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PRESSURE-RESPONSIVE CIRCUIT CONTROLLER.

'Applicatién filed April 27, 1921. Serial No. 465,065.

To all whom it may concern:

Be it known that we, Tromas E. Barnum
and Crarswee T. Evaxs, citizens of the
United " States, residing, respectively, at
Wauwatosa and Milwaukee, in the county of
Milwaukee and State of Wisconsin, have in-
vented new and useful Improvements in
Pressure-Responsive Circuit Controllers, of
which the following is a full, clear, concise,
and exact description, reference teing had
to the accompanying drawing, forming a
part of this specification.

This invention relates to pressure respon-
sive circuit controllers and particularly to
controllers of the diaphragm type.

Such controllers as heretofore constructed
have been in many instances objectionable
by veason of uncertainty of operation there-
of and also by reason of disproportionate
space requirements, together with inaccessi-
bility of parts which inherently tend to ve-
quire more or less frequent inspection, re-
pair or replacement. Further, where metal-
Ye diaphragms are employed the same tend,
in the absence of special provision, to de-
teriorate rapidly and to fail following a
velatively brief period of service whereby
again the reliability of the device is seriously
curtailed. o

The present invention has among its ob-
jects that of overcoming the aforementioned
difficulties and disadvantages of such con-
trollers as heretofore constructed. . .

Another object is that of providing an ex-
ceedingly simple, durable and reliable con-
troller comprising a minimum nvmber of
simple and rugged parts compacily arranged
and readily accessible.

Another object is that of providing a com-

- bination and assembly of parts sucn that a

naximum mechanicai effect is attained par-
ticuiarty -as vegards those functions wherein
such efficiency is most desirable and without
sucrificing other desirable features.

Another object is that of providing novel
and improved means for minimizing deteri-
oration of the diaphragm element to thereby
increase the reliability and length of service
of the device.

Other objects and advantages will herein-
after appear, '

- In the accompanying drawing wherein is
illustrated an embodiment of the invention,
Fig. 1 is a vertical sectional view thereof;
while, B :
Fig. 2 is a horizontal sectional view of the
same, substantially on line 2—2 of Fig. 1.

Referring to the drawing the same illus-

trates a double pole switch mechanism com-
prising spaced and insulated fixed contacts
5 and 6 to be engaged selectively by corre-
sponding movable contacts 7 and 8, resili-
ently carried by springs 7 and 8 respec-
tively and the latter being positively isecured
in insulated relation to one another to an
oscillatable shaft 9, pressure responsive op-
erating means being provided-for oscillation
of said shaft to thereby actuate the afore-
described switches simultaneously and simi-
larly and all of the aforementioned parts
being enclosed within a housing comprising
separable sections 10 and 11, |

In practice the fixed contacts, each pro-
vided with suitable circuit connections, are

permanently and rigidly secured to the hous-
ing section 10, the shaft 9 being also pivot-
ally supported within said housing section.
Said shaft is preferably constructed hollow
and of a length such as to permit ready
insertion thereof within said housing sec-
tion, a rod 12 being passed through suitable
openings in said housing section and through
the bore of said shaft for pivotal support of
the latter, said rod being secured in place
by cotter pins or otherwise.

An operating cam 13 is rigidly secured to
said shaft preferably in a relation between
the aforementioned contacts 7 and 8 as illus-
trated. Said cam is preferably provided
with a dependent lug 14 adapted to coact
with a flush portion i5 of the casing section
10 for limiting oscillation of said shaft in
a direction corresponding with opening
movement of the switch contacts.

" An eiongated lever 16 is pivotaily mount-
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ed within and upon said'housing section

10 at a point 17 located substantially- op-
posite the position of said shaft 9, said
lever being thus arranged to extend in a
direction In genera]l substantially perpen-
dicular to the plane determined by said shaft

and its attached contacts, Said lever is of
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special construction and preferably com-
prises substantially .parallel but' laterally
offset terminal portions 18 and 19 connected
by an intermediate portion 20 which extends
substantially at right angles thereto and sub-
stantially parallel to the direction of said

movable contacts. The terminal portion 18"

of said lever is furthermore divided as
shown for a purpose to be hereinafter ex-
plained. The free end of said lever carries
thereon a pivotally mounted dependent lever
21 normally occupying.a position substan-
tially parallel to that of the intermediate
section 20 of said lever 16 and being of a
length approximately egqual thereto. A
roller 22 is carried as illustrated adjacent
the free lower terminal portion of said lever
21 in a relation suitable for direct co-opera-
tion with the cam 13. ’
The arrangement of the foregoing parts
is such that the shaft 9 is located adjacent
the central portion of a rectangle, three
sides of which are formed by the dependent

