
Jan. 23, 1940. W. MUR 2,187,792 
ELECTRICAL, SWITCH 

Filed Aug. 27, 1938 

N 
28 

SS 2SSSSS ^ (2O2%22% Niley 20 ?/ 
s l S. 27 

Ma Šs N 

InN/ entor: 
Walter Muir, 

- bU 22126 & Art His Attorney. 

  

  

  

      

  

  



0 

5 

3 5 

:0 

55 

Patented Jan. 23, 1940 

UNITED STATES 

2,187,792 

PATENT OFFICE 
2,187,792 

ELECTRICAL, SWTCE 

Walter Muir, Schenectady, N.Y., assignor to Gen 
eral Electric Company, a corporation of New 
York 
Application August 27, 1938, Serial No. 227,144 

10 Claims. 

My invention relates to electrical switches, 
more particularly to switches of the fluid pres 
Sure operated type, and has for its object the 
provision of a device of this character which is 
reliable and inexpensive to manufacture and 
which has a long operating life. 

In carrying out my invention, I prefer to em 
ploy a metal diaphragm in the form of a cup 
shaped stamping of one-piece construction so 
Small as to require less Space than the conven 
tional rubber or fabricated material diaphragms 
in general use. Being of metal, the diaphragm 
may be used in a wide variety of applications, 
particularly with gases or liquids which are in 
jurious to rubber and like materials. Preferably, 
the diaphragm is supported in a suitable mount 
ing nut having an opening therethrough, in 
communicating relationship with a source of fluid 
pressure, one end of the nut having a seating 
recess therein into which the cup-shaped dia 
phragm is inserted and fastened by suitable 
means, such as Soldering. The end of the nut 
closed by the diaphragm may be projection elec 
tric welded to a base plate upon which is mounted, 
at the other side, a compact Snap Switching 
mechanism which is adapted to operate a pair 
of electrical contacts through a suitable distance 
with only a small movement of the diaphragm, 
as more fully explained hereinafter. 
For a more complete understanding of my 

invention, reference should be had to the ac 
companying drawing in which Fig. 1 is a sec 
tional elevational view of a casing containing 
the switching mechanism embodying my inven 
tion; and Fig. 2 is a disassembled perspective 
view of the diaphragm, mounting nut and parts 
therein, also embodying my invention. 

Referring to the drawing, I have shown my 
invention in one form as applied to a pressure 
operated switch wherein a pair of electrical 
contacts are operated through Suitable mech 
anism by the flexure of a diaphragm which may 
be subjected to changes in pressure from any 
suitable fluid pressure source, such as an air 
pressure tank or oil storage reservoir. As shown, 
a casing or cover fo is provided mounted on a 
base plate i? for enclosing a Snap Switching mech 
anism therein. Extending from the bottom of 
the base plate is a mounting nut 3 which is 
fastened thereto by suitable means, such as by 
electric projection welding, the nut 3 being 
shown in Fig. 2 provided with the projections 
4 about its upper face for this purpose. It will 
be understood that in forming the welded joint 
the nut is placed in position with respect to the 

(C. 200-83) 
base plate f with the projections f4 in engage 
ment with the base plate. An electric current 
is then passed through the two parts of suf 
ficient magnitude to heat rapidly and melt the 
projections 4 thus welding the two parts to 
gether. At the lower left side of the cover 0, 
a screw 5 is threaded into the body of the nut 
3 for holding the cover in position on the base 
plate , the lower edge of the right hand wall of 
the cover being bent beneath the base plate 
in holding engagement therewith. 
The mounting nut 3 is provided with an open 

ing 6 therethrough, the lower portion of the 
nut having the internal threads 7 whereby the 
nut and the whole casing O may be mounted 
directly on a pressure pipe (not shown) con 
nected in communicating relationship to any 
suitable source of fluid pressure from which the 
switching mechanism is to be operated. The 
upper end of the nut f3 nearest the base plate 

is provided with a longitudinally extending 
recess 8 of larger diameter than the opening 
6 forming an annular wall 9 within the nut 

f3. Inserted in the recess 8 and seated therein, 
I have provided a metal diaphragm 20 of bronze 
or similar material in the form of a cup-shaped 
stamping having a circular face 2 and an an 
nular band 22 at its edge. 
The diaphragm is fastened rigidly to the nut 

