Sept..26, 1944, C. H. WILLIS ETAL 2,359,181

ELECTRIC VALVE CIRCUIT
Filed July 22, 1941 2 Sheets—Sheet 1

Inventors:
Clodius H. Willis,
Martin A.Edwards,

bylf’wc“z)a«/m

Their Attor*ney.




Sept. 26, 1944.

C. H. WILLIS ET AL 2,359,181
ELECTRIC VALVE CIRCUIT

Filed July 22, 1941

2 Sheets-Sheet 2

57

PHASE SHIFTER
/

71

™

74

Ihventor‘s:

Clodius H. Willis,

Mar-tin A. Edwards,
b_)/ ﬁa/m}:?(f‘ AamA/W\

is Attorney.




Patented Sept. 26, 1944

2,359,181

UNITED STATES PATENT OFFECE

2,359,181
ELECTRIC VALVE CIRCUITS

Clodius H. Willis, Princeton, N. J., and Martin A.
Edwards, Scotia, N. Y., assignors ip General
Electric Company, a corporatlon of New York

Application July 22, 1941, Serial No. 403,542

9 Clajms.

Our invention relates to electric valve circuits
and more particularly to control or excitation
circuits for electric valve means of the type em-
ploying an ionizable medium, such as a gas or
8 vapor.

In the control of electric valve apparatus, such
as electric valve means including an ionizable
medium such as a gas or a vapor capable of sup-
porting an arc discharge, it is frequently desir-
able to provide control circuits which effect de-
‘energization of the control member after the arc
discharge has been established batween the anode
and cathode of the electric valve means. For
example, in electric valve apparatus employing
an immersion-ignitor control member constructed
of a material such as boron carbide or silicon
carbide, it is of advantage in some a,pphcatlons
to effect deenergization of the control member
after the arc discharge has been established,

thereby relieving the duty imposed on the con- 23
trol member and consequently increasing the:

life of the control member and the slectric valve
means. : ‘ B

It is an object of our invention to provide niew
and improved electric valve circuits.

1t is another object of our invention to provide
new and improved control or excitation circuits
for electric valve translating apperatus.

It is a further object of our invention t¢ pro-
vide new and improved control or excitation
circuits for electric valve means employing im-
mersion-ignitor control members.

Briefly stated, in the illustrated embodiments
of our invention, we provide imwvroved control
or excitation circuits for transmitting energizing
impulses of current.-to control members of the
immersion-ignitor type and in which the Aow of
current to the control members is interrupted
after the establishment of arc discharges within
the electric valve means. For example, in trans-

lating apparatus including a plurality of ecleciric
valve means which are intended to conduct & cur-"

rent in g predetermined order of sequence, we

provide new and improved arrangements for -

effecting deenergization of the control member of
an electric valve-means in response to the change
in conductivity of an electric valve means pre-
ceding it in the order of phase rotation.

In several embodiments of the invention we
provide means including commutating capac-
itances connected between the excitation circuits
and the electric valves in order to effect the in-
terruption of the current to the control mem-
bers in'response 10 a change in the conductivity
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of the electric valve means other than the one
to which the excitation circuit is connected,
For & 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 peinted out in the
appended claims. Fig, 1 diagrammadtically illus-
trates an embodiment of our invention as. applied
40 a bi-phase rectifier or inverter, and Tig.2is a
medification of the arrangement of Fig. 1 as
applied to electric valves having transfer or re-
lieving ancdes. Fig, 3 diagrammatically illus-
trates an embodiment of cur invention wherein
commutating capacitances are connected be-
tween the excitation circuits and the electric
valves for effecting interruption of the current
transmitted to the confrol members, and Fig. 6

_1s a three phase arrangement of the system shown

in Flg. 3. Fig. 4 diagrammatically illustrates an
emboediment of our invention wherein coupling
means afe employed between the excitation cir=
cuits of the various eleciric valve means and
whetein the energization of the control members
is effectively: interrupted in response to the state

$ of conductivity of the electric valve means. Fig.

