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This invention relates to improvements in air 
density responsive devices, and has for an object 
the provision of a device which is accurately re 
sponsive to changes in air density over a wide 
range of density variation. 
A further object resides in the provision of a de 

vice of the character described which has a mov 
able portion which changes its position in response 
to changes in air density and which movable 
portion may be used to operate a density indi 
cating means or to control another device which 
is affected by changes in air density. 
A still further object resides in the provision of 

a device of the character described which is capa 
able of exerting a force sufficient to change the 
setting of a density indicating device or of an 
instrumentality which is affected by changes in 
air density, 
other objects and advantages will be more 

particularly pointed out hereinafter or will be 
come apparent as the description proceeds. 
In the accompanying drawing in which like 

reference numerals are used to designate similar 
parts throughout, there is illustrated a suitable 
mechanical arrangement of what is now consid 
ered to be the preferred form of the idea of the invention, together with three exemplifications 
of the application of the device to practical pur 
poses. The drawing, however, is for the pur 
pose of illustration only and is not to be taken 
as limiting the invention the scope of which 
is to be measured entirely by the scope of the 
appended claims. 
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In the accompanying drawing, Fig. 1 is a ver 
tical sectional view of a density responsive device 
constructed according to the idea of this inven 
tion; 

Fig. 2 is g schematic sectional view of a 
carburetor for an internal combustion engine 
showing the application of the density responsive 
device to the carburetor to control the fuel-air 
ratio of the combustible mixture supplied by the 
carburetor; 

Fig. 3 is a partly schematic view showing the 
application of the density responsive device to. 
correct the reading of an instrument responsive 
to a condition other than the density of the air; 
and 

Fig. 4 is a partly schematic illustration of the 
application of the density responsive device as an 
air density indicator. 

Referring to the drawing in detail, the numeral 
O generally indicates a boxlike casing in which: 

the density responsive mechanism is mounted. 
The casing is provided with side walls 2 which 

(C. 73-4) 
may inclose a compartment of square, cylindrical, 
or other suitable form. One end of the casing 
is closed by a removable end closure member 4, . 
and the other end is closed by an end closure 
member 6 which, if desired, may be formed in 
tegrally with the wide walls 2. Suitable holes 
or apertures' 8 are provided in the side walls 2 
to render the interior of the casing O subject 
to the pressure and temperature of the surround 
ing air. 
An expansible metal bellows 20 is firmly Se 

cured to the end wall f4 by a suitable anchoring 
means 22 and is filled with a suitable gas, such 
as air, at a predetermined pressure which may 
be selected in view of the purpose for which 
the density responsive device is to be used. As 
the present invention contemplates the use of the 
density responsive device on an airplane in which 
case it would be responsive to air densities at and 
below the density of the atmosphere at sea level, 
the pressure of the gas in the bellows. 20 is de 
signed to be sightly above the pressure of the , 
atmosphere at sea level. The end of the bellows 
20 opposite the mounting 22 is relatively free to 
move, but movement in a direction to expand. 
the bellows is opposed by a coiled compression 
spring 24 disposed between the free end of the 
bellows and a movable abutment 26 carried upon 
the inner end of a reciprocable shaft 28. The 
shaft 28 passes through a bearing aperture 30 in 
the end wall f6 of the casing 0 and carries upon 
its outer end a piston 32 reciprocable in a cylin 
der 34 carried upon or formed integrally with 
the end wall 6. The outer end of the cylinder 
is closed by a suitable plug or closure member 36. 
From the above description, it will be observed 

