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7 Claims.

My invention relates to electric translating cir-
cuits, and more particularly to such circuits in-
cluding a vapor electric valve in which the current
in the valve is suddenly interrupted or commu-
tated to another portion of the circuit.

Heretofore there have been proposed numerous
electric translating circuits or electric valve con-
verting apparatus, including valves of the vapor
electric discharge type, in which it is desired to
interrupt the current in the valve or commutate
it to another portion of the circuit. Due to the
fact that the grid of a vapor electric valve is or-
dinarily ineffective to interrupt the current in the
valve, it is necessary momentarily to depress the
anode potential of the wvalve below its critical
value. It has been found that this can be accom-
plished particularly satisfactorily by means of a
condenser, connected to discharge through the
vapor electric valve in a direction opposite to its
normal conductivity. The interruption of current
in a vapor electric valve in such a manner, how-
ever, is practically instantaneous with the result
that excessive transient voltages may be set up in
various portions of the circuit by any inductive
elements included in the circuit.

It is an object of my invention, therefore, to
provide an improved electric translating circuit
including a vapor electric valve in which the cur-
rent is suddenly interrupted, which will overcome
the above mentioned disadvantages of the ar-
rangements of the prior art and which will be
simple and reliable in operation.

It is another object of my invention to provide
an improved electric translating circuit includ-
ing a vapor electric valve in which the current
in the valve may be suddenly interrupted or com-
mutated to a different portion of the circuit, and
in whieh the occurrence of excessive transient
voltages will be prevented.

In accordance with one embodiment of my in-
vention, an eleciric translating ecircuit including a
vapor electric valve is provided with a capacitor
connected to discharge through the valve in a di-
rection opposite to its normal conductivity to in-
terrupt the current in the valve or commutate it
to a different portion of the circuit. In order to
prevent the occurrence of excessive transient
voltages in the translating circuit upon the sud-
den interruption of current in the vapor electric
valve, there is provided a discharge path for any
inductive elements of the translating circuit in-
cluding a resistance element having a highly
negative impedance-voltage characteristic. The
effect of such an arrangement is to provide a rela-
tively low impedance path for the high voltage
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transients and thus to limit their magnitude to a
safe value.

For a better understanding of my invention, to-
gether with other and further objects thereof,
reference is had to the following description taken 5
in connection with the accompanying drawing and
its scope will be pointed out in the appended
claims. In Fig. 1 of the drawing there is illus-
trated an arrangement embodying my invention
for interrupting a unidirectional current by 10
means of a vapor electric valve, while Fig. 2 shows
an electric valve inverter embodying my inven-
tion in which current is rapidly commutated he-
tween a pair of vapor electric valves.

Referring now to Fig. 1 of the drawing, there is 15
llustrated an arrangement for supplying energy
from a source of direct current {8 through an
electric valve {1 to an inductive load circuit dia-
grammatically illustrated as comprising a resist~
ance element 12 and a reactance 13 although it g9
will be apparent that these two elements may
together constitute a single load device. The
electric valve tl is provided with an anode, a
cathode and a control grid and is of the vapor
electric discharge type in which the starting of g
current in the valve is determined by the poten-
tial on its control grid, but in which the current in
the valve can be interrupted only by means of the
external circuit. In order to control the starting
of the current in the valve ti, a2 control grid is go
connected to its cathode through a current lim-
iting resistor 14 and a source of bias potential
adjustable in magnitude and polarity, illustrated
as a battery 15. A capacitor (6 is connected in
parallel to the valve (1 through an auxiliary grid 35
controlled electric valve {7 which may be of either
the vapor electric or high vacuum pure electron
discharge type. The conductivity of the valve 17
is controlled by a grid circuit including a cur-
rent limiting resistor {8 and a source of bias po- 40

" tential variable in magnitude and polarity, illus-

trated as a battery 19. The capacitor {6 may be
charged by any suitable arrangement such that
its polarity is in a direction to tend to reverse
the current flowing in the valve Ii. In the ar- 45
rangement illustrated, this is accomplished by
connecting the capacitor across the load circuit
12-—13 through a current limiting resistor 29,

In order to prevent disturbances in various
parts of the translating circuit upon the sudden 50
interruption of the unidirectional current in elec-
tric valve {1, a discharge circuit is provided for
the load circuit 12—I13 comprising a resistance
device 21 having a highly negative impedance-
voltage characteristic, such for example, as g 88
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resistance element composed of a material such
as that described in United States Letters Patent
No. 1,822,742, granted September 8, 1631, upon
the application of K. B. McEachron. A unilat-
erally conductive device, stch as a rectifier 22, is
preferably included in series with the resistance
device 21 to prevent the normal flow of current
in this device and to prevent a discharge of the
capacitor 16