5 is a modification of. the arrangement shown
in Fig, 1 wherein voltage control and phase shift-
ing means are employed for automatwa&ly con-
trolling an electrical condition, stich as the volt-

-age, of an associated load c1rcu1t

Referrving now to Fig. 1 of the accompanying
drawings, our invention is there illustrated as

arplied to an electric valve translating system
for interconnecting an glternating current supply
circuit 1 and a direct current load circuit 2. The
transiating apparatus includes an inductive
means such as g transformer 3 having a primary
winding 4 and 3 plurality of secondary windings
or electrically -displaced winding sections 5 and
8. One conductor of the direct current load cir-
cuit 2 may be connected to an intermediate or
neutral connectien of ttansformer 3. The trans-

lating apparatus 2lso includes-a plurality of arc

discharge paths such as that provided by a pair
of elect*w ¥eive means or electric discharge de-
vices 8 and 9 each including an anode {8, a cath-
ode {1'and a control member 12 which may be of
the immersion-ignitor fype  constructed of a.
material such as boron carbide or silicon carbide
having an extremity thereof extending into the
mercury of the cathode and requiring the trans-~
mission of a critical minimum value of current
therethrough m ‘order to establish an arc dis-
charge.

“'We provide a plura]i y of excitation means or
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circuits for transmitting energizing impulses of
current to the control members 12 and for effect-
ing the interruption of: the current transmitied
to control members §2 in response to a change

in the state of conductivity of the electric dis- -

charge preceding it in the order of phase rota-
tion. For example, when the translating means
is of the type such as that shown in Fig. 1 it will
be appreciated that electric discharge devices 8
and 8 conduct current alterniately, and that the
deenergizing control may be derived from circuits
associated with the other electric discharge de-
vice. When our invention is applied to a poly-
phase electric valve converting system, it will be
understood by those skilled in the art that the
control is obtained from that electric valve pre-
ceding it in the order of phase rotation. More
specifically, our invention comprises -inductive
means; such as a transformer {3 having & wind-
ing §4 which is energized from & suitable source
of alternating current £5 and which serves to
energize the control members 12 of electric dis-
charge devices & and § through secondary wind-
ings 16 and (7, respectively, The excitation
means is also arranged for transmitting deener-
gizing impulses of current to the control mein-
bers in accordance with the voltage of 2 winding
section electrically displaced irom the winding
section applying voltage to the associated arc
discharge path. Winding 16 is connected from
the anode (8 of electric discharge device 9 to the
control member (2 of clectric valve means §
through a suitable unidirectional conducting de-
vice I8 and a resistance 28, and the winding 11
is connected between the anode (8 of electric
discharge device § and the control member {2
of electric discharge device § through 2 unidirec-
tional conducting deyice 2{ and s resistance 28.
By virtue of this arrangement of the windings,
it will be apparent that energizing current from
the transformer (3 is transmitted to a control
member 12 only as long as the anode of the other
- electric valve is positive with rvespect to the
cathode bus or essentially as long a8 the arc dis-
charge path of the other electric valve means is
maintained in a conducting condition. Fowever,
© as soon as the electric discharge device 9 becomes
non-conducting following the transmission of an

energizing impulse of current to control member .

12 of electric discharge device 8 by transformer
secondary winding 16, the current for energizing
this control member is interrupted. The primary
winding {4 of transformer {3 may be energized
by a voltages which is in phase with respect to
the voltage of the supply circuit | or having &
predetermined angle of
thereto. ) .
The operation of the embodiment of our inven-
tion shown in Fig. 1 will be explained by con-
gidering the system when it is operated as a bi-
phase rectifier for transmitting unidirectional
current to the joad circuit 2. It will be under-
stood by those skilled in the art that electric
discharge devices 8 and 9 conduct current alter-
nately, and that upon rendering one of the elec-~
tric discharge devices conducting the then con-
ducting discharge device will be rendered non-
conducting by the phenomenon now generally
known -as ‘“phase commutation.” This expres-
sion has been quite generally adopted to describe
the function of effecting transfer of current be-
tween various electrie discharge paths due to the
relative magnitude of the respective phases, the
current being conducted to that discharge path