- lever 21 and the terminal portion 19 and in-
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termediate portion 20 of lever 16, the cam 13
extending toward said depending lever 21
and being located within the vertical pro-
jection of the terminal section 19 of said
lever 16. ' _
A tension spring 23 terminally connected

to said levers as illustrated serves to bias

the roller 22 against the cam 13. :
Said intermediate portion 20 of lever 16
is furthermore provided with an elongated

recess 24 having terminal shoulders 25 and

26 adapted to co-operate selectively with a

- lug 27 carried by said housing section 10 to
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thereby limit swinging of said lever in either

direction. Said housing séction 10 is pro-
vided at a point below the divided portion of
the lever 16 with a relatively enlarged open-
ing 28, said opening being in practice covered
by a flexible diaphragm 29 preferably me-
tallic in character, secured across said open-
ing by means of a flared header 30 clamped

. to said housing section by means of suitable
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bolts or otherwise. - Said header member is
further provided with an exterior opening
81 for subjecting the space between the dia-
phragm and said header to fluid pressure.
A piston elément 32 of a size materially

less than that of the opening 28 is arranged

within said opening above the diaphragm
29 in a relation to be lifted b

eccentrically located, upwardly. projecting
lug 33, the latter bei’ng igoteg to le]ver 16
at a point quite closely adjacent the point 17
of zfg)lvota,l support of said lever. S

i relatively heavy compression spring 34,
arranged between the aforementioned .di-
vided portions of the lever 16, is compressed
between the upper side of the piston element

32 and the upper portion of said housin

section. In practice the upper end of sa,i§

N

said dia-"
phragm, said piston being provided with an-
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spring is preferably received and retained
within an adjusting nut 85 screwed within
said housing section, said nut thus providing
for exterior adjustment of said spring. The
upper side of said piston element is further
provided with a suitable recess 36 arranged
substantially centrally thereof for retention
of the lower end of said spring.

The lower side of said piston element is
preferably provided with a substantially
conical recess 37 adapted to receive 2
rounded head portion 38 of a stud 38
carried centrally of the diaphragm 29, thus
affording an open universal pivotal bearing
between said diaphragm and said piston ele-
‘ment, the point 39 of pivotal attachment of
said piston element to the lever 16 being
materially offset laterally from said bearing
as illustrated. )

The cam element 13 is preferably of spe-
cial construction and comprises a pair of
substantially straight exterior
meeting at an angle. The direction of such
surfaces is moreover such that the bisector
of the angle therebetween passes above the

surfaces
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point 17 of pivotal support of the lever 16 -

as illustrated for a purpose to be described.

Flexible and re:ceraﬁly resilient gaskets
40—41 composed of rubber, leather, paper,
or the like are arranged respsctively upon

“the upper and lower sides of the diaphragm

29 as shown, being clamped between the
housing section 10 and the header member
30 by the bolts aforedescribed, said gaskets
being of sufficient radial extent to reach in-
wardly of the diaphragm a material distance
beyond the point where the contiguous sur-
faces of said housing section and seid header
member diverge from one another. The em-
ployment of such gaskets has been found in
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practice to increase the period of reliable

service of the diaphragm more than ten-fold,
and without limitation to any definite

_theory to account for such sffect, it is be:

lieved . that the yielding or resilient naturs
of said gaskets permits the diaphragm when
moved axially to assume the particular form

-determined by the stresses induced therein
by the operating force without compelling
-the diaphragm to assume the form of the
‘metallic parts contiguous thereto whereby

the bending strains upon the diaphragm are
greatly reduced.

Similar gaskets 42 and43 arve also pref-

erably located in the central portion of the

diaphragm and clamped in place by the stud
33 as illustrated and for similar purposss.

