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o 5 Claims.
- Our invention relates to automatically oper-
ated switehes, and more particularly to one eni-
ploying a-mereury tube switch element.

- OUr improved switch -has- been designed  for .

use- particularly in' eonneetion with the regula-
tiort of pressure. in pump systems of the pressure:
type.: In. a pump system of this character, a
pressure is developed in-the' system by pumping
the. water into & pressure tank, against an gir
cushion, and:- maintaining the air cushion pres-
sure within' g predetermined range. WHen the
pressure-therein falls below a: minimum: pressure
valie,-as- results: from: consumption of the water
or: reduction in: air eushion volume, g pressure.
respensive switch- automatically goes into- eper~
ation: and ecnneets' the pump motor in circuit;
thus' causing the pump-to replenish- the' supply of
water to:the tank, to an extent sufficient to re-
store the pressure cendition therein.

Switehes of the mechanieal contact type have
been used and- are: still: used for this purpose,
They have proven to be a source of continual
trouble, for' these switches; on the making and
particularly the breaking: of the circuit to the
pump: metior; -are subjected to the high inductive
load' of the-motor windings, causing heavy arcing'
across: the switch contacts; with' resulting pitting'
thereof. - Where the pressure tank has lost somie
of"its air’ cushion, either through leakage of air
from the tank, or absorption of air By the water,
the pressure: i the system becomes more sensi-
tive to" consumption of the water in the tank,
with the result that a~ more frequerit operation
of the switch occurs to maintain proper tank
Dressure, even to the. extent of sometimes con-
necting. and disconnectihg the motor at the rate
of four or five times a minute.. Uhdér such con-
ditions, excessive heating. of contacts is apt to
occur, with consequent. increased damage to. the
switch. When. it-is. considered that pump sys-
tems of the pressure type embodying these
switches,.are intended primarily for use in farm-
ing; districts and rural communities; usualiy re-
mote from any service, the desire:for. a trouble~
free switeh- becomes- of major importance: i

Tiltable  type' switches incorperating mercury:
tube: switeh-elenients: adapted: for such- use, exist,
but- we-have found- such switcéhss: as. are avail-
able, to:be:either inflexible as to. current capaeity.
and,-therefore, rict' adiptablefor & wide range of'
pumyp: systems: oft varying: capacity, or are too
critical- in: the matter “of’ installation; or some~
what too expensive-for prodiiction.

--Among thie: objécts' of our’ invvention; are to
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provide a novel and improved switch assémbly
employing’ g mercury tubeswitch element—~ -

(I)» Which:mgy bé confined within & reasen-
ably small space and yet be rugged and lend:
itself to economical production, :: . :

(2) Which miay bé dltered in: eléctrical ciir-
redt -carrying capacity, without altering: the
switch- assembly structure, thereby rendering it-
self adaptable for use in pump systems of differ-
ent capacities,

(3) Which: shgll be pelatively insensitivé t6 Gut
of line: pump installations: within® the tolerances
permitted it the instaldtion of such pumps;

(4) Which-shall maintsin a-substantially coni:
stant load-on- the pPressure side of the pump' sys-
tem; in- spite of: vatiations invthe arigle of installa-
tion of thie mercury tube switch elément, and:

() Which may' be conveniently locked: sgainst
operation during: servicing. or repairing of the
pump systen:: . .

Additional dbjects’ of our invention will be
brought out in: the following desecription: of the:
same- taken’ ili: conjunction with'the accémpariy-
ing” dfawings® wherein-—- L

" Figtre I is a7 perspective view with' a part of
the-casing broken: away, of a preferred form: of
our switch assembly,. . .

Pigures - and. 3 are’ side views with a portion

of ‘the cadsing: broken’ away, showing the opera-

" tioh- of* & mianually controlled locKing feature,

Figure 4 is”a view; in-section) taken: along the:
line' 4~-4. of. Figure 1, :

Figure 5:is a; view,. in- sectioni;- taken along the’
line 5--5 of Figire L. . :

Figure 6 is-a‘plan vigW of the switch assenibly
with' the' mercury” tube sWiteh: elemient and’ sup-,
porting table: removed,. :

Figure' T i§ o view, in-seetion. taken: alotigh the
line T—17 of Figure 1.- .

