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Our invention relates to electric valve circuits
and more particularly to control or excitation
circuits for electric valves of the type having a
control member for controlling the conductivity
thereof. ‘

This application is a continuation-in-part of
our application Serial No, 285,110, filed July 18,
1939, entitled “Electric valve circuits” and which
is assigned to the assignee of this application.

Frequently, in the control of electric valve
means having control members, it is desirable to
. impress on the control members voltages of pre-
determined wave form, such as voltages of peaked
wave form. In many applications it is import-
ant, in order to obtain the. desired precision of
operation of the electric valve means to provide
periodic control voltages, the positive portions of

our invention, the periodic voltage impressed on
the control member is of peaked wave form and
the negative portions of the voltage are substan-
tially eliminated so that only unidirectional cur-
rent is supplied to the control members.

For g better understanding of our invention,
reference may be had to the following descrip-
tion taken in connection with the accompanying

. drawings, and its scope will be pointed out in the
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appended claims. Figs. 1, 1a, 3 and 5 diagram-

- matically illustrate embodiments of our invention
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which are of substantially greater magnitude and -

of shorter duration than the negative portions.
It is also preferable in some applications to pro-
vide periodic voltages which are of peaked wave
form and which may be utilized to impress on

the control member of an associated electric valve-

only positive voltages of peaked wave form.
Where electric valve means employ control
members of the immersion-ignitor or make-alive
. type, we have found it expedient to impress on the
. control members voltages of peaked wave form
and to reduce the value of inverse current which
the control members are required to transmit. We

have found that by reducing the magnitude of the

inverse voltage applied to the make-alive elec-
trodes, the life of the electric valve means is ap-
preciably increased. .

It is an object of our invention to provide new
and improved electric valve control apparatus.

1t is another object of our invention to provide
new and improved control or excitation circuits
for electric valve means of the controlled type.

It is a further object of our invention to pro-
vide new and improved control or excitation cir-
cuits for electric valve means employing immer-
sion-ignitor or make-alive control members.

Briefly stated, in the illustrated embodiments
of our invention, we provide new and improved
control circuits for supplying to control members
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as applied to electric valve means employing con-

trol members of the immersion-ignitor or make-

alive type, and Figs. 2, 2a and 4 represent certain
operating characteristics.  Figs. 6 and 7 diagram-
matically illustrate other embodiments of our
invention as applied to electric valve converting
systems. Figs. 8 and 10 represent still further
embodiments of our invention as applied to load
balancing systems for polyphase rectifying sys-
tems, and Fig. 9 represents certain operating
characteristics thereof.

Referring now to Fig. 1 of the accompanying
drawings, our invention is there diagrammatically
llustrated as applied to an electric translating
system for transmitting power between an al-
ternating current supply circuit | and a direct
current load circuit 2 through apparatus includ-
ing a transformer.3 and electric valve means 4
and 5. A smoothing inductance 6 may be con-
nected in series relation with the load circuit 2.
The electric valve means 4 and § are preferably of
the type employing an jonizable medium, such as
& gas or a vapor, and each comprises an anode T,
a cathode 8 and a control member 8. The electric
valve means 4 and 5 may be of the type disclosed
and claimed in U. S. Patent No. 2,069,283—
Slepian et al—granted February 2, 1937. That
is, the cathodes 8 may be of the mercury pool
self-reconstructing type and the control members
8 may be of the make-alive or immersion-ignitor
type composed of a material such as boron-car-

. bide, silicon-carbide, or a material such as that

485

of electric valve mesns periodic or alternating

voltages of peaked wave form. The excitation
circuits are energized from an associated source
of alternating current. In several embodiments
of our. invention, alternating voltages are im-
presset on the control members, the .posltive
porticne of hse voltaze being of substantially
g of shorter duration than

greater meg G
the negative poriions. In snother embodiment of
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disclosed and claimed in U. S. Patent 1,822,742
granted September 8, 1931, on an application of
Karl B. McEachron and which is assigned to the
assignee of the present application. If desired,
the electric valve means 4 and § may each be pro-
vided with an suxilisry electrode or a holding
anode {0. : )

In order to energize the control members 8 of
electric valve means 4 and §, we provide control
or excitation circuits f{ and 12, respectively. Ex-

‘citation circuits if and i2 are energized from &

suitable source of alternating current, such as the
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alternabing current circuis {. The excitation cir-
cults may be energized from circult § through a
transiormer {2 having & primary winding (4 and
secondary windings {5 and i§. As a means for
adjusting the phase of the output voltages of
secondary windings € and f§, we employ any
suitable phase shifting device such as & rotary
phase shifter {7, Excitation oircuits i and 2
include means for producing voltages of peaked
wave form such ags saturable inductive devices {8
and f$ which comprise windings 20 and 21 , Té=
spectively. The inductive devices I3 and {9 in-
clude ssturable core structures or members 22
and 27 and asseciatesd unidirectional magnefizing
members such as unidirectionally energized wind-
ings 24 and 2§, respactively. The unidirectionally
energized windings 22 and 2§ magnetically bias
the core members % and 22 so that the core
mermbers are tnidirectionaily saturated. The core
members 22 and 82 ere preferably constructed of
8 magnetic material which becomes abruptly sati-
rated. These core members may be consiructed
of ordinary transfiormer fron or may be con-
siructed of spacial magnetic materials such as

that disclosed and cizimed in U. 8. Letters Patents

Nos. 1,862,357 and 1,252,365 granted June 7, 1932,
upon applications of W. E, Ruder and which are
assigned {o the assignes of the present applica-
tion. As 3 means for supplying unidirectional
current to the windings 24 and 25, we may employ
a rectifier 26 irfcluding a plurality of unidirec-
tional conducting devicss 2%, a smoothing in-
ductance 28, )

AS g means for controlling or varying the uni-
directional magnetization of the devices {8 and
t8 and thereby to contro! the phase of the im-
pulses of current transmitted to control members
8 with respect to the respective anode-cathode
voltages of electric valve means # and 5, or with
respect to the voltage of circuit f, we provide a
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suitable current conirolling means, such as an .

adjustable impedance or resistance 28, which
may be connected in series relation with the out-
put circuit of the rectifier 26. Of course, it will
be understoed that the current. controlling means
may be automatically controlied in response to a
predetermined electrical condition of the trans-
lating apparatus or in response to a predeter-
mined electrical condition, such as the voltage,
of the alternating current circuit 1 or the direct
current load eircuit &. .

To impress on the control members 9 periodic
or alternating voltages of peaked wave form, the
positive portions of which are of substantially

greater magnitude snd of shorter duration than.

the negative portions, we provide, in series rela-
tion with the windings 20 and 21 respectively,
suitable impedance elements such as resistances
33 and 3f. The winding 20 and resistance 30
are, of course, energized from the secondary
winding {5 of t{ransformer {3, and the winding

members § of electric valve means 4 and §, re-
spectively, to serve as discharge paths for induct-
ances 32 and 38 and thereby to limit the magni-
tude of the negative portions of the control volt-
ages impressed on control members §. ‘The uni-
directional conducting devices 34 and 35 are pref-
erably of the type disclosed and claimed in U, 8.
Patent 1,640,335 granted Augus? 23, 1827, upon an
application of Lars O, Grondahi. These unidirec-
tional eonducting devices are poled in opposition
to the norms! or intended direction of current
flow between the control members § and the as-
sociated cathodes &

To control the excitation circuits {f and {2 to
reduce the voltage appiied to the control mem-
bers 8 when the ionizable medium of the electric
valve means 4 and § is in an lonized state, we
provide suitable controlling means such as re-
sistances 36 and 37 connected between the com-
mon junctures #% and 39 of resistance 38 and in-
ductance 82, and resistance 8 and inductance 33,
respectively, and the holding anodes {8. These
clrcuits serve to contro! the potentials of the
common junctures 38 and 39 in accordance with
the state of lonization of the medium to reduce
the voltages applied to the control members when
the medium is fonized.

