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The present invention relates to control appa 
ratus for internal combustion engines, and par 
ticularly to a safety control apparatus for the 
throttle of such an engine. In internal combus 

fold of the engine. In certain cases the Super 
charger may be upstream from the inlet 2, or 
two superchargers may be used, one in each place. 
The Wenturi restriction 4 produces a preSSure 

tion engines, such as those used on aircraft, it 5 differential between the inlet f2 and the throat 
is sometimes desired to limit the maximum power of the restriction which varies in accordance with 
output of the engine in order to prevent the op- the square of the velocity of the air passing thru 
erator from running the engine under overload the restriction. Since the cross-section of the 
conditions. In engines such as aircraft engines, venturi is constant, this pressure differential may 
where the throttle is located at some distance 10 be taken as a measure of the volume of air flow- . 
from the pilot's control lever and is connected ing thrul the pa SSage. 
to that lever by a rather complicated linkage, In order to control combustion conditions with 
it is also desired to provide some means to limit in the engine, it is necessary to control the fuel 
the minimum power output of the engine upon flow in proportion to the air flow. The fuel flow 
failure of the control linkage. ls is controlled in accordance with the mass of air 

It is therefore an object of the present inven 
tion to provide improved means for limiting the 
movement of the throttle of an internal combus 
tion engine. 
Another object is to provide means for limiting 

the opening movement of the throttle of an in 
ternal combustion engine SO as to provide a Sub 
stantially constant maximum air flow to the en 
gle. 
Another object is to provide improved means 

for controlling the throttle of an internal com 
bustion engine so as to secure a substantially con 
Stant flow of air to the engine. 
Another object is to provide improved means 

responsive to the position of the throttle for con 
trolling the fuel flow under idling conditions. 
A further object is to, provide improved means 

for preventing closure of the throttle beyond a 
partially open position in the event that the man 
ual control linkage fails. 
A still further object is to provide an arrange 

ment of the type described in which the idling 
control mechanism serves to operate the throttle 
to a partially open position upon failure of the 
manual control linkage. 
Other objects and advantages of the present 

invention will become apparent from a consid 
eration of the appended specification, claims and 
drawing, in which the single figure represents a 
carburetor for an internal combustion engine pro 
vided with control apparatus embodying the prin 
ciples of my invention. 

Referring to the drawing, there is shown a 
body 0 of a carburetor for an internal combus 
tion engine of a type used on aircraft. Air en 
ters the carburetor body to at an inlet 2 and 
flows thru a Venturi restriction f4 and a passage 
5, past a throttle f6 and a fuel discharge nozzle 
8 to an outlet 20. A supercharger may be pro 

vided between the outlet 20 and the intake mani 
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flowing, rather than its volume, because the den 
sity of the air varies in accordance with its pres 
sure and temperature, which are in turn affected 
by external atmospheric conditions and by the 
altitude at which the aircraft is flying. 
As previously stated, the pressure differential 

between the entrance 2 and the throat of ven 
turi 4 varies as a function of the volume of air 
flowing thru the venturi. In Order to obtain a 
pressure differential varying as a function of the 
mass of air flowing thru the venturi 4, the pres 
sure differential between entrance 2 and the 
throat of venturi 4 is utilized to create an air 
flow thru a secondary air passage extending from 
entrance 2 to the throat of Venturi 4. A plu 
rality of impact tubes 22 are provided, whose 
open ends project into the entrance 2 to receive 
the impact of the entering air. The secondary 
air passage may be traced from entrance 2, thru 
tubes 22, a passage or vent ring 24 interconnect 
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ing the impact tubes, a conduit 26, a chamber 
28 in a pressure meter generally indicated at 30, 
a restriction 32, a chamber 34 in the pressure 
meter 30, a conduit 36, past a valve 38 into a 
chamber 40, and thence thru a conduit 42 to 
the throat of venturi 4. 
The valve 38 is controlled by a sealed bellows 

