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1. 
This invention relates to internal combustion 

engines and more particularly to fuel mixture 
controls for internal combustion engines. 
An object of the invention is to provide a fuel 

mixture control for an internal combustion en 
gine which will automatically deliver a correct 
fuel and air mixture throughout a wide range in 
atmospheric preSSlure. 
Another object of the invention is to provide a 

device for a fuel injection engine that will pre 
vent the delivery of an over-rich fuel and air mix 
ture at high altitude. 
Another object of the invention is to provide a 

fuel mixture control which will vary the mixture 
in accordance with the density of the air charge 
in the engine. 
Another object of the invention is to provide 

a fuel mixture control which will vary the fuel 
mixture in accordance with a number of 
variables, including the temperature and pres 
sure in the intake conduit and the temperature 
and pressure in the exhaust conduit. 
Another object of the invention is to provide 

a control for a fuel injection engine having a 
manual fuel control that will tend to reduce the 
fuel supply when the air pressure controlled 
throttle reaches Substantially its wide open posi 
tion. 
Another object of the invention is to provide a 

control for a fuel injection engine that will for 
cibly move the manual control toward a decreased 
fuel position when the air throttle reaches sub 
stantially its wide Open position. . 
Another object of the invention is to provide a 

control for a fuel injection engine having an air 
pressure controlled throttle in which the throttle 
waive may be manually moved from its extreme 
open and closed position. 
Another object of the invention is to provide 

an automatic mixture control that will deliver a 
constant fuel charge regardless of the external air 
pressure. 
Another object of the invention is to provide 

an automatic mixture control that will enable an 
airplane pilot to set his engine for a predeter 
mined power output, which will be maintained 
constant - irrespective of the temperature and 
pressure of the atmosphere. 
Other objects and features of the invention will 

be apparent from the following description taken 
in connection with the accompanying drawings, 
in which: - 

Fig. 1 is a somewhat diagrammatic showing of 
the improved fuel mixture control as applied to 
an internal combustion engine. 
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Fig. 2 is a fragmental view showing the manual 

fuel control in the increased fuel position. 
Fig. 3 is a showing of a modified form of con 

trol mechanism. 
Fig. 4 is a showing of a modified form of in 

stalling the bellows in the exhaust manifold. 
Referring to the drawing, and particularly to 

Figs. 1 and 2, the ... engine is represented at 

0 
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which is provided with an exhaust manifold 2, 
an air inlet manifold 3 and a fuel injection pump 
4 which is manually controlled by apparatus 
hereinafter described. The fuel pump comprises 
plungers 6, one for each engine cylinder, which 
are reciprocated by cam T. acting through the 
bell-crank 8, fuel being drawn in through pipe 9 
and injected into the engine cylinder through 
pipe and nozzle f2. The can T is axially slid 
able upon the splined shaft 13 by bell-crank Í4 
having projections 6 extending into the groove 
collar . The pump is shown in an inter 
mediate fuel position and the quantity of fuel 
injected at each stroke of the plunger is increased 
when the cam 7 is moved downwardly and de 
creased when it is moved upwardly. Movement 
of the cam is obtained through the manually 
Operated control rod 9 pivotally secured to bell 
crank 2, one arm of which is provided with a 
roller 22 which is movable within the can groove 
23 of lever 24 which is connected with bell-crank 
4 by rod 26. The above described linkage is so 
arranged that movement of rod 9 toward the 
left, as viewed in Fig. 1, moves the cam 7 down 
Wardly to increase the fuel and movement of the 
rod 9 toward the right moves the linkage in a 
manner to decrease, the fuel. Bell-crank 2 is 
provided with a hollow extension 27 in which is 
mounted a spring pressed plunger 28 having a 
roller 29 which is adapted to move over the sur 
face of arm 3 of the bell-crank lever 32 which 
is pivotally mounted at 33 on the fixed bracket 
34, it being noted that lever 24 is also pivotally 
mounted on the fixed bracket at 36, Lever 32 is 
operatively connected with throttle valve 37 by 
rods 38 and 38', both of which are pivotally con 
nected at 40 with lever 42 and rod 38' having a 
pivotal connection with the throttle operating lever 
at 39, the connecting linkage between throttle 
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37 and bell-crank 32 being so arranged that open 
ing movement of the throttle causes the bell 
crank to rock in a counter-clockwise direction 
against the force of spring 4. In order to provide 
against closure of throttle 37 and too great an 
enrichment of the mixture, in the event of a 
failure of bellows 44 or 53, it is desirable to in 
corporate a safety feature. To this end casing 
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27 is provided with an arm 25 projecting beneath 
the lever 3 and adapted to limit its downward 
movement. The outer end of lever 3 has its 
under side of such a contour that in the event of 
failure of either or both bellows, spring 4 will 5 
force the lever against arm. 25. Although the 
mixture will be enriched by failure of the bellows, 
it will not be enriched beyond the point at which 
the engine will not operate. The quantity of fuel 
injected into the engine at each stroke of the 10 
pump is positively controlled by manual opera 
tion of rod 9, but the operation of throttle 37 is 
dependent on the pressure within the air inlet 
manifold 3. Movement of the throttle valve in 
accordance with the manifold pressure is accom - 15 
plished by connecting the rod 38 with arm 42 of a 
bell-crank lever, the arm 43 of which is connected 
to an evacuated bellows 44 secured to the inner 
side of air tight casing 46. The bellows 44 may 
be evacuated to any desired degree and is prefer- 20 
ably formed of some inherently elastic material 
whereby the bellows will expand when the pres 
sure within the casing 46 is reduced. The engine 
intake manifold pressure is transferred to casing 
46 by conduits 48 and 49 which are connected to 25 
points spaced in the direction of flow within the 
manifold. Conduit 48 is preferably of a larger 
capacity than conduit 49 in order that the pres 
sure within casing 46 shall be substantially the 
same as the pressure within-manifold 3. 30 
In the construction shown in Fig. i., pipe 48 