that compression of the spring 24 Opposes out 
ward movement of the free end of the bellows 
20 incident to an expansion of the bellows and 
that movement of the abutment 26 by the piston 
32 is effective to change the loading of the spring 
and thereby alter the force with which the spring 
opposes expansion of the bellows. The free end 
of the bellows is provided with a suitable collar 
or other bearing member 38 which receives a fork 
provided upon a lever member, generally indicat 
ed at 42, which is pivotally mounted at its lower 
end, as indicated at 44, upon the upper or inner. 
end of an apertured lug 46 formed upon or se 
cured to the inner side of the sidewall O. The 
lever member 42 has an extension 48 extending 
beyond the connection of the lever with the bear 
ing portion 38, the free end of the lever being 
connected to a valve rod 50 by suitable means, 
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2. 
such as the link 52 and the pivotal connections 
53 and 5. 
The valve rod extends into a valve aperture 58 

provided in a cylindrical extension 66 formed 
upon or mounted upon the end wali 6. If desired, 
the valve cylinder or aperture may be provided 
by means of a cylindrical insert or bushing 62 
disposed in the cylindrical extension 66. 
The valve rod is provided with annular valve 

portions 66 and 66 separated from each other 
and from the end portions of the valve rod by 
annular reduced portions 68, e, and 2. 
The cylindrical extension 60 is provided upon 

one side thereof with ports 74, 76, and 7 which 
lead into the valve aperture 58 in a direction 
transverse to the axis of the aperture and which 
are connected at the exterior of the cylindrical 
extension with fluid conduits 80, 82, and 86, re 
Spectively. Upon the opposite side of the cylin 
drical extension from the ports 4, 6, and 8 are 
provided ports 36 and 88 which lead from the 
valve aperture 58 to the interior of the cylinder 
34, the port 86 being disposed approximately mid 
way between the port 76 and 76 and the port 88 
being disposed approximately midway between 
the ports 6 and 8. Fluid under pressure is led 
through the conduit 82, and the conduits 86 and 
84 lead from the valve aperture to drain. The 
piston 32 is normally disposed between the cyl 
inder ends of the ports 86 and 88. 
From the construction so far described, it will 

be observed that if the bellows 23 tends to ex 
pand in response to a decrease in the density of 
the Surrounding atmospher it will move the valve 
stem 50 to the right as viewed in Fig. 1, thereby 
causing a movement of the valve portion 68 which 
connects the port 6 with the port 88 to supply 
fluid under pressure to the right-hand end of 
the piston 32, at the same time causing move 
rinent of the valve portion 68 which connects the 
port 6 with the port 86 and relieves the pressure 
behind the piston 32. This movement of the 
Valve Stem causes a force to be exerted upon the 
piston which moves the shaft 28 inwardly and 
increases the loading on the spring 28 which 
Opposes the tendency of the bellows 2 to expand. 
When the bellows has been brought to a position . 
in which the valve portions 64 and 66 close the 
ports 86 and 88 and the piston is retained in its 
new position. 
A shaft 90 is connected to the shaft 28 by suit 

able means, such as the crosshead 92 so that it 
follows the axial movements of the shaft 28. 
Thus, whenever the piston 32 moves the shaft 
28 to a new position to compensate for a change 
in the density of the atmosphere surrounding the 
bellows 20, the shaft 90 will also be moved to a 
different position, and the movement of the shaft 
90 may be utilized for various purposes, certain 
examples of which will be explained hereinafter. 
The crosshead 92 extends beyond its connection 

with the shaft 90 and is provided with an aper 
tured end portion 94 which receives one end of 
a bi-metallic thermostatic strip 96. The strip 
96 is of a nature well known in the art of tem 
perature responsive mechanisms and tends to 
bend with a certain force upon predetermined 
changes in its temperature. The end of the strip 
96 opposite the end clamped in the crosshead 92 
carries a pin or roller 98 movable in a slot Oo. 
provided in an extension f O2 provided upon the 
lower end of the lever 42 adjacent to the pivot 
44. The extension 02 and slot OO extend in a 
direction substantially at right angles to the re 
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maining portion of the lever 42 and away from 
the crosshead 32. 
From the above description, it will be observed 

that the bending force of the thermostatic strip 
96 will be imposed upon the lever depending upon 
whether the temperature to which the thermo 
static strip is exposed is above or below a prede 
termined temperature for which the device is ad 
justed. 
When the piston 32 is in the position illustrated 

