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ABSTRACT: This disclosure relates to a vacuum temperature
control system wherein a pair of vacuum signals respectively

from a temperature sensor and a temperature selecting means
are translated by a comparator into a vacuum control signal
that operates a temperature output means for the system in
relation to the vacuum control signal to produce a propor-
tional action thereof, the system, however, having vacuum
signal means for resetting the comparator to slowly eliminate

the proportional action caused by the comparator. The com-
parator comprises a valve means having a one-piece dia-
phragm means provided with three spaced and stacked

RS/

diaphragm portions.
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1
PNEUMATIC CONTROL SYSTEM AND PARTS
THEREFORORTHELIKE . . .- .

This application is a continuation-in-part of its copending
application, Ser. No. 719,495, filed Apr. 8, 1968 and‘is as-
signed to the same assignee to whom this application is as-
signed. :

This invention relates to a pneumatic control system and to
improved parts for such a control system or the like. This in-
vention also relates to an improved method for operating such
a control system or the like. ]

It is well known that two pneumatic signals can be directed
to a comparator so that the comparator will translate the dif-

ferential in the two signals being received thereby, into a con-
trol signal being directed from the comparator to a control
device to operate the control device in relation to value of the
output control signai, the output signal being proportional to
the differentjal of the two pneumatic signals being directed to
the comparator. ) .

However, it has been found that when such a pneumatic
control system is being utilized to control heat exchanging
means, such as an automobile heat exchanging means that in-
cludes a heating means and an air-conditioning means, the
pneumatic control device that operates the heat exchanging
means must be adapted to have a range of actuation thereof
that will provide at one end thereof a full heating cycle and at

the other end thereof a full cooling cycle in order to provide a-

suitable, nonoscillating heat exchanging system and not one
that is either full cooling or full heating upon a sensing of tem-
perature output above ard below a selected temperature. :

Thus, such stable nonoscillating heat exchanging system as
described above may vary the controlled temperature within a
very wide proportional band of temperatures, such as plus or
minus 5° F., from the selected temperature as the load on the
system varies from that requiring full cooling to that requiring
full heating whereby this variation, called *“droop™ or “offset”’
cannot normally be tolerated. .

Accordingly, one feature of this invention is to solve the
above problem by providing an additional signal means on the
comparator that will substantially cancel the *“droop” so as to
provide a satisfactory temperature control system.

In particular, one embodiment of this invention provides an
integral or reset action on the comparator which cancels the
effect of the proportional action of the output signal from the
comparator which created the offset in the first place. The em-
bodiment of this invention providing such integral or reset ac-
tion includes a means for imposing a pneumatic signal on the
comparator diaphragm that measures the differential in the
pneumatic signals being directed thereto so as to slowly
eliminate the proportional action thereof whereby the system
will have substantially no proportional action and, therefore,
no “offset” or “*droop.”

The means of this invention for canceling the proportional
action of the comparator comprises means for interconnecting
the output control signal being produced by the comparator to
a relay chamber of the comparator by means of a restrictor. In
order to obtain a rather long time constant for the integral ac-
tion, and at the same time employ a restrictor of reasonable
size that can be produced at low cost and also be reliable from
a nonclogging standpoint, a capacitor tank or the like is inter-
connected to the relay chamber. The system of this invention

 thus displays the stability of a plain proportional system and
yet has no permanent offset due to varying external loads,
supply conditions, internal loads or other variations which
would normally produce deviations from the set point tem-
perature as will be apparent hereinafter.

The comparator of this invention can also be utilized as a
valve means without the reset action described above whereby
the valve means can be utilized for fluid switching purposes or
the like.

Accordingly, it is an object of this invention to provide an
improved pneumatic control system having one or more of the
novel features set forth above or hereinafter shown or
described.

Another object of this invention is to provide improved
parts for such a control system or the like.
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A further object of this invention is to provide an improved
method for operating such a control system or the like.

Other objects, uses and advantages of this invention are ap-
parent from a reading of this description which proceeds with
reference to the accompanying drawings forming a part
thereof and wherein: : : .

FIG. 1 is a schematic view illustrating the control system of
this invention.

FIG. 2 is a cross-sectional view ‘illustrating the selector
means or set point adjuster for the control system of FIG. 1.

FIG. 3 is an exploded perspective view of certain of the
parts of the temperature selector of FIG. 2.

FIG. 4 is a cross-sectional view of the temperature sensor
for the control system of FIG. 1.

FIG. 5 is an exploded perspective view of certain of the
parts of the temperature sensor of FIG. 4.

FIG. 6 is a cross-sectional view of the comparator of FIG. 1.

FIG. 7 is an exploded perspective’ view of certain of the
parts of the comparator of FIG. 6. :

FIG. 8 is a perspéctive view of another comparator or valve
means of this invention being utilized as a valve means without
the resetaction of FIG. 1. )

FIG. 9 is an enlarged cross:sectional view taken on line 9-9
of FIG. 8. c o

FIG. 10 is an exploded perspective view of the various parts
of the valve means.of FIG. 9. o

While the various features of this invention are hereinafter
described and illustrated as being particularly adaptable for
providing a vacuum temperature control system for the au-
tomotive field or the like, it is to be understood that the vari-
ous features of this invention can be utilized singly or in any
combination thereof to provide other types of pneumatic con-
trol systems for other types of apparatus.

For example, the control system of this invention could
readily provide a temperature control system for a building,
home, or the like and could operate with fluid pressures rather
than vacuum as will be apparent hereinafter.

Therefore, this invention is not to be limited to only the em-
bodiments illustrated in the drawings, because the drawings
are merely utilized to illustrate one of the wise variety of uses
of this invention. : '

Referring now to FIG. 1, the improved control system of
this invention is generally indicated by the reference numeral
10 and comprises a heat exchanging means 11 for an automo-
bile or the like that includes the conventional heating means
and air-conditioning means, the heat exchanging means 11
being controlled by a pneumatically operated actuator 12 that
has a pneumatic output control signal directed thereto by a
comparator or valve means 13 of this invention. The compara-
tor 13 would normally provide an output signal to the pneu-
matically operated actuator 12 proportional to the differential
in a pair of signals being respectively directed to the compara-
tor by a temperature sensor 14 that is located inside the au-
tomobile or the like and a manual selector means or set point
adjuster 15 that the operator sets at a desired temperature
setting that the control system 10 is to maintain.