is connected to the inlet manifold 3 some little 
distance on the down-stream side of the con 
nection leading to pipe 49. Therefore, at all 
times there will be a circulation through casing 35 
46 and the bellows 44 will be subjected to the 
temperature of the inlet manifold as Well as 
the pressure. If the bellows 44 is not completely 
evacuated, or if it contains a fluid, it will ex 
pnd both in accordance with the temperature 40 
and static pressure of the manifold. The dif 
ferential in pressure between the two Spaced 
points may be increased somewhat by the use 
(if Venturi tube 5, the use of which is recom 
mended as it will enable the apparatus to func- 45 
tion properly when used in connection with a 
supercharger, not shown, which may be con 
nected to the lower end of the inlet manifold. 
The throttle valve 37 is also controlled in ac 
cordance with the pressure and temperature of 50 
the exhaust gases within conduit 2 by means 
of an expansible bellows 53 which is secured to 
the housing 46 and has its movable end secured 
to the upper extension of lever 42 at 54. The 
interior of bellows 53 is connected through pipe 55 
56 to an expansible bellows 57 located in the in 
terior of the exhaust conduit 2. In some cases 
it may be desirable to control bellows 53 only 
by the pressure of the exhaust gases and in 
such cases the bellows 57 may be shielded from 60 
the hot gases by locating the bellows in a recess 
as shown at 60 in Fig. 4, or by the use of a suit 

| . able baffle 65. Bellows 57 and 53, as well as con 
- duit 56, are preferably filled with a fluid which 

will expand with temperature and also cause 65 
bellows 53 to expand when the bellows 57 is com 
pressed by the pressure of the exhaust gases 
within exhaust conduit 2. A manual adjust 
ment of the bellows is effected by means of a 
headed screw 58 which is connected to the lever 70 
43 by a tension spring 6. It will be noticed that 
by a proper selection of spring 6 and the an 
gularity of lever arm 43 the balancing force of 
Spring 6 upon the bellows may be made sub 
stantially constant for various positions of the 75 

4. 
bellows. For example, upon expansion of bel 
lows 44 arm 43 will be moved counter-clockwise 
and tension of spring 6 will be reduced, but at 
the same time the effective length of the lever 
arm acted upon by the spring 6 will be in 
creased, therefore by a proper selection of levers 
the bellows may be substantially balanced in all 
of its positions. Throttle valve 37 is provided 
With an arm 62 which is mounted on the throttle 
shaft 63 and in substantially the wide open posi 
tion of the throttle valve is adapted to contact 
the operating member 64 of the control valve 
generally designated at 66. The control valve 
66, comprises a housing 67, the interior of which 
is connected to a source of oil pressure by pipe 
68 and is drained by pipe 69 through a bushing 
l? having grooves 72 and 73 which are connected 
to the interior of the bushing by radial holes 
14 and 75. Within bushing T is slidably mount 
ed a piston valve T9 having relieved portions 8 
and 82. Piston 79 is normally urged toward the 
left by Spring 84 which abuts against the re 
movable plug 86. In the normal position of the 
valve, conduit 87 is aligned with relief portion 
82 whereby any fluid in 87 may be drained out 
through pipe 69 and there is no connection be 
tween pressure pipe 68 and conduit 87. Conduit 
87 is connected to the interior of casing 89 in 
which is slidably mounted a piston 9 normally 
urged to its inner, position by spring 92. Piston 
9 is provided with a rod 93 having an enlarged 
head 94 located in the path of movement of 
roller 96 which is secured to lever 2. 
In the form of the invention shown in Fig. 3, 

the operating member 64 is actuated by an evacu 
ated bellows 98 which is secured to a fixed mem 
ber 99, the bellows 98 being evacuated to any. 
desired degree and preferably formed of an 
elastic material whereby a decrease of pressure 
causes the bellows to expand and move the con 
trolling member 64 toward the right. 
In the operation of the form shown, in Figs. 

1 and 2, when the manually operated rod 9...is 
moved to its extreme position toward the right, 
corresponding to the maximum fuel position, the 
roller, 96 is adjacent the plunger head 94 and 
the roller 29 is positioned as shown in Fig. 2, 
it being noted that the mechanical advantage of 
the lever 32 to compress the spring 4 is in 
creased and the throttle valve 31 can open fur ther for any given intake manifold suction., 
The operation of the above described mecha 

nism up to this point is quite similar to my co 
pending application, Serial No. 618,380, filed 
June 20, 1932. 

