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My invention relates to electric: circuits, and
more particularly to: electrlc protective circuits
for electric valve means. - -

Electric valve means comprlsmg a vessel w1th1n
which spaced electrodes and- a control member

are mounted: and to:which is connected .an ex--.

haust pump for maintaining the pressure within
the. vessel at a Very low-value have been widely
used.. - It is found: that pressure rises within the
vessel interfere with the normal operation of the
electric valve means and in the case of electric

: valve 'means having an immersion igniter. type

of .control member render the: control member
inoperative to form a cathode spot and in this way
control the time: of  initiation of discharge be-
tween ‘the anode and. cathode. of the electric
valve means. - This failure of the control member
to perform its normal function is believed to re-
sult from the wetting of the igniter of the con-
trol member with mercury and probably. from the
formation: of .an; amalgam .on the surface of
the control member due to the presence of oxid-
ized mercury resulting from a rise in pressure
within: the .vessel housing the electrodes of the
electric-valve means. - If the control member or
igniter is-energized. after it fails'to accomplish its

normal,.function it rapidly deteriorates and in

addition results in- a waste of energy since the
igniter is ineffective to render the electric valve
means conductive. 'In  accordance - with the
teachings of my invention I provide: a new and
improved protective :circuit. for electric - valves
which prevents energization of the control elec-
trode thereof when the pressure within the vessel
housing the electrodes of the electric valve rises
tosuch a value as to render the control electrode
inefrectlve to accomphsh its normal funection.

It is.an object of my-invention.to provide a
new and improved electric protective circuif.

It is another obJect of ‘my invention to;provide:

a new and improved protective -circuit for pre-

venting the destruction of an .immersion igniter -

type of control member by energization thereof
when the pressure within-the vessel housing the

_igniter and associated cathode ‘rises above a pre-‘

determined value.

My invention will be better understood by ref-
erence to the following description taken in con-
nection with ‘the. accompanying: drawing:and' its
scope will be pomted out-in the appended-claims.

In the drawing the-.single figure is-a schematic:

representatxon of one embodlment of my mven—
tion. :

Referring now to the drawmg, I have shown my:

1nvention embodied in a protective system:for an
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electric valve means In of the type: compnsmg a

-véssel or container 11 within which are mounted

an anode 12, a pool type cathode 13 of conducting
liquid such-as mercury, and an 1mmer51on igniter
type of control member 4.  The control member
is formed-of resistarnice material having & high
specific resistance with respect to -the specific
resistance -of the liquid “cathode ‘and may be
formed of a carbonaceous material such as silicon
carbide. *“The ‘pressure withinthe ‘vessel 11 is
normally maintained  at a very low value by
means of-a suitable ‘gas exhauster illustrated
schematically by the numeral {5 and which com-
municates with the interior of the vessel by means
of a conduit 16 ‘While the electric valve means
10 has been illustrated as comprising: the single
anode 12 and pool type cathode l3 it will be ap-
barent that various other arrangements of elec-
trodes may be employed if desired. :
In the particular embodiment illustrated the
anode-cathode circuit is energized from an alter-
natmg current supply circuit (7 by means of a
transformer 18, the secondary winding 19 of
which has one end terminal connected to the
cathode 13 'and the other end términal connected
with the anode 12 through a direct current load ‘
circuit illustrated by the numeral 20. As is well
understood by those skilled in the art, the.control”
electrode 14 normally functions to produce a
cathode spot on the pool type cathode upon the
passage of a predetermined current therethrough,
In the arrangement shown in‘the drawing, the
current ‘through the: control member: 14 is con-
trolled by an auxiliary or firing valve 21, pref-
erably of the type employing an ionizing medlum ‘
such as a gas or vapor, and comprising an anode
22, a cathode 23 and a control member ‘or grid
24. 'The cathode is connected to the control:
member 14 of valve means 10 ang the anode 22
may be connected to the anode 12 of the eleétric
valve means 18 or, “as illustrated, may' be
connected to a -suitable’ source of ~periodic
voltage  (not shown) by the conductor 25. The
control member 24 of the auxiliary electric valve
21 is'energized by a direct ciirrent voltage comi-
ponent supplied by the battery 26 and by an al-
ternating current.component supplied by the sec-
ondary  winding 21 of a transformer 28 <having:
the primary winding 29 thereof connected to a
suitable source of alternating current voltage 30.
If desired, the circuit 30 may be energized from
the alternating current supply circuit 11 through
a suitable phase shifting device (not shown).
With the arrangement described thus far, it will
be readily understood that current periodically
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flows through the guxiliary valve 21 and the con-
trol member 14 to form a cathode spot on the