The pneumatic source for the system 10 of this invention is
indicated by the reference numeral 16 in FIG. I and can com-
prise a vacuum source, such as a vacuum pump, engine
vacuum manifold, or the like with the understanding being
that the system 10 while hereinafter being described as a
vacuum temperature control system could be a pressure
operated control system, if desired. ’

The vacuum source 16 is fluidly interconnected by suitable
conduit means 17 to a port means 18 of the comparator as
well as to a port means 19 of the temperature sensor 14 and a
port means 20 of the selector or set point adjuster 15 by inter-
connecting conduit means 21 and 22 in the manner illustrated
inFIG. 1. ,

The temperature sensor. 14 is adapted to direct a vacuum
signal from a port means 23 thereof in relation to the tempera-
ture sensed thereby through a conduit means 24 to a port
means 25 of the comparator 13, the conduit means 24 having
a restrictor 26 therein that interconnects the conduit means
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23 to the atmosphere at a controlled rate for a purpose
hereinafter described.

Similarly, the selector or set pomt adjuster 15 is adapted to
direct a pneumatic signal from a port means 27 thereof in rela-
tion to the temperature setting thereof to a port means 28 of
the comparator 13 by means of a conduit means 29 also hav-
ing a restrictor 30 therein interconnecting the conduit means
29 to the atmosphere at a controlled rate for a purpose
hereinafter described.

The comparator 13 measures the dlfferentlal in the signals
being received at the port means 25 and 28 thereof and trans-
lates such signal differential into a pneumatic output control
signal being directed from a port means 31 thereof to the
vacuum operated actuator 12 by means of a conduit means 32
also having a restrictor 33 therein interconnecting the conduit
means 32 to the atmosphere at a controlled rate for a purpose
hereinafter described.

While the vacuum actuator 12 can comprise any suitable
structure, the actuator 12 illustrated in FIG. 1 comprises a
cup-shaped housing means 34 having the open end 35 thereof
closed by a flexible diaphragm 36 that is interconnected to the
heat exchanging means 11 by an actuating post means 37, the
diaphragm 36 cooperating with the housing 34 to define a
chamber 38 therebetween that is fluidly interconnected to the
conduit 32. The diaphragm 36 is normally urged to the right
by a compression spring 39 disposed within the chamber 38 so
that as the degree of vacuum in the chamber 38 increases in
the manner hereinafter described, the diaphragm 36 will be
pulled to the left in FIG. 1 by the increasing pressure dif-
ferential across the diaphragm 36 in opposition to the force of
the compression spring 39 and as the degree of vacuum in the
chamber 38 decreases in a manner hereinafter described, the
resulting decrease in pressure * differential across the
diaphragm 36 causes the diaphragm 36 to move to the right
under the force of the compression spring 39 whereby such
movement of the diaphragm 36 and the actuating rod 37 inter-
connected thereto controls the operation of a heat exchanging
means 11 For example, in the embodiment illustrated in the
drawings, when the diaphragm 36 of the actuator 12 is moved
to the left, the same increases the heating output effect of the
heat exchanging means 11 and as the diaphragm 36 is moved
to the right in FIG. 1, the same increases the cooling effect of
the heat exchanging means 11 so that when the diaphragm 36
is in its full left position, full heating is provided by the heat
exchange means 11 and when the diaphragm 36 is in its full
right position, the air cooling means of the heat exchanging
means 11 is full on as will be apparent hereinafter. Thus, with
the diaphragm 36 positioned intermediate its full left and full
right positions, various degrees of heating and cooling will be
produced by the heat exchanging means 11.

The selector means or set point adjuster 15 of this invention
is illustrated in detail in FIGS. 2 and 3 and will now be
described.

As illustrated in FIGS. 2 and 3, the selector means of set
point adjuster 15 comprises a plurality of housing parts 40 and
41 snap fitted together or otherwise suitably secured together
to hold an outer peripheral means 42 of a flexible diaphragm
43 in sealing relation therebetween and against an inside wall
means 44 of the housing means 40 to cooperate therewith and
define a chamber 45 therebetween that is respectively inter-
connected to the port means 20 and 27 passing through out-
wardly extending nipple means 46 and 47 that are fluidly in-
terconnected to the conduit means 22 and 29 previously
described. For example, the conduit means 22 and 29 can be
flexible and can be telescoped over the nipples 46 and 47. The
flexible diaphragm 43 is molded to a threaded stud 48 that ex-
tends upwardly therefrom and is threadedly received in a
threaded opening 49 of a plate-like spring 50 that has its outer
ends 51 and 52 respectively held between an annular retainer
53 disposed against the. diaphragm 43 and a rotatable disclike
member 54 disposed against the inside end wall 55 of the
housing member 41, the disclike member 54 having suitable
notch means 56 formed therein to receive upwardly extending
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bent tangs 57 of the spring member 50 so as to spline the
spring member 51 and disc member 54 together for a rota-
tional movement for a purpose hereinafter described.

The disc member 54 has a dial shaft 58 extending centrally
therefrom and passing outwardly through an opening 59 in the
housing member 41 to be interconnected to a control knob or
the like (not shown) so that the disc member 54, and, thus, the
spring member 50 can be rotated in unison relative to the
housing means 40, 41 by the ‘operator rotating the control
knob to select a desired temperature setting for the control
system 10 in 2 manner hereinafter described.

The outer periphery.42 of the flexible diaphragm 43 is
received in an annular groove 60 formed in the end wall
means 44 of the housing member 40 whereby a radially in-
wardly extending shoulder or annular flange means 61 of the
retainer 53 compresses the diaphragm 43 against an outwardly
directed annular shoulder means 62 of the housing member 30
to completely seal closed the chamber 45 from the at-
mosphere. The end wall 44 of the housing member 40 also
defines an upwardly extending substantially frustoconical
valve seat 63 that fluidly interconnects the port means 20 with
the chamber 48, the flexible diaphragm 43 being adapted to
open and close the valve seat 63 for a purpose now to be
described.

The operator of the control system 10 is adapted to adjust
the rotational position of the spring member 50 relative to the
threaded stud 48 so as to tend to position the flexible
diaphragm 43 relative to the valve seat 63 in order to maintain
the vacuum signal being created in the chamber 45 and, thus,
in the port means 27 at a predetermined value for the particu-
lar setting of the spring member 50 and, thus, for the particu-
lar temperature setting of the control knob on the dial shaft
58.

Thus, with the dial shaft 58 set at the desired temperature
setting, such as 70° F., the set point adjuster will tend to main-
tain the vacuum signal being imposed in the port means 27 at a
value that corresponds to such temperature setting because as
the vacuum source 16 being interconnected at the port means
20 tends to increase the vacuum signal in the chamber 45, the
resulting pressure differential across the diaphragm 33 tends
to move the diaphragm closer to the valve seat 63 in opposi-
tion to the force of the spring member 50 tending to pull the
diaphragm 43 upwardly until the restrictor 30 permits suffi-
cient air to be bled into the conduit means 29 to maintain the
required vacuum signal in the chamber 45. Conversely, should
the vacuum signal in the chamber 45 decrease below the
vacuum signal being determined by the setting of the control
knob on the shaft 58, the decrease of vacuum in the chamber
45 reduces the pressure differential across the diaphragm 43
so that the spring means 50 will pull the diaphragm 43 further
above the valve seat 63 so as to increase the vacuum in the
chamber 45 until the same reaches the required vacuum signal
value.

