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My invention relates to gravity operated
‘switches of the enclosed type. A typical switch
of this type is the mercury switch.

The chief cbject of the present invention is to
increase the capacity of switches of this type.

Other and subsidiary objects will be apparent
from the following specification and claims.

A serious drawback of switches of this type is
the fact that the current carrying and interrupt-
ing ability is relatively low and hence their fleld
is greatly limited.

1 have determined that the thing which causes
failure in switches of known construction is, in
general, breakage of the seal of the envelope.
Commercial switches heretofore constructed em-
ploy glass envelopes. Glass is, first of all, & poor
conductor of heat. Next, its rate of expansion,
as compared to metals, is low. It is difficult to
make a bond between glass and metal and the
seal deteriorates under high temperatures. Ihave
developed a construction which does not depend
upon & fused seal, and thereby have freed my
switch of the limitations of structure and mode
of operation imposed by a fused seal. At the

same time I have provided for equalizing tem-. <
peratures, and for efficient heat dissipation. I

have found thereupon that the capacity of my
switch or interrupter may be based or rated solely
upon the amount of heat which the device can
dissipate under working conditions,
the special problem of maintaining a fused seal.

In the concept of means to increase the ca-
pacity of a switch of this type
literally turning the switch inside out. Where

the prior art used an envelope of glass with metal «

inserted, I make an envelope of metsl with only
so much insulation inserted as is necessary to
interruption of the circuit, or electrical segrega-
tion of adjacent conducting parts.

The prior art had attempted to confine a gas
(usually hydrogen) in the glass envelope. This
was difficult from & mechanical standpoint.

Also, any leakage of air into the envelope caused.

explosion. I fill the envelope substantially full
of liquid, leaving preferably & suitable vapor or
gas bubble for teking up expansion and contrac-
tion due to temperature changes. So far as Iam
aware, the filling of a glass envelope switch with
liquid was never before practiced.

I am aware

and not upon:

1 have started with

that it has been propesed to em- 5
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ploy a liquid fill in switches of the gravity type, -

put in such devices as have been proposed no
adequate envelope has been provided from the
standpoint either of tightness or heat dissipating
ability.

It is-one of the novel features of my invention

to. provide a metallic' envelope which can be,

sealed liquid tight and which at the same time
will have great mechanical strength, and suitable
electrical characteristics, and the ability to dissi-
pate heat readily and in relatively great quan-
tities without developing any points of high tem-
perature, i. e., hot spots.

The ability to hold liquid under high pressure
allows the use of a suitable liguid fill and facili-
tates heat equalization and heat dissipation. -

A further feature of novelty resides in the spe-
cific liquid fill, i. e,, triethanolamine or equivalent
liquid, which has the ability to maintain the
metals with which it is in contact clean and
pright, and to assist in suppressing arcs and dis-
tributing and dissipating heat.

In the construction of the metal envelope vari-
ous forms of joints may be employed. A highly
advantageous form involves a pair of hollow elec-

_trodes held against an intervening insulating ring

by flanges engaged by a sleeve or ring beaded into

_effective holding engagement, or wherein one of

the flanges is beaded over the cther. )

The form of the switch may be varied, not only -
to provide narrow angle and wide angle switches
but also to provide endwise tilting or angularly
rocking switches with single or multiple circuits
for multiple or successive interruption.

A further feature of my invention resides in
the method of preparing and filling the switch.
According to the preferred procedure the en-
velope is assembled and closed except for a filling
opening or vent hole; the mercury and a charge
of the filling liquid are then introduced. The
whole unit is then heated to bring the material
to the boiling point, expelling air from the part
which is unfilled. Thereupon the envelope is
closed by a sealing screw that closes the vent or
opening. Preferably, about one third or less of
the volume is thus occupied by vapor of the filling
liquid. This condition of @ gas or vapor bubble
normally at less than atmospheric pressure allows
for expansion of the liquid without danger to the
envelope. The envelope is unusually strong and
may easily resist pressures. of two to three hun-
dred pounds per square inch. I find it to be &
fact that pressure of the fiuid medium surround-
ing the arc assists in putting out the arc if that
is not otherwise readily accomplished.

1 have further devised a form of switch in which
the magnetic forces of current fliow tend to throw
the contacts into better conducting relation upon
initial contact and to retain them in contact until
a positive force is developed tending to throw
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them apart, whereupon a more positive action is
secured in both operations.

A further feature of novelty resides in the man-
ner of making a beaded joint between the parts
of a switch of this class.

Numerous other features of novelty wiil be ap-
parent from the following detailed specification
and claims.

Now, in order to acquaint those skilled in the
art with the manner of constructing and operat-
ing a device embodying my invention I shall de-
scribe, in conjunction with the accompanying
drawings, at least one specific form in which my
invention may be practiced. Throughout the
drawings the same or similar reference numerals
indicate the same or similar parts.

In the drawings: -

Figure 1 illustrates one form of our switch and
its mounting; this view is a vertical longitudinal
section;

Figure 2 is a view similar to Figure 1, showing
a modification embodying the principle of elec-
tromagnetic hoosting to insure establishment of
connection between the contacts;

Figure 3 is a diagram explaining the mode of
operation of the device shown in Figure 2;

Figure 4 is a longitudinal vertical section
through a modified form of wide angle switch;

Figure 5 is a cross-sectional view taken on line
10—10 of Figure 4;

Figure 6 is a longitudinal vertical section of g
multiple form of switch;

Figure 7 is a longitudinal vertical section
through a modified form of wide angle switch
in which one of the metal sections is beaded over
the other; i ’

Figure 8 is a similar view of a different method
of joining-the two metal sections together by a
beaded band; ’ . )

Figure 9 is a similar view of a further modifi-
cation showing the use of a beaded band or ring
for clamping the flanges together on the two
metal sections; e

Figure 10 is a similar vertical section through
a modified form of switch in which the shorter
section is flanged and beaded over the edge of the
longer section;

Figure 11 is 2 horizontal longitudihal section

“of a modified form of switch;

Figure 12 is a top plan view of a form of cup
such as may be used in the switch of Figure 13:

Figure 13 is a detailed sectional view through
8 switch structure employing the elecirode shown
in Figure 12; ‘ ,

Figure 14 is a sectional view through a modi-
fled form of switch structure:

Figure 15 is a sectional view through & modi-
fied wide-angle type of mercury switch:

