United States Patent 119

Bouteille

mr 3,820,567
[45] Jume 28, 1974

[54] PNEUMATIC MEMORY RELAY

[76] Inventor: Daniel Bouteille, 3 Rue Lanen, 9219
Meudon, France

[22] Filed: - Aug. 17,1972
[21] Appl. No.: 281,545

[30] Forelgn Application Priority Data

Aug. 27, 1971 France.........concvnnnnnnn. 71.32043
[52] US. Cl.iiiiiiiiiiniiinicicnianee 137/625.66
{517 Imt. Cl....ccevniniinnn F16k 11/10, F16k 31/385

[58] Field of Search....... 137/625.66, 625.6, 625.27,
137/608 235/201 ME; 251/61 61.2

[56] , References Clted
. "UNITED STATES PATENTS
2,991,805  7/1961  Page ...ocooorioerernnenn 235/201 ME
‘ 3,559,945 2/1971 COMET vt 235/201 ME
b! g’
v ﬂ) m h
N : = Xo
OIN A\ ——— T NN
3

o]
%
5

: ™o |
)

N%
R

A A

<l |

\\\\\\\\\\\\\

IS

 Primary Examiner—Henry T. Klinksiek

Assistant Examiner—Robert J. Miller
Attorney, Agent, or Firm—Michael S. Striker

{57 ABSTRACT

A memory relay has a poppet movable between two
positions in-a space of a relay housing. The poppet
surfaces are arranged to sealingly engage a seat in
each position, each seat bounding an input conduit ar-

ranged to receive a fluid under pressure. An output

conduit is in communication with the space and the
exterior of the housing. Means are provided for mov-
ing the poppet from one position to thé other in re-
sponse to the application of a set or reset signal to the
relay whereby the pressure in one or the other input

-conduit is caused to appear at the output conduit. Bis-

table mechanical blassmg means. are provided for re-
taining the ‘poppet in at least. one position indepen-
dently of the presence or absence of pressures in the
input condu1ts
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1
PNEUMATIC MEMORY RELAY

BACKGROUND OF THE INVENTIION.

The present invention relates to a pneumatic control
device for automatic systems, and more particularly to
pneumatic relays which can be controlled by pneu-
matic pulses or signals and which have a memory.or op-
erate as a flip-flop, i.e., they retain the state set by a
control pulse after the pulse has disappeared.

It is often required in industrial applications to utilize
a pneumatic relay which operates as a flip-flop, i.e., can
be alternatingly set to one of two stable states by pneu-
matic control pulses. A variety of such relays are al-
ready known. Most of the relays are of the spool-valve
type, whereby pressurized fluid switching: is achieved
by the movement of a spool that slides under the action
‘of control pressures which are applied at its ends. After
the control pressures have disappeared, the spool can
be maintained in the positions set by the control pres-
sure pulses by the inherent friction present in the struc-
ture, i.e., the friction between the seals needed to seal
the fluids and the relay, by mechanical locking (also
called mechanical detent because of its detent effect)
obtained by an elastic lock that deforms during the
spool movement, or by magnetic means obtained by
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‘the action of magnets that are placed at both.ends of

the spool. ‘

Generally, these spool valve memories are provided
with two outputs. In the one state or position of the re:
lay, one of the output ports is under pressure and the
other output port is at or below this pressure. In the
other spool position or state, the output conditions at
the two output ports are reversed. In some cases, these
memory relays are constructed ‘with only one output.
With the latter type, the two output pressure conditions
appear at the single output alternatingly in response to
the application of appropriate control pulses.

Spool valve relays, however, present disadvantages in
that they are difficult to construct in mass production.
The reason for this is that the operative elements of
such relays must be constructed with high precision for
proper and reliable operation of the parts and for satis-
factory sealing. Additionally, -their lifespan is limited
and their. cost, because of the required precision, is
high. :

Also known are poppet-type valve relays which allow
switching by moving a poppet between two seats. The
input pressures which are to be communicated to the
output duct are provided at opposite sides. of the pop-
pet. Output relays of this type have the advantage that
they only require very short strokes of the poppet to ef-
fect switching, so that very little wear takes place. Ad-
ditionally, high precision is not required in the con-
struction of such relays. However, poppets are not
pressure-balanced, i.e., their postion is affected by the
action of the -pressure of fluid utilized for effecting the
switching, and thus different locking mechanisms must
be employed to retain the poppet in a set condition.
Locking mechanisms frequently require special, elabo-
rate designs which increase the price of the relays. Fi-
nally, as two output relays are frequently required, the
use of multiple poppets leads to complicated construc-
tions because of the precision which is necessary to
permit- all the poppets to simultaneously close or en-
gage the respective seats. Thus, while the input pres-
sures to be switched to the output conduits are not in-
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tended to change the state of the relay, once switching
has been effected by a control pulse, the construction
of the poppet valve relay frequently results in these
input pressures undesirably switching the state of the
relay.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a pneumatic memory relay which is not pos-
sessed of the disadvantages of similar relays known in
the prior art.’

It is another object of the present invention to pro-
vide a pneumatic relay of the type under discussion
which is simple in construction and economical to man-
ufacture, and which can be provided with one or two
outputs.

It is still another object of the present invention to
provide a relay of the above type which is adapted to
maintain a desired state effected by an appropriate
control pulse, subsequent to the removal of the pulse.

- It is a further object of the present invention to pro-

vide a pneumatic relay as above described which in-
cludes simple mechanical locking means for maintain-
ing the relay in a desired state.