In this manner, the selector means or set point adjuster is
adapted to maintain the vacuum signal in the conduit means
29 that leads to the port means 28 of the comparator 13 at a
predetermined vacuum signal value that is in direct propor-
tional relation to the temperature setting of the control knob
on the shaft 58 of the selector means 15 as will be apparent
hereinafter.

The temperature sensor 14 of the control system 10 of FIG.
1 is illustrated in detail in FIGS. 4 and § and will now be
described.

As illustrated in FIGS. 4 and §, the temperature sensor 14
comprises a housing means. 64 having the port means 19
thereof passing therethrough and leading to a frustoconical
valve seat 65 recessed below an annular and concentrically ar-
ranged shoulder 66 that cooperates with the valve seat 65 to
define an annular chamber 67 disposed in fluid communica-
tion with the port means 23. The port means 19 and 23 respec-
tively pass through outwardly extending nipples 68 and 69 that
are respectively adapted to be fluidly interconnected to the
conduit means 21 and 24 of the system of FIG. 1.
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A flexible diaphragm 70 has its outer periphery 71 adapted
to be snap fitted over the annular shoulder means 66 of the
housing means 64 to seal closed the annular chamber 67 from
the atmosphere, the diaphragm 70 having a ceritral projection
72 extending downwardly therefrom-and .adapted to open and

close the valve seat 65 in a manner hereinafter described. A-

threaded stud 73 is molded to the diaphragm 70 or is other-

* wise suitably secured thereto 'so ‘as to. extend upwardly.

therefrom and be threadedly received-in:a threaded nut 74
that has a substantially hemispherical lower end 75 which en-

gages against a circular opening 76 passing through the left-
hand end 77 of a bimetal member 78 that has its right<hand.

end 79 fastened in cantilevered fashion to upwardly extending
embossment 80 of the housing mémber 64 by a plurality of
threaded fastening members.81. The opening 76 of . the
bimetal member 78 loosely receives. the diaphragnr stud 73
therethrough and is adapted to have the left-hand end 77 ad-
justed relative to the diaphragm 70 depending upon the
threaded relation of the nut 74 on the stud 73 as-will be ap-
parent hereinafter.

The operation of -the temperature sensor 14 will now be
described and. it will be assumed that the. calibration nut 74
has been adjusted on the'stem 73 to a preset position thereof
and that the bimetal member 78:will sense the temperature ef-
fect produced by the heat exchangmg means 11-of the system
of FIG. 1.

Should the temperature effect being sensed by the: brmeta]
member 78 increase, the bimetal member 78 tends to.have the
left-hand end 77 thereof warp upwardly whereby. the same en-
gages against the rounded end 75 of the nut 74 and. tends to

pull the stem 73 and, thus, the:intermediate part of the flexible:

diaphragm 70 vertically upwardly to more fully open the valve
seat 65 whereby the vacuum source 16 increases the vacuum
signal in the chamber 67 and, thus, in the port means 23 lead-
ing to the port means 25 of the comparator 13.-Conversely, as
the temperature being sensed by the-bimetal 78 decreases, the
same tends to have the left-hand end. 77 thereof moved
downwardly in FIG. 4 to move the valve part72 of the flexible
diaphragm 70 closer to the valve seat 65 to decrease the value
of the vacuum signal in the chamber 67 and, thus, in the port
means:23 that leads to the comparator 13. 5

The restrictor 26 in the conduit means 24 being intercon-
nected to the port means 23 of the temperature sensor 14
cooperates with the pressure differential across the diaphragm
76 to tend to maintain a constant vacuum signal in the conduit
means 24 at a value being determined by the position of the
left-hand end 77 of the bimetal member 74 relative to the
housing means 64 for any particular temperature being sensed
by the bimetal member 78. In'particular, as air bleeds into the
conduit means 24 from the restrictor 26 at a controlled rate to
tend to decrease the value of the vacuum signal in the conduit
24, the value of the-vacuum signal in. the chamber 67
decreases so that the pressure- differential -across the
diaphragm 70 tending to move the same-downwardly in op-
position to the spring force of the bimetal- member 78 to close
the valve seat 65 decreases so that the valve seat 65 is more
fully opened by the diaphragm 70 being pulled upwardly by
the bimetal member 78 until the vacuum signal in the conduit
means 24 reaches the value being determined by the tempera-
ture sensing position of the bimetal mémber 78. Conversely,
should the vacuum signal in the conduit means 24 increase
beyond the value being determined by the temperature sensed
by the bimetal member 78, the increase in vacuum signal in
the chamber 67 increases the pressure differential across the
diaphragm 70 to cause the diaphragm 70 to move the valve
member 72 closer to the valve seat 65 so that the controlled
bleed 26 will decrease the vacuum value in the conduit 24.to
the proper vacuum rate being determined by the particular
temperature being sensed by the bimetal member 78.

Thus, it can be seen that the temperature sensor 14 will
maintain a vacuum signal in the conduit means 24 which is
proportional to the temperature sensed by the. bimetal
member 78 and, in the embodiment of this invention, ‘such

10

20

25

30

35

40

55

60

65

70

75

temperature sensor-14 will-maintain a.vacuum signal in the
conduit 24 in relation :to. the:temperature effect being
produced by the:heat'exchanger means 11 for the mtenor of
an automobile or the like. :

- The comparator 13 of the control system 10 is illustrated in
detail in FIGS..6 and.7 and will now be described..

As illustrated in FIGS. 6 and 7, the comparator 13 com-
prises a pair, of housing members 81 and 82 snap.fitted
together, or otherwise: suitably. secured together, to, hold two
annular members 83 and 84 between the opposed end walls 86.
and 86A of the housing members 81 and 82, the parts 81, 82,
83 and..84 cooperating together to secure a diaphragm
member 85 in the housing means 81, 82in such a manner that
an upper diaphragm flange 87.0of the dlaphragm member 85

“has its outer periphery 88 sealed between the housing part 82

and the annular. member 84, an intermediate and larger
diaphragm portion or flange 89 of the: dlaphragm member 85
has its outer periphery 90 secured between the annular mem-
bers 83 and 84 and a lower diaphragm portion ot ﬂange 91 of
the diaphragm member 85 has its outer’ perlphery 92 sealed
between the annular member 83 and the housing part81.