Figure 16 is a sectional view of a switch of the
type shown in Figure 15 at the instant prior to
breaking of contact between the two electrodes;
and : LTV

Figure 17 is a view similar to Figure 16 but
showing the snap action when a non-wetting
type of electrode is employed. -

It is to be observed throughout the present dis-.

closure that the switches which I have shown
embody enclosures for the mercury contactor, or
like element. constructed mainly of metdl, the
metal being preferably iron or some other metal
or alloy which does not amalgamate with mer-
cury where that is used. The metal which con-
stitutes the enclosures serves also ds an elec-
trode, or such part of it as is in contact with the
mercury or other contactor serves as an elec-
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trode, and I wish it to be understood throughout
that while my invention is chiefly in switches of
this character, there are certain features of my
invention which are applicable to switches of the
generally known type, that is, embodied in en-
velopes made of a non-conductor, with the elec-
trodes constituting merely inserts or inleads to
secure the necessary electrical conductivity.

By the aforesaid use of metal for the elec-
trodes and simultaneously for constructing the
container, two notable advantages are achieved;
first, that greater conductivity electrically is se-
cured, and second, heat conductivity is enhanced.
Furthermore, the mounting of a device employ-
ing a metal envelope in spring clips or the like
is facilitated, :

Preferably, but not necessarily, the entire de-
vice is dipped and coated with cellulose acetate,
as indicated in certain of the figures. This same
dipping and coating may be applied to each of
the forms of switches herein illustrated. This is
to be understood, although omitted from some
of the drawings for the sake of clearness.

The switch shown in Figure 1 is a narrow angle
switch and the parts are shown in the position
where the circuit is closed. If the switch be tilted
slightly in a counterclockwise direction, as viewed
in Figure 1, the mercury contactor will recede
promptly and break circuit with the electrode
portion. The switch chamber is filled to sub-
stantially two-thirds of its capacity with a liquid
which serves an important function. The ligquid
which I employ is one of the ethanolamines.
The preferred liquid is triethanolamine. I em-
ploy the material as it is found in the oben mar-
ket, and I find the same to be ‘satisfactory. I
am advised that the commerciaj variety com-
prises approximately 709, triethanolamine, about
20% diethanolamine and about 8% monoethanol-
amine.  The specific gravity is approximately
1.11t01.12at 20° C.

This commercial grade of triethanolamine is
a viscous hygroscopic liquid with a slight am-
moniacal odor and slightly alkaline in its reac-
tion. This alkalinity is approximately 1% that
of ammonia. Due to its basic reaction it readily
absorbs such acid gases as carbon dioxide, chlo-
rine, sulphur dioxide, hydrochloric acid, etc. The
triethanolamine combines freely with fatty acids
to form soaps which are substantially neutral.
The boiling point is approximately 277° C. at 150
mm. In the present instance, the liquid serves
the important function of an arc extinguishing
medium to assist in current interruption. Also,
the liquid conducts heat from the point of gener-
ation and diffuses it throughout the entire body
of the switch and allows dissipation thereof at
the surface of the switch, particularly because
of the relatively high conductivity of the major
part of the envelope. Thus, because of the in-
ternal distribution of heat and the ready dissipa-
tion thereof to the surrounding atmosphere,
switches of this type are capable of handling
heavier current and withstanding a higher rate
of interruptton than switches of known type.

The vapor space above the liquid 20 is at less
than atmospheric pressure for normal rcom tem-
peratures, although this is not essential It is,
however, a suitable way of evacuating gases which
might otherwise lead to corrosion of the elec-~
trodes or of the mercury. The expansion space or
the vapor chamber above the Hquid may be
varled as desired, and is provided for the pur-
pose of accommodating expansion and contrac-
tion of the liquid due to variations in tempera-
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ture, The heavy viscous liquid filler does not leak
from the switch as readily as gas from gas filled
switches, and a little leakage merely results in
enlarging of the expansion space. -
The action of the triethanolamine upon the
metal surfaces is highly beneficial. Impurities
are removed or neutralized, and the metal is left
in clean condition, greatly improving its con-

3

ment with the ,portion 46, thereby improving the
contact, instead of, as in all devices of the prior

" art with which I am familiar, the magnetic re-

tact with the mercury and keeping the mercury

and other metal surfaces clean . throughout the
life of the devicee While I have shown the
switch submerged in a bath 23 heated by a
burner 24, obviously, other methods of applying
the necessary heat may be employed. Also, it is
not necessary that the outside of the switch be
subjected to the cleaning action of triethanola~
mine.
“'In fact, each of the.switches herein disclosed
is adapted to employ a-filling of triethanolamine
or equivalent liquid, such as glycerin. ‘The liquid
must be of such character that it will have no
catalytic action tending to produce a reaction
between the metal electrode and the mercury.
Figure 1 discloses a switch of the narrow angle
type embodying cerfain features of the present
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invention. The main hollow electrode 34 has a

shoulder at 35 and an extension 36 of greater
diameter, the margin of which is headed over as
indicated at 37. Between the shoulder 3% and
bead 37 a disc 38 of insulation is gripped. This
disc may be made of porcelain, in which event
suitable elastic gaskets may be placed between
the porcelain and the metal parts, but prefer-
ably it is constructed of a more or less fibrous
material, such as bakelized cotton fabric or
bakelized fiber board, or any other suitable in-
sulation which. is relatively tough and unaffected

30

pulsion tending to drive the mercury away from
meking contact as soon as the initial contact
was instituted. That is to say, heretofore there
has been no recognition of the principle of mag-
netic repulsion of the mercury when it starts to
make contact. I have observed that in the usual
switch the approach of the mercury to the con-
tact, particularly in a narrow angle switch, is
accompanied by a peried of oscillation in which
an arc appears to be formed with great rapidity.
This condition is known as “frying.” The force
of gravity is not great enough to force the mer-
cury firmly into engagement and hold it there,
and the repulsive magnetic effect established by
the initial contact is great enough to throw the
mercury again out of contact., ’

" According to my invention, I utilize the mag-
netic effect to stabilize and increase the contact,
no matter how small the contacting area and
how small the force ténding to hold the two
parts together initially.