in Fig. 1, which position corresponds to the nor 
10 

Inal pressure of the atmosphere at sea level, the 
roller or pin 98 is disposed substantially imme 
diately below the pivot 48 so that the thernOstat 
has no material effect upon the Operation of the 
device. . This arrangement is provided for the 
reason that whenever the density of the sur 
rounding atmosphere is substantially the same 
as the density of the fluid within the bellows no 
correction for temperature variations is neces 
sary. As the external density differs from the 
internal density correction for temperature war 
iation becomes necessary, the amount of neces 
Sary correction being proportional to the dif 
ference in density within and outside of the bel 
lows, with the arrangement illustrated or an 
equivalent arrangement, the corrective force of 
the thermostat is applied with increasing effect 
as the crosshead 92 is moved inwardly by the 
pistOn 32. 
One possible application of the density re 

Sponsive device described above is schematically 
illustrated in Fig. 2 in which the end of the shaft 
90 is connected to one end of a lever fo4 which is 
mounted intermediate its length upon a fixed 
pivot (06 and connected at its other end to a 
valve member 08 axially movable in an aperture 
At provided in a carburetor 2 to control a 
plurality of fuel metering jets f4. According to 
the arrangement illustrated, the valve member 
08 will be moved axially of itself upon move 
nent of the shaft 90 to reduce the number of fuel metering jets as the density of the atmos 
phere decreases to thereby maintain a substan 
tially constant air-fuel ratio in the combustible 
mixture supplied by the carburetor. 

In the application of the device illustrated in 
Fig. 3, the outer end of the shaft 90 is operatively 
connected with a dial 6 with which a hand 8 
cooperates. The hand 8 is operated by a device 
responsive to atmospheric conditions such as an 
altimeter responsive to the pressure of the at 
mosphere. 
meter will move the hand or pointer 8 to a 
position on the dial which will indicate the ap 
parent atmospheric pressure in terms of altitude 
or some other desired function. At the same 
time the shaft 90 will move the dial f6 in re 
Sponse to changes in the density of the atmos 
phere and thereby correct the reading of the 
pointer to give a corrected reading of absolute 
altitude, or other desired function. 

In the application of the device illustrated in 
Fig. 4, the shaft 90 is connected with a pivoted 
hand or pointer 20 by a suitable operative con 
nection, such as the rack 22 and pinion 24 
So that the shaft 90 will move the pointer when 
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ever the shaft moves in response to changes in 
the density of the atmosphere surrounding the 
density responsive device. The pointer 20 co 
operates with a dial 26 marked with suitable 
indicia which read in units of atmosphere density 
or other desired units to indicate at all times the 
current density of the atmosphere surrounding . 
the density responsive mechanism. 

70. 

S 



2,185,578 
while there has been illustrated and described 

a suitable mechanical embodiment of the idea of 
the invention and three exemplary applications 
of the device, it is to be understood that the in 
vention is not limited to the construction so ill 
lustrated and described but that such changes in 
the size, shape, and arrangement of parts may be 
resorted to as come within the scope of the sub 
joined claims. 

Having now described the invention so that 
others skilled in the art may clearly understand 
tne same, what it is desired to secure by Letters 
Patent is as follows. - 
What is claimed is: 
1. In a density responsive device, a movable 

element, power actuated means for moving said 
element, a sealed metallic bellows responsive to 
changes in the pressure of the Surrounding me 
dium for controlling said power actuated means, 
and a thermostat carried by said movable ele 
ment and responsive to changes in the tempera 
ture of the surrounding medium for modifying the 
action of said belows in controlling said power 
actuated means. 

2. In a density responsive device, a movable 
element, power operated means for moving. Said 
element, a sealed metallic bellows responsive to 
changes in the pressure of the surrounding me 
dium for controlling said power operated means, 
a device responsive to changes in the tempera 
ture of the surrounding medium for modifying 
the action of said bellows in controlling said power 
operated means, and a connection between said 
temperature responsive device and said bellows 
effective to increase the modifying effects of said 
temperature responsive means on the action of 
said bellows as the pressure of the medium Sur 
rounding said bellows decreases. 

