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This invention relates to pressure actuated 
Switch mechanism and more particularly to an 
air Speed Switch for airplanes. 
An object of the invention is to provide a 

SWitch of the above type having novel and in 
proved details of construction and features of 
Operation. 
In accordance with the present invention a 

balanced bellows mechanism is provided for op 
erating the switch contact arm through a link 
age providing a limited amount of lost motion so 
that the contact, when closed, remains closed 
over a predetermined range of movement of the 
bellows, thereby preventing unstable operation. 
Another feature of the invention consists in 

providing internal plug members for reducing the 
available Volume of the bellows so as to increase 
the sensitivity thereof to changes in air pressure 
in the supply tubes. The plug members also act 
as built-in stops to limit the compressional move 
ment of the bellows. 
Another feature consists in the provision of 

capillary metering orifices in the supply tubes 
Which serve to dampen the operation of the de 
Vice and to eliminate variations in operations 
Which might otherwise occur if the tube area 
should change, as by the partial closing or the 
partial plugging of a tube. 
The invention also provides novel and improved 

contact mechanism for Successively closing a 
plurality of different contacts as the air speed 
changes, with a Snap action at each make or 
break. The contacts are So arranged that the 
contact periods and the gap periods may be varied 
Over a wide range by a simple adjustment. The 
contacts are also arranged to be self-cleaning. 
Although the novel features which are be 

lieved to be characteristic of this invention are 
pointed out more particularly in the claims ap 
pended hereto, the invention itself may be bet 
ter understood by referring to the following de 
scription, taken in connection With the accom 
panying drawings in which a specific embodi 
ment thereof has been set forth for purposes of 
illustration. 
In the drawings, 
Fig. 1 is a vertical section through a Switch 

mechanism embodying the present invention; 
Fig. 2 is a transverse vertical section taken on 

the line 2-2 of Fig. 1; 
Fig. 3 is a diagrammatic view of the switch 

mechanism connected by static and Pitot lines 
to an airplane Wing; 

Fig. 4 is a detail view of a Switch plate illus 
trating another embodiment of the invention; 

10 

15 

20 

25 

3) 

40 

45 

50 

55 

Fig. 5 is a transverse section taken on the 
line 5-5 of Fig. 4; 

Figs. 6 and 7 are detail views of Switch plates 
illustrating further embodiments of the inven 
tion; 

Fig. 8 is a detail view of a Switch plate and 
contact arm illustrating a still further embodi 
ment of the invention; and 

Fig. 9 is a transverse Section taken on the line 
9-9 of Fig. 8. 
In the following description certain specific 

terms are used for convenience in referring to 
various details of the invention. It is to be un 
derstood, however, that these terms are to be 
given as broad an interpretation as the state of 
the art will permit. 

Referring first to Figs. 1 and 2, the switch is 
shown as comprising a base plate 0 having a 
suitable cover secured thereto by means shown 
as screws 2. The base plate O carries a pin 
4, the outer end of which is supported by a sta 

tionary bracket 5 attached to the base plate O 
by ScreWS 6. 
A segmental contact plate 20 and a sleeve 2 

are pivotally mounted about the pin 4. The con 
tact plate 20 is adjustably secured to the base 
plate 0 by suitable means shown as screws 22, 
which extend through elongated arcuate slots 23 
in the contact plate. 

In the embodiment of Figs. 1 and 2 the con 
tact plate carries a plurality of contact segments 
24 to 26 which are positioned to be successively 
engaged by a moving contact 27 as the latter 
sweeps across the contact plate 20. 
The contact 27 is carried by a flat, spring mem 

ber 39 which is biased to hold the contact 2 in 
firm engagement with the contact segments 24 
to 26. The member 30 is attached by a sleeve 3 
and a set screw 32 to a spring arm 33 which is 
attached by a collar 34 and a set screw 35 to the 
sleeve 2 for turning therewith. The Spring arm 
33 is adapted to flex in response to the turning 
movement of the sleeve 2 so as to build up a 
force for overcoming the resistance of the con 
tact 27. 
In the embodiment shown in Figs. 1 and 2 the 

