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1. 

The present invention relates to carburetors 
and particularly to carburetors of the type in 
which the quantity of fuel Supplied to the en 
gine is proportioned with respect to the quantity 
of air supplied. 

It is an object of this invention to provide 
improved means for controlling the quantity of 
fuel Supplied to an internal combustion engine 
as a function of the quantity of air supplied to 
support combustion of that fuel. 
Another object of the invention is to provide 

an arrangement wherein the quantity of fuel Sup 
plied to an internal combustion engine is elec 
trically controlled. A still further object is to 
provide an electrically operated carburetor in 
which the fuel flow is controlled in accordance 
with the resultant of a number of variable Condi 
tions, such as air flow, air density, and intake 
manifold pressure. 
Another object is to provide an electrical car 

buretor in which the quantity of fuel flowing to 
the engine is not affected by variations in the 
voltage of the Source of electrical energy. 
Another object is to provide improved electrical 

flow controlling means for a carburetor, includ 
ing means responsive to the acceleration of the 
engine on which the carburetor is mounted for 
enriching the fuel and air mixture upon Such 
acceleration. 
A further object of the present invention is to 

provide electrical means for controlling the flow 
of fuel to an internal combustion engine, Wherein 
means is provided so that upon failure of the 
electrical power Supply, the engine receives a 
quantity of fuel sufficient to operate it at a pre 
determined proportion of its rated output. 
A further object of the present invention is to 

provide improved means for indicating various 
operating conditions of an internal combustion 
engine, Such as fuel flow, fuel to air ratio, horse 
power output, and brake mean effective pressure. 
Other objects and advantages of the present 

invention will become apparent from a con 
sideration of the appended specification, claims 
and drawings, in which 

Figure is a somewhat diagrammatic illus 
tration of a carburetor with an electrical control 
system embodying the principles of my inven 
tion, 

Figure 2 illustrates a carburetor provided with 
a modified form of electrical control System, 

Figure 3 is an electrical wiring diagram of a 
control circuit shown in Figure 2, 

Figure 4 is a somewhat diagrammatic illus 
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various engine conditions which may be used with 
the carburetor of Figure 2, and 

Figure 5 is a somewhat diagrammatic illus 
tration of another form of electrical control sys 
ten for a carburetor. 

Referring now to Figure 1, there is shown a 
carburetor body f, thru which air flows from 
an inlet past a Wenturi restriction 2, and 
thru a passage 4 past throttles 5 and a discharge 
nozzle 6 to an outlet 7. 
A portion of the air entering the inlet f enters 

impact tubes 8 whose open ends extend into the 
path of that air, and from these impact tubes 
flows thru a second passage which terminates at 
the throat of Venturi 2. This second air passage 
may be traced from the impact tubes 8 thru 
a went ring 20 which interconnects the tubes 
8, a conduit 2, a boost venturi 22 and a conduit 

23 to the throat of the main venturi 2. 
The conduit 2 is connected thru a conduit 24 

to the interior of a flexible bellows 25 mounted 
inside a casing 26. The interior of casing 26 is 
connected thru a conduit 27 to the throat of 
boost venturi. 22. 
In accordance with the known principles of 

fluid flow, the pressure differential between the 
impact tubes 8 and the throat of venturi 2 
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is a measure of the velocity of air entering the 
engine thru the carburetor 0. The boost ven 
turi 22 is provided to amplify this pressure dif 
ferential. The bellows 25 is exposed to the am 
plified pressure differential, and therefore ex 
pands and contracts in accordance with the 
changes in the velocity of air flowing thru the 
carburetor. The free end of bellows 25 is con 
nected thru a link 28 to a pivoted arm. 30, which 
insulatingly carries at its free end a slider 3 
which cooperates with a slidewire resistance 32. 
This slider 31 is connected thru a pig tail con 
nection 33 to a ground connection 34. The posi 
tion of the sliding contact 3 along resistance 
32 is determined by the differential pressure act 
ing on the bellows 25, and hence by the velocity 
of air flowing thru the carburetor. 

Conduit 2 is also connected thru a conduit 
35 to the interior of a casing 36 in which a sealed 
bellows 37 is mounted. The bellows 37 is con 
nected thru a link 38 to an arm 4 O which is 
pivotally mounted at One end, and carries at its 
free end a sliding contact 4 which cooperates 
With a slideWire resistance 42. The position of 
contact 4 along resistance 42 is determined by 
the absolute pressure in the casing 36, since the 
bellows 3 is Sealed. The slider 4 is therefore 

tration of an electrical system for indicating 55 positioned in accordance with the variations in 
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the absolute pressure in the inlet , which pres 
sure is transmitted to the interior of the Casing 
36 thru went ring f8 and conduits 2 and 35. 
The bellows 37 may be filled with nitrogen or 
other suitable temperature responsive fluid, in 
order that the position of contact 4 may also 
reflect temperature changes. - 
The fuel entering the carburetor comes from a 

pump or other source of fuel under pressure 
(not shown) and flows thru a conduit 43, past 
a valve 44, a metering restriction 45, another 
valve 46, and a conduit 47 to the discharge nozzle 
6. The metering restriction 45 is intended as a 
more or less diagrammatic representation of a jet 
system which may include a number of individual: 
restrictions, either fixed or variable. 
The valve 44, which is balanced against inlet 

pressure, is carried by a flexible diaphragm 48, 
one side of which is exposed to the pressure of 
the fuel on the outlet side of valve 44, and the 
oppositeside of which is vented at. 50. This vent 
may be to the atmosphere, as indicated in the 
drawing, or more preferably to the went ring 20. 
The diaphragm; 48 also carries, an airmature 5, 
which cooperates with an electromagnetic coil 
52. A spring 53, biases the diaphragm - 48 for 
movement to the right, in the opening direction 
of valve 44. The carnature 5 has its magnetic 
center to the left of center of coil 52, so that 
energization of that coil tends to cause move 
ment of airmature 5 to the right, thereby ap 
plying an additional opening force to the valve 
A4, and causing an increase in the pressure at 
the inlet side of the restriction 45. 
The valve. 46, which is balanced against out- : 

let pressure, is carried by a flexible diaphragm 
54, one-side of which is subjected to the pressure 
on the inlet, side of valve: 46 and whose opposite 
side is vented at 55. AS in the case of vent 50, 
the vent 55 may be connected either to atmos 
phere: or to vent ring 20. However, the vents 50 
and 55 should be connected to the same source 
of pressure. The diaphragm 54 also carries an 
armature 56 which cooperates with an electro 
magnetic coil 57. A compression spring 58 biases 
the diaphragm 54 for movement to the left, in 
the closing direction of valve 46. The magnetic 
center of armatures 56 is to the right. of the cen 
ter of coil 57, So that upon energization of coil 
5, an additional closing force is exerted on valve. 
56, causing the fuel pressure to rise on the dis 
charge-side of the restriction: 45. 
The throttles 5 are carried by Shafts 60 and 

6, on which are fixed mating gears 62 and 63, 
respectively. The gears. 62 and 63 are driven. 
thru another gear 64 which meshes with gear. 62, 
and is fixed on a shaft 65 driven thru a reduction 
gear (not Shown) by an electrical notor gener 
ally indicated at 66. The motor 66 is illustrated 
as being of the Series wound type, and is pro 
vided with an armature. 67 and a pair of field 
windings 68 and 69. The energization of motor 
66 is controlled by a switch mechanism generally 
indicated at 7. The switch mechanism 7 is 
operated in accordance with the balance.betWeen 
an evacuated bellows 74 and a bellows 72 whose 
interior is connected thru a conduit 73 to the 
mixture outlet. of the carburetor. The con 

ifixing the yoke member 

4. 
uated, expands and contracts in accordance with 
atmospheric pressure only. The free ends of 
the bellows 72 and 74 are connected by a rod 75 
which insulatingly carries a pair of contacts 
and . The contacts and 7 cooperate 
respectively with stationary contacts 2 and 
f8, which are mounted on a yoke member 40. 