In this manner, the upper dxaphragm part ‘87 of the
diaphragm 'member 85 cooperates with the end wall 86A of
thé housing part 82 t6 défine a chamber 93A therebetween,
the intermediate and larger dlaphragm portion 89 cooperates
with' the. annular member 84 to 'define a chamber 93
therebetween and with the annular member 83 to define a
chamber 94 therebetween and the lower diaphragm ‘portion
91 cooperates with the end wall 86 of the housing part 81 to
define a chamber 95 therebetwéen. However, the end wall 86
of the housing part 81 has a frustoconical valve seat 96 ex-
ténding into the chamber 95 to be opened and closed by the
lower control portion of the diaphragm member 85 for-a pur-
pose’ hereinafter described, the valve.seat 96 being intercon-
nected to the prevrously described port means 18 that passes
through an outwardly extending nipple means 97 of the hous-
ing member 81 to be fluidly interconnected to the conduit 17
that leads to the vacuum source 16. The port means 31 also
leads to the chamber 95 and passes through an outwardly ex-
tending nipple means 98 of the housing part 81 so as to be
fluidly interconnected to the conduit means 32 that leads to
the pneumatically operated actuator means 12.

The annular members 83 and 84 respectively have out-
wardly extending nipple means 99 and 100 respectively having
the port means 25 and 26 passing therethrough to be respec-
tively interconnected to the chambers 94 and 93 being defined
in part by the intermediate diaphragm portion 89, the nipple
means 99 and 100 passing outwardly-through opening means
101 and 102 in the housing parts 81 and 82 to be fluidly inter-
connected to the conduit means 24 and 29 respectively lead-
ing to the temperature sensdr 14 and the selector or set point
selector 15. :

The chamber 95 of the: comparator 13 is mterconnected to
the chamber 93A by a passage means 103 passing through the
diaphragm member 85 and having a :cup-shaped orifice
member 104 disposed therein to provide a controlled restric-
tion between the chambers 95 and 93A for a purpose
hereinafter: described. The chamber 93A is disposed in fluid
communication with a port means 105 of the comparator 13
that passes through a-nipple means 106 thereof adapted to be
disposed in fluid communication with a conduit means 107
leading to a capacitor tank 108, FIG. 1, for a purpose
hereinafter described.

From the above description of the individual components
13, 14 and 15 of the control system 19 of this invention, it can
be seen that each of the components 13, 14 and 15 is formed
in a relatively simple manner from a relatively few parts to be
simply interconnected. together by flexible conduit means to
provide a unique control system of this invention which
operates in a manner now to be described. .

Assuming that the temperature sensor 14 has the bimetal
member 78 so constructed -and- arranged that the same wiil
have the left-hand end 77 thereof moved downwardly upon a
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decrease of temperature effect sensed thereby and upwardly
upon an increase in temperature effect sensed thereby, and as-
suming that the operator sets the control knob for the set point
adjuster or selector means 15 to tend to maintain a tempera-
ture effect of 70° F. in the automobile containing the control
system 10, the vacuum source 16 is created in any suitable
manner, such as by energizing a continuously operating
vacuum pump, operating the engine of the automobile to
create a suction in the manifold or the like thereof, etc.
whereby the created vacuum source 16 begins to evacuate
conduits 17, 21 and 22 that respectively lead to the compara-
tor 13, temperature sensor 14 and set point adjuster or selec-
tor means 15. Since the set point adjuster or selector means 15
has been set by the control knob on the shaft 58 to provide a
vacuum signal in the conduit 29 leading to the comparator 13
at a vacuum value corresponding to the setting of the set point
adjuster 18, such vacuum signal is directed to the chamber 93
of the comparator 13 to act against the intermediate
diaphragm portion 89 in a manner to tend to pull the
diaphragm member 85 upwardly to open its valve seat 96.
However, the temperature sensor 14 is also dlrectmg a signal
into the conduit 24 of a vacuum value that is in relation to the
temperature being sensed by the bimetal member 78 so that
such vacuum signal being directed to the chamber 94 of the
comparator 13 acts on the intermediate diaphragm portion 89
to tend to pull the diaphragm member 85 downwardly.

Of course, if the temperature being sensed by the sensor 14
is exactly at the temperature set by the set point adjuster 15,
the vacuum signals in the chambers 93 and 94 of the compara-
tor 13 will be equal so that the diaphragm member 85 will be
disposed against the valve seat 96 by a vacuum control signal
in the chamber 95 that provides an intermediate output signal
into the conduit 32 which holds the actuator 12 in an inter-
mediate position that will cause the heat exchanging means
'11 to be its full cooling and its full heating condition.

However, if the temperature sensed by the temperature sen-
sor 14 falls below the selected temperature, the left-hand end
77 of the timetal member 78 of the temperature sensor 14
moves downwardly to further close the valve seat 65 thereof
50 as to decrease the value of the vacuum signal being directed
by the conduit 24 to the chamber 94 of the comparator 14.
Thus, it can be seen that a pressure differential is now created
across the diaphragm portion 89 to tend to move the
diaphragm 85 upwardly to increase the value in vacuum signal
being produced in the conduit 32 leading from the comparator
13 to actuator 12 whereby the diaphragm 36 of the pneumatic
actuator 12 is moved to the left in FIG. 1 in opposition to the
force of the compression spring 38 to modulate the heat
exchanging means 11 in a manner to produce a greater heat-
ing effect thereof. Of course, when an increased heating effect
of the heat exchanging means 11 causes the temperature being
sensed by the temperature sensor 14 to increase beyond the
selected temperature 70° F. as set by the selector means or set
point adjuster 15, the bimetal member 78 of the temperature
sensor 14 moves upwardly to increase the value of the vacuum
signal being directed by the conduit 24 to the chamber 94 of
the comparator 13 so that the increased vacuum in the
chamber 94 causes the pressure differential across the
diaphragm portion 89 to move the diaphragm member 85
downwardly to decrease the signal being directed by the con-
duit 32 to the pneumatically operated actuator 12 so that the
diaphragm 36 moves to the right to increase the cooling effect
produced by the heat exchanging means 11 while reducing the
heating effect thereof.

In this manner, if the chamber 93A restnctmg passage
means 103 and tank 108 of this invention were not utilized, it
can be seen that the comparator 13 would direct an output
control vacuum signal to the pneumatically operated actuator
12 which is substantially proportional to the pressure dif-
ferential being created in the comparator 13 by the vacuum
signals being directed thereto by the set point adjuster 15 and
temperature sensor 14.
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However, as previously stated, when the output vacuum
signal in the conduit 32 being produced by the comparator 13
is always proportional to the signal unbalance being created
by the set point adjuster 15 and the temperature sensor 14 in
the chambers 93 and 94 of the comparator, the proportional
band of control signals being thus produced by the compara-
tor 13 must be tuned to the particular heat exchanging system
for which the control system 10 is intended to operate in order
to provide a stable nonoscillating system.

