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PRESSURE SWITCH

The invention relates to pressure responsive electri-
cal switches, and more particularly to a pressure switch
assembly which is generally modular in construction.

It is an object of the present invention to provide a
pressure switch which may be easily assembled and has
interchangeable components which facilitate adapta-
tion to a large variety of applications.

It is a further object of the present invention to pro-
vide a pressure switch with a differential spring and
contact module which has means for presetting both
the differential force and the differential pick-up point
before attachment to, and without regard to the iden-
tity of, the pressure sensing components of the pressure
switch.

It is a still further object of the present invention to
provide a pressure switch for which the differential
spring and contact module may be attached to the pres-
sure sensing components selectively in a plurality of po-
sitions to provide optimum sensitivity with range
springs having greatly differing spring rates.

These and other objects and advantages of this inven-
tion will become apparent from the following descrip-
tion wherein reference is made to the drawings, in
which:

FIG. 1 is a perspective view of a pressure switch as-
sembly made in accordance with the present invention
with a housing and cover attached thereto;

FIG. 2 is a perspective view similar to FIG. 1 with the
cover removed;

FIG. 3 is a side view of the pressure switch assembly
of FIG. 1; )

FIG. 4 is a front view of the pressure switch assembly
of FIGS. 1-3;

FIG. 5 is a cross-sectional view of a pressure sensing
module of the pressure switch assembly taken generally
along the lines 5—5 of FIG. 4;

FIG. 6 is a top view of the pressure sensing module
of F1G. 5;

FIG. 7 is a side view of a differential contact module
for use in the pressure switch of the present invention;

FIG. 8 is a bottom view of the differential contact
module of FIG. 7;

FIG. 9 is a rear end view of the differential contact
module of FIG. 7,

FIG. 10 is a fragmentary cross-sectional view of the
pressure switch assembly taken generally along the
lines 10—10 of FIG. 4;

FIG. 11 is a side view of an operating lever for use in
the differential contact module of FIGS. 7-9;

FIG. 12 is a perspective view of a differential lever
for use in the differential contact module of FIGS. 7-9;
and :

FIG. 13 is a fragmentary cross-sectional view similar
to.FIG. 5 and illustrating an alternative embodiment of
a range spring adjusting means.

A preferred embodiment of the pressure switch of
the present invention is illustrated in FIGS. 1-4. A pres-
sure switch assembly 11 may be encased in a housing
12 having a U-shaped cover 14 releasably attached
thereto, as by a pair of screws 15. A rear attachment
plate 16 of the pressure switch assembly 11 may be af-
fixed to the housing 12 by a pair of screws 17 or other
suitable: means. In suitable applications, the pressure
switch assembly 11 may be used without the housing 12:
and cover 14.
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The pressure switch assembly 11 generally coimprises
a differential contact module 19-and a pressure sensing
module 20. The pressure sensing module 20 may em-
ploy a diaphragm, bellows, or piston operator, each of
which is well known in the art. For purposes of illustra-
tion, a diaphragm operated pressure sensing module 20
is shown herein and is best described with reference to
FIGS. 3-6.

The pressure sensing module 20 has an upper base
assembly 21 and a lower base assembly 22 which are
joined by a front attachment plate 24 and the rear at-
tachment plate 16. The attachment plates 16 and 24
are preferably provided with apertures 25 (FIG .4) for
interaction with corresponding alignment bosses 26
formed on front and rear faces of the upper base assem-
bly 21 and lower base assembly 22 to ensure proper rel-
ative alignment of the respective base assemblies. The
rear attachment plate 16 may be provided with a pair
of flanges 27 containing openings 29 to facilitate
mounting of the pressure switch assembly 11 by use of
the screws 17. The front attachment plate 24 and rear
attachment plate 16 are connected to the upper base
assembly 21 and lower base assembly 22 by suitable
fasteners, such as screws 30. .