. The second housing section 11 1s adapted
to be secured to the section 10 by means of
screws or in any other desired or preferred
manner, said housing sections being prefer-

ably articulated upon a common piane and

said plane being so located with reference to
the enclosed parts that upon simple re-
moval of the section 11 the swiich contacts
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and .connections as well as the aforedescribed
cam, roller and spring 23 together with most
of their associated parts are rendered
readily accessible. . o

Further the aforedescribed method of
mounting the shaft 9 provides for ready re-
moval and replacement or-interchange of
said shaft together with the parts supported
thereby. Also the aforedescribed manner of
mounting the piston element 32 upon the
diaphragm stug 33 permits ready removal
of the lever 16 together with all of its asso-
ciated parts upon simple disconnection
thereof from its pivotal support 17 follow-
ing withdrawal of the spring 34 by removal
of the nut 35, removal of the diaphragm 29
and its associated parts not being required.

The operation of the device may be de- -

scribed as follows, the parts. being in the
position illustrated in full line in Fig. 1 and
the pressure below the diaphragm being as-
sumed insufficient to overcome the force of
the spring 34 as adjusted. The stop 27
serves to prevent downward movement of

lever 16 whereby the tension of the spring’

23 causes roller 22 to exert upon the cam 13
a pressure having an‘upward component for
maintaining the switch positively closed,
and also effecting bending of the contact
springs 7* and 8* with consequent storing of
energy therein. : :

- Upon attainment of a given pressure be-
low the diaphragm 29, the latter is forced
upward with consequent upward movement

5 of the free end of lever 16, the spring 384

being compressed and also bent or bowed
due to the eccentric loeation of lug 35. Also
the roller 22 is caused to move upwardly
and outwardly along the lower surface of
cam 13, the spring 23 being placed under in-
creased tension. The angic between said
caip surface and the line joining the crest
of the cam with the point 17 being relatively
acute gs aforedescribed, the opposition to

5> upward movement of the lever, due to such

co-operation of the cam and roller under
tension of spring 23 is augmented.

Thus the pressure below the diaphragm
29 is required to overcome not only the op-
position of the spring 84 including that
due to bending or bowing thereof, but also
the opposing action of spring 23 as
augmented in the manner just described.

Fence at the instant just prior to arrival
of said roller at the crest of the cam the
fluid pressure required to effect further
movement of the lever 18 is considerably
augmented due to the special construction
ana arrangement aforedescribed. At the in-
stant wherein the rolier passes the crest such
augmented pressure is suddenly released for
throwing the roller suddenly across the
crest, the tension of the springs 7* and 8
being simultaneously released for effecting
movement of the cam itself in the opposite

L

direction, all of the foregoing effects com-
bining to practically insure against position-
ing or hanging of the roller upon the crest
of the cam in a relation such as to defeat
the resultant snap opening movement of
the switch contacts.

During reclosure of the switches due to
a given reduction in pressure below the
diaphragm 29 the various parts are adapted
in general to perform functions similar to
those aforedescribed but in the opposite
sense. However, the developed forces which
oppose downward movement of lever 16 are
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considerably reduced in order to avoid - .

undue extension of the range of fluid pres-
sure variations required to effect operation
of the device in reverse senses. -

Thus' prior to closing movement of the
switches the contact springs 7* and 8 are
not bent and hence are not adapted to the
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release of stored energy tending to effect.

movement of the cam itself. The spring 23
is tensioned to the same extent as for open-
-ing ‘but its force is less effectively applied
in resisting downward movement of lever
16, the angle between the upper cam sur-
_face and the line between the crest of the
cam and the point 17 being less acute than
the angle between the lower cam surface and
such line. _

Movement of said lever in either direc-
tion is limited by the stop 27 following
- actuation of the switches whereas in either
extreme position of the switch contacts the

. Spring 23 is maintained under tension for

positively maintaining said contacts in such
position.