Once the range of the signals and the range of the output is
established, the proportional band required for stability is
established by sizing the effective area of the lower diaphragm
portion 91 of the diaphragm member 85 of the comparator 13
in relation to the intermediate or center diaphragm portion 89
thereof. Since the effective surface area of the diaphragm
member 85 produced by the vacuum source being intercon-
nected to the port means 18 of the comparator 13 is equal to
the large central diaphragm surface area 89 less the lower
diaphragm area 81, a relationship can be readily established.

For example, if the vacuum signals being directed by the
temperature sensor 14 and set point adjuster 15 are to range
over 5 inches Hg. vacuum for a temperature selection band of
20° F. for the control knob of the selector means or set point
adjuster 15 so that the same has a selection range of say 60° 60
to 80° F., the output vacuum signal for the pneumatically
operated actuator 12 is also to range over 5 inches Hg.
vacuum as the system goes from a full cooling cycle to a full
heating cycle, and the proportional band desired has been
determined to be 10° F., then the net signal area (large
diaphragm 89 area minus small diaphragm 91 area) must be
twice the output diaphragm 91 area. Thus, the ratio of areas of
the center diaphragm 99 to the lower diaphragm 91 will be
three to one. The upper small diaphragm portion 87 is chosen
to be the same size as the lower small diaphragm 91 in area so
as to provide an equal net area for both signals being directed
to the chambers 93 and 94 of the comparator 13.

As previously stated, if the novel features of the reset
chamber 93A of the comparator 13 of this invention were not
included, the comparator 13 would cause the system to have a
stable control with a proportional band of 10° F. This, how-
ever, means that the control temperature for a given setting of
the selector means or set point adjuster 15 will vary plus or
minus 5° F. from the set point temperature thereof as the load
on the system varies from that requiring full cooling to that
requiring full heating. If this variation, droop or offset, could
be tolerated, such a pneumatic control system would be
satisfactory.

However, in certain automoblle heat exchanging systems, as
well as in building and residential heat exchanging systems,
such a wide droop or offset cannot be tolerated so as to permit
this variation and, therefore, one of the features of this inven-
tion is to add an additional function to the control system 10
to substantially eliminate the droop or offset.

For example, one approach of this invention to solve the
droop or offset problem described above is to provide an addi-
tional signal to the comparator 13 which will be a measure of
the load that causes a variance from full cooling to full heat-
ing, such as the outside temperature and which would be con-
nected to the port means 104 of the comparator 13 to operate
in a manner hereinafter described. Thus, if this additional
signal at the port means 104 ranged over the same 5 inches
Hg. vacuum as the load varied in its full range, such a signal
would exactly cancel the droop and a satisfactory control
system would result.

While one of the features of this invention is to provide such
a load responsive signal to the comparator 13, other load
variations could be utilized for such an additional signal. For
example, there is a variance in solar load, velocity, wind, etc.,
particularly in an automotive heat exchanging system, that
could be utilized.

However, the embodiment of this invention illustrated in
the drawings adds an integral or reset action to the compara-
tor 13 which cancels the effect of the comparator output
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vacuum control signal that produced the proportional action
and, thus, the offset or droop in the first place. While it is real-
ized that the proportional action of the comparator 13 is man-
datory for stability, it has been found that if the proportional
action effect is slowly eliminated, the resulting control system
will have no proportional action and, therefore, no offset.

For example, since the chamber 95 of the comparator 13 is
interconnected to the relay chamber 93A by the restriction
means 104 and the relay chamber 93A is, in turn, intercon-
nected by the conduit means 107 to-the capacitance tank 108,
the output control vacuum of the comparator 13 in the
chamber 95 thereof bleeds through the restrictor 104 and into
the capacitance tank 108 until such time that the vacuum
value in the capacitance tank ‘108 is equal to the control
vacuum value in the chamber 9§ and thus, leading to the
pneumatlc actuator 12.

Thus, it can be seen that when the capacitance tank vacuum
is less than the control pressure in the chamber 95, the pres-
sure differential across the diaphragm member 85 produced

20

by the different vacuum values in chambers 95 and 93A °

causes the diaphragm member 85 to move upwardly away
from the valve seat 96 to increase the value of the control
vacuum in the chamber 95. Conversely, when the vacuum in
the capacitance tank 108 and chamber 93A is greater than the
control vacuum in the chamber 95, the resulting pressure dif-
ferential across the . diaphragm member 85 causes the
diaphragm member 85 to move downwardly in a manner to
throttle off the valve seat 96 until the bleed of air through the
restrictor 33 into the conduit means 32 has increased the con-
trol vacuum in the chamber 95 to equal the vacuum value in
the relay chamber 93A, and, thus, m the capacitance tank
108.

Accordingly, if the chamber 93A of the comparator 13 were
merely connected or vented to the atmosphere without an in-
terconnection between the chambers 93A and 95, and if the
two vacuum signals being directed to the chambers 93 and 94
respectively by the set point adjuster 15 and temperature sen-
sor 14 were equal, the comparator 13 would be balanced with
zero vacuum output at the conduit 32 as the diaphragm as-
sembly 85 would close the valve seat 96 under the pressure
differential between the chamber 93A and vacuum port
means 18.

Under these conditions, when the vacuum signal to the
upper chamber 93 is increased to a higher vacuum signal by
the set point adjuster 15 than the vacuum signal being directed
to the chamber 94 by the temperature sensor 14, the
diaphragm member 85 will move upwardly permitting the
vacuum supply port means 18 to increase the vactum signal
being directed by the port means 31 to the pneumatically
operated actuator 12 until the. increased vacuum value in the
output chamber 95 produced a downward pressure dif-
ferential force on the diaphragm member 85§ equal to the
signal unbalance produced by the chambers 93 and 94 so that
at this time the center section of the diaphragm member 83
would move downwardly s0 as to hover on the vacuum supply
valve seat 96 and maintain the output vacuum at the particular
level whereby the output vacuum signal in the port means 31
would merely be a simple proportional action that is always
proportional to the signal unbalance produced at the cham-
bers 93 and 94. This proportional change of the heat exchang-
ing means 11 while changing its output effect may not produce
the temperature effect set by the set point adjuster 15 because
of the change in load, such as outside temperature, that
caused the signal unbalance to the chambers 93 and 94
whereby the interior of the automobile or the like will not be
at the set control temperature of 70°F.

However, as previously stated, the integral action or reset of
the chamber 93A of the comparator 13 of this invention will
slowly eliminate the proportional action so that the previously
described droop or offset of a stnctly proportional system is
eliminated.