The lower base assembly 22 includes a lower base 31
and a cover 32, which are preferably metal castings and’
are connected to each other by a plurality of threaded
fasteners such as cooperating nuts 34 and bolts 35. The
lower base 31 and cover 32 form a pressure chamber
36 communicating externally of the pressure switch as-
sembly 11 through a generally cylindrical opening 37
having an outer enlarged portion 37a which may be in-
ternally threaded to facilitate connection of the pres-
sure switch assembly 11 to the source of external pres-
sure to be measured. The lower base assembly 22
houses a pressure sensing means which may be a dia-
phragm 39 formed of a suitable material such as rubber
or plastic and held between the lower base 31 and
cover 32 in a position defining the upper end of the
pressure chamber 36. The diaphragm 39 operably
abuts a pressure plate 40, having an upper portion of
reduced diameter, preferably molded of plastic, which
is mounted for vertical reciprocating motion within a
complementary shaped opening 41 extending through
the lower base 31.

A lower guide diaphragm 42, preferably comprising
a thin sheet of polyester film (indicated by a single
line), is mounted beneath a metallic holding plate 44.
The holding plate 44 is in turn secured to the lower
base 31 by the bolts 35. A recess 45 is provided in the
upper face of the lower base 31 so that the lower guide
diaphragm 42 is free to vertically reciprocate between
positions both above and below its rest position. How-
ever, the lower guide diaphragm 42 must be of suffi-
cient thickness to prevent any lateral motion and
should be provided with at least one perforation (not
shown) so that its motion is independent of pressure
differentials which might otherwise exist between the
two'sides of the diaphragm 42. A generally cylindrically
lifter pin 46-is inserted through a central opening in the
lower guide diaphragm 42 and secured by a suitable
fastener such as a pushnut 47 with a lower end portion
49 of the lifter pin 46 located beneath the lower guide
diaphragm 42. The lower end portion 49 of the lifter
pin 46 rests on the upper surface of the lower base 31
just over the reduced portion of the pressure plate: 40
so that vertical reciprocating motion of the pressure di-
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aphragm 39 is transferred through the pressure plate 40
to the lifter pin 46 which freely moves with the lower
guide diaphragm 42 in a vertical direction although lat-
erally constrained thereby.

The upper base assembly 21 includes an upper base
50 and a top spacer 51 which are preferably metallic
castings connected together by suitable fasteners such
as screws 52, A metallic holding plate 53 is held be-
tween the upper base 50 and top spacer 51 for securing
an upper guide diaphragm 54 against an upper surface
of the upper base 50. The upper guide diaphragm 54,
is formed of polyester film (indicated by a single line),
as is the lower guide diaphragm 42, and is also perfo-
rated to permit vertical reciprocating motion indepen-
dent of pressure differentials. The upper guide dia-
phragm 54 is provided with a central opening 55 which
is preferably reinforced with a pair of washers 56, one
washer 56 being cemented on each of the upper and
lower surfaces of the upper guide diaphragm 54 around
the central opening 55 and serving as a base for secure-
ment of a peripheral eyelet 57 within the opening.

The top spacer 51 has a pair of upstanding sidewalls
59 connected by a front wall 60, having an opening 61
therethrough.

The upper base 50 has a central opening 62 there-
through which is threaded to accommodate a threaded
range spring adjusting column 64 held in place by a set
screw (not shown). A range spring adjusting knob 65
preferably has knurled peripheral surface 66 and an an-
nular depression 67 formed in a lower surface 69
thereof. A central opening 70 of the range spring ad-
justing knob 65 is threaded for attachment of the range
spring adjusting knob 65 to the range spring adjusting
column 64.

A spring guide and center post assembly 71 has a
frusto-conical lower portion 72 which serves as a guide
for placement of a range spring 74, preferably a com-
pression spring, and has a peripheral lower flange
which serves as a lower spring seat 75 for the range
spring 74. An upper portion of the spring guide center
post assembly 71 extends through an axial opening 76
in the range spring adjusting column 64 and serves as
a center post 77. a pushrod 79 is connected to an upper
end portion of the center post 77 and extends through
the eyelet 57 in the central opening 55 of the upper
guide diaphragm 54. A blind opening 80 is provided in
a lower portion of the center post 77 for interaction
with the lifter pin 46. A spacer 81 may be used to posi-
tion the spring guide and center post assembly 71 with
respect to the lifter pin 46 and may, if desired, be a ball
bearing. A knurled portion 82 of the lifter pin 46 inter-
acts with the opening 80 to prevent rotation of the
spring guide and center post assembly 71 with respect
to the lifter pin 46. The lifter pin 46 @nd the spring
guide and center post assembly 71 combine to serve as
a stem responsive to motion of the pressure plate 41.