In explaining the operation of the above de-
seribed apparatus, it will be assumed that initially
the grids of the valves {{ and {7 are so negative
that current is prevented from starting therein.
In case it is desired to energize the load circuit
i2—I3, the grid of the valve 1t will be made posi-
tive for a short interval sufficient to allow the
current to build up in this circuit and will there-
after be made negative again. While current is
flowing in the above described circuit, the full
voltage of the load circuit will be impressed across
the resistor 28 and the capacitor I6 which will
become charged to the load voltage in a relatively
short time, the right hand terminal of the ca-
pacitor 16 being positive. During this same in-
terval current is prevented from flowing through
the parallel circuit including the resistance ele-
ment 21 by means of the rectifier 22. Similarly,
the rectifier 22 prevents the discharge of capacitor
16. When it is desired to interrupt the anode
current in the valve 11, the grid of the valve 17
is made positive for a short interval so that the
capacitor 16 discharges through the electric valve
{I in a direction opposite to that in which cur-
rent normally flows therein, thus momentarily
diverting the current from the valve t{. During
the short interval in which current is diverted
from the valve i1 the negative grid potential
of this valve is effective to deionize the valve and
to prevent the restarting of the current therein.
The energy stored in the inductive element §3 will
tend to cause disturbing or disruptive voltages in
the translating circuit upon the sudden interrup-
tion of current. However, the voltage across the
inductive element {3 will be limited to a safe
value by the resistance device 21, which, as stated
above, has a highly negative impedance-voltage
characteristic so that for excessive voltages the
energy will ke dissipated rapidly in the discharge
circuit. Obviously, the above described cycle may
be repeated as desired to connect and disconnect
the load circuit (2-—(3 and the source of direct
current 6.

In Fig. 2 there is illustrated another embodi-
ment of my invention for i{ransmitting energy
bhetween a direct current circuit 32 and an al-
ternating current circuit 3t. This apparatus
comprises a transformer 22 having & winding 33
connected to the alternating current circuit 3i
and a winding 34 provided with an electrical mid-
point connected to one side of the direct current
circuit through a smoothing reactor 35, 'The
end terminals of the winding 34 are connected
to the other side of the direct current circuit
through a pair of elzetric valves 36 and 87 con-
nected in series with a pair of auxiliary electric
valves 38 and 33. A commurvating capacitor 48 is
connecied between the common connections of
the serially connected valves. Each of the valves
36—39, inclusive, is provided with an anode and
a cathode and may be of any of the several types
well known in the. art, although I prefer to use
valves of the vapor electric discharge type. The
valves 38 and 37 are also provided with control
grids, by means of which the power factor on the
alternating current circuit may be controlled and

2,024,173

its frequency determined, in case it is not con-
nected to an independent source of electromotive
force. In crder to prevent the occurrence of ex-
cessive transient voltages in the various portions
of the cireuit, which in this particular case may 5
have a particularly detrimental effect upon the
operation of the electric valves, there is connected
between the outer terminals of the winding 34
a discharge element 4{ having a highly negative
impedance-voltage characteristic similar to the 10
discharge clement 21 of the arrangement of
Fig. 1. The grids of the electric valves 36 and 31
are connected to their common cathode circuib
tnrough a current limiting resistor 42, a negative
bias battery 43 and opposite halves of the sec- 15
ondary winding of a grid transformer 44. The
primary winding of the grid transformer 44 may
bz connected to any suitable source of aliernat-
ing potential of a frequency which it is desired
to supply to the circuit 34, or in case the circuit 20
at is energized from an independent source of
electromotive force, the primary winding of the
transformer 44 may be energized therefrom
through any suitable phase shifting arrangement;
as is well understoed by those skilled in the art. 2
The general principles of operation of the ap-
paratus described in the preceding paragraph will
be well understood by those skilled in the art. In
brief, agsuming that the apparatus is operating
as an inverter, transmitting energy from the di- 30
rect current circuit 39 to the alternating current
circuit 31, current will flow first from the positive
side of the direct current circuit to the left hand
portion of winding 34, electric valves 38 and 38 to
the other side of the direct current circuit, in- 335
ducing a half eycle of alternating current in the
transformer 22. During this interval the capaci-
tor 40 will be charged through the eleciric valve
29 to substantially twice the voltage of the direct
current circuit 38. The charging circuit for the 40
capacitor 40 may he traced from the upper ter-
minal of the direct current circuit 30, the right-
hand portion of the inductive winding 34, elec-
tric valve 39, capacitor 42, and electric valve 36,
to the other side of the direct current circuit 30. ¢5
The potential induced in the right-hand por-
tion of the inductive winding 34 by the load cur-
rent fowing in the left-hand portion will be sub-
stantially equal to that of the direct current sup-
ply circuit and this will act cumulatively with 50
respect to the potential of the supply circuit in
charging the capacitor 49 to a potential substan-
tially twice that of the supply circuit. In case
the current is not commutated from the valves
28 and 38 to the valves 39 and 37 until after the 55
electromotive force of the winding 34 is reduced
below its maximum value, the maximum poten-
tial of the winding 84 will be retained upon the
capacitor 40 as it eannot discharge in reverse di-
rection through the valve 38. When the grid 60
potential supplied by the circuit 4% reverses po-
larity to render the valve 87 conductive, the po-
tential of the capacitor 40 will be effective to
transfer the current from the valve 36 to the valve
37 and current will now flow through the right- 65
hand portion of the winding 34 and the valves 39
and 27 inducing a half cycle of alternating cur-
rent of opposite polarity in the transformer 32.
In this manner the current is successively com-
mutated between the valves 38 and 36 and 39 and 70
31, and alternating current is supplied to the cir-
cuit 81. In case the capacitor 40 is relatively
small or only sufficient to commutate the cur-
rent between the valves 38 and 31, the inductive
energy of the windings of the transformer 32 will, 15
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upon reversal of the current in the winding 34,
tend to charge the capacitor 40 fo excessive volt-
ages. These excessive transient voltages may ad-
versely affect the several clectric valves causing
arc backs or failure of grid control. In the pres-
ent instance they are eliminated by means of the
resistance element 41 connected across the wind-
ing 34 and having a highly negative impedance=-
voltage characteristic. This resistance element
41 is effective to absorb the high transient volt-