The magnetic force appears to be effective in
two ways. First, assuming that the current flow
is unidirectional, the tendency of a loop carrying
current always to assume circular form, that is,
for the parts thereof to be forced away from each
other from a common center, thrusts the mer-

.cury 06 into the gap. Where the current is

- glternating, each wave of current has the same

35

by the liquid fill. The shorter electrode {4 has & *

hollow stem 38, the edge of which is beaded over
as shown at 80 to hold the head 14 firmly against
the inside surface of the insulator 38 and to seal
. off the opening through said insulator. The in-
side of the hollow stud 3§ may be threaded to
provide a suitable mounting as by means of the
external threaded stud 82 which is mounted upon

40
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a supporting plate 43 and has a cooperating ring. -

contact 84 for engaging the bead 37 and making
contact therewith. Thus the switch may readily
be mounted upon & support which makes electri-
- cal connection with the electrodes. Obviously, if
‘desired, the" portion 36 may be provided - with
Edison threads for mounting the switch of this
character in the Edison type socket.

Figure 2 shows a modification of the device
shown in Figure 1, in that the inner electrode
has an elongated stem 45 terminating in a cone
or divergent portion which approaches the walls
of the electrode 34. The mercury contactor (8
is adapted to be wedged between the converg-
ing portions of the electrode produced by the
cone 46, and as soon as the mercury contactor
bridges the gap, so that current is conducted,
the magnetic fleld is confined in the loop formed
by the eiectrodes 45, 16 and 34, and forces the
movable portion 16 outwardly, that is, to the left,
thereby increasing the area of contact and pro-
ducing cumulatively an increase in the contact-
ing ares between the mercury contactor i6 and
the assoclated electrical conductors 46 and 34.
This is illustrated in diagram in Figure 3, where
“the mercury contactor 16 is shown as guided hori-
zontally on top of the electrode 34. It will be seen

50
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that an electrical loop is formed by the three con- -

tacts, and the tendency of the magnetic field is
to shove the mercury {6 more firmly into engage-~

effect on the mercury, but also there is the re-
pulsive effect due to induction between the por-
tion 86 and the adjacent surface of the shell 34.
This induction effect I conceive to be slight, but
it is-in the right direction. :

The gaskets such as indicated at 6 may in the
various figures be made of cork, or synthetic
rubbers, or other similar materials. :

Figures 4 and 5 illustrate & different form of
the device. In this case a conical tapered ring
52 is interposed between the flanges 54 and 55
of the electrodes 56, 52, suitable sealing gaskets
or washers 6—6 being interposed.’ Insulating
rings 56—56 of fiber or the like lle against the
outside faces of the flanges 54, 55 and an annular
sheet metal ring 57 is beaded at each end
against the washers 56—56 to produce a tight
closure. The conical ring §3 provides a sharp
shoulder which performs the severing function
for dividing the mercury into two parts 16—i6 .
as shown in Figure 12 for open circuit position
but which allows the flow of mercury over the
top of the same for establishing closed circuit
condition through s mercury-to-mercury contact.
The liquid fill 20 is employed, and it will be
observed thst it is instantly available to keep
the flange or annular shoulder cooled and tc
dissipate the heat which is evolved by the arc
formed upon making or breaking of the circuit.

In Figure 6 I have shown a multiple narrow
sngle switch. This figure shows a switch in
which closure of the circuit between the central
and one of the outer leads is secured by tilting
the switch one way or the other, respectively,
or by endwise bumping of the switch, whereby
the relatively large mass or inertia of the large
central body of mercury produces rapid making

and breaking of the circuit across the dams #49.. -

In this construction the end electrodes or cups
50, 52 are connected to the leads 29 and 32,
wheresas the lead 30 is connected to a central elec-
trode 58 and this central electrode is separated
from the end electrodes by the ceramic insulator
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rings 58 and 60 having the annular shoulders
49—49 disposed adjacent to the end electrodes.
The body of mercury {6 is divided into three
parts, namely, a central part which Is in contact
with the centra] electrode 58, and end parts which
are retained by the flanges 49—49 in the respec-
tive cups. The assembly is held in alignment
by a metal sleeve 57 which is beaded over the

flariges 54, 55 of the cups 50, 52 with suitable

insulating gaskets 56 interposed to provide the
necessary insulation. Cylindrical insulating
sleeves 62—62 cover the edges of the flanges 54,
55 and gaskets 6—6 are interposed between the
ends of the ceramic insulators and the adjacent
metal parts. The central electrode 58 is con-

ductively associated with the clamping sleeve 51

to which the lead 30 is connected, or the lead 30

may extend through the clamping sleeve 51 into
engagement with the ring electrode 58.

’ In the preferred operation of the switch shown

In Figure 6 a sudden oscillatory or axial motion

of the switch, either to the right or to the left,

will cause a make and break between the central

electrode and the corresponding one of the end

electrodes.
The external surface of the switch shown in
Figure 6 is covered by a coating of cellulose
‘acetate or the lke. This is optional with each
of the switches herein disclosed, and this coating
- may be formed over an inner coating of a phenol
condensation product, as will be described in
detail hereinafter.

In Figure 7 I have shown an improved method
of coupling the two metal parts of the switch
together. The drawn sheet metal cups 65 and
66 overlap, with only sufficient insulation between
them to maintain the parts electrically inde-

pendent, and the ceramic ring 67 is enclosed”

within the enlarged cylindrical part 68 which
forms an extension of the main body of the cup
65. Between the cylindrical portion 68 and the
main body part of the electrode §5 I provide
the shoulder 69, which annular shoulder is deep
enough to receive the ceramic ring 61. Pref-
erably, a yielding gasket 78 is interposed to ac-
commodate the ceramic ring to the metal
shoulder. The cup 66 is provided with a flange
12 which rests against the opposite end of the
ring 67 with a suitable gasket 70 of yvielding ma-
terial interposed. ‘The flange 72 is insulated from
the cup 6% by an insulating ring 73 lying flat
against the flange 72, and a cylindrical ring 78
which lies between the edge of the flange 72 and
the enlarged cylindrical portion §8. The rim
of the enlarged cylindrical portion 68 is beaded
over the flange 12 with the insulating washer 73,
of fiber or the like, interposed. The switch is
provided with the proper charge of mercury to
provide the traveling contactor and is provided
with the usual liquid fill heretofore described. It
will be observed, in this connection, that the bead-
Ing force tends to compress the ring 67. The
joint may be made as will be referred to in
Figure 9, where the bearing force comes upon
the flanges and interposed insulating washer
only, and not upon the ceramic ring. The switch
may be constructed as a wide angle switch, which
is the form shown in Figure 7, or it may be
constructed as a narrow angle switch, in which
event the ring 67 is made cylindrical arid the cup
66 is provided with an electrode to secure the
break between the electrode and the merecury
contactor within the confines of the ceramic ring.