An upper spring seat 84 has a peripheral flange 85
which is shaped and positioned to fit within the annular
depression 67 on. the lower surface 69 of the range
spring adjusting knob 65. A central opening 86 of the
upper spring seat 84 has a plurality of inwardly extend-
ing keys (not shown) which ride in longitudinal splines
89 (see FIG. 3) formed on the range spring adjusting
column 64 to hold the upper spring seat against rota-
tional motion during rotation of the range spring ad-
justing knob 65.
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During operation of the pressure switch assembly 11,
an increase in pressure in the pressure chamber 36
causes an upward movement of the pressure diaphragm
39 which, in turn, biases the pressure plate 49 for up-
ward vertical motion. The pressure plate 40 applies a
corresponding upward biasing force to the lower end
portion 49 of the lifter pin 46 which applies the force
to the spring guide and center post assembly 71. To ef-
fect upward motion of the spring guide and center post
assembly 71, the upward biasing force must overcome
the downward force applied to the lower spring seat
portion 75 of the spring guide and center post assembly
71 by the range spring 74. Therefore, the compressive
force of the range spring 74, applied through the lifter
pin 46 and pressure plate 40, determines the minimum
pressure which must be applied to a particular pressure
sensing means, such as the pressure diaphragm 39, to
effect upward motion of the spring guide center post
assembly 71. This minimum value of pressure which
will operate the pressure switch assembly 11 may be
regulated by adjusting the compressive force of the
range spring 74. This is readily accomplished by rotat-
ing the range spring adjusting knob 65 so that it moves
vertically along the threaded range spring adjusting col-
umn 64. The upper spring seat 84, keyed in the splines
89 of the range spring adjusting column ¢4, moves ver-
tically, without rotation, as the range spring adjusting
knob 65 is turned and thereby effects an increase or de-
crease in spring compression while preventing rotation
of the range spring 74 and any frictional interaction
thereof with adjacent parts. :

If the pressure in the pressure chamber 36 is suffi-
cient to upwardly bias the spring guide and center post
assembly 71 with.a force greater than the downward
biasing force of the range spring 74, the center post 77,
and accordingly the pushrod 79, is moved upwardly
through the upper base assembly 21. The upward travel
of the spring guide and center post assembly 71 is lim-
ited by the position of the range spring adjusting col-
umn 64.

Since any lateral motion of the center post 77 during
operation of the pressure switch assembly 11 would in-
hibit accurate pressure switch operation, as will be later
demonstrated, the lower guide diaphragm 42 and upper
guide diaphragm 54 maintain vertical alignment of the
center post 77 without frictional losses. The lower
guide diaphragm 42 is rigidly connected to the lifter pin
46 and, as previously indicated, may freely move
through a limited vertical range while being rigidly con-
strained against lateral motion. Similarly, the upper
guide diaphragm 54 is laterally rigid so that the pushrod
79, riding within the central opening 55, has its permis-
sible lateral motion constrained by the eyelet 57. Dur-
ing vertical motion of the center post 77, the push rod
79 is free to move through the eyelet 57 without inter-
action therewith. However, should any lateral motion
cause the pushrod 79 to abut the eyelet 57 during its
vertical motion, the eyelet 57 will move vertically with
the pushrod 79 due to the free vertical motion of the
upper guide diaphragm 54. In this manner, substan-
tially frictionless vertical alignment is provided for the
lifter pin 46 and the spring guide and center post as-
sembly 71.

