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Our invention relates to timing relays and, more par-
ticularly, to pneumatically controlled timing relays.

In Patent No. 2,538,038, granted to J. C. Ponstingl et
al., and assigned to the assignee of this invention, there
is described a type of pneumatically-controlled timing de-
vice wherein delayed actuation of an electrical relay is
controlled by the rate of air flow into a chamber having
at least one flexible wall. A spring loaded plunger
mounted on the flexible wall or diaphragm seals the
chamber; the chamber is vented and its volume may be
decreased by the escape of fluid from the chamber through
a check valve when the plunger is externally actuated.
When the external force is removed from the plunger,
the spring biases the plunger towards its normal position,
and the check valve is closed by reversal of the pressure
drop thereacross. The rate of expansion of the chamber
and the consequent rate of plunger movement toward
normal position is thereafter controlled by means of an
adjustable timing valve.

In the mentioned patent, the timing valve comprises a
pair of metal members having matching conical faces,
one of which (hereafter called the stem) is adjustable
relative to the other (the stem seat) by rotation within
@ screw-threaded housing. The stem seat has an axial
bore which opens into the aforementioned expansible
<chamber. As the stem is rotated, there is relative axial

movement between the conical surfaces, and the restric--

tion of air flow thercbetween into the axial bore deter-
‘mines the rate of expansion of the expansible chamber.

This arrangement presents certain rather serious oper-
:ating problems. Because of unwanted variations in the
«dimensions of the valve members, the machined surfaces
are not exactly conical and additionally there is a lack of
concentricity between the mating faces of the valve stem
and the stem threads. Rotation of the stem effects irregu-
lar changes in the area of the orifices between the valve
stem and seat which results in an irregular timing char-
acteristic.  Also, some difficulty may be found in obtain-
ing very long timing intervals because of difficulty in con-
stricting the flow of air inasmuch as the metal valve stem
and seat may bind before the orifice is reduced to its
smallest area. The metal parts binding against each other
additionally produce small particles which often find their
way underneath the check valve and change the seating
thereof to. further deleteriously affect the operation of the
timing device.

Our present invention overcomes this problem by an
arrangement wherein the timing valve stem is moved
axially relative to its seat without rotation SO as to en-
tirely preclude the possibility of binding between stem and
seat and the consequent abrasion resulting therefrom,
The- stem is further made of a self-lubricating resilient
plastic material such as nylon or a polyethylene resin
which can be deformed slightly so as to reduce the ori-
fice area to any required valie without binding or abrad-
ing the valve seat.

. One object of our invention is to provide a regulating
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valve for a pneumatic timing device adapted to constrict
the passage of air therethrough to extremely small flow
rates,

Another object is to provide a regulating valve for a
pneumatic timing device having conical matching sur-
faces: wherein the possibility of binding or abrasion of
the conical surfaces is reduced to a minimum,

Another object is to provide a regulating valve for a
pneumatic timing device, the calibration of which is regu-
lar and will not change during ‘use because of abrasion
of the component parts thereof.

Other objects and features of our invention will be-
come. apparent from a study of the following detailed
description thereof when taken in connection with the
accompanying drawings, in which:

Figure 1 is a cross-sectional side view of a preferred
embodiment of our invention; :

Fig. 2 is a side view of a valve housing utilized in the
embodiment of our invention depicted in Fig. 1, wherein
certain features of the valve housing are shown more dis-
tinctly than in Fig. 1.

The timing relay components are shown assembled on
a support, generally designated by the reference numeral
1, which may be of metal or any other material capable
of carrying the load of the respective items. The actu-
ating means for the relay is generally designated by the
block 3 and may be any device well known to the art,
such as the electromagnetic actuator illustrated and de-
scribed in the aforementioned patent to Ponsting] et al.
Switch 11 is controlled by movement of a spring-loaded
diaphragm and plunger assembly, generally designated
13, which forms part of the pneumatic timing device.
Switch plunger 14 is connected to the plunger § of the
pneumatic timing device by means of a lever 7 which is
pivotally mounted on a bracket § physically attached to
the switch 11 and timing device 13. The plunger 5 is
spring loaded to the non-operating position illustrated
by means of a compression spring 9 disposed between
spring seats 19 and 12 which are physically affixed to
bracket 8 and lever 7, respectively.