It is to be understood that the auxiliary elec-
trodes or holding anodes {0 are connected to the
respective associated circuits in & manner to be

responsive to the voltage appearing across the in- ‘

ductances 32 and 33. The resistances 30 and 31
may be connected ahead of the coils 20 and 21
if desired. That is, the resistances 38 and 31 may
be connected between windings I5 and 16 of
transformer i3 and windings 20 and 21 respec-
tively.

Certain features of the control circuit includ-
ing an auxilary electrode or holding anode to
effect transfer of current from the Immersion-
ignitor control members as soon as an arc dis-
charge is established within the electric valve
means are disclosed and broadly claimed in a co-
pending patent application of Carl C. Herskind,
Serial No. 326,924, filed March 30, 1940, and
which is assigned to the assignee of this applica-

tion. '
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2f and associated resistance 31 are energized .

in series relation from the secondary winding 1§
of transformer 2.
and 33 which- are connected in circuit in series
relation with windings 20 and 2{ and resistances
30 and 3{, respectively, to provide a short-circuit

bath for the direct current components of volt-

age which would appear across the immersion-
ignitors 9. Accordingly, the inductances 32 and
33 serve to reduce the value of the negative volt-
ages impressed on the immersion-ignitor control
members §. We may, if desired, also use suit-
able unidirectional conducting devices 34 and 35
connected between the cathodes 8 and control

We provide inductances 32

85

The operation of the embodiment of our in-
vention shown in Fig. 1 will be explained by con-
sidering the system when it is operating as a bi-

-phase rectifier to transmit unidirectional current

to the load circuit 2 from the alternating current
circuit { through transformer 3 and electric valve
means 4 and 5. Periodic voltages are supplied

to the control members 8 to render the electric -

valve means 4 and § conductive, and these elec-
tric valve means are rendered conductive alter-
nately to transmit both half cycles of current to
the load circuit 2. The average value of current
transmitted to the load circuit 2 may be con-
trolled by controlling the time during the posi-
tive half cycles of anode-cathode voltage at which
the electric valve means are rendered conductive.
As the times of initiation of arc-discharges are
advanced towards the zero point of the positive

" half cycles of applied voltage, the average output
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voltage is increased and, conversely, as these in-
stants are retarded in phase, the average output
voltage Is decreased. Adjustment of the rotary
phase shifter 1T permits adjustment and control
of the times during the positive half cycles of
applied anode-cathode voltage at which the elec-
tric valve means 4 and § are rendered conduc-
tive, Hence, in this manner by the adjustment
of phase shifter 17, the magnitude of the voltage
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- impressed on the direct current eircuit 2 may be
controlled. :

Due to the fact that the core members 22 and

23 are unidirectionally biased magnetically by

the action of the windings 24 and 285, the wind- -

ings 20 and 2f offer an unsymmetrical imped-
ance to the flow of current therethrough; that
is, these. windings offer & relatively small imped-
ance to the flow of current through the winding

when it is in a direction tending to set up & flux

which assists that established by the windings
2¢ and 28, and offer a much greater impedance
to that polarity of current flowing through wind-
ings 20 and 21 when the current tends to estab-
1ish & flux in opposition to the flux established by
windings 26 -and 25. Accordingly, the current
which is transmitted through the resistances 30
and 31 will be of unsymmetrical wave form’ and
accordingly the voltage appearing across the ter-
minals of resistances 3¢ and 81 will be of unsym-
metrical wave form. This voltage is & periodic
voltage having positive portions of substantially
greater magnitude and shorter duration than the
negative portions. :

The operation of the excitation circuits f1 and
12 may be more fully appreciated by referring
to the operating characteristics shown in Fig. 2.

Curve A represents the voltage applied to one of
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the excitation circuits, as for example excitation

circuit 1f, by secondary winding 15 of trans-
former 3. Curve B represents the unsymmetri-
cal impedance of the winding 20, and curve C
represents the current transmitted through re-
sistance 30 in the excitation eircuit 1. Curve C
may also represent the voltages impressed across
cathodes 8 and the terminals of resistances 30
and 8! by windings I5 and 16 and the saturable
inductive devices 18 and 18, respectively. It will
be noted that the positive portions a are of sub-
stantiaily greater magnitude and shorter dura-
tion than the negative portions b. We have

found that very satisfactory operation occurs

when the duration of the positive portions Is in
the neighborhood of seventy electrical degrees.

Curve E represents the voltages appearing
across the inductances 32 and 33 and hence
represents the voltage applied to the control
members § when arc discharges are initiated
near the beginning of the positive peaks of the
voltage. As soon as the medium becomes ion-
ized, the voltage drop through resistances 36 and
31 reduces the potentials of the associated
 control members 9 and causes the greater por-
tion of the excitation circuit current to be trans-
ferred to the holding anodes 10: The induct-
ances 321 and 33 serve as paths for the direct
current components of current which flow
through the holding anode circuits. The zerc
axis of the alternating voltages of the excitation
circuits is thereby lowered and the magnitudes
of the negative portions of the voltages are cor-
respondingly decreased. In this manner, the
magnitude of the negative portions of the volt-
ages applied to the control members is reduced,
thereby relieving to a great extent the duty im-
posed on the control members.

The reslstances 36 and 31 serve as a means for
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tric valve means. 1t will be readily appreclated
that as soon as an arc discharge is established
within the electric valve means, most of the cur-
rent will be conducted between the holding
anodes 10 and the associated cathodes 8, there-
by greatly relieving the duty imposed on the con-
trol members 9. That is, these circuits -control
the potentials of the junctures 38 and 38 to per-
mit application of large positive voltages to the
control members 9 only when the ionizable me-
dium is nonionized. :

The manner in which the adjustment of the
resistance 29 controls or shifts the phase of the
periodic voltages of peaked wave form supplied
to the control members § may be more fully ap-
preciated by referring to the operating charac-
teristics shown in Fig. 2a. The sinusoidal volt-
age F represents the voltage supplied to wind-
ings 20 or 21 of the inductive devices I8 and (9.
For the purpose of simplification, the operation
of the circuit will be explained by considering the
curve F as representing the voltage supplied to
the inductive device 18 by winding 1§ of trans-
former 13. Curve G represents the unidirec-
tional magnetomotive force established in induc-
tive device 18 by winding 24, and the curve H
represents the voltage 8across inductance 32
which is, of course, impressed on the control
member 8 of electric valve means 4. 'The wave
front of the voltage of peaked wave form for
the arrangement shown in Diagram I ‘occurs at
time e due to the unidirectional magnetomotive
force there shown. The exact point or time
during the half cycles of voltage of winding {8
at which the voltage appearing across the in-
ductance 32 increases abruptly is determined by
the relation between the magnetomotive force