13 by securing the band 22 by suitable means 
forming a fluid tight joint, such as soldering 

, or brazing, to the annular wall 9 of the recess 8. 
I prefer to insert and fasten the diaphragm 

20 in the recess with the open end of the 
cup facing downwardly and with the peripheral 
edge of the circular face 2 of the diaphragm 
flush with the upper end of the nut 3 against 
the base plate , although it is obvious that 
the diaphragm may be inserted in the recess in 
a reverse or inverted position from that shown. 
In this manner, the diaphragm serves to close 
of the end of the opening through the nut 
f3 and become subjected to pressure changes 
within this opening. In the normal unloaded 
condition of the diaphragm 20, as shown in Fig. 
2, the circular face 2 is made slightly concave 
or dished-in to provide for greater flexure of 
this face when an increasing pressure is applied 
on the diaphragm therebeneath. 
Within the nut 3 in the opening 6 therein, 

adjacent the upper end of the thread , is pro 
vided a seating ledge 23 for an orifice plate 24 
adapted to dampening sudden fluctuations in 
fluid pressure, the orifice plate 24 having a rela 
tively small central aperture being maintained 
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in position transversely across the opening 6 
by a wire spring 25. The Orifice plate 24 and 
the spring 25 are easily accessible from the bot 
tom of the opening 6 and may be removed for 
cleaning the central orifice or for inserting an 
other orifice plate having an orifice of different 
diameter. 

Referring now to Fig. 1, a mounting or Sup 
porting table 26 of insulating material is pro 
vided on the base plate f l within the casing 0 
for supporting some of the elements of the Switch 
ing mechanism. Spaced above the base plate 
ff by a vertically extending leg portion 27 of 
the mounting 26 is a horizontal portion 28 pro 
vided with a vertically disposed aperture 29 
therethrough. The aperture 29 is adapted to 
receive and guide a connecting push rod 30 of 
insulating material which is mounted between 
a resilient contact supporting strip 3 disposed 
above the top of the mounting 26 and pivoted 
actuating arm 32 in bottom of the casing to 
spaced above the base plate f, the resilient strip 
3 and pivoted arm 32 each having a seating 
indentation in which an end of the push rod 30 
is retained compressively biased therebetween. 
The actuating arm 32 is pivoted at its left end 

about a pivot point 33 on the mounting 26 and 
is connected to the diaphragm 20 by means of 
a small member or pin 34 extending through an 
aperture 35 in the base plate f l and resting 
loosely on about the center of the circular face 
2 of the diaphragm. It will be observed that 
the aperture 35 is opposite the recess 8 and 
concentric with the recess f8. An enlarged cylin 
drical lower end portion is provided on the men 
ber 34, loosely fitting in the aperture 35, so that 
a substantial area of the diaphragm is engaged 
by it. The smaller upper end of the pin 34 extends 
through an aperture provided for it in the arm 
32. When the pin is pushed upward by the 
diaphragm the shoulder formed by the lower 
enlarged portion engages the arm 32. The area 
of engagement on the diaphragm 20 must be 
sufficient to avoid the tendency of such a thin 
and flexible diaphragm to bulge out or expand 
at its edges if too heavily loaded on too small 
a surface area. As shown, the surface of the 
pin 34 engaging the diaphragm has a diameter 
somewhat less than half the diameter of the 
flexing disk portion 2? of the diaphragm. 
A fairly heavy helical spring 36 is used to 

load the diaphragm, the spring being seated on 
the upper surface of the actuating arm 32 and 
on a threaded thumb adjusting nut 37 carried 
on a stud 38 bearing on the underside of the 
mounting 26 in a suitable recess 39 therein. The 
pressure of the spring 36 is exerted on the actu 
ating arm 32 and through the member 34 resists 
the upward flexure of the diaphragm 20 which 
is caused by an increasing pressure in the Open 
ing 6 of the nut 3. The amount of Spring 
loading may, of course, be adjusted by turning . 
the thumb nut 37. 
As shown, a fixed contact 40 is mounted On a 

