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1
This invention relates in general to improve-
ments in electric valve control systems, and more
particularly to means for controlling the excita-

tion of a group of electric valves having separate

cathodes in such manner as to render the valves
conductive or nonconductive in accordance with
the requirements of a converting system of which
the valves are a part. | ,
Electric current converting systems frequently
comprise a group of valves each provided with
a single main anode and with a separate vapor-
izable cathode. To maintain such a system in
ocperation it is generally preferable to maintain
the different cathodes continuously emissive even
when they are required to operate only intermit.-
tently. Upon occurrence of a disturbance such
as & backfire in one of the valves, the flow of
current through the different valves may be in-
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it is generally desirable simultarieously to inter-
rupt the excitation currents and to cause open-

- Ing of a switch controlling the conhection of the
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terrupted by means of control elecirodes of the

so-called grid type. The action of the control
electrodes, however, is not always absolutely re-
hable and it is therefore preferable to rely on
the interruption of the excitation currents of the
cathodes to render the cathodes nonemissive and
‘to utilize the action of the control electrodes at
the same time for deionizing the valves and
thereby prevent any abnormal reigniticn thereof.

The excitation currents of all the cathodes
should be interrupted simultaneously end as rap-
idly as possible. In general, continuous excita-
tion current is obtained from a source of alter-
nating current through a transformer and
through connections which may include rectify-
ing devices, at least when a single excitation
anode 1s associated with each cathode. The con-
nections between the excitation transformer sec-
ondary winding and the valve electrodes are pref-
erably made inductive to render the excitation
current more uniform and to render the excita-
tion arc more stable. If excitation is interrupted
by switching means controlling the current be-
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valves with the supply circuit or with the load

~circuit. The excitation currents may then be re-

established after a predetermined interval follow-
ing opening of the switch, and re-establishment
of the excitation currents may also be utilized
for causing reclosure of the switch. |

It is therefore one of the objects of the present
invention to provide a control system for a plu-
rality of electric valves of the continuously ex-
cited cathode type, by means of which the cath-
odes may be rendered simultaneously nonemis-
sive in the shortest possible time.

Another object of the present invention is to
provide a control system for an electric valve of
the continuously excited cathode type utilizing
the cooperative action of control electrode ener-
gization and of excitation current interruption to

~ eflect interruption of the flow of current through
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the valve. .

Another object of the present invention is to
provide a control system for a plurality of electric
valves of the continuously excited cathode type
by means of which the valve excitation currents
may all be interrupted within a predetermined
time interval regardless of the inductance of the
excitation circuits. |

Another object of the present invention is to
provide a control system for an electric valve of
the continuously excited cathode type for coordi-
nately controlling the excitation of the valve and

- ‘the operation of & switch controllineg the connec-
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tween the source and the transformer primary

winding, opening of the switching means does not
result in immediate interruption of the excitation
current. The reason therefor is that the trans-

former secondary circuit remains closed, so that

the excitation current is able to continue to flow
therethrough for an appreciable length of time
to discharge the magnetic energy stored in the
inductive means forming part of the secondary
circuit. It is therefore preferable to provide for

tion of the valve with a supply circuit or with

- a load circuit.

Objects and advantages other than those above
set forth will be apparent from the following de-
scription when read in connection with the ac-
companying drawing, in which:

Fig. 1 diagrammadtically illustrates one embodi-
ment-of the present invention applied to the

- control of a group of six valves forming part of
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opening the secondary connections to insure in-

terruption of the excitation current immediately
upon opening of the switching means.
In converters provided with automatic control

bd

an alternating current rectifying or direct cur-
rent inverting system: and |

Fig. 2 diagrammatically illustrates a modifica-
tion of a part of the excitation circuits of the
embodiment illustrated in Fig. 1.

Referring more particularly to the drawing by
characters of reference, reference numeral 6 des-
ignates a polyphase alternating current circuit
to be connected with a direct current circuit 7
through a converting system comprising a trans-
former 8 and a plurality of interconnected electric
valves 8 to 14 inclusive. Either circuit 6 or cir-
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cuit T may be chosen as supply circuit for the
system, but it will be assumed that circuit 6 is
a supply circuit energized from a suitable gen-
erator (not shown). Circuit T is accordingly a
load circuit transmitting current to suitable load
devices (nnot shown).

