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2,953,657
PNEUMATIC-ELECTRIC RELAY

Thomas William Clements, Elking Park, Pa., assignor to
Moore Products Co., Philadelphia, Pa., a corporation
of Pennsylvania | |

Filed Mar. 12, 1957, Ser. No. 645,471
13 Claims. (Cl. 200—81)

This invention relates to pneumatically actuated elec-
fric relays.

It 1s the principal object of the present invention to
provide a pneumatically operated relay in which a con-
trol pressure is balanced against a measured or set pres-
sure for controlling electrical contacts. |

It is a further object of the present invention to provide
a pneumatically operated relay of the character afore-
sald in which the set pressure can be varied as desired.

It 1s a further object of the present invention to provide
a pneumatically operated relay for controlling electrical
contacts in which the components are disposed in a com-
pact and concentric arrangement.

It is a further object of the present invention to pro-
vide a pneumatically operated relay for controlling elec-
trical contacts in which the components include a limit
setting regulator, a pneumatic-electric switch and a pneu-
matic limit device.

It is a further object of the present invention to provide
a pneumatically operated relay for controlling electrical
contacts in which the unit has one or more pneumatical-
ly operated switch elements which respond to predeter-
mined levels of a pressure, such as a gaging pressure,
supplied to one connection. | |

Other objects and advantageous features of the inven-
tion will be apparent from the description and claims.

The nature and characteristic features of the invention
will be more readily understood from the following de-
scription, taken in connection with the accompanying
drawings forming part thereof, in which: |

Figure 1 is a view of the relay in accordance with the
invention partly in elevation and partly in section taken
on the line 1-—1 of Fig. 2: -

_Fig. 2 is an end elevational view of the relay shown in
Fig. 1; -
Fig. 3 is a sectional view taken approximately on the

line 3—3 of Fig. 1 and with parts broken away to show

details of construction: | |
- Fi1g. 4 is a sectional view, enlarged, taken approximately
on the line 4—4 of Fig. 3:
- Fig. 5 is a sectional view
line 5—5 of Fig. 1; and |
Fig. 6 is a schematic cross sectional view of one of the
switch elements.
It should, of course, be understood that the description
and drawings herein are illustrative merely, and that va-

taken approximately cn the

rious modifications and changes can be made in the

structure disclosed without departing from the spirit of
the 1nvention. | 5 |
Like numerals refer to like parts throughout the sev-
eral views. | | -
- Reterring now more particularly to the drawings, a plu-
rality of discs or rings are provided, arranged in a stack
and suitably clamped together, with fluid pressure input
connections and with - electrical conductors: preferably
brought together at a separable plug connection.
“The relay in accordance with the invention preferably
Includes a connection ring 10, a pressure divider ring 11,
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a regulator ring 12, a composite contact ring 13, a spacer-
ring 14, a relay ring 15 and a cover ring 16. For each
additional switch section, additional stacks of discs or
rings 11 to 15, inclusive, are provided, identified on addi-
tional sections as 1q to 11e, 12a to 12¢, 13a to 13c¢, 14a
to 14c, and 15a to 15c, respectively. Only one cover
ring 16 is required and is disposed at the end of the stack
opposite the connection ring 10 when all the other rings
have been assembled, and diaphragms interposed and
clamped with respect to the rings are provided, as fol-
lows: a sealing ring 17 between the rings 10 and 11, a
regulator diaphragm 18 between the rings 11 and 12,
a switch loading diaphragm 19 between the rings 12 and
13, a switch actuating diaphragm 20 between the rings
14 and 15, and a relay diaphragm 21 between the ring
15 and the ring therebeyond whether this is a ring 11a
or a ring 16. The diaphragms 17, 18, 19, 20 and 21 can
be of any desired thin flexible impervious material.
The ring 1@ is provided with a pressure connection 25
for the application of the gaging or measured pressure to
an interior passageway 26 from which a longitudinal

~bassageway 27 extends through the rings 11, 12, 13, 14

and 15 of each section and to the ring 16, for applica-
tion in a chamber 28 in the ring 11a or 16 against the
upper face of the diaphragm 21. |

The ring 1¢ is also provided with a supply pressure
connection 3& for the introduction of a supply pressure
from any suitable source of pressure regulated fluid, such
as air, and which serves as a source of setting pressure
and as a source of energy for switch actuation as herein-
after pointed cut. The supply connection 30 is con-
nected to an interior passageway 31 and thence to a longi-

~ tudinal passageway 32 extending through the rings 11,
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12, 13, 14 and 15 of each section and is closed by the

cover ring 16.