If the above described fuel control be installed 
on an airplane, the throttle 37 will follow the 
operation of the manual fuel control and deliver 
the correct proportion of fuel for all ordinary 
altitudes, but it will be understood that under 
certain conditions of extreme high altitude or 
decreased atmospheric pressure, the throttle 
valve may be wide open and still not permit 
enough air to enter the engine to give a cor 
rect mixture for the quantity of fuel injected. 
This point may be designated as the critical 
position of the apparatus, and in order to se 
Cure a correct mixture the operator must either 
manually reduce the fuel or descend to n, region of higher pressure. 

In the present invention a means has been 
provided whereby the fuel control will be auto 
matically moved to a decreased fuel position 
When the throttle valve is wide open. For effect 
ing this purpose, the valve actuating member 64 

  



5 
is so located with respect to lever arm 62 that 
in substantially the wide Open throttle position 
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the plunger 79 will be pushed toward the right 
and groove 73 will be brought into communica 
tion with groove 12 by means of the relieved por 

The pressure within groove 73 is trans tion 8. 
ferred to the casing 89 by means of conduit 8 and 
piston 9 is moved upwardly to contact roller 
96 and positively move the manual control to 
reduce the fuel. The change in the fuel control 
position changes the position of roller 29, with 
respect to 3 and the spring 4 is effective to par 
tially close the throttle 37 and permit plunger 
T9 to return to the position shown in Fig. 1 
wherein the pressure within the casing 89 is re 

lo 

15 
lieved and the spring 92 acts to return the . 
plunger to the position shown in full lines. in Fig. 
1. The upper side of the piston 9 is connected 
to atmosphere through pipe of which also acts 
as a drain for any fluid which may have leaked 
past the piston. 
An increase in temperature or a decrease in 

pressure within intake manifold 3 will cause bel 
lows 44 to expand and open the throttle to corn 
pensate for the decreased weight of air passing 
through the manifold. The weight of air taken 

20 

into the engine under a constant intake mani- - 
fold pressure increases somewhat at high alti 
tudes because of the decreased back pressure in 
the exhaust manifold, therefore means has been 
incorporated to compensate for this action. ? 

It has been discovered that the weight of air 
a charge taken into the cylinder will vary with the 
temperature and pressure of the exhaust gases, 
because of the space occupied and the heat trans 
ferred from the residual exhaust gases remain 
ing in the cylinder at the top of the exhaust 
stroke. It is, therefore, necessary to take into 
account the pressure and possibly the tempera 
ture of the exhaust in obtaining a throttle action 
which will accurately measure the amount of the 
intake charge per cylinder. Where the exhaust 
manifold stacks are short and individual for each 
cylinder, a satisfactory approximation may be 
obtained by asuming that the exhaust pressure 
is that of the external atmosphere, but when the 
exhaust is confined or restricted, a direct trans 
fer of pressure and temperature is preferable. 
The pressure and temperature of the exhaust 
gases have therefore been utilized to further mod 
ify the throttle action, and an increase in either 
exhaust gas pressure or temperature will increase 
the pressure of the fluid within bellows 57 and 
partially close throttle 37. 

It may now be seen that by reason of the con 
trol of the throttle in accordance with exhaust 
gas pressure, that the air charge is varied with 
changes in exhaust gas pressure in a manner to 
keep the charge constant for any given intake 
manifold pressure. This is very desirable be 

30 

6 - 
manifold pressure at the desired point after the 
throttle has attained its wide open position. It 
will be apparent that indicator. ft will show a 
correct reading of the unit mixture charges en 
tering the engine arid there will be no danger . 
of the operator unwittingly operating the engine 
with a greater horsepower than is desirable. . . . 
In the form of the invention shown in Fig. 3, 

the operating member 64 is actuated by means of , 
the evacuated bellows 98 whenever the external 
pressure reaches a predetermined minimum and 
the manual fuel control is moved to a decreased 
position in the same manner as that described 
for the form shown in Figs. 1 and 2. It will be 
noted that in the improved control, herein be 
fore described, the throttle valve position is de 
termined by the conjoint action of intake temper 
ature and pressure, exhaust temperature and 
pressure, and the position of the manual fuel 
control, and that the position of the throttle in 
turn acts to reduce the fuel at substantially its 
wide-open position. - . 