In a general way, our improved switch-ihvolves
4 table’ or platfordi- for stpporting one’ or' more
switch'elements-of* the mercury tube type: The
table’ is pivotally supported and: adapted: to be
tilted" through’ & substantial angle. Such’ tilting:
is directly” controlled by a- togele arfarigenierit;
the direction of tilt being determined by the posi~
tion of one of the toggle  niembers, Which: posi-
tion in turh-is coritrolled by the pressure respon-
sive means connected: to' sucH apparatils as it is
desired to be-controlléd by the switeh:: This' cori=
struction is sucH that a-switch'wheti adjusted tora
predetermined ‘pressure ratige off operation-at the
faetary, will adhere to siich adjustiient; in’ spite
of improper installation factors which might-oth«
erwise serve to alter the effective préssure raxge
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of the switch. Also, the consiruction will allow
of g wide angle of tilt of the mercury tube switch
elements, thereby rendering the switch substan-
tially insensitive to out of line installations of
apparatus on which such switches may be
mounted.

More specifically, our invention, as depicted in
otr improved embodiment, comprises a switch
assembly fitted into the lower half | of a casing
3 for which a cover & is provided. This lower
half of the casing is formed with a circular indent
1 at its central portion, this indent in furn being

provided with a transverse slot § therethrough.-

A plunger 1 comprising a broad circular base {3
adapted to lie within the indent, and a pair of
spaced upright elements i5 extending through
the slot, and each terminating in a knife edge
i1, is maintained in position by a comparatively
loose diaphragm !9 spanning the indent and held
in position by & diaphragm flange 21 which is
polted to the bottom of the casing. The dia-
phragm may be of any suitable material, but is
preferably formed from material comprising a
layer of fabric between and preferably united to
layers of rubber. P

The diaphragm-flange is provided with a cen-
tral opening to receive a pipe coupling 238, and
this coupling in turn enables connection to some
associated apparatus to which the switch is made
responsive. )

Within the casing 3 and surrounding the
plunger il, is a frame including two side walls
25 and an end wall 21, the side walls being pro-
vided with integral flanges 29 for attachment to
the floor of the casing. A plunger table 31 lying
between the side walls 25 of the frame, is hinged
to the rear wall 21, by extending through a slot
33 in the rear wall and having its edge 35 turned
up. At an intermediate point, the plunger table
is provided with an inverted V-indent 37 to re-
ceive the sharp. edges of the plunger {1 and en-
able the table 31 to fulcrum thereon. :

A ‘continual pressure in a direction cpposing
any lifting force which might be exerted- by the
plunger against .the plunger table, is -applied
against the free end of the table by a spring 38
whose purpose is to determine the operating
range of pressures of the switch. This spring is
supported between two cupped washers 41 and
43 about a bolt 45 fastened on end to the bot-
tom 0f the casing and .extending upwardly
through 2 hole 46 in the plunger table. The lower
washer 43 is formed with an inverted V-indent
47 to receive a complementary indent 49 formed
in the end of the plunger table. A nut 5i
threaded to the upper end of the spring support-
ing bolt 45, provides for adjusting the spring
pressure, thereby enabling adjustment in the
range values of the spring. L

The plunger table 3t at its free end, is formed
with an offset 53. This offset is provided with
an opening 55 to permit passage of a bolt 57
therethrough, which is also mounted on end to
the bottom of the casing. This bolt is of reduced
cross-section at its upper portion, beginning a
.slight distance from the lowermost position of
the plunger table, that is, the position of the
plunger table when the plunger is exerting no
upward pressure against the same. A cupped
washer 59 is carried on the shoulder formed by
the reduced section, and this forms a mounting
for a differential spring 61, the compression of
which may be varied by means of a threaded cup-~
shaped nut 63.