44 mounted in the chamber 40. The belows 44 
is fixed at one end, so that the position of the 
free end, to which valve 38 is attached, varies 
in accordance with the air pressure in the cham 
ber 40. The bellows 44 is preferably filled with 
nitrogen or some other suitable temperature re 
sponsive fluid, so that the position of valve 38 
varies not only with the pressure but with the 
temperature of the air in the chamber 40, and 
hence with the density of that air. 
In the secondary air passage, the pressure dif 

ferential between the entrance 2 and the throat 
of venturi 4 is divided into two component pres 



sure drops, one across the restriction 32 and the 
other across the valve 38. The valve 38 is posi 
tioned in accordance with the density of the air 
flowing thru the passage 5. Valve 38 is moved 
toward open position as the air density increases 
and toward closed position as the air density de 
creases. If the volume of air flowing thru pas 
sage 5 remains constant and the air density de 
creases, then the mass of air supplied to the en 
gine decreases. The movement of Valve 38 to 
ward closed position, which results from the de 
crease in air density, causes the pressure drop 
across valve 38 to increase, and the pressure drop 
across restriction 32 to decrease. By proper de 
sign of valve 38, the pressure drop across restric 
tion 32 may be made to vary substantially in ac 
cordance with the mass of air flowing thru pas 
sage 5. This pressure differential across restric 
tion 32 acts on a diaphragm 46 which separates 
the chambers 28 and 34. The force applied to diaphragm 46 is transmitted to a valve 48, on 
which it acts in a closing direction. 
The fuel enters the carburetor from a fuel 

pump or other source of fuel under superatmos 
pheric pressure thru a conduit 50 and flows thru 
a valve 52 in a pressure regulator generally in 
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dicated at 54, a conduit 56, an idle control f26, 
a conduit 57, a mixture control generally indi 
cated at 58, a jet system 60, a conduit 62, a valve 
64 in a second pressure regulator 66, and a con 
duit 68 to the fuel dischargenozzle 8. - 
The pressure regulator 54 includes a diaphragm 

To separating a pair of expansible chambers 72 
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and 74 and connected at its center to the valve 52, 
A spring 76 biases the valve 52 toward open posi 
tion. A restriction 78 connects the chambers 72 
and 74. 
A portion of the fuel entering pressure regul 

lator 54 flows thru chamber 74, restriction 78, 
chamber 72, a conduit 80, a chamber 82 in the 
pressure meter 30, past the valve 48, and thru 
a conduit 84 to a suitable drain, which may, for 
example, empty into the main air passage 5. 
If desired, the drain may be connected to the 
main fuel tank, or the full flowing thru it may be 
otherwise disposed of. 
The pressure meter 30 includes a diaphragm 

86 separating the chambers 34 and 82 and a dia 
phragm 88 separating the chamber 28 from a 
fourth expansible chamber 90. The valve 48 is 
biased toward closed position by a spring 92. 
The chamber 90 is connected thru a conduit 

94 to the fuel conduit 62 downstream from the 
jet system, 60. The pressure in chamber 90 is 
therefore the same as that in the fuel line down 
stream from the jet system. The pressure in 
chamber 82 is the same as that in chamber 72 of 
pressure regulator 54. The pressure in chamber 
72 differs from the pressure in chamber 74 by 
a fixed amount which depends on the strength 
of Spring 76. Therefore the pressure in chamber 
T2 is a measure of the pressure on the upstream 
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side of the jet system 60. For any given con 
stant cross-sectional area of the fuel passage 
thru the jet system 60, the pressure differential 
across it is a measure of the fuel flow thru it. 
This pressure differential, or rather a smaller 
pressure differential which is a measure of the 
pressure differential across the jet system, is ap 
plied thru the diaphragms 86 and 88 of pressure 
meter 30 to the valve 48, on which it acts in an 
Opening direction, 
From the foregoing, it may be seen that the 

valve 48 is positioned in accordance with the 
balance between two forces, one of which varies 
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in accordance with the mass of air entering the 
carburetor, and the other in accordance with the 
mass of fuel entering the carburetor. Further 
more, the valve 48 controls the mass of fuel en 
tering the carburetor, since it controls the pres 
sure in chamber 82. The pressure in the cham 
ber 82 is transmitted to chamber 72 of pressure 
regulator 54 where it controls the position of 
valve 52 and hence the pressure on the upstream 
side of the jet system 60. The pressure on the 
upstream side of jet system 60 is therefore varied 
as a function of the mass of air flowing to the 
engine for combustion purposes. 
The pressure regulator 66 operates to main 