In Figure 8 I have shown a modified form of
- Joint between the cups 85 and 66. In this case
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& ring 16 is welded to the rim of the cup 65 and
likewise a similar ring 17 is welded to the rim
of the cup 66. These rings are preferably rec-
tangular in cross-section. The ends of the cups
with the rings welded thereto seat in annular re-
cesses or sockets in the ends of the ceramic ring
18 with suitable gaskets 6—6 of vellumoid, cork,
or other suitable -composition, interposed.
Flanged rings 19 of fiber or fiber impregnated
with a condensation product, have their axially
extending parts resting against the rings 76 and
71 and their radially extending parts available to
be engaged by the ends of the sheet metal band
80 which is beaded over at each end to engage
the rings 19, 19 and to force the ends of the cups
65 and 66 tightly against the gaskets 6—86 to hold
the cups firmly and in fuid tight relation against
the ends of the ceramic ring 18. The ceramic

-ring 78 is shown as adapted for wide angle con~

struction, but obviously its form may be varied.

In PFigure 9 I have shown the cups 65 -and 66
as provided each with an annular offset shoulder
82—82 terminating in parallel flanges 83-—83.
These offset shoulders 82—82 form an annular
recess in which the ceramic ring 67 is seated. A
suitable gasket 6 may be employed between the
adjacent shoulders and the ceramic ring to take
up inaccuracies in manufacturing dimensions.
The two flanges 83—=83 bear upon the opposite
sides of an insulating ring 84 which separates the
Insulating rings of fiber
85—85 bear against the outer surfaces of the
flanges 83—83 and a cylindrical ring of insula-
tion 86 covers the peripheral edges of the flanges
83—83. A sheet metal ring 87 enclosed the cylin-
drical ring 86 and is beaded over at its ends
against the washers 85—85 holding the flanges
83—83 firmly against the interposed washer of in-
sulation 84 and completing the enclosure.

The cup 65 is shown as tapered in diameter
from the outer end where the filling screw is lo-
cated towards the opposite end where the ceramic
ring 67 is located. This permits the use of a
smaller amount of mercury to perform the nec-
essary interrupting operation for a given angular
movement,

A modified form of construction is shown in
Figure 10, in which the cup 66 is provided with a
cylindrically enlarged portion 68 and a shoulder
69, just as the cup 65 was provided with these
parts in the embodiment of Pigure 7. The ce-

ramic ring 88 in this case is rectangular in cross

section and is held between the flange 72 and
shoulder 69 with a suitable gasket such as § in-
terposed to take up variations in dimensions. A
cylindrical insulating ring 89 embraces the ce-
ramic ring 88 and covers the peripheral edge of
the flange 72. The rim of the enlargement 68
is beaded over against an insulating washer 73 to
complete the enclosure. The switch shown in
Figure 10 is 2 wide angle switch. It will' be ob-
served that the cup 65 is relatively sharply ta-
pered from the smaller dimension at the end
where the filling screw appears to the wider
part at the flange 72. The ceramic ring 88 has a
relatively sharp shoulder, although this is rec-
tangular in section. As the switch is tilted in a
counterclockwise direction from the position
shown in Figure 10, the mercury contactor (6 will
be divided by the ceramic ring 88 and a part
thereof retained in the cup 66 and the other part
will run to the opposite end of the cup 65, pro-
ducing the desired break. It will be obvious that
the ring 88, or, in fact, any form of ceramic ring,
does not necessarily have to be cone-shaped or



9,251,011

provided with a flange, but it should have an ans
nular shoulder, preferably relatively sharp, to di-
vide the nmiercury into two parts, particularly for
wide. angle operation. :
Pigure 11 shows a form of switch in which the
assembly of electrodes and ceramic is substan-
tially the same as that shown in Figure 4. The
ceramic 90 has a cylindrical external surface,
but the internal surface is formed to provide a
slot 92 with parallel ' vertical defining walls
and curved top and bottom walls. The side walls
of the slot are convex to form a constriction
which retards the flow of mercury through the
opening or slot 92 until sufficient head is secured
by tilting that the mercury flows from the cup
50 into the cup 52 with a snap action. This re-
striction is narrow enough fo prevent free flowing
of the mercury. The cups 50 and 52 are flanged
and held against interposed gaskets 6 by a beaded

clamping ring 31, the ring 57 being insulated from,

the flanges by interposed rings of insulation
56—586, at the ends of a cylindrical sleeve §1. In
operation, the constricted slot 92 tends to retard
the travel of mercury from the cup %0 there-
through until a sufficient head or hydrostatic
pressure is secured by tilting of the cup 80 above
the cup 52 that the retarding effect of the con-
striction is overcome, and the mercury breaks
the surface tension of the bottom part of the
advancing meniscus and rushes through the slot
with & snap action. Thus the mercury flows along
the bottom surface first and provides a clean
» contact. Any impurities floating -on top are re-
_tarded and do not interfere. .
Where the cups are held together in the man-.
ner shown in Figure 13, the margins or-edges of
either or both cups which lie in line with the
slot may be provided with extended lips; as shown
at 93 in Figure 12. The cup 52 in this case has an
integral extension which is allowed -‘to project
into the space between the bulging walls which
define the slot. - Either one or both of the cups
50, 52 may thus be provided with the extension
or lip. In that case, the floor or inside bottom
wall of the slot is recessed accordingly to receive
the lip in the slot. In operation, the same retard-
ing and subsequent snap action as was described
in connection with Figure 11 is secured, but to a
greater degree, and by narrowing restriction 82
‘with the lip 93 extending into the restriction.
. The embodiment disclosed in Figure 13 corre-
sponds to Figure 12, except that the electrode or
cup 52 has been modified as shown in Figure 13,
having the lip 93 disposed in a recessed portion
of the spacer 980, and extending substantially to
the center of the restricted passageway 82, The
remaining details of the construction are the
same as noted in connection with Figure 11.