The yoke member. 40 is adjustable in guides 4, 
one of which is provided with a Set Screw for 

40 in any adjusted 
position. Since the effects of variations in at 
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duit T3 may alternatively be connected to the en 
gine intake manifold. 
The bellows 2 expands; and contracts in ac 

cordance with the difference between the pres 
sure in the mixture outlet 1, which acts on its 
interior, and atmospheric pressure, which acts 
on its exterior. The bellows. 4, which is...evac 

70 

5 operating with resistance...f48. 

mospheric pressure on the bellows 72 and 74 
act in opposition to each other, as far as the 
position of rod 75 is concerned, it may be seen 
that rod 75 is positioned in accordance with the 
absolute pressure in the mixture outlet T. 
The rod 75 also carries a sliding contact 42, 

which cooperates with a slidewire resistance 43, 
for a purpose to be described hereinafter. The 
resistance 43 is mounted on a base 44 adjusta 
blein: a set of guides 45. One of the guides is 
provided with a set screw 40 for locking the base 
44: in any adjusted position. 
An acceleration control unit 77 includes a pair 

of flexible beliows 78 and 80. The free ends of 
the bellows 78 and 8 support an arm 8? which in 
sulatingly carries a sliding contact 82, Cooperat 
ing with a sidewire resistance element. 83. The 
interior of bellows 89 is connected thru a con 
duit, 84 to the mixture outlet downstream from 
the throttles 5. The interiors of bellows 78, and 
89. are connected by a restricted passage 85 of 
less capacity than the conduit 84. The construc 
tion is such that upon an increase in pressure at 
the mixture outlet. 7, Such as accompanies an 
opening of the throttles, the bellows 80 ex 
pands more rapidly than the bellows 78, due to 
the restricted communication between the bel 
lows, thereby moving the arm 8 and contact.82 
to the left. Since contact 82 is connected to the 
right end of resistance 83, the resistance between 
the terminals of 83 is thereby decreased. The re 
sistance of element 83 is therefore decreased 
upon accleration. Likewise, the resistance of 
element 83 is increased upon deceleration. 
A manual control unit generally indicated at 

86 includes a mixture control. 87, a priming con 
trol 88 and a cut off control 89. The mixture 
control 87 includes a contact 90 movable, along a 
slidewire resistance. 9. The priming control 88 
includes a contact 92 movable along a slidewire 
resistance 93. The cut-off control. 89 includes a 
contact 26 movable along a slidewire resistance 
27. 
A resistance element 48 is varied by a control 

device 50 in accordance with the quantity of 
fuel flowing thru the restriction 45, as measured 
by the pressure drop across that restriction. 
The device 50 includes a casing 52 enclosing 
a flexible belows 54. The interior of bellows 
54 is connected thru a conduit.f56 to the fuel 

Supply line at a point downstream from the re 
Striction 45, while the exterior of bellows...54 
is exposed to the pressure in the interior of cas 
ing 52, which is connected thru a conduit 58 
to the fuel Supply line at a point upstream from 
the restriction 45. The expansion and contrac 
tion of bellows 54 therefore depends upon the 
preSSure differential across the restriction. 45. 
The free end of bellows 54, whose position de 
pends upon the expansion and contraction of the 
bellows, is attached to a link is 0, whose opposite 
end is attached to a pivoted, arrn 62, which in 
Sulatingly carries at its end a contact 64 co 

Contact if 64 is 
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connected to the right end of resistance f48. An 
increase in the pressure differential acroSS re 
striction 45 causes a contraction of the bellows 
54 and a consequent movement of arm 62 to 

the right, thereby increasing the proportion of 
the total resistance of element 48 which is ef 
fective in the circuit connected to its terminals. 

Operation of Figure 1 
The energization of coil 52 which operates the 

valve 44 of Figure 1 is controlled by two electrical 
circuits, of which one, hereinafter termed the 
main energizing circuit, may be traced from the 
right hand terminal of a battery 94 thru a con 
ductor 95, coil 52, a conductor 66, resistance 
f48, a conductor 96 to a junction 97, thence thru 
three parallel branches to a junction 98, and 
thence thru a conductor 00, contact 4, resis 
tance 42, a conductor f0, resistance 32, contact 
3, conductor 33 and ground connections 34 and 
O2 to the left terminal of battery 94. One of 

the three branches between junctions 97 and 
98 may be traced from junction 97 thru a con 
ductor 03, resistance 9 and a conductor 5 to 
junction 98. A second of these three branches 
may be traced from junction 9 thru a conductor 
06, a fixed resistance 07 and a conductor 08 

to junction 98. The third of these three branches 
may be traced from junction 97 thru conductors 
06 and 04, sliding contact 42, resistance 43, 

and conductors 0 and 08 to junction 98. 
As previously described, an increase in the en 

ergization of coil 52 causes an opening movement 
of valve 44 and hence an increase in the pres 
Sure of the fuel on the inlet side of the restric 
tion 45 and a consequent increase in the quantity 
of fuel supplied to the engine. In the main en 
ergizing circuit for coil 52, there are five variable 
resistances which control the current flow thru 
that circuit in accordance with five variable con 
ditions. These five resistance elements are the 
resistance 32 which is varied in accordance With 
the quantity of air entering the carburetor, the 
resistance 42 which is varied in accordance with 
the pressure of the air in inlet f f, the resistance 
48, which is varied in accordance with the 

quantity of fuel flowing thru restriction 45, the 
resistance 9, which is manually variable to con 
trol the fuel to air ratio, and the resistance 43, 
which is variable in accordance with the pres 
Sure in the intake manifold of the engine. 
These five resistances are proportioned with 

respect to each other so that the resistances 32 
and 48 predominate. The resistance 32 de 
creases with increasing air flow, so that an in 
creased air flow results in an increased current 
flowing thru the coil 52 and a consequent increase 
in fuel flow. The increased fuel flow acts thru 
the controller 50 to increase the resistance 48 
and thereby reduce the current flow thru coil 
52. An increase in air flow therefore causes an 

increase in the current flowing thru coil 52, which 
results in an increase in the fuel flow and 
thereby in an operation of resistance 48 to 
again decrease the current thru coil 52. The 
increase of resistance f48, altho proportional to 
the decrease of resistance 32, is less than that 
decrease, so that the net result is an increase in 
the current flow thru coil 52 and hence an in 
crease in the fuel flow thru valve 44. Further 
more variations in fuel flow thru the restriction 
45 due to extraneous causes produce a corrective 
effect in the current flow thru coil 52 which 
tends to reduce or eliminate such variations. 
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The pressure differential between inlet and 

the throat of venturi 2 is a measure of the ve 
locity of the air passing thru the carburetor, 
rather than the mass of that air. If the density 
of the air decreases, and the mass of the air 
passing thru the carburetor remains constant, 
the velocity of the air must increase to maintain 
the constant mass, thus causing the pressure 
differential between the inlet and the throat 
of venturi 2 to increase and thereby causing a 
decrease in resistance. 32. Since the object of 
this system is to proportion the mass of the air to 
the mass of the fuel, the system must be com 
pensated for those variations in resistance 32 
which are caused by variations in density of 
the air. This compensation is provided by the 
resistance 42, which is increased in response to 
a decrease in density of the air so as to counter 
balance the decrease in resistance 32 caused by 
the decrease in the air density. 
A mixture control 87 is provided so that the 

current flow thru coil 52 may be manually varied 
by moving contact 90 along resistance 9. By 
manipulation of the mixture control 87, the fuel 
to air ratio obtained with a given air flow may 
be varied at the will of the operator. 
The resistance 43 is varied in accordance with 