_ Pivotally connected- to the side walls 25 of the
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frame, is a tabie 65 for supporting or carrying
one or more switch elements 67 of the mercury
tube type. This table comprises a flat suppori-
ing surface 68 overhanging the front edges of the
walls 25,and depending side walls or flanges 69,
these depending walls being pivotally connected
between the side walls 25 of the frame by a pivot
shaft Ti. The edges of the depending walls 69
facing the springs 38 and 61, are provided with
rather large square-shaped notches 73.

The plunger table 81 is formed with a shallow
depending flange 15 at each side thereof, cairy-
ing between them a shaft 17 to which a roller
arm 719 is pivoted, which arm extends upwardly
through an opening 81 in the plunger table, pro-
vided for the purpose. This rolier arm is of
U-shaped channel construction, and carries be-
tween its upper ends, a roller 83, preferably of
case hardened material.

A roller shaft 85 extending through the notches
13 formed in the edges of the side walls 68, con~
nects the side walls 25 of the frame. This shaft,
through its cooperation with the sides of the
notches, acts as a stop in determining the permis-
sible angle of throw of the switch element sup-
porting table 63. This same shaff also serves as
a pivot shaft for a link 871 positioned thereon
midway between the depending walls 68 of the
table 65. This link is formed with a V-shaped
end 89 facing the roller, and is bifurcated at its
other end to frictionally straddle a rod 91 join-
ing the depending side walls 69 of the table 65.
A rather stiff spring 83 encircling the. roller arm
pivot shaft 77, and having one end braced against
the underside of the plunger table 31, and at its
other end bearing against the roller arm 19,
serves to maintain the roller 83 in contact with
the V-end of the link 87 and with sufficient
pressure to tilt the table in either of two direc-
tions, depending upon the particular position of
the roller 83 with respect to the V-end of the
link.

To support. a switch tube upon the table, we
employ a standard type of spring clip- 95, but
we mount this clip to the table 65 in such a way
that the mounting axis thereof is substantially
normal to the axis of tilting of the table, or
in other. words, substantially normal to the
shaft T{ about which the table pivots or tilts,
and is so directed as to hold the mercury tube
switch element 671 with its axis lying in a direc-
tion normal to both the mounting axis of the clip
and the axis of tilting of the table. 'This has
for its effect to provide a rather stable arrange-
ment and one in which the inertia imparted to
the switch tube during tilting, will not tend to
turn the clip on its mounting axis and thereby
effect -a loosening thereof.

Against one end wall of the casing, we mount
a terminal block 97 having four terminals car-
ried thereon. These are identified as ILa, Le, M2
and Mi to indicate line connections to power lines
and moctor respectively, these connections being
brought into the switch casing through suit-
able openings in the walls of the bottom half f.
A jumper 98 connects the two intermediate ter-
minals Ls and Mz2. The mercury tube switch ele-
ment 87 is connected by leads 101 to the termi-
nals I, and Mi and when more than one mercury
tube switch element is required to increase the
current carrying capacity of the switch assembly,
it will be connected in parallel with the other.
It will be noted that the line connections and
motor connections are always below the leads 101-
connecting the mercury tube elements 67 to the
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terminal block, and this at, all times precludes the
mercury tube connections from ever becoming en-
tangled with the other wires. .

In the operation of the switch -assembly and
in the absence of any pressure existing in the
coupling 23, the plunger table 31 will be held at
iis lowermost position by the spring 39, thereby
Positioning the roller 83 ta bear against the lower
Slope of the V-end of the link 8F. This in turn
will cause the table 65 to be tilted in such g di-
rection as to clpse the circyit when the mercury
tube element §7 is mounted as indicated in the
drawings. By reversing this el menyt, one can
obtain an opening of a cireuit under the same
conditions. An increase in bressure in the cpu-
bling, to a value sufficient to overcome the com-
bression of the range spring 29, and ultimately
the combined compressive force of beth springs
82 and 84, will cause the plunger to move up-
wardly and lift the plunger table 3, which in
turn will earry with it, the roller arm 19 and its
roller 83. When the roller is thus lifted suffi-
clently tc pass the point of the V-end, the pres-
Sure exerted by the roller arm spring 93 will e
sufficient to, tilt the table in
and break the circuit. The extent of swing; ag
breviously indicated, wil} be determined by the
width of the notches 18 in the edges of the de-
bending walls §8. )