For example, should the control system 10 of this invention
be functioning to produce a temperature of 70° F. and there is
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a sudden change in the outside load of temperature that would
normally cause a strictly proportional system to cause the heat
exchanging means 11 to increase its heating effect, the tem-
perature sensor 14 would immediately decrease the vacuum
signal being directed thereby to the chamber 94 of the com-
parator 13 so that the resulting pressure differential across the
intermediate part 89 of the diaphragm member 85 moves the
diaphragm member 85 upwardly so as to increase the output
vacuum signal being produced in the chamber 95 and directed
to the pneumatically operated actuator 12 to move the
diaphragm 36 toward the left to cause such an increased heat-
ing operation. However, since the vacuum control signal in-
creases in the chamber 95, by such sudden outside load varia-
tion, the the value in the reset chamber 93A of the comparator
13 is at a lower value than the value of the vacuum now being
produced in the control chamber 95 so that there is a bleed of
pressure from the chamber 93A and tank 108 through the
restrictor 104 into the control chamber 95 to increase the
vacuum value in chamber 93A so as to cause diaphragm 55 to
further move away from valve seat 96 to further increase the
vacuum signal directed to actuator 12 to further increase the
heating effect of the exchanger 11 an amount equal to the
amount caused by the initial signal unbalance in chambers 93
and 94 in a time period determined by the size of the restrictor
104 and capacitance tank 108. This resetting action is re-
peated until the signals in chambers 94 and 93 are equal. At
this time, the actuator £2 is at a new heating position that is
sufficient to just maintain the temperature effect in the au-
tomobile or the like at the control temperature setting of the
set point adjuster 15.

Conversely, should the load variation on the system 10 be
one that would require increased cooling of the heat exchang-
ing means 11, the temperature sensor 14 immediately in-
creases the vacuum signal being directed by the conduit
means 24 to the chamber 94 of the comparator 13 so that the
resulting unbalance between the chambers 93 and 94 moves
the diaphragm member 85 downwardly to decrease the
vacuum signal in the control chamber 95 leading to the pneu-
matically operated actuator 12 so as to move the diaphragm
36 to the right for an increased cooling operation of the heat
exchanging means 11. However, since the vacuum value in the
relay chamber 93A and tank 108 is now greater than the
vacuum value in the control chamber 95, the pressure in the
chamber 95 bleeds through the restrictor 104 into the
chamber 93A and tank 108 so as to decrease the vacuum
value in chamber 93A so as to cause the diaphragm 85 to
further move toward the valve seat 96 to further decrease the
vacuum signal directed to actuator 12 to further increase the
cooling effect of the exchanger 11 an amount equal to the
amount caused by the initial signal unbalance in chambers 93
and 94 in a time period determined by the size of the restrictor
104 and capacitance tank 108. This resetting action is re-
peated until the signals directed to chambers 93 and 94 are
equal. At this time the actuator 12 is at a new cooling position

" that is sufficient to just maintain the temperature effect in the

automobile or the like at the control temperature setting of
the set point adjuster 18,

Thus, it can be seen that the restrictor means 104 and
capacitance tank 108 for the comparator 13 slowly eliminates
a proportional action of the comparator 13 and if this rate is
slow enough in relation to the system time constants so as not
to produce instability in the system, the integral or reset action
can take place fast enough so a temporary offset produced by
a load or set point adjust or change will not be judged uncom-
fortable by. the user. ‘

Thus, in order to obtain a rather long time constant for the
integral action and at the same time employ a restrictor
member 104 of reasonable size that can be produced at a low
cost and also be reliable from a nonclogging standpoint, the
size of the capacitance tank 108 can be determined in relation
to an optimum minimum restrictor size. In this manner, the
system 10 will display the stability of a plain proportional
system and yet have no permanent offset due to external
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loads, supply conditions, internal loads or other variations
which would normally produce deviation from the set point of
the adjuster 15. ‘

For example, in automobiles and the like, an internal load
variation can be caused when the number of passengers in the
automobile is reduced in cold weather so that the body heat
originally produced thereby will be substantially reduced so
that the temperature sensor 14 will demand increased heat.
An outside load variation could be the driving of the automo-
bile from Southern states to Northern states.

Thus, whenever the system 10 of this invention has a load
variation requiring more heat or more cooling, the compara-
tor 13 provides such action while the reset function of the
chamber 93A and tank 108 assures that the set control tem-
perature will be reached by the output effect of the heat
exchanger.

Accordingly, it can be seen that the control system 10 of
this invention not only provides an improved control system
for automobiles, buildings and the like, but also this invention
provides improved parts for such a control system or the like.

However, since the various parts of the system 10 of this in-
vention are relatively small and rugged, the same are readily
adapted to withstand shocks and vibrations normally encoun-
tered in the transportation field, such as in aircraft, boats and
land vehicles, whereby the accuracy of the system of this in-
vention will be maintained.

Reference is now made to FIGS. 8—10 wherein another
comparator or valve means of this invention is generally in-
dicated by the reference numeral 110 and it is similar to the
comparator or valve means 13 previously described except
that the valve means 110 of this invention has two valve seats
controlled by the diaphragm means thereof and is not pro-
vided with automatic reset means as will be apparent
hereinafter, although the same could be provided with reset
means if desired.

In particular, the valve means 110 has a housing means 111
formed from four housing parts 112, 113, 114, and 115
secured together in a unique manner hereinafter described to
hold a diaphragm means 116 in the manner illustrated in FIG.
9 whereby the housing parts 112—115 and the diaphragm
means 116 cooperate together to define a plurality of cham-
bers 117,118,119, and 120 in stacked relation.

The housing member 112 is substantially cup shaped so as
to define a closed end wall 121 and an open end 122, the open
end 122 being beveled at 123 completely around the open end
122 with the annular bevel 123 leading to a substantially cylin-
drical cavity 124 being defined by a substantially cylindrical
interior wall means 125. An annular groove 126 is formed in
the cylindrical wall means 125 adjacent the open end 122 to
snap fittingly receive an outwardly directed annular tongue
127 of the housing member 115 to secure the housing mem-
bers 112—118 and diaphragm means 116 together as illus-
trated in FIG. 9. .

The housing members 113 and 114 are substantially identi-
cal in construction with the housing member 114 being in-
verted relative to the housing member 113 and being rotated
180° relative thereto in the assembled condition illustrated in
FIG.9. .

The right sides 128 of the housing members 113 and 114
have an annular recessed shoulder 129 joining an opening 130
passing completely and centrally therethrough and adjoining
an annular recessed shoulder 131 in the opposite sides 132
thereof, the sides 132 of the housing members 113 and 114
each being provided with an annular groove 133 for a purpose
hereinafter described. The housing members 113 and 114
each has an integral, outwardly extending tubular projection
134 extending from the sides 128 thereof with suitable passage
means 138 passing therethrough and being interconnected ad-
jacent the juncture of the annular recesses 131 with the sides
132 thereof.