While certain embodiments of the invention 
have been illustrated and described, it is under 
stood that the showing and description are illus 
trative only and the invention is not regarded as 
limited to the forms shown and described, or 
otherwise, except by the terms of the following 
claims: 
What is claimed is: s 
1. In a fuel mixture control for an engine, a 

fuel pump, an air conduit and a throttle there 
for, means for controlling the fuel pump, means 
for controlling the throttle to increase the air 
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cause heretofore there has been danger of over 
loading the engine at high altitudes with a con 
stant inlet manifold pressure, because of the in 
herent increase in horsepower due to reduced 
back pressure of the exhaust gases. 
In the present invention the charge per cylin 

der and the horsepower of the engine remain con 
stant at all altitudes and the quadrant O may be ... 
directly calibrated in manifold vacuum, air 
charge, and fuel charge. For example, if the 
pointer f be set on the line corresponding to 
28 inches mercury, the engine will deliver a con 
stant fuel and air charge, and therefore constant 
power at all altitudes, provided some device, such 

70 

flow as the fuel is increased, and means con 
trolled by the throttle at substantially its wide 
open position for limiting the movement of the 
fuel pump control in the direction to increase the 
fuel. 1 

2. In a fuel mixture control for an engine, a 
fuel pump, an air conduit and a throttle there 
for, means for controlling the fuel pump, means 
for controlling the throttle to increase the air 
flow as the fuel is increased, and means con 
trolled by throttle position for positively moving 
the pump control to a reduced fuel, position at 
the wide open position of the throttle. 

3. In a fuel mixture control for an internal 
combustion engine, means for supplying fuel to 
the engine, an air conduit and a throttle therefor, 
means for controlling the fuel Supply means, 
means for controlling the throttle to increase the 
air supply as the pressure in the air conduit is 
decreased, and means operated at Substantially 
Wide open position of the throttle to limit move 
ment of the fuel control and to keep the fuel 
supply less than a predetermined amount. 

4. In a fuel and air mixture control for an 
engine, manual means for controlling the fuel, 
automatic means for controlling the air, said 
automatic means including a plurality of mutu 
ally coacting pressure responsive members that 
are operatively connected to the throttle and to 
the fue control Whereby the throttle is conjointly 
controlled in its operation by variations in fuel 
control position, exhaust gas pressure resulting 
from variations in atmospheric pressure, exhaust 
gas temperature, air conduit pressure and air 
conduit temperature. - 

5. In a fuel mixture control for an engine, 
a fuel feed, an air conduit and a throttle there 
for, a manually actuated element controlling the 
fuel feed, means responsive to conduit pressure 
for controlling the throttle, power controlled 

as a supercharger, be used to maintain the intake 75 means for moving the element toward a decreased 
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fuel position, and means operable at substantially 
wide open throttle position for supplying power 
to the power controlled means. 

6. In a control for fuel, and air feeds to an 
engine, a control of the fuel feed, a control of 
the air feed in accordance with engine intake 
manifold air pressure for controlling the fuel 
air ratio, and means for modifying one of said 
feeds in response to variations in the tempera 
ture of the engine exhaust gas and to variations 
in the exhaust back pressure resulting from varia 
tions in altitude. 

8 
open throttle position to cause the servo motor 
to reduce the fuel supply. 

12. Engine fuel-air ratio control means, and 
means actuating said control means to regulate 
said fuel-air ratio with changes of engine speed, 
manifold pressure and exhaust pressure. 

13. In a fuel mixture control for an internal 
... combustion engine, a fuel pump, an air conduit 

O 

7 in a fuel mixture control for an internal 
combustion engine, a fuel pump, an air conduit 
and a throttle therefor, a manual control for 5 
the fuel pump, means responsive to conduit pres 
sure for controlling the throttle, fluid pressure 
actuated means for moving the manual control 
toward a decreased fuel position, and means actu 
ated by the throttle at substantially the open 
position thereof for supplying fluid pressure to . 
Said fluid pressure actuated means. 

8. In a fuel mixture control for an engine, a fuel 
feed, an air conduit and a throttle therefor, means 
for controlling the fuel feed, means controlled 
by the temperature and pressure of the air in the 
conduit for controlling the throttle position, 
means movable with the fuel feed control to cause 
the throttle to admit an increased air supply when 
the fuel is increased, means controlled by the 
temperature and pressure of the exhaust gas for 
controlling the throttle position and throttle oper 
ated means arranged to positively control the 
fuel feed and reduce the fuel supply at sub 
stantially wide open throttle position. 

9. In a control for fuel and air feeds to an 
engine, a manual control for one of said feeds, 
an automatic control of the other of said feeds 
in accordance with engine intake manifold air . 
pressure for controlling the fuel-air ratio, and 
means for modifying one of said feeds in response 
to variations in the temperature of the engine 
exhaust gas and to variations in the exhaust 
back pressure resulting from variationis, in alti 
tude. . . 

10. In a fuel mixture control for an engine, a 
fuel feed, an air conduit and a throttle therefor, 
manual means for controlling the fuel feed, means 
actuated by air pressure tending to open the 
throttle as the pressure is reduced, means mov 
able with the feed control resiliently opposing 
the opening movement of the throttle and ar 
ranged to progressively decrease the opposition 
as the fuel feed control is moved toward an in 
creased fuel position, and power actuated means 
for positively moving the manual fuel control 
means toward a decreased fuel position, said 
power actuated means being actuated by the 
throttle at substantially its wide open position. 