The 'switch assembly, in an actual installa-
tion, is usually mounted vertically: (that is, with
the floor of the casing substantially horizontal)
on apparatus with which it is to be used. In

the matter of g pressure system installation, it

will he mounted on the bump apparatus which.
is usually installed at some distance. from the
actual point of consumption of the waber. - In
prior installations, when it became desirable to
service the pumping. apparatus, it was necessary
to shut off the electric power at the house or
some other point remote from the installation,
and this, {rom the servicemen’s viewpoint, con-
stituted a decided Inconvenience, for a servicing
job generally Lequired a repeated connecting and
shutting off of the power to the pump. metor be-
fore a job could be considered complete, o

In our switch assembly, we. have incorporated
a feature which will enable a, serviceman to.manu-
ally tilt the mercury fuke. switch element to its
circuit opening position and locking the same as
long as necessary, and which will permit releas-
ing or unlocking of the mercury tube. element

when desired, for putting the apparatus back into;

operation. Thus, without leaving the job, he can
effectively disconnect the motor from the electric
circuit, as and when the work requires. To.ac-
complish this, we provide g bushing 103. in the
front end wall of the lower half of the casing,
and in this we rotatably mount a rod {95. That
end. of the rod, protruding from the casing, is
bent to. previde a handie { 07, while the end por-
tlon of the rod, within the casing, is bent to a
double right angle bend to form a _lateral offset
188 adjacent the front edge of one of the side
walls 25 of the frame, A compression spring 11
surrounding part of the rod within the casing,
is fixed to the rod ab one point, ag by having one
of its ends extending into an opening formed
therein, while at its other end, the spring bears
against the interior face of the bushing { 03.- Upon
rotating the rod, the offset portion 109 within the
casing may be raised into .engagement with thé
upper edge of one of the notehes 13; to tilt the
mercury tube switch supporting table 65 from one
Position determining g closeq circuit; to its other

2 reverse direction «
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bosition determining an open circit.  As soon
as the manually rotatable rod 105, or more pay-~
ticularly, the offset portion 189 thereof, rises ghove
the upper edge of that frame side wall 25 with
which it engages, the compression spring {#{ goes
into action, forcing this offset portion along the
ubper edge of the side wall and into the associated
notch 13, thereafter brecluding the supporting
table from returning to its circuit closing posi-
tien. To restore the tahle to its previous cireuit
closing position, the offset bortion of the rod is
withdrawn against the action of the spring ti{,
by pulling: on the handle 187, and then turning
the handle so as to swing the offset. portion down-
wardly and into permitteg
front edge of the side wall 25.

Switches for use in controlling the pressure
in pump systems, are usually adjusted for a par-
ticular pressure range; at the factory, Upon in-
stalling the bump apparatus, it quite frequently
happens that any deviation beyond bermissible
tolerance in the installation of the bump appara-
tus, will often change the pressure characteristics
of the switeh, from what they were adjusted to
be, prior to the installation. ‘This hecessitates,
on the part of the serviceman or installing en-.
gineer, a critical readjustment of the switeh, fol-
lowing installation of the system,

A particular advantage in the. construction of
our improved switeh assembly, resides in the fact
that it is substantially insensitive to. any such
variations occurring in installation of the. pump.
apparatus. This. may be. attributed to the fact
that, a}though any such variations may unbal-
ance the switch apparatus to. the extent of alter-
ing the amount of work necessary to tilt. the
mercury tube switch element, such change in
work necessary to accomplish. such tilting is not
reflected back to the Pressure side of the pump
system, but is taken up entirely by the roller arm
spring 93 which constitutes, in effect, a source
of energy independent of the pressure ehergy de-
rived from. the bump system. In our improved:
switch assembly, therefore, the energy derived
from the pump system to. operate the switch, is
devoted substantially entirely to.the raising of the