‘In Figure 14 I have provided & mercury-
break type of switch having the electrode 84 spun
over the end of an annularly recessed ceramic
spacer 96, which has an inwardly protruding lip
85 formed by the infernal annular groove adja-
cent the portion 88 of the spacer 86. ‘'The other
electrode 97 preferably comprises a cold header,
such as is used in bolt and screw work. Thecup
34, together with the end portion of
96, is first covered with a coating 99 of Bakelite
for strengthening the switch envelope, over which
is applied a coating 180 of cellulose acetate for
decorative and flexible purposes. it is to be
understood that this double coating is applicable
. to any of the switch structures disclosed herein.

The embodiments of Figure 15 correspond in-
sofar as operation of the switch is concerned, but

the spacer '

5

vary in structural details. In Figure 15 I have
provided a switch of the wide-angle type having
the metal envelope or shell, which may be formed
of an sluminum alloy, if desired, and which has
5 the mercury contactor 18 therein and the liquid
filler 26, which may be glycerin in the present
embodiment. The cup 85 has its end 148 spun
over @ shoulder formed on the porcelain spacing
member 107 to secure the member {07 to the end
10 thereof. The porcelain member {07 has an out- -
wardly flared central opening 108 which ter-
minates in a relatively thin edge adjacent the
inner periphery of the envelope 105. The elec-
trode 108, preferably formed of nickel to provide
15 & mercury to mercury contact after initial opera-
tion, is of relatively large surface area, being
preferably a cold header such as is used in bolt
_or screw work, and having its shank portion 110
extending outwardly through a recessed portion
of the member 101. A compression washer 112
is forced against a resilient yielding gasket mem-
ber 113 by the compression nut {18 to seal the
surface of the shank {10 so that no leakage occurs
" therepast. Suitable gaskef means §45 seal the
25 envelope adjacent the spun-over end 106.

. By virtue of the sloping or venturi-shaped sur-"
face 108, the switch has a positive make and break
snap action, since per unit of angular tilt the
forward rate of movement of the left hand end
of the mercury 16 is substantially constant, while
the corresponding rate of movement of the right
hand end is greatly increased, due to the diminish-
ing perimetér of the surface over which this end is
traveling, asthis surface is converging toward the
electrode. Due to this construction, therefore, a

- snap action is provided since adjacent the elec-
trode the whipping action produced upon the
mercury by reason of its cohesion with the main
pody of mercury after the breaking point is
reached results in its quick separation from the
electrode and rapid receding movement down
the spillway upon breaking of contact. The same
action,. except reversed, occurs upon making of
the contact. This is due to the fact that a small

5 movement of the larger volume of mercury re- -

sults in a large movement of the smaller volume

" of mercury. The diverging surface 108 therefore
acts as a spillway for producing this snap action,
it being understood that the quantity of mercury
in @ switch of this type is such that the leading
edge thereof will not engage the curved end of
cup (06 before contact is broken. The electrode
199, being preferably formed of nickel, is wetted
by the mercury, and thus after initial operation
of the switch there is produced 2 mercury to
mercury make and break.’

In order to illustrate in detail the ‘snap-action
of the switch during making and breaking of the

_contact, I have shown, in Figure 16, a switch of
the type illustrated in Figure 15, which is being
tilted toward contact-breaking position. It is ob-.
vious tnat any of the switches described hereto-
fore having an inclined or angled spillway will
operate in the same manner.. The mercury 16 is

¢5 Shown in its attenuated. position, that is, the
larger portion of the mercury is disposed in the
electrode cup (05, and is being moved toward
the rounded end of the cup by the tilting move-
ment of the switch. The portion of the mercury -

lying in the opening formed in the spacer 107

and engaging the electrode 109 is being stretched
away from the electrode, and is under tension.

This results in what might be termed “necking”

of the mercury between the electrode and the

open end of the spacer 107.
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As the switch is tilted a little further toward
open position, the larger volume of mercury, due
to gravitational pull, moves into a corresponding
lower position indicated in dotted lines at 125,
This increment of movement results in stretch-
Ing the attenuated neck of mercury in the spill-
way past its limit of cohesion, and the mercury
parts or separates in the spillway, breaking con-
tact, the two contiguous portions snapping into
receded positions as shown at 126 and §27. The
entire volume of mercury, except that small por-
tion which adheres to the surface of electrode 109,
thereafter moves downward into the end of the
cup 105, It is to be noted that the quantity of
mercury in the switch is such that at no time
will the mercury approach the rounded end of the
tube before the snap breaking action occurs.

In Figure 17 I show a switch in action, sim-
ilar to the showing in Figure 16, except that the
electrode {09 is, in this embodiment, of such
material that the mercury will not wet the sur-
face thereof. An iron or steel electrode might
be employed for this purpose. In the operation
of this switch, the snap action is brought about
by reason of the difference in linear movement

of the forward and trailing portions of the mer-
cury upon equal increments of volumetric dis-

placement. Thus, while the forward edge of the
mercury, upon tilting of the switch, moves only
a small distance in the envelope, the rearwardly
extending tongue (30, which lays upon the slop-
ing spillway surface 108, and is of tapering depth
up toward the electrode 109, moves a relatively
large distance downwardly along the surface 108.
For example, at the instant of breaking contact,
as shown in this figure, for the next unit of
angular tilf of the switch the tongue 130 will
flow down the spillway, its trailing edge assum-
ing the position shown at 132, while the forward
edge of the mercury body moves only into the
dotted line position 133. It is therefore apparent
that an accelerated snap action is produced.

" Obviously, the ceramic may be made of various
shapes, as required. The cups need not be circu-
lar cylinders, but may be made of any desired
shape. For example, they may be provided with
a substantially flat bottom wall or floor, partic-
ularly for such forms of the switch as are shown
in Figure 11, where heavy currents are to be
handled. The flat bottom type of construction
may be used in any of the forms herein shown
for heavy current work.

The ceramic may be so shaped as to hold the
cups with their axes at an angle to each other
to secure a hill and valley effect, or to control
the travel of the mercury in any desired manner.