3. An air density responsive device compris 
ling, a sealed expansible bellows which tends to 
expand when subjected to an atmospheric pres 
sure less than the pressure within said bellows, a 
spring opposing expansion of said bellows, a mov 
able support for said spring, power operated 
means for moving said support to vary the force 
exerted by said spring, means actuated by initial 
expansion movements of said bellows to control 
said power actuated means, and temperature re 
sponsive means variably connected with Said con 
trol means to modify the effect of said bellows 
thereon. 

4. A density responsive mechanism compris 
ing, an expansible bellows having a fixed end 
and a relatively free end which tends to move 
in response to changes in the density of the me 
dium surrounding said bellows, a spring op 
posing movement of said relatively free end, 
power operated means actuated by initial move 
ments of said relatively free end to change the 
loading on said spring and restrain said relative 
free end of said bellows against movement beyond 
said initial movements effective to actuate said 
spring loading device, and temperature responsive 
means operatively associated with said free end 
by a connection of variable mechanical advantage 
to modify the actuation of said power operated 
means by said bellows. 

5. An air density responsive device compris 
ing, a sealed expansible bellows which tends 
to expand when subjected to an atmospheric pres 
sure less than the pressure within said bellows, a 
spring opposing expansion of said bellows, a . 
movable abutment for said spring, a hydraulic 
piston for moving said abutment to vary the 
force exerted by said spring on said bellows, a . 

3 
valve for controlling the pressure of hydraulic 
fluid against said piston, means operatively con 
necting said bellows with said valve, and ten 
perature responsive means operatively associated 
with said bellows to exert a force thereon to 
modify the total force exerted thereon. 

6. An air density responsive device compris 
ing, a sealed expansible bellows which tends to 
expand when subjected to an atmospheric pres 
sure less than the pressure within said bellows, 
a spring opposing expansion of said bellows, a 
movable abutment for said spring, a hydraulic 
piston for moving said abutment to vary the force 
exerted by said spring on said bellows, a valve 
for controlling the pressure of hydraulic fluid 
against said piston, means operatively connect 
ing said bellows - with said valve, and tempera 
ture responsive means having a movable con 
nection with said connecting means to modify 
the actuation of said valve by said bellows with 
increasing force as the pressure of the air sur 
rounding said bellows decreases. 

7. An air density responsive device compris 
ing, a sealed expansible bellows which tends to 
expand when subjected to an atmospheric pres 
sure less than the pressure within said bellows, 
a spring opposing expansion of said bellows, a 
movable abutment for said spring, a hydraulic 
piston for moving said abutment to vary the 
force exerted by said spring on said bellows a 
valve for controlling the pressure of hydraulic 
fluid against said piston, a pivoted bell crank 
lever having one arm pivotally connected at 
spaced locations to said bellows and said valve 
whereby said bellows will actuate said valve, and 
a temperature responsive device having a slid 
able connection with the other arm of said bell 
crank lever to modify the actuation of said valve 
by said bellows with increasing effect as the pres 
sure of the air surrounding said bellows de 
CreaSeS. 

8. A density indicating device comprising, a 
sealed expansible bellows which tends to ex 
pand when the pressure of the medium surround 
ing said bellows is less than the pressure within 
said bellows, a spring opposing expansion of said 
bellows, a movable abutment for said spring, 
power operated means actuated by said bellows 
and connected with said movable, abutment to 
vary the force exerted by said spring to main 
tain the volume of said bellows substantially con 
stant, temperature responsive means, a connec 
tion of variable mechanical advantage between 
said temperature responsive means and said bel 
lows for modifying the actuation of said power 
operated means by said-bellows, a member con 
nected to and movable with said innovable abut 
ment, a pointer operated by said member and a 
dial associated with said pointer for indicating 
the density of the medium surrounding said 