the pressure existing in the air induction system 
at a point downstream from the throttles 5. 
This point is illustrated in the drawing as being 
in the mixture outlet T, but it may with equal 
or even greater facility be located in the intake 
manifold of the engine. As the pressure in the 
mixture outlet 7 increases, the contact 42 is 
moved to the left along resistance f43, thereby 
decreasing the resistance 43 and increasing the 
fuel to air ratio. Since the pressure in the mix 
ture outlet 7 varies substantially directly as the 
power output of the engine, it may be seen that 
the resistance 43 acts to enrich the fuel and 
air mixture as a function of the power required 
from the engine. It has been found that engines 
operate with less tendency to overheat at high 
power outputs if they are supplied with a rich 
fuel and air mixture than if the mixture is lean 
at Such times. The variable resistance 43 and 
the mechanism which operates it have been pro 
vided in the present system to insure the supply 
of a rich mixture under Such conditions. 
The motor 66 is controlled in a manner to 

maintain a constant absolute pressure in the 
mixture outlet 7. The particular pressure value 
Which this System maintains at outlet 7 may 
be adjusted by any Suitable means. For ex 
ample, it may be adjusted by changing the po 
sition of yoke 40 which carries the stationary 
contacts 2 and f 8. When the pressure in the 
outlet T decreases, the bellows 72 expands, 
thereby moving switch contact into engage 
ment with stationary contact 2. This com 
pletes an energizing circuit for field winding 68 
and armature 67 of motor 66, which may be 
traced from the lower terminal of a battery 3 
thru a conductor f4, Switch contracts and 
f2, a conductor 5, field winding 69, armature 

67, and a conductor flé to the upper terminal 
of battery 3. Energization of field winding 68 
and armature 67 causes motor 66 to rotate in a 
direction to close the throttles 5, thereby caus 
ing the pressure in outlet T to decrease toward 
its former value. In response to this decrease in 
pressure, the contacts and 2 are again sepa 
rated, deemergizing motor 66. 
In a similar manner, if the pressure in outlet 
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7 decreasessimovableswitch contact Ellis-moved 
intos engagement, withi stationary's contact i? 8 
thereby completing an energizing circuit for field 
winding:69 and armature:67 of motor: 66. This." 
energizing circuit may betraced-from the lower 5 
terminal of battery::f3 thru Conductoriff A, consis 
tacts if 7 and f 18, a conductor: #20, field winding: i: 
69, samature 67, and conductor 6 to the upper 
terminal of battery f3. : Energization of field. . 
winding 69 causes:motor 66 to run in a throttle 10 
opening, direction: thereby causing: an increases: 
in pressure at outlet T.; f, 
The second.circuit...for controlling the current ...", 

flow thruri coil:52 is hereinafter termed: for pur. 
poses of identification, the auxiliary energizing 15 
circuit for that: coil. ...This auxiliary: Circuit may 
be traced from the cight hand terminal of batter 
94 thru conductor: 95, coil:52, conductors 66 and 
3, and thence either thruricenductor 535, re-f: 

sistance 93 and conductor. 36, or thru conductor 20 
32:... and resistanice: 83 to ground connections 34 
and O2; and the ieft-hand terminal of battery 94. . 
The resistances 93 and 83 of this auxiliary circuit . . 
are: connected in parallel with the entire group of 
resistances in the main circuit:: 'Therefore an 25 
increase or decrease: in one of these resistances : 
causes a changer in the current flow thru coil 52 
which is; independent; of all the resistances in the . . . 
main circuit; and which predominates: over, the is: 
variations of those resistances, is 30 
The resistance: 93 is apart of the priming cons : . 

trol. 88. P. By movement of slider: 92 to the right : '. 
along-resistance 93, the currentifiOW; thirt coil 52 
may be greatly increased; thereby increasing the : 
fuel flow to the carburetor independently of all 35 
the other:controlling conditions: 'The priming : . 
control. 88 is used:when: starting the engine to i: 
Secture a very-rich mixture:: - 
The resistance;83 is varied by the acceleration. 

responsive controller to decrease the resistance: 
and increase; the current flow upon acceleration: i. 
of the engine, and to decrease the current: flow ri's 
upon-deceleration of the engine: By this means 
the fuel supply is proportioned to the engine re 
quirements immediately: during acceleration and 
deceleration conditions; without. Waiting for the is 
air flow measuring ineans; which has a compara-, i. 
tively great 'tinelag, to respond, a v. W. 
The valve. 46 is balanced against outlet pres-13 50 

Sure, so that the pressure on the downstream side 
of the metering restriction 45 is not affected by 2: 
variations in the press tire adjacent the discharge"? 
nozzler, 6. It may be Said; therefore, that the 2 
valve.8-acts to regulate; the pressure on the down 
strearía Side of restriction 5 so that the flow thruri. 
restriction 45 gay be controlled by the operation 
of valve 44.- : The valve;46 is also operated by coil: ); 
5 to compensate for changes in the terminal volt . 
age of battery 94.: The coil 57 may also be utilized 
to positively cut off the flow of fuel to the engine. 
The coil : 5 is energized thru, a circuit, which 

may be traced from the right hand terminal of . 
battery, 94 thrus conductors: 95 and 2; a fixed: i. 
resistance 22, a conductor 23, coil-57, a conducts; 65 
tors 26, and ground's connections 25 and O2 to . ; 
the left-hand terminal of battery: 94.sri The ener-.3. 
gization of coil.: 5 changes when the terminal '.' 
voltage of battery: 94 changes. It may: be seen. : : 
that if the voltage of battery, 94 sincreases, for 70 
example; the increased: energization ; of is coil. 57 . . . 
causes valve, 46 to be moved in a closing direction, is: 
while the increased energization of coil 52 causes: '. 
valve 44 to be moved in an opening direction; it. 
The opposing... movements of these two rivalves: 5 

8 
compensate each other; so that the: fuel flow:is is 
not affected by ::variations in their voltage of 3. 
battery.94. E. - - 
The coil 5 is also controllable to provide a posi-... 

tive cut-off of the fuel flowing into the engine 
The resistance 2; of cut-off control.89 is con 
nected-in parallel with resistance. 22 by means of 3: 
conductors 28 and 30....When control. 89 is oper 
ated to reduce resistance 27, the energization 
of coil 5 is increased; and if contact - f26 is moved 
all the way to the right, resistances 22 and f27 
are shunted. The energization of edil 5 is there- i. i. 
by increased sufficiently to positively move-valves: 
46 to closed-positions :: Such a positive cut-off is . . . 
used to stop the engine being;needed especially, ..." 
in case of fire or other emergency-conditions. ' 
Furthermore: when the engine is regularly it.' 
stopped by the use of such a fuel, cut-off arrange. 
ment; the fuel Supply conditions existing during .3 
the next starting of the engine are more uniform 
than when an ignition cut-off arrangement is 
used to stop the engine; 3: 
While I have shown and, described in Figure.1 & 

a direct current circuit controlled by variable re-- *. 
Sistance elements, it will be readily apparent that . . 
equivalent, arrangements' may be devised using ... 
alternating current. i. Furthermore, variable in-: 
ductance or capacitance elements may be used in . . . 
place, of the variable resistance: elements illus 
trated in Figure. 1. . . 

