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My present invention relates to a pressure
switch structure particularly designed for use
in an automatic fuel system of the kind shown
in my copending application, Serial No. 408,233,
filed August 25, 1941,

One object of the invention is to provide a
switch which is normally automatically operated
response to pressure changes, such as the lubri-
cating oil pressure of an airplane engine, and
which may be additionally operated manually to
turn it either on or off, regardless of the position
it has assumed as a result of being pressure oper-
ated, the switch, however, after a manual oper-
ation, being again under automatic control of
the pressure operated means when it subseauently
changes position.

Ancther object is to provide a switch structure
wherein a specific design of detent means is pro-
vided for the purpose of securing the type of
operation just outlined, the detent means pro-
viding coaction between a pressure operated ele-
ment and a switch actuating element.

Still another object is to provide a pressure
switch structure wherein a valve plug and seat
arrangement provides for cutting off the flow of
0il to atmosphere in case the pressure operated
member develops a leak in cperation.

With these and other objects in view, my in-
vention consists in the construction, arrangement
and combination of the various parts of my de=
vice whereby the cbjects contemplated are at-
tained, as hereinafter more fully set forth, point-
ed cut in the claims and illustrated in the ac-
companying drawing in which:

Figure 1 is a side elevation of a portion of my
pressure switch structure showing a switch ac-
tuabing element in “off” position by solid lines,
and in “or” position by dot-and-dash lines;

Figure 2 is an end view, partly in section, of
the.switch structure, as taken on the line 2-—3
of Figure 1;

Figure 3 is a vertical sectional view through the
switeh structure;

Figure 4 is a sectional view on the line 4—4
of Figure 1; and

Iigure 5 is an electro-diagrammatic view show-
ing a representative installation wherein my pres-
sure-switch structure is used.

On the accompanying drawing I have used the
reference numeral {0 to indicate a panel; on the
back of which my pressure switch structure may
be mounted. The switch structure includes a
body casting 12, secured, as by screws 13, to the
panel {9, and having therein a bore 14 and a
slideway 5. The bore {4 is adapted to slidably
receive & stem 16 terminating in a head 11, with
which a spring {8 coacts to bias the stem 1§ to-
ward the left in Figure 3. The head. {1 coacts
with the closed end of a bellows 19, the open end
of which has & flange 20 confined between a pair
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of gaskets 21. A housing 22 is provided for the
bellows {8, and the body 12 is secured to the
housing 22 as by screws 23, passing through a
flange 24 of the body and entering serew-threaded
openings of the housing 22. The housing 22 is
tapped, as at 25, for connection to a souree of
pressure, such as the lubricating oil system of an
airplane engine.

In the siideway 5 a cross-head 26 is slidably
mounted. The cross-head 26 is sécured to the
stem 18 as by a cross-pin 21, and is provided with
8 valve piug portion 28. The valve plug portion
28 is adapted, normally, to seat against a valve
seat 2§ of the body {2 under bias of the spring
i8, the valve seat being in communication along
the bore 14 with the interior of the bellows 19,

The cross-head 26 has a bore 30 in which is
slidably mounted a pair of spring-pressed pins
3i. The pins 3t are preferably hardened and
provided with sockets into which a spring 32
extends for the purpose of biasing the pins
away from each other.

The pins 31 are adapted to coact with depres-
sicns of switch actuating cams 33, the depressions
being indicated at 34, 35 and 36. Each of the
two cams 33 is provided with the three depres-
sions noted, and the depressions, as shown in
Figure 4, wherein the far side cam of Figure 1
is illustrated, are of different depths. The de-
pression 35 is relatively deep, whereas the de-
pressions 34 and 36 are relatively shallow, the
purpose of which will hereinafter appear. The
depressions and the spring-pressed pins form a,
detent means of coaction between the pressure
operated bellows 19 and the switch actuating
cams 33.

The cams 33 are pivoted on a pin 37 extending
through the body 2, and are retained thereon
by cotter pins 88 and washers 39. The cams 33
are limited in movement by shoulders 40 and 41
thereof, and a stop pin 42 extending through the
body 12.