It is still a further object of the present invention to
provide a pneumatic relay which can be easily modified
from a single-output relay to a double-output relay, in
which the two respective outputs are complementary to
one another. : .

According to the present invention, a pneumatic
memory relay comprises a housing having a space inte-
riorly therein. First and second input conduits are pro-
vided in said housing, said conduits respectively having
outer ends accessible exteriorly of said housing and re-
spectively having inner ends which communicate with
said space. First and second seat means are respectively
provided at said inner ends. An output conduit in said
housing communicates with said space and with the ex-
terior of said housing. Poppet means is arranged to
move in said space between a first position in which it
sealingly engages said first seat means and places said
output  conduit - in communication with said second
input conduit, and a second position in which it seal-
ingly engages said second seat means and places into
communication said output conduit with said first input
conduit. First and second actuating means, including

means for receiving set and reset signals, are provided
for moving said poppet means to said second and first
positions, respectively, in response to application of
said set and reset signals. Retaining means are provided
for retaining said poppet means in at least one of its po-
sitions absent the application of the respective signal.

According to the presently preferred embodiment,
the retaining means comprises mechanical means in the
form of bistable spring-type devices which cooperate
with said poppet means to maintain the same in one or
the other of said positions, said poppet means being
substantially flat and having two flat surfaces each ar-
ranged to sealingly engage one of said set means.

According to a further feature of the present inven-

tion, an associated relay means has an auxiliary output

conduit and cooperates with said above-mentioned
memory relay and includes conduit means communi-
cating with said first and second conduits as well as

with said means for receiving said set and reset signals.
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Means are provided in the associated relay means
which cooperate with said conduit means for generat-
ing at said auxiliary output conduit an output signal
which is complementary to that appearing at the first-
mentioned output conduit so that two complementary
signals normally appear at the two respective output
conduits, alternatingly in response to the application of
the set and reset signals.

The novel features which are considered as charac-
teristic for the invention are set forth in particular in
the appended claims. The invention itself, however,
both as to its construction and its method of operation,
together with additional objects and advantages
thereof, will be best understood from the following de-
scription of specific embodiments when read in con-
nection with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a side elevational cross section of a pneu-
matic relay with mechanical locking means in accor-
dance with the present invention, the relay having one
output;

FIG. 2 is a section taken on line 2—2 of FIG 1;

FIG. 3 is a section of the embodiment shown in FIG.
1, taken on line b—b;

FIG. 4 is a side elevational cross section of another
embodiment of the present invention, the relay having
one output and a different mechanical locking means;
and

FIG. 5 illustrates still a further embodiment of the
relay as shown in FIG. 4, combined with an associated
relay connected thereto to provide two outputs which
are complementary to one another.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The single-output relay illustrated in FIG. 1 com-
prises a housing 1 having provided therein a space la.
A poppet 1b is positioned in the space 1a and arranged
to move between two positions, as will further be de-
scribed hereafter. Seats 2 and 3 are provided at oppo-
site sides of the space 1a and are each arranged to be
engaged by one of the major surfaces of the poppet 15
when the latter is in one of the two positions. The seats
2 and 3 are preferably made from an elastomeric mate-
rial, such as rubber, which is capable of at least partial
deformation for providing a good seal when the poppet
1b comes into contact therewith. An iniet conduit 7 is
provided in the housing 1 which has an outer end ac-
cessible exteriorly of the housing 1, and an inner end
which is bounded by the seat 2 and communicates with
the space la. The conduit 7 is arranged to receive fluid
under a predetermined pressure. The pressure which
normally exists in the conduit 7 is represented by the
reference character P. Pressure P is provided by a per-
manent pressure supply (not shown). In the position of
the poppet 15 as shown in FIG. 1, the lower surface of
the poppet engages or makes contact with the seat 2 to
thereby close or seal the inner end of the conduit 7. Re-
taining means, in the form of bistable biasing means 4,
5 are mounted in the housing 1, and arranged to urge
said poppet means against the seat 2 when the poppet
means is in a first position, i.e., the position shown in
FIG. 1, and for urging the poppet 1b against the seat 3
when the poppet is in the other of its positions. More
particularly, the biasing means as can best be seen from
FIGS. 1-3, comprises a snap-over center plate spring

20

25

30

35

40

45

50

55

4

mounted in the housing and has holding portions 4, §
for holding the poppet 1b. The holding portions 4, 5 are
arranged to snap either to one or the other of the stable
positions, after the poppet has been caused to pass
through an unstable central position toward a stable
position. In each stable position, the-holding portions
4, 5 hold the poppet 1b against one of the seats 2, 3. As
can be best seen in FIG. 2, the snap-over center plate
spring can advantageously be constructed by punching
a plate of spring material to provide two extending
holding portions 4, 5 which are adapted to engage the
poppet.