displacement with respect

16

20

2,859,181

course, it is to be understood that commutation
of current between the various discharge devices
will not become effective unless the control mem-
ber is energized to ionize the medium. The trans-
former 13 serves to impress an alternating com-
ponent of voltage to control members t2 of elec-
tric discharge devices § and 9 through. the cir-
cuits including secondary windings 6 and (7.
1.6t it be assumed that electric discharge device
g is conducting current, having previocusly been
rendered conducting by the proper energization
of its control member {2. At a definite time dur-
ing the positive half cycle of anode-cathode volt-
age applied to the electric discharge device § by
winding section 5 and determined by the phase
relationship of the voltage of source {8, an ener-

gizing impulse of current will be transmitted to

control member 12 of electric discharge device B
through a circuit including winding {8, resistance
2@, unidirectional conducting device (8, control
member 12, cathode {1, load circuit 2 and sec-
ondary winding section. € back to winding 8.

- The transmission of current to control member

25

12 of electric discharge device § establishes &
cathode spot on cathode {1 and consequently

initiates an arc discharge between anode !0 and

" cathode 01, thereby not only rendering the elec-

30

35

40

60

55

60

85

70

whose anode is more positive in potential. Of 5

tric discharge device § conducting but also assists
in effecting the commutation of current from the
electric discharge device 5. The energizing cur-
rent for control member (2 continues to flow
until the discharge path of electric discharge

device 9 becomes nonconducting as a result of -

the anode thereoi becoming negative with respect
to the cathode bus. As soon as arc discharge
device 9 becomes non-conducting, the circuit for
energizing the control member i2 has introduced
therein the inverse voltage of winding section 6
and the load circuit voltage which overcomes the
positive energizing voltage from winding 16 and
thereby terminates the flow of current through
control member (2. In like manner, the control
member 12 of electric discharge device § will be
energized through secondary winding 17, resist-
ance 22, unidirectional conducting device 24, load
circuit 2, and the secondary winding séction B,
and will be deenergized upon the transfer of
current from electric discharge device 8 to dis-
charge device 8.

In this manner, it will be appreciated that we
have provided & simple and highly satisfactory
circuit for effecting the interruption of current
fransmitted to an immersion-ignitor control
member after the arc
tric valve means has been vendered conducting
and after the previously conducting electric valve
means hag been, rendered nonconducting.

Fig. 2 represents a modification of the arrange-

ment shown in Fig. 1 and is shown as applied to-

electric valves means 23 and 24 of the type em-
ploying an jonizable medium, such as a gas o a

discharge path of an elec- .

vapor, and which includes immersion-ignitor con-

trol members 25, anocdes 26, cathodes 27 and
transfer or relieving anodes 28. ‘The transfer or
relieving anodes are employed to effect the trans-

fer of current from control members.25 as soon
as an arc discharge is established within ‘the elec-:

tric discharge devices. Transfer resistances 28
and 30 are connected between the control mem-
pers 25 and the relieving anodes 28 to raise the
potential of the relieving anodes 28 as soon &s

cathode spots are established and consequently -

effect the transfer of the excitation current to the
relieving anodes 28. ’
In operation, the arrangement of Fig. 2 per=
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forms substantially the same as that explained
above in connection with Fig. 1. . The excitation
circuits for exciting the control members 25 are
effectively interrupted as soon as the previously
conducting electric discharge device becomes
nonconducting. In addition, the arrangement of
Fig. 2 operates to effect transfer of the excitation
current from the control members 25 to the re-
lieving anodes 28 as soon as cathode spots are
established on the surface of cathodes 21. Con-
sidering the operation of the system at the time
of initiation of the transmission of current to
control member 25 of electric discharge device 23,
the alternating component of voltage supplied by
secondary winding 16 is transmitted to control
member 25 and a unidirectional impulse of cur-
rent is transmitted through the control member,
The establishment of a cathode spot on the cath-
ode 27 effectively reduces the total impedance of
the excifation circuit and accordingly causes the
transmission of an increased amount of current
which greatly raises the potential of the upper
terminal of resistor 2§ and consequently raises
the potential of the relieving anodes 28. By
virtue of this increase of potential, the excitation
current is transmitted between the cathode 271
and relieving anode 28, thereby reducing the cur=
rent Which the control member 25 is required to
conduct and accordingly relieving the duty im-
posed thereon. v