The closed end wall 121 of the outboard housing part or
member 112 has an inside surface 136 provided with an in-
wardly directed, substantially frustoconical valve seat means
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137 interconnected to the exterior thereof by a passage means
138 in an outwardly directed, integral tubular projection 139,
the surface 136 being interrupted by a recess 140 that is inter-
connected by passage means 141 to the exterior of the housing
member 112 through 4n integral nipple means or tubular pro-
jection 139 and having a reinforcing ridge 143 interconnect-
ing the same together as illustrated in FIGS. 8 and 9. An in-
wardly directed annular ridge 144 is concentrically disposed
about the valve seat means 137.

The other outboard housing member 115 has a substantially
flat inner surface 145 carrying an inwardly directed substan-
tially frustoconical valve seat means 146 interconnected to the
exterior thereof by a passage means 147 extending through an
outwardly directed integral tubular projection 148. An annu-
lar ridge 149 similar to the annular ridge 144 of the housing
member 112 is concentrically disposed about the valve seat.
means 146 and extends inwardly from the surface 145 of the
housing member 1185.

The housing members 112 and 115 respectively have
openings 150 and 151 passing therethrough and adapted to
respectively, telescopically receive the tubular projections
134 of the housing members 113 and 114 when the parts are
disposed in their assembled relation illustrated in FIG. 9.

Therefore, it can be seen that the housing members 112-
—115 can be formed of plastic materials suitably molded or
otherwise formed in a simple and economical manner to pro-
vide the valve means 110 of this invention. Of course, the
housing members 112—115 can be formed of any other suita-
ble material, as desired.

However, while the housing parts 112—1855 are illustrated
as being circular, it is to be understood that the same could be
of other configurations such as rectangular, square or the like
as desired.

The diaphragm means 116 is a one-piece flexible structure
having a body portion 152 provided with three outwardly
directed diaphragm portions 153, 154 and 155 with the out-
board diaphragm portions 153 and 155 being coplanar with
the opposed sides 156 and 157 of the body portion !152. The
outer peripheral portion of the upper diaphragm portion 153
is provided with an annular bead means 158 similar to an an-
nular bead means 159 on the outer peripheral portion of the
lower diaphragm portion 155. The intermediate, larger
diaphragm portion 154 has an annular bead means 160 at the
outer peripheral portion thereof. The side 157 of the body
portion 152 is interrupted by a circular opening means 161
that terminates at a surface means 162 in the body portion 152
that has an outwardly directed circular projection 163 on the
surface thereof, opening 161 being interconnected to the side
156 of the body portion 152 by one or more opening means
164 passing through the upper diaphragm portion 153 in off-
set relation to the circular part 163.

When it is desired to assemble the housing members 112-
—115 and the diaphragm means 116 together to form the
valve means 110 of this invention, the diaphragm means 116
can be disposed between the two inboard housing members
113 and 114 so that the annular bead 160 of the intermediate
diaphragm portion 154 is disposed in the cooperating annular
recesses 133 in the abutting sides 132 of the housing members
113 and 114, the diaphragm portions 153 and 155 being
respectively disposed through the opening means 130 of the
housing members 113 and 114 so that the same have their
outer peripheral portions 158 and 159 respectively received
against the annular shoulder means 129 on the sides 128
thereof. Thereafter, the assembled together inboard housing
members 113 and 114 and diaphragm means 116 are inserted
into the cavity 124 of the cup-shaped housing member 112 so
that the tubular projection 134 of the housing member 113
passes through the opening 150 of the housing member 112
and the annular bead means 158 of the upper diaphragm por-
tion 153 is disposed outboard of the annular ridge 144 of the
housing member 112. Thereafter, a compression spring 165 is
disposed in the opening 161 of the diaphragm means 116 so
that one end 166 of the spring means bears against the surface
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162 of the diaphragm means 116. Thereafter, the remaining
outboard housing member 115 is disposed into the cavity 124
of the housing member 112 with the opening 151 registering
with the tubular projection 134 on the housing member 114 so
that the housing member 115 can be pushed inwardly and
have its annular tongue 127 camming against the beveled sur-
face 123 at the open end 122 of the housing member 112 to
facilitate the snapping of the tongue 127 into the annular
groove 126 of the housing member 112 as illustrated in FIG. 9
whereby the outer peripheral bead 159 of the diaphragm por-
tion 185 is disposed outboard of the annular ridge 149 of the
housing member 115. -

In this manner, the diaphragm portion 153 is compressed
between the annular ridge 144 of the housing member 112
and the shoulder means 129 of the housing member 113 to
seal the chambers 117 and 118 from each other, the lower
diaphragm portion 115 similarly being compressed between
the annular ridge 149 on the housing member 115 and the
shoulder means 129 of the housing member 114 to seal the
chambers 120 and 119 from each other. The intermediate
diaphragm portion 154 is compressed between the cooperat-
ing surfaces of the sides 132 of the housing members 113 and
114 to seal the chambers 118 and 119 from each other.

Therefore, it can be seen that the unique snap fit relation
between the outboard housing members 112 and 115 of this
invention not only secures the housing members 112—118
and diaphragm means 116 together, but also such snap fit rela-
tion causes positive sealing of the diaphragm portions 153-
— 188 between their cooperating housing members to assure a
sealed condition of the various chambers from each other
without requiring auxiliary sealing means.

Since the other end 167 of the compression spring 165 now
bears against the surface 145 of the assembled housing
member 1185, the force of the compression spring 165 nor-
mally tends to move the diaphragm portion 153 upwardly to
seal closed the valve seat means 137 from the chamber 117
while opening the valve seat means 146 to the chamber 120.
However, when the pressure differential between the cham-
bers 118 and 119 overcomes the force of the compression
spring 165, such pressure differential between the chambers
118 and 119 causes the diaphragm portion 153 to move
downwardly in opposition to the force of the compression
spring 165 to have the diaphragm portion 153 close off the
valve seat means 146 while opening the valve seat means 137.

If desired, air filtering means 168 can be disposed in the
passage means of one or more of the outwardly directed nip-
ple means as illustrated to prevent dust and the like from
clogging the various passageways and chambers of the valve
means 110.

While the valve means 110 of this invention can be utilized
in any desired control system, it can be seen that the tubular
projection 142 can be interconnected to a pneumatically
operated device 169 while the tubular projection 139 can be
interconnected to a pneumatic source 170, the source 170
being a vacuum source or a pressure source as desired, The tu-
bular projection 134 of the housing member 113 can be inter-
connected to one pneumatic signal source 171 while the tubu-
lar projection 134 of the housing member 114 can be inter-
connected to another pneumatic signal source 172, the nipple
means 148 being interconnected to the atmosphere.