. produced by winding 24 and the magnetomotive
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- reducing the magnitude of the positive voltages

applied to the control members 8 as soon as the
ionizable medium of the electric valves becomes
ionized. That is, the resistances serve to reduce
the voltages applied fo the control members 9,
thereby effecting transfer of the largest part of
the current to the holding anodes {8 as soon as
the arc discharges are initiated within the elec-
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force due ‘to the exciting current flowing in wind-
ing 20. ‘The abrupt increase of current through
inductance 32 occurs at the knee of the satura-
tion curve of the core member 22. In Diagram
II, the unidirectional magnetomotive force has
been increased to & value J, effecting an advance
in the effective phase position of the periodic
voltage to time f. In Diagram III, the unidi-
rectional magnetomotive force has been . decreased
to a value corresponding to the value of curve K
and consequently the wave front of the voltage
of peaked wave form is retarded to time g. It
will be appreciated that a considerable variation
in the effective phase position of the wave front
of periodic voltage of peaked wave form may be
controlled or adjusted by controlling the uni-
directional current transmitted to winding 24.
We have found that the effective phase position
of the voltage of peaked wave form may be
shifted -throughout a region of the order of mag-
nitude of fifteen electrical degrees.

©Of course, it will be understood that our in-
vention is not limited to arrangements employ-
ing holding anodes and assoclated circuits for the
anodes. Yor example, our invention may be
illustrated as shown in Fig. la where the uni-
directional conducting device 34 is connected di- -
rectly across the inductance 82, the cathode &
and the control. member 9. The apparatus shown
in Fig. 1a is merely a fragmentary representation
of the portion of the circuit shown in Fig. 1.
The embodiment of our invention shown in Fig.
1a operates to supply to the control members 8
currents such as that represented by curve C
in ®Pig. 2.

Fig. 8 diagrammaticaily illustrates another em-
‘bodiment of our invention but merely shows a
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fragmentary portion of the -circult shown in
Fig, 1 and corresponding zlements hsve been
assigned like reference numerals, Where it is
desired to transmit only positive impulses of
current to the control members 9, we provide a
unidirectionel conducting device 48 connected
memper £. The current supplied to the con-
trol member £ is represented by the heavy curve
D of Fig. 4. The unidirectional conducting de-
vice 40 efiectively suppresses or prevents the fiow
of the negative current represented by the shad-
ed portions d of Fig, 4, The other elements of
the eircuif operate in substantially the same way
as that explained shove in connection with
Fig. 1.

Pig. 5 diagrammatically illustrates a stil! fur.
ther simplified embodiment of our fnvention in
which the holding snode is connected to the com-
mon juncture of resistance 3¢ and inductance
32. The immersion-ignitor contro! member is
connected to this junecture through resistance 36,
Of course, the excitation circuit is energized by
alternating current as shown in Fig. .

"The circuit of Fig, 5 operates to impress on the
control member § an alternating voltage having
positive portions of substantialiy greater mag-
nitude and shorter duration than the negative
portions. As explained above in connection with
Fig. 1, as soon as the are dischsarge is established,
the greater portion of the current present in
the excitation eircult is transferred to the hold-
ing anode 18, thereby relieving the current car.
rying duty imposed on the contro! member §.
The inductance 32 serves as a path for the uni-
directional component of current present in the

xcltation eclrcuit, ~This unidirectional current
may beé considered as flowing through holding
anode 10, cathode § and inductance 32, By so
by-passing the unidirectional component of cur~
rent, the zero axis of the alternating output volf-
age of the excitation circuit is loweredq effecting
a reduction in the magnitude of the negative por-
tions thereof, .

Fig. 8 diagrammatically illustrates a further
embodiment of our invention which is similar in
many respects to that shown in Fig. 3. Instead
of using a unidirectional conducting device 34
connected between the cathode 8 and the com-
mon juncture of resistance 36 and unidirectional
conducting device 40, we provide a suitable sym-
metrically conducting device, such as a resist-
ance 4¢,

In order to control the phase of the voltage
impressed on control member 9 in response to &
predetermined controlling influence, we pro-
vide apparatus for variably energizing winding
24 of inductive device 8. This controlling in-
‘fluence may be an electrical condition of the
translating apparatus or of one of the asso-
clated circuits, such as the voltage of the direct
current circuit. In the specific embodiment of
-the invention illustrated, we have chosen to show
a rheostatic regulator connected in series rela-
tion with the winding 24 and in series relation
with the output of an auxiliary rectifier which,
in turn, may be energized from the alternating
current circuit 1,

The arrangement of Fig. 6 operates to impress
on the control member 9 a unidirectional periodic
voltage of peaked wave form, having 'po.sitive
portions of shori duration. Upon the initiation
of an arc discharge within the electric vglve
mezans, current is transferred to the auxiliary
electrode {0 thereby transferring the current

In serles relation with the associated control
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from the control member § and reducing the duty
imposed thereon.

-The rheostatic regulator operates to vary the
amount of current transmitted to winding 24 of
device 18 to maintain the output voltage im-
pressed across the direct current circuit at g
constant value. If the voltage of the direct cur-
renf circuit tends to rise above a predetermined
value, the energization of the actuating coll of
the regulator is increased, relfeving the pressure
on the resistance element of the regulator . ang
effecting a resultant decrease in current througlh
winding 24. As explained above in Mg, 2a, the
voltage of peaked wave form appearing across
inductance 32, that is the voltage supplied to
control member 8, is retarded in phase, tending
to restore the direct current output voltage ic
the desired value, Conversely, if the voliage of
the direct current circuit tends to decrease, the
resultant resistance of the rheostatic regulator
is increased effecting an increase in the current
iransmitted to winding 24 and advancing the
phase of the periodic voltage impressed on coxn-
trol member 8. While we have shown a partic-
ular type of regulator for controlling the currens
in winding 24, it is to be understood that snv
other suitable arrangement for automatically
varying the current transmitted to winding 24
may be employed.

A still further embodiment of our invention
is dlagrammadtically {llustrated in Fig. 7, and like
elements have been assigned reference numerals

‘ corresponding to the embodiments of the preced-
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ing figures. In the arrangement of Fig, 7, we
connect a unidirectional conducting device 42
across the inductance 32, thereby providing an
unsymmetrical path for the flow of current
through the control circuit and consequently
tending to reduce the magnitude of the negative
portions of the periodic voltage present in the ex.
citation circuit,

_As additional means for shifting the phase of
the periodic voltage of peaked wave form pro-
duced by the excitation clrcuit upon variation
of the unidirectional current’ transmitted to
winding 24, we provide a bhase shifting circuit 42
comprising & transformer 44 having primary
winding or windings 45 and & secondary winding
46 provided with a neutral connection 47, A
suitable phase compensating or adjusting means,
such as a capacitance 48, is connected ackgss the
terminals of the secondary winding 46. suit-
able impedance elements, such as resistances
49, are connected in series relation with the pri-
mary windings 45 to produce varlations in phase
of the output voltage of secondary winding 46
the amount of lagging reac-
tive current transmitted through secondary .
winding 48, depending upon the unidirectional
magnetization of the inductive device 18, In
this manner, the phase of the periodic voltage
of peaked wave form supplied to control mem-
bers 8 is shifted by an additional amount de-
termined by the variable angular displacement
of the impedance drop appearing across resist-
ances 49. . :

Transformer 44 may be g three phase trans-
former, if desired, to energize excitation circuits

. for a polyphase electric valve converting system.