Another modification of our invention is shown
in Fig. 3 and which includes apparatus corre-
sponding to certain elements of the arrangement
of Fig. 1 and corresponding elements have been
assigned like reference numerals. In the ar-
rangement of Fig. 3 we provide a plurality of
excitation means including windings 6 and {7
- of transformer {3 which are connected to be
responsive to the anode voltages of the electric
discharge devices 8 and 9, respectively. That is,
the excitation circults of these electric discharge
devices are responsive to the voltages applied to
these discharge devices and there is also supplied
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charge device. For example, the commutating
capacitance 41 is connected between the anode 8
of discharge device 9 and the excitation circuig
for discharge device 8 and serves fo impress on
the excitation circuit a transient voltage suffi-
cient to render the control electric valve means
32 nonconducting when the discharge device §
becomes nonconducting. In like manner, the
commutating capacitance 40 is connected to de-
energize the control member 12 of discharge de-
vice 8 as soon as discharge device 8 becomes non-
conducting.

The operation of the arrangement of Fig. 3
will be explained by considering the system when
it is supplying direct current to load circuit 2.
If it be assumed that the electric discharge de-
vice 8§ is conducting current, an -encrgizing im-
pulse of current will be transmitied to contro!
member 12 of discharge device 8 at a time deter-
mined by the magnitude and phase position of
the voltage supplied by winding 17 and the con-
trol of the conductivity of control electric valve
means 32, The phase of the aliernating voltage
of peaked wave form produced by transformer 38
renders the control electric valve means 82 con-
ducting and consequently an energizing impulse

- of current will be transmitted to control member

30

40

an alternating component of voltage by means

of primary windings (4 which is energized from &
suitable source of salternating current. Con-
sidering the excitation ecircuit for electric dis-
charge device 8, a current limiting resistance 31
and a control electric valve means 32 are con-
nected in series relation with control member 12
to transmit thereto unidirectional impulses of
current. Referring to the excitation circuit for
electric discharge device 8, the current limiting
resistance 33 and control electric valve means 34
are connected in series relation to energize con-
trol member {2. The control electric valves 32
and 34 are preferably of the type employing an
. ionizable medium and each includes a control
member . 35. The conductivities of the control
electric valves 32 and 34 are preferably con-
trolled by an excitation circuit including a pair

50

i2 through & circuit including winding {7, resist-
ance 3! and control electric valve 32. The con-
trol electric valve 82 will continue to conduct
current so long as ifs anode remains sufficiently
positive in potential with respect to the cathode.
The transmission of energizing current to con-

trol membier {2 initiates an arc discharge between:

ancde 18 and cathode {{ of discharge device §, and
current is commutated from discharge device 9§
to discharge device 8, Discharge device § upon
becoming nonconducting introduces a transient
voltage into the excitation circuit for discharge
device 8, effectively lowering the potential of the
anode of conirol eleciric valve 32 and rendering
valve 32 nonconducting. In this manner, the
circuit for energizing control member 12 of dis-
charge device § is controlled to interrup$ the flow
of current to the conirol member as soon as the
discharge device 9 becomes nonconducting, Of
course, it will be understood that commutating
capacitance 40 operates in a similar manner to
render the control electric valve 34 nonconduct-

Ang after current has been commutated from dis-

charge device 8 to discharge device § and after
discharge device 8 becomes nonconducting. Due

- te the negative unidirectional biasing potential

furnished by battery 38, the control electric valves
32 and 34 are maintained nonconducting due to

. the fact that the voltage of transformers 28

60

-of peaking transformers 36 and 37 and a source '

of negative unidirectional biasing potential such
as ‘a battery 38. The phase of the alternating
voltages of peaked wave form supplied by trans-
formers 36 and 37 may be derived from and con-
trolled by a source of alternating current 39 which
may be arranged to be of adjustable phase rela-
tionship with respect to the voltage of circuit f.