Figures 2 and 3. 
There is shown in Figtre -2 a portion 2 OO of 

a carburetor body including an air passage 20 
having a venturi-292 therein': A plurality of imi. 
pact tubes 203 conduct a portion of the air en 
tering the passage 20 to a vent ring 204 and 
thence to a distributing 'conduit 205. A portion : 
of the air then flows thru a boost venturi. 206, a 
selector valve 27, and a conduit 208 to the throat 
of main venturi. 292.3 Aircentering the distrib 
uting conduit-205 may flow thru any one of three - 
removable restrictions 210, 2, and 22:- Air 
passing thru the restriction 2-0 flows over an 
electrical resistance element 23 mounted in a st 
chamber 24 and then thru a conduit 2-5 to a 
point in the passage 2C fron the downstream side is a 
of throttle 2-6: Air foWing thru- the restriction :- 
2- passes over an electrical resistanice element: : 
2fmounted in a chamber 28, and thence thru 
a conduit; 220, a chamber 22, and conduits 222. ." 
and 223 to the throat of boost venturi. 206; and 
thence thru selector valve 207 fiand iconduit 208.35 
to the throat of main: venturi 202. The flow of it 
air from chamber 28 to chamber 223 is con. . . 
trolled by a valvei 225 positioned by a bellows 226: i. 
The bellows. 226 may be filled with nitrogen or . . . 
other-Suitable temperature, responsive material 

in S0 that the valve 225iS operated as a function of : 
the pressure and temperature of the air flowing & 
thru; passage 2033 Air flowing thru passage 22 
flows over: an electrical resistance-element:227 is . 
positioned in a chamber 228 to conduit 222 and ::: 
thence in the same:manner as the air which enters. : 
conduit 222 from chamber 22, 2 
The restrictions 20:2 and 22 are formed. . . . 

in removable plugs: in order: that they may be 
readily changed in the event that it is desired to : 
.vary the ratio between:the quantities of airflow-i: - 
ing-thru the several restrictions. . 

In case it is desired not to use the bodist ven- . . . 
turi, the Selector:valve.2075may be rotated 90 de- : 
greeS clockwise from the position shown in the 
drawing, whereupon the air entering conduit 222:38 
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flows out thru a conduit 209, valve 207 and con 
duit 208 to the throat of venturi 202. At the 
same time, a valve 2 9, located in conduit 223 
and operatively connected to valve 207, is rotated 
so as to close conduit 223. 
The resistance elements 23, 27 and 227 are 

connected in a Wheatstone bridge circuit which 
is illustrated more conventionally in Figure 3. 
This bridge circuit has a pair of input terminals 
230 and 23 which are connected by conductors 
232 and 233 respectively to the terminals of a 
battery 234. The bridge circuit also has output 
terminals 235 and 236, which are connected to 
input terminals 26 and 262, respectively, of an 
electronic amplifier generally indicated at 260. 
The resistance elements 23, 27 and 227 are 

located in the lower right, upper right and lower 
left branches, respectively, of the bridge circuit, 
as viewed in Figure 3. The upper left branch of 
the bridge circuit includes a manually variable 
resistance 238 which serves as a mixture or fuel 
to air ratio control, as explained hereinafter. 
The bridge circuit also includes a resistance 240, 
along which a sliding contact 230 is moved by a 
controller 24 in accordance With the quantity of 
fuel flowing thru the carburetor, as hereinafter 
described. The contact 230 also Serves as an 
input terminal of the bridge circuit. A portion 
of resistance 240 is connected in the lower left 
branch of the bridge circuit and the remainder is 
connected in the lower right branch, the relative 
magnitudes of the portions connected in the two 
branches being determined by the position of 
contact 230. 

Referring again to Figure 2, it may be seen that 
all three of the resistance elements 23, 2fT and 
227 are continuously connected to the battery 
234. These resistances are of some material Such 
as nickel, having an appreciable temperature 
coefficient of resistance, and are So designed and 
proportioned with respect to the voltage applied 
to their terminals that they tend to heat up due 
to the current flowing thru them. The resistance 
elements are cooled, however, by the air flowing 
past them so that their respective resistance 
values vary inversely as the quantities of air 
flowing past them. 
The quantity of air flowing past resistance 

element 23 depends upon the preSSure differ 
ential across the throttle 26. This preSSure 
differential varies inversely as the load on the 
engine, so it may be seen that the resistance of 
element 23 decreases when the load on the en 
gine decreases and in general varies directly as 
the load on the engine, as measured by the throttle 
position, 
The air flow past the resistance element 2 is 

controlled by the density of the air. It may be 
seen that upon increasing density, the belows 
226 tends to collapse, thereby opening the valve 
225 and increasing the air flow over the resistance 
element 27, thereby lowering the temperature 
Of that element and decreasing its resistance. 
The resistance of element 2 therefore varies in 
versely as the air density. 
The air flow over the resistance element 227 is 

a measure of the quantity of air flowing thru the 
passage 20, and varies directly as a function of 
that quantity. Therefore, the resistance of ele 
ment 227 varies inversely as the air flow. 
In Figure 2, the fuel flows from a tank (not 

shown) thru a conduit 250, an engine driven 
fuel pump 25A, a conduit 252, a gear pump 253, 
mechanically connected to an electrical motor 254, 
a metering restriction 255, a pressure regulator 

lo 
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256, and a conduit 257 to a discharge nozzle 253. 
Other Suitable apparatus for supplying fuel to 
the engine may be used in place of nozzle 258, 
as for example, a direct injection mechanism or 
a spinner injector associated with a super 
charger. 
The output of pump 25 is controlled by a relief 

valve generally indicated at 265. The relief valve 
2S5 includes a valve member 266 attached to a 
diaphragm 268. The valve member 266 is biased 
toward closed position by a spring 267. The 
diaphragm 268 separates a pair of expansible 
chambers 278 and 280. The pump discharge pres 
Sure is Supplied to chamber 280 thru a conduit 
282, and the chamber 28 is vented to conduit 25 
by a conduit 269. The discharge pressure of the 
pump 25 is maintained at a substantially coin 
stant value by the action of relief valve 265, 
which Value depends upon the strength of Spring 
26. Altho the pump 25 is illustrated as being 
of the rotary sliding vane type, any type of pump 
adaptable to provide a constant pressure output 
WOuld be equally Suitable. 
The energization of motor 254 is controlled by 

amplifier 260, having input terminals 26 and 
282, which are connected to the output terminals 
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235 and 236 of the bridge circuit shown in Figures 
2 and 3, as previously described. The amplifier 
260 has output terminals 263 and 264 which are 
connected to the motor 254. 
The preSSure regulator 256 includes a housing 

2. G divided by flexible diaphragm 27? into a pair 
of expansible chambers 272 and 273. The cham 
ber 22 may be vented thru a conduit 24 to the 
conduit 205. The diaphragm 27 carries a valve 
member 275 Which is balanced against outlet 
pressure. A Spring 276 biases the valve 275 for 
movement toward closed position. The function 
of pressure regulator 256 is to maintain a substan 
tially constant pressure on the downstream side 
of the metering restriction 255 regardless of the 
pressure in conduit 257 so that the fuel flow thru 
that restriction may be controlled by the pres 
Sure applied to its upstream side by the pumps 
25 and 253. Since both pump relief valve 265 and 
the preSSure regulator 256 are vented to the con 
duit 205, it may be seen that variations in the 
pressure at the inlet of passage 20 have no effect 
on the fuel flow. For example, an increase in 
atmospheric pressure would act on the pump re 
lief Valve 265 to increase the pump discharge 
preSSure. This would be counteracted, however, 
by the action of the increased atmospheric pres 
sure on the pressure regulator 256 to increase the 
preSSure on the downstream side of restriction 
255. The operation would be similar if both 
chamber 28 of relief valve 265 and chamber 22 
of pressure regulator 256 were vented to the out 
let of a Supercharger supplying air to the inlet 
of passage 2. 
The controller 24 which moves contact 230 

along resistance 240 includes a belows 284 fixed 
at one end to a casing 286. The interior of bellows 
28 is connected thru a conduit 288 to the down 
Strealin side of the restriction 255. The interior 
of Casing 286 outside the belows 284 is connected 
thru a conduit 290 to the upstream side of re 
Striction 255. 
A restriction 282 interconnects the conduits 288 

and 29). Restriction 292 may be opened or closed 
by a valve 294. Walve 294 is biased to closed posi 
tion by a Spring 296, and may be operated to 
open position by energization of a solenoid 298. 
An energizing circuit for solenoid 298 may be 

traced from the left hand terminal of a battery 
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300 thru a conductor 301, a switch 302, ea con 
ductor .303, solenoid. 298; and ground connections 
-304 and 305 to the right hand terminal-of-battery 
.300... Altho.the battery 300-is illustrated as being 
separate from the battery 234, it is preferable to 
use the same source of power for all the electric 
circuits in this system, so that; upon' failure of 