( bellows. 9. In a density responsive device, a power ac 
tuated - movable element, a Substantially con 
stant Volume preSSure responsive device for con 
trolling the movements of said element to render 
said movements proportional to changes in the 
pressure of the medium surrounding said device, 
and temperature responsive means for modify 
ing the controlling action of said pressure re 
sponsive device with increasing effect with in 
crease in pressure variations from a predeter 
mined datum pressure, to render said movements 
proportional to changes in the density of the 
surrounding medium. 
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10. In a density responsive device, an element 5 
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4. 
which tends to change its volume in response to 
changes in the pressure and temperature of the 
surrounding medium, a movable abutment ar 
ranged to exert a force on said pressure responsive 
element to maintain its volume substantially con 
stant, and an element responsive to changes in 
the temperature of the surrounding medium for 
modifying the reaction between said pressure re 
sponsive element and said movable abutment 
only when the gas pressure inside of said variable 
volume element differs from the pressure of the 
surrounding atmosphere. 

11. In a density responsive device, an element 
which tends to change its volume in response to 
changes in the pressure and temperature of the 
surrounding medium, means resisting such change 
in volume, and means responsive to the tempera 
ture of the surrounding medium constructed and 
arranged to modify the tendency of Said ele 
ment to change its volume by a force proportional 
to the temperature change and to the difference 
in density between the inside and the outside of 
said variable volume element. 

12. In a density responsive device, pressure re 
sponsive means for exerting a force proportional . 
to variations at a constant temperature in the 
pressure of the surrounding medium from a pre 
determined pressure, movable means for exerting 
a force in opposition to the force exerted by said 
pressure responsive means, and means for modify 
ing the movements of said movable means by 
exerting a force proportional to variations in the 
temperature and pressure of the surrounding me 
dium from a predetermined temperature and 
pressure, said force assisting or opposed to the 
force of said movable means according to the 
character of the pressure Or temperature varia 
tion. 

13. In a density responsive device, means for 
exerting a force in one direction varying with . 
changes in density due to changes in the team 
perature and/or pressure of the surrounding me 
dium from predetermined values, of temperature 
and pressure, power actuated movable means for 
exerting a force in opposition to the force ex 
erted by said first mentioned means, an elastic 
connection between said first mentioned means 
and said movable means, and means for apply 
ing a corrective force to said first mentioned 
means whenever there is a temperature change 
in said surrounding medium accompanied by a 
difference between the pressure of said medium 
and said predetermined pressure value. 

14. In combination, a sealed bellows contain 
ing a fluid having a predetermined density at a 
predetermined volume, means movable in propor 
tion to changes in the density of the surround 
ing atmosphere from said predetermined density 
for varying the pressure on said bellows to main 
tain said volume substantially constant, said 
means including a temperature responsive ele 
ment, and a variable leverage mechanism between . 
said temperature responsive element and said 
bellows. 

15. A density responsive device comprising an 
expansible chamber or bellows subject to the 
temperature and pressure of the surrounding 
gas Or atmosphere and Sealed with a gaS COn 
tained therein, and means, including a tempera 
ture responsive element, for maintaining the 
density of the sealed gas constant, said means 
constructed and arranged to have definite posi 
tions in accordance with the density of the Sur 
rounding gas, and means associated with the tem 
perature responsive element to vary its effec 
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tiveness constructed and arranged so that at 8. 
predetermined density of the surrounding gas 
the temperature responsive element will have no 
modifying effect but as the density changes from 
the predetermined value the modifying effects of 
the temperature responsive means increases. 