“ages but draws an inappreciable current of fun-

damental frequency from the winding 234.

While I have described what I at present con-
sider the preferred embodiments of my invention,
it wili be cobvious to those skilled in the art that
various changes and modifications may be made
without departing from my invention, and I,
therefore, aim in the appended claims to cover
all such changes and modifications as fall within
the true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the Unifed Staies is:

1. An electric translating circuit comprising a
source of current, an inductance device, a load
circuit, a vapor electric valve interconnecting said
source and said load circuit and connected in
circuit with said inductance device, means in-
cluding a capacitor for suddenly interrupting the
current in said vapor electric valve, and a re-
sistance element having a highly negative imped-
ance-voltage characteristic connected to absorb
the transient voltages generated by said induct-
ance device upon interruption of current in said
valve.

2. An electric translating circuit comprising a
source of unidirectional current, an inductive load
circuit, a vapor electric valve interconnecting said
source and said load circuit, means including a
capacitor for interrupting the current in said
valve to disconnect said load circuit from said
source, and an energy consuming circuit having
5 highly negative impedance-voliage character-
istic connected to absorb the inductive energy of
said load circuit upon the interruption of current
in said valve.

3. An electric translating circuit comprising a
source of unidirectional current, an inductive load
circuit, a vapor electric valve interconnecting said
source and said load circuit, means including a
capacitor for interrupting the current in said
valve to disconnect said locad from said source, a
circuit for charging said capacitor from said
source, an energy consuming circuit connected to
absorb the inductive energy of said load circuit
upon the inferruption of current in said valve, and
unilaterally conductive means included in said
energy consuming circuit normally to prevent the
flow of current therein.

4. An electric translating circuit comprising
a source of unidirectional current, an inductive
load circuit, a vapor electric valve interconnect-
ing said source and said load circuit, a capacitor

3

and circuit controlling means connected in par-
allel to said valve, a resistance device connecting
said capacitor in parallel to said load circuit
to charge said capacitor to such a polarity as
to interrupt the current in said valve upon op-
eration of said circuit controlling means, an
energy consuming circuit connected in parallel
to said load circuit to absorb the inductive en-
ergy thereof, and a rectifying device included
in said energy consuming circuit normally to
prevent the flow of current therein.

5. An electric translating circuit  comprising
a source of unidirectional currernt, an inductive
load circuit, a vapor electric valve interconnect-
ing said source and said load circuit, said valve
being provided with a grid and a grid circuit for
selectively rendering said valve conductive or
maintaining it non-conductive, a capacitor and
an auxiliary electric valve connected in parallel

to said valve, means for controlling the conduc- 2

tivity of said auxiliary valve, a high resistance
device connecting sald capacitor in parallel to
said load circuit to charge said capacitor to such
g polarity as to interrupt the current in said
vapor electric valve when said auxiliary electric
valve is rendered conductive, a resistance device
having a highly negative impedance-voltage
characteristic connected in parallel to said load
circuit to absorb the inductive energy thereof,
and a rectifying device included in said energy
consuming circuit normally to prevent the flow
of current therein.

6. An electric transiating circuit comprising a
source of current, an inductance device, a load
circuit, a plurality of vapor electric valves inter-
connecting said source and said load circuit and
connected in circuit with said inductance device,
means for controlling the conductivily of said
valves, means for suddenly commutating the
current from one of said valves to another, and
a resistance element having a highly negative
impedance-voltage characteristic connected in
circuit with said inductance device to absorb
the transient voltages generated thereby upon
the commutation of current between said valves.

7. An electric valve converting apparatus
comprising a direct current circuit, an alter-
nating ecurrent circuit, an inductive winding, a
pair of similarly disposed vapor electric valves
connected to the end terminals of said inductive
winding and interconnecting said circuits there-
through, means for periodically rendering said
valves alternately conductive and non-conduc-
tive, a capacitor for rapidly commutating the
load current hetween said valves, and a re-
sistance element having a2 highly negative im-
pedance-voltage characteristic connected across
said inductive winding to absorb the transient
voltages generated thereby upon the commuta-
tion of current between said valves.
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