contact segments 24 and 26 are positioned at 
opposite sides of the contact plate 20 with the 
contact segment 25 in an intermediate position. 
The inside edges of the contact segments 24 and 
26 are provided with grooves 24a and 26a and the 
side edges of the segment 25 are provided with 
grooves 25a, which are similar to the grooves 
shown in section in Fig. 5 and are adapted to 
receive and temporarily restrain the contact 2 as 



2. 
the contact moves thereover, So that an appre 
ciable force is required to move the contact 27 
out of said grooves after the contact has once 
seated therein. This force is built up by flexing 
of the Spring arm 33 which causes the contact 27 
to leave the groove with a Snap action. The con 
tact 2; likewise enters the grooves with a Snap 
action as it seats therein. Consequently, the 
various contacts make and break with a Snap ac 
tion as required for electrical purposes. ??? 

For operating the contact arm 33 there is pro 
vided a pair of bellows 40 and 4 having bases 42 
and 43 respectively which are secured to brackets 
44 and 45 attached to the base plate 10. 
The free ends of the bellows 40- and 4 are 

formed with diaphragms 48 and 49 having re 
cesses 50 and 5 in which the heads 52 and 53 of 
screws 54 and 55 are seated. The screws 54 and 
55 are carried in the ends of a link 56, which ex 
tend between the diaphragms 48 and 49 of the 
two. bellows. The screw heads 52 and 53 may be 
held in recesses 50 and 5 by the compression of 
the two bellows, or may be attached to the dia 
phragms. The link 56 is provided with a central 
slot 60 into which a pin 6t, attached to the 
sleeve 2 i, extends. The slot 60 is somewhat 
wider than the pin.6 to provide a predetermined 
amount of lost motion between the bellows and 
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the contact arm 33, so that the contact 27, after . closing, remains closed during a predetermined 
return movement of the bellows assembly. 
The bases 42 and g3 of the bellows carry plugs. 

64 and 65 which substantially fill the space within the bellows and extend to a position to engage the 
diaphragms. 48 and 49 for limiting the compres 
sional movement thereof. The plugs 64 and 65 
reduce, the air volume within the bellows and 
thereby increase the sensitivity thereof to changes 
in pressure in the supply lines, in addition to 

s and the switch mechanism associated 
i. An additional stop member 66 is 

to provide means for adjusting, the range of 
movement of the contact arm 33. 
The plugs 64 and 65 are provided with bores 

67, and 68 in which couplings 69 and 70 respec 
tively are secured. The couplings. 69 and 70 are 
drilled to form ducts Til and 12, which are cou 
pled to flexible tubes. 73 and 14 respectively. 
The bores 67 and 68 terminate in ports 75 and 
76, which communicate with the space within the 
bellows. The ducts TI and 72 and the tubes 73 and 74 are preferably of capillary size to provide 
capillary metering orifices for the purpose to be 
described. These tubes T3 and 74 terminate in 
coupling members 89 and 8f respectively in the 
base for which are adapted to receive static and 
Pitot tubes 82 and 83 respectively (Fig. 3). ...' . 

Referring to Fig. 3, the Pitot tube 83 is con 
nected to the leading edge 84 of an airplane 
wing 85. The static tube 82 is connected to the 
space inside of the wing 85, which is provided 
with openings 86 in the top and bottom surfaces. 
through which air under-static pressure, which is 
unaffected by forward movement, enters. The 
static tube 82 is thus responsive to static air 
pressure, whereas the Pitot tube 83 is responsive 
to pressure built up by forward movement, 
These two air pressures are supplied to the bel 
lows ºg and 44 respectively and operate the as 
sembly, in 
effect. - 
The tubes 82 and 83 may, of course, be con 

nected to be actuated by water pressureforma 

Serving as stops, for limiting the movement of 

as adjustably secured to the bracket fs 

accordance with their differential 
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rine work as by a pressure strut of the type set 
forth in co-pending application of A. T. NeWell, 
Ser. 478,054, filed Mar. 4, 1943, for Marine speed 
ometer. - 