To effect a proper seal between the seats 2, 3 and the
poppet 1b, it is preferred that at least either the seats
or the poppet be made from a somewhat resilient mate-
rial (for example, an elastomer). In the embodiment
illustrated in FIGS. 1-3, the seats 2, 3 are made from
a hard material while the poppet 15 is made of a plastic
or resilient material. However, it is clear that the re-
verse arrangement is equally suitable and this is illus-
trated in FIG. 4. Insofar as the plate 6 is concerned, out
of which the holding portions 4, 5 are formed, the ma-
terial for the plate is preferably selected to be one
which can resist fatigue due to many snapping actions.
A material which is suitable for this purpose is berylli-
um-bronze, of the type which is commonly used for
snap contacts in electric switches.. With-a snap-over
spring of this type, the blades 4,.5 are deformed in such
a manner that the forces generated as a result of the de-
formations of the holding portions as well as that of the
poppet 1b itself, are sufficient to cause the poppet to
abut against seats 2 and 3, respectively, with significant
force. Additionally, the poppet is forced to move from
its seat 2 abutment position to its seat 3 abutment posi-
tion, and vice versa, in response to the deformation or
bending of the holding portions 4, 5 once the poppet
has passed through a central position between the two
seats 2, 3. With the poppet 1b held by the holding por-
tions 4, 5 in abutment with seat 2 as shown in FIG. 1,
the pressure P does not appear in the relay beyond the
conduit 17.

An output conduit 1 has an inner end in communica-
tion with the space 1a and an outer end opening at the
exterior of the housing. The output conduit 1’ is pro-
vided to communicate the pressure conditions in the
space la to the exterior of the hosuing — output signal
being represented by the reference character S. The
inlet conduit 8 has an outer end communicating with
the exterior of the housing 1, and its inner end commu-
nicates with the space 1a via a seat 3 which bounds the
inner end of this conduit. With the position of the pop-
pet 1b as shown in FIG. 1, it will be clear that the out-
put conduit 1’ is in communication with the inlet con-
duit 8 via the seat 3.

The conduit 8 is arranged to receive a fluid at a pre-

. determined pressure. In accordance with the presently
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preferred embodiment of the invention, the conduit 7
is supplied with a fluid at a pressure above atmospheric
pressure, while conduit 8 is placed at atmospheric pres-
sure. To this purpose the inlet conduit 8 extends
through the housing 1 and the exhaust port 8a of the
conduit 8 is schematically illustrated as being in com-
munication with the atmosphere.

With the poppet 8b is in the lower position so that the
conduits 8 and 1' communicate with each other, the
memory relay is said to be in the “zero” state, i.e., the
output S is at a relative pressure of zero. Stated in an-
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other way, the ““zero” state of the relay indicates that
the pressure S at the outer or output end of the conduit
1" is atmospheric pressure.

The cross-sectional area of the seat 2 is smaller than
the. cross-sectiondl area of the seat 3. The cross-
sectional area of the seat 2 is made sufficiently small so
that the pressure P acting on the poppet 1b over the
area of the conduit or seat 2, is insufficient to overcome
the locking force or retaining force developed by the
holding portions 4, 5 so that the poppet 1b is main-
tained in abutment with the seat 2 despite the presence
of the pressure P in the conduit 7.

" Actuating means are provided which can move the
poppet from the position wherein it engages one seat to
a position wherein it engages the other seat. The actu-
ating means which is adapted to bring the poppet 1b
into abutment against the seat 3 includes a conduit 7'
arranged to receive fluid under pressure, and particu-
larly to receive pneumatic pulses or signals X,, which
will hereinafter be referred to as set signals. When a sét
signal is transmitted to the conduit 7’, the pneumatic
control pulse is applied to one side of a diaphragm 9
which is movable in an upward direction when viewed
in FIG. 1. Upon the application of a set signal X, the
diaphragm deforms upwardly and causes an actuating
member 10 having a first portion 10a arranged to be

engaged by the diaphragm 9 and a second portion con-

figurated in the form of a fork 10b, to engage the pop-
pet 1b-and urge the same in an upward direction, as
viewed in FIG. 1, against the retaining forces exerted
on the poppet by the holding portions 4, 5. The upward
movement of the actuating member 10 causes the fork
10b to abut against the holding portions 4, 5 and cause
the same to move the poppet 16 towards the seat 3. The
thrust developed by the active area of the diaphragm 9
is greater than the thrust required to overcome the re-
taining forces exerted on the poppet 15 by the holding
portions 4, 5. Once the holding portions 4, 5§ have
passed a central or neutral position, this being an unsta-
ble position, the holding portions 4, 5 snap to the other
side towards a new stable position wherein they apply
forces to the poppet 1b to cause the latter to abut
against the seat 3. Advantageously, the diaphragm 9 is
arranged to deform sufficiently so as to cause the bifur-
cated portion or fork 10b to move in upward direction,
as viewed in FIG:. 1, by a distarnce sufficient to urge the
poppet 1b towards seat 3 until engagement has been ef-
fected. Once the upper surface of the poppet 15 has
come into contact with the seat 3, the inner end of the
conduit 7 is now open and communicates with the
space la and, therefore, with the output conduit 1'.
The pressure P is thereby transmitted to the output
conduit 1’ and the pressure S is equal to the pressure
P. Now, however, the inner end of the conduit-8 which
is bounded by the seat 3 is sealed and the conduit 8 is
no longer in communication with the space la. The
pressure output S at the output conduit 1’ now changes
from the atmospheric pressure in conduit 8 to the pres-
sure that prevails in conduit 7. The memory relay is
then said to be in the “state 1" or “‘set” position. With
the relay in the “state 1" position, it is possible to
switch the output S back from the pressure P to atmo-
spheric pressure, by the application of a reset signal X,
_in conduit 8'. A pneumatic pressure control signal X,
applied in the conduit 8’, as in the case of a pressure
in conduit 7', operates on a diaphragm 11 which is ar-
ranged to deflect in the direction. of the space la. An

6

actuating member in the form of a piston 12 has a por-
tion configurated to pass into and extend through the

- seat 3 while having another portion which is adjacent
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to the diaphragm 11. Upon deformation or flexing of
the diaphragm 11, the piston 12 is urged in a downward
direction, as viewed in FIG. 1, the portion extending
into the seat 3 and abutting against the poppet 1b to
urge the same to move towards the seat 2. The lifting
of the poppet 1b from seat 3 is facilitated by making the
cross-section of the diaphragm 11 as well as the cross
section of the portion of the piston engaging therewith,
greater than that of seat 3. The holding portions 4, §
are advantageously made from a material which de-
velop forces on the poppet 15 when engaged with the
seat 3 which can easily be overcome by the piston. 12
in response to movement of the diaphragm 11 and the
thrust developed by the air pressure on the poppet 1b.