I have heretofore referred to the fact that the
metal electrode cups are preferably of iron, or
some other metal or alloy which does not amal-
gamate with mercury. I contemplate particu-
larly the use of stainless steel, or known alloys
of iron such as nickel-copper-iron or nickel~
chromium-iron, or others which are characterized
by freedom from corrosion and which do not
easily fuse or roughen under the action of mak-
ing or breaking current. In addition, I have
found that various types of aluminum alloy are
applicable for this purpose and are advantageous
because of lightness, high current carrying ca-
pacity and low cost. :

The insides of the cups are preferably sand-
blasted or brushed to give them clean but rough
surfaces.

‘While I contemplate the use of triethanolamine
as the preferred liquid filling in connection with
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such metal electrodes, I do not wish to be lim-
ited to that particular liquid, as I may use
glycol, glycerol, ethylene glycol, various polyhy-
droxy alcohols and the like, particularly because
of high boiling points and their basic character.
Also glycerine, especially when used with alu-
minum alloy cups, has been found to produce a
switch having the desirable characteristics and
relatively economical to manufacture.

The metallic cups herein referred to are pref-
erably of drawn sheet metal, although this is
optional, as they may be die-cast metallic cups
or the like,

It will be seen from the above explanation that
switches of my invention, may comprise substan-
tially complete metallic envelopes, using only so
much insulation or ceramic as is necessary to
insulate the electrodes from each other and to
divide the mercury. The liquid fill which I em-
ploy assists in distributing and equalizing the
heat and permits substantially the entire shell,
which is of metal, to act as a heat radiator, with
the result that the switch runs cold even under
very high loads. I have run tests demonstrating
the great effectiveness of the construction herein
disclosed in keeping down the temperature and
particularly avoiding hot spots at any point in
the device.

The filling liquid, namely, triethanolamine,
polyhydroxy alcohols, or the like, is relatively
viscous and tends to damp out any sharp oscil-
latory motion or vibration of the mercury con-
tactor. This is desirable on both wide angle
switch construction and on narrow angle switch
construction.

I do not intend to be limited to the details
shown and described except as they are recited
as essential features in the appended claims.

I claim:

1. In a mercury switch of the enclosed type
having a mercury contactor -and insulated elec-
trodes, a filling of an ethanolamine.

2. In a mercury switch comprising a closed
envelope having electrodes and a body of mer-
cury, a filling of triethanolamine.

3. A switeh of the class described, comprising
a ring of insulation, a concave hollow electrode
sealed at its rim to one side of said ring, a con-
vex electrode sealed at its rim to the other side
of the ring, and a body of mereury for connecting
and disconnecting said electrodes, said convex
electrode extending axially toward the concave
electrode to provide a break between the mer-
cury and said convex electrode at a point spaced
longitudinally from the joint between said con-
vex electrode and said ring, said hollow electrode
providing free runway room for the-body of mer-
cury to travel as a unit after it breaks connec-
tion between the electrodes.

4. A switch of the class described having a
chamber comprising two electrodes and a ring
between them, said ring providing an effective
constriction between two mercury holding parts
of the chamber to provide a mercury to mercury
break over said ring, and a filling of ethanol-
amine in said chamber wetting said mercury, said

. electrodes and said ring.
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5. A mercury switch of the gravity class hay-
ing an enclosure, contacts, and a mercury con-
tactor, and a body of arc extinguishing liquid
in said enclosure maintained at sub-atmospheric )
bressure under normal room temperature.

6. In a switch of the class described, a hollow
cup-shaped metallic electrode, a ceramic spacing
ring secured to “said electrode and having an
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outwardly diverging spillway surface terminating
within said electrode, & second electrode carried
within said ring and closing the other end of
said surface, said second electrode being adapted
to be wet by mercury,and a mercury contactor

in said switch having accelerated movement.

along said surface into and out of contact with
said second electrode upon tilting of said switch,
said surface producing attenuation of said mer-
cury adjacent said second electrode prior to
breaking of contact between said electrodes
whereby upon breaking of contact the contiguous
portions of mercury engaging sald surface at the
point of said break snap into receded positions.

7. In a switch, a metallic cup-shaped shell, &
ring of insulation in the open end thereof, an
electrode carried by said ring and extending into
said ring, an annular surface on said electrode
curved inwardly and axially of said shell, a body
of mercury in said shell having s predetermined
vertical height when said shell is in horizontel
position, said curved surface conforming to the
‘curvature of the meniscus of said mercury
whereby upon tilting of said shell said mercury
“has initial surface contact with the adjacent por-
tion of said curved surface. '

8. A mercury switch comprising a pair of
-metallic cup-shaped electrodes and an interme-
diate insulating ring forming a switch envelope

of substantially uniform internal diameter, op-.

posed inwardly extending lateral projections on
opposite sides of said ring defining with the floor
of said envelope &.Venturi passageway, and &
body of mercury lying on the fioor of said en-
.velope for making and breaking contact between
said electrodes, said mercury having accelerated
snap movement through
tilting of said envelope.
9. A mercury switch comprising a palr of
metallic cup-shaped electrodes and an interme-
diate insulating ring forming a switch envelope
of substantially uniform internal diameter, op-
posed inwardly extending lateral projections on
opposite sidesrof said ring defining with the fioor
of said envelope a Venturl passageway, and @
body of mercury lying on the floor of-said en-
velope for making and breaking contact between
said electrodes, said mercury having eccelerated
snap movement through said passageway upon
tilting of said envelope, one of said electrodes
having a lip portion lying flush with the fioor of

said passageway upon

- shell comprising a main
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said envelope and extending substantially to the

center of said passageway. .

10. A mercury switch having a ferrous shell,
an insert of insulation in one end of the shell,
a ferrous electrode carried centrally of the in-
sert, said shell and electrode being sealed to fhe
insert, a body of mercury in the switch, and &
liquid in the shell comprising an amine. . :

11. Tn a mercury switch having a fiuld tight
envelope and provided with ferrous electrodes,
a body of mercury, and & liquid in said envelope
in contact with the electrodes and the mercury,
said liquid comprising an amine. . '

12. A mercury switch comprising & “ferrous
- ‘shell forming an electrode, a second electrode,
an insulator sealed between the electrodes, & body
. of mercury in the shell for making and ‘breaking
contact between said electrodes, and a lquid in
contact with the electrodes and the mercury, said
liquid comprising an amine.

13. A closed contact making and breaking de-
vice comprising a closed envelope provided with
ferrous electrodes and & mercury contact which
-is adapted to be severed
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be joined to make circuit, and a lquid in the
envelope in contact with the electrode and the
mercury, said liquid comprising an amine.