The cams 33 have cam surfaces 43, the right
hand end of the one shown in Figure 1 being
lower than the left hand end thereof. These
cam surfaces are adapted to coact with switeh
actuating pins 44 extending into switch housings
48, The switches 45 are supvoried on g chan-
nel-shaped plate 432 secured to the bottom of
the body 12. The near side sWitch housifig in
Figure 1 has a switch therein comprising a switch
blade 4€ and a contact 47, shown diagrammati-
cally in this figure, whereas the- far side switch
£5 - has.-a similar switch blade 48 and a-contact
48, shown in Figure 5. It is -obvious that the
switch 46—47, in Figure 1, is in’open’ position
when the parts are in full-ling position, and in
closed position-whern the cam 33 assumes the dot-
and-dash line positien, at- which-tithe the pin 44
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and the switch blade 46 assume the dotted posi-
tions illustrated.

The cams 33 are provided with actuating han-
dles 80 which extend through slots 5{ in the
panel 18. These are adapted for manual actua-
tion of the switehes, as later described.

Practical operation

My pressure switch structure may be installed
in g circuit of the kind shown in Figure 5, where-
in g source of current supply, such as. a battery,
is indicated at 52. - An ignition switch 53 and a
fuel pressure switch B4 are in series with the
switches #5—47 and 88—48, as described in my
copending application. The switches 46—£7.and
48—49 are identical, as far as operation is con-
cerned, and one of them may be for controlling
a motorized selector valve V, whereas the other
may be provided for controlling an auxiliary fuel
pump P, suitable for starting operations where a
main fuel pump is used after the engine is start-
ed and is running properly. Instead of P being
an auxiliary fuel pump, it might be a booster
pump. for boosting the supply of fuel from the
tank to the main fuel pump, in which case it
wotuld be desirable to run it whenever the ignition
switch 53 is on.

' The desired type of automatic operation is that
a rise in lubricating oil pressure will close both
switches, and will open them when the oil pres-
sure falls. When there is manual operation,
however, it is desirable that either switch may
be permitted to move to its opposite position,
regardless of the position of the bellows (9,
the switch always reverting to automatic conirol
of the bellows whenever there is a subsequent
rise or fall of oil pressure. For instance, when
the airplane engine is started up, it is desirable
to operate the auxiliary fuel pump P, but it is un-
desirable to operate the selector valve V until
fuel pressure has been built up to properly control
the fuel pressure switch 54. Therefore, the
switch 46—47 is left open, and the switch £48—489
is manually closed at the time the ignition switch
53 is closed, so that the pump P will supply fuel
to the engine until the main fuel pump dees so.
As  the engine ceihes up. to speed, the pressure
oiling system, being ift operation, raises the pres-
sure of the oil which acts upen the bellows §8,
tending to collapge it and to move the cross~head
26 toward the right.

_ Since the near side handle 5% is dowa, or in
“off” position, its deep depression &% is coacting
with the spring-pressed pin §i, and the cam
will therefore he carried along with the cross-
head to effect raising of the handle and closure
of the switch 46—47. Thus the selector valve V
is automatically energized for operation in se-
lecting the fuel tank from which fuel is to be
taken, whereas the switch 48—48, already being
on, its cam 33 cannot be moved further, gs its
stop shoulder 41 would be against the stop pin 42,
In this position the spring-pressed pin 3{ is in
the shallow depression 34, and, therefors, read-
ily rides out of it as the cross-head 26 advances.
‘At the fully advanced position of the cross-head
the pin 31 snaps into the relatively deep depres-
'sion 8% of the far side cam 33 in Figure 1, and
the parts are now in position for g subsequent
opening of the switch 42—49, as well as the switch
46-—41, when the oil pressure recedes. Such re-

cession takes place when the engine stops due to
cutting off the ignition at switch 53. ;

As to the switch 48—49, it will be opened by
the pilot after the main fuel pump begins to sup-
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ply fuel to the engine, as the auxiliary fuel punip
P is then no longer needed. Where the pump P
is a booster pump, however, it is desirable that
it operate as long as the engine operates, and
the switch 88—429 therefore requires no atten-
tion, since it is automatically closed when it goes
down. If booster pump operation is desired be-
fore the oil pressure coimnes up, the switch 48—43
can be manually closed, and will subsequently be
opened by a fall in oil pressure.

When the switch 48—47 is closed, due to rise
in- ¢il pressure, it may subsequently be opened
manually if desired by the pilot, if he does not
want the selector valve V to operate automat-
ically, as when he wants to operate this valve
manually, The pin 2i in that case, would be
advanced to a position coincident with the dash-
line illusirated depression 3§ in Figure 1, and
this depression would be advanced to the dot-
and-dash illustrated position. The pin would
still be in the deep depression 35, but the handle
50 could be forced downwardly by hand, and
would disengage the pin from the deep depres-
sion and permit it to snap into the shallow de-
pression 88 after the handle is all the way
down. Thus the switch may be turned off when
the cil pressure is up, or may be turned on when
the oil pressure is down; yet any subsequent fall
or rise of oil pressure will move the switch cam
one way or the other, or if it has already been
manually moved, the cross-head will move rel-
ative to the cam and permit snap-in of the pin
81 with relation to the deep depression 35 for a
subsequent automatic operation of the switch ge-
tuating cam when the oil pressure changes in
the opposite direction.