Cup-shaped member 52 having a re-entrant bottom sec-
tion 34 is secured to support 1 so as to be substantially
coaxial with the line of action of the actuating device 3.
The re-entrant bottom section 34 forms one wall of a

- chamber 23; the other wall being provided by a flexible

diaphragm 19 which is clamped about the lower marginal
edge of cup-shaped member 52, by means of a bottom
cap 15. Plunger 5 is secured at its upper end to dia-
phragm 19 by means of a pair of sealing plates 21 and
17 and projects through an axial hole drilled in bottom
cap 15 towards actuating device 3. - Chamber 23 is vented
to the atmosphere through a plurality of holes 25 by
means of a check valve 36. This check valve comprises
a spring-loaded diaphragm 39 of rubber or similar ma-
terial, which is seated on circular raised surface 35 form-
ing part of the bottom of cup-shaped member 52 and on
a raised shoulder 38 formed about a central opening in
the bottom of the cup. The holes 25 are drilled through
the re-entrant member 34 between the raised surfaces 35
and 38. The diaphragm 39 is spring-loaded against
shoulder 35 by means of a compression spring 43 posi-
tioned between a downwardly directed spring seat formed
by shoulder 50 of the valve housing or sleeve nut 55 and
the inner valley of the corrugated washer 41 which bears
against diaphragm 39. The inner edge of washer 41 bears
against shoulder 46 of the valve housing and is snugly
fitted thereabout. Shoulder 40 is spaced from diaphragm
39 and restrains the diaphragm against appreciably axial
movement. .

The timing valve assembly comprises a valve member
31 having a threaded body portion 33 which projects
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upwardly through -the central opening in the re-entrant
member 34. Beyond the threaded body sectiom, this
member terminates in a truncated conical extension §9.
A hole 29 extends axially through the member from the
truncated termination: of the conicel -section -§9: to- the
chamber 23. .

A valve housing 55 threads over the threaded seetion

33 .of the valve membet 31, the bottdm face seating on

the raised surface 38 to.positively secure and locate the-

timing: valve housing. -As-shown in Fig. 2, this housing
is provided with two opposite slots 81 extending from
the. upper edge-thereof to about half way down the length
of the-housing. A hole 49 is drilled through the hous-
ing immediately above the upper end of threaded section
33 of valve member 31 to provide communication -be-
tween ‘the interior .of the cup-staped mieniber 52 and the
interior: of valve -housing 55.

. A valve:stem 56 having a pair of opposing flanges 57
and a tapered recess 61 .which .matches the truncated
conical section 5% of valve member 31 is disposed im-
mediately above valve sectian 31 with the flanges thereof
fitting into the slots 81 in valve housing 55. This valve
stem 56 is made of a material such as nylon 10001
(copolymer amide of adipic acid with sebacic acid and
hexamethylene diamine) which is slightly resilient hav-
ing a compressive strength of 4,000 to 6,000 p. 5. i, 2
modulus of elasticity. of 5X10¢ to. 53108 p. s. i, and
a flexural strength of 8,000 to 20,000 p. s. i., and is self-
Iubricating when in sliding contact with an adjacent metal
member. )

The timing valve housing is locked by means of a
spanner strip S1 provided with a central opening 50
corresponding to the marginal edge -of shoulder 54 of
the valve housing. The outer ends of spanner strip 51
are seated in suitable recesses in the upper end of cup-
shaped. member 52. to prevent rotation. Strip S1 per-
mits adequate air flow around its lateral edges to permit
air to be vented thereabout to the atmosphere. It is
preferable that the air be filtered and for that purpose

a screen 53 is provided which fits over the top of member :

51 and extends about the upper marginal edge of cup-
shaped member 52. The screen is secured in this posi-
tion by cap 77.

Fitting snugly about valve housing 55 is a sleeve mem-
ber 69 which is connected at its upper end to dial 73
by means of studs 7%, and which is slidingly secured to
top cap 77 by means of the retaining washer 78. This
sleeve 69 has a solid eund section 72. through which is
drilled an axial threaded bore 74. A threaded stem 65

secured to the upper end of valve member 56 by means *

of roll pin 63 threadedly engages this axial bore hole
74 so that rotation of dial 73 and sleeve 69 will raise
stem 65 and valve member 56 without rotation thereof,
rotation being prevented by the flanges 57 and slots §1
which have been described above.