Transformer 8 comprises a primary winding 16
subdivided into a plurality of phase portions con-
nectable with circuit 6 through a switch 1T serv-
ing to control the connection bketween circuits
6 and T through the valves. Winding 16 is in-
ductively related with a secondary winding 18
constituting a network divided into a plurality
of pairs of opposite phase portions. The difler-
ent pairs of phase portions of winding I8 are

severally connected with one of the conductors |

of circuit 1 through pairs of valves such as valves
g, (2. Winding 18 is preferably arranged to
define a plurality of neutral points severally con-
nected with the other conductor of circuit T
through an interphase transformer 8.

Valves 9 to 14 are preferably of a uniiorm
design, each valve comprising a casing which
may be made of insulating or conductive material.
Valve 9 comprises a cathode 20 consisting of a
pool of a suitable liquid conductor such as mer-
cury which may be insulated from the associated
casing 21 when the casing is made of conductive
material. Valve 9 further comprises a single
main anode 22 cooperating with cathode 20 for
the flow of current between circuits 6 and T con-
nected therewith. | |

Valve 9 may be rendered conductive by an

ienition system comprising an ignition anode 23
supported a short distance above the surface of
cathode 20. Current may be supplied to anode
23 from circuit 6 through connections compris-
ing the usual step down transformer 26, a switch

21, an auxiliary circuit 25 and the primary wind-

ing 28 of an ignition-excitation transformer 30.
The secondary winding 29 of transformer 30 is

)

140)
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ing 29. Solenoid 36 is preferably connected with
only one phase portion of winding 28 through
contacts 37a of a control relay 371 and contacts
320 of relay 32. Solenoid 36 may cause engage-
ment of anode 23 with cathode 20 in any known
manner. For example, this result may be ob-
tained by the solenoid attracting an armature
forming a piston projecting a jet of cathode ma-
terial against the anode,

Valve 9 is provided with excitation anodes 38
connected with the terminals of one of the phase
portions of winding 29 through the left hand
portions of a pair of paralleling reactors 39, the
coils of relay 32 and a pair of resistors 40. Fur-
ther connections extend from the right hand
portions of reactors 39 through the coils of an
excitation relay 81 similar to relay 32 to the ex-
citation anodes of valve 12. Anode 22 and eX-
citation anodes 38 are preferably connected with
phase portions of windings 18 and 23 respectively
of such phase relation that the flow of current

is transferred from one eXcitation anode 38 to

12
|

the other once during each conductive period of
anode 22 and once toward the end of each idling
period of anode 22. In this manner both current
transfers are removed from the period of trans-

ient conditions immediately following each con-
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divided into a plurality of independent phase por- .

tions each providéd with two terminals and &
midtap or neutral point. The terminals of wind-
ing 29 are connected with a six-phase rectifying
device 31, and ignition current is supplied to
anode 23 from the different phase portions of
winding 29 operating in sequence through rec-
tifier 31, contacts 32a of an excitation relay 32,
and a resistor 33. The ignition current returns
to winding 29 through cathode 20, the common
connection between the cathodes, contacts 35¢,
35¢ and 35¢ of a relay 35, and a plurality of re-
actors 34 severally connected with the phase
midtaps of winding 29.

Relay 35 is preferably chosen of & fast oper-

ating type provided with such arc extinguishing
means that the current flow through the contacts
is completely interrupted upon full opening of
the relay contacts, even if the circuits controlled
by the relay are highly inductive. The relay
may be of a type in which the closed contacts
open before the open contacts close or may be
of the so-called make before break type in which
the open contacts close before the closed con-
tacts open. Regardless of the type of relay util-
ized, the operation of all the contacts should
take place within a time interval which is very
short relative to the operating period of each
valve so that all contacts may be considered to
operate simultaneously. |
Momentary engagement of anode 23 with
cathode 20 to establish a cathode spot rendering
the cathode emissive is controlled by means of
a solenoid 38 which may be energized from wind-
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ductive period of anode 22 and the stability of
the excitation arc is thereby improved.