Therefore, as long as the signal sources 171 and 172 being
directed respectively to the chambers 118 and 119 are equal
or the pressure differential therebetween does not overcome
the force of the compression spring 168, the pneumatic source
170 remains disconnected from the pneumatically operated
device 169 because the diaphragm portion 153 is closing off
the valve seat 137 and the atmosphere is interconnected
through the opened valve seat means 146, chamber 120,
passage means 164 and chamber 117 to the device 169. How-
ever, when the pressure differential between the chambers
118 and 119 exceeds the force of the compression spring 165
to move the diaphragm means 116 downwardly, the
diaphragm portion 153 opens the valve seat 137 and closes the
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valve seat means 146 whereby the atmosphere is disconnected
from the pneumatically operated device 169 and the pneu-
matic source 17Q is interconnected thereto to operate the
device 169 until a change in the signal sources 171 and 172
again causes the diaphragm means 116 to move upwardly in
the manner illustrated in FIG. 9.

Therefore, it can Be seen that the valve means 110 of this in-
vention can be formed of a relatively few parts and can be as-
sembled together in a simple manner to provide a low cost and
accurate valve means or the like.

For example, such valve means 110 of this invention can be

- utilized as a pneumatically operated logic unit as well as in
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combination with other like valve means or other units to pro-
vide different logic systems, the same utilizing pressure fluid,
vacuum or a combination or pressure and vacuum in the con-
trol thereof whether for input purposes or output purposes
thereof.

While the form of the invention now preferred has been
described as required by the statutes, other forms may be util-
ized which come within the scope of the claims which follow.

We claim:

_1. A valve means comprising a diaphragm means, and a plu-
rality of housing members secured together and holding said

~diaphragm means thereto, said diaphragm means cooperating

with said housing members to define a plurality of chambers in
stacked relation, one of said housing members being cup
shaped and receiving said other housing members and said
diaphragm means in the open end thereof, one of said cham-
bers having a valve .seat means therein to be opened and
closed by said diaphragm means, said other housing members
being disposed in stacked relation in said open end of said one
housing member whereby said one housing member and one
of said other housing members define two outboard housing
members, said one housing member of said other housing
members being’ snap fitted to said cup-shaped housing
member to secure said housing members and said diaphragm
means together said one housing member of said other hous-
ing members closing said open end of said cup-shaped housing
member and cooperating with said diaphragm means to define
one of said chambers therebetween.

2. A valve means comprising a diaphragm means, and a plu-
rality of housing members secured together and holding said
diaphragm means thereto, said diaphragm means cooperating
with said housing members to define a plurality of chambers in
stacked relation, one of said housing members being cup
shaped and receiving said other housing members and said
diaphragm means in the open end thereof, one of said cham-
bers having a valve seat means therein to be opened and
closed by said diaphragm means, said other housing members
being disposed in stacked relation in said open end of said one
housing member whereby said one housing member and one
of said other housing members define two outboard housing
members, said housing members comprising four housing
members whereby two of said housing members are disposed
inboard of said two outboard housing members, said two in-
board housing members’ being substantially identical in con- .
figuration.

3. A valve means as set forth in claim 2 wherein said inboard
housing members each has a tubular projection for fluid flow
therethrough, said outboard housing members having opening
means respectively receiving said tubular projections.

4. A valve means as set forth in claim 1 wherein said one
housing member carries said valve seat means and has a tubu-
lar projection for fluid flow to said valve seat means.

5. A valve means comprising a diaphragm means, and a plu-
rality of housing members secured together and holding said
diaphragm means thereto, said diaphragm means cooperating
with said housing members to define a plurality of chambers in
stacked relation, one of said housing members being cup
shaped and receiving said other housing members and said
diaphragm means in the open end thereof, one of said cham-
bers having a valve seat means therein to be opened and
closed by said diaphragm means, said other housing members
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being disposed in stacked relation in said open end of said one
housing member whereby said one housing member and one
of said other housing members define two outboard housing
members, said one housing member of said other housing
members being snap fitted to said cup:shaped housing
member to secure said housing members and said diaphragm
means together, said one of the other housing members carry-
ing said valve seat means and having a tubular projection for
fluid flow to said valve seat means.

6. A valve means comprising a one-piece diaphragm means
having three spaced and stacked diaphragm portions, and four
housing members secured together in stacked relation and
holding said diaphragm means thereto to define four stacked
chambers therewith, said stacked housing members thereby
providing two outboard housing members and two inboard
housing members, said diaphragm portions respectively being
disposed between adjacent' housing members, one of said
chambers having a valve seat means therein to be opened and
closed by said diaphragm means, said two outboard housing
members being snap fitted together to secure said housing
members and said diaphragm mearis together.

7. A valve means as set forth in claim 6 wherein said two in-
board housing members are substantially identical in configu-
ration.

8. A valve means as set forth in claim 6 wherein one of said
outboard housing members has a groove means therein and
wherein the other outboard housing members has a tongue
means snap fitted in said groove means to secure said housing
members and diaphragm means together.

9. A valve means as set forth in claim 8 wherein said one
outboard housing member has a cavity interrupting one side
thereof and receiving the other housing members and
diaphragm means therein, said groove means being disposed
around said cavity and said tongue means extending outwardly
into said groove means.

10. A valve means as set forth in claim 6 wherein one of said
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outboard housing members carries said valve seat means.

11. A valve means as set forth in claim 10 wherein the other
of said outboard housing members carries another valve seat
means to be opened and closed by said diaphragm means.

12. A valve means as set forth in claim 11 wherein a spring
means is disposed in one of said chambers and surrounds one
of said valve seat means, said spring means tending to urge
said diaphragm means in a direction to close the other of said
valve seat means.

13. A valve means as set forth in claim 12 wherein said
stacked chambers provide two inboard chambers and two out-
board chambers and wherein said diaphragm means has a
passage means therethrough interconnecting said two out-
board chambers together, said two outboard chambers being
respectively adapted to be interconnected to said valve seat
means by said diaphragm means.

14. A valve means comprising a one-piece diaphragm
means having three spaced and stacked diaphragm portions,
and a housing means receiving said diaphragm means and
cooperating therewith to define a plurality of stacked cham-
bers, said housing means having opposed valve seat means
respectively projecting into the two outboard chambers and
being adapted to be opened and closed by one of the outboard
diaphragm portions thereof, said diaphragm means having an
opening interrupting the other outboard portion thereof, one
of said valve seat means extending into said opening to be
disposed closely adjacent said one outboard portion of said
diaphragm means.

15. A valve means as set forth in claim 14 wherein said one
valve seat means is substantially frustoconical in configura-
tion.

16. A valve means as set forth in claim 14 wherein a spring
means surrounds said one valve seat means and tends to urge
said diaphragm means to close the other of said valve seat
means,