In operation, actuating device 3 drives plunger 5 verti-
cally upward in response to an external signal, expelling
air from chamber 23 through check vaive 36. Upon
cessation of the dctuating signal, actuator 3 will drop;
plunger 5 will remain in a suspended position due to
the immediate reversal in pressure across check valve
36, but will be biased toward its normal position by lever
7 and spring 9. Air will thereupon enter chamber 23
through bore hole 49, the adjustable orifice between valve
member 56 and conical section §9 and the axial hole
29 through valve member 33; plunger 5 will slowly fail
in accordance with' the rate of flow of air into chamber
23. The rate of flow of air is adjusted by rotating dial
73, thereby raising or lowering valve member 36 in ac-
cordance with the directicn of rotation of the dial. The
rate of fall of plunger 5 will be determined by the rate
of fiow of air through the orificé and switch 11 will be
actuated when plunger 5 reaches ifs normal position.
The calibrating marks 7§ en dial 73 provide an indica-
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tion of the length of time required for plunger 5 to travel
from .its actuated position to-its normal position.

From the above description, it is apparent that the
valve member 58, being allowed to move vertically with-
out rotation, makes possible a very regular timing char-
acteristic inasmuch as inescapable machining variations
are no longer important insofar as the calibration of the
valve is concerned. Air flow through the valve may be
reduced to practically zero imasmuch as the -plastic ma-
terial is adapted to- deferm slightly and conform to the
shape of the conical valve seat. Sinee there is no rela-
tive rotation of valve members; the possibility of small
particles being ground from one or the other of the
valve miemibers is -practically  mon:existerit so that this
cause of faulty valve operation is virtually eliminated.

The invention is not to be restricted to the specific
structural details or arrangement of parts herein set forth
as various modifications thereof may be effected without
departing from the spirit and scope of this inventicn.

We claim as our invention:

1. In a pneumatic device in combination: a horizon-
tally disposed cup-shaped member having an upwardly
dished bottom; a flexible diaphragm securéd at its pe-
riphery to the bottom edge of the cup-shaped member
fo thuis, with the upwardly dished bottom, form a com-
pression chamber; a diaphragm actuatinig element secured
to the diaphragm. to- bias the diapliragm and provide a
maximum velume for the compression chamber; a pro-
jection proejecting upwardly from the bottom, said pro~
jection having a relatively small axial opéning, a threaded
cylindrical’ portion near its base, and a tapered upper
end; a valve supporting surface disposed about said pro-
jection; an annular valve seat disposed about and spaced
from said surface; said bottom being provided with an
opening between said surface and said valve seat; a flex-
ible check valve diaphragm having an opening, said check
valve diaphragm opening fitting about said threaded cy-
lindrical portion and said check valve diaphragm seating
on said surface and on said valve seat; a sleeve nut
threaded on said threaded cylindrical portion and having
a bottom face portien- overlapping said chieck valve di-
aphragm; spacing means spacing said bottom face por-
ticn of said sleeve nut above said check valve diaphragm
in a position limiting axial displacement of said check
valve diaphragm; said sleeve nut being provided with
a flange having a dewnwardly directed spring seat dis-
posed above said check valve diaphragm, said sleeve nut
being provided with a radial channel se disposed below
said spring seat that the c¢hannél, in use, falls directly
above said threaded cylindrical portion, a washer dis-
posed on said check valve diaphragm; a compression
spring disposed between said spring seat and said washer
to thus bias said chéck valve diaphragm against said
surface and said valve seat; a stem having flanges adapted
to engage slots cut into said sleeve nut at the upper end
thereof, said stem at its bottem end being provided with
a tapered recess matching said tapered projection; means
adapted to raise said stem without rotation thereof, and
means secured to said stem for ceacting with said cup-
shaped member for indicating the pesition of said stem
with respect to said tapered projection.