...that source for any reason, the solenoid. 298 will 

...be; deenergized. 
A resistance element:306.is mounted in cham 

ber 28 and is connected thru, a conductor 308 
in series with a resistance element 30-mounted 
in chamber; 228. A series, circuit including the 

a two resistance elements.-3063 and 30 may be 
: utilized to operate an indicator. of the:-quantity 
of air entering the carburetor, as described below 
inconnection with Figure-4. 

Operation of Figure 2. 
As previously described, the relief-valve 265 

... maintains...a substantially... constant pressure at 
the outlet of pump.25. The gear. pump.253 may 
be used to boost this pressure and increase the 
fuel supply above the value...determined by the discharge pressure...of pump. 25, .or... the gear 
pump 253 may be utilized as a fluid motor to 
drive.the electrical motor. 254. as a generator, in 
which case the pump 253 bucks the discharge 
pressure of pump 251, and reduces the fuel 
supply. Whether the pump 253 operates to boost 
or buck the discharge.pressure of pump 25 is 
determined by the polarity (or. phase, if alter 
nating current) of the current supplied to motor 
254 by amplifier .260. The...magnitude of the 
boosting or bucking...effect is determined by the 
magnitude of that current. . 
In the present instance, it is desired to use the 

output potential of amplifier 260-as-a measure of 
the quantity of fuel supplied to the engine, as 
described hereinafter in connection: With Figure 
4. Furthermore, as also described in connection 
with Figure: 4, it is, desired that the -amplifier out 
put be unidirectional, in order that its may con 
veniently be utilized in an indicating: meter. 
For these reasons, I prefer to...choose: the Spring 

267 so that the discharge pressure. Of-pump 25 
is effective, when pump-253 is not operating, to 
supply a quantity of fuel thru restrictions-255 and 
292 sufficient to operate... the engine at its; maxi 
mum output. The gear-pump. 253 is then oper 
ated to buck the discharge pressure-of-pump 25. 
When the bucking effect...is...at a maximum, the 
energization of motor. 254 must be at a maximum, 
and the fuel flow is then at a minimum. -In. Order 
to secure such a mode of operation...of the am 
plifier, the various, resistance ... elements in the 
bridge a circuit are, chosen so, that... the bridge, is 
always unbalanced, and the degree of unbalance 
decreases with increasing demand for fuel flow. 
The magnitude of the signal applied to the am 
plifier. input terminals, and hence the amplifier 

... output...then vary inversely as..the fuel flow. 
‘As previously, described, resistance element 227 

varies inversely as the quantity of airflowing thru 
passage 20 l. Therefore, when the quantity of air 
flowing is low, as...under idling. conditions, the 
resistance of element 22.is high. If the polarity 
of battery 234 is chosen as indicated by the-legend 

- in the drawing, then when the resistance of ele 

12 
increases, this unbalance:decreases idues to the 
decrease in resistance of element.227, and the sig 
gnal:applied to the inputterminals.26 and 262 of 
samplifier 260, likewise decreases. ... This deereases 

is the power supplied to: electrical-motor (254 and 
hence decreases the resistance of pump-253 to the 
flow of fuel, thereby increasing the: fuel flow in 
spreportion:to the increase-in-air flow. The fuel 
flow...therefore varies-inversely, asi resistance 227. 

0... In accordance with the known principles of 
bridge.eircuits, a change, in the resistance of ele 

; ment 217 has: the same effect, on the bridge, cir 
cuit-as-a-similar change in the: resistance of ele 
ment 227. As previously-stated, the resistance of 

15 element 21:1, varies: inversely, with the density of 
the airs passing thru the carburetor. Therefore 
an increase-in density, causes: an increases in the 
quantity, of fuel-flowing thru the carburetor. It 
is believed to be...readily apparent if it...is, desired 

20 to proportion the mass of fuel to the mass of air, 
the quantity of fuel must be 'increased-as: the 
density. of the air-increases. The resistance 27 
seffects, such-an-increase. 
The resistance of element-23. Varies directly 

25 as the load-on-the-enginea as measured...by the 
drop...in pressure: across the throttle, 26, as: pre 
viously described. The resistance element. 23 is 
connected in a branch of the bridge:circuit, adja 
cent. the branches containing elements. 27. and 

30.1221, and therefore its effect on-the-unbalance of 
the bridge circuit is opposite to that of elements 
217 and 227. That is, an increase-in resistance of 
element. 23 causes; an: increase, in the quantity 
of fuel flowing thru the carburetor. . . Since...the 

35 resistance of element 2 f3. Varies: directly- as the 
load on the engine, it maybe-seen that the effect 
of...element 2 3isto-vary: the fuel-to-air ratio 
directly as...a function of-the-engine-load. 
The resistance 238, which is manually-variable, 

$40 may be utilized...as a control of the fuel-to-air 
ratio. By increasing: the resistance. of element 
238, the fuel to air ratio is, increased, and by de 
creasing its - resistance, : the ; fuel to air, ratio is 
decreased... 

5. The variable. resistance: 240 is connected in the 
bridge circuit, in such a manaers that if contact 
230 is moved to the right, the resistance of the 
branch of the bridge:circuit containing element 
.227 is increased and the resistance of the branch 

50, containing element 23, is decreased. ... Therefore, 
such a movement of contact, 230 eauSesa decrease 
in the quantity: of fuels flowing to the engine. 
Such a movement of contact. 230 is caused by an 
increase in the pressure drop across restriction 

55:255. Therefore, it, may be: seen...that resistance 
240 is varied to change the balance of the bridge 

... circuit...in accordance. With the quantity of fuel 
flowing to the carburetor. The resistance 240 
insures...that.-upon, a...change, in the unbalance of 

:60, the bridge circuit, the resulting change in the fuel 
flow is proportionalito, the change-of-air flow or 

... other controlling conditions; which initiated the 
, changed, balance.condition of the bridge circuit. 
The restrictions: 255; and 292 rare preferably so 

65 proportioned that when:restriction:292 is closed 
: by valve.294, theiquantity of fuel passing thru 

... restriction 255 alone, when pump;253;is not oper 
rated to resist, the fuel flow, is the quantity of fuel 
necessary to supplyithe engine:at 75% of its rated 

ment 22 is high, the output terminal 236 is negar. 70 load. Therefore, it may beseen that upon failure 
tive with respect to output terminal 235. The of the power supply, the resulting deenergization 
bridge circuit is therefore, normally unbalanced of solenoid, 298 causes valve.294 to close, thereby 
in, a direction such...that... output terminal 235 is setting the fuel-supply at a value: to produce 75% 
positive-with respect to soutput terminal,236. As . . of the rated-engine output. . . - 

... the quantity...of air flowing thru; the carburetor a 5: ...If...it were:not desired:torhave the samplifier 
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output unidirectional and varying in accordance 
with fuel flow, the bridge circuit might be air 
ranged to be balanced at Some intermediate value 
of fuel flow. In such an arrangement, the dis 
charge pressure of pump 25 is chosen so as to 
produce the value of fuel flow at which the bridge 
is balanced. Then upon an increase in demand 
for fuel flow, the bridge is unbalanced in a sense 
so that motor 254 operates pump 253 to boost 
the fuel flow. Upon a decrease in the demand for 
fuel foW, on the other hand, the bridge is un 
balanced in the opposite sense, so that motor 254 
is driven as a generator by pump 253 acting as a 
fluid motor, and the fuel flow is thereby de 
creased. 
In such an arrangement, the relief valve 265 

may be designed to regulate the discharge pres 
sure of pump 25? so that, when pump 253 is not 
Operating, the quantity of fuel supplied to the 
engine is sufficient to operate the engine at 75%, 
for example, of its rated load. Then upon failure 
of the power supply for motor 254, the engine 
Would automatically receive sufficient fuel for 
75% of its rated load. This arrangement avoids 
the necessity for using the restriction 292 and the 
solenoid operated valve 294 controlling it. 