spring member 4 in a recess provided therefor 
on the upper face of the horizontal portion 28 
of the insulating mounting 26. A movable con 
tact 42 carried on the end of the resilient strip 
3 adjacent the fixed contact 40 is biased into 
engagement therewith by magnetic means Com 
prising an armature piece 43 and a permanent 
magnet 44. By reason of the spring mounting 
for the fixed contact 40, the contacts 40 and 42 
are given a wiping action upon engagement, 
which insures clean contact surfaces. Prefer 

2,187,792 
ably the permanent magnet is made of an alloy 
having a high coercive force consisting essen 
tially of aluminum, nickel, copper and iron, 
such as described and claimed in United States 
Letters Patent 1947,274, issued February 13, 1934, 
to William E. Ruder. This magnetic material 
may be formed into a button or block shape 
having a central groove running diametrically 
across the upper face and suitably magnetized 
to have a north pole and a South pole adjacent 
the armature 43, the magnet 44 being fastened 
in an inset portion in the top of the mounting 
26 and the armature 43 being secured there 
adjacent on the resilient strip 3. A slight clear 
ance is maintained between the armature 43 and 
the magnet 44 to avoid variations in magnetic 
attraction therebetween which would occur if the 
Surfaces of the magnetic parts made actual con 
tact. In the present instance the magnet 44 is 
positioned slightly below the upper Surface of 
insulating table 28 Out of contact with the arma 
ture 43 in its lowest position. 
Connected to the resilient strip 3 carrying the 

movable contact 42 is a terminal conductor 45 
leading to a terminal post (not shown). The 
resilient strip 3 and conductor 45 are fastened 
at their right ends to the mounting or support 
26 by an adjustable nut and bolt 46. The left 
hand end of the strip 3 f is thus movable by 
the push rod 30 and the magnetic attraction of 
the magnet 44. By means of the nut and bolt 
46, the positioning of the resilient strip 3 may 
be adjusted to determine the spacing between 
the armature 43 and the magnet 44 and the con 
tact pressure at the contacts 40 and 42. 
electrical circuit through the switch is defined 
from a terminal (not shown) through the ter 
minal conductor 45 connected thereto, the re 
silient strip 3, the contacts 42 and 40, to a sec 
Ond terminal (not shown) connected to the fixed 
contact 40. 
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The pressure operated switch above described 
is applicable in a wide variety of pressure regul 
lating Systems in connection with air pumps, 
water pumping systems, oil feed lines, etc. Brief 
ly, in operation, the nut 3 is connected to the 
preSSure Source, and the fluid under pressure is 
led into the opening 6 and through the orifice 
plate 24 to the diaphragm 20. A change in pres 
sure beneath the diaphragm 20 tends to cause 
a corresponding flexure of the diaphragm face 
2 which is loaded by the spring 36. When the 
force of the fluid pressure on the diaphragm 2 
is less than the force of the loading spring 3, 
the actuating arm 32 is biased to its extreme 
clockwise position with both ends resting against 
the base plate , and the contacts 40 and 42 
are biased into engagement by the magnetic at 
traction of the permanent magnet 44 on the 
armature 43, the circuit through the switch being 
closed. 
When sufficient pressure is applied to the metal 