Here it should be observed that in the
preferred construction and arrangement the
bisector of the angle between the cam sur-
faces alse passes above the axis of the shaft
12. That is to say the angle between the
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upper cam surface and the Iine between -

the crest of the cam and the center of said
shaft 12 is Jess acute than the angle be-
twesn the lower cam surfacs and said line.
Thus, for reasons which will be apparent
from the foregoing, the energy of spring
23 is applied more effectively for maintain-
ing the switches in -closed position than

in open position, whereby a firm and ade-

guate contact engagement 1s assured with-
out unduly increasing the range of fluid
pressure variation required to effect opera-
tion of the switches in reverse senses.

Also the foregoing special features in ad-
dition to the effects aforedescribed further
serve to provide a strong and positive snap
action of the switches particularly upon
opening thereof, ’

It is further to be noted that both the
spring 84 and the lever 16 are adapted to act
directly upon the piston member 32 whereby
the vertical dimension of the structure is
practically determined by the required length
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“of said spfing, in addition to the thickness

of piston, diaphragm and header member.

Also owing to the special construction of

parts particularly of the lever 16, the hori-

zontal dimensions of the device are brought.

substantially within the vertical projection
of the diaphragm member, thus indicating
that the ‘space requirements of the device
have been reduced. substantially to a mini-
mum. : o

What we claim as new and desire to se-
cure by Letters Patent is: } .

1. In snap operating means for switches
and the like, in combination, an oscillatory
cam having angularly related faces meeting

"in an abrupt crest, a roller to coact with

20

25

said cam and supporting means for said
roller comprising a pivoted lever, a support,

‘pivoted to the Iree -end thereof and carry-

ing said Toller at its free end, a spring as-
sociated with said lever and said support

_to bias said roller against said cam, means

to exert upon said lever opposing forces
tending to move the same against the foree
of said spring, the faces of said cam being
so disposed with reference to the center of
oscillation of said lever as to effect greater

" opposition to movement of the lever in one
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"direction than. in the other direction.

2. In a circuit controller, the combination
with relatively movable contacts, of operat-
ing means therefor comprising a pivoted
cam positively secured to certain of said con-
tacts, a pivoted lever, a support pivoted to
the free end of said lever, a roller carried
by said support for coaction with said cam,
a spring biasing said roller toward said lever
and against said cam, a spring opposing
movement of said lever in one direction

‘and pressure responsive means to actuate

said lever against the force of said spring
for causing said roller to actuate said cam
for snap operation of the switch, said. cam
being designed and arranged with reference
to said lever and its associated parts to

augment the force required to”cause move-

ment of said lever in one direction. -
3. In snap operating means for switches

~. and the like, in combination, an oscillatory
cam having angularly related surface por-

tions meeting in an abrupt crest and operat-
ing means for said cam comprising a re-

‘ciprocatory element to coact therewith, a I
spring biasing said element against the sur-. with, a sprm%r

face of said cam and means associated with
said spring for moving said element across
the crest of said cam.in opposite directions

- for snap operation of the cam, and to_arrest

such_movements of said element in relations
such -that said spring is maintained under

~ tension for holding the cam, said cam sur-

- 68

face portions being disposed with reference’

to the center of oscillation. thereof to. pro-
vide different values of the force so utilized

1,479,580

movement of said element in opposite di-
rections respectively.

4. In snap operating means for switches
and the like, in combination, an oscillatory
cam having angularly related surface por-
tions meeting in an abrupt crest and operat-
inig means for said cam comprising a recip-
rocatory element to coact therewith, a spring
biasing said element against the surface. ol
said cam and means for moving said ele-
ment across the crest of said cam In opposite
directions for snap operation of the cam and
to-arrest such movements of said element in
relations wherein said spring is maintained
under tension for holding the cam, said cam
surface portions being arranged to subtend
unequal angles with reference to a line de-
termined by the crest of the cam and the
axis of oscillation thereof to thereby provide
different values of the force utilized for so
holding the cam following movement of
said element in opposite directions respec-
tively. e
" 5. In a circuit controller, the combination
with relatively movable contact members,
of an oscillatory cam positively secuted to
certain of said contact members, said cam
having angula,rlz related surface -portions
meeting in an abrupt crest, and operating
means for said cam comprising a recipro-
catory element to. coact therewith, a $pring
biasing said element against the surface of
said cam, means for moving said element
across the crest of said cam in opposite di-
rections for selective snap engagement and
disengagement of said contact members and
means to arrest such movements of -said
_element in~relations such as to maintain
said spring under tension for positive hold-
ing of the switch in closed and in open posi-
tion selectively, said cam surface portions
being disposedy with reference to the center
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of oscillation of the cam in a manmer to