The differential contact module 19 is illustrated in
FIGS. 7-9 and includes a base plate 9¢, preferably a
metal stamping, having a pair of upstanding arms 91
formed thereon. Each arm 91 is preferably provided
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with a threaded aperture to facilitate connection of a
snap switch 94 through the use of a pair of screws 95.
A pair of depending front legs 96 and a pair of depend-
ing rear legs 97 are formed on the base piate 90. Each
of the front legs 96 is provided with one of a pair of axi-
ally aligned, substantially circular openings 99 and
each of the rear legs 97 is provided with one of a pair
of axially aligned, substantiaily circular openings 100.
The openings 99 and 100 are preferably equidistant
from the lower planar surface of the base plate 90. The
base plate 90 has a vertically depending forwatd leg
portion 101. Formed in the base plate 90 are a pair of
mounting holes 102 (FIG. 8), and a generally rectangu-
lar central opening 104 located between the rear legs
917.

A main lever 105 has a substantially planar central
portion 106 with a pair of generally parallel depending
legs 107 located on opposite sides thereof. The main
lever 105 is connected to the base plate 90 by means
of a hinge pin 109 which is inserted through a pair of
aligned openings in the depending legs 107, and
through the aligned openings 99 in the front legs 96 of
the base plate 90. In this manner, the hinge pin 109
serves as a pivot for rotational motion of the main lever
105 with respect to the base plate 90. The main lever
105 is bent to provide a rear end portion 111 which is
substantially parallel to, but displaced vertically lower
than, the central portion 106. An opening 112 (FIG. 8)
is provided in the rear end portion 111 of the main
lever 105 to accommodate a button 114 which may be
formed of a suitable material such as a synthetic plastic.

An operating lever 115 (FIG. 11) has a pair of gener-
ally parallel spaced leg portions 116 extending out-
wardly in one direction from a central planar body por-
tion. Each of the leg portions 116 has one of a pair of
axially aligned openings 117 therein and the operating
lever 115 is bent to provide a substantially planar lower
end portion 119 extending generally outwardly oppo-
site the leg portions 116 and substantially at right an-
gles to the main portion of the operating lever 115. A
plastic grommet 120 is fitted in an opening 121 (FIG.
10) in the operating lever 115 and provided with a
threaded member, such as a set screw 122, in a
threaded opening therethrough.

The operating lever 115 is connected to the base
plate 90 by fitting it through the central opening 104 of
the base plate 90 with the lower end portion 119 ex-
tending beneath and substantially parallel to the main
planar portion of the base plate 90 and with the open-
ings 117 in the leg portions 116 aligned with the open-
ings 100 in the rear legs 97. A hinge pin 124 (FIG. 8)
is fitted through the aligned openings 100 and 117 so
that the operating lever 115 is connected to the base
plate 90 but is free to rotate relative thereto around the
hinge pin 124 with the lower end portion 119 of the op-
crating lever 115 positioned directly above and in abut-
ting relation with the button 114 on the main lever 105
(see FIG. 7). In this'manner, a forward end portion
122q of the set screw 122 is placed in abutting, opera-
tive relationship with a pushbutton 125 of the snap
switch 94 (see FIG. 10). :

A differential lever 126 (FIG. 12) is preferably
stamped and formed of metal and has a substantially
planar main portion 127 and an upper portion 129 ex-
tending generally at right angles therefrom. A pair of
spaced, substantially parallel, depending leg portions
130 are formed on opposite sides of the main portion
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127. Each leg portion 130 is provided with one of a pair
of axially aligned openings 131 and one of a pair of axi-
ally aligned differential spring openings 132. The dif-
ferential lever 126 is connected to the rear legs 97 of
the base plate 90 by fitting the hinge pin 124 through
the openings 131 in the leg portions 130 of the differen-
tial lever 126. In this manner, the operating lever 115
and the differential lever 126 are provided with a com-
mon pivot around the hinge pin 124 (see FIG. 7). An
opening 134 is provided in the main portion 127 of the
differential lever 126 to enable the forward end portion
122a of the set screw 122 to abut the pushbutton 125
of the snap switch 94. .