Contacts 24, 25 and 26 are connected by suit 
able lines 90 to a connector 9 which, in turn, is 
connected to suitable control or signalling ap 
paratus, shown in Fig. 3 as a plurality of light 
sources 92 connected to the individual lines and 
energized by a battery 93. It is to be under 
stood, of course, that these light sources are il 
lustrative only and that the various lines may be 
connected to -operate suitable relays or other ac 
tuating or signalling mechanisms as desired. 

in the embodiment shown in Figs. 4 and 5 the 
plate 20-is provided with a contact segment 00 
which tapers in a radial direction away from the 
axis of the pin 4. The segment 100 is provided 
with side grooves 00a similar to the grooves 25a. 
of the contact segment 25. 
In the embodiment of Fig. 5 the construction 

is similar to that of Fig. 4 except that the contact 
segment 62 of Fig. 5 is rectangular and the side 
edges are parallel to each other. This contact 
segment. O2 is provided with side edge grooves 
402a to receive the contact member 27, in the 
manner above specified. 
In the embodiment shown in Fig. 7 the contact 

plate.20 is provided with a single contact segment. 
I03 having a side groove i63a. This type of con 
tactissuitable for a single make-and-break. 
In the operation of the invention, thus far der 

scribed, the differential bellows assembly 4G, and 
4 is responsive to the differential pressure be 
tween the Pitot tube 83 and the static tube 82, 
and accordingly assumes a position which varies 
in accordance with forward speed, and is unaf 
fected by changes...in altitude. The total area. 
within the bellows. 40 and 41, is reduced to, an 
extremely small value by means of the plugs, 64. 
and 65. Hence, the bellows are responsive to 
extremely small changes, in air pressure in the 
tubes. 82 and 83. . . . . . 
The capillary metering orifices provide.a.damp 

ing effection the action of the bellows, and ca 
the same to operate, in a stable manner. Si 

- - rogressively over the 
contact segments 24, 25 and 26 as the speed of the 
plane increases. Under minimum speed condi 
tions the contact 24 is closed. As the contact 27 
Swings to the right in Fig. 1, before leaving the 
contact 24 it engages the recess 24a. Since a sub 
stantial force is required for removing the contact 
out of this recess, the contact remains therein 
until sufficient force has been built up by flexing 
of the spring arm 33. The contact 27 then snaps 
out of the recess 24a onto the insulating portion 
of the plate 20 on which it continues to rest until 
it has reached the recess 25a on the leading edge 
of the segment 25. When the contact; 27 reaches 
this recess it immediately snaps therein, closing 
the second circuit. Further-turning movement of 
the sleeve 2 ?. causes the contact 21 to snap-out of 
the leading recess 25a and to slide over the sur 
face of the contact segment 25 until it engages the   
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trailing recess 25a. The Snap action above de 
scribed in connection with the recess 24a is then 
repeated, the contact 27 finally Snapping out of 
the trailing recess 25a onto the insulating surface 
of the contact plate 20 between the segments 25 
and 26. This action is repeated as the contact 
reaches the plate 26. 
During the above operation the spring member 

39 serves to hold the contact 2 in engagement 
with the various contact segments. The ratio of 
gap period to contact period may be controlled by 
adjusting the position of the sleeve 3 on the 
Spring arm 33 so as to thereby vary the radial pO 
sition of the contact 27. In the embodiment 
shown in Fig. 1, the contacts 24, 25 and 26 taper 
toward the axis of the pin 4 but have a greater 
angular width as the axis is approached. The 
gaps between the contact segments 24, 25 and 26 
have a correspondingly less angular width as the 
axis is approached. Hence, as the contact 2 is 
shifted toward the axis, the ratio of the contact 
area, to the gap area, is increased. In this Way any 
desired ratio may be obtained by suitable adjust 
ment of the position of the sleeve 3 along the 
Spring arm. 33. 
The setting of the contacts may be further ad 

justed by shifting the angular position of the con 
tact plate 20 about the pin 4 within the limits 
of the elongated slots 23. The plate 20 may be 
secured in adjusted position by the screws 22. 