augment” the force for maintaining the
switch closed over that for maintaining the
same open. ‘
. 6. In a circuit controller, the combination
with relatively movable contacts, of an oscil-
latory cam secured to certain of said con-
tacts, said cam hdving angularly related
-surface portions meeting in an abrupt crest,

and operating means for said _cam compris--

ing a reciprocatory element to coact there-
biasing said element against

the surface of said cam, a pivoted support

for said reciprocatory element, means to.

exert upon said support opposing forces
each tending to cause the latter to move said
element in one direction across the crest of
said cam with a resultant release of stored
energy for snap opening and closing of the
switch selectively, said cam surface portions
being arranged to subtend unequal angles
with reference to a line determined by the
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for hqldin_g said cam following arrest of crest of the cam and the pivotal axis of 130
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said support such as to augment the value of
the energy released upon movement of said
element across the crest of the cam in the
direction corresponding with opening of
the -switch. . _

7. In a circuit controller, the combination
with relatively movable contacts and an os-
cillatory cam having a resilient operative
connection with certain of said contacts and
having angularly disposed surface portions
meeting in an abrupt crest, of operating

means for said cam' comprising a recipro-

catory element to coact therewith, a spring
_biasing said element against the surfaces of

said cam, a pivoted lever carrying said

reciprocatory element, means to exert upon
said lever opposing forces each tending to
‘cause the latter to move-said element in one
direction across the. crest of said cam for
snap opening ‘and closing of the switch
selectively, means to arrest such movements
of said element in relations wherein said
spring is maintained under tension for posi-
tive holding of the switch contacts in closed

5 and in open position selectively-and for ten-

sioning said resilient connection upon clo-
sure of the switch, said cam surface por-
tions being disposed with reference to the
pivot point of said lever in a manner to
augment the value of the energy released
upon movement of said element across the
crest of the cam in a direction for opening
of the switch, the tension of said resilient
connection tending to effect movement of the
cam during such transit of said element in
switch opening direction.

8. In a circuit controller, the combination
with relatively movable contacts and an
oscillatory cam having a resilient operative
connection with certain of said contacts and
having angularly disposed surface portions
meeting in an abrupt crest, of operating

- means for said cam comprising a recipro-
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catory element t6 coact therewith, a spring
biasing seid element against the surfaces of
said cam, = pivoted lever carrying said os-
cillatory lever, means to exert upon said
lever opposing forces each tending to cause
the Iatter to move said element in one di-
rection across the crest of said cam for snap
opening and closing’ of the switch selective-
1y, means to arrest such movements of said
element in relations wherein said spring is
maintained under tension for positive hold-
ing of thsgwitch contacts in closed and in
open position selectively and for storing
energy in said resilient connection upon
closure of the switch, said cam surface por-
tions being disposed with reference to the
center of oscillation of said cam in a man-
ner to augment the force for maintaining
the switch closed over that for maintain-
ing the same open to thereby augment the
V({fue of the energy stored in said resilient
connection, such stored energy tending to

‘ranged to be compressed between said p

.-}

'

effect reverse movement of the cam during

.such transit of said reciprocatory element
in switch opening direction.

9. In a circuit controller, the combination

- with relatively movable contacts and an_os-

cillatory cam having a resilient operative
connection with certain of said contacts and
having angularly disposed surface portions

meeting in an abrupt crest, of operating

means for said cam comprising a recipro-
catory element to coact therewith, a spring
biasing said element against the surface of
said cam, a pivoted lever carrying said os-
cillatory member, means to exert upon said
lever opposing forces each tending to cause
the latter to move said element in one di-
rection across the crest of said cam for snap
opening and closing of the switch selective-
ly, means to arrest such movements of said
elements in relations wherein said spring
is maintained under tension for positive
holding of the switch contacts in closed and

:In open position selectively and for storing

energy in said resilient connection during
maintenance of the switch in closed posi-
tion, said cam surface portions being dis-
posed with reference to the pivot point of
said lever and to the center of oscillation of
said cam in-a manner to augment the value
of the energy released upon movement of
said element across the crest of the cam for
opening of .the switch and also to angment
the force for maintaining the same open,
the stored energy of said resilient connec-
tion tending to effect reverse movement of
the cam during movement of said recipro-
catory element' across the crest of the cam

-in switch opening direction.