The conductivity of valve 9 for the flow of cur-
rent between anode 22 and cathode .20 may he
controlled by means of a control electrode 42.
valve 9 may be rendered and maintained non-
conductive by impression on electrode 42 of a
deionizing negative potential from a suitable
source of direct current, such as a generator 43,
through a voltage divider 44. Generator 43 may
ne driven by any suitable means such as a motor
50 energized from circuit 25. Control electrode
42 is preferably connected with the movable tap
of voltage divider 44 through a resistor 45 and
through one of the phase portions of the sec-
ondary winding 46 of a transformer 471. The pri-
mary winding 48 of transformer 41T may be en-
ergized from circuit 25 through current limiting
resistors 49 to cause winding 46 to impress on
control electrode 82 a variable potential com-
ponent. The composite potential impressed on

control electrode 42 from voltage divider 44 and

from winding 46 serves to control the conduc-
tivity of valve 9 during normal operation. A ter-
tiary winding 51 of transformer 41 may be short

‘circuited by contacts 35f and 35h to render trans-

former 47 inoperative.

valves 10 to 14 inclusive are provided with elec-
trodes similar to those of valve 39 and connected
as well as controlled in a similar manner. The
cathodes of the different valves are connected

. with the positive conductor of circuit T through
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9 switch 52. The solenoids controlling the igni-
tion of the different valves may be simultaneously
connected with winding 29 and may likewise be
simultaneously disconnected from winding 29
by means of contacts 3Ta, 31b, 31c of relay 31 for
causing simultaneous initiation of the flow of
current through the different valves.

To supply the necessary current impulses to the
solenoids, relay 37 is alternately energized and
de-energized during predetermined time inter-

‘vals by suitable tirning means. The timing means

may comprise a timing relay 55 for connecting

 the coil of relay 31 with circuit 25. Relay 85 is

5

illustrated conventionally on the drawing as it
may be of any suitable known type. In order,
however, to permit a convenient adiustment of



5

‘the times of operation of relay 55, the relay is
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preferably chosen of the well known fiux decay

type in which release of the armature is controlied
by the decay of the flow of current through an
adiustable short-circuited conductor. The coil
of relay 95 must therefore be energized with direct
current, which is most conveniently obtained
from a transformer 54 and a rectifying device 53,
- The primary winding of transformer 54 is con-
nected with circuit 25 through contacts 3%a of
relay 3%, contacts 32d of excitation relay 32 and
similar. contacts of the other excitation relays,
and through the contacts of a second timing relay
96 similar to relay 55. The coil of relay 5§ is
preferably energized from a rectifying device
9T and a transformer 58 having its primary wind-

6

closure and opening of contacts 595, thereby
causing intermittent operation of relay 371. When
relay 37 closes its contacts, contacts 37a connect,
one of the phase portions of winding 29 with sole-

noid 36 through contacts 32b, and contacts 316, -
31c similarly connect the solenoids associated

with valves 10 to 14. The solenoids simultane-

~ ously attract the associated pistons to cause jeis
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ing connected with circuit 25 through contacts

3%a, contacts 32d and other similar excitation re-
lay contacts, and contacts 55a of relay 55. The
colls of relays 59, 56 are preferably designed for
operation at relatively low voltage to reduce the
cost of rectifying devices 53, 51. Contacts 55a,
06a are then preferably inserted in the primary
circuits of transformers 54, 58, which generally
operate at a higher voltage, toc minimize the effect
- of the contact resistance. Contacts 35 with con-
tacts 32d and the similar contacts also control
the connection between circuit 25 and the coil
of a lockout time delay relay 59. The contacts
of relay 39 control a connection between trans-
former 26 and the coil of switch 27 through 1
- hand operated switch 60.