tain a substantially constant pressure on the 
downstream side of the jet system 60 and thereby 
to prevent variations in pressure at the fuel dis 
charge nozzle 8, which may be due to operation 
of the throttle or to variations in engine speed, 
from reaching the downstream side of the jet 
system and affecting the fuel flow. 
Since the pressure on the downstream side of 

the jet system 60 is held constant and the pressure 
on the upstream side is varied as a function of the 
air flow, it may be seen that for a given constant 
cross-sectional area of the jet system, the fuel 
flow is proportioned to the air flow. The mix 
ture control 58 may be operated to vary the cross 
Sectional area of the jet system and hence to vary 
the fuel to air ratio. 
The pressure regulator 66 includes a pair of 

expansible chambers 96 and 98 separated by a 
flexible diaphragm foo, which is attached at its 
Center to the valve 64. A spring fo2 biases the 
valve 64 toward closed position. The chamber 
96 is connected thru a conduit 04 to the conduit 
26 and thence thru the vent ring 24 and impact 
tubes 22 to the air entrance 2. The chamber 
98 is connected to the fuel conduit 62. 
The mixture control 58 includes a disc valve 

06 fixed on a shaft 08. The disc valve O6 
controls the flow of fuel thru ports opening into 
conduits O and f2 which lead into the jet 
System 60. When the disc OG is in the position 
illustrated in full lines in the drawing, fuel can 
flow to the jet system only thru the conduit 0. 
This full line position of the disc valve 06 is 
known as the "lean' position of the mixture con 
trol 58. When the disc valve 06 is in the dotted line position shown in the drawing, the fuel can 
flow thru both the conduits f O and 2. The 
dotted line position of disc valve G6 is termed 
the "rich' position of the mixture control. 
The conduit ff0 conducts fuel either thru a 

fixed restriction or jet 4, or thru a restriction 
6 controlled by a valve if 8 biased to closed 

position by a spring 20. The conduit 2 con 
ducts fuel to a fixed restriction 22. Fuel flowing 
thru the restrictions f6 and 22 also flows thru 
another restriction 24 which determines the 
maximum flow thru restrictions 6 and 22. 
The valve 8 opens only at high pressure dif 

iferentials across the jet system to increase the 
fuel to air ratio under heavy load conditions. 
The idle control f26 includes a valve 28 at 

tached to the center of a diaphragm (30. A 
Spring 32 biases the valve 28 in an opening di 
rection. A stop 34 is provided to limit the Open 
ing movement of valve 28. An elongated stem 
36 extends outwardly from the side of diaphragm 
30 opposite the valve 28. 
The throttle f6 is fixed on a shaft (38. An arm 

140 is also fixed on shaft 38. The end of arm 
40 is pivotally connected to a link 42 whose 
opposite end is pivotally attached to an arm (44. 
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which rotates on a pivot (46. The opposite end 
48 of arm f4 extends into the path of nove 
ment of valve stem 38. 
A lever 50 is mounted to freely rotate on the 

throttle shaft f88. One end of the lever fiO is 
pivotally attached to a link 52 which may extend 
thru a linkage train (not shown) to the throttle 
control lever in the pilot's compartment. The 
opposite end of lever 50 carries a stop 54 which 
extends into the path of movement of arm 40. 10 
A spring 56 biases the arm 40 into engagement 
with the stop 54. 
The opening movement of the throttle is lim 

ited by a stop mechanism generally indicated at 
f 58. The stop mechanism f 58 includes a bellows 5 
f 60 whose interior is connected thru a conduit 
62 to the fuel conduit 56. A compression spring 
64 biases the free end of bellows 60 for move 
ment to the left. A stop member 66 is attached 
to the free end of bellows SO, and the opposite 
end of stop member 66 extends into the path of 
movement of the upper end of arm 44. 
In order to move the throttle toward Open posi 

tion, the pilot moves his control lever so as to 
move link 52 to the right. This causes a coun 
terclockwise movement of lever 50. Since the 
arm 40 is held in engagement with stop 54 by 
spring f S6, it follows the counterclockwise move 
ment of lever 50. Since the arm f 40 is fixed on 
the shaft 38, the latter is also rotated, thereby 
moving the throttle 6 in an opening direction. 
This opening movement can continue under the 