14. The combination of claim 13 whereln the
liquid comprises triethanoclamine,.

15. A mercury switch having & tubular metal
body portion closed at
one end and having a portion of larger diameter

‘at the other end, & circular insulator disposed in’

said open end and having an opening communi-
cating with the main body portion and having
an external shouider facing endwise, said por-
tion of larger diameter having its margin flanged

radially inwardly over said snoulder, yielding gas- - '

ket means between the insulator and the shell
to form a fuid tight joint, an electrode carried
by the insulator, and & body of mercury in the
shell, said communicating opening being defined
by & tapered portion flared outwardly toward
the closed end of the shell and an enlarged cir-
cular recess forming a mercury retaining pocket
defined by a sharp circular edge.

16. The combination of claim 15 wherein said
electrode is supported axially of the insulator,
and has a surface in contact with the mercury
trapped in said enlarged recess.

17. A mercury switch comprising a closed end
tubular metallic shell having an insert of insu-
lation disposed in its open end, said insert hav-
ing an external annular projecfion, a tapered
recess being formed in said insert, said-recess’
opening into the inside of the'shell, an electrode -

- disposed ot the smaller end of said tapered re-

cess and having a stem extending outside the in-

"sert, said shell having an enlargement embracing

said projection and being sealed thereio, and a
body of mercury in said shell.

18. The combination of claim 17 wherein sald
annular projection has annular shoulders facing
in opposite directions, and resillent material be- )
ing disposed against said shoulders and the ends
of said enlargement to provide a tight seal, and
resilient sealing means for said stem.

19. A mercury switch comprising & closed end -
tubular shell having an enlarged portion at the
open end, an insert of insulation sealed in said
enlarged portion, said enlarged portion having
its margin beaded over the end of the insert,

" yielding gasket means forming a seal between the

shell and the insert, and 2 central electrode car-
ried by said insert and communicating at its In-
ner end with the iaside of the shell and s body
of mercury in said shell.

20. For use in a mercury switch, an insulator
and electrode assembly comprising the combi-
nation of a generally cylindrical body of refrac-
tory insulation having a longitudinal axis and
having a bore comprising a tapered internal sur=-
face extending from one end and terminating at
its most restricted portion in a sharp shoulder
defined by 2 suriace extending substantially radi-
ally, an electrode disc supported by said body in
axial alignment with said bore and spaced from.
said surface, there being an internal peripheral
groove between said surface and said disc for
trapping a body of mercury in contact with said
dise.

21. In a mercury switch, & metal shell com-
prising & first main cylindrical portion and &
second portion of larger diameter joined to the
shoulder and having an in-
turned flange at its open end, s circular insulator

disposed in said second portion of the shell and / '

held against endwise displacement by said shoul~
der and said flange, an axially disposed electrode
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having a stem extending outside of said insu-
lator, and a body of mercury for making contact
between the electrode and the shell. )

22. The combination in a mercury switch of a
.Imetal shell having a first main tubular portion
and a second portion of larger diameter than the
first portion joined to the first portion by a
shoulder, a circular insulator disposed in said
second portion of the shell, said insulator hav-
ing a tapered bore terminating in a sharp an-
nular shoulder defined in part by an annular
wall extending substantially radially, an elec-
trode member closing the end of the insulator,
there being a groove for retaining a body of mer-
cury between said shoulder and said electrode
and in contact with the electrode, said second
part of the shell having at its open end an in-
wardly extending bead, and a washer of insula-
tion disposed between said bead and said elec-
wrode, said bead holding the shell, insulator and
electrode in fixed relation to seal the shell.

23. The combination in g mercury switch of a
generally cylindrical insulator having a longitu-
dinal axis having shoulders at its ends and hav-
ing an internal tapered portion terminating in
an acute angle inwardly facing edge, a first elec~
trode comprising a tubular metallic shell ter-
minating in a peripheral outwardly extending
shoulder, a tubular metallic insulator receiving
shell of larger diameter than said first shell for
receiving said insulator, a second electrode bear-
ing endwise against the other end of the insu-
lator, said second shell being anchored to the
first shell adjacent said peripheral shoulder and
extending beyond said electrode and having an
inwardly extending flange, a washer of insulation
between said flange and said second electrode,
and insulation between said insulator and both
of said electrodes.

24. The combination of claim 23 with a gas-
ket of insulation disposed between the second
electrode and said body of insulation, there be-
ing a mercury retaining groove for retaining g
body of mercury back of said acute angle edge
and in contact with said electrode,

25. In a mercury switch, the combination of
an envelope provided with iron electrodes, a body
of mercury arranged to make and break a cir-
cuit between the electrodes, and a liquid in the
envelope comprising a substantially anhydrous
ethanolamine in contact with said electrodes and
said body of mercury.

26. A heavy duty mercury switch comprising
an iron shell closed at one end and open at the
other, a plug of insulation closing.the open end,
& body of mercury in the shell, an electrode ex-
tending through said plug and adapted to be
contacted by said body of mercury, the margins
of the open end being beaded over the plug to
hold the same firmly in said shell, and a sub-
stantially anhydrous ethanolamine in contact
with the shell, the electrode and the mercury,

27. A mercury switch of the enclosed type hav-
ing a metallic shell, an electrode, and an insu-
lator closing the space between the electrode and
the shell, a body of mercury, and a liquid eth-
anolamine in the envelope, the free space in the
envelope being occupied by a vapor of said liquid
ethanolamine at a pressure below atmospheric.

28. In an enclosed mercury switch, the com-
bination of a tubular cup-shaped shell, an aper-
tured body of insulation abutting the open end
of the shell, an electrode member carried on and
closing the aperture in said body, said electrode
member having a head rrovided with an annular
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concave face for engaging the meniscus of a
body of mercury, and a body of mercury for
making contact with said concave face at its
lorward convex meniscus surface,

28, In a switch comprising a metallic sealed .
envelope having a pair of contacts sealed there-
n, ruld means 1or etfecting contact between said
contacts, and an aikaline liquid fill in the in-
terior of said envelope and acting to increase
the mobility of said contact means.