2. In a pneumatic device in combination: a horizon-
tally disposed cup-shaped member having an upwardly
dished bottom; a flexible diaphragm secured at its pe-
riphery to the bottom edge of the cup-shaped mémber
to thus, with the upwardly dished bottom, ferm a com-
pression chamber; a diaphragni actuating element se-
cured to the diaphragm fo bias the diaphragm and pro-
vide a maximum voiume for the compression chamber;
a projection projecting upwardly from the bottom, said
projection having a relativély small axial opening, a
threaded cylindrical portion near its base, and & tapered
upper end; 4 valve supporting surface disposed aboiit
said projection; an annular valve seat disposed about and
spaced from said surfacé, said bottom being provided
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with an opening between said surface and said valve seat;
a flexible check valve diaphragm having an opening, said
check valve diaphragm opening fitting about said threaded
cylindrical portion and said check valve diaphragm seat-
ing on said surface and on said valve seat; a sleeve nut
threaded on said threaded cylindrical portion and having
a bottom face portion overlapping said check valve di-
aphragm; spacing means spacing said bottom face por-
tion of said sleeve nut above said check valve diaphragm
in a position limiting axial displacement of said check
valve diaphragm; said sleeve nut being provided  with
a flange having a downwardly directed spring seat dis-
posed above said check valve diaphragm, said sleeve nut
being provided with a radial channel so disposed below
said spring seat that the channel, in wuse, falls directly
above said threaded cylindrical portion, a washer dis-
posed on said check valve diaphragm; a compression
spring disposed between said spring seat and said washer
to thus bias said check valve diaphragm against said
surface and said valve seat; a stem having flanges adapted
to engage slots cut into said sleeve nut at the upper end
thereof, said stem at its bottom end being provided with
a tapered recess matching said tapered projection; means
adapted to raise said stem without rotation thereof, said
stem being composed of a copolymer amide of adipic
acid with sebacic acid and hexamethylene diamine, and
means secured to said stem and coacting with said cup-
shaped member for indicating the position of said stem
with respect to said tapered projection.

3. In a pneumatic device in combination: a horizon-
tally disposed cup-shaped member having an upwardly
dished bottom; a flexible diaphragm secured at its pe-
riphery to the bottom edge of the cup-shaped member
to thus, with the upwardly dished bottom, form a com-
pression chamber; a diaphragm actuating element se-
cured to the diaphragm to bias the diaphragm and pro-
vide a maximum volume for the compression chamber;
a metallic projection projecting upwardly from the bot-
tom, said projection having a relatively small axial open-
ing, a threaded cylindrical portion near its base, and a
tapered upper end; a valve supporting surface disposed
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about said projection; an annular valve seat disposed
abeut and spaced from said surface, said bottom being
provided with an opening between said surface and said
valve seat; a flexible check valve diaphragm having an
opening, said check valve diaphragm opening fitting about
said threaded cylindrical portion and said check valve
diaphragm seating on said surface and on said valve seat;
a sleeve nut threaded on said threaded cylindrical por-
tion and having a bottom face portion overlapping said
check valve diaphragm; spacing means spacing said bot-
tom face portion of said sleeve nut above said check
valve diaphragm in a position limiting axial displace-
ment of said check valve diaphragm; said sleeve nut
being provided with a flange having a downwardly di-
rected spring seat disposed above said check valve di-
aphragm, said sleeve nut being provided with a radial
channel so disposed below said spring seat that the chan-
nel, in use, falls directly above said threaded cylindrical
portion, a washer disposed on said check valve dia-
phragm; a compression spring disposed between said
spring seat and said washer to thus bias said check valve
diaphragm against said surface and said valve seat; a
stem having flanges adapted to engage slots cut into
said sleeve nut at the upper end thereof, said stem at
its bottom end being provided with a tapered recess
matching said tapered projection; means adapted to raise
said stem without rotation thereof; said stem comprising
a non-metallic, slightly deformable, self-lubricating or-
ganic solid having a flexural strength of 8,000 to 20,000
pounds per square inch, a compressive strength of 4,000
to 6,000 pounds per square inch, and a modulus of elas-
ticity of 5X10¢ to 5108 pounds per square inch; and
means secured to said stem for coacting with said cup-
shaped member for indicating the position of said stem
with respect to said tapered projection.
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