11. In a fuel mixture control for an internal 
combustion engine, a fuel pump, an air-conduit 
and a throttle therefor, manual means for con 
trolling the fuel pump, means actuated by air 
pressure tending to open the throttle as the pres 
sure is reduced, means movable with the pump 
control resiliently opposing the opening move 
ment of the throttle and arranged to progressively 
decrease the opposition as the fuel pump control 
is moved toward an increased fuel position, a mor 
mally inactive servo motor adjacent the manual 
fuel control arranged to force the control a pre 
determined amount toward a decreased fuel posi 
tion, and a control member for the servo motor 
arranged to be operated at substantially wide 

40 

45 

and a throttle therefor, a manual contro for the 
fuel pump, a pressure operated member opera 
tively connected with the throttle to control the 
same, means for subjecting said pressure oper 
ated member to air conduit pressure, said pres 
Sure operated member being arranged to open 
the throttle as the pressure in the conduit is re 
duced, a lever connected with the throttle and . 
movable thereby, a resilient device movable with 
the fuel control, said device contacting said lever 
in a manner to oppose opening of the throttle, 
and said device being movable with respect to 
said lever in a manner to decrease the effective 
lever length and the opposition to throttle open 
ing when the fuel control is moved toward in 
creased fuel position, a pressure operated device 
adjacent the fuel control arranged to force the 
same toward a decreased fuel position when pres 
Sure is applied to the device, and a valve oper 
ated by the throttle and arranged to supply pres 
sure to the pressure operated device only when 
the throttle is in substantially the wide open 
position. 

14. In a fuel mixture control for ani internal 
combustion engine, a fuel pump, an air conduit 
and a throttle therefor, a manual control for the 
fuel pump, a pressure operated member opera 
tively connected with the throttle to control the 
Sane, means for subjecting said pressure oper 
ated member to air conduit, pressure, said pres 
Sure operated member being arranged to open 
the throttle as the pressure in the conduit is re 
duced, a lever connected with the throttle and 
movable thereby, a resilient device movable with 
the fuel control, said device contacting said lever 
in a manner to oppose opening of the throttle, 
and said device being movable with respect to 
said lever in a manner to decrease the effective 
lever length and the opposition to throttle open 
ing when the fuel control is moved toward in 
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creased fuel position, a pressure operated device 
adjacent the fuel control arranged to force the 
same toward a decreased fuel position when pres 
sure is applied to'the device, and a valve operated 
by the throttle and arranged to supply-pressure 
to the pressure operated device only when the 
throttle is in substantially the wide open posi 
tion, said valve having a relief opening asso 
ciated therewith which is uncovered by the valve 
to relieve the pressure on the device when the 
throttle is moved toward the closed position. 

15. In a fuel mixture control for an engine, 
a fuel feed, an air manifold and a throttle there 
for, a manual control for the fuel feed, means for 
controlling the throttle in accordance with the 
fuel control position, means responsive to engine 
exhaust gas temperature, means responsive to 
air conduit temperature, both of said heatrespon 
sive means being differentially operative to con 
trol the throttle in a manner to open the throttle 
upon an increase in either conduit temperature 
or exhaust gas temperature. 

16. In a fuel mixture control for an internal 
combustion engine, a fuel feed, an air manifold 
and a throttle therefor, a manual control for the 
fuel feed, means for controlling the throttle in 
accordance with the fuel control position, means 
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responsive to engine exhaust gas temperature, 
means' responsive to air conduit temperature, 
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both of said heat responsive means being differ 
entially operative to control the throttle in a 
nanner to open the throttle upon an increase 
in either conduit temperature or exhaust gas 
temperature, both of said heat responsive means 
being exposed to air conduit pressure and re 
sponsive thereto in a manner to open the throttle 
when the pressure is decreased. 

17. In a fuel mixture control for an internal 
combustion engine, a fuel pump, an air conduit 
and a throttle therefor, a manual fuel pump 
control, a linkage for controlling the throttle in 
accordance with the position of the pump con 

10 
arranged to have increased mechanical advan 
tage when the fuel control is in the decreased fuel 
position, a bellows sealed under a predetermined 
pressure, said bellows being operatively con 
nected with the throttle in a manner to open the 
same when the bellows is expanded, means for 
subjecting the bellows to the pressure of the air 
conduit at two points in the conduit having a 
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5 
trol, conduit pressure operated means connected 
with said linkage tending to Open the throttle as 
the conduit pressure is reduced, means for ex 
posing said conduit pressure operated means to 
air, conduit temperature in a manner to increase 
the throttle opening when the air conduit tem 
perature is increased, and expansible means ex 
posed to the engine exhaust gas and connected 
with said linkage in a manner to increase the 
throttle opening when the exhaust tempera 
ture is increased. 

18. In a fuel mixture control for an engine, 
a fuel feed, an air conduit and a throttle therefor, 
a manual fuel feed control, a linkage for con 
trolling the throttle in accordance with the posi 
tion of the feed control, conduit pressure oper 
ated means connected with said linkage tending 
to open the throttle as the conduit pressure is 
reduced, means for exposing said conduit pres 
sure operated means to air conduit temperature 
in a manner to increase the throttle opening when 
the air conduit temperature is increased, expan 
sible means exposed to the engine exhaust gas 
and connected with said linkage in a manner 
to increase the throttle opening when the exhaust 
temperature is increased and means actuated 
by the throttle only at substantially its wide opem 
position for forcing the fuel feed control toward 
a decreased fuel position. 