It is of course to be understood that an addi 
tional number of contact segments may be pro 
vided if further circuit connections are required. 
Figs. 4, 6 and 7 illustrate different embodiments 
of the invention. Wherein the contact segments are 
differently arranged. In Fig. 4 the contact plate 
f00 tapers away from the axis. This permits a 
greater range in adjustment of the ratio of Con 
tact area, to gap area. It is to be understood, of 
course, that a plurality of such contact segments 
OO may be provided if desired. 
In Fig. 6 the contact segment 02 is provided 

With parallel side edges. This provides for a 
range of adjustment which is intermediate be 
tween that obtained by the embodiments of FigS. 
1 and 4. 

Fig. 7 ShoWS the application of the invention to 
an embodiment wherein only a single make and 
break contact is required. Such embodiment may 
be used, for example, when it is desired to close 
the contact when the plane Speed falls to a pre 
determined minimum value, such, for example, as 
a Walue at Which it is desired to lower the wing 
flapS. These flaps may thus be automatically low 
ered when the plane Speed falls to the predeter 
mined value Without further attention on the part 
of the pilot. A single contact, as shown in Figs. 
4 and 6, may be used, for example, to indicate 
normal flying Speed and to open the circuits when 
the flying Speed Varies either above or below its 
normal Value. The embodiment shown in Fig. 1 
may be employed, for example, to lower the Wing 
flaps When the contact 24 is closed, to raise the 
Same When the Speed becomes sufficient to open 
the contact 24, to close the contact 25 for a vis 
ual indication of normal flying Speed when the 
latter is reached, and to close the contact 26 for 
an indication of excessive Speed. Warious other 
arrangements Will be obvious to a person skilled 
in the art. 

Referring now to Figs. 8 and 9, the pin 4 and 
the control mechanism is similar to that de 
scribed above. The contact plate 20 of Fig. 8, 
however, carries a pair of upstanding contacts 
20 which are slidably mounted on brackets 2. 
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The brackets 2 are adjustably secured to the 
plate 20 by screws 22 which extend through elon 
gated slots 23 in the brackets 2. In this en 
bodiment the sleeve 2 carries a flexible arm 24 
having at its end a contact 25. It is to be un 
derstood that the bellows arrangement for con 
trolling the sleeve 2 is similar to that above 
described. 
In this embodiment, the contact 25 is caused 

to selectively close one of the contacts 20 as the 
air speed varies above or below a predetermined 
medium value. It is to be noted, however, that 
after the contact 20. has been closed it remains 
closed regardless of further movement of the 
bellows and further turning movement of the 
sleeve 2, the arm 24 flexing as indicated in dash 
lines for this purpose. However, as the arm 24 
fiexes, the contact 25 is caused to wipe across the 
Surface of the contact 20, thereby cleaning the 
same and insuring a good contact. 
Although certain specific embodiments of the 

invention have been shown for purposes of illus 
tration, it is to be understood that Various changes 
and modifications may be made therein and that 
the invention may be applied to various uses as 
will be readily apparent to a person skilled in the 
art. The invention is only to be limited in accord 
ance with the scope of the following claims. 
What is claimed is: 
1. A pressure responsive instrument compris 

ing an expansible bellows having rigid end mem 
bers and collapsible sides forming a closed in 
ternal pressure chamber, an external member 
connected to be actuated by expansion and con 
traction of Said bellows, and an internal plug in 
said belows extending Substantially the entire 
axial length thereof to form a stop to limit the 
compressional movement of said bellows, said 
plug having a Sectional area, Suited to Substan 
tially fill the fluid space in said bellows for there 
by reducing the fluid content without reducing 
the effective length of the bellows. 