diaphragm 20, the diaphragm begins to move or 
flex upwardly and the pin 34 engages and exerts 
a force against the pivoted actuating arm 32. 
With an increasing pressure on the diaphragm, 
the actuating arm 32 begins to move in a counter 
clockwise direction about its left hand end and 
exerts an upwardly directed force on the re 
silient contact support 3 through the push rod 
30. The movement of the push rod 30 is several 
times greater than the movement of the dia 
phragm 20 by reason of the leverage of the actu 
ating arm 32, and likewise the force exerted by 
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2,187,792 
force available at the diaphragm for moving the 
actuating arm. In this manner, a comparatively 
Small deflection of the Small size diaphragm 
causes a considerable movement of the push rod 
30. The resilient strip 3 being a flexible mem 
ber will consequently deflect upward until the 
force of the push rod 30 thereon, resolved at the 
magnet 44, equals the net downward pull of the 
magnet 44. Any further increase in upward 
force against the resilient strip 3 will cause the 
contacts 40 and 42 to disengage with a snap 
action, since the magnetic pull decreases faster 
than the available upward force on the resilient 
strip 3. 
in pressure on the diaphragm 20, the force on 
the push rod 30 will decrease and the armature 
support or resilient strip 3 will move downward. 
At some predetermined point the magnetic at 
traction of the magnet in its armature becomes 
strong enough to flex the arm 3 or overcome the 
force exerted by the push rod 30 and close the 
contacts 40 and 42 with a Snap action. 

It may here be noted that the tip pressure 
between the contacts 40 and 42 is obtained from 
the spring mounting of the lower contact 40 
which exerts a force against the upper contact 
42 carried by the armature support 3 when 
the contacts are closed. Since the tip pressure 
at the contacts opposes the magnetic pull, the 
difference between these forces gives the net mag 
netic pull causing the snap engagement and dis 
engagement of the contacts. The spring mount 
ing 4 f. for the contact 40 is such that this lower 
contact moves sideways with respect to the upper 
contact 42 upon engagement thereby providirig 
the wiping action between the contacts. 
Throughout the description of a preferred en 

bodiment of the pressure operated Switch of my 
invention I have specifically shown the Snap 
switching mechanism operated by means of a 
metal diaphragm of a particular configuration. 
It is obvious, of course, that diaphragms of rub 
ber and fabricated materials may be used with 
the snap switching mechanism, these diaphragms 
in a wide variety of shapes being well known 
in the art. Accordingly, I do not wish to be 
entirely limited to the particular type of metal 
diaphragm shown herein. 
While I have shown a particular embodiment 

of my invention, it will be understood, of course, 
that I do not wish to be limited thereto since 
many modifications may be made, and I there 
fore contemplate by the appended claims to cover 
any such modifications as fall within the true 
spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A pressure operated Switch comprising a 

pair of electrical contacts arranged to be Snap 
disengaged in response to a predetermined 
change in pressure, means for operating said 
contacts including a metallic diaphragm in the 
form of a cup-shaped stamping having a circular 
face and an annular band extending therefrom, 
a base plate for said switch, and a nut welded at 
one end to said base plate and having an open 
ing therethrough to the opposite end for com 
municating relationship with a source of fluid 
pressure, and a seating recess in the said first 
end, said diaphragm being inserted in said seat 
ing recess and having said annular band Se 
cured rigidly to the side walls thereof for closing 
the opening in said nut. 

2. A pressure operated switch comprising a 
: diaphragm arranged to flex in response to 

In a similar manner, with a decrease 

changes in pressure, a loading spring, means in 
cluding a pivoted arm co-operating with said 
Spring for loading said diaphragm movable by 
the flexure thereof, a fixed contact and a mov 
able contact, a resilient support for said movable 
contact fixed at one end, magnetic means in 
cluding a magnetic armature part and a magnet 
part Co-operating with said armature for biasing 
Said contacts into engagement, one of said parts 
being Secured solely to said resilient support 
for enabling only common movement of said 
Support and Said part and said other part being 
mounted adjacent thereto, and connecting 

3 

0. 

means between said resilient support, and said 
pivoted arm whereby said contacts are Snap dis 
engaged upon a predetermined flexure of said 
diaphragm. 