control of the manually operated link 52 until 
the upper end of arm 44 engages the stop mem 
ber 66. Thereafter, if the link 52 is moved fur 
ther to the right, the arm 40 does not follow the 
lever f0, but the spring 56 is stretched and the 
stop 54 separates from the arm 40, 
The position of the throttle at such a time is 

determined by the position of stop f 66. The posi 
tion of stop 66 in turn depends upon the pres 
sure in conduit 56 and hence on the regulated 
pressure in chamber 74 of pressure regulator 54. 
As previously described, the pressure in chamber 
74 varies as a function of the mass of air flowing 
to the engine thru the venturi 4. 
Under these conditions. the throttle 6 is con 

trolled to maintain a substantially constant air 
flow. If the air flowing to the engine should in 
crease, there would be a resulting increase in the 
pressure in chamber 74. This increased pressure 
in chamber 74 is transmitted to bellows 60 where 
it acts thru the stop 66 to move the throttle 6 
in a closing direction, thereby decreasing the air 
flow. Therefore the system tends to maintain a 
constant air flow. The value of this air flow may 
be adjusted by changing the tension of spring 64 
and hence the position at which stop f 66 is main 
tained for a given value of air flow. Although no 
means is illustrated for changing the tension of 
Spring 64, such means are common and may 
readily be provided. 
At low air flows, such as are encountered under 

idling conditions. the pressure differential set up 
by the venturi A tends to be erratic, and is not 
a reliable indication of the volume of air entering 
the engine. Provision is made to transfer con 
trol of the fuel flow to the throttle at such times. 
The spring 92 in the pressure meter 30 acts on 
valve 48 in a closing direction. When the differ 
ential pressure acting on diaphragm 46 is small, 
as under low air flow conditions, the spring 92 is 
the predominating force acting on valve 48. A 
closing movement of valve 48 causes an increase 
in the fuel flow thru the main fuel line, since the 

3 
closure of valve 48 increases the pressure in 
chamber 82 of pressure meter 3D and hence in 
chamber 2 of pressure regulator 54...This causes 
an opening movement of valve 2 until a balanc 
ing increase is produced in the pressure in cham 
ber 4, which is the same as the pressure on the 
upstream side of the jet system O. Furthermore, 
the spring 76 of pressure regulator $4 biases valve 
52 in an opening or fuel flow increasing direction. 
As the throttle 6 approaches its idling posi 

tion, the link f4 is rotated clockwise and its lower 
end 48 engages the end of valve stem. 36 and 
operates the idle control f26 so as to move valve 
28 in a closing direction. . Under such conditions, 
the quantity of fuel supplied to the engine is de 
termined by the throttle position as that position 
is reflected in the position of valve 28. This is 
in contrast to the operation of the system at 
higher air flows when the fuel. supply is deter 
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mined by the mass of air entering the engine as 

, If the linkage connecting the link S2 with the 
pilot's control lever should fail, then the maxi 
nun Opening position of the throttle would be 
limited by the stop mechanism f 58 and the maxi 
mum closing position would be limited by valve 
stem f38. Therefore the engine would continue 
to operate and drive the aircraft, even though its 
Speed of, operation could not be predicted. This 
might be of considerable advantage to the occu 
pants of the aircraft. For example, under com 
bat conditions, it might enable the aircraft to 
return to its base even though the throttle con 
trol was not operative. The throttle could not 
move to its fully closed position and cut of the 
engine, nor could it move to its fully open position 
and cause the engine to become overheated. 
While II. have shown and described a preferred 

embodiment of my invention, it will be readily 
understood by those skilled in the art that other 
modifications may be made without departing 
from the scope of the invention as defined in the 
appended claims. 
- I claim as my invention: 

1. Control apparatus for an internal combus 
"...tion engine comprising throttle means for con 
trolling the flow of air to said engine, manually 
movable means for positioning said throttle 
means, stop means for limiting the opening 
movement of said throttle means, spring means 
permitting additional movement of said member 
after said throttle means engages said stop means, 
a conduit for fuel flowing to said engine, means 
responsive to the quantity of air flowing to said 
engine for controlling a fuel pressure in said con 
duit, means responsive to said controlled pres 
Sure for positioning said stop means, valve means 
in said fuel conduit, means biasing said valve 
means toward-open position, abutment means as 
Sociated with said valve means and said throttle 
means and adapted to engage when said throttle 
means is adjacent its closed position to cause a 
following movement of said valve means, said 
biasing means being effective upon failure of said 
manually movable means to move said throttle 
means to a partially open position. 

