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[57] ABSTRACT

A pneumatic relay wherein a diaphragm is used as a
valve actuator, with the diaphragm formed as a sand-
wich of a flexible metal sheet with relieving slots there-
through and a rubber sheet as a covering seal for the
slots, and in which a leaf spring structure is provided as
an adjustable zero bias device for the relay valve, the
spring being an H form with the H leg ends grounded
and tongues between the H legs, one tongue having
grounded adjustment means and another tongue as the
spring force applicator to the relay valve as a bias
therefor,  this device, further, having an adjustable
valve seat in the relay valve..

7 Claims, 10 Drawing Figures
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1
PNEUMATIC RELAY .

This application is a division of Ser. No. 789,453 filed
Jan. 7, 1969, now U.S. Pat. No. 3,566,899.

This invention relates to instrumentation for process
and energy control, and has particular reference to
pneumatic systems in such instrumentation, and to
pneumatic relay devices in such systems, such as shown
in U. S. Patent No. 3,105,508 to Bowditch.

Relays are key elements in such pneumatic systems,
as devices for providing operating forces in response to
small pilot pressures. For example, a fluid pressure may
be used to control a fluid power stream. A useful relay
form is one which uses a diaphragm, to operate a valve,
in response to the pilot pressure on the dlaphragm Sen-
sitivity and:accuracy of response and operation. is nec-

essary in the handlmg of relatively large forces by small

signal forces in such devices, the signal forces often
being provided by back pressures from. a highly sensi-
tive pneumatic nozzle-baffle device. In the past such
devices have been expensive to manufacture and as-
semble to the necessary precision requirements of con-
trol instrumentation.

The device of this invention. provides simple and in-

expensive means of such manufacture, assembly, and.

adjustment, while maintaining the necegsary sensitivity,
accuracy of response, and operational integrity.

This invention provides, for this purpose, a special
combination. of a sandwich form of diaphragm and a

leaf spring grounded adjustment zero bias device.
These devices are in themselves, each a sub-
combination of this invention. These devices, further,
are simple stamping formations, with location and ad-
justment problems minimized.

The zero bias device provides grounded adjustment
means. This means that the forces of adjustment do not
disturb the adjustment except as directly applied to ad—
justment. For example, this device uses a grounded
screw for zero bias adjustment. No amount of pressure
down on the screw head has any effect on the adjust-
ment. Only rotation of the screw accomplishes adjust-
ment. Thus this device lends itself to automatic ma-
chine manufacture, assembly, and calibration or adjust-
ment. The adjustment spring of this device thus lends
itself to devices other than relays, and to calibrating as
well as direct zero bias adjustment in a concept applica-
ble to fully automatic manufacture.

The relay of this invention is provided with an adjust-
able valve seat, and is a low bleed device, saving in air
waste. ,

Other objects and advantages of this invention will be

in part apparent and in part pointed out hereinafter and’

in the accompanying drawings wherein:

FIG. 1 is an at rest perspective of a zero bias spring
structure. according to this invention; ‘

FIG. 2 is a further view of the structure of FIG. 1,
with the spring variously bent, in an operating condi-
tion;

FIG. 3 is a schematic of the spring of FIGS. 1 and 2,
in the condmon of FIG: 2;

FIGS. 4 and § are showings of an alternative spring
structure according to the views of FIGS. 1, 2 and 3;

FIG. 6 is a plan view of a further variant of the zero
bias spring structure according to this invention;

FIG. 7 is a perspective of an overall relay structure
according to this invention;

FIG. 8 is a central section of the relay, taken on line
8—8 of FIG. 7;

—

0

20

25

30

35

40.

45

50.