Figure 4 

There is illustrated in Figure 4 an indicator 
which is adaptable for use with the fuel supply 
system of Figure 2 to indicate selectively any of 
four engine conditions, namely (1) the quantity of 
fuel flowing to the engine, (2) the fuel to air 
ratio, (3) the horse power output of the engine, 
(4) the brake mean effective pressure of the en 
gine. 
In Figure 4 there is illustrated a galvanometer 

320 having a pointer 32 which cooperates with 
four scales 322, 324, 326 and 328. The scale 322 
is calibrated in terms of brake mean effective 
pressure, the scale 324 is calibrated in terms of 
horse power, the scale 326 is calibrated in terms 
of fuel to air ratio and scale 328 is calibrated in 
terms of fuel flow. 
The galvanometer 320 is provided with a pair 

of terminals 330 and 332 to which any one of 
four electrical circuits may be connected, as deter 
mined by the position of a selector switch gen 
erally indicated at 334. The Selector switch 334 
includes a knob S36 for operating a contact bar 
338 to any one of four circuit closing positions 
and a pointer 34 to indicate which of the four 
engiile conditions the galvanometer 32) will read 
when the selector Switch 334 is in each of its 
four positions. 
When the selector Switch 334 is in the extreme 

left position of the four positions shown in the 
drawing, the galvanometer circuit, may be traced 
from galvanometer terminal 33) thru a conductor 
349, amplifier output terminals 263 and 264 of 
an amplifier which may be the amplifier 260 of 
Figure 2, a conductor 342, a stationary contact 
344, contact bar 338, a stationary contact 346, a 
conductor 347, a fixed resistance 348 and a con 
ductor 352 to terminal 332 of galvanometer 320. 
As described in connection with Figure 2, the out 
put voltage of amplifier 26) is inversely propor 
tional to the quantity of fuel flowing to the en 
gine. Therefore, when the circuit just traced 
is completed, the pointer 32 will be adjacent the 
upper end of its associated scales when the fuel 
flow is low, and near the left end of its scales 
when the fuel flow is high. 
The scale 323 may be provided with Suitable 

colored legends as indicated in the drawing. For 
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example, a green legend may be used to indicate 
that the fuel flow is at a median value suitable 
for Cruising, a yellow legend may be used to 
indicate a fuel flow equal to that required for 
rated engine output, and a red legend may be 
used to indicate a fuel flow equal to or greater 
than that required for take-off or maximum power 
conditions. 
When the selector switch 334 is operated to the 

position shown in full lines in the drawing, the 
circuit including the galvanometer 320 may be 
traced from galvanometer terminal 33 thru con 
ductor 346, output terminals 263 and 264 of 
amplifier 28, conductor 342, stationary contact 
352, contact bar 338, stationary contact 354, con 
ductor 356, resistance element 30, conductor 308, 
resistance element 306 and conductors 358 and 
350 to galvanometer terminal 332. In this cir 
cuit, the amplifier 260 introduces a potential in 
Versely proportional to the quantity of fuel flow 
ing, while the elements 36 and 30 introduce 
a resistance inversely proportional to the mass 
of air entering the carburetor. Therefore it may 
be seen that the current flow thru this curcuit, 
as measured by the galvanometer is inversely 
proportional to the ratio of fuel to air in the 
combustible mixture supplied to the engine. 
When the selector switch 334 is in the position 

next to the right of the full line position shown 
in the drawing a circuit is completed for the gal 
vanometer which causes it to indicate the horse 
power output of the engine. This circuit may 
be traced from galvanometer terminal 330 thru 
conductors 340 and 360, a battery 362, a con 
ductor 363, a stationary contact 364, a contact 
bar 338, a stationary contact 366, a conductor 
368, resistance 3 (), conductor 398, resistance 306, 
and conductors 358 and 350 to galvanometer ter 
minal 332. Since the potential of battery 362 
is substantially constant, the current flow thru 
this circuit varies inversely as the resistances 306 
and 3). Since the sum of these resistances 
varies inversely as the mass of air entering the 
carburetor, it may be seen that the current flow 
varies directly With the mass of air entering the 
carburetor. It has been found that the mass 
of air entering the carburetor may be used, with 
out serious error, as a measure of the horse 
power output of the engine. 
When the selector Switch 334 is in the ex 

treme right position shown in the drawing, the 
galvanometer circuit may be traced from gal 
vanometer terminal 33 thru conductors 340 and 
360, battery 362, conductor 363, a generator 370 
driven by the engine so that its speed and volt 
age output are proportional to the engine speed, 
a contact 372, contact bar 338, a contact 374, 
a conductor 36, resistance 39, conductor 308, 
resistance 306, and conductors 358 and 350 to 
gavanoineter terilina, 332. Generator 37 is 
chosen so that its terminal Voltage at maximum 
Speed does not exceed that of battery 3S2, and 
it is connected in this circuit, as indicated by 
the legend in the drawing, so that its polarity 
opposes that of battery 362. Therefore, the net 
potential in this circuit varies inversely with the 
speed of the engine. The resistance in this cir 
cuit varies inversely With the mass of air entering 
the engine. Therefore the current flow thru this 
circuit is directly proportional to the mass of air 
entering the engine per revolution. Since the 
displacement of the engine cylinders is constant, 
this mass per revolution may be taken as an 
indication of the brake mean effective pressure 
in the engine cylinders. 
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Figure' 5. 
There is illustrated in Figure 5 another form 

of electrical control system for a carburetor. 
In Figure 5, air enters the carburetor thru an 

inlet 40 and passes thru a venturi: 402 and a 
passage 404 past a throttle 406 and a discharge 
nozzle 408 to an outlet 40. A portion of the 
air entering the carburetor passes thru impact 
tubes 4 2. and a vent ring 4:4 to the interior of 
a casing 48. A flexible-bellows: 42 is mounted 
inside casing 448, and the interior of bellows. 420 
is connected thru a passage 422 to the throat 
of venutri-402. Therefore, it may be seen that 
bellows 429 contracts when the pressure differen 
tial between the inlet 490 and the throat of ven 
turi af2 increases, and expands when that pres 
sure differential decreases: 
. Fuel enters the carburetor of Figure 5 from a 
fuel pump; or other source of fuel under pressure 
(not shown) and passes thru a conduit 422, a 
meteriag restriction. 424, a conduit 426, and past 
a valve 428 to the nozzle -408. The metering re 
striction 424, altho shown as a single restriction 
for purposes of convenience, may be replaced by 
a more conventional jet system including several 
restrictions. The conduit 422 upstream from re 
striction 424 is connected thru a conduit 43 to 
the interior of a casing. 432. A bellows 434 is 
mounted inside casing 432, and its interior is con 
nected thru a conduit 436 to the conduit 426 
downstream from the restriction 424. The pres 
sure differential across restriction 424 controls 
the expansion and contraction of bellows 434, 
causing the bellows to contract when the pressure 
differential-increases and to expand When the 
pressure differential decreases. This pressure 
differential may be utilized as a measure of the 
quantity of fuel flowing thru restriction 424. 
The free end of bellows: 420 is attached to a 

links 438- whose other end is attached to an arm 
440 pivotally mounted at 442 and carrying at 
its opposite end an insulated contact 444. The 
contact 444 cooperates with a slidewire resistance 
445 insulatingly mounted on a plate 448 which 
is also pivotally movable about the point 442. 
The free end of bellows 434:is connected by link 
:459 to the plate 448. 

