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- My invention relates to mercury switches, and ‘Fhese and other pbjeétS' will become apparent’

more particularly to an improved electrode struc- from, the following ' iflcation ‘and from ‘the
ture for use in such devices, =~ . ... .: drawings, in-whic¢h” * L
.:In mercury switches, two electrodes and a body Fig. 1 is a vertical sectional view of & displacer
of mercury are ordinarily provided: within. a 5 type mercury switch illustrating one embodiment
Sealed envelope; one of the electrodes being dis- of my invention; - - o T
bosed within the envelope'in such manner as to 'Pig. 2'is a vertical sectional view of a:displacer
be intermittently immersed by the mercury and type mercury switch’ llustrating a modification
thereby ‘complete - the ‘circuit' through the elec- of the embodiment shownin g '1; - -
trodes. . To prevent premature destruction of the 10  Fig. 3is a vertical sectional view of ‘a displacer
intermittently immersed electrode, a cup is pro- type mercury switch illustrating a modified form
vided within the envelope to retain a small quan-~ of my device incorporating a time delay element;-
tity of mercury in continuous contact with the Fig. 4 is a vertical sectional view of a 'displacer
intermittently immersed electrode so that any type mercury switch illustrating another embodi-
arcing, which occurs in making or breaking the 15 ment of my invention; - - - ST
circuit. through the electrodes, will occur between Fig. 5 is’ an isometric’ view of the' electrode
two bodies of mercury. . While this arrangement structure illustrated in Fig. 4; - - -
is satisfactory, difficulty has been experienced in PFig:‘6is a vertical sectional view of a modifica-
mounting -the -electrode cup within the switch. . tion of the- electrode ‘structure illustrated in-
There are broadly three methods of mounting 20 Fig.'¢;- I Pl el T
the electrode cup, namely, by fusing the electrode © Pig. Tis a vertical sectional view of &' displacer
cup ‘to a.glass electrode sleeve, by the use of type switch illustrated in ancther: embodiment’
cement, or by mechanical means. . A fused bond of my-invention;-and -~ :o e :
has proved satisfactory; but is.slow and expen- Fig: 8 is a vertical sectional view of-another:
sive to form and the choice of:ceramic material 25 form of ‘my invention similar to that illustrated'
which may be used to form the cup is limited, as in Pig. 7, o T
the material must have substantially the same co- Referring to the drawings; Fig: 1 illustrates a
efficient. of .thermal expansion as the glass in .or- mercury switch relay including a coil {1 having a’

der. to prevent cracking of the fused portion with _-central opening, a switch envélope. {2 disposed’
temperature changes, Cement bonds are,ingen- 30 within the coil opening;a mercury fill {3 within
eral, unsatisfactory as they are subject to unex-  the switch envelope: and & magnetically ‘respon-'
. Dbected failure and leakage, and tend to introduce sive displacer 14.for shifting the level of the mer-
ohjectionable impurities into the mercury. and cury fill in. response to energization by the: coil

the gas fill.., Mechanical means. heretofore em- {1. " The coll may be provided with an external
ployed have, in general, been objectionable, either 53 iron eircuit including pole sleeves 16 extending:
because the cup has not been held firmly in posi- - into the coil opening and defining an air gap
tion, or because the breakage of the fragile 1. A continuously immersed foot electrode 18
cer;a,mic material during assembly has been exces- is sealed through the bottom wall of the envelope
sive.” In substantially all cases, however, where i2, the inner-end of the electrode being in con-

the cup is firmly held in place, some one or more 40 tinuous contact with .the mercury £l . (3. An
walls of the cup has-been formed with an open- electrode 19 extends through: the upper end of.
ing adapted to be subsequently sealed by fusion, the envelope 12 and is adapted to be intermit-
cement, or other means. - This sealed opening is s tently immersed by the mercury fill. The length:
point of potential leakage; and is, therefore, ob- of the electrode 19'may be varied with the amount
Jectionable. . T , , 45 of mercury within the switch and the difference
" Among the objects of my invention are the between the high. and low:levels of the mereury.
provision of improved and simplified means fill, but ordinarily may extend downwardly into
whereby an integrally formed ceramic cup hav- the envelope to a point:slightly below the low.
ing imperforate walls may be attached to a switch ~ level of the mercury fill. The electrodes 18 and
electrode without regard to the coefficient of 50 (9 may suitably be formed of. molybdenum: and
thermal expansion of either material, which will the switch envelope .12 :may be of a hard:boro-
providé a strong trouble-free ‘bond, which may. silicate -glass, as these materials have substan-.
be easily formed and. attached without danger tially equal. coefficients- of.-thermal - expansion:
of breakage, which may be attached directly to . Which permitsthe formation of a satisfactory
an electrode and which does not employ,cement. 86 metal to glass seal. .. .. . REERI




z2.