I have shown two of the switch actuating cams
merely by way of illustration, and it will be ob-
vious that they, together with the detent means of
coaction between them and the pressure op-
erated element, form a simple means of actuat-
ing the switches manually, in addition to auto-
matic operation, and cause reversion of the
switches to automatic operation upon s subse-
quent pressure change.

The valve 28—29 performs the important func-
tion of guarding against oil leakage in the event
of failure such as puncture of the bellows. In
that event, the spring 18 automatically closes the
valve, thus eliminating the possibility of oil leak-
age from the interior of the bellows and along
the stem 16 to atmosphere in the slideway #5.

Some changes may be made in the construction
and arrangement of the parts of my device with-
out departing from the real spirit and purpose
of my invention, and it is my intenticn to cover
by my claims any modified forms of struciure
or use of mechanical equivalents which may be
reasonably included within their scope without
sacrificing any of the advantages thereof.

I claim as my invention:

1. In a pressure switch structure, a pressure-
operated element, a pair of stops, a switch oper-
ating element movable between said stops, and
detent means of coaction hetween said pressure-
operated element and said switch operating ele-
ment comprising a spring-pressed pin carried by
one of said elements, and the other element hav-
ing a series of three depressions to receive said
pin, the center one of said depressions being suffi-
ciently deep to cause said pressure-operated ele-
ment to carry said switch operating element with
it as the pressure-operated element moves, and
the other two of said depressions being suffi-
ciently shallow to permit said spring-pressed pin
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t0 ‘ride "out of ‘them “Upon the Pressure=operated
elerfienit ‘moving when “the ‘switch operating ‘ele-
nient is stopped by one of said stops.

2. In a ‘pressure switch structure, a pressure-
operated element, a switch operating ‘element
Liovable between open and ‘closed circuit ‘posi=
tions, and detent means-of coaction bétween said
pressure-operated element and said switch ‘op-
érating element comprising a spring-pressed ‘€le-
ment ‘carried by -one of said elements, and the
‘other element having a series of three depressions
to receive said spring-pressed element, the center
one of said depressions ‘being sufficiently deep ‘to
'c‘sit;s‘e ‘said pressure-operated elément ‘to ‘carry
sald switch operating element with it as the pres-
sure-operated elerhent moves, and the other twe
of ‘said depressions being sufficiently shallow ‘to
permit said spring-pressed element to ride out
of them upon the pressure-operated element mov-
ing ‘when the switch operating ‘elemernt is at its
relatively opposite circuit controllihg position.

3. In a pressure switch structure, a pressure-
operated element, a ‘Switch operating element
movable between open'and closed circuiit positions,
and detent means of coaction between ‘said pres=
sure-operated element and ‘said switch operating
element comprising a spring-pressed element car-
ried by one of said elements, and the other ele-
ment hdving a series of three depressions to re-
ceive said spring-pressed element, the centér one
of said depressions being sufficiently deep to cause
said pressure-operated -element to ‘carry said
switch ‘operating element with it ‘as the pres-
sure-operated element moves, and the other two
‘of 'said depressions being sufficiently shallow to
‘permit said spring-pressed element to ride out of
them upon the pressure-operated element mov-
ing when the switch operating element is ‘at its
‘relatively opposite circuit controlling position,
said switch operating element being ‘manually
miovable when said spring-pressed element is in
any of said three depressions. i ‘

4. In ‘a pressure switch structure, a pressure
responsive ‘elemént movable between predster-
minéd limits, a control elethent movable between
pre’de’te'rmined positions, and detent means of ¢o-
‘action between said pressure-operated elemeént
and said switch operating element including a
seties of depressions, certain of which ‘are Suffi-
‘ciently déep to cause the detent means to carry
'sald control elément with it as the pressure re-
‘sponsive elemént moves between its limits of
‘movement, and certain of which deistessions ‘are
sufficienitly shallow to permit said deterit means
to ride otit of thém upon the pressire resporisive
element moving to one of its limits of movement
when the control elément is at its relatively op-
posite limit of movement.