70
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Additional secondary windings (not shown) may
be associated with the other two primary wind-
ings 45 to energize four additional electric valve
means in the event an electric valve converting
system employing six electric valve means is
used.
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The system shown in Fig. 7 permits control

of the phase of the periodic voltages impressed
- on control members 9 of electric valve means
4 and 8 relative to the voltage of circuit {. The
shift in phase of these periodic voltages is the

resultant of two effects; one of these effects is a

shift in phase of the voltage appearing across
inductance 32 with respect to the voltage of sec-
ondary winding 46 of transformer 43, and the
second effect is that produced by the flow of

variable amounts of lagging or reactive current -

through the resistances 49, which produces &
shift in phase between the secondary voltages
induced in winding 46 relative to the voltage of
circuit . Consequently, the resultant shift in
phase of the periodic voltages impressed on con~
trol members 8 is the sum of these two phase
displacements. The phase displacements are
additive or accumulative, and are effected by
variation or control of the amount of unidirec-
tion current transmitted to control windings 24
and 28.

. Pig. 8 diagrammatically illustrates an em-
bodiment of our invention as applied to a poly-
phase electric valve converiing system for trans-
mitting power between a polyphase alternating
circuit comprising conductors 80, 51 and §2 and

10
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we provide means for controlling the relative
phase displacements between the periodic volt-
ages of peaked wave form impressed on the con-
trol members of the electric valves in these two
groups. More specifically, we provide means
for adjusting the relative magnitudes of the uni-
directional currents transmitted to the direct

‘eurrent windings 18 of the inductive devices

$8—80 and 11—13. The direct current saturat-
ing winding 1% may be energized from a suit-
able source of direct current 716, and a suitable
current controlling means, such as a -pair of
variable resistances 17 and 18, may be connected
across the source 716, and the common juncture
18 of resistances 17 and 78 may be connected to

" @ point 80 intermediate windings 15 of devices

20

68—10 and devices T1—13. A suitable smooth~
ing reactance 81 may be connected between
points 19 and 80 if desired.

The phase of the voltage supplied to the vari-
ous. excitation circuits for electric valves 58—83
is controlled or adjusted by means of a plurality

- of phase shifting circuits 82, 83 and 84. For ex-

25

a direct current circuit 53. The translating ap- -

paratus interconnecting the alternating current
circuit and the direct current circuit may in-
clude a transformer comprising primary wind-
ings 54 and two groups of secondary windings
55 and 58 interconnected through an interphase
transformer 87 so that the system operaies as a
double three-phase system. Electric valve
means 58—83 are connected to the secondary
windings 85 and 58 and transmit current in a
predetermined order. Due to the interconnec-
tion of the groups of secondary windings §5 and
88, each electric valve conducts current for 120
electrical degrees but for only 60 electrical de-
grees with any one other electric valve of an-
other group. That is, two electric valves, one
in each group, are conducting current at any
one time. These electric valves are also of the
type preferably employing an ionizable medium
and having an snode 64, a self-reconstructing
cathode such as a meiciry nool cathode 85, and
an immersion-ignitor contrct member 66 and
an auxiliary electrode 67.

In order to supply periodic voltages of peaked
wave form to the control members §6 of electric
valves §8--63, we provide a plurality of excita-
tion circuits, several of the elements of which
correspond to the elements in the excitation
circuit of Fig. 6, and corresponding elements
have been assigned like reference numerals.
BEach of the electric valves 58—63 is provided
with an excitation circuit, but only the excita-
tion circuits dssociated with electric valves 58
and 63 have been illustrated in detail in order

to simplify the presentation of this aspect of.

our invention. The excitation circuits are pro-
vided with saturable inductive devices 68—173 as-
sociated with electric valve 58—83, respectively.
Each inductive device comprises a winding T4
which is connected to the resistance 30 and also
includes a direct current saturating winding 15.

As an agency for adjusting or pre-establishing
a predetermined division of average load cur-
rent between the two Y portions of the elec-
tric translating system  including secondary
windings 86 and electric valves 58—60, and sec-
ondary windings 56 and electric valves 0!-—-33
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ample, the phase shifting circuit 82 associated
with electric valves 58 and 83 is shown conneci-
ing the respective excitation circuifs. A plu-
rality of transformers 85, 86 and 87 are connected
between the phase shifting circuiis 82—84 and
the respective associated ewcitation -circuits.
These transformers, as for éxazmaple transformer
85, are provided with primary winding 85’ and a
pair of secondary windings 88 which are con-
nected to the excitation circuits for electric valves
58 and 63. While the transformers 88 and 87
are not shown connected to the excitation circults
for electric valves $9—=82, it will be appreciated
that these transformers are connected in the
same manner to electric valves 58—62,

A suitable vhase displacing capacitance 89 is
connected across the primary winding of {rans-
former 85 and cooperates with a capacitance 90
and a resistance 91 to produce a phase displace-
ment of the voltages Impressed across primary
winding 8% upon varlation in the amount of
lagging reactive current transmitted to the ex-
citation circuit, depending upon the amount of
unidirectional magnetization of the saturable
inductive devices 68 and 13. It will be noted that
the upper terminal of capacitance 90 is connected
to conductor 5¢ of the alternating current circuit
and the upper terminal of the resistance 91 is
connected to.conductor §f.

The operation of the system shown in Fig. 8
will be explained by considering the system when
it is operating as a volyphase rectifier energizing
the direct current circuit ¥3 from the alternating
current circuit. The system operates as a double
three-phase rectifier through the action of the
interphase transformer 57 so that two electric
valves in each group conduct current at any one
time. The phase of the periodic voltages of

- peaked wave form impressed on control members
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88 of electric valve means §8—63 may be ad-
justed throughout a substantial range, that is,
of the order of magnitude of 60 or 10 electrical
degrees, by the adjustment of the resistances T1
and 78. The shift in phase of these periodic
voltages, as explained above, is the result of two -
effects. One of these is the shift in phase of the
periodic voltages of peaked wave form relative to
the voltages induced in secondary windings 88,
and the other effect is that due to the shift in
phase produced by the associated phase shifting
circuits 82—84 occasioned by the flow of variable
amounts of reactive current through the phase
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shifting eircuils. The amount. of this reactive
eurrent tremsmitted through the phese shifting
clrcuits 52-—38 Is obiained by control of ihe
amount of wunidirectional current iransmitted
through control windings 75 of the flevices
§50~—173,

The manner in which the shif$ in nhase nro-
duced by vhase skifting circuits 22—24 is effacted
may be more fully avvreciated by referring to the
opersting cheracterisiics shown in Fig, 9.
verlous elements of the phase shifting civeuit 52
are there represented as connected 1o conductors
§C, 51 and 52 of the alternating current supply
clrecuit. Variation In the amount of reactive cur-
rent or the phese of the current consumeg from
secondary windings 83 shifts the phase of the
voltage impressed across primary winding 355°.
The vectors OM, ON, OP, OQ and CR represens
the phase of the volitage impressed across the
primary winding 85’ for different magnitudes of
seturating current transmitted to windings 73 of
devices 88 and 723. As the current through wind-
ings ¥ is varied throughout a region of from !
to § amperes, the phase of the voliage impressed
on the transiormer 85 is varied throughout o sub-
stentisl range, ’