The operating coil 357 of relay 35 is energized
in response to the magnitude of the flow of cur-
rent through transformer 8 by means of one of
a bank of current transformers 6f. The current
transformers are connected with overload relays
62 which operate in a slightly longer time than
relay 3% and are therefore conventionally shown
as time delay relays. Relays 62 control the en-
ergization of a holding coil 1T of switch' 17T serv-
ing to maintain the latch (Te of the switch in
engaged position. |

The trip coil 52¢ of switch 52 may be connected
with circuit 25 through contacts 3%5d or through
the contacts of a reverse current relay 63 respon-
sive 1o the direction of flow of current in circuit
1. Switch 52 may be provided with auxiliary
contacts 52d for controlling a time dolay re-
closing relayv 64. |

The system heing conneoted as shown on the
drawing and circuit § being energized, operation
may be initiated by closing switch 60. 'The coil
of switch 271 thereupon receives current from
transformer 26 through the contacts of relay 59
and through switch 60, thereby causing switch 21
to connect circuit 25 with transformer 25. Cur-
rent is then supplied from circuit 25 to trans-
former 54 through contacts 3%, 32d and 5éc.
Transiormer 54 and rectifier 53 supply current
to the coll of relay 55 which closes its contacts,
Contacts 5%a connect transformer B2 with cir-
cuit 29 through contacts 35a and 22d4. Trang-
former 58 and rectifier 571 energize the coil of
relay 56, which opens contacts 56a. The coil
of relay 55 is thereby de-energized and, after z
predetermined time delay, relay 59 returns to the
position shown. Contacts 85a are thereby opened
to de~-energize the coil of relay §6. After another
predetermined time delay, relay 56 also returns
to the position shown. The above described se-
quence of operation of the two relays is con-
tinually repeated as long as the relay coils remain
supplied with current.

Each operation of relay 55 causes altemate

20

25

of cathode material to impinge upon the ignition
anodes of the valves. |
- Ignition circuits are thereby oompleted fr om
winding 29 through rectifier 31, through parallel
circuits such as the circiut comprising contacts
32a, resistor 33, ignition anode 23 and cathode
20, through contacts 35¢, 35¢, 35¢ and reactors
34 back to winding 29. When relay 371 opens its
contacts the solenoids are simultaneously dis-
connected from winding 29 to cause simultaneous
interruption of the jets of cathode material. Arcs
are thereby simultaneously drawn between the
ignition anodes and the cathodes, thereby estab-
lishing cathode spots rendering the cathodes
emissive. If for any reason, however, a cathode
spot is not established at one of the cathodes,
the associated solenoid continues to receive cur-
rent impulses through the corresponding set of

- contacts of relay 37 until the cathode is rendered
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emissive. |

When cathode 20, for example, has been ren-
dered emissive, alternate half waves of current
flow from winding 29 through the two coils of
relay 32, resistors 40, excitation anodes 38, cath-
ode 20, contacts 35¢ and one of reactors 34 back
to winding 29. ‘The excitation current impulses
are caused to overlap by the inductance of re-
actor 34 so as fto render the current through
cathode 20 continuous and sufficiently uniform
and stable to maintain the cathode continuously
emissive, The flow of current through the coils

of relay 32 causes the relay to operate to open

the circuits of solenoid 36 and of ignition anode
23. During the ignition operation of the valves,

- current is also supplied from circuit 25 to the
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coil of relay 59 through contacts 35¢ and through
excitation relay contacts such as 32d. -

It all of the excitation currents have become
established before relay 59 has operated, the ex-
citation relays such as 32 all operate to de-ener-
gize relays 59, 55 and 56. Switch 1T may then
be closed and latch 7T¢ is held engaged by holding
coil 116 to maintain switech 71 closed. Closure
of switch 1T also results in energization of the
closing coil 52a of switch 52 through contacts 1 1a
and through serially connected contacts such as
32c of the excitation relays. Switch 52 is closed
by coil 52a and is held closed by latch 52b. Volt-
age divider 44 is so adjusted that winding 46 is
able to render valves 9 tc {4 periodically conduc-

- tive In sequence, and uvon closure of switches 7

60
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and 32 the flow of current is established between
circuit & and circuit 7 through thie valves as is
well known,

During normai operation of the system, current
impulses are established in sequence through the
different valves and combine in conductors 7 to

- form a flow of substantially uniform direct cur-

70

refil supplied to the load. If at any time the flow
of excitation current fails in one of the valves,
valve 8 for example, relay 32 returns to the posi-

tion shown, Relays 55, 86 and 58 are thereby

re-energized as above described and the ignition

operation Is repested in valve 9 only. If ignition
cannot be established initially within a predeter-

' mined time interval following closure of switch

75

21, or if it cannot be re-established within an
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equal time interval following de-energization of
relay 32, relay 59 opens Its contacts to cause open-
ing of switch 27. Circuit 25 iIs thereby de-ener-
gized and the flow of current through valves 3 to
{8 is interrupted because of lack of excitation
current. Coil 1T is also de-energized and latch
11c is released, thereby causing switch (T to be
opened by spring [1d.