10. In snap operating means for switches
and the like, in combination, a pivoted Ie-
ver, a pressure responsive diaphragm, a stud
carried by said diaphragm, a plunger cen-
trally and pivotally mounted upon said stud,
said plunger having an eecentrically lo-
cated lug pivotally connected with an inter-
mediate porticn of said lever, a spring ar-

ﬁmg—
er and a relatively fixed abutment for op-
posing movement of said lever in one di-

-rection by said disphragm the eccentric rela-

tion of said lug with reference to said stud
serving to effect bowing of said spring by
said plunger to thereby augment the stored

-energy of said spring.

11i. In operating means for switches and
the like, the combination with a flexible dia-
phragm to be moved with reference to an
associated rigid element in response to pres-
sure variations, of flexible means clamped
between said diaphragm and said element -
for reducing strains in said diaphragm due
to such pressure variations.

12. In operating means for switches and
the like, the combination with a diaphragm
and a rigid element associated therewith to
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provide for flexing of said diaphragm with
reference to said element in response to
pressure variations, of a flexible gasket as-
sociated with said diaphragm for reducing
strains therein due to such pressure varia-
tions. o ;

13. In operating means for switches and’

the like, the combination with a diaphragm
and a rigid element associated therewith to

_provide for flexing of said diaphragm with’

reférence to said element in response to pres-

sure variations, of a flexible gasket clamped .

between said diaphragm and said element
and extending beyond the proximate sur-
faces thereof to reduce the strains induced
in the former incident to such flexing there-
of. ' :

" 14. In operating means for switches and

the like, the combination with a flexible dia-.

phragm and. means, including a rigid ele-

" ment clamped thereto, to provide a pressure
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o pressure chamber, of a flexible gasket -

chamber, of a flexible gasket associated with
said diaphragm and seid element for redue-
ing strains set up in said diaphragm inci-

- dent to movement thereof.

15. In operating means for switches and
the like, the combination with a flexible dia-
phragm and means, including 2 rigid ele-
ment clamped thereto, to provide therewith
a pressure chember, of a ‘flexible gasket
clamped between said diaphragm and said
member and extending inwardly materially
beyond the zone of clamping pressure for
reducing strains set up in said diaphragm
incident to movement thereof. -

16. In a pressure responsive device, the
combination with a flexible diaphragm and
a rigid element clamped thereto to provide

1,476,580

“clamped to said diaphragm and said element 40

to render the shape of said diaphragm cor-
responding with different pressures within
said chamber substantially independent of -
the contour of said element.

17. In a pressure responsive device, the 48
combination 'with a flexible diaphragm, a
rigid end member clamped thereto to pro-
vide a pressure chamber, of flexible means
for reducing strains in said diaphragm due
to bending thereof in proximity to said end. 50
member. :

18. In a pressure responsive device, the-
combination with a flexible diaphragm, a
rigid end member clamped thereto to pro-
vide therewith a pressure chamber and a 55
rigid plate secured to and centrally of said
diaphragm, of flexible gaskets to be clamped .
between said diaphragm and said rigid ele- -
ments for reducing strains in said dia-
phragm due to bending thereof in proximity 60
to said elements. S

19. In a pressure responsive device, the.
combination with a pair of rigid elements,
of a flexible diaphragm clamped therebe-
tween to provide a pressure chamber and 65
a rigid plate secured to said diaphragm .
centrally thereof, of resilient gaskets -
clamped between said diaphragm and said
rigid members respectively and extending
material distances beyond the zone of 70
clamping pressure for reducing strains set
up in said diaphragm incident to pressure
variations within said chamber.

Tn witness whereof, we have hereunto sub-
scribed our names.

THOMAS E. BARNUM.
CLARENCE T. EVANS.