. '5.-In ‘a pressure switch structure, a .pressure
responsive element movable between ‘predeter-
‘mihed limits, a control element movable between
predeterniined positions and detént means of co-
action between said pressute-operated element
and said ‘switch operating element Including a
series of depressions, certain of which are suffi-
clenitly deep to cause the detent means to carry
sald control element with it as the pressure-re-
‘Sponsive elemient moves between its limits of
‘movement, and certain of ‘which dapressions are
sufficiently shallow to permit said detent means
to-ride out of them upon the pressure-responsive
element moving to one of its limits of movement
when the control element is at its relatively op-
posite limit of movement, said detent means per-
mitting manual movement of said control ele~

[+3

10

20

30

‘40

[
o

60

65

70

75

3
ment independent ‘of ‘said ‘préssure-responsive
element.

6. A switch structure comprising a cross-hesd
element, a slideway therefor, operating means for
moving said cross-head element relative to-said
sildeway, a-switch actuating element, one of 'said
elements having three depressions therein, -a
spring-pressed pin carried by the other of said
elements to coact with said depressions, the cen-
ter depression being relatively deeper than ‘the
other two depressions to permit said ' spring-
pressed pin to ride out of the shallow ones‘upon
movement of the cross-head: elemerit, and causirg
the switch actudting element to be carried with
the cross-head element when said spring-pressed
pin coacts with the deep depression. '
7.'A control structure of the king described

‘comprising a movable cross-head, pressure-re-

sponsive means for moving said cross-head, a
control element, said control element having a
plurality of depressions therein, and ‘a spring-

pressed element carried by said cross-head to

coact with said depressions, certain of said de-
pressions being relatively deeper than certain
others thereof to permit said spring-pressed ele-
ment to ride out of a shallow depression 11pon
movement of the cross-head, and causing said
control element to be carried with the cross-
head when said spring-pressed element coacts
with a deep depression.

8. A control structure of the kind -described
comprising a movable cross<head, pressure-re-
sponsive means for moving said cross-head, a
control element, said control element having a
plurality of depressions therein, and a spring-
pressed element carried by said cross-heagd to co-
act with said depressions, certain of said depres-
sions being relatively deeper than certain others
thereof to permit said spring-pressed element
to ride out of a shallow depression upon move-
ment of the cross-head, and causing said control
element to be carried with the cross-head when
said spring-pressed element coacts with a-deep
depression, said control element being manually

5 movable relative to said cross-head in any po-

sition thereof.

9. A switch structure comprising a cross-head,
a slideway therefor, pressure-operated means for
moving said cross-head relative to said slideway,
a switch actuating cam, said cam having three
depressions therein, a spring-pressed pin carried
by said cross-head to coact with saig depressions,
the center depression being relatively deeper than
the other two depressions to permit said spring-
pressed pin to ride out of the shallow ones upon
movement of the cross-head, ang causing the
switch actuating cam to be carried with the Cross-
head when "said spring-pressed pin coacts with
the deep depression.

-10. In a switch structure of the character de-

scribed, a switch actuating element having an

“on” position and an “off” position, a pressure
operated ‘element having a low pressure position
and a high pressure position, means of cperative
coaction between said switch actuating element
and said pressure operated element comprising
‘a spring-pressed pin carried by one of the ele-
ments and the other element having a plurality
of depressions for coaction therewith, certain of
said depressions being relatively deep and cer-
tain thereof being relatively shallow to permit
said switch acthating element to be manually
moved to either “on” or “off” position when the
pressure is either down or up, and causing the
switch actuating element to be moved to one of
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its positions when the pressure falls, and to the
other of its positions when the pressure rises,
regardless of the:position of the switch actuat-
ing element before the fall or rise of pressure.
11. In a structure of the charactér described,
an actuated element having two.opposite posi-
tions, an actuating element having two opposite
positions, means of operative coaction. befween
said elements and comprising a ‘spring-pressed
pin carried by one of the elements and the other
element having a plurality of three depressions
for coaction therewith, the center depression
being relatively deep and the other two. rela-
tively shallow to permit said actuated element to
be manually moved to either of its opposite po-
sitions when the other element is in either of
its positions and to the other position of the
actuated element when the actuating element
changes its direction of movement.
. 12. In a switch structure of the character de-
seribed, a switch actuating element baving an
“on” position and an “off” position, a pressure-
operated element having a low pressure posi-
tion and a high pressure position, means of op-

erative coaction between said switch actuating .

element and said pressure-operated element com-
prising a spring-pressed pin carrieq by one of
the elements and the other element having three
depressions for coaction therewith, the center
depression being relatively deep and the other
two relatively shallow to cause the switch ac-
tuating element to be moved to. one of its posi-
tions when the pressure falls, and to the other
of its positions when the pressure rises, regard-
less of the position of the switch actuating ele-
ment before the fall or rise of pressure.