19. In a fuel and air mixture control for an 
engine, manual means for controlling the fuel, 
automatic means for controlling the air, said 
automatic means including a plurality of mutu 
ally coacting pressure responsive members that 
are-operatively connected to the throttle and to 
the fuel control whereby the throttle is con 
jointly controlled in its operation by variations in 
fuel control position, exhaust gas pressure, ex 
haust gas temperature, air conduit pressure and 
air conduit temperature. . 

20. In a fuel and air mixture control for an 
engine, manual means for controlling the fuel, 
automatic means for controlling the air, Said 
automatic means being subjected to and con 
jointly controlled in its operation by variations 
in fuel control position, exhaust gas pressure, 
exhaust gas temperature, air conduit pressure 
and air conduit temperature and means con 
trolled by the throttle arranged to reduce the fuel 
supply only at Substantially wide open throttle 
position. 

21. In a fuel mixture control for an internal 
combustion engine, a fuel pump, an air conduit 
and a throttle therefor, a fuel pump control, 
means for moving the throttle including a pivoted 
lever, resilient means movable with the pump 
control, said resilient means being arranged to 
contact the lever and to move relatively thereto 
in a manner to vary the mechanical advantage 
of the resilient means, said resilient means being 

20 

25 

30 

35 

40 

45 

50 

55 

O 

65 

70 

75 

pressure differential between them, a second bel 
lows containing an expansible fluid, a pipe in 
communication with the interior of the second 
bellows, said pipe having its other end closed 
and exposed to the engine exhaust gases, and said 
bellows being Operatively connected with the 
throttle in a manner to open the same when the 
bellows is expanded. 

22. Engine fuel-air ratio control means, and 
means actuating said control means to regulate 
said fuel-air ratio with changes of engine speed, 
manifold pressure, exhaust pressure and an oper 
ative temperature. - 

23. In a fuel and air mixture control device 
for an internal combustion engine, a fuel pump, 
an air conduit connecting the engine with the 
atmosphere and an air-pressure actuated throttle 
therefore, a manual control for the fuel pump 
including a lever, movable stop means arranged 
in the path of said lever, and atmospheric pres 
Sure operated means arranged to move said stop 
means to limit the movement of the manual 
control toward the increased fuel position when 
the atmospheric pressure is reduced below a pre 
determined value. 

24. In a fuel and air mixture control device 
for an internal combustion engine, a fuel pump, 
an air conduit connecting the engine with the 
atmosphere and an air-pressure actuated throttle 
therefor, a manual control for the fuel pump 
including a lever, movable stop means arranged 
in the path of said lever, and means including a 
sealed bellows exposed to atmospheric pressure 
arranged to move said stop and limit the move 
ment of the lever toward the increased fuel posi 
tion when the atmospheric pressure is reduced 
below a predetermined value. 

25. In a fuel mixture control for an engine, 
the combination of a fuel pump, an air conduit 
and a throttle control therefor, means for con 
trolling the fuel pump, fluid pressure actuated 
means for controlling the throttle.in accordance 
with engine air conduit pressure, and a stop asso 
ciated with the pump control and so located as 
to limit throttle movement in the event of failure 
of the fluid pressure control. 

26. In a fuel mixture control for an engine, the 
combination of a fuel pump, an air conduit and a 
throttle control therefor, means for controlling 
the fuel pump, air conduit pressure actuated 
means for controlling the throttle in accordance 
With engine air conduit pressure, and a stop asso 
ciated With the pump control and so located as 
to limit throttle closing movement in the event 
of failure of the air Conduit pressure control. 

27. In a fuel mixture control for an internal 
combustion engine, having a fuel pump, an air 
conduit and a throttle therefor, a manual control 
for the pump, air conduit pressure actuated 
means for controlling the throttle, and exhaust 
gas pressure actuated means for modifying the 
action of the air conduit pressure actuated 
eaS. 
28. In a fuel mixture control for an engine, 

means for supplying fuel to the engine, an air 
conduit and a throttle therefor, a manual con 
trol for the fuel supply, air conduit, pressure 
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actuated means for controlling the throttle, ex 
haust gas pressure actuated means for modifying 
the action of the air conduit pressure actuated 
means, and means for modifying the action of a 
the air conduit pressure actuated means in ac 
cordance with air conduit temperature. 

29. In a fuel mixture control for an engine 
having a fuel feeding device, an air conduit and 
a throttle therefor, a manual control for the de 
vice, means movable by the manual control for 
controlling the throttle in accordance with the 
fuel charge, means operated by air conduit tem 
perature for controlling the throttle, and means 
actuated by exhaust gas pressure for controlling 
the throttle. 

30. In a fuel mixture control for an engine hav 
ing a fuel feeding device, an air conduit and a 
throttle therefor, a manual control for the device, 
means movable by the manual control for con 
trolling the throttle in accordance with the fuel 
charge, means operated by air conduit pressure 
for controlling the throttle, and means actuated 
by exhaust gas temperature for controlling the 
throttle. 