Normal operation may also be affected by a
disturbance such as a backfire in one of the valves.
During a backfire, one of the valves becomes con-
ductive for a reverse flow of current, and the
sound valves supply current to the faulty valve
to thereby short circuit winding 8. Circuit 6
then transmits to transformer 8 current of exces-
sive magnitude and the current supplied to coil
35m from current transformer 6l reaches such
value as to cause operation of relay 35. The relay
opens contacts 35¢, 35e, 36¢g. Each set of con-
tacts interrupts simultaneously the excitation
currents of a pair of valves, such as 9, 12, and the
excitation currents of all the valves are inter-
rupted substantially simultaneously. If this in-
terruption were effected by means of switch 27,
reactors 34 would maintain the excitation cur-
rents through the valves after opening of switch
21 for a length of time sufficient to dissipate the
magnetic energy stored within the reactors.
Contacts 35c, 35¢, 35g, however, are serially con-
nected with reactors 34, and the flow of current
through the reactors and through the excitation
anodes is interrupted immediately upon opening
of the contacts regardless of the inductance of
the reactors. All the cathodes, except those mo-
mentarily carrying load or fault current, are
thereby rendered nonemissive substantially si-
multaneously. The cathodes carrying load or
fault current also become nonemissive at the end
of their operating periods. |

Substantially at the same time as it interrupts
the excitation currents, relay 35 short circuits
winding 51 through contacts 35f, 352. The volt-
ages appearing in winding 46 are thereby caused
to collapse. The deionizing negative potential
thereupon remaining impressed alone on the con-
trol electrodes from voltage divider 44 is thereby,
in effect, substituted for the variable composite
potential previously impressed on the control
electrodes from voltage divider 44 and winding 46.
When the cathodes have become nonemissive, the
normal current impulses through the different
valves are no longer established. But the flow of
excessive current having taken place through the
valves from the inception of the backfire until
interruption of the excitation currents causes the
conductive vapor contained in the valve casings
to be in a highly ionized condition. The result of
this abnormal ionization is that, in spite of the
lack of excitation current, some of the valves may
reignite or even backfire. Impression of a de-
ionizing negative potential on the control elec-
trodes causes rapid deionization of the vapor and
thereby substantially precludes accidental reig-
nitions or additional backfires in the valves. The
flow of current from transformer 8 through the
sound valves to circuit T and to the backfiring
valve is thus interrupted in the shnrtest possible
time interval. o

Upon interruption of the excitation currents,
the excitation relays return to the position shown,
thereby de-energizing closing coil 52a. Operation
of relay 35 causes energization of trip coil 32c¢
through contacts 35d, and latch $2b is thereby
withdrawn to cause opening of switch 52. The

trip coll may also be energized through the con-

10

15

20

26

30

35

40

50

60

65

70

(f]

8

tacts-of relay 63 in response to a flow of reverse

“current to the backfiring valve from a load hav-

ing a back E. M. F. or from other generators or
converters connected with circuit 1. Switch 52
closes auxiliary contacts 52d, thereby energizing
the coil of relay 64. After a predetermined time
delay following opening of switch 52, relay 64
connects coil 35k with circuit 25 through contacts
35b, which are then closed. Colil 35k resets relay
35 to the position shown on the drawing. The
ignition operation of the valves is thereby again

initiated in the manner above set forth. When

excitation is re-established in all the valves, the
circuit of closing coil 52a is again completed by
the excitation relays and switch 52 recloses to
restore the system to its normal operating con-
dition.

If, however, the disturbance persists as a result
of failure of any element of the system to perform
its function, the continued flow of excessive cur-
rent in circuit 6 and through current trans-
formers 61 causes operation of relays 62. ‘The
relays open the circuit of holding coil IT0 and
switch 17 is opened by spring 11d.