From the foregoing it may be seen that an in 
crease in the air flow thru the passage : 494, as 
measured by the pressure differential acting on 
bellows: 420 causes an upward movement of link 
438 and a counterclockwise rotation of arm 440 
about pivot 442, moving contact 444 upwardly 
along resistance 446. Also, an increase in the 
fuel flowing thru restriction 424 causes bellows 
434 to collapse moving link 450 downwardly and 
rotating plate 448 counterclockwise about pivot 
442 and causing an upward movement of resists 
ance 446 under contact 444. , 
When the airflow is proportional to the fuel 

flow, the contact 444 lies at the center of re 
sistance 446, and when the air flow is propor 
tionately greater than the fuel flow, contact 444 
is above the center of resistance 446. Similarly, 
When the fuel flow is proportionately greater than 
air flow, the contact 444 is below the resistance 
446. The resistance 446 is connected by means 
of conductors 452 and 454 in parallel with a 
fixed resistance 456. A battery 458 is connected 
between the midpoints of the two resistances 446 
and 456. The two resistances 446 and 456 and 
the battery. 458 form a bridge circuit of which 
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output terminals. The conductors, 452 and 454-75 condition indicative of the quantity of fuel needed 
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fare connected by conductors: 460 and 462 respecs 
tively to the input terminals of an amplifier: 464. 
The output terminals of amplifier 464"are con 
nected to a reversible electric: motor. 466, which 
drives thru a gear train (not shown) a shaft 468 
which is provided with an internally threaded 
recess at one end to receive an externally, thread 
ted valve stem 470. The valve stem 470 is held 
against rotation by means of a key 472 and is 
connected to the valve 428 which controls the 
flow of fuel thru conduit, 426. The construction 
is such that upon rotation of motor 466, the 
valve 428 is moved longitudinally in a direction 
depending upon the direction of rotation of motor 
466. Motor 466 rotates in a direction determined 
by the polarity of the amplifier output, which is 
in turn determined by the polarity of the amplia 
fier input. The amplifier input polarity depends 
upon the position of contact 444 with respect to 
the midpoint of resistance. 446; 
The arrangement should be such; that when 

contact. 444 is above the center of resistance 446, 
indicating that the air flow is proportionately 
greater than the fuel flow, the motor 466; operates 
valve 428 in an opening direction, thereby in 
creasing the fuel flow. Likewise, when contact 
444 is below the center of resistance 446, motor 
466 operates valve 428 in a closing direction. 
While I have shown no means for compensat 

ing the system of Figure 5 for variations in air 
density, it will be readily understood that Suit 
able means may be provided For example, one 
portion of resistance 456. could be varied in the 
same manner that resistance: 42 of Figure: 1...is 
.varied. 

While I have illustrated a direct current bridge 
circuit, it should be readily apparent that alter 
nating current could be used with equal facility 
if corresponding changes were made in the ampli 
ifier 464 and motor 466. 

While I have shown and described certain pre 
ferred embodiments of the principles of my in 
vention, other modifications thereof will readily 
occur to those skilled in the art, and I therefore 
intend my invention: to be limited only by the 
appended claims. 
I claim as my invention: 
1. In a carburetor for an internal combustion 

engine, in combination, a first conduit for air 
flowing thru said carburetor to said engine, a 
second conduit for fuel flowing thru said car 
buretor to said engine, an electrical circuit, 
means to vary an electrical quantity in said cir 
cuit as a function of the quantity of air flowing 
thru said first conduit, means operative as an 
incident to a change in the intake manifold pres 
sure of said engine for additionally varying said 
quantity, and means responsive to said electrical 
quantity for controlling the flow of fuel thru 
Said second conduit. 

2. In a carburetor for an internal combustion 
engine, in combination, a conduit for fuel flowing 
thru said carburetor to said engine, two: valves 
connected in series in said conduit for controlling 
the flow of fuel therethru, first-electrical means 
for operating one of Said valves in a flow increas 
ing direction upon an increase in the energization 
of said electrical means, second electrical means 
for operating the other of said valves in a flow 

: decreasing direction upon an increase in the 
energization of said second electrical means, a 
Source of electrical energy, means for controlling 
the energization of at least one of said electrical 
means from said source in accordance with a 
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by said engine, and means connecting both of 
Said electrical means to said, 'Source so that a 
variation in the potential of said source causes 
Operation of said valves in opposite senses; SO 
that the fuel flow is not affected thereby. 

3. In a carburetor for an internal combustion 
engine, in combination, a first conduit for air 
flowing thru Said carburetor- to Said. engine, a 
Second conduit for fuel flowing ... thru said ear 
buretor to said first conduit, a metering restric. 
tion in said second conduit, a first valve in said 
Second conduit upstream from said, restriction, 
first electrical means for operating said: first 
valve, a Source of electrical energy" means for 
controlling the energization of said first elec 
trical means from said source in accordance with 
the quantity of air flowing thru said first conduit, 
a Second valve in Said Second conduit down. 
stream from said restiiction for regulating: the 
pressure therein, said second valve being Sub. 
Stantially balanced against changes in outlet 
pressure so that its position is not affected by the 
pressure in said first-conduit, second electrical 
means for operating said Second valve, and means 
connecting said second electrical means to said 
source, said first and second electrical means 
being effective to operate their respective valves 
in opposite senses upon a variation in the poten 
tial of said source so that...the fuel flow is aot 
affected thereby. . . - 

4. In a fuel supply system for an internal comi 
bustion engine, in combination, a conduit' for 
fuel flowing to said engine, a pump in Said Cora 
duit for supplying fuel to Said-engine, means for 
regulating the output of said. pump. so as to 
maintain a substantially constant discharge pres 
sure, a fluid motor in saids condituit-in series with 
said pump, said motor being driven in one-direc 
tion by fuel flowing from-said pump toward said 
engine, an electrical motor for applying torque 
to said fluid notor acting in the opposite direc 
tion so as to reduce the quantity of fuel dis 
charged thru said fluid motor by saidpump, and 
electrical means responsive to the iquantity of air 
flowing to said. engine for combustion purposes 
for controlling said notor. - . 

5. Electrical flow.eontrolling-means, compris 
ing in combination, a fluid conduit two valves 
connected in series in said conduit for control 
ling the flow of fluid.therethru, first electrical 
means for operating one of said valves in a flow 
increasing direction uponi, an ...increase: in the 
energization of said electrical means, second eleci, 
trical means for operating the ...other of said 
valves in a flow decreasing direction upon an in 
crease in the energization. Of Said. Second elect 
trical means, a source of electrical energy, means 
for controlling the energization of one of said 
electrical means from Said source in accordance 
with a condition indicative of the need for, oper 
ation of said flow controlling means, and means 
connecting both of said selectrical means, to said 
Source so that a variation in the potential of 
said source causes operation of Said valves "ira 
opposite senses so that the fluid flow is not af. 
fected thereby. 