2. Control apparatus for an internal combus 
tion engine, comprising a first conduit for air 
flowing to said engine for combustion purposes, 
throttle means for controlling the flow of air 
thru said conduit, a second conduit for fuel flow 
ing to said engine, means responsive to the quan 
tity of air flowing thru said first conduit and 
effective when said quantity exceeds a predeter 
mined value to control a pressure in said fuel 



4. 
conduit, means effective when said quantity is 
less than said value to increase said pressure dis 
proportionately to said quantity, valve means in 
said second conduit for controlling the fuel flow 
therethru, spring means biasing said valve means 
toward open position, means responsive to said 
pressure and acting on said valve means in an 
opening direction, and a member connected to 
said throttle means for movement therewith, said 
member being positioned adjacent said valve 
means and adapted to engage said valve means 
to cause a following movement thereof whenever 

O 

said throttle means is in a position correspond 
ing to a quantity of air less than said predeter 
mined value. 

3. Control apparatus for an internal combus 
tion engine, comprising a first conduit for air 
flowing to said engine for combustion purposes, 
throttle means for controlling the flow. of air 
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controlling the fuel flow therethru, spring means 
biasing said valve means toward open position, 
and a member connected to said throttle means 
for movement therewith, said member being posi 
tioned adjacent said valve means and adapted to 
engage said valve means to cause a following 
movement thereof whenever said throttle means 
is in a position adjacent its closed position, said 
spring means being effective upon failure of said 
manually movable means to move said throttle 
means to a partially open position. 

5. Control apparatus for an internal combus 
tion engine in an aircraft, comprising throttle 
means for controlling the flow of air to said en 
gine for combustion purposes, a manually mov 
able control member remote from said throttle 
'means, linkage connecting said member and said 
throttle means, a conduit for fuel flowing to 
said engine, valve means in said conduit for con 

thru said conduit, manually movable means for 20 trolling the fuel flow therethru, spring means 
positioning said throttle means, a second conduit 
for fuel flowing to said engine, means responsive 
to the quantity of air flowing thru said first con 
duit and effective when said quantity exceeds a 
predetermined value to control the flow thru said 
fuel conduit, valve means in said second conduit 
for additionally controlling the fuel flow there 
thru, spring means biasing said valve means to 
ward open position, means responsive to the pres 
sure in said fuel conduit and acting on said valve 
means in an opening, direction, and a member 
connected to said throttle means for movement 
therewith, said member being positioned adja 
cent said valve means and adapted to engage 
said valve means to cause a following movement 
thereof whenever said throttle means is in a posi 
tion corresponding to a quantity of air less than 
said predetermined value, said spring means and 
said fuel conduit pressure being effective upon 
failure of said manually movable means to move 
said throttle means to a partially open position. 

4. Control apparatus for an internal combus 
tion engine, comprising throttle means for con 
trolling the flow of air thru said conduit, man 
ually movable means for positioning said throttle 
means, a second conduit for.fuel flowing to said 
engine, valve means in said second conduit for 
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biasing Said valve means toward open position, 
and a member connected to said throttle means 
for movement therewith, said member being po 
sitioned adjacent said valve means and adapted 
to engage said valve means to cause a following 
movement thereof whenever said throttle means 
is in a position adjacent its closed position, said 
Spring means being effective upon failure of said 
linkage to move said throttle means to a partially 
Open position. - 

6. Control apparatus for an internal combus 
tion engine, comprising throttle means for con 
trolling the flow of combustion air to said engine, 
means for positioning said throttle, a member 
connected to said throttle for concurrent move 
ment therewith, a pair of abutments for engag 
ing said member so as to limit the movement of 
said throttle in either direction from an inter 
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mediate position, resilient supporting means for 
one of said abutments so that said throttle may 
be moved beyond the limiting position estab 
lished thereby, said abutments and said resilient 
supporting means being effective on failure of 
said throttle positioning means to confine said 
throttle to an intermediate range of positions. 

MLTON E. CHANDLER. 