The ring 11 is provided with a chamber 33 in com-
munication with one side of the diaphragm 18 and which
1s in communication with the passageway 32 through
a restriction 34 and vented to the atmosphere through an
adjustable restriction 35 comprising a threaded stem 36
with an elongated tapered end movable with respect to -
a port 37 in the ring 11. The outer end of the stem
36 has a screw slot 38 for adjustment from the exterior.,
A vent port 39 to atmosphere is provided in the ring 11.

The ring 12 is provided with a chamber 40 In com- .
munication with the opposite side of the diaphragm 18
and the chamber 40 is in communication with the pas-
sageway 32 through a restriction 41. A nozzle 42 is
provided in the chamber 48 and facing the diaphragm 18
for engagement thereby by which the flow therethrough

to an exihaust passageway 43 to atmosphere is controlled.

The chamber 48 has a passageway 44 extending there-
from to a chamber 45 on the opposite face of the ring 12
and bounded by the diaphragm 19. A passageway 46
is also provided extending between the chamber 40 and a

chamber 47 in the ring 15 on the opposite face of the
diaphragm 21 from the chamber 28.

discs, laminated if desired, and with contacts therein in
any preferred manner. One suitable arrangement of con-
tacts 50, 51 and 52 will be seen in Fig. 5, which can em-
ploy printed circuits with connectors 30a, 51a, and 524
to exterior contacts 50p, 51b, and 52b, in a connector
block 55 on the exterior of the stack of rings.

The rings 13 and 14 can be as shown at 13 and 14,
13a and 14e, or reversed as at 13p and 145, 13c and 14c,
in accordance with the desired positioning of the contacts
50, 31, and 52, i.e., whether they are to be employed nor-
mally closed or normally open.

The ring 13 has a chamber 56 formed therein and
bounded by the diaphragm 19 and a communicating en-
largement 57 therebeyond in the ring 14 and the ring 14
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has a communicating chamber 58 therein bounded by the
diaphragm 20 and preferably of a larger effective areca
than the chamber 56. |

The diaphragms 19 and 20 preferably have a conduct-
ing contact disc 60 interposed therebetween and secured
théreto for movement together, the contact disc 60 hav-
ing a rim 61 for engagement and disengagement with the
contacts 5@, 51 and 52 in accordance with its positioning
by the pressures on the diaphragms 19 and Z9. |

“The ring 15 has a chamber 62 therein bounded by the

diaphragm 238 and a vent passageway 63 connected there-
to and to the atmosphere has a restriction 64 therein.

The chamber 62 has a passageway 65 extending thereto
from the chamber 47, the passageway 65 at its entrance
end having a nozzle 66 controlled by the positioning of
the diaphragm 21 with respect thereto.

‘The mode of operation will now be pointed out.

Fluid under pressure from & pressure regulated source
is supplied through the supply connection 30 and Is avail-
able through the passageway 31 to the passageway 32 and
therefrom to the chamber 33 through the restriction 34
and to the chamber 4¢ through the restriction 41. From
the chamber 40 fluid under pressure is supplied to the
chamber 47 through the passageway 46, and fto the
chamber 45 through the passageway 44.

‘The gaging pressure or measured pressure is supplied
through the fluid connection 25 and the passageways 26
and 27 to the chamber 28.

Whenever the pressure in the chamber 28 exceeds that
in the chamber 47 the diaphragm 21 is depressed against
the nozzle 66. The pressure in the chamber 33 is deter-
mined by the relative size of the restrictions 34 and 395
anid can be manually adjusted by adjustment of the stem
36. | |

The restriction 41, as previously indicated supplies
fluid, from the passageway 32 to the chamber 48 from
which it is exhausted to the atmosphere through the noz-
zle 42 and passageway 43. Whenever the pressure in the
chamber 40 exceeds the pressure in the chamber 33 the
nozzle 42 will be open causing the pressure in the cham-
ber 46 to fall since fluid can be exhausted through the
nozzle 42 faster than it can be supplied through the re-
striction 41. | |

Conversely, whenever the pressure in the chamber 40
‘s lower than that in the chamber 28 the diaphragm Ie
will be forced against the nozzle 42, thus preventing the
escape of fluid through the nozzle 42 and causing the
pressure in the chamber 46 to increase. As a result the
pressure in the chamber 40 will come to equilibrium at a
value substantially equal to that in the chamber 33 with
the nozzle 42 partially closed by the diaphragm 18.