In oddition o the vhase shift of veliages {ifus-
trated in Flg. 9, it will be understood that there is
o shift in phase between the voltages of peaked
wave form and the voltages induced in secondary
windings 88 as explained above in connection
vrith Mg, 22,

By operating or adjusting resistances 97 and
70, we may contrel the division of load or control
the average current conducted by the two groups
of electric valves 50—%0 and §{—83. This ar-
rangemens affords o simple and highly satisfac-
wry way of obfaining an equal distribution of

" lcad current beiween the two three-phase or Y
vectifying sections of the polyphase system. By
varying the values of resistances 7T and 73, the
current tronsmitted fhrough the windings 73 is
controlled and the phase of the voltages im-
pressed on conirol members 68 of valves 58—50
and §6—03 is independently adjustable to obtain
the desired equal division of load current there-
between,

A still further embodiment of our invention is
shown In Pig. 10 which is similar in many re-

spects fo the arrangement of Fig. 8, and corre--

sponding elements have been assigned like refer-
ence numerals. In the arrangement of Fig. 10,
the interphase transformer 57 is shown as com-
prising portions 57a and 57b having connected
therebetween a resistance 92.- The load circuit 53
may be connected between the common juncture
of the cathodes and a terminal or intermediate
connection of the resistance 92. Control or satu-
rating windings 93 of the inductive devices 68—13
are connected to the terminals of resistance 92 as
2 means for automatically controlling the satu-
ration of devices 68—73 to maintain an equal
distribution of load current between the groups
of valves §8—80 and 61--63. It will be under-
stood that any other means may be employed to
control automatically the energization of wind-
Ings 18 or 98, or both, in response to the relative
amounts of current conducted by the groups of
valves or in response to any other desired con-
trolling influence. Variation in the relative
magnitudes of currents conducted by the two
groups of main electric valves sutomatically
shifts the phase of the. periodic voltages im-
pressed on control members §8 so that the equal
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distribution of load is re-established or main- 75

i

tained, The arrows shown con devices §8—13
represent the relative directions of the magneto-
motive forces of the respective asscciated wind-
ings 75 and 83 when the load assumed by electric
valve means 61——£3 exceeds that carried by elec-
tric valve means 56—=89. Under ihis condition
tiie phase of the control voltages impressed on
members 56 of eleciric valve means 6§iI—63 are
retarded in phase, and the control voltages im-
pressed on contrcl members 86 of electric valve
means 88—60 are advanced in phase, thereby re-
astablishing the desired equal division of load.
For a reverse uneven distribution of load cur-
rent, devices §8—73 also effect a balancing of the

- load current.

While we have shown and described our inven-
tion as applied to particular systems of connec-
tions and as embodying varicus devices diagram-
matically shown, it will be obvious to those skilled
in the art that changes and modifications may
be made without departing from our invention,
and we, therefore, aim in the appended claims
to cover all such changes and modifications as

. fall witain the true spirit and scope of our inven-

ton,

Whet we claim cs new and desire to secure by
Letters Patent of the United States, is:

L. combination, an cleciric valve means
having an anode, a cathode and a control mem-
ber, a source of alternating current, an excita~
ton eircuit for impressing on said control mem-
her an alternating control voltage having positive
rortions of substantially greater magniture and
shorter duration than the negative portions and

-comprising in series relatlon with said source

means for producing an alternating voltage of
pvezked wave form, 3 resistance and an induct-
ance, and means connected between said excita-
tion circuit and said siectric valve means for
sransmitting a direet current component of sur-

-rent’ {herebetween, the inductance being con-

nected In circuit with said cathode and said con-
trol member to provide a path for the direct
current component of current flowing in said

- excitation ecircuit thereby reducing the magni-

tude of sald negative portions of control voltage,

2. In connection, an electric valve means nhav-
ing an anode, a cathode and & control member,
a source of alternating current, an excitation cir-

-cuit for impressing on said control member an

sclternating control voltage having positive por-
tions of substantially greater magnitude and
shorter duration than the negative portions and
comprising means energized from sald source

5 and including a serialiy connected unidirection-

ally saturable inductive device, a resistance and
an inductance, and means connected between
said excitation eircuit and sald electric valve
means for transmitting a direct current compo-
nent of current between said excitation circuit
and sald electric valve means, the inductance
being connected in eircuit with said cathode and
sald control member to provide a path for the
direct current component of current flowing in
said excitation circuit thereby reducing the mag-
nitude of said negative portions of control
voltage.

3. In combination, an electric valve means
having an anode, & holding anode, a cathode, a
conirol member of the immersion-ignitor type

associated with said cathode and employing an

ionizable medium, a source of alternating cur-
rent, an excitation circuit for impressing on said
control member an alternating control voltage

having positive portions of substantially greater -
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magnitude and shorter duration than the nega-.

tive portions and comprising means energized
from said source and including a serially con-
nected unidirectionally saturable inductive de-
vice, a resistance and an inductance, means for
connecting said control member to be energized
in accordance with the voltage appearing across
said inductance, and means for connecting said
holding anode to said excitation circuit.

- 4, In combination, an electric valve means
having an anode, a holding anode, a cathode of
the self-reconstructing type, an immersion ig-
nitor control member associated with said cath-
ode and employing an ionizable medium, a source
of alternating current, an excitation circuit for
impressing on said control member an alter-
nating control voltage having positive portions
of substantially greater magnitude and shorter

~ duration than the negative portions and com-
prising means energized from said source and
including in series relation a unidirectionally
saturable inductive device, a resistance and an
inductance, means including a resistance for con-

necting said control member to be energized in

- accordance with the voltage appearing across
sald inductance, and means for connecting said

holding anode to said excitation circuit,

5. In combinsation, an electric valve means
having an anode, a holding anode, a mercury
pool cathode and a control member of the im-
mersion ignitor type associated with sald cath-
ode, a source of alternating current, an excita-
tion circuit for producing an alternating control

20
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inductance and an inductive device having a uni-
directional magnetizing element, and a unidirec-
tional conducting device connected between said
cathode and said control member and being poled -
in opposition to the normal intended direction
of current flow between said control member and
said cathode to limit the magnitude of the neg-
ative portions of said alternating voltage.

8. In combination, an electric valve means
having an anode, a cathode and a control mem-
ber and employing an ionizable medium, a source
of alternating current, an excitation circuit for
impressing on said control member an alter-
nating voltage having positive portions of sub-
stantially greater magnitude and shorter dura-
tion than the negative portions and comprising
means energized from said source and including
s serially connected impedance element and a
unidirectionally saturable inductive device and a
unidirectional conducting device connected be-

. tween said cathode and said control member and
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voltage having positive portlons of substantially

greater magnitude and shorter duration than the
negative portions and comprising means ener-
gized from said source and including a serlally
connected unidirectionally saturable inductive
device, a resistance and an inductance, means
for impressing on said control member a prede-
termined component of the voltage appearing
across said inductance and including a resistance
connected between said control member and said
excitation circuit, and means for reducing the
voltage applied to said control member upon the
initiation of an arc discharge within said elec-
tric valve means comprising a circuit connected
between sald common juncture and said holding
anode. ) .