The forward leg 101 of the base plate 90 is provided
with an aperture to accommodate a differential adjust-
ing screw 135. A differential spring bracket 136 has a
central portion 136a threaded onto the differential ad-
justing screw 135 for linear motion along a threaded
shank portion thereof upon rotation of the screw 135.
A pair of laterally extending leg portions 1365 of the
bracket 136 are each provided with a differential spring
opening for attachment of one end portion of one of a
pair of differential springs 137 having their other end
portion connected to the differential lever 126 by re-
ception in one of the differential spring openings 132
in one of the leg portions 130 of the differential lever
126. In this manner, rotation of the differential adjust-
ing screw 135 in one direction moves the differential
spring bracket 136 in a forward direction, thereby’
stretching the differential springs 137 and increasing
the force thereof. Rotation of the differential adjusting
screw 135 in the other direction decreases the force of
the differential springs 137. If desired, a spring clip 139
may be attached to the forward leg 101 to abut the dif-
ferential adjusting screw 135 and prevent changes in
spring tension during operation of the pressure switch
assembly 11. A differential indicator 140 may be
threaded onto the differential adjusting screw 135 for
calibration of the differential springs 137. If the differ-
ential indicator 140 is used the opening in the central
portion 136a of the differential spring bracket 136
should not be threaded.

The differential springs 137 bias the differential lever
126 so that, as the operating lever 115 moves toward
the snap switch 94, the upper portion 129 of the differ-
ential lever 126 abuts the operating lever 115 and urges
itin a direction away from the snap switch 94. This mo-
tion of the differential lever 126 is limited by a differen-
tial stop portion 141 of the base plate 90 (FIGS. 9,10)
which abuts the main portion 127 of the differential
lever 126 through a differential stop opening 142 in the
operating lever 115.

During operation, motor of the operating lever 115
controls the condition of the contacts of the snap
switch 94. When the operating lever 115 is moved to-
ward the snap switch 94, the forward end portion 1224
of the set screw 122 engages and inwardly biases the
pushbutton 125 to trip the snap switch 94. When the
operating lever 115 is moved away from the snap
switch 94, the set screw 122 releases the pushbutton
125, allowing the snap switch 94 to reset.

Since, as is well known in the art, a snap switch trips
when its pushbutton is in a position more greatly de-
pressed than the position of the pushbutton which ena-
bles the snap switch to reset, it is possible to provide a
force differential for the pressure switch by applying a
force to the operating lever 115 which must be over-
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come to trip the snap switch but is removed before the
snap switch resets. This differential force is provided by
the differential springs 137 and applied through the dif-
ferential lever 126 to the operating lever 115,

The differential lever 126 is biased by the differential
springs 137 for clockwise rotation, as illustrated in FIG.
7, around the rear hinge pin 124. This motion is limited
by interaction of the differential lever 126 with the dif-
ferential stop portion 141 of the base plate 20. When
the operating lever 115 is moved toward the snap
switch 94, an upper end portion of the operating lever
115 picks up the upper portion 129 of the differential
lever 126 so that the differential lever 126 is rotated to-
gether with the operating lever 115. This action causes
the differential springs 137 to apply a force opposing
the motion of the operating lever 115. Since both the
operating lever 115 and differential lever 126 are piv-
oted about the rear hinge pin 124, they will move to-
gether without frictional interaction.

Because it is necessary that the differential force be
applied to the operating lever 115 only when the snap
switch 94 is being tripped, adjusting means must be
provided for fixing the rest point or pick-up and drop-
out point of the differential lever 126 at a position be-
tween the trip and reset points of the snap switch 94,
For this reason the set screw 122 is provided. Since the
physical position of the differential lever 126 at which
it is picked up by the operating lever 115 is fixed, the
points in the motion of the operating lever 115 at which
the snap switch trips and resets may be adjusted rela-
tive to the pick-up point. If the set screw 122 is adjusted
so that its forward end portion 1224 is moved closer to
the pushbutton 125, the motion of the operating lever
115 necessary to trip the snap switch 94 will be de-
creased. Conversely, if the set screw 122 is adjusted to
move its forward end portion 122a further from the
pushbutton 125, increased motion of the operating
lever 115 will be required to trip the snap switch 94.
Since the pick-up point of the differential lever 126 is
not altered by this adjustment, the pick-up of the differ-
ential force relative to the trip and reset points of the
snap switch 94 may be readily altered thereby. Adjust-
ment of the set screw 122 toward the pushbutton 125
moves the differential pick-up to a later point during
tripping while adjustment of the set screw 122 away
from the pushbutton 125 moves the differential pick-up
to an earlier point during tripping. In this manner, the
set screw ‘122 may be adjusted so that the operating
lever 115 picks-up and drops-out the differential lever
at a point between the trip and reset positions of the
snap switch 94 so that the differential force is applied
to the operating lever 115 when the snap switch 94 is
being tripped but not when it is being reset.