cathode I3 at a predetermined time in the cycle

of the alternating current voltage of circuif T
dependent upon the phase relation of the alter-
nating current voltage impressed on the control
member 24 by the winding 21. In order to pre-
vent the energization.of the controlimember: i4-

in the event that the pressure within the valve 11~

rises to such a value that the control member

is no longer effective to produce a cathode spot i
accordance with its normal function, I provide: -

a relay 31 having the movable contact 32 thereof
arranged to short circuit the primary-windifg 294
of transformer 28 when conttol:32° of'the relay”
is closed. In order to prevent the closure of con-

tact 32 from short circuiting the alternatingcur- - -
rent source 80 a suitable current limitingireactor: . .

34 is provided in one of the lines of circuit 38.
The relay is provided with an operating coil 33’
which:is-energized from a.source-of:voltage, sueh-
as- batterry- 35, under- the:control-of a-movable
contact 36-~0f aspressure respensive device. illus-
trated :schematically- by number: 81; - The- device®
31.-may: be- any. suitable arrangement. for- con--

trolling-the.movable:contact-26-te effect.energiza~;
tion;of the-operating:coil 33in.responseto-a risein..

pressure-within the-vessel . of the electric-valve.
means: whieh- is: suffieient: to- render: the: control
electrode 14-ineffective to-establish-a cathodespot-
upon-the- passage-of: current:therethrough.: De-

vice:371:is-shown.connected-through-conduit- 38-to.

conduit- | 6+and-the:interior: of: the vessel 11..-
In- the -operation: of. the: illustrated . embodl-
ment. of my- invention. the: control: member 14
is~ periodieally: energized ' by: -current. flowing:
through the auxiliary valve.24-to.form-a cathode.
spot orr the poolk-type-cathode {3-and permit-the.
electric valve means- [0+to..conduct. current. as.
soon as:the amode. thereofiis srendered sufficiently
positive. with- respect:to-the cathede. If:the gas-
exhauster. fails-to' maintain- the: pressure within.
the vessel- 14 sufficiently, low so:that. the: control
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cific resistance of said conducting liguid and
having a portion thereof immersed in said cath-
cde, said control electrode being adapted tc pro-
duce a cathode spot upon the passage of a pre-

5. determined minimum current . therethrough, &

control circuit including an auxiliary electric
valve for supplying current fo said control
electrode; said iauxiliary; eléetric valve including

.-g control member, a cifcuif for energizing the
10 control member of said auxiliary electric valve,
- mitans tending. to maintain said vessel at a pre-
“deternzined . pressure, and means for rendering

said auxiliary. valve nonconductive and thereby
-déetiergize-said ‘control electrode including means

13 operated uper-the” occurrence of an increase in

pressure within said” vessel sufficient to render

‘saidl: controlielectrode ineffective to produce a
“catHodé& spot.

2..In- combination, electric valve means com-

20 ' prising a vessel within which are mounted an

anode, a:cathoderof ‘ccondicting liquidiand-a con-
trol: member: formed cof! material having: a high
specific resistance with respect:to:thesspecificires::
sistanice of 'said comdueting liquitk and having:.a

25 portion: thereof: immersed: ii: said: cattode, said:

control member beingadapted &b excitésaid cath=
oderupon: thie: passages of a2 predetermined mini .
munt:current therethroughcto permitithe: initias:
tioniof dischargebetweernisaid-anodéand cathodes:

30:.anrenergizing:circuit:for: energizing said: control -

nieniber; meats: tendingzto: maintain. a\ predeA
termined! pressurerwithin . said: vessel; -and: pres--
sure: responswe ‘Theans responsivertoithie ;pressure
withinisaid: vessel: for rendering: said: cireuit: it

35 effective:to-energize saitl’control{member if’the

pressure within: said:vessel’ rises’ sufficientlys to+

. p‘r‘event*ndrmazlioperatfonmisa;idlcontrol”member :

= In combination;. electric: valve means: com=
prxsmg a7 vessell withify which: are mounted ani