Poppet 1b again passes the central or neutral position
and, in response to the downward movement of the pis-
ton 12, is forced to abut against the seat 2 where it is
maintained by the forces imparted thereto by the spring -
or elastic holding portions 4, 5 even after the signal X,
has disappeared. The output S is then reconnected to
the conduit 8 and the memory relay is again said to be
in the state “‘zero.” The -output remains in this state
after disappearance of the X, reset signal and only re-
turns to the state “1” when a set signal X, appears. Be-
cause of this characteristic, the relay is said to have a

_memory since it retains its states indefinite, as long as

no external control pulses are applied.

Push buttons 13 and 14 are manual overrides which
permiit changing the states of the memory relay by sim-
ple manual control. Upon depressing of the respective
push button a force is exerted on a respective dia-
phragm 9 or 11, which has the same effect as do the
forces exerted by the pressures on diaphragms caused
by the control signals X; and X,, respectively. Thus,
push button 13 sets the memory to state “1”” and push
button 14 resets it to state “0.” ' .

The mechanical retaining means described in con-
nection with FIGS. 1-3 may have the disadvantage that
the holding portions 4, 5 are subject to failure after re-
peated inversions as a result of fatigue. For some appli-

cations, and in particular where many.inversions are

anticipated, another type of locking may be preferred.
FIG. 4 illustrates a second embodiment for mechanical
retaining means which retains the poppet 1b in abut-
ment against seats 2 or 3 in the absence of any external
signals or in the event that the pressures in the housing
are removed. In this embodiment, the poppet 1b is in
the form of a substantially flat member which has a
fixed portion 1c¢ which is fixed to the housing 1. In the
presently preferred embodiment, the flat member is in
the form of a flexible blade having a free portion 1d
which is movable in upward and downward directions,
as viewed in FIG. 4, while pivoting about the fixed por-
tion Ic. The solid outline of the flexible blade 1d
represents the position where the flexible blade en-
gages the upper seat 3, while the dashed outline, or
lower representation, depicts the flexible blade in its
position when it engages the seat 2. In the position illus-
trated in FIG. 4, therefore, the supply pressure P is

.transmitted to the conduit 7 and then via the seat 2 to

the output conduit 1’ where it appears as the output S.
The relay is thus in the “state 1.”” A helical spring 15
maintains the free portion 1d in the upper position as
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shown. The poppet 1b is also maintained in this posi-
tion by the pressure differential which appears across
the poppet, i.e., the pressure P below the seat 3, and a
pressure lower than P at the seat 3.

The free portion 1d is movable in a downward direc-
tion against the action of the helical spring 15 if the
force of the latter is overcome by the action of the pis-
ton 12. Thus, if a reset signal X, is applied to the dia-
phragm 11, it acts on the piston 2 which moves the flex-
ible poppet blade from the seat 3 to the seat 2, thus
communicating the output S with the conduit 8 via seat
3 and placing the memory relay in *‘state zero.” Latch-
ing means are provided which are to utilized retain the
free portion 1d in abutment against the seat 2. This
latching means includes a bell crank 17 having a first
arm 17a and a second arm 17b. The two arms are sub-
stantially displaced from one another by about 90°. The
helical spring 15 abuts against the second arm 17b, the
free end of said second arm being arranged for engage-
ment with- a piston 10. The bell crank 17 is pivoted
about a pin 18. With this arrangement the lever can
move between two angular positions, as to be described
hereafter. The first arm is provided with engaging
means in the form of a notch 16, at the free end
thereof. When the piston 12is urged in a downward di-
rection, this causes the free portion 1d to move in a
downward direction and to further compress the helical
spring 15. This action increases the downward force
applied against the second arm 17b —this increasing
the clockwise moment, as viewed in FIG. 4, applied to
the bell crank lever 17 about the pin 18. The notch 16
is provided with a bearing surface 164, and as soon as
the free portion 1d has moved to a position below the
bearing surface 16a, the free portion is engaged by the
notch 16 as the bell crank 17 moves slightly in the
clockwise direction. The free portion 14 is held by the
bearing surface 16a in the position illustrated by the
dashed-outline. At this time, the helical spring 18 is
compressed to its near maximum. In this locked state,
the flexible blade 15 is in a stable condition, the action
of the helical spring 15 and the bell crank 17 being ca-
pable of maintaining the position of the flexible blade
1d indefinitely if no further pneumatic signals are trans-
mitted to the device. Thus, when the control signal X,
disappears, the poppet blade remains locked and the

- state of the memory relay is kept.

To revert the memory relay back to the state “1,” a
signal X, applied to the diaphragm 9, urges the piston
10 in an upward direction, as viewed in FIG. 4, to
thereby engage the free ends of the second arm 17b.
The effect of the upward movement of the piston 1
causes the bell crank lever 17 to rotate in a counter-

clockwise direction while slightly further compressing

the helical spring 15. When the bell crank 17 has ro-
tated in a counterclockwise direction, through an angu-
lar distance sufficient to cause the surface 16a to disen-
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_tion 1d applies sufficient restoring force against the

bearing surface 16a to maintain engagement.