3. A pressure operated switch comprising a 
diaphragm arranged to flex in response to 
changes in pressure, a loading spring, means 
including a pivoted arm co-operating with said 
spring for loading said diaphragm movable by 
the flexure thereof, a fixed contact and a mov 
able contact, a resilient support for said movable 
contact fixed at one end, magnetic means in 
cluding a magnetic armature part and a mag 
net part co-operating with said armature for 
biasing said contacts into engagement, one of 
said parts being secured solely to said resilient 
support for enabling only common movement of 
said part and said support and said other part 
being mounted adjacent thereto, connecting 
means between said resilient support and said 
pivoted arm whereby said contacts are Snap dis 
engaged upon a predetermined flexure of said 
diaphragm, a mounting member of insulating 
material Supporting said spring, said resilient 
Support, said fixed contact and one of Said mag 
netic parts and also serving to position said piv 
oted arm and said connecting means, and a 
Stud and adjustable thumb nut upon which said 
spring is seated, one end of Said stud being 
biased by said spring against Said mounting 
member and supported thereby, the tension of 
Said Spring being manually adjustable by turning 
said thumb nut. 

4. A pressure operated Switch comprising a 
base plate, a nut fastened at one end to said 
plate and having an opening therethrough to 
its other end for providing a communicating re 
lationship with a fluid pressure source, a seating 
recess forming annular side walls in said first 
end of Said nut, a metal diaphragm in said seat 
ing recess closing the opening in said nut and 
arranged to flex in response to changes in pres 
sure, said diaphragm having an annular band in 
serted in Said seating recess secured to said an 
nular side walls thereof, a loading spring, and 
Switching means including a pivoted arm co 
operating with said Spring for loading said dia 
phragm and movable by the flexure thereof, a 
fixed contact and a movable contact, a resilient 
support for said movable contact fixed at one 
end and carrying a magnetic armature, a mag 
net co-operating with said armature for bias 
ing said contacts into engagement, and connect 
ing means between said resilient support and 
said pivoted arm whereby said contacts are snap 
disengaged upon a predetermined flexure of said 
diaphragm, and a mounting of insulating ma 
terial for supporting said switching means. 

5. A pressure operated switch comprising a 
base plate, a nut fastened at One end to said 
plate and having an opening therethrough to its 
other end for providing a communicating rela 

5 

20 

25 

30 

55 

65 

70 



0 

4. 
tionship with a fluid pressure source, a seating 
recess in Said first end of said nut, a diaphragm 
in said Seating recess closing the opening in said 
nut and adapted to flex in response to changes 
in fluid preSSure, said diaphragm having an an 
nular band inserted in said seating recess se 
cured to the walls thereof, a loading spring, 
means including a pivoted arm co-operating 
with said Spring for loading said diaphragm and 
movable by the flexure thereof, a fixed contact 
and a movable contact, a resilient support for 
Said movable contact fixed at one end and car 
rying a magnetic armature, a magnet co-oper 
atting with said armature for biasing said con 
tacts into engagement, and connecting means 
between said resilient support and said pivoted 
arm, whereby Said contacts are snap disengaged 
upon a predetermined flexure of said diaphragm. 

6. A pressure operated switch comprising a dia 
phragin arranged to flexin response to changes in 
pressure, Switching means including a fixed con 
tact and a relatively movable contact supported 
Oth a resilient member, magnetic snap operating 
ineans including a permanent magnet part mag 
netized With both poles on one face and an arma 
ture part of magnetic material, one of said parts 
being secured solely to said resilient member and 
Said other part being mounted adjacent thereto 
for biasing said contacts into engagement, said 
Raagnet being inade of an alloy having a high co 
ercive force consisting nainly of aluminum, nickel 
2nd iron, and operating means including a load 
ing Spring, a pivoted arm and a member inter 
posed between said pivoted arm and said dia 
phragm for causing said contacts to be snap dis 
engaged upon a predetermined change in pres 
SLAre On Said diaphragin. 