It should be readily apparent from the foregoing dis-
cussion that, although adjustment of the differential ad-
justing screw 135 changes the tension of, and accord-
ingly the force of the differential springs 137, it does
not affect the pick-up or drop-out position of the differ-
ential lever-126. Therefore, independent means are
provided for adjusting the pick-up position for the dif-
ferential lever 126 and the force applied thereby.

Since pressure switches generally apply a relatively
large force through a distance which is small in com-
parison with the throw required to operate the snap
switch 94, a series of levers must be provided for multi-
plying the normal travel of the pressure sensing means
to provide sufficient motion to operate the snap switch
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94. This multiplication is provided by the main lever
165 and operating lever 115.

It is' well known that the relative sizes of the force ap-
plied to a lever and the force applied by that lever in
response thereto depend upon the relative lengths of
their respective lever arms (the distance from the point
on the lever at which the force is applied to the ful-
crum). If we call the force applied to the lever the ef-
fort force and the force applied by the lever in response
thereto the resistance force, then the resistance force
will be equal to the effort force multiplied by the ratio
of the effort lever arm to the resistance lever arm. The
distance traveled by the resistance force will be equal
to the distance traveled by the effort force multiplied
by the ratio of the resistance lever arm to the effort
lever arm. It can be seen, therefore, that to increase the
distance traveled by a force, the force must be applied
to a lever whose resistance lever arm is greater than its
effort lever arm. Such a lever will also act to propor-
tionately decrease the force applied.

A combination of two levers is used in the pressure
switch of the present invention-to accomplish the multi-
plication of distance necessary to operate the snap
switch 94. The operating lever 115 rotates about the

rear hinge pin 124, which therefore serves as its ful-

crum. The point of application of the resistance force
is at the position of the set screw 122 and the point of
application of the effort force is at the point at which
the button 114 on the rear end portion 111 of the main
lever 105 interacts with the lower end portion 119 of
the operating lever 115. Each of these distances is fixed
and the resistance lever arm is preferably greater than
the effort lever arm.

The main lever 105 has its fulcrum at the front hinge
pin 109. The resistance lever arm is the distance from
the button 114 to the fulcrum and the effort lever arm
is the distance from the fulcrum to the point on the cen-
tral portion 106 at which the effort force is applied by
the pushrod 79 (see FIG. 10). Although this effort lever
arm is adjustable, as will be subsequently shown herein,
the resistance lever arm is significantly greater than the
effort lever arm, thereby providing the required dis-
tance multiplication.

It should be noted that the fulcrum of the main lever
105, the fulcrum of the operating lever 115, and the
point of interaction of the levers 105 and 115 form a
substantially straight line to minimize frictional interac-
tion between the button 114 and the lower end portion
119 of the operating lever 115.