In connection with the embodiment illustrated in
FIG. 4, the push buttons 13 and 14 allow the manual
switching of the memory relay, and in the absence of
control signals X, and X,, in 2 manner similar as that de-
scribed in connection with the embodiment illustrated
in FIGS. 1-3. Also, the description of features of the
first embodiment which are common with features of
the second described embodiment are equally applica-
ble to the latter.

The locking mechanisms or retaining mechanisms
can take different forms, as exemplified by the two de-
scribed embodiments. All of the retaining means or
locking mechanisms have the function of urging the
poppet into one position wherein it abuts one seat, and
for permitting the poppet to move into engagement
with another seat upon the application of a control sig-
nal while maintaining the poppet against the second
seat and only permitting the return of the poppet to the
first seat upon the provision of a further control signal.

The locking mechanisms as described are exemplary
but illustrate the principle and the advantages of utiliz-
ing such locking mechanisms. For one, the moving
parts are not exposed to the exterior and their lifetime
can be excellent if the locking mechanism has been
properly designed and constructed. Additionally, be-
cause the locking mechanisms are at least partially sur-
rounded by the fluids which the relay is intended to
switch, friction is generally minimized and tempera-
tures are stabilized during high frequency operations.
Also, lubrication is frequently not necessary.

The above described memory relays with mechanical
locking have the property that they keep their state
even if the supply pressure P fails. In fact, the mechani-

- cal locking mechanisms maintain this state even in a
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gage from the free portion 1d, the compressed helical .

spring 15 forces the flexible blade 1d to move in an up-
ward direction to thereby disengage from the seat 2 and
to bring it into engagement with the seat 3. With this
latter movement the flexible blade 1b is further aided
by the air pressure, and the output S is again equal to
the pressure P to thereby place the memory relay into
the state *“1.” It should be noted that the free portion
1d of the flexible blade 1b is arranged slightly below the
unflexed blade position (dashed outline in FIG. 4). This
insures that seat 2 is properly sealed while the free por-
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complete absence of any pressure input or control. This
property may be very advantageous in some automatic
systems. ’ : .

Two complementary signals-are frequently utilized in
automation systems. The memory devices which have
just been described in conjunction with FIGS. 1-4, are
single output memories. The single output S at the out-
put of the -conduit 1’ is either in communication with
the larger pressure P in the conduit 7 or with the lower
or atmospheric pressure in the conduit 8. These input
pressures, as described above, can selectively be ap-
plied to the output conduit 1’ by the application of suit-
able set and reset signals to the conduit 7' and 8’, re-
spectively. The just described memory relay may be
modified by connecting to the same a “NOT” relay in
the form of a switch 19. In the embodiment of FIG. 5,
the switch 19 has been connected to a memory relay as
shown in FIG. 4. The switch 19 is in' communication
with the conduit 7 via a conduit 20. The pressure P
taken from the input conduit 7 can be selectively ap-
plied to the output S and the output S, which is the in-
verse or complement of the output S. The actual con-
struction of the “NOT” relay is known and does not
form part of the present invention. Conduit means are
provided in the housing, this including the conduit 20
which is in communication with the conduit 7. Thus,
the pressure P is simultaneously applied to conduits 7
and 20, the latter being bounded by a smaller cross-
sectional seat 2'. Cooperating with a seat 3', a-conduit
21 of the “NOT"” relay is in communication with the
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space la. When a control signal X, is applied to the
conduit 7', the control pulse is applied to diaphragm 9.
This sets the main relay and the pressure P appears in
the space 1a as well as in the conduit 21. The pressure
P acts on the diaphragm 22 to urge the same in an up-
ward direction, as viewed in FIG. 5. This action forces
the poppet 23 to open seat 3" and seal or close seat 2’
—placing the output S-at the atmospheric pressure of
conduit 8'' or the output S is placed at the “0” level.

In the position illustrated in FIG. §, the output S is at
the pressure existing in the conduit 7 —this being the
pressure P. The conduit 21 is in communication with
the space la which feeds the output conduit 1’ so that
the pressure P is applied simultaneously to the poppet
23 through the valve 2’ as well as the diaphragm 22.
However, because the area of the diaphragm 22 is
gredter than the cross-sectional area of the seat 2’ the
net force generated in such as to maintain the poppet
23 in abutment against the seat 2’. Accordingly, the
output S is in communication with the conduit 8"’
which is at a pressure lower than that of pressure P.

In the condition illustrated in FIG. 5, the basic mem-
ory relay is in the ‘1" state since the output S of the
conduit 1’ is at the 1" state, while the auxiliary output
Siisin the “zero” state. By applying a reset signal X, to

the conduit 7", both poppets 15 and 23 are urged to en-'

gage the respective opposite seats and the basic mem-
ory relay output S is placed in the “‘zero’” state, and the
complementary S is placed in the “1” state.

The above described function, very much used in au-
tomation, has-until now remained difficult and costly to
use in pneumatic devices as compared with the mem-
ory functions obtainable with electrical or electronic
devices. The pneumatic memory relays with mechani-
cal locking mechanisms achieve the objects of this in-
vention, while the relays are easy.to construct and to
miniaturize. A pneumatic relay of this type makes the
use of pneumatic relays practical in many appli¢ations
which have been up to this point impractical. It should
be noted that during switching from one state to an-
other, movement of the parts, and in particular move-
ment of the poppets is reduced to a very small travel
and this results in increased lifetime and dependability
of the relays. Because no sliding seal is utilized the
components can operate perfectly without any lubrica-
tion.