To simplify the design of valves 9 to 14, it is
desirable to omit the excitation anodes and to

supply direct current continuously to the ignition
gnode, which then also functions as excitation

anode. This. simplification, however, generally
requires an increase in excitation current., The
above described system may then again be used
with only the modifications shown in Fig. 2.
Each excitation relay such as 32 is then provided
with only one coil, and the contacts such as 32a
are omitted. The phase portions of winding 28
and rectifier 31 may remain as shown in Fig. 1
or may be reconnected as shown in Fig. 2 for the
more advantageous full wave operation to supply
only direct current to the ignition-excitation
anodes. |

The individual connections between the igni-
tion-excitation anodes and winding 29 are pref-
erably made inductive by means of reactors such
as 65 to render the excitation currents more uni-
form and stable. The different connections may
be controlled by a single set of contacts of relay
35, but are preferably joined in pairs to contacts
35d, 357, 35h to permit the use of contacts of rela-
tively small current carrying capacity as in the
embodiment illustrated in Fig. 1. Except that
ignition current is maintained in each valve to
serve as excitation current, the operation of the
present embodiment is identical to that of the
embodiment illustrated in Fig. 1. By simultane-
ously opening the connections between rectifler
31 and the ignition-excitation anodes, relay 35 -
simultaneously interrupts the excitation currents
of the different valves regardless of the induct-

ance of the reactors such as 889.

The cathodes of the idling valves are thereby
simultaneously rendered nonemissive and the

others become nonemissive at the end of their
‘operating periods as in the embodiment illus-

trated in Fig. 1. |

Although but two embodiments of the present
invention have been illustrated and described, it
will be apparent to those skilled in the art that
various changes or modifications may be made
therein without departing from the spirit of the

invention or from the scope of the appended
claims. |

It is claimed and 'desiféd to secure by Letters
Patent: |

1. The combination of a supply circult, a load



2,427,450

circuit, an electric valve comprising g single main
anode and a cathode connected with said circuits

for the flow of energy therebetween and excitation

anode means, a switch for controlling the connec-
tion between said circuits through said valve,
means for rendering said cathode emissive com-

prising g source of current econnected with said

cathode and with said excitation anode means
to supply said cathode with excitation current,
means for interrupting sald excitation current

and for causing opening of said switch, and time

delay means for causing re-establishment of said

excitation current in response to opening of said
switch. -

2. The combmatmn of a supply circuit, a load

circuit, an electric valve comprising g, smgle main
anode and a cathode connected with said cir-
cuits for the flow of energy therebetween and
excitation anode means, means for rendering said
cathode emissive comprising a source of current
connected with said cathode and with said excita-
tion anode means to supply said cathode with
excitation current, switching means responsive to
an operating condition of said valve for interrupt-
ing said excitation current, and means for caus-
Ing sald switching means to re-establish said ex-
citation current with a predetermined time delay
In response to current interrupting operation of
said switching means. | |

3. The combination of a supply circuit, a load
circuit, an electric valve comprising a single main
anode and a cathode connected with said cireuits
for the flow of energy therebetween and excita-
tion anode means, g switch for controlling the
connection between said circuits through said
valve, means for rendering said cathode emissive

comprising a source of current connected with

sald cathode and with said excitation anode
means to supply said cathode with excitation cur-
rent, switching means for interrupting said ex-

citation current and for causing opening of said

switch, time delay means for causing said switch-
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ing means to re-establish said excitation current

in response to opening of said switch, and means
responsive to re-establishment of said excitation
current for causing reclosure of said switch.

4. In a control system for a plurality of elec-
- tric valves each comprising a single main anode

and a cathode for the flow of nonconsecutlve load
~current impulses, means for rendering said cath-
odes emissive comprising excitation snodes asso-
ciated with said cathodes and a source of alter-
nating current, the combination of g transformer
comprising g primary winding connected with
sald source and a secondary winding having ter-
minals and a neutral point, connections between
said terminals and said excitation anodes, g fur-

45

therethrough more uniform, and

10

'said neutral point, inductive means in said further-

connection for rendering the flow of current
means for
simultaneously rendering said cathodes nonemis-
sive comprising switch means for opening zaid
further connection, whereby the flow of current
through said excitation anodes is interrupted im-
mediately upon interruption of the flow of cur-

rent through said switch means regardless of the

inductance of said inductive means.