7. A pressure operated switch comprising a di 
aparagan adapted to flex in response to changes 

; initid pressure, switching means including a fixed 

70 

contact and a relatively movable contact sup 
ported on a resilient member, a spring support 
for Said fixed contact for causing a wiping en 
gagement of said fixed and movable contacts, 
Imagnetic Snap operating means including a per 
riaanent magnet part magnetized with both poles 
On One face and aa arnature part of magnetic 
Raterial, one of Said parts being secured solely 
to Said resilient member and said other part being 
Iounted adjacent thereto for biasing said con 
tacts into engagement, said magnet being made 
of an alloy having a high coercive force consist 
ing mainly of aluminum, nickel and iron, and 
Operating means including a loading spring, a 
pivoted arm and a member interposed between 
Said pivoted arm and said diaphragm for causing 
Said contacts to be snap disengaged upon a pre 
determined change in fluid pressure on said dia 
phragm. 

8. A pressure operated switch comprising a 
Support, a stationary contact and a movable con 
tact carried by said Support, an operating lever 
for said movable contact, a loading spring bias 
ing said lever toward one side of said support, 
Said support being provided with an aperture, a 
member Secured to the opposite side of said sup 
port provided with a recess in its side secured to 
said support, said recess being opposite and sub 
stantially larger than the aperture in said sup 
port and Said member being, provided with an 
aperture communicating with said recess for con 
nection with a Source of fluid pressure, a flexible 
diaphragm in said recess, a fluid tight connec 
tion between the periphery of said diaphragm 

2,187,792 
and the wall of said recess whereby said recess 
is closed on the side adjacent said support, and 
an operating member extending through said 
aperture in said support forming an abutting 
connection between said diaphragm and said op 
erating lever whereby said lever is moved to op 
erate said novable contact by a predetermined 
flexing of Said diaphragm in response to a prede 
termined fluid pressure applied thereto. 

9. A pressure operated switch comprising a 
Support, a stationary contact and a movable con 
tact carried by said support, an operating lever 
for said movable contact, a loading spring bias 
ing said lever toward one side of said Support, 
Said support being provided with an aperture un 
der said lever and near one end of said lever, 
a member Secured to the opposite side of Said 
Support provided With a recess in its Side secured 
to said support, said recess being opposite and 
Substantially larger than the aperture in said 
support and said member being provided with 
an aperture communicating with said recess for 
Connection with a source of fluid pressure, a flex 
ible diaphragm in said recess, a fiuid tight con 
nection between the periphery of said diaphragm 
and the Wall of said recess whereby said recess 
is closed on the side adjacent Said support, and 
an operating member extending through said 
aperture in said Support forning an abutting 
connection between said diaphragm and said op 
erating lever whereby said lever is moved to op 
erate Said movable contact by a predetermined 
flexing of said diaphragm in response to a pre 
determined fluid pressure applied thereto, said 
Operating member having a surface engaging 
Said diaphragm whose area is a substantial por 
tion of the area of said diaphragin. 

10. A pressure operated switch comprising a 
Support, a Stationary contact and a Yovable con 
tact mounted on said support, an operating lever 
for said movable contact, a loading spring bias 
ing said lever toward one side of said support, 
Said support being provided with an aperture un 
der said lever near one end of said lever, a men 
ber Secured to the opposite side of said support 
provided in its side secured to said support with 
a receSS having an annular side wall, said recess 
being opposite and substantially larger than the 
aperture in Said support and Said member being 
provided with a threaded aperture communicat 
ing with said recess for connection with a source 
of fluid preSSure, a flexible diaphragm in said 
recess, said diaphragm being provided with an 
annular band around its periphery, a fluid-tight 
Connection between said band and the side Wall 
of Said recess whereby said recess is closed on 
the side adjacent said supporting plate, an oper 
ating pin extending through said aperture, in 
Said support forming an abutting connection be 
tween said diaphragm and Said operating lever 
Whereby said lever is moved to operate said mov 
able contact by a predetermined flexing of said 
diaphragm in response to a predetermined fluid 
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pressure applied thereto, said pin having a sur 
face engaging said diaphragm whose area is a 
Substantial portion of the area of said diaphragm, 
means COOperating with said movable contact for 
causing Said movable contact to operate with a 
Snap action, and a wall in said member between 
said recess and said threaded aperture, said wall 
being provided with a relatively small aperture 
So as to dampen fluctuations in fluid pressure. 

WALTER MULR, 
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