‘The pressure in the chamber 48 1s a “live” pressure
:n that a small additional flow to or from the chamber 40
will not materially affect its pressure but merely cause
the diaphragm 18 to reposition slightly with respect 1o
the nozzle 42 as required to maintain the pressure in the
chamber 40 in equilibrium with the pressure in the cham-
ber 33. |

The chamber 40 thus serves to furnish pressure fluid
to the chamber 47 for balancing against the gaging pres-
sure exerted in the chamber 23, as well as for additional
PUrposes.

" Fluid pressure from the chamber 49 is also suppilied
through the passageway 44 to the chamber 45 for loading
the diaphragm 19 in an upward direction, thus moving
the switch contact disc 68 upwardly and out of contact
with the contacts 50, 51 and 5Z.

The pressure manually set in the chamber 33 by ad-
justment of the restriction 33 and which is reproduced
in the chambers 33 and 47 is the sef pressure and deter-
mines the firing point of the unit.

Whenever the gaging pressure in the chamber 28 is
lower than the set pressure in the chamber 47 the dia-
phra'gmlzll.. will be in its upper position and fluid from
the chamber 47 will flow through the nozzle 66 to the
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chamber 62 and thence to the atmosphere through the
resiriction 64. The size and pressure relations of the
restrictions 64 and 41 are made such that fluid will be
supplied through the restriction 43 faster than it can be
exhausted to the atmosphere through the restriction 04.
The excess fluid will be exhausted through the nozzie 42
and the pressure in the chamber 40 and hence in the
chamber 62 will remain substantially in balance and
equal to the set pressure in the chamber 33.

The pressure in the chamber 62 exeris a downward
force on the diaphragm 20 and opposes the force of the
same pressure exerted in the chamber 45 against the dia-
phragm 19.

The diameter of the switch contact disc 68 adjacent the
diaphragm 29 is greater than the diameter of that portion
of the disc 69 which is in contact with the diaphragm 139
so that the downward force will exceed the upward force:
and the contact disc 6§ will be forced against the contacts
50, 51 and 52, closing the electrical circuit.

When the gaging pressure increases and exceeds the
set pressure in the chamber 47 the diaphragm 21 will be
forced against the nozzle 66, shuiting off access of fluid
from the chamber 47 to the chamber 62. The fluid in
the chamber 62 will exhaust to the atmosphere through
ihe restriction €4 and will no longer exert a downward
force on the diaphragm 28. The pressure in the cham-
ber 45 will act against the diaphragm 19 in an upward
direction moving the contact disc 60 away from contacts
50, 51 and 52 and opening the electrical circuit.

While the operation has been described in detail as to
a single electric switch unit it will be clear that the set
pressure in each unit can be adjusted as described and in
accordance with the particular control to be effected.

I claim:

1. Pneumatic control apparatus comprising a first con-
nection to a supply of fluid under pressure, a second con-
nection to a source of measured pressure, a chamber hav-
ing a diaphragm therein to which said second connec-
tion is conmected for applying said measured pressure
against said diaphragm in one direction, means for apply-
ing a control pressure against said diaphragm in the op-
posite direction, said means including a second chamber
having a movable member therein, said second chamber
having a vent nozzle therein in communication with the
atmosphere controlled by said movable member, said
second chamber having a connection through a restric-
tion to said first connection, electrical contacts, and mem-
bers for controlling said contacts including a pressure actu-
ated member controlled by said control pressure.

7 Pneumatic control apparatus comprising a first con-
nection to a supply of fluid under pressure, a second
connection to a source of measured pressure, a chamber
having a diaphragm therein to which said second con-
nection is. connected for applying said measured pressure
against said diaphragm in one direction, and means for
applying a control pressure against said diaphragm in the
opposite direction, said means including a second cham-
ber having a movable member therein, said second cham-
ber having a vent nozzle therein in communication with
the atmosphere controlled by said movable member, said
second chamber having a connection through a restriction
to said first connection.

3 Ppeumatic control apparatus as defined in claim 2
in which members are provided for applying another
pressure on said movable member, said other pressure
applying members including a connection 1o said first
connection having two restrictions therein in series and:a
takeoff therein between said. restrictions for applying said
other pressure on said movable member. |

4. Pneumatic control apparatus comprising a first cham-
ber, a fluid pressure responsive diaphragm bounding said
first chamber, a second chamber, a second fluid pressure
responsive diaphragm bounding said second chamber, a
contact disc movable with said second diaphragm, elec-
trical contacts for engagement and disengagement by said
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contact disc, and members for controlling the positioning
of said second diaphragm including a connection from a
control pressure to said first chamber, a second connec-
tion from said first chamber to said second chamber, and
a nozzle in said second connection controlled by the posi-
tioning of said first diaphragm with respect thereto.