Finally, the construction of the relay does not require
precautions for guiding and sealing and can be mass
produced, for example, with the use of plastic molded
parts, thus leading to a very low unit price.

According to another feature of the present inven-
- tion the housing 1 is composed of molded plastic and
the holding or mounting ‘parts are press-fitted in the
housing. The mounting parts are advantageously pro-
vided with annular sharp edges that achieve sealing and
also firmly maintain the parts in the housing. With such
sealing means, no threads are necessary, and the relay
assumes a very compact form which can be built very
economically. The present invention is not, however,

limited to this construction and other economical .

methods of construction can also be used in the frame-
work of the invention, as for example, assembling by
riveting, snapping means made of elastic parts, or by
uitrasonic welding of plastic parts.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find
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a useful application in other types of pneumatic relays
differing from the types described above.

_ While the invention has been illustrated as described
as embodied in a pneumatic memory relays with me-
chanical locking means, it is not intended to be limited
to the details shown, since various modifications and
structural changes may be made without departing in
any way from the spirit of the present invention.

Without further analysis, the foregoing will so-fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for vari-
ous applications without omitting features that, from
the standpoint of prior art, fairly constitute essential
characteristics of the generic or specific aspects of this
invention and, therefore, such adaptations should and
are intended to be comprehended within the meaning
and range of equivalence of the following claims.

What is claimed as new and desired to be protected
by Letters Patent is set forth in the appended claims:

1. A pneumatic memory relay comprising a housing
having a space interiorly therein; first and second input
conduits in said housing, said conduits respectively
having other ends accessible exteriorly of said housing
and respectively having inner ends each communicat-
ing with said space; means for establishing in at least
one of said input conduits a predetermined fluid pres-
sure different from atmospheric pressure; first and sec-
ond seat means respectively provided at said inner
ends; an output conduit in said housing communicating
with said space and with the exterior of said housing;
poppet means arranged to move in said space between
a first position in which it sealingly engages said first
seat means and places said output conduit in communi-
cation with said second input conduit, and a second po-
sition in which it sealingly engages said second seat
means and places said output conduit into-communica-
tion with said first input conduit; first and second actu-
ating means including means for receiving set and reset
signals for moving said poppet means to said second
and first positions, respectively, in response to applica-
tion of said set and reset signals; and retaining means
for retaining said poppet means in at least one of said
positions absent the application of the respective sig-
nal; wherein said first and second means are spaced
from each other, said first seat means having an effec-
tive area through which said predetermined pressure
can act on said poppet means when the latter is in said
first position, said effective area being so selected that
the force resulting on said poppet means by the action
of said predetermined pressure is insufficient to over-
come the retaining force exerted on said poppet means
by said retaining means. '

2. The relay defined in claim 1, wherein said retain-
ing means comprises means operative after said poppet
means has been moved to at least a predetermined one
of said positions for maintaining said poppet means in
said predetermined position even in the absence of the
respective one of said set and reset signals and even in
the absence of said. predetermined fluid pressure.

3. A pneumatic relay as defined in claim 1, wherein
said first seat means comprises resilient means defining
an opening substantially free of obstructions.

4. A pneumatic memory relay comprising a housing
having a space interiorly therein; first and second input
conduits in said housing, said conduits respectively
having outer ends accessible exteriorly of said housing
and respectively having inner ends each communicat-
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ing with said space; first and second seat means respec-
tively provided at said inner ends; an output conduit in
said housing communicating with said space and with
the exterior of said housing; poppet means arranged to
move in said space between a first position in which it
sealingly engages said first seat means and places said
output conduit in communication with said second
input conduit, and a second position in which it seal-
ingly engages said second seat means and places said
output conduit into communication with said first input
conduit; first and second "actuating means mcludmg
means for receiving set and reset signals for moving
said poppet means to said second and first positions,
respectively, in response to application of said set and
reset signals; and retaining means for retaining said
poppet means in at least one of said positions absent
the application of the respective signal; wherein said
first and second input conduits are arranged to be con-
nected to stronger first and weaker second sources of
pressure respectively, and wherein said first and second
seat means respectively bound said inner ends of said
first and second input conduits, the inner end of said

second input conduit having a cross sectional area-

greater than that of the inner end of said first input con-
duit.

5. The relay defined in claim 4; and further including
means for establishing in at least one of said input con-
duits a predetermined fluid pressure different from at-
mospheric pressure, and wherein said retaining means
comprises means operative after said poppet means has
been moved to at least a predetermined one of said po-
sitions for maintaining said poppet means in said prede-
termined position even in the absence of the respective
one of said set and reset signals and even in the absence
of said predetermined fluid pressure.

6. A pneumatic relay as defined in claim 4, wherein
said second actuating means comprises movable piston
means arranged to at least partially extend through said
second seat means on the application of a reset signal
to thereby move said poppet means from said second
to said first positions.