6. In combination, an eleciric valve means
having an anode. s cathode and a control mem-
" ber, a source of alternating current, and an exci-

tation ecircuit for impressing on sald control-

member an alternating voltage having positive
portions of substantially greater magnitude and
shorter duration thsn the negative portions and
comprising means energized from said source and
including a serially connected impedance ele-
ment and an inductive device having a unidirec-
tional magnetizing element and a unidirectional
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conducting device connected in said excitation

circuit and being poled in oxyposition to the nor-
mal intended direction of current flow between
sald control member and said cathode to limit
the magnitude of the negative portions of said
alternating voltage.

7. In combination, an electric valve means
having an anode, a cathode and a control mem-
ber, a source of -alternating current, and an
excitation circuit for impressing on said control
member an alternating voltage having positive
portions of substantially greater magnitude and
of shorter duration than the negative portions
and comprising in series relation a resistance, an
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being poled in opposition to the normal intended
direction of current flow between said control
member and said cathode to limit the magnitude
of the negative portions of said alternating volt-
age, and means responsive to the state of ioniza-
tion of said medium for reducing the voltage ap-
plied to said control member when said medium
i3 in an ionized state.

9, In combination, an electric valve means
having an anode, a cathode, a control member

“and employing an ionizable- medium, a source of

alternating current, an excitation circuit for im-
pressing on sald control member an alternating
voliage having positive portions of substantially
greater magnitude and shorter duration than the
negative portions and comprising means ener-
gized from sald source and including a serially
connected resistance, an inductance and a uni-
directionally saturable inductive device having
a unidirectional magnetizing element, a second

.resistance connected between the common junc-

ture of said first mentioned resistance and said
inductance and said control member and a uni-
directional conducting device connected between
said cathode and sald control member and being
poled in opposition to the normal intended di-
rection of current flow between said control
member and said cathode to limit the magnitude
of the negative portlons of said alternating volt-
age, and mesns connected to said common junc-
ture and responsive to the state of ionization of -
said medium for reducing the magnitude of the
positive portions of voltage applied to said con-
trol member when said medium is in an ionized
state. ,

10. In combination, an electric valve means
having an anode, a cathode, a control member,
a holding anode and employing an ionizable me-
dium, a source of alternating current, an excita-
tion circuit for Impressing on said control mem-
ber an aliernating voltage having positive por-
tions of substantially greater magnitude and
shorter duration than the negative portions and -
comprising means energized from said source
and including a serially connected resistance,
an inductance and a unidirectionally saturable
inductive device having a unidirectional mag-
netizing element, a second resistance connected
between the common juncture of said first men-
tioned resistance and said inductance and said
control member and a unidirectional conducting
device connected between said cathode and said
control memher and being poled in opposition
to the normal intended direction of current flow
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ween sald common juncture and said holding
wiotle for conirolling the potential of sald junc-

to reduce the magnitude of the positive
ions of voltege applied to said control mem-
¢r when s2id medium is in an ionized state.

11, In combination, an electric valve mesans
having an ancde, g cathode and a contrel mem-
: 2 source of allernating current, end on 8z-

o et
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and comaprizing means energized from said source
and including = serially connected impedance ele-
1 oand an ioductive device having a unidi-

aid control member and being poled in
on i the normal infended direction of
t Jow Lelween said control member and
thode and & second uaidirectional con-
deviee connected in series relation with

X
said

T X3
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connecting said control member to be energized

- in accordance with the voltage appearing across

7 alternating current, and an exci-

t for impressing on said conirol
member & verioedic voltage of peaked wave form
and comprising in series relation a resistance, an

induciance and sn inductive device having a uni-
Girectionally megnetizing element, a unidirec-
tional conducting device connected between the
common juncture of sald resistance and said in-
ducte.:ce and the control member and being poled
+o-permit the flow of only positive current to said
control member, and 8 unidirectional conduct-
ing device connecied between said cathode and
szid fArst mentioned unidirectional conducting
Jevize,

13, In combination, an electric valve means
naving an anode, & cathode, a holding anode and
& control member and employing an ionizable
medium, o scuvce of alternating current, an ex-
citetion circuis for impressing on said control
member & periodic voltage of peaked wave form
and comprising means energized from said source
and inciuding s cerially connected resistance,

an induciance and a unidirectionally saturable 5

inductive device, a serially connected resistance
and & unidirectional conducting device con-
nected between said control member and the
common juncture of sald first mentioned resist-
ance and:said inductance, said unidirectional
conducting device being poled fo permit the
transfer of only positive current to sald centrol
member, & second unidirectional conducting de-
vice connected between sald cathode and the
common Jjuncture of sald second mentioned re-
sistance and sald first mentioned unidirectional
conducting device, and means connected between
said first mentioned - juncture and said holding
anode to reduce the voltage applied to said con-
irol member when sald medium is in an ionized
state. . :
14. In combination, electric valve means hay-
ing an anode, a cathode and a control member,
a source of alternating current, an excitation
circuit for impressing on said control member a
periodic voltage of peaked wave form and com-
prising means energized fz;om said source and in-
cluding a serially connected unidirectionally sat-
urable inductive device having a control wind-
ing, a resistance and an inductance, means for
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said inductance, and means for transmitting
variable amounts of unidirectional current to
said control. winding to control the. effective
phase nposition of said periodic voltege relative
to the voliage applled to said anode and saig
cathode.

15. In combination, 2lectric vaive means hav-
ing an anode, 3 cathode and a control member,
a source of slternating current, an excitation cir-
cuit for impressing on sald conirol member s
periodic voltage of peaked wave form and com-
prising means energized from said source and
inciuding 2 serially connected unidirectionally
saturable inductive device having a control wind-
ing, a resistance and an inductance, means for
connecting said control member to be energized
in accordance with the voltage appearing across
said inductance, and means responsive to a pre-
determined controlling influence for variably en-
ergizing said control winding to contral thereby
the effective phase position of sald periodic volt-
age relative to the anode-cathode voltage of said
electric valve means. )

18, In combination, alternating current ecir-
cuit, a direct current circuit, electric translating
apparatus connected between said circuits and
comprising an electric valve means having an
anode, a cathode and a control member, a source
of alternating current, an excitation circuit for
impressing on sald control member a periodic
voitage of peaked wave form comprising means
energized from said source and including a se-
rially connected saturable inductive device hav-
ing a control winding, a resistance and an in-
ductance, raeans for connecting said contro]
member {0 be energized in accordance with the
voltage appearing .across said inductance, and
means respensive to 8 predetermined electrical
condition of sald translating apparatus for con-
frolling the effective phase position of said pe-
riodic voltage reiative to the voltage of said al-
termating current circuit.