A ceramic cup, generally designated 20, is
formed of a highly refractory ceramic material
and may be shaped as a hollow cylinder having
one end closed by a relatively heavy base 21, the
internal diameter of the cup 20 being substan-

tially greater than the external diameter of the

electrode (9. A threaded opening 22 is formed
in the base 21 extending outwardly from the in-
ner surface of the cup partially through the base
and is adhpted to receiwe the lower end of the
electrode 18, which is provided with ‘cooperating
threads.

The cup 20 is secured to the electrode 19 by

engaging the threads on the lower end: of: the:

electrode with those formed within the opening
29. The height of the cup 26:should be:such that
when aitached, the side walls: will'-extend: up-
wardly around the electrode to-a point above the
low level but below the high level of the mercury
fill.
varied. as required; but. it is. essential. that the
base 21, be 1mperforat&and of sufficient depth to.
adéquately insulate the lower en(iot the electrode
{9, from: the mercury. fill; 13.

I may. also ‘mount, the ceramic. cup_ an the foot.
clectrode, as shown in Fig. 2, wherein. a.foot.elec-
trode. 23. extends.thraugh the: base. of.the. ‘switeh
envelppe: 12 upweudly to.a. pomt shghtly helow the
low level of the. rnemury, fill., A ceramic cup
25.is: Tormed, with. a: tthK base in.which is.pro-
V.lded EW threaded opemng 25 extending inwardly
paxmahy thr ough. the base and. adapted: to. receive.
the, threaded unper end, of. the. electrode. 23, The
electrodes 8. and 23, are in: axial. alinement, so
the side walls of the cup 28 will.extend. unwardly
around. the lower end of. the electrode 19 in: a
manner similar to thab pravmusly described. It

will: be-neted- that. the cup-26. is- similar; to. the
cup zn 111ustrated in.Fig. 1, ~and.may, be formed.
of similar materials and of similar dimensions,
the,only- essential; difference - in: structure: being
the. position.of; the—tlueaded opemng in.the. base.
It is, of course, immaterial; whether Or: not.mer-
cury. seeps-into. ithe- tbreaded opemng inx the-base
of:the:cup, for:such seepage- cannot: short: circuit:
the switch.

. Fig.. 3-illustrates; g modification-of: my- devme
mcorporatmg a, time: delay; wherein. a; foot: elec—
txode2Tiand an: intermittently immersedelectrode.
28 are sealed through the-upper: end;of the: en-
velope-i2and terminate af-substantially the-same:
leyel; which may suitably: he- slightly- below, the
lowe level -of the:mereury fill-i3., Altheugh both
electrodes;are: shown-covered; with: am.insulating
slegve; this:is net an:absolute requirement, al-
though-in.some:instances:may.be.desirable; The
intermittently:immersed:electrodeis:axially dis-
posedwithin the envelope:and: iszprovided” with:
external threads:28: formed on itssextremity: A
relatively ;large:ceramic. cup: 3iris:provided: with
an axiaily:disposed:upwardlyiextending -internal,
boss:33: having: a threaded:-axial:opening: adapted
to:receive.the threaded-dower:end 28:0f:therinter-
mittently: inmmersed: eleetrodes 28. . The: opening:
imthe:Hoss 32isenlarged-atsits upper-end:to form:

a mercury:.clip 35 extending:around:.the:lower:

portion.of: thierelectrode=28, the sides:of> the: cup:
3§cextending upwardly: taraspoint above itite low:

level -of -ther mercury: filli. Az mercury: metering:

orifice.:33:is«provided in:the: rottom:. wall "of the
ceramic-cup :2 Libelow the:low:level JofrtHe mer~.
cury:fillz whereby::as smalkiquantity: of: mereury:
iswtrall times retained within:the:cup:3t. The

foot:-electrode 21 extends:downwardly. parallel

and adjacent to the intermittently:immersed:

The exact proportions of the cup' may be-

10

* through the mercury metering orifice 33.
.or: the other hand, the side walls of the cup
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electrode 28 and into the mercury retained in the
cup 31.