We provide coupling or commutating means,
such as a plurality of commutating capacitances
40 and 41, to effect the interruption of the cur-
rent-transmitted to the control members of the
electric discharge devices in response to the

65
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change in conductivity of ‘another electric dis- 75

and 31 are of peaked wave form, and these elec-~
tric valves are maintained nonconducting until
the proper times during the succeeding positive
half cycles established by the phase of the peake *
voltages. . BN
In the arrangement of Fig..4, the transformer
I3 is inductively coupled to the excitation circuits
for the electric discharge devices 8 .and 9 and
the commutating capacitances 40 and 41 are con-
nected between the anodes of electric discharge

devices 8 and 9 and the anodes of the control

electric valves 32 and 34, respectively. Instead
of using a battery for providing a negative uni-
directional biasing potential, we may employ the
parallel ‘connected capacitances 42 and resist-
ances 43 for this purpose.

The capacitances 46 and 41 of the arrangement
of Fig. 4 introduces into the excitation circuits
for discharge devices'8 and § a negative tran‘sient'
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voltage to render nonconducting the electric

‘yalves 32 and 34 when the discharge devices 8
and 8 become conducting. In this manner, the
currents for energizing the control members 12
are interrupted as soon as arc discharges are
established within the electric discharge devices.

. We have {llustrated in Fig. 5 an embodiment of
our invention as applied to a system for automati-
cally controlling an electrical condition, such as
the voltage of the load circuit 2. The arrange-
ment of Pig. 5 includes many of the elements
of Fig. 1 and corresponding elements have heen
assigned like reference numerals. In order to
control the phase of the alternating component
of voltage supplied to control members §2 of dis-
charge devices 8 and 8, we provide suitable means
responsive to the voltage of load cdircuit 2 and
which may comprise a saturable inductance 44
including windings 45 connected in series rela-
tion with primary winding 14 and control wind-
ings 56 which are energized by variable amounts
of unidirectional current through an adjustable
resistance 51. The resistance 51 may be ad-
justed to establish the time during the positive
half cycles of voltage at which the energizing
impulses of current are transmitted to the control
members 12 and, hence, control the magnitude of
the voltage impressed across load circuit 2. As
the voltage of circuit 2 varies, the amount of
current transmitted to winding 56 also varies to
shift the phase of the voltage of windings 16 and
11 in a manner to compensate for the load voltage
change. For example, if the voltage of load cir-
cuit 2 tends to rise above a predetermined value,
the current transmitted to winding 56 increases,
tht;reby causing a retardation in phase of the volt-
ages induced in windings 16 and {1. As a result,
the energizing impulses supplied to control mem-
bers {2 will be retarded in phase and the electric
discharge devices 8 and 9 will be rendered con-
ducting at later times during the positive half
cycles of voltage, returning the direct current load
voltage to the desired value. The system, of
course, operates to raise the voltage if it tends to
decrease below the desired value.

Tig. 6 diagrammatically illustrates certain as-
pects of our invention ag applied to & polyphase
system wherein a polyphase alternating
supply circuit 57 is employed to -energize a direct
current load. circuit 58 through translating ap-
paratus including a transformer 59 and electric
discharge devices 60-—62 having control members
63 of the immersion-ignitor type. We provide a
plurality of excitation circuits for transmitting
current to control members 63. The ‘excitation
circuits are energized through 2 transformer 64
and include control electric valves 65, 66 and 67.
As in Fig. 3, we may employ between the ex-
citation circuits and the electric valves preceding
in the order of phase rotation, suitable commutat-
ing means such as commutating capacitances 68,
68 and 10 to effect interruption of the control
ix\lember current as soon as the electric valves pre-
ceding in the order of phase rotation become non-
conducting. Peaking transformers 11, 12 and 13
may be energized from the alternating current cir-
cuit 57 through a phase shifter 14 to control the
time at which the electric valves 65—61 are
rendered conducting and, hence, control the load
voltage. The arrangement of Fig. 6 operates
substantially the same as that explained above in
connection with the arrangement of Fig. 3.