17. In combination, electric valve means hav-
ing an anode, 8 cathode and a control member
of the immersion-ignitor type associated with

said cathode, & source of alternating current, an

excitation circuit for impressing on said control
member a periodic voltage of peaked wave form
and comprising means energized from sald source
and including a serially connected unidirectional-
1y saturable inductive device, a resistance and an
inductance, means for connecting said control
member to be energized In accordance with the
voltage appearing across sald inductance and
including a serially connected second resistance
and a unidirectional conducting device connect-
ed between sald control member and said excita-
tion circuit, and a third resistance connected be-
tween said cathode and the juncture of the sec-

ond mentioned resistance and said unidirection-

8l conducting device. )
18, In combination, electric valve means hav-
ing an anode, a cathode, a control member of the
immersion-ignitor type associated with said
cathode and having an auxiliary electrode, a
source of alternating current, an excitation cir-
cult for impressing on sald control member a
periodic voltage of peaked wave form compris-
ing means energized from said source and in-
cluding in series relation a unidirectionally
saturable inductive device, a resistance and an
Inductance, means for connecting said control
member to be energized in accordance with the
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voltage appearing across said inductance and in-
cluding a seriially connected second resistance
and & unidirectional conducting device connect-
ed between said control member and the juncture
of the first- mentioned resistance and said in-
ductance, a third resistance connected between

said cathode and the juncture of the second re- .

sistance and said unidirectional conducting de-

vice, and means for connecting said auxiliary

electrode to said common juncture of the first
_mentioned resistance and said inductance.

19. In combination, electric valve means hav-
ing an anode, a cathode and & control member
of the immersion-ignitor type associated with
said cathode, a source of alternating current, an
excitation eircuit for impressing on said control
member a periodic voltage of peaked wave form
comprising means energized from said source
and including a serially connected unidirection-
ally saturable inductive device, a resistance and
an inductance, means for connecting said con-
trol member to be energized in accordance with
the voltage appearing across said inductance
comprising in series relation a second resistance
and & unidirectional conducting device connect-
ed between sald control member and sald ex-
citation circuit, and a second unidirectional con-
ducting device connected across said inductance
and being poled to transmit current in the same
direction as said first mentioned unidirectional
conducting device relative to the transfer of cur-
rent through said control member.

20. In combination, electric valve means hav-
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ing an anode, a cathode and a control member,
a source of alternating current, an excitation
circuit for producing an alternating voltage hav-
ing positive portions of greater magnitude and
shorter duration than the negative portions and
comprising means energized from sald source in-
cluding in series relation a resisfance, an induc-
tance and an inductive device, & unidirectional
conducting device connected between the said

_control member and said excitation circuit to

impress only the positive portions of voltage on
sald control member, and a circuit connected
between said cathode and sald unidirectional
conducting device to reduce the magnitude of
the negative portions of.the voltage appearing
across said inductance. )

23. In combination, electric valve means hav-
ing an anode, a cathode and an immersion-igni-
tor control member assoclated with said cathode
and employing an ionizable medium capable of

. supporting an arc discharge, a source of alter-
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ing an anode, a cathode. a control member of’

the immersion-ignitor type associated with said
cathode and’having -an auxiliary electrode, a
source of alternating current, an excitation cir-
cuit for impressing on said control member a
periodic voltage of peaked wave form comprising
means energized from said source and including
a serially connected unidirectionally saturable
inductive device, a resistance and an inductance,
means for connecting said control member to be
energized in accordance with the voltage appear-
ing across said inductance comprising in series
relation a second resistance and a unidirection-
al conducting dévice connected between said con-
trol member and said excitation circuit, a sec-
ond unidirectional conducting device .connected
across said inductance and being poled to trans-
mit current in the same direction as sald first
mentioned unidirectional conducting device rela-
tive to the transfer of current through said con-
trol member, and means for connecting said aux-
{liary electrode to said excitation circult.

21. In combination, electric valve means hav-
ing an anode, a holding anode, a cathode, a con-
trol member of the immersion-ignitor type as-
sociated with said cathode and employing an
ionizable medium, a source of alternating cur-
rent and an excitation circuit for impressing on
said control member a periodic voltage of peaked
wave form and comprising means energized from
sald source and including a serially connected
unidirectionally saturable inductive device,
resistance and an inductance, means for con-
necting said control member to be energized in
accordance with the voltage appearing across
said inductance, means for connecting said hold-
ing anode to said excitation circuit, and means
" comprising a unidirectional conducting device
connected in series relation with said control
member to permit transmission of only unidirec-
tional impulses of current thereto.

22. In combination, electric valve means hav-
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nating current, and an excitation circuit for
impressing on said -control member a periodic
voltage of peaked wave form- having positive
portions of substantially greater magnitude and
shorter duration than the negative portions and
comprising in series relation with said source an
impedance element and a unidirectionally
biased inductive reactance which offers substan-
tially less impedance to the flow of current
therethrough during positive half cycles of volt-
age of sald source than that during the negative
portions whereby sald periodic voltage is pro-
duced across said impedance element.

24. In combination, electric valve means hav-
ing an anode, a cathode and an immersion-ig-
nitor control member assoclated with said cath-
ode and employing -an ionizable medium capable
of supporting an arc discharge, & source of alter-
nating current, an excitation cricuit for im-
pressing on said control member a periodic volt--
age of peaked wave form having positive por-
tiong .of substantially greater magnitude and
shorter duration than the negative portions and
comprising in series relation with said source an
impedance element, an inductive device and
means for. connecting said control member to
said impedance element, and means for control-
ling said inductive device to effect a flow of cur-
rent of unsymmetrical wave form therethrough
from said source so that said periodic voltage
is produced across said impedance element.

95._In combination, electric valve means hav-

- ing an anode, a cathode and an immersion-ig-
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nitor control member associated with said cath-
ode and empleying an ionizable medium - capa-
ble of supporting an arc discharge, & source of
alternating current, an excitation circuit for
impressing on said control member a periodic
voltage of peaked wave form having posifive por-

tions of substantially greater magnitude and

Shorter duration than the negative portions and

comprising in series relation with said source an

a 65 impedance element, an inductive device and

means for connecting said control member to
said impedance element, and means for control-
ling the magnetization of said inductive device
to offer less impedance to the flow of current

o during half cycles of voltage of one polarity of

5

sald source than during half cycles of voltage
of the opposite polarity whereby said perlodic
voltage is produced &across said impedance ele-
ment. . o
26. In combination, alternating current cir-
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cuil, a direct current circuit, electric translating
apparatus connected between sald circuits and
comprising two groups of electric valves, each
eleciric valve means having a control member
for controlling the current conducted thereby, a
plurality of excitation circuits each comprising
& source of alternating current, a saturable in-
ductive device having a winding connected in
series relation with said source and an imped-
ance glement connected in serles relation with
seid winding, said inductive device offering an
unsymmetrical impedance to the flow of current
through said winding to produce & periodic volt-
age of peaked wave form across sald impedance
element, and means for controlling said induc-
tive devices of sald excitation cireuits to control
the currents concducied by the two groups . of
eleciric valves. -

27. In combination, alternating curreni cir-
cuit, a direct eurrent circuit, electric translating
apparaius connected between said circuits and
comprising fwo groups of electric valves, each
eleciric valve meszns having & control member
for controlling the current conducted thereby, a
plurality of excitziion eircults each comprising
a source of altermeting current, a saturable in-
ductive device having a winding connected in
series relation with said source and an imped-
ance element connected in series relation with
said- winding, said inductive device offering an
unsymmetrical impedance to the flow of current
through said winding to produce a periodic volt-
age of peaked wave form across sald impedance
element, and means responsive to a predeter-
mined controlling influence for controlling the
inductive devices to maintain a rredetermined
division of load between said groups of electric
valves.