5. Pneumatic control apparatus comprising a first cham-
ber, a fluid pressure responsive diaphragm bounding said
first chamber, a second chamber, a second fluid pressure
responsive diaphragm bounding said second chamber, a
member movable with said second diaphragm, and mem-
bers for controlling the positioning of said second di-
aphragm including a connection from a control pressure
to said first chamber, a second connection from said first

chamber to said second chamber, a nozzle in said second

connection controlled by the positioning of said first di-
aphragm with respect thereto, and a vent through a re-
striction connected to said second chamber.

6. Pneumatic control apparatus comprising a chamber,
a fluid pressure responsive diaphragm bounding said cham-
ber, a contact disc movable with said diaphragm, electrical
contacts for engagement and disengagement by said con-
tact disc, and members for controlling the positioning
of said diaphragm including a connection from. a control
pressure to said chamber, and a vent connected to said
chamber and to atmosphere and having a fixed restriction
therein, said vent providing continuous communication
between said chamber and the atmosphere.

7. Pneumatic control apparatus comprising a pair of
spaced diaphragms, a contact member interposed between
“and movable with said diaphragms, said contact member
retaimng said diaphragms in spaced relation, fixedly
~mounted electrical contacts for engagement and disen-
gagement by said movable contact member, and means
for applying different fluid pressures against said di-
aphragms in opposed directions for positioning said di-
aphragms and said contact member, said diaphragms hav-
ing unequal effective areas.

8. Pneumatic control apparatus comprising a first con-
nection to a source of measured pressure, a chamber hav-
ing a pressure responsive diaphragm therein, a connection
from said first connection to said chamber for applying
the measured pressure against said diaphragm in one
direction, members for applying an opposing force against
said diaphragm, a nozzle controlled by the positioning
of said diaphragm with respect thereto, a fluid connection
from said nozzle, and pressure controlled electrical con-
tact members controlled by the pressure in said last con-
nection determined by said nozzle.

9. Pneumatic control apparatus comprising a first con-
nection to a source of measured pressure, a chamber hav-
ing a pressure responsive diaphragm therein, a connection
irom said first connection to said chamber for applying the
measured pressure against said diaphragm in one direction,
members for applying a set pressure in said chamber and
against said diaphragm in the opposite direction, a nozzle
in said chamber having a discharge connection with the
pressure therein controlled by the positioning of said di-
aphragm with respect to said nozzle, and pressure con-
trolled electrical contact members controlled by the pres-
sure at said discharge connection.
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10. Pneumatic control apparatus comprising a plural-
ity of rings in coaxial arrangement, one of said rings hav-
ing a first connection to a supply of fluid under pressure,
one of said rings having a second connection to a source
of measured pressure, certain of said rings having spaced
diaphragms with a coaxial contact disc therebetween and
elecirical contacts for engagement and disengagement by
said contact disc, others of said rings having a limit
setting regulator therein for delivering a regulated fluid
pressure and with which said first connection is in com-
munication, and others of said rings having a pressure
responsive sensing device therein to which: said second con-

nection is connected, said sensing device controlling the

pressure effective on one of said diaphragms, and a fluid
connection for delivering said regulated fluid pressure
against another of said diaphragms.

11. Pneumatic control apparatus comprising a first con-
nection to a supply of fluid under pressure, a second con-
nection to a measured pressure, a fluid pressure respon-
sive member to which said second connection is connected,
electric contact members, a second fluid pressure respon-
sive member for controlling said electric contact members,
members connected to said first connection for supply-
ing a setting fluid pressure, members for applying said
setting fluid pressure at said first fluid pressure IESponsive
member in opposition to said measured pressure, and
members for applying said setting fluid pressure against
sald second fluid pressure responsive member for con-

trolling said contact members.

12. Pneumatic control apparatus as defined in claim
11 1 which said setting pressure fluid applying members
include portions for applying said setting fluid pressure
against opposed areas of said second fluid pressure re-
sponsive member.

13. Pneumatic control apparatus comprising a differ-
ential fluid pressure responsive member, a connection for
applying a measured fluid pressure against said member
in one direction, a control pressure setting member for
applying a fiuid pressure against said pressure responsive
member in the opposite direction, a valve member having
a port controlled by the positioning of said pressure re-

- sponsive member, a fluid pressure operated switching
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member, and a fluid connection between said port and
said switching member for controlling said switching
member in response to a pressure controlled by said valve
member. |
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