55

60

65

3,758,093

2

FIG. 9.is a plan view of a slotted diaphragm metal
plate sandwich assembly according to this invention;
and
on lme 10—10 of Flgure 9,

In FIG. 1, the leaf-spring 10 is a one piece sheet of
matal, formed by stamping or cutting for example, into
an H.form flexure with side leg strips 11 and. 12, with,
a bridge 13 therebetween, and tongues, 14 and 15 ex-
tending between the legs 11 and 12, from the bridge 13,
The whole device is flexible, and an.adjustment screw,
hole 16 is provided in the tongue 14. The FIG, 1 show-
ing is in ‘at rest’ flat condition. :

The operational form. of the leaf-spring 10, is illus- -
trated in FIG. 2, Each of the H leg ends.is rested.on.a
fixed ground as at 17. These are ground. supports, as
provided by the body of a relay, for example. The H leg
ends are free to bend and possibly slightly slide on their.
ground supports as the overall flexure is bent. An. ad-
justment screw 18 is also grounded, that is, it is
threaded.into the fixed ground 17. The tongue 14 is bi-
ased upward by its own resilience against the underside
of the head of the screw 18. A dotted circle 19, on the
tongue 15 indicates the location of, for example, a relay
valve ball as the device to. which the variable pressure,
of the spring is applied, in this case as a zero. bias for
the relay.

As illustrated in both FIG. 2 and FIG. 3, as the screw,
18 is rotated so as to progress downward into. the
ground support 17, the tongue 14 is depressed. This, re-
sults in downward bowing in the side strips 11 and, 12,
and downward bending, of the tongue 15, to. a greater
extent than the side strips because the outer end‘ he
tongue. 15, is not grounded and. the side strip, end are
grounded.

Variation of movement of the tongue. 15 per unit of
adjustment of the screw 18 may be accompllshed by lo-
cating the screw closer toor further away from the flex-
ure bridge 13.

It is notable that downward pressure on, the head of
the screw. 18 has no effect on the flexure force or ad-
justment. it is only when the screw is, rotated that sprmg
bias change occurs. This device therefore usefully lends.
itslef to, simple and precise adjustmenlg, and ‘to, auto-
matic machine assembly and calibration or adjustment
of a pneumatlc relay or other mstrwment device. Thus .

ments

'FIG. 3 indicates the location of a dlaphragm 20 and;
the valve ball 19 movable therby as related to, this. ﬂcx-
ure device in an application such asa pneumatic relay

The leaf-spnng structure of FIGS. 4 and 5, and that
of Figure 6, as alternatives to, the structure of FIGS. L
2 and 3, are given like reference numbers for like. ele-
ments. The structure of FIGS. 4 and 5 differs.in that the
side strips 11 and 12 are joined at the output end, that
is the end adjacent the tongue lS to. provide a sc
21 as a grounded adjustment for course adjustment in-
stead of the two fixed grounds 17 for the like ends of
FIG. 2 side strips 11 and 12.

The FIG. 6 structure is a desirable form for the pneu-
matic relay of this invention. The tongues 14 and 15 are
of different lengths for more effective operation for this
application, and side knobs 22 and 23 are used as locar-
ers in suitable recesses (not shown) in the relay body
to prevent undue planar movement of the overall flex-
ure devrce
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In FIG. 7, the externals of a pneumatic relay accord-
ing to this invention include a main body 24 and a
cover plate 25. A zero bias spring structure 10 is shown
in a recess in the body 24, this structure being of the na-
ture of those illustrated in FIGS. 1 through 6. This relay
has an A/S (air supply) power in opening at 26, a power
exit at 27, a vent at 28, and a pilot signal input through
the cover as indicated at 29, for example, from the
back pressure of a nozzle-baffle device 30.

FIG. 8 details the interior of the relay of FIG. 7. A
suitable cover of panel 31 is'used to close off the zero
spring recess (not shown in FIG. 7). The power fluid
system starts at the input 26, into a chamber 32, con-
taining the zero spring 10, past the valve ball 19 when
it is lifted from its seat by the diaphragm 20 through a
valve stem 33 attached to the diaphragm but unat-
tached to the ball 19, and then to the power outlet 27.
The valve comprises the ball 19, an adjustable conical
seat 19’ for receiving the ball, and the valve stem 33.