28. In combination, slternating current cir-
cuit, a direct current circuit, electric translating
apparatus connected between said circuits and
comprising a plurality of groups of electric
valves, each electric valve means having a con-
trol member for controlling the current con-
ducted thereby, a plurality of excitation circuits
each comprising & source of alternating current,
a saturable inductive device having a winding
connected in seriles relation with sald source and
an impedance element connected in series rela-
tion with said winding, said inductive device
offering an Impedance which varies abruptly in
response to the fHow of current through said
winding to produce = pericdic voltage of peaked
wave form across said impedance element, and
means responsive io the current conducted by
sald groups of electric valves to control the mag-
netization of the inductive devices.

[
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sponse to the flow of current through said wind-
Ing to produce a periodic voltage of peaked wave
form across said impedance element, and means

‘responsive to an electrical condition of said in-

terphase transforming means for controlling the
magnetization of the inductive devices to con-

" trol the division of load among the groups of
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electric valve means.

30, In combination, alternating current circuit,
a direct current circuit, electric translating ap-
paratus connected between said circuits and com-
prising & plurality of groups of electric valve
means for transmitting power between said cir-
cuits and each including a control member for
controlling the current conducted thereby, a
plurality of excitation circuits each connected to
a different one of said electric valve means and
each comprising a source of alternating current
and & saturable inductive device having a wind-
ing connected in series relation with said source
and having a control winding, an impedance ele-
ment connected in series relation with said wind-
ing and said source, said inductive device offering
an impedance which varies abruptly in response
to the flow of current through the first mentioned
winding from said source to produce a periodic
voltage of peaked wave form across said imped-
ance element, and means for variably energizing
the control windings of the inductive devices as-
sociated with the electric valves of said groups to
control the division of load current thereamong,

31, In combination, alternating current circuit,
a, direct current circuit, electric translating ap-
paratus connected between said circuits and com-
prising an electric valve means having a control
member for controlling the current conducted
thereby, an excitation circuit comprising a source
of alternating current, a saturable inductive de-
vice having a winding connected to be energized
from sald source and an impedance element con-
nected in series relation with said winding and
said source, said inductive device offering an im-
pedance which varies abruptly in response to the

. flow of current through said winding to produce

'29. In combination, alternating current cir- .

cuit, a direct current circuit, electric translating
apparatus connected between said circults and
comprising a plurality of inductive networks and
a plurality of groups of electric valve means, in-
terphase transforming means connected between
said iInductive networks, said- electric valve
means each having a control member for con-
trolling the current conducted thereby, a plu-
rality of excitation circuits each connected to a
different one of said electric valve means and
each comprising a source of alternating cur-
rent, an inductive device having a winding con-
nected in series relation with said source and
an impedance element connected in series rela-
tion with sald winding, said inductive device of-
fering' an impedance which varies abruptly in re-
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“of current through the associated winding to
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a periodic voltage of peaked wave form across
said impedance element, a phase shifting circuit
of the static impedance type comprising an im-
pedance element to vary the phase of the voltage
of said source in response to the variable amounts
of reactive current consumed by said excitation
circuit in accordance with the magnetization of
said saturable inductive device.

32. In combination, alternating current circuit,
& transformer having a primary winding and a
secondary winding, a saturable inductive device

“having a winding connected in serles relation

with an impedance element and sald secondary
winding, means for controlling the magnetization
of said inductive device to offer an impedance
which varies abruptly in response to the flow

produce a perlodic voltage of peaked wave form
across said impedance element, and a static im-
pedance phase shifting circuit connected be-
tween sald alternating current efrcuit and said
transformer to vary the phase of the voltage im-
pressed across said primary wipding in response
to the current transfitted through the winding
of said inductive device. -

33. In comination, alternating current circuit,
8 transformer having a primary winding and a
secondary winding, a saturable inductive device
having a winding connected in series relation with
an Impedance element and sald secondary wind-
ing, means for controlling the magnetization of
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said inductive device so that it offers an imped-~
ance which varles abruptly in response to the
flow of current through sald associated winding
to produce a periodic volfage of peaked wave
form across sald impedance element, and & static
impedance type phase shifting circuit connected
between said alternating current circuit and sald

_ primary winding to vary the phase of the voltage

impressed across said primary winding relative
to the voitage of said alternating current circuit in
response to the current transmitted through said
secondary winding, the winding of said inductive
device and said impedance element. —

34. In, combination, a three-phase alternatineg:
current cireuit, 8 transformer having a three phase
primsary winding and having & secondary winding,
a saturable inductive device having & winding
connected in series relation with an impedance
element and said secondary winding, means for
controlling the magnetization of said inductive
device so that it offers an impedance which varies
abruptly in response to the flow of current there~
through thereby produeing across sald impedance
slement a voltage of peaked wave form, a capac-
1tance connected across said secondary winding,
and a plurality of resistances connected beiween
said alternating current circuit and said primary
windings responsive to the current transmitted
by said secondary winding to confrol the phase
of the voltage impressed across said primary
winding relative to the voltage of saig alternating
current circuit.

35. In combination, a three-phase alternating
current circuit comprising three conductors,
transforming means including a primary winding
and & secondary winding, means energized from
said secondary winding comprising an inductive
Acvies having a winding connected in series rela-
tion with sald secondary winding and an im-
pedance element, means for controlling the mag-
netization of said inductive device so that it offers
an impedance which varies abruptly in response
to the flow of current through the associated
winding thereby producing across said impedance
clement a periodic voltage of peaked wave form,
s cepacitance connected across said primary
winding and having one terminal connected to
one conductor of sald alternating current circuit,
a second. capacitance and a resistance ‘connected
to the other terminal of saild capacitance and
each connected to a different one of the other
fwo conductors of said alternating current circuit.

36. Tn combination, & source of alternating cur-
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rent, an inductive device having & core member
and having a winding and a conirol winding, an
impedance element connected in series. relation
with said source and said winding, said inductive
device offering an impedance which varies ab-
ruptly in response to the flow of current through
sald first mentioned winding to produce across
sald impedance element a periodic voltage of
peaked wave form, and means for controlling the
energization of said control winding to control
the phase of said periodic voltage relative to the
voltage of said source. .
27. In combination, an electric vaive means
having an anode, a holding anode, & cathode, a
conirol member of the immersion-ignitor type
associated with said cathode and employing an
ionizable medium capable of supporting an arc
discharge, a source of alternating current, an
excitation cireuit for producing a control voltage
having positive portions of substantially greater
magnitude and shorter duration than the nega-
tive portions and comprising means energized
from sald source and including a serially con-

nected saturable inductive device and an induc-
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tance, means for connecting said control mem-
ber to be energized in accordance with the volt-
age appearing across said inductance, and means
for connecting said holding anode to sald excita-
tion circult.

38. .In combination, an electric valve means

" having an anode, a holding anode, a control
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member of the self-reconstructing type, an im-
mersion-ignitor control member associated with
said cathode and employing an icnizable medium
capable of supporting an arc discharge, a source
of alternating current, an excitation circuit for
producing a controi voltage having positive por-
tions of cubstantiaily greafer magnitude and
shorter duration than the negative portions and
comprising means energized from said source and

_including in series reletion a saturable inductive

! device and an inductance,

45

said control member.

means including a re-
sistance for connecting sald control member to be
energized in accordance with the voltage appear-
ing across sald inductance, and means for con-~
necting said holding ancde to sald excitation cir-
cult to effect transfer of the current from sald
control member to said holding anode upon inj-
tiation of an arc discharge within said electric
valve means occasloned by the energization of
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