It has been determined that as the lever ratio of the
differential contact module 19 is altered by moving the
point of application of the effort force from one end of
the main lever 10S to the other, the sensitivity of the
differential contact module 19 (i.e., the pressure excur-
sion which will cause a change in condition of the snap
switch 94 for a given setting of range spring force and
differential spring force) increases, reaches a maximum
or peak value (minimum pressure excursion), and then
decreases. The point of application of the effort force
which produces peak sensitivity for the differential
contact module 19 depends, for a given differential
contact module, solely upon the spring rate of the
range spring 74 or, in a bellows-operated pressure
switch, upon the combined spring rate of the range
spring and bellows. -

Therefore, the sidewalls 59 of the top spacer 51 in
the upper base assembly 21 are provided with a plural-
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ity of spaced apart pairs of threaded openings 144a,b.c.
Each of the pairs of openings 144a,b,c causes interac-
tion of the pushrod 79 with the central portion 106 of
the main lever 105 at a position to provide the lever
ratio needed for optimum sensitivity, or near-optimum
sensitivity, for operation with range springs, or range
spring and bellows combinations, having different
spring rates.

After the operating spring rate ‘for the pressure
switch assembly 11 has been determined, the differen-
tial contact module 19 is attached to the upper base as-
sembly 21 by aligning the mounting holes 102 in the
base plate 90 with the pair of openings 144a,b, or ¢
which will provide optimum sensitivity for the device,
and connecting the modules by use of a pair of
threaded fasteners 145 (see FIG. 3).

A pressure sensing module 20 having an alternative
range spring adjusting means is iltustrated in FIG. 13,
wherein similar numbers have been used to identify
similar parts. :

In this embodiment, the upper spring seat 84 is omit-
ted so that the range spring 74 is seated within the de-
pression 67 in the range spring adjusting knob 65. Elim-
ination of the upper spring seat 84 removes the need to
provide the splines 89 in the range spring adjusting col-
umn 64. As in the principal embodiment, the range
spring 74 abuts the lower spring seat 75 on the lower
portion 72 of the spring guide and center post assembly
71. The opening 80 in the center post 77 receives the
lifter pin 46 so that the upper end portion of the lifter
pin 46 abuts a ball bearing 146. The knurled portion 82
(FIG. 5) of the lifter pin 46 is omitted to permit the
spring guide and center post assembly 71 to rotate with
respect to the lifter pin.

When the range spring adjusting knob 65 is rotated,
it travels vertically along the threaded portion of the
range spring adjusting column 64 to effect a change in
the compression of the range spring 74. Unlike the
principal embodiment, as shown in FIG. 5, wherein the
range spring adjusting knob 65 frictionally engages the
upper spring seat 84, the range spring 74 in FIG. 13 is

20

30

35

40

arranged for rotational motion with the range spring -

adjusting knob 65. This biasing force is transmitted
through the range spring 74 to the lower spring seat 75
of the spring guide and center post assembly 71 which
rotates around the lifter pin 46 on the “‘needle point™
bearing formed by the interaction of the lifter pin 46
and the ball bearing 146. A similar bearing contact is
formed by the interaction of the push rod 79 (see FIG.
10) at the upper end portion of the center post 77 with
the central portion 106 of the main lever 105.

Thus, in the embodiment of FIG. 13, when the main
spring adjusting knob 65 is rotated, either to tighten or
loosen the range spring 74, both the range spring 74
and the spring guide and center post assembly 71 rotate
with the range spring adjusting knob 65 to provide ease
of adjustment for the range spring 74 with a minimum
of friction. In this manner, even a range spring provid-
ing large forces for pressure switch operation in a high
pressure range can be fully compressed solely by finger
adjustment and without the use of tools.

In this manner a modular pressure switch can be pro-
vided which permits ease of interchangeability of range
springs and operators and has a differential contact
module selectively mountable thereon in a plurality of
positions to provide optimum sensitivity regardless of

45

50

55

60

10

the type of operator used or the spring rate of the range
spring.

It should be .understood that certain modifications
may be made without departing from the spirit of the
present.invention. For example, instead of providing a
plurality of pairs of openings 144a,b,c in the sidewalls
59 of the top spacer 51 to provide optimum sensitivity
for the pressure switch assembly 11,-a pair of grooves
could be provided in the sidewalls 59 of the top spacer
51 to accommodate attachment of the differential con-
tact module 19 in the precise position yielding opti-
mum sensitivity for the particular operator and main
spring utilized. Also, if desired, the differential contact
module may be used with a fixed minimum differential
by omitting the differential lever 126, differential
springs 137, differential spring bracket 136, differential
adjusting screw 135, spring clip 139 and differential in-
dicator 140. In this manner the fixed differential force
of the differential contact module is that resulting from
the force and push button travel characteristics of the
snap switch 94.