While we have shown and described our in-
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nections and as embodying various devices dia-
grammatically shown, it will be obvious to those
changes and modifications
msy be made without departing from our inven-
tion, and we, therefore, aim in the appended
claims to cover all such changes and modifications
as fall within the true spirit and scope of our
invention. )

What we claim as new and desire to secure by
Letters Patent of the United States is:

1, In-combination, an alternating current cir-
cuit, a direct current cireuit, electric translating
apparatus connected between said circuits and
comprising an inductive means including a plu-
rality of electrically displaced winding sections
and a plurality of electric discharge paths each
associated with a different one of said -winding
sections and each including a control member for
controlling the conductivity of the associated
path, a source of alternating voltage having a pre-
determined phase relation relative to the voltage
of said alternating current circuit for transmitting
impulses of current to the respective control mem-
bers in a predetermined order, and a plurality of
excitation circuits.arranged one for each of said
control members and including in each excitation
circuit in series relation said source of alternating
voltage and the electrically displaced winding
section associated with an electric discharge path
immediately preceding in the order of firing of
said plurality of discharge paths so that current
flow initiated through the control member of one
discharge path by said source of alternating volt-
age is terminated during conduction of its asso-
ciated discharge path by an opposing voltage de-
rived from said last mentioned winding section
upon interruption of current flow in the discharge
path associated with said last mentioned winding .
section.

9. In combination, an alternating current cir-
cuit, a direct current circuit, electric translating
apparatus. connected between said circuits and
comprising inductive means including a plurality
of electrically displaced winding sections and &
plurality of electric discharge paths each includ~
ing an anode, a cathode, and a control member
requiring the transmission of a predetermined
minimum value of current therethrough in order
to initiate current conduction between the asso-
ciated anode and cathode, the various electric
discharge paths each being connected to a dif-
ferent one of said winding sections, & unilateral
conducting device connected in series relation
with each control member for permitting current
flow only from said control member to said cath-
ode, means including & source of alternating volt-

.age for supplying energizing impulses of current

in the direction of conductivity of said unilateral
conducting device fo the respective control mem-
bers in a predetermined order, and a plurality -
of excitation circuits arranged one for each con-
trol member and including in serles relation in
each excitation circuit means for deriving a com-
ponent of voltage from said source of alternating
voltage and an electrically displaced winding sec-
tion associated with the electrical discharge path
immediately preceding in the order of phase ro-
tation for introducing a component of voltage in
said excitation circuit opposite to the component
of voltage from said source of alternating voltage
upon interruption of current flow in the discharge
path associated with said last mentioned winding
section and having a value sufficient to cause
termination of current flow in said control mem-
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ber during conduction of its associated discharge
path. .

3. In combination, an alternating current cir-
cuit, a direct current circuit, electric translating
apparatus connected between said circuits and
comprising an inductive means including a plu-
rality of electrically displaced winding sections
and a plurality of electric discharge paths each
associated with a different one of said winding
sections and each including an anode, a cathode
and a control member for controlling the conduc-
tivity of the associated path, and excitation means
for energizing the control members by transmit-

10

ting energizing impulses of current to one of the

control members and comprising & transformer
having a primary winding energized by alter-
nating current and a secondary winding con-
nected between the control member of one of said
electric discharge paths and the anode of an-
other electric discharge path for impressing on
.the associated control member a voltage to effect
deenergization of the control member when said
another discharge path is rendered nonconduct-
ing.