7. A pneumatic memory relay comprising a housing
having a space interiorly therein; first and second input
conduits in said housing, said conduits respectively
having outer ends accessible exteriorly of said housing
and respectively having inner ends each communicat-
ing with said space; first and second seat means respec-
tively provided at said inner ends; an output conduit in
said housing communicating with said space and with
the exterior of said housing; poppet means arranged to
move in said space between a first position in which it
sealingly engages sajd first seat means and places said
output conduit in communication with said second
input conduit, and a second position in which it seal-
ingly engages said second seat means and places said
output conduit into communication with said first input
conduit; first and second actuating means including
means for receiving set and reset signals for moving
said poppet means to said second and first positions,
respectively, in response to application of said set and
reset signals; and retaining means for retaining said
poppet means in at least one of said positions absent
the application of the respective signal; wherein said
poppet means comprises a substantially flat member
having one free portion and having another portion
connected to said housing, said flat member being re-
versibly movable between said first and second posi-
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tions in response to movement of said free portion re-
spectively from said first toward said second seat
means.

8. The relay defined in claim 7; and further including

. means for establishing in at least one of said input con-

duits a predetermined fluid pressure different from at-
mospheric pressure, and wherein said retaining means
comprises means operative after said poppet means has
been moved to at least a predetermined one of said po-
sitions for maintaining said poppet means in said prede-
termined position even in the absence of the respective
one of said set and reset signals and even in the dbsence
of said predetermined fluid pressure.

9. A pneumatic relay as defined in claim 7, wherein
said other portion is plvotally connected to said hous-
ing.

10. A pneumatic relay as defined in claim 7, wherein
said flat member comprises a flexible blade whose
other portion is fixedly connected to said housing.

11. A pneumatic relay as defined in claim 10,
wherein said retaining means comprises biassing means
abutting against said free portion and urging said flexi-
ble blade toward said second position, and latching
means for locking said flexible blade in said first posi-
tion of the latter.

-12. A pneumatic relay as defined in claim 11,
wherein said latching means comprises a bell crank
lever having first and second arms angularly displaced
from one another by approximately ninety degrees,
said lever being pivotally mounted in said housing for
pivoting movement between two angular positions, said
first arm including means for engaging said free portion
in a first angular position when said flexible blade is in
said first position in opposition to the forces imparted
to said flexible blade by said biassing means, said means
for engaging said free portion releasing the latter in a
second angular position of said lever, whereby said bi-
assing means urges said flexible blade to move toward
said second position.

13. A pneumatic relay as defined in claim 12,
wherein said biassing means comprises a helical spring
compressed between said free portion and said second
arm.

14. A pneumatic relay as defined in claim 13,
wherein said free portion of said flexible blade is ar-
ranged to move slightly beyond the unflexed blade po-
sition of said free portion towards said first seat means
when the remainder of said flexible blade is in said first
position, and wherein said latching means comprises a
notch formed in said first arm, said notch having a
bearing surface for abutment against said free portion
once the latter has moved slightly beyond said unflexed
position.

15. A pneumatic relay as defined in claim 12,
wherein said first actuating means comprises means for
pivoting said lever to said second angular position, and
wherein said second actuating means comprising
means for pivoting said lever to said first angular posi-
tion.

16. A pneumatic memory relay comprising a housing
having a space interiorly therein; first and second input
conduits in said housing, said conduits respectively
having outer ends accessible exteriorly of said housing
and respectively having inner ends each communicat-
ing with said space; first and second seat means respec-
tively provided at said inner ends; an output conduit in
said housing communicating with said space and with
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the exterior of said housing; poppet means arranged to
move in said space between a first position in which it
sealingly engages said first seat means and places said
output conduit in coinmunication with said second
input conduit, and a second position in which it seal-
ingly engages said second seat means and places said
output conduit into.communication with said first input
conduit; first and second actuating means including
means for receiving set and reset signals for-moving
said 'poppet means to said second and first positions,
respectively, in response to application of said set and
reset signals; and retaining means for retaining said
poppet means in at.least one-of said positions absent
the application of the respective signal; wherein said
first and second actuating mieans each comprise a mov-
able actuating member having a portion configurated
to extend respectively through said first and second
seat means and arranged to abut against said- poppet
means when the latter is in respectively said first and
second positions; and diaphragm means adjacent to
€ach actuating member and arranged to displace the
latter into abutment with said poppet means in re-
sponse to set and reset signals respectively, to thereby
urge said poppet means to move from one position to
another.

17. The relay deﬁned in claim 16; and further includ-
ing means for establishing in at'least one of said input
conduits a predetermined fluid pressure different from
atmospheric - pressure, and- wherein said retaining
means comprises means operative after said poppet
means has been moved to at least a predetermined one
of said positions for maintaining said poppet means in
said predetermined position-even in the absence of the
respective one of said set and reset signals and even in
the absence of said predetermined fluid pressure.

18. A pneumatic relay as defined in claim 16, further
comprising first and second manual override button
means slidably mounted on said housing and arranged
to act respectively on said diaphragm means adjacent
to each actuating member when said button means is
depressed.

19. A pneumatic memory relay comprising a housing
having a space interiorly therein; first and second input
conduits in said housing, said conduits respectively
having outer ends accessible exteriorly of said housing
and respectively having inner ends each communicat-
ing with said space; first and second seat means respec-

" tively provided at said inner ends; an output conduit in
said housing communicating with said space ‘and with
the exterior of said housing; poppet means arranged to
move in said space between a first position in which it
sealingly engages said first seat means and places said
output conduit in communication with said second
input conduit, and a second position in which it seal-
ingly engages said second seat means and places said
output conduit into communiation with said first input
conduit; first and second actuating means including

means for receiving set and reset signals for moving

said poppet means to said second and first positions,
respectively, in response to application of said set and
reset signals; and retaining means for retaining said
poppet means in at least one of said positions absent
the application of the respective signal; wherein one of
- two.complementary output signals appears at said out-
put conduit; and further comprising associated relay
means cooperating with said- memory relay and includ-
ing conduit means communicatinig with said first and
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second input conduits and said means for receiving said
set and reset signals, said conduit means including an
other output conduit; and means cooperating with said
conduit means for generating at said other output con-
duit an output signal which is complementary to that
appearing at the first mentioned output conduit.