13. A pressure switch structure comprising a
bellows responsive to pressure, a spring urging
said bellows in one direction in opposition to
pressure rise, a stem extending from said bellows
and actuated thereby, & cross-head element car-
ried by said stem and having a valve plug, &
valve seat communicating with the side of said
bellows open to atmosphere, said valve plug being

coactible with said valve seat when the pressure ;

is down or when the bellows fails to seal off the
pressure side of the bellows from atmosphere,
and a switch actuating element operated by said
cross-head element through detent means of co-

action, said detent means comprising a spring-. ¢

pressed pin carried by one of said elements and
the other element having three depressions to
coact therewith, the center depression being
deeper than the other two to effect simultaneous

movement of the switch actuating element with

the cross-head element when the spring-pressed
pin coacts with the deep depression and to per=
mit the pin to ride out of either of the shallow
depressions when coacting therewith.

14. A pressure switch structure comprising a
bellows responsive to pressure, & spring urging
said bellows in one direction in opposition to
pressure rise, a stem extending from said bellows
and actuated thereby, a cross-head carried by
said stem and having a valve plug, a valve seat
communicating with the side of said bellows
open to atmosphere, a valve plug-carried by
said stern and coactible therewith when the pres-
sure is down or when the bellows fails to seal off
the pressure side of the bellows from atmosphere,
and a switch actuating element operated by said
cross-head through detent means of coaction said
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detent means including three depressions, the
center depression .being deeper than the other
two to effect simultaneous movement of the
switch actuating element with the cross-head
element when the detent coacts with said center
depression and to permit the detent to ride out of
either of the other depressions when coacting
therewith. . . )

15. A pressure. switch structure comprising a
bellows responsive to pressure, a spring urging
said bellows in one direction in opposition to
pressure rise, a stem extending from said bellows
and actuated thereby, a cross-liead carried by
said stem, a valve seat communicating with the
side of said bellows open to atmosphere, a valve
plug carried by said stem and coactible with said
valve seat when the pressure is down or when the
bellows fails to seal off the pressuie side of the
bellows from atmosphere, and a switch actuating
element operated by said cross-hiead through de-
tent means of coaction. )

16. A pressure switch structure comprising a
bellows responsive to pressure, a stem extending
from said bellows and actuated thereby, a cross-
head element carried by said stem, a valve seat
communicating with the side of said bellows open

to atmosphere, a valve plug carried by said stem

and coactible therewith when the pressure is

down or when the bellows fails to seal off the

pressure side of the bellows from atmosphere, and
a switch actuating element operated by said cross-
head through detent means of coaction compris-
ing a spring-pressed pin carried by one of said ele-
ments and the other element having . a plurality
of three depressions to coact therewith, the cen-
ter depression being deeper than the other two
to effect simultaneous movement of the switch
actuating element by the cross-head element
when the spring-pressed pin coacts with the deep
depression and to permit the pin o ride out of
either of the shallow depressions when coacting
therewith, said switch actuating element being
manually operable and such operation being per-
mitted by said detent means of coaction.

7 17. A pressure switch structure comprising a
bellows responsive on one side to pressure and
having its other side open to-atmosphere, a stem
extending from said bellows and actuated there-
by, a cross-head carried by said stem and having
a valve plug, a valve seat communicating said
other side of said bellows to atmosphere, a valve

‘plug carried by said stem and coactible therewith

When the pressure is down or when the bellows
fails to seal off its pressure side from atmosphere,
and 5 switch actuating element operated by said
cross-head through detent means of coaction.
18. A pressure switch structure comprising a
bellows responsive on one side to pressure and
having its other side open to atmosphere, a'stem
extending from said bellows and actuated there-
by, a cross-head carried by said stem and having .
a-valve plug, a valve seat communicating. said
other side of said bellows to atmosphere, a valve
plug carried by said stem and coactible therewith
when the pressure is down or when the bellows
fails to seal off said one side of the bellows from
atmosphere, and a switch actuating element op-
erated by said cross-head through detent means
of coaction, said switch actuating element being
manually operable and such operation being per-
mitted by said detent means of coaction.
HOWARD A, SATTERLEE.