30. A mercury switch having a tubular metal
shell comprising a main body portion closed at
one end and a portion of larger diameter at the
other end terminating in a beaded edge portion
whnich extends radially inwardly to provide 3 re-
taining flange, a shoulder portion joining said
main body portion and said portion of larger
diameter, an insulator fitting within said portion
of larger diameter and held endwise in one di-
rection by said shoulder portion of the shell and
in the other direction by said retaining flange,
sealing means between said insulator and said
retaining flange, an electrode mounted in said .
insulator and a body of mercury in said shell
which connects the main body portion of the
shell and the electrode across a portion of the
insulator when the switch is tilted in one direc-
tion. ’

31. The combination of claim 30 wherein the
insulator has an internal peripheral groove for
retaining a part of said body of mercury in con-
tact with the electrode when the switch is in
open circuit position. )

32. In a mercury switch a cup-shaped metal-
lic shell, a ceramic insert sealed in the open end
of said shell, said insert having an outwardly
projecting annular flange, an electrode disposed
in said insert and having an outwardly project-
Ing stud, sealing means about said stud, and
means engaging said stud and sealing means for
compressing said sealing means about said stud,
sald last-named means being disposed within
said annular flange.

33. In a mercury switch, a switch envelope
having a ceramic insert in one end thereof,
means for sealing said insert in position within
said envelope, an axially extending funnel-
shaped recess in said insert, an electrode dis-
posed in the small end of said recess, a stud sup-
porting said electrode in said recess, means en-
gaging about said stud and compressible into
sealing engagement therewith, and a terminal
conductor secured to the end of said stud ex-
ternally of said sealing means.

34. A mercury switch of the class described
comprising a cup-shaped metallic electrode, an
Insulating insert secured in the open end of said
electrode, a second electrode carried by said in-
sert within the open end of said first electrode,
an annular groove in said insert forming a mer-
cury retaining pocket, a body of mercury in said
pocket contacting with said second electrode, an
inclined raceway formed in said insert and ex-
tending from the inner surface of said cup-
shaped electrode to said annular groove, and a
second body of mercury in said first -electrode

movable through said raceway upon tilting of. -

the switch from a horizontal position into and
out of contact with said first body of mercury
and constituting the entire current conducting
medium between said electrodes.

"35. In a switch of the class described, a cup-
shaped metallic shell, a ceramic insert. in the
open end thereof, cushioning meansg between saig
insert and said shell, said insert having an out-
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werdly flared axial recess opening into said shell
and having imperforate side walls, an annular
groove et the inrer end of said recess, an elec=
trode disposed in the center of the back wall of
said recess and spaced from the annular radial
surface of said groove, a stable body of mercury
in said groove engaging said electrode and stand-
ing above the defining edge of said surface, &
.second body of mercury in said shell having free
running movement through said recess to make
and break contact with said first bedy of mer-
cury above szid defining edge, said mercury only
partially filling the small end of said recess in
“normal closed position of said switch, and means
at the open end of said shell for locking said
ceramic in position therein.
36. A mercury switch comprising a cup-shaped

metallic envelope having an enlarged open end, -

an axially recessed cersmic bushing, means for
cushioning said bushing with respect to the in-
ner surface of said enlargeéd end, means integral
with said envelope at said end for supporting said
bushing in seid end and an electrode in said
recess supported by said bushing independently
of said envelope and sealing means, and a body
of mercury adapted to move through said recess
to effect contact between said envelope and elec-
trode upon tilting of said switch from horizontal
position.

37 A switch for relatively high currents com-
prising a cup-shaped metaliic envelope having an

enlarged open end, a ceramic bushing fitting in-

said end and having an axially extending flared
recess opening toward the closed end of said en-
velope, means for resiliently sealing said bush-
ing in said end of said envelope, an electrode at
the smaller end of said recess and supported en-
tirely by said bushing, independent means seal-
ing sald electrode with respect to said bushing,
and a body of mercury adapted to move through
said recess to effect contact between said envel-
ope and electrode upon tilting of sald switch from
horizontal position.

28. The combination, in a mercury switch hav-

ing & cup-shaped metallic shell electrode pro- 4

vided with an enlarged open end, of & ceramic
insert in said end having an inwardly extending
axial bore opening intoc the interior of said shell,
an electrode disposed in said bore and having a
shank extending axially outwardly of said insert,
said insert being sealed in said open end of said
shell and the deflning edge of said shell being
forced radially inwardly to lock said insert in po-
sition, an annular ceramic flange formed about
the projecting portion of said shank and having
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"an axial recess deflning a chamber about the

outer end of said shank, and means in sald
chamber for holding said shank in position in-
cluding means effecting electrical connection to
said shank adjacent said chamber. »
39. An electrode-supporting insert for a metal-
lic envelope type mercury switch having a cup-
shaped metal shell electrode provided with an en- .
larged open end, comprising & ceramic member
disposed in said end and having an inwardly di-
rected axial bore opening into said shell, an elec-
trode supported within said bore and having &
shank projecting axially outwardly of said mem-
ber, a ceramic flange portion surrounding the
projecting portion of said shank and forming
at its outer end an axlal recess providing a radial
chamber about the outer end of said shank, and
means disposed within said recess for sealing said
shank, said shank having an electrical conduc~-
tor connected to said outer end. '
40. In a switch having a conducting fluid: for
completing the circuit, a metallic casing which
serves as one of the electrodes of said switch

and having an enlarged open end, an electrode

having & portion thereof extending into said open
end, a ceramic insert in sald open end inwardly
of said electrode providing a stop for determin-
ing the point to which said electrode may extend
into the casing, means forming an insulating seal
between said electrode and said casing, means
of resilient insulating material between said cas-
ing and insert and between said insert and elec-
trode, and means comprising a spun-over end on
said casing for placing said means of resilisnt
material under a suitable deforming stress and
for holding said electrode in position relative to
said insert. .

41, In a switch, a metallic cup-shaped shell
having an enlarged open end, a radial shoulder

‘internally of said shell, a .ceramic ring seated

axially against said shoulder and having a bore
therethrough, an electrode having a peripheral

. portion in axial abutment with the insert, means

55

of resilient insulating material forming a seal
between.said shell and said insert, gasket means
between said electrode and sald shell, a spun-

“over end on sald shell placing said means of re-

silient insulating material and said portion of:
said electrode in compression between said shoul-
der and said end, and a body of conducting fluid .
in said shell for completing a circuit between
said electrode and said shell through said bore
in said insert. S _

. PAUL S. BEAR.