4. In combination, an alternating current cir- .

cuit, a direct current circuit, electric translating
apparatus connected between said circuits and
comprising an inductive, meang including a plu-
rality. of electrically displaced winding sections
and s plurality of electric discharge paths each
associated with a different one of said winding
sections and each including an anode, a cathode
and a control member for controlling the con-
ductivity of the associated path, and excitation

means for transmitting an energizing impulse of .

current to the control member of one of said elec-
tric discharge paths comprising a transformer
having a primary winding energized by alternat-
ing current and having a secondary winding con-
nected in series relation with a unidirectional con-
ducting device, sald secondary winding and said
device being connected between said control mem-
ber and the anode of ancther electric discharge
path for’ impressing on the associated control
member a voltage to effect deenergization of the
control member when said another discharge.path
is rendered nonconducting.

5. In combination, an alternating current cir-
cuit, a direct current circuit, electric translating

apparatus connected between said circuits and |

comprising an inductive device having a pair of
electrically displaced winding sections and a pair
of electric discharge paths each associated with
a different one of said winding sections and each
including an anode, a cathode and a control
member for controlling the conductivity of the
associated path, and excitation means for trans-
mitting alternately energizing impulses of cur-
rent to the confrol members and comprising a
transformer including a primary winding ener-
gized by alternating current and a pair of sec-
ondary winding sections which are connected be-
tween the control members and the winding sec-
tions which are electrically displaced relative to
the winding sections which supply the associated
discharge paths for supplying voltage to effect
deenergization of the control members.

6. In combination, an alternating current cir-
cuit, a direct current circuit, électric translating
apparatus connected between said circuit and
comprising an inductive device having a pair of
electrically displaced winding sections and a pair
of electric discharge paths each associated with a
different one of said winding sections and éach in-
¢luding an anode, a cathode and & control member
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5

for controlling the conductivity of the associated
path, and excitation means for transmitting ener-
gizing impulses of current alternately to the con-
trol members and comprising a transformer in-
cluding a primary winding energized by alter-
nating current and a pair of secondary windings,
one of said secondary windings beinz connected in
series relation with a rectifier and being con-
nected between the control member of one of said
electric discharge paths and the anode of the
other discharge path and the other secondary
winding being connected in series relation with g

-rectifier and connected between the control mem-

ber of said other electric discharge path and the
anode of said one discharge path.

7. In combination, an alternating curren cir-
cuit, a direct current circuit, electric translating
apparatus connected between said circuits and
comprising inductive means including s plurality
of electrically displaced winding sections and &
plurality of electric discharge paths each asso-
ciated with a different one of said winding sec-
tions and each including a control member for
controlling the conductivity of the associated
path, a plurality of excitation means connected
to the control members of different predetermined
electric discharge paths for transmitting energiz-
ing impulses of current thereto, and commutating
means connected between the excitation means
for discontinaing the energization of the control
members when the electric discharge path pre-
ceding in the order of phase rotation become non-
conducting, :

8. In combination, an alternating current cir-
cuit, a direct current circuit, electric translating
apparatus connected between said circuits and
comprising inductive means including a plurality
of electrically displaced winding sections and a )
plurality of electric discharge paths each asso-
ciated with a different one of said winding sec-
tions and each including a control member for
controlling the cenductivity of the associated
path, a plurality of excitation meang for trans-
mitting energizing impulses of current to the
contro]l members to render the electric discharge
paths conducting in a predetermined order, and
commutating means including a capacitance con-

nected between the excitation means for one of the

discharge paths and the electric discharge path
preceding in the order of phase rotation for effect-
ing deenergization of said control member when
the preceding electric discharge path is rendered
nonconducting. )

~ 9. In combination, an altérnating current cir-
cuit, a direct current circuit, electric translating
apparatus connected between said circuits and
comprising inductive means including a plurality
of electrically displaced winding sections and a
plurality of electric discharge paths each asso-
ciated with a different one of said winding sec-
tions and each including a control member for
controlling the conductivity of .the associated
path, a plurality of excitation means for trans-
mitting energizing impulses of current to the con-
trol members to render said discharge paths con-
ducting in a predetermined order, and commu-
tating capacitances connected between the excita-
tion circuits and the electric discharge paths pre-
ceding in the order of phase rotation to effect de-
energization of the control members when the
preceding electric discharge path becomes non-
conducting,
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