The side walls of the cup extend upwardly
around both electrodes, the height of the walls
being varied according to the time delay char-
acteristics required. If the side walls of the cup
31 are extended upwardly to a point above the
high mercury level, the switch will be of the slow
make, slow break type, for in such instance
e eireuit- between thd eleczrclict 41 and 28
cannot  Be completed until a predé termined
amount of mercury has flowed into the cup
i,

terminate at a point below the high level of the
mercury’ 81, the circuit between the electrodes

Wil be instantly completed upon energization of

the: displacer 14. In either event, deenergiza-
tion of the displacer causes the outer level of
the mercury fill to fall to a level below the lip
of the. cup: 31 but the oircuit through: the elec-
trodes will-not' be. immediately broken due:te the
timing action of the mertauty metering orifice 33
whieiiretards: the:flow: oft mercury: from’ the cup.
When: the: circuit. between- the: electrodes is
broken;, the: break: will: occur betweers the: mep-
cury: retained within the: cop: 3f: and! inil contaet
with - the- foot. electrode 2T and: the memsury
retained:in: continuous-contact; with: the interthit-
tently, immersed: electrode; 28: by  the cup 3% - A
switchihaving tie structure deseribed-hus.a-rela~
tively Bigh current; carrying capacity.. for in: ng
instanoe:is:the: flow ofi current: betwier the: eleo~
tredes: required: ta: pass: tirough thi: mlatr@elv
small metering: orifice:38.. .. ..

.. Imasmuch:asthe intermittentiy 1xmnersed1e‘1ée-
trode: 28: iz axially - dispesed: withifi: thie: envelope:
tHe:ceramiecoup 36 may be:attached to. the inter~
mittently immersed: eleetrode: 28by ‘engaging the
threads: 20 ‘'on:thelower end of: tHe-elect¥otie - with
tie: threads. formed in.this: opening 'ir’ tHe' bess
32.  This: structure: has: beert found: particularty
desirable:in time:delay switches; asitheve are no
fused: orrcemented: jeints to> fail undetr” emessive

9. yibration or:shock::

The:coxrse grairi strueture of’ certmn mfactbry
cernimiamateridlé: makesit:difioult to Thmirsérew
thvesds: within' a- relativaly: smail® opetlifig” and
henceccups: formead of suehtnmaterials are ot wehl
adaptetl for:use-in:tHe:modifléations’ of my: de
vice: hereinbefore: dexeribéd. - These: riatbrials
may; Hiowever; be used‘in & swich-etiplopity &
modifteationt of’ my! devide: ilfastrated in Fegs:
4sand 5 T this: modification one surfate-of
metidlic dise 381§ attaetied tb the'end of’the‘mté'r-
mittantly: itimersed - eléetrode* 19 by weldiirg: or
other:suitable: means: ih stich manrer that the
disc 3 s transverse: to‘*th*e axly of tHe eléetTode:
Onaei point™ of: the: edge- of' 2+ fiat spHng 36 is
frmiy- atthelieg: to: the efige: of the* disc 34, ay
iltustiated  in Figs 59 - THe-léngth-of tHe' spritie.
38¢< is- slightly< 1éss- than' the- ctrcdmfére'fme of
the: diso 34/ s0-that' thie spring may be compresseﬁ
toform a- substamtially: cyMndrical” seetton™ ex-
tending upwardly from the disc 34, as sHowWH by
the dotted”lines-in:Flig: 5- A" cerdmic” c(xp 31
having anopening skehtly larger than the"dise’
I¥muybe seenred’td the: electrodebvcompreszlng
the ispring: 36¥angd’inserting the asserr‘rbly. i the
cup 817 -Upoen reléase, the spring 38°1s’ forted re-
siliéntlyrapaingt: the inmer walls”of” the ciip 37
andiserves to retain thé-cup in position. AS the
friction engagement of’the *spring” 36 with the
walls-of the-cup-3F ‘may. be‘increased by the use
ofia -héegvier spring: this type of structure may bé
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employed in conjunction with a relatively heavy
electrode cup such as may be employed in a
heavy duty switch.