I claim:

1. A pressure responsive device comprising:

a pressure sensing module including a pressure cham-
ber, a stem movable in one direction when pressure
in the pressure chamber is greater than a selected
value.and movable in an other direction when the
pressure in the pressure chamber is less than the
selected value and including a first stem portion
and a second stem portion, the second stem portion
being mounted for rotational movement relative to
the first stem portion, a compression spring having
end portions and being arranged to apply a biasing
force urging the stem to move in the other direc-
tion, means applying a pressure responsive force
urging the stem to move in the one direction, an ad-
justing knob abutting one of the end portions of the
compression spring, and a spring seat on the sec-
ond stem portion abutting the other end portion of
the compression spring, the adjusting knob being
threadably mounted on the pressure sensing mod-
ule to change the magnitude of the biasing force by
rotation of the adjusting knob, the compression
spring and the second stem portion,

a differential module including means responsive to
movement of the stem and connectable to the pres-
sure sensing module in a plurality of positions, se-
lectively, for providing different values of sensitiv-
ity for the pressure responsive device, and

attachment means connecting the differential mod-
ule to the pressure sensing module in one of the po-
sitions to provide a selected sensitivity for the pres-
sure responsive device.

2. A pressure responsive device comprising:

a pressure sensing module including a pressure cham-
ber and a stem, the stem having end portions and
being movable in one direction when pressure in
the pressure chamber is greater than a selected
value and movable in an other direction when the
pressure in the pressure chamber is less than the
selected value, -

a differential module having means responsive to
movement of the stem and connectable to the pres-
sure sensing module in a plurality of positions, se-
lectively, for providing different values of sensitiv-
ity for the pressure responsive device, attachment
means connecting the differential module to the
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pressure sensing module in one of the plurality of

positions to provide a selected sensitivity for the

pressure responsive device,

a first flexible sheet member disposed exteriorly of

~ the pressure chamber and secured at its edges,

means connecting one of the end portions of the stem
to the first flexible sheet member, and

a second flexible sheet member disposed exteriorly of

the pressure chamber, secured at its edges and pro-
vided with a central reinforcing member having an
aperture therethrough for containing the other of
the end portions of the stem.

3. A pressure responsive device as in claim 2 wherein
said means responsive to movement of the stem com-
prises an electric switch means.

4. A pressure responsive device as in claim 3 wherein
the switch means has a first operative condition and a
second operative condition, and said differential mod-
ule includes lever means responsive to movement of
said stem in said one direction to place the switch
means in said first operative condition and responsive
to movement of said stem in said other direction to
place the switch means in said second operative condi-
tion, differential means applying a differential force to
the lever means at a differential means rest point while
said stem is moving in said one direction and removing
the differential force from the lever means at said dif-
ferential means rest point while said stem is moving in
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said other direction, a first adjustment means for ad-
justing said differential point, and a second adjustment
means for adjusting the differential force.

5. A pressure responsive device as in claim 3 wherein
said differential module comprises a base member, a
main lever having end portions and pivotally mounted
to said base member at one of said end portions, an op-
erating lever having an end portion and pivotally
mounted to said base member with its end portion op-
eratively engaging the other of said end portions of said
main lever, cooperating engaging means on said oper-
ating lever and switch means to determine operative
conditions of said switch means, a differential lever piv-
otally mounted to said base member and having a rest
position between said operating lever and said switch
means, and differential spring means applying a differ-
ential force biasing said differential lever toward said
operating lever.

6. A pressure responsive device as in claim 5 wherein
said cooperating engaging means comprises a recipro-
cating member mounted on said switch means for con-
trolling the operative conditions of said switch means,
and a member mounted on said operating lever and
having an end portion positionable a selected distance
from said operating lever for operatively engaging said
reciprocating member, and wherein said member is ad-

justable to change said selected distance.
* * * * *
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