accordance with the cur-
- rent conducted by a discharge path of a different
group from the one with which the impedance
winding sassociated with the same core structure
is associated for producing a unidirectional
magnetomotive force to presaturate variably
said core structure and thereby control the rate
of change of current through the discharge path
with which the impedance winding is associated
at the beginning of the period of conduction
thereof and so displaced electrically with respect
to the period of conduction of said last men-
tioned discharge path that the impedance of
the winding in series therewith is effective to de-
crease the rate of change in current at the end
of the period of conduction.
- 6.-In combination, a polyphase altérnating
current circuit, a direct current circuit, electric
translating apparatus interposed between said
circuits including a plurality of groups of par-
allel connected electric valve means and a plu-
rality of saturable reactors each inciluding a
core member, an impedance winding connected
in series relation with a predetermined different
one of said electric valve means for controlling
the flow of current therethrough and a control
winding energized in accordance with the cur-
rent conducted by other of said parallel electric
valve means energized to conduct current at a
time interval displaced with respect to the pe-
riod of conduction of the electric valve means as-
sociated with said impedance winding for im-
pressing a periodic magnetomotive force on said
core structure to vary the saturation thereof at
the beginning of the conducting period of the
electric valve means connected in series with
said impedance winding in accordance with the
current conducted by said other parallel electric
valve means.

7. In combination, a supply circuit, 2 load cir-
cuit, at least one of said circuits being an alter-
nating current circuit, electric translating appa-
ratus interconnecting said circuits and including
a plurality of electrically displaced groups of
parallel electric circuits, circuit controlling means
for rendering each of said parallel electric cir-
cuits .conductive and nonconductive for prede-

termined intervals, means for.controlling the

flow of current through each of said parallel
electric circuits to maintain a predetermined di-
vision of load current therebetween comprising
an impedance winding and a control winding
‘connected in series with each of said parallel
electric .circuits, a plurality of saturable core
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one of said control windings being associated
with each of said core structures, the windings
associated with each core structure being con-
nected in parallel circuits of a different group
so that the current conducted by said control
winding is effective to saturate variably the core
structure at the beginning of the period of con-
duction of the electric circuit with which the
impedance winding is associated in accordance
with the current conducted by a parallel electric
circuit of another group.

8. In combination, an alternating current cir-
cuit, a direct current circuit, electric translating
apparatus interconnecting said circuits including
8 plurality of groups of parallel electric circuits,
circuit controlling means for rendering each of
said groups of circuits unilaterally conductive at
electrically displaced intervals for a predeter-
mined period, means for controlling the flow of
current through said parallel electric circuits of
each group to maintain a predetermined division
of load current therebetween incuding a plu-
rality of saturable inductive devices each com-
prising a core structure, an impedance winding
connected in series with one of said discharge

paths, and means for variably saturating said

core structure at the beginning of the period
of conduction of the parallel electric circuit with
which the impedance winding associated there-
with is in series in accordance with deviations
from the desired division of load current be-
tween the parallel electric circuits of another
group which conducts at a preceding interval
of time, )

9. In combination, an alternating current cir-
cuit, a direct current circuit, electric translating
apparatus interconnecting said circuits and in-
cluding a plurality of groups of parallel electric
circuits, circuit controlling means for rendering
each of said groups of parallel circuits unilat-
erally conductive at electrically displaced inter-
vals, means for controlling the rate of change of
current through said parallel electric circuits to
maintain a predeftermined division of load cur-
rent therebetween including an impedance wind-
ing in series with each of said circuits and an

.associated saturable core structure, a plurality

of control windings associated with each core
structure for producing a net magnetomotive
force in said core structure which varies in ac-
cordance with the division of load current be-
tween the parallel electric circuits which con-
duct at the next preceding interval of time to
vary the impedance of said impedance windings
in a direction to maintain the desired division
of load current therebetween.

10. In combination, an alternating current
circuit, a direct current circuit, electric trans-
lating apparatus interconnecting said eclreuits
and including a: plurality of groups of parallel
electric circuits, circuit controlling means for
rendering each of said groups of parallel cir-
cuits conductive at electrically displaced in-
tervals, means for controlling the flow of cur-
rent in the groups of parallel electric circuits
including a plurality of saturable inductive im-
pedance devices each including a saturable core
structure, an impedance winding connected in
one parallel circuit of one group and a pair of
control windings connected in ciréuit with an-
othier "group of parallel circuits, one of said
control windings conducting the full current of
said other group and wound in a direction to
produce a magnetomotive force in the same di-
rection as the current conducted by said im-
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pedance winding at the beginning of the con-
ducting interval of the circuit in which it is con-
‘necte'd. and the other of said.control windings
conducting the current conducted by one of the
parallel circuits of said other group and wound in
a direction to oppose the magnetomotive force
produced by said first mentioned control winding,
the turn ratio of said second mentioned control

winding and said first mentioned control winding
being the same as the number of parallel electric
circuits of each of said groups so that substan-
tially no magnetomotive force is produced by
said control winding when the current is equally
divided between said parallel electric circuits of
each group. .
"~ BURNICE D. BEDFORD.