- roller arm 718 ang roller 83. from one position of
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actuation determining the closed circuit operation
of the switch, to ancther position of actuation

i open position of the switch ; and
the. energy necessary to accomplish thig remains
bractically the Same, regardless of any offbalance
installation of the mercury tube switch element
with respect to a vertical axis. Consequently, once.
the springs 39 and §i in the switch assembly are
adjusted to impart predetermined pressure char-
acteristics to the switch assembly, such adjust-
ment will hold, even though the bump apparatus
on which the switch assembly is mounted, may
have been installed at a greater angle to the ver-
tical axis, than is normally considered permis-
sible.

Another and very important advantage griging
out of the switch assembly described by us, is that
it enables us to swing- the mercury tube switch
element through an angle greater than that spec-
: the mercury tube
switch, and to an extent greater than the per-
missible angle of deviation from the normal; per-
mitted in the installation of the pumping appa.-
ratus or other apparatus on which the switch is
mounted. This permits ¢f a greater- tolerance
in the installed position of the switch assembply,
than is permitted in the bump apparatus, and:

assures- one: that so long-ag the bump apparatug

engagement with the
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is installed within the limits of tolerance specified
by the manufacturer, the switch -assembly will
always. be in proper operating condition, without
any apparent change in the effective pressure
characteristics thereof as predetermined at the
factory. In as much as the angle of tilting is a
function of the size of the notches 13, these can
readily be altered to adapt the switch to mercury
tube switch elements of - different requirements,
without detriment to the advantages attributed
to the switch assembly. :

The utilization of an independent spring as a
source of energy for tilting the tube supporting
table assures one of a rapid tilting action, regard-
less of the slowness with which the rest ‘of the
switch assembly might operate. This coupled
with the wide tilting angle, characteristic of our
switch, means a rapid break in contact within
the mercury tube element with less chance of es-
tablishment of an arc through kick-back on the
part of the mercury in the tube.

The table, which supports the mercury tube
switeh elements, has an additional function in
our switeh, besides those already discussed. It is
noted that this element practically covers the
inner workings of the switch, and consequently,
when the casing cover is removed for any reason,
the table serves to protect the inner workings of
the switch assembly from dirt or damage,

While we have disclosed our invention in con-
siderable detail, it is apparent that the same is
subject to modification and change, without de-
parting from the spirit thereof, and we accord-
ingly do not desire to be limited in our protec-
tion to the specific details disclosed and described,
except as may be necessitated by the prior art
and the appended claims.

We claim:

1. A switch assembly comprising a table; a clip
affixed to one side of said table with its mounting
axis normal to the surface of said table; means
for pivotally supporting said table in a receptacle,
on an axis normal to the mounting axis of said
ciip and with the clip gide of said table facing
an open side of said receptacle; independent pres-
sure means associated with said table and dis-
posed . in said receptacle to permit access to said
clip through said open side of the receptacle, said
means being capable, when in one position, of
imparting angular movement in one direction to
said table, and capable when in another position,
of imparting angular movement thereto in a re-
verse direction; means for shifting said pres~
sure means between such positions in accordance
with conditions apt to exist in apparatus to be
controlled by said switch assembly; and a cover
enclosing the open side of said receptacle.