-20. The relay defined in claim 19; and further includ-
ing means for establishing in at least one of said input
conduits a predetermined fluid pressure different from
atmospheric  pressure, and wherein said retaining

. means comprises means operative after said poppet

" means has been moved to at least a predetermined one
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of said positions for maintaining said poppet means in
said predetermined position even in the absence of the
respective one of said set and reset signals and even in
the absence of said predetermined fluid pressure.

21. A pneumatic memory relay comprising a housing
having a space interiorly therein; first and second input
conduits-in said housing, said conduits respectively
having outer ends accessible exteriorly of said housing
and respectively having inner ends each communicat-
ing with said space; first and second seat means respec-
tively provided at said inner ends; an output conduit in
said housing communicating with said space and with
the exterior of said housing; poppet means arranged to
move in'said space between a {irst position in which it

- sealingly engages said first seat méans and places said
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output conduit in communication with said second
input conduit, and a second position in which it seal-
ingly engages said second seat means and places said
output conduit into communication with said first input

conduit; first and second actuating means including
means for receiving set and reset signals for moving
said poppet means to said second and first positions,
respectively, in response to application of said set and
reset signals; and mechanical retaining means automat-
ically operative after said poppet means has been
moved to said first position for maintaining said poppet
means in- said first position even in the absence of a
reset signal by applying to said poppet means a purely
mechanical retaining force holding said poppet means
in said first position, and automatically operative after
said poppet means has been moved to said second posi-
tion for maintaining said poppet means in said second
position even in the absence of a set signal by applying
to said poppet means a purely mechanical retaining
force holding said poppet means in said second posi-
tion.

22. The relay defined in claim 21; and further includ-
ing means for establishing in-at least one of said input
conduits a predetermined fluid pressure different from
atmospheric pressure, and wherein said retaining
means comprises means operative after said poppet -
means has been moved to at least a predetermined one
of said positions for maintaining said poppet means in
said predetermined position even in the absence of the
respective one of said set and reset signals and even in
the absence of said predetermined fluid pressure.

23. The relay defined in claim 21, wherein said me-
chanical retaining means comprises obstructing means
automatically operative after said poppet has moved to
a predetermined one of said two positions thereof for

maintaining said poppet means in said predetermined

position by obstructing the path of movement of said
poppet means from said predetermined position to the
other position of said poppet means.
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24. The relay defined in claim 23, wherein said ob-
structing means comprises a latch mechanism arranged
to detain said poppet means in said predetermined po-
sition thereof, and release means responsive to receipt
of one of said set and reset signals for unlatching said
latch mechanism.

25. The relay defined in claim 21, wherein said ob-
structing means comprises an element movable to a po-
sition obstructing the path of movement of said poppet
means from said predetermined position to the other
position of said poppet means, and means automati-
cally operative in response to receipt of a predeter-
mined one of said signals for moving said element out
of said path of movement of said poppet means.

26. The relay defined in claim 21, wherein said me-
chanical retaining means comprises bistable biasing
spring means automatically operative after said poppet
means has moved to said first position for maintaining
said poppet means in said first position even in the ab-
sence of a reset signal by applying to said poppet means
a spring biasing force holding said poppet means in said
first position, and automatically operative after said
poppet means has been moved to said second position
for maintaining said poppet means in said second posi-
tion even in the absence of a set signal by applying to
said poppet means a spring biasing force holding said
poppet means in said second position.

27. The relay defined in claim 26, wherein said bista-
ble biasing spring means comprises a single bistable bi-
asing spring.

28. The relay defined in claim 27, wherein said single
bistable biasing spring is composed of a single resilient
element.

29. A pneumatic memory relay comprising a housing
having a space interiorly therein; first and second input
conduits in said housing, said conduits respectively
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having outer ends accessible exteriorly of said housing
and respectively having inner ends each communicat-
ing with said space; first and second seat means respec-
tively provided at said inner ends; an output conduit in
said housing communicating with said space and with
the exterior of said housing; poppet means arranged to
move in said space between a first position in which it
sealingly engages said first seat means and places said
output conduit in communication with said second
input conduit, and a second position in which it seal-
ingly engages said second seat means and places said
output conduit into communication with said first input
conduit; first and second actuating means including
means for receiving set and reset signals for moving
said poppet means to said second and first positions,
respectively, in response to application of said set and
reset signals; and mechanical retaining means automat-
ically operative after said poppet means has been
moved to a predetermined one of said two positions
thereof for maintaining said poppet means in said pre-
determined position even in the absence of the respec-
tive one of said set and reset signals by obstructing the
path of movement of said poppet means from said pre-
determined position to the other position of said pop-
pet means.

30. The relay defined in claim 29; and further includ-
ing means for establishing in at least one of said input
conduits a predetermined fluid pressure different from
atmospheric pressure, and wherein said retaining
means comprises means operative after said poppet
means has been moved to at least a predetermined one
of said positions for maintaining said poppet means in
said predetermined position even in the absence of the
respective one of said set and reset signals and even in

the absence of said predetermined fluid pressure.
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