2. A pressure responsive instrument compris 
ing an expansible bellows having rigid end men 
bers and collapsible sides forming a closed in 
ternal pressure chamber, an external member 
Connected to be actuated by expansion and Con 
traction of Said bellows, and an internal plug in 
said bellows extending substantially the entire 
axial length thereof to form a stop to limit the 
compressional movement of Said bellows, said 
plug having a Sectional area, Suited to Substan 
tially fill the fluid space in Said bellows for there 
by reducing the fluid content without reducing 
the effective length of the bellows, and a supply 
duct extending through said plug to communi 
cate With the interior of Said bellows, and a coll 
pling member for coupling said duct to an ex 
ternal tube, Said coupling member including a 
Capillary tube Within said duct forming a netter 
ing orifice to dampen the action of Said bellows. 

3. A pressure responsive instrument compris 
ing a pair of expansible bellows, each having a 
rigid base, collapsible sides and movable end 
diaphragms, a Support carrying said rigid bases 
With the respective bellows in axial alignment 
and With their movable end diaphragms adja 
cent but Spaced apart, aligned recesses in said 
diaphragms, a link extending between said dia 
phragms and having members seated in said re 
CeSSes, Said link holding both of said bellows 
under compression and being removably secured 
by the compression of said bellows and a member 
connected to be actuated by said link. , 

4. In a pressure actuated switch, an expan 



sible bellows mechanism responsive to pressure 
changes, a base carrying said bellows, a flat con 
tact member mounted on said base, a Spin 
coupling means connecting Said arm.: tab 
tuated by expansion or contraction of Said bel 
lows, a movable contact carried by Said 
to sweep across said flat contact member aid 
spring pressed thereagainst, said member haying 
at its leading edge a depression. Suited to receive 
said movable contact. Witha. Snap action fgs, clos 
ing said contacts, said depression having at its 
trailing edge a slope. Suited to restiaia said, now 
able contact but to release the same. With a shap. 
action for opening said contacts in response to 
increased pressure built up by flexing of said 
spring arm due to expansion or contraction of 
said bellows. 

5. In a pressure actuated SWitch, an expansible: 
bellows mechanism responsive: to pressure 
changes, a base carrying Said:belloWS, a fixed con 
tact member mounted on said base, a spring arm 
pivoted to said base, coupling. means connecting 
Saidarn to be actuated by expansion or contrace 
tion of said bellows, a movable contact carried by 
said arm to SWeep acroSS said contact member, 
said, contact member being segmental in shape 
and tapering radially in angular width. with a 
depression to receive said movable...contact ex 
tending along at least. One radial edge, said de 
pression, having an edge slope: Suited, to restrain 
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6. In a pressure actuated switch, an expaia 
sible bellows mechanism responsive to pressure 
changes, a base carrying said bellows, a pin car. 
ried by said base, a contact plate and a Spring. 
contact arm each pivoted for movement about 
said pin, coupling means connecting said arm 
to be actuated by expansion or contraction of 
Said...bellows, a nowable contact carried by said 
arm, a plurality of segmental contact members' 
carried by said plate to be. Successively engaged 
by said movable contact, said members tapering 
radially in angular. Width and having depres 
Sions extending along their radial edges to re 
ceive said, movable contact with a snap. action: 
for closing said contacts, said depressions having 
edge slopes suited to restrain said movable contact 
but to release the same with a snap action for 
opening. Said contacts in response to increased. 
pressure built up by flexing of said spring arm, 
means angularly adjusting said contact plate 
about said pin, and means adjusting the radial 
position of said movable contact along said arm 
to vary, the angular arcs of contact. 

ARTHUR. T. NEWELL. 

  

  