The diaphragm assembly 20 divides a housing cham-
ber into‘an inner sub-chamber 34 and an outer sub-
chamber 35. The inner sub-chamber 34 is open to the
power stream when the valve is open (when the ball 19
is lifted from its seat), and the vent to atmosphere is
provided from the inner sub-chamber 34, at 28.

The outer sub-chamber 3§ is part of a pneumatic sys-
" tem leading from the air supply 26, through a restrictor
36 into sub-chamber 35 and out to the nozzle-baffle de-
vice 39; as a nozzle bleed supply therefor by way of the
‘housing opening 29. Back (pilot) pressure from the
nozzle, when restricted by the baffle, builds up in the
outer sub-chamber 35, to move the diaphragm and lift
the valve ball 19 to allow passage of power flow. Thus,
the pressure point of valve opening depends on the ad-
justment of the spring plate 10 as it applies a resislient
bias against the valve ball 19 to hold it in its valve seat.

The diaphragm assembly 20, FIGS. 8, 9 and 10, com-
prises a flexible, thin metal plate 37 sandwiched with a
rubber or rubberlike backing sheet 38. This rubber
backing allows for assembly of the valve stem 33 with-

out the necessity of highly precise and expensive locat-

ing and sealing of the stem in the diaphragm assembly,
and provides for self-aligning seat action in the associ-
ated valve.

In FIG. 9, the metal diaphragm plate 37 is shown with
relieving radially a arcuate slots 39 therethrough which
provide an inexpensive structure providing the neces-
sary response and sensitivity in a simple manner by al-
lowing greater and freer movement of the center of the
diaphragm. The rubber sealing sheet 38 covers and
seals the slots 39. A center hole 40 is used to mount the
valve stem 33, and an opening 41 through the assembly
is part of the pneumatic passage from the air supply
into the outer sub-chamber 35, FIG. 8.

With the simplicity and inexpensiveness of this over-
all structure, the relay according to this invention lends
itself to miniaturization and low pressure pneumatic
uses and systems.
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This invention therefore provides a new and useful
pneumatic relay in a combination of sandwiched dia-
phragm and grounded leaf-spring zero bias means,
lending itself to simple and inexpensive manufacture
assembly and adjustment while maintaining the sensi-
twnty and operational integrity necessary to control de-
vices of modern instrumentation.

As many embodiments may be made of the above in-
vention, and as changes may be made in the embodi-
ment set forth above without departing from the scope
of the invention, it is to be understood that all matter
hereinbefore set forth and in the accompanying draw-
ings is to be interpreted as illustrative only and not in
a limiting sense.

I claim:

1. A one-piece H-form leaf spring structure compris-
ing:

a pair of side strips;

a bridge strip between said side strips and joining said

side strips at points intermediate the ends thereof;

a first tongue strip extending from said bridge strip,
between and toward one end of said side strips and
terminating in a free end;

a second tongue strip extending from said bridge
strip, between and toward the other end of said side
strips and terminating in a free end;

wherein said leaf spring structure is provided for
mounting on ground support means at the ends of
said side strips, and the free end of said first tongue
strip is provided for application to an operator; and

grounded adjustment means applied to said second
tongue strip;

whereby said adjustment means is at least a factor in
holding said side strips on the ground support
‘means therefor, and adjustment of said adjustment
means results in variance of the force of said appli-
cation of said first tongue strip to said operator.

2. A leaf spring structure according to claim 1
wherein the said side strips are joined at one end and
provided at said end with adjustable ground support
means as a coarse adjustment of said spring structure,
with said grounded adjustment means applied to said
second tongue strip as a fine adjustment of said spring
structure.

3. A spring structure according to claim 1 wherein:

said operator is a valve closure element.

4. A spring structure according to claim 1 wherein:

said operator is a valve closure element in a pneuma-
tic system.

5. A spring structure according to claim 1 wherein:

said operator is a valve in a pneumatic relay.

6. A spring structure according to claim 1 wherein:

said operator is an element responsive to a differen-
tial pressure.

7. A spring structure according to claim 2 wherein:

said operator is a valve in a pneumatic relay.
* * * * *