As a modification of the structure shown in
Pigs. 4 and 5, the transverse disc 34 and spring
36 may be mounted on the lower electrode 23.
In this modification a ceramic cup 39 is formed
as a hollow cylinder having a transverse inter-
mediate wall 42, the diameter of the cylinder is
made substantially equal to the diameter of the
disc 34 and may, therefore, be slipped over the
upper end of the foot electrode 23 by compress-
ing the spring section 36, which upon release
will frictionally engage the inner walls of the
cup 89. The walls of the cup extend upwardly
above the intermediate partition 42 and around
the electrode {9 to form a mercury cup, desig-
nated 44,

Another method of attaching an electrode cup
is illustrated in Pig. 7, wherein glass is used to
bond the cup to the electrode. In this modifi-
cation, a ceramic cup 46 similar to the cup de-
scribed in connection with Fig. 1 is provided
with an opening 41 extending outwardly par-
tially through the base of the cup, the diameter
of the opening being substantially equal to the
diameter of the electrode 19. The cup 46 is at-
tached to the electrode 19 by depositing a thin
film of molten glass 48 on the end of the electrode
and inserting the electrode into the opening
formed in the base of the cup 46 while the glass
is still in a flowable condition. ‘The glass fuses
to both the ceramic material and to the electrode
but will form what would ordinarily constitute
an unsatisfactory bond, in that the glass will
check and crack unless the coefficients of ther-
mal expansion of the electrode, the glass, and the
ceramic material are substantially equal. I have
found that this checking and cracking does not
greatly weaken the bond of the glass to the
metal or to the ceramic material and that it is,
therefore, immaterial whether or not checking
or cracking of the glass occurs; for, in my struc-
ture the switch cannot be short circuited by mer-
cury seeping through the cracks formed in the
glass. '

This type of cup may also be mounted on the
foot electrode, as shown in PFig. 8 wherein a
ceramic cup 49 is provided with an opening 52
extending inwardly partially through the base of
the cup to receive the upper end of the foot elec-
trode 23. A thin film of molten glass 53 may be
deposited on the upper end of the electrode 23
and sealed to the cup in a manner previously
described. Side walls 5t of the cup 49 extend
upwardly and surround the lower end of the
electrode 19 thereby forming a cup adapted to
retain a small quantity of mercury in continuous
contact with the electrode.

It should be noted that in all forms of the in-
vention the means for attaching the cup to the
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electrode is such that the cup is rigidly supported
on the electrode and yet mercury leakage past
the attaching means can do no harm, and specfi-
cally cannot short circuit the switch.

To comply with section 4888 of the revised
statutes, I have described certain specific em-
bodiments of my invention in detail, but as modi-
fications may be made without departing from
the true spirit and scope, I do not limit myself
to the particular details disclosed except as de-
fined in the appended claims.

I claim:

1. In a mercury switch, a switch envelope, a
mercury fill, electrode means for the mercury
fill including an electrode sealed through the
upper portion of the envelope and extending
downwardly therein, a pocket member of re-
fractory clay-type ceramic carried at the lower
end of said electrode and having side and bot-
tom walls forming a pocket for mercury, said
pocket communicating with the space outside of
said walls and within the envelope for the flow.
of mercury upon operation of the switch, and
means for causing the mercury to flow into and
from said pocket; said electrode extending down-
wardly into a recess in said bottom wall and
fitting therein with the side walls of the electrode
and the adjacent side walls of the recess approxi-
mately parallel, and fusible vitreous means in the
form of a thin film surrounding the electrode
and intimately engaging said approximately
parallel wall surfaces whereby the pocket mem-
ber will be held fast and supported by the elec-
trode in spite of substantial differences of ex-
pansion between the pocket member and the
electrode.

2. In a mercury switch, g switch envelope, a
mercury fill, electrode means for the mercury
fill including an electrode sealed through the up-
per portion of the envelope and extending down-
wardly therein, a pocket member of refractory
material carried at the lower end of said elec-
trode and supported solely by said electrode and
having side and bottom walls forming a pocket
for mercury, said pocket communicating with
the space outside of said walls and within the
envelope for the flow of mercury upon opera-
tion of the switch, and means for causing the
mercury to flow into and from said pocket; said
electrode extending downwardly through said
pocket and having an end portion fitting into
a recess in said bottom wall of smaller internal
diameter than the pocket and held therein in
spite of substantial differences of expansion be-
tween the pocket member and the electrode,
sald recess being closed at its bottom end by
the insulating material whereby a mercury-tight
seal between the electrode and the insulating
material is immaterial.

. CARL H. LARSON.