16. A density responsive device comprising an 
expansible chamber or bellows subject to the 
temperature and pressure of the surrounding gas 
or atmosphere, which bellows requires a unifornly 
increasing force to maintain its volume constant 
as the density of the surrounding gas decreases at 
a constant temperature but which requires a uni 
formly increasing additional force per degree in 
crease in temperature to produce the same result 
under varying temperature conditions, means 
under control of said bellows to maintain the 
volume of said bellows substantially constant con 
prising means for applying a uniformly increasing 
force to said bellows as said density decreases, 
and means comprising a thermostatic element 
exerting a constant additional force per degree 
change in temperature and having a variable 
ratio lever connection with said bellows for in 
creasing the effectiveness of said additional force 
as the density decreases. . 

17. In a density responsive device, pressure and 
temperature responsive means for exerting a 
force when the density of the surrounding me 
dium varies from a predetermined density, mov 
able means for exerting a substantially equal force 
in opposition to the force exerted by Said pres 
sure responsive means, and means for modify 
ing the movements of said movable means by 
exerting a force to assist or oppose the force 
of said movable means, said modifying means 
being operative to exert a force proportional to 
the variations in the temperature and pressure 
of the surrounding medium from a predeter 
mined temperature and preSSure. 

18. In a density responsive device, means mov 
able to definite positions corresponding to the 
density of the surrounding medium, means for 
causing movement of said movable means to a 
definite position corresponding to the existing 
density value comprising, means including a tem 
perature responsive element and connections to 
restrain said movable means against movement 
from said position due to the effect of tempera 
ture variations of the surrounding medium while 
said density remains constant but effective to 
cause movement of said movable means when the 
temperature variation is accompanied by a change 
in density. 

19. In a device responsive to changes in the 
weight per unit volume of the surrounding gas, 
having a body of confined gas maintained at Sub 
stantially constant density, and in which the 
pressure difference between the surrounding gas 
and the confined gas varies at a uniform rate 
with changes in density at a given temperature 
but at different uniform rates at other tempera 
tures, a container for confining said confined 
gas a main means for applying a force to said 
container opposing and equal to the force created 
on said container by that part of said pressure 
difference due to changes in density of the sur 
rounding gas at said given temperature, and addi 
tional means for applying a force to said con 
tainer opposing and equal to the force created on 
said container by that part of said pressure dif 
ference due to a variation in temperature from 
said given temperature. a. 

20. In combination an expansible chamber de-, 
vice tending to expand or contract with changes 
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in density of the Surrounding medium, mecha 
nism including a temperature responsive element 
for applying force to said device to maintain its 
volume Substantially constant, a connection, hav 
ing a variable mechanical advantage, between said 
temperature responsive element and said device, 
power operated means controlled by said ex 
pansible chamber device for varying said force 
and said mechanical advantage, said means hav 

0 ing the same position for any particular density 
regardless of temperature. 

21. A density responsive device comprising, an 
expansible container subject to the temperature 
and pressure of the surrounding gas or atmosphere 

5 and sealed with gas contained therein at a refer 
ence density, and means having definite positions 
in accordance with the density of the surround 
ing medium for maintaining the density of the 
sealed gas substantially constant, said means in 
cluding a thermostatic element operative to ex 
ert a force on said container in response to 
changes in the temperature of said surrounding 
medium at densities other than said reference density. 

22, in a device responsive to changes in the 

S 
weight per unit volume of the surrounding gas, 
a body of confined gas, the temperature of which 
remains substantially the same as the tempera 
ture of the surrounding gas, means for main 
taining the weight per unit volume of said con 
fined gas substantially constant during tempera 
ture changes by varying the pressure thereof com 
prising, rneans controlled by changes in the pres 
Sure difference between the pressure of the con 
fined gas and the pressure of the Surrounding 
gas for varying the pressure of Said confined gas, 
and additional means responsive to temperature 
changes of Said Surrounding gas from a base tem 
perature for increasing or decreasing the pres 
sure of said confined gas, and mechanism re 
sponsive to changes in the density of the sur 
rounding gas, from a base density, for caus 
ing said temperature responsive means to in 

O 

5 

crease or decrease the pressure of said confined . 
gas for each degree of temperature change from 
Said base temperature, an amount proportional 
to the change in density of the surrounding gas 
from said base density. ' ' 
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