40 anode; aicathode of ‘conducting:liowid and a-con--

member- {4+is- effective:to-accomplish.its- normal. -

funetion-of establishing. a-cathoderspot; the. de~-
vice- 37: operates:to-energize: the coil.33.of- relay:
3liand.-remove the alternating-voltage-component.
from- the. circuit- of . control- member: 24
leaves only: the negativerbias-voltage:of battery.
26¢ oni-the control. member 24.and.in.this- way.
valve 24<is-retidered nonconduetive-and -the-con--
trot: member: 14+ is- effectively. deenergized:. In:
this: manner: ai simple. and-reliable: arrangemnt-
i provided: for protecting: the- control - member
i & from. destruetion and- eliminating: waste: of.
electrical: energy- by interrupting- the: supplyr of-
energy: to: the: control- member &g soor!as the
prssure: within: the vessel~ { 1: rises-sufficiently to®
prevent: the: normal operatiom: of “the -corntrol:
nrember:

“White'I haverdéseribed:what I'at present con--
siderithe preferredembodimient of my invention;.
itvwill be:obviousito-those skilled-insthe-art-that:
varicus:changes-and: modifications:may: be made-
without. departing’ from- my. invention; and:I,.
therefore;: aim: ift: the: appended- clzims: to. cover:
sll:sueHichangesiand modifieations=as:fall-within:
thettrue ‘spirity andseope: of ‘my. invention:

What: I claim as mew grid:désirerto secure by
Letters:Patent: of :the: United:Statessis: -

1+ Irys cotmhination;. electticr valve: nreans: com~ -
prising:'a vessel: within: whichs arer mrounted: ax -
anoede;, a. cathoder ofs comducting: liguid". and- a-
control electrode; formed: of: material: having: a:
high sspeeific resistance- with. respect: to-the-spe~

This--

trol nmiemiber Having-aiportion ‘thereof itamersed:
in: said: cathode;. said- control’ member- being:
adapted:to: fornt as cathiodé: spetvupon- the pas:-
sage of anpredetermined: current therétlirough;

457 g energiving  circuitzfor ‘energizing said® control™

507

meinher; neans ‘operated in aecordance with:thie:
pressure ‘withif: said’ vessel for ' changing: the
circuits connectmnsJ of: said’ energizing” circuit! to«
prevent: the: passage: of” current: through said
controlimember:in response: to-a rise-in. pressure~
within sgid: vessel sufficient to ‘prevent said con-~
trolmember from: forming-a-cathode: spot.

4: Inicombimation; electiic: valve: nicans: com=
prising - a. vessel” within: WhlchL are” mounted’ an-

55 arrode,-a:cathode, and:a control: member means:

tending: to. maintaity a- predétermined’ pressuré-
within: said-vessel} a: control circuiit for energizs
ing: said: control’ member: to” control the: con-
ductivity: ofs said: electric valve:means: a: circuit”

- 60> including-a source: of unidirectional’voltage and

a~ source: of'alternating: current’ voltage; a pres-
sure: responsnre relay- responsive -to-the ‘pressure
withiti i said" vessel for contlolhng the- applica~
tion of said‘alternating:' current voltage” to pre=

65% verit. said’ eléctric'valve means ffom: being: ren-

dered conductive when said pressure regches &
predetermined’ valiie,

5:-In: combination, eléctric valve’ means com-
prising - a vessel’ within> whi¢h' are- mounted: an

70 anode;.a: cathode:and & control’ member, means

tendinrg:-to maintain’ a- predetermined” pressure-
within szid vassel, a-controk: circuit for- energiz-
ing said control member to control the con=
duetivity: of: said: eléctric valve means; and .

767 means: responsive’ to pressure within-said- vessel’
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for rendering said control circuit ineffective to
energize said control membér in response {o a
predetermined change in pressure within said
vessel. .

6. In combination, electric valve means com-
prising a vessel within which are mounted an
anode, a cathode, and a control member of the
make-alive type, means tending to maintain a
predetermined pressure  within said vessel, a

control circuit for energizing said control mem-
ber to control the conductivity of said electric
valve means, and means responsive to pressure
within said vessel for rendering said control cir-
cuit ineffective to energize said control member
under predetermined pressure conditions within
said vessel.
MASAAKI HYODO.