2. In a switch assembly; a casing; a pressure
responsive plunger supported at the bottom of
said casing; a toggle frame comprising a pair
of side walls and an end wall surrounding said
plunger; a plunger table hinged to said frame end
wall and extending between and beyond said side
walls, said plunger table being fulcrumed at an
intermediate point upon said plunger, enabling
said table to be raised by said plunger in response
to a lifting of said plunger; spring means bearing
against said table with a predetermined pressure
and in a direction opposing the lifting of said
table by said plunger; a mercury tube switch ele-
ment supporting table; means for pivotally se-
curing said table to the side walls of said frame;
means associated with said switch element sup-
porting table and frame for permitting an angu-
lar movement of said table between definite lim-
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its; and toggle means operating from said plunger
table in response to said pressure responsive
plunger, for tilting said switch element support-
ing table between said limits.

3. In a switch assembly; a casing; a pressure
responsive plunger supported at the bottom of
said casing; a toggle frame surrounding said
plunger; a plunger table hinged to said frame,
said plunger table being fulerumed at an interme-
diate point upon said plunger, enabling said
plunger table to be raised by said plunger in re-
sponse to a lifting of said plunger; spring means
bearing against said table with a predetermined
pressure and in a direction opposing the lifting of
said table by said plunger; a tiltable mercury tube
switch element supporting table pivotally secured
to said frame; toggle means including a toggle
link within said frame having a v-shaped end,
and disposed with its opposite end in tilting en-
gagement with said switch element supporting
table, and a roller arm pivotally secured to said
plunger table between said compression spring
and said plunger, a roller carried by said arm,
and spring means continually urging said arm
toward said toggle link to maintain said roller
in constant engagement with the V-end thereof.

4, In a switch assembly; & casing; a pressure
responsive plunger supported at the bottom of
said casing; a frame comprising a pair of side
walls and an end wall surrounding said plunger; 2
plunger table hinged to said frame end wall and
extending between and beyond said side walls,
said plunger table being fulerumed at an inter-
mediate point upon said plunger enabling said
plunger table to be raised by said plunger in re-
sponse to a lifting of said plunger; spring means
bearing against said jable with a predetermined
pressure and in a direction opposing the lifting of
said table by said plunger; a tiltable mercury tube
switch element supporting table having depend-
ing side flanges for pivotally securing said table
to the side walls of said frame; a rod joining said
side flanges, each of which is notched adjacent the
open side of said frame; & link within said frame
having a V-shaped end facing the open side there-
of and a bifurcated end in straddling engagement
with said rod; a shaft through said link and the
notches in the ends of said side flanges and con-
necting the side walls of said frame to constitute
both a pivot shaft for said link and stop means
for fixing the angular throw of said tiltable table;
a roller arm pivotally secured to said plunger table
between said compression spring and said plunger;
a roller carried by said arm; and spring means
continually urging said arm toward said link to
maintain said roller in constant engagement with
the V-end thereof.

5. In a switch assembly; a casing; a pressure
responsive plunger supported at the bottom of
said casing; a toggle frame comprising a pair of
side ‘walls and an end wall surrounding said
plunger; a plunger table hinged to said frame end
wall and extending between and beyond said side
walls, said plunger table being fulcrumed at an
intermediate point upon said plunger enabling
said table to be raised by said plunger in response
to a lifting of said plunger; spring means bearing
against said table with a predetermineéd pressure
and in a direction opposing the lifting of said
table by said plunger; a tiltable mercury tube
switch element supporting table having depend-
ing side flanges for pivotally securing said table
to the side walls of said frame; a rod joining said
side flanges, each of which is notched adjacent the
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open side of said frame; g toggle link within said
frame having a V-shaped end facing the open side
thereof and a bifurcated end in straddling en-
gagement with said rod; a shaft through said
link and the notches in the ends of said side
flanges and connecting the side walls of said frame
to-constitute both a pivot shaft for said link and
stop means for fixi g the angular throw of said
tiltable table; a roller arm pivotally secured to
said plunger

5

table between said compression 19

5

spring and said plunger; s roller carried by said
arm; spring means continually urging said arm
toward said toggle link to maintain said roller
in constant engagement with the V-end thereof;
and manual control means for locking said tilt-
able switch element supporting table in an open
circuit determining position.

JAMES N, GILMAN.
CHANDLER C, ROSS,