31. In a fuel mixture control for an engine hav 
ing a fuel feeding device, an air intake conduit 
and a throttle therefor, a manual control for 
the device, means movable by, the manual con 
trol for controlling the throttle in accordance 
with the fuel charge, means for controlling the 
throttle in accordance with exhaust gas pres 
sure, and an indicator movable by the manual 
control for indicating the quantity of the air 
charge passing through the conduit. 

32. In a fuel mixture control for an internal 
combustion engine, having a fuel and air feeding 
device including an air conduit and a throttle 
therefor, a manual control for the device, means 
movable by the manual control for obtaining a 
desired quantity of air and fuel charge, and means 

O 
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pressure modified by the exhaust gas tempera 
ture and pressure to maintain said quantity of 
air charge while the manual control remains set 
in a fixed position under changes of entering air 
pressure and temperature. . 

36. In a fuel mixture control for an internal 
combustion engine, a fuel feed, an air conduit 
and a throttle therefor, a means for controlling 
the fuel feed, a manual means for controlling 
the throttle to regulate the air flow as the fuel 
is increased, and means for positively moving the 
fuel feed control to a reduced fuel position at a 
predetermined position of the throttle. 

37. In a fuel mixture control for an internal 
combustion engine, means for supplying fuel to 
the engine, an air conduit and a throttle there 
for, means for controlling the fuel supply, means 
for controlling the throttle to regulate the air 

º flow as the fuel is increased, and means respon 
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responsive to air conduit temperature to main 
tain said quantity of air charge while the manual 
control remains set in a fixed position under 
changes of entering air pressure and tempera 
ture. 

33. In a fuel mixture control for an internal 
combustion engine, having a fuel and air feed 
ing device including an air conduit and a throttle 
therefor, a manual control for the device, means 
movable by the manual control for obtaining a 
desired quantity of air and fuel charge, and 
means responsive to air conduit temperature and 
the pressure of the engine exhaust gas to main 
tain said quantity of air charge while the manual 
control remains set in a fixed position under 
changes of entering air pressure and tempera 
tre. 

34. In a fuel mixture control for an internal 
Combustion engine, having a fuel and air feeding 
device including an air conduit and a throttle 
therefor, a manual control for the device, means movable by the manual control for obtaining a 
desired quantity of air and fuel charge, and means 
responsive to air conduit pressure and to exhaust 
gas pressure and temperature to maintain said 
quantity of air charge while the manual control 
remains set in a fixed position under changes of 
entering air pressure and temperature. 

35. In a fuel mixture control for an internal 
combustion engine, having a fuel and air feeding 
device including an air conduit and a throttle 
therefor, a manual control for the device, means 
movable by the manual control for obtaining a 
desired quantity of air and fuel charge, and 
means responsive to air conduit temperature and 

45 

50 

55 

60 

Sive to exhaust gas pressure for controlling the 
throttle. 

38. A method of mixing fuel and air for an in 
ternal combustion engine having a fuel pump 
including manually controlling the flow of fuel º 
through the pump and controlling the air flow - 
by the exhaust gas pressure. 

39. In a fuel and air feeding system for an in 
ternal combustion engine, means for feeding fuel 
to the engine, an air conduit and a throttle there 
for, means controlling the fuel feed, means for 
controlling the throttle to increase the air flow : 
as the fuel is increased, and means becoming op 
erative at substantially wide open position of the 
throttle for moving the fuel feed control toward 
a reduced fuel position. 

40. In a control for fuel-air feeds to an engine, 
a control of the fuel feed, a control of the engine 
intake manifold air pressure for controlling the 
fuel-air ratio, and means for modifying the fuel 
air ratio according to engine exhaust gas pres 
Slife. 

41. In a control for fuel-air feeds to an engine, 
a control of the fuel feed, a control of the air feed 
in accordance with the engine intake manifold 
air pressure and temperature to thereby control 
the fuel-air ratio, and means for modifying one 
of Said feeds in response to variations in engine 
exhaust gas pressure. .. 

42. In a control for fuel and air feeds to an 
engine, a control of the fue feed, a control of 
the air feed in accordance with engine intake 
manifold air pressure for controlling the fuel-air 
ratio, and means for modifying one of said feeds 
in response to variations in the pressure and ten 
perature of the engine exhaust gas. 

43. In a charge forming device for an internal 
combustion engine, means for supplying fuel to 
the engine in accordance with engine speed, man 
ual means for controlling the fuel supply and for 
controlling the engine intake manifold air pres 
Sure to thereby control the fuel-air ratio, and 
means responsive to the pressure of the engine 
exhaust gases and operative in a direction to de 
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crease the fuel-air ratio upon increase in the 
pressure of the exhaust gas. 

44. In a fuel and air feeding system for an 
internal combustion engine, means controlling the 
fuel feed to the engine in accordance with engine 
Speed, a manually actuated element for control 
ling the fuel feed, means including an air conduit 
and a throttle for controlling the air feed to the 
engine, a manually actuated element for control 
ling the throttle, and automatic means responsive 
to variations in the temperature and pressure of 
the air in the engine intake manifold and in the 
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pressure of the exhaust gas for controlling the 
relative amounts of fuel and air to control the 
fuel-air ratio. 