6. In g control system for a plurality of electrm
valves each comprising a single main anode and
2 cathode for the flow of nonconsecutive load cur-
rent impulses, means for rendering said cathodes
emissive comprising excitation anodes associated
with sald cathodes and a source of alternating
current, the combination of a transformer com-
prising a primary winding connected with said
source and a secondary winding, connections be-
tween said secondary winding and said excita-
tion anodes, a further connection between said
secondary winding and said cathodes, and means
for simultaneocusly rendering said cathodes non-
emissive to thereby interrupt the flow of said load
current impulses comprising means responsive to
an operating condition of said valves for opening
said further connection.

7. In a control system for a plurality of electric
valves each comprising a single main anode and
a cathode for the flow of nonconsecutive load
current impulses, and means for rendering said
cathodes emissive comprising excitation anodes
assoclated with said cathodes and a source of
alternating current, the combination of a trans-
former comprising a primary winding connected
with sald source and g secondary winding, a plu-

‘rality of inductive circuits connecting said sec-

ondary winding with said excitation anodes and
said cathodes, and means for simultaneously
rendering said cathodes nonemissive to thereby
interrupt the flow of said load current impulses
comprising means responsive tc an operating
condition of said valves for mmultameously open-
Ing said induetive circuits.

8. In a control system for g plur ality of electric
valves each comprising a single main anode and
a- cathode for the flow of nonconsecutive load

~current impulses, means for rendering said cath-

odes emissive comprising excitation anodes asso-
ciated with said cathodes and a source of alter-

- nating current, the combination of a transformer

09

ther connection between said cathodes and said

neutral point, and means for simultaneously ren-
dering said cathodes nonemissive to thereby in-

terrupt the flow of said load current impulses

comprising means responsive to an operating con-
dition of said valves for opening said further con-
nection, | |

o. The combination of a plurality of electric
valves each comprising an anode and a cathode,
means for rendering said cathodes emissive com-
brising excitation anodes associated with said
cathodes, a source of alternating current, g trans-
former. comprising a primary winding connected
with said source and a secondary winding having
terminals and a neutral point, connections be-
tween said terminals and said excitation anodes,
a further connection between said cathodes and
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comprising &. primary winding connected with
said source and a secondary winding, connections
between said secondary winding and said excita-
tion anodes, a connection hetween sszid second-
ary Wmdmg and said cathodes, and means for
mmultaneous]y rendering said cathodes nonernis-
sive to thereby interrupt the flow of said load
current impulses comprising means responsive to
an operating condition of said valves for simul-
taneously opening the first said connections.

9. The combination of a plurality of intercon-
nected electric valves; each of said valves com-
prising & single main anode, a cathode, excita.
tion anode means and g control electrode, means
for rendering and maintaining the differ ent sald
cathodes continuously emissive comptising g
source of current connected with said cathodes
and with the different said excitation anode
means to supply the different said cathodes with
continuous excitation, currents, and means for
rendering said valves nonconductwe comprising
means Tfor simultaneously interrupting the differ-
ent said exc*&tmlon currenis to render the different
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«aid cathodes non-emissive and for substantially
simultaneously therewith impressing a deionizing
potential on the different said control electrodes
to prevent accidental reestablishment of the flow
of current through any of said valves.

10. The combination of a plurality of intercon-
nected electric valves, each of sald valves com-
prising a single main anode, a cathode, excitation
anode means and g control electrode, means for
rendering and maintaining the different said
cathodes continuously emissive comprising a
source of current connected with said cathodes
and with the different said excitation anode
means to supply the different said cathodes with
continuous excitation currents, means for im-
pressing variable control potentials on the dif-
ferent said control electrodes to control the con-
ductivity of the different said valves and means
for rendering said valves non-conductive com-
prising means for simultaneously interrupting the
different sald excitation currents to render the
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different sald cathodes non-emissive and for sub-
stantially simultaneously therewith substituting
a deionizing potential for said variable control
potentials to prevent accidental reestablishment
of the flow of current through any of said valves.

SAMUEL R. DURAND.
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