45. The invention defined in claim 44 compris 
ing in addition fluid pressure responsive means 
becoming operative when the throttle reaches 
substantially wide open position for moving the 
fuel feed controlling element in a direction to re 
duce the fuel feed. 

46. In a control for an internal combustion en 
gine having an air supply conduit and a throttle 
therefor, a manual control operatively related to 
the throttle for obtaining a desired engine charg 
ing pressure, and means responsive to variations 
in the pressure and temperature of the engine ex 
haust gas for modifying the throttle position while 
the manual control remains set in a fixed posi 
tion. 

47. In a control for an internal combustion en 
gine having an air supply conduit and a throttle 
therefor, a manual control operatively related to 
the throttle for obtaining a desired engine charg 
ing pr?ssure, and means responsive to the pres 
sure and to the velocity of the air in the conduit 
posterior to the throttle for modifying tile throt 
tle position. 

48. An engine fuel and air control device in 
cluding means for controlling the engine fuel and 
air feeds, and means operatively connected with 
said first mentioned means for varying at least 
one of said feeds with changes of engine mani 
fold air pressure and temperature, surrounding 
atmospheric pressure and engine speed. 

49. Engine fuel-injection and air supply sys 
tem including first means for modifying the Sup 
ply of one of said fluids, namely fuel and air, 
operative in a direction tending to increase the 
fuel to air ratio. With increase of the engine mani 
fold air pressure and with decrease of the engine 
manifold air temperature and atmospheric pres 
sure, and additional engine operative condition 
responsive means for altering said supply inde 
pendently of said first means, 

50. A hydraulically controlled fuel injection 
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and exhaust pressure actuating said control 
means to regulate said fuel-air ratio. 

54. Engine fuel-air ratio control means, and 
manual regulating means and means responsive 
to changes of exhaust pressure and temperature 
actuating said control means to regulate Said 
ratio, 

55. Charge forming device including Wenturi 
means to keep the engine fuel supply Substantial 
ly proportional to the engine air Supply; mix 
ture control means regulating the ratio of pro 
portionality between said fuel and air supplies; 
and means responsive to changes of exhaust pres 
sure and temperature operatively connected with 
said mixture control means to regulate said mix 
ture ratio automatically. 

56. In a control for an internal combustion en 
gine having an air supply conduit, an engine 
throttle in the passage for variably controlling 
the power developed by the engine, a manual con 
trol operatively connected to the throttle, and 
means responsive to variations in the pressure 
of the engine exhaust gas and operative through 
out the major portion of the throttle Operating 
range for modifying the throttle position. 

57. In a control for an internal combustion en 
gine having an air supply passage means, a man 
ual control operatively connected to an engine 
speed-controlling throttle in the air Supply paS 
sage means, and means responsive to variations 
in the pressure of the engine exhaust gas con 
nected to an engine speed-controlling throttle 
in the air passage means and operative during 
periods of normal temperature operation to nod 
ify the throttle position. 

58. In a control for fuel-air feeds to an engine, 
a control for one of said feeds, a control for the 
other of said feeds in accordance with the engine, 
intake manifold air pressure and temperature 
to thereby control the fuel-air ratio, and means 
for modifying one of said feeds in response to 
variations in engine exhaust gas pressure. 

59. Supercharged engine fuel-air ratio control 
means, and manual control means and means 

system having valve means for regulating the 45 responsive to changes of engine speed, induction 
engine fuel supply, means responsive to changes 
of manifold air pressure, of manifold air tem 
perature, of atmospheric pressure, and of an ad 
ditional engine operative temperature, and an 
operative interconnection between said means. 

51. Engine fuel-air ratio control means, and 
means responsive to changes of manifold pressure 
and temperature and exhaust pressure actuating 
said control means to regulate said fuel-air ratio 
automatically. 

52. Engine fuel-air ratio control means, and 
means responsive to changes of exhaust pressure 
and temperature actuating said control means 
to regulate said fuel-air ratio. 

53. Supercharged engine fuel-air ratio control 60 
means; and manual regulating means and means 
responsive to changes of induction pressure and 
temperature between supercharger and engine 
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pressure between supercharger and engine, and 
exhaust pressure operatively connected with said 
ratio control means to control said ratio. 
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Certificate of Correction 
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FRANK C. MOCK 
It is hereby certified that errors appear in the printed specification of the above 

numbered patent requiring correction as follows: 
Column 10, line 26, claim 23, for the word “therefore' read therefor; line 55, begin 

ning with “26. In a fuel' strike out all to and including “control.' in line 63, com 
r prising claim 26; column 11, line 25, before “engine' insert internal combustion; for?? ? 

the claims now numbered '27' through '59' read 26 to 58 respectively; in the heading 
to the printed specification, line 8, for '59 Claims’ read 58 Claims; 
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- N----... the same may conform to the record of the case in the Patent Office. 
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