6. In a carburetor for an internal combustion 
engine, in combination, a conduit for fuel flow 
ing thru said carburetor. to said, engine, a valve 
in said conduit for controlling the flow of fuel 
therethru, electrical means for operating. Said 
valve in a flow decreasing direction upon an in 
crease in the energization thereof, an-electrical 
circuit including an impedance for energizing 
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said impedance to reduce the flow of fuel to said 
engine. -- , 

7. In a carburetor for an internal combustion 
engine, in combination, a conduit for fuel flowing 
thru said carburetor to said engine, two valves 
connected in series in said conduit for control 
ling the flow of fuel therethru, first electrical 
means for operating one of said valves in a flow 
increasing direction upon an increase-in the leni 
érgization of said electrical means, second elec 
trical fileans for operating the other of said valves 
in a fioW decreasing direction upon an increase 
in the energization of said second-electrical 
means, a source of electrical energy, means for 
controlling the energization of one of said elec 
trical means from said source in accordance with 
a condition' indicative of the quantity of fuel 
needed by said engine, means conneeting both 
of said electrical means to said source so that 
a variation in the potential of said source causes 
operation of said valves in opposite senses so 
that the fuel flow is not affected thereby, first 
means for increasing the energization of said 
first electrical means' to provide an increased 
fuel supply, and sécond means fo reasing the 
energization of said second-electrical means to 
reduce the flow of fuel to said engine. 

8. In a fuel Supply system for an internalcón 
bustion engine, a conduit for fuel flowing to said 
engine, an engine driven pump in said conduit 
for delivering fuel to said engine under' pres 
sure, a fluid motor in said conduit receiving fuel 
from 'said pump, electrical iheans for applying 
a variable load to said fluid motor to control the 
flow of fuel thru said conduit, means responsive 
to the quantity of air flowing to said engine for 
combustion purposes for controlling the ener. 
gization of said electrical means, and means for 
regulating the discharge pressure of said pump to 
maintain said discharge pressure at a substan 
tially constant value, said pump and said regu. 
lating means cooperating to maintain a prede 
termined supply of fuel to said engine upon de 
energization of said electrical means." 

9. In a fuel supply system for an intern 
bustion engine, a conduit for fuel flowing to saic 
engine, a pump driven by said engine and con 
nected in said conduit for delivering fuel to said 
engine under pressure, means for regulating 'th 
discharge pressure of said pump to main - 
discharge pressure at a substantially const 
value sufficient to maintain a maximum sup 
of fuel, a fluid motor in said conduit receiving 
fuel from said pump, electrical means for apply 
ing a variable load to said fluid motor to control 
the flow of fuel thru said conduit, valve means 
for restricting the flow thru said conduit down 
stream from said fluid motor, means biasing said 
valve means to a flow restricting position, second 
electrical means effective-when energized to oper. 
ate said valve means to a flow permitting posi 
tion against said biasing raeans, a source of elec 
trical energy for both said electrical means, said 
biasing means being effective upon failure of 
said source to operate-said valve means to its 
flow-restricting position and thereby, to limit the 
Supply of fuel to a value sufficient to operate said 
engine at a predetermined proportion of its rated 
load. 

10. In a fuel supply system for an internal 
combustion engine, a first conduit for air-flowing 
to Said engine for combustion purposes, means 
associated with said: conduit for producing two 

said electrical means, and means...for shulating 5 unequal pressures whose difference is a measure 
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of the quantity of air flowing therethru, a second 
Conduit for fuel flowing to said engine, a meter 
ing restriction in said second conduit, means for 
controlling the pressure differential across said 
restriction to control the fuel flow thru said 
conduit, a first pair of expansible chambers sep 
arated by a first movable wall, means for con 
veying said two unequal pressures to said cham 
bers so that said wall is positioned in accord 
ance with the difference of said two pressures, 
a second pair of expansible chambers separated 
by a second movable wall, means for conveying 
to said Second pair of chambers the pressure 
differential across said restriction so that said 
second wall is positioned in accordance with said 
differential, a slidewire resistance member, a 
contact member movable along Said resistance 
member, means connecting each of Said men 
bers with one of said walls for movement there 
with, and electrical means responsive to the rel 
ative positions of said members for operating 
said pressure differential controlling means. 

11. In a fuel supply system for an internal 
combustion engine, a conduit for fuel flowing 
to said engine, means for producing an electrical 
potential varying as the quantity of fuel re 
quired by said engine, means responsive to Said 
potential for controlling the flow of fuel thru 
said conduit, an electrical meter, a fixed resist 
ance, and an electrical circuit including said 
meter, said potential producing means and said 
fixed resistance in series so that said meter in 
dicates the quantity of fuel flowing in said con 
duit. 

12. In a fuel supply system for an internal, 
combustion engine, a first conduit for air flowing 
to said engine for combustion purposes, a Second 
conduit for fuel flowing to said engine, pump 
means in said second conduit having a constant 
discharge pressure and tending to cause a con 
stant fuel flow thru said second conduit, means 
for producing an electrical potential varying in 
versely as the quantity of fuel required by said 
engine, electrical means responsive to said po 
tential for reducing the flow of fuel thru Said 
second conduit in accordance with the magnitude 
of said potential, an electrical meter, a fixed re 
sistance, and an electrical circuit including said 
meter, said potential producing means and Said 
fixed resistance in series so that said meter indi 
cates the quantity of fuel flowing in Said Second 
conduit, said pump means being effective on fail 
ure of said electrical means to produce a pre 
determined flow of fuel in Said conduit. 

13. In a fuel supply system for an internal 
combustion engine, a first conduit for air flow 
ing to said engine for combustion purposes, a 
second conduit for fuel flowing to said engine, 
means for producing an electrical potential vary 
ing as the quantity of fuel required by said en 
gine, an electrical meter, a fixed resistance, re 
sistance means variable in accordance with the 
quantity of air flowing thru said first conduit, 
and switch means for selectively establishing 
either a first circuit including said meter, said 
potential producing means and said fixed resist 
ance in series so that said meter indicates the 
quantity of fuel flowing in said Second conduit, 
or a second circuit including said meter, Said 
potential producing means and said variable 
resistance means in series so that said meter 
indicates the ratio of fuel to air supplied to said 
engine. 

14. In a fuel Supply. System for an internal 
combustion engine, a first conduit for air flow 
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second conduit for fuel flowing to said engine, 
means for producing an electrical potential vary 
ing as the quantity of fuel required by said en 
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gine, an electrical meter, a fixed resistance, re 
sistance means variable in accordance With the 
quantity of air flowing thru said first conduit, 
a source of substantially constant electromotive 
force, and switch means for selectively establish 
ing either a first circuit including said meter, 
said potential producing means and Said fixed 
resistance in series so that said liaeter indicates 
the quantity of fuel flowing in Said second con 
duit; a second circuit including said meter, Said 
potential producing means and said variable re 
sistance means in series so that Said meter in 
dicates the ratio of fuel to air supplied to said 
engine, or a third circuit including Said meter, 
said constant E. M. F. source, and Said variable 
resistance means in series so that said meter in 
dicates the power output of Said engine. 

15. In a fuel supply System for an internal 
combustion engine, a first conduit for air flow 
ing to said engine for combustion purposes, a 
second conduit for fuel flowing to said engine, 
means for producing an electrical potential vary 
ing as the quantity of fuel required by Said en 
gine, an electrical meter, a fixed resistance, re 
sistance means variable in accordance with the 
quantity of air flowing thru Said- first conduit, 
a source of substantially constant electromotive 
force, means for generating an electromotive 
force proportional to the speed of Said engine, 
and switch means for selectively establishing 
either a first circuit including Said meter, Said 
potential producing means and said fixed resist 
ance in series so that Said meter indicates the 
quantity of fuel flowing in said second conduit; 
a second circuit including said meter, Said po 
tential producing means and said variable resist 
ance means in series so that Said meter indi 
cates the ratio of fuel to air Supplied to said 
engine; a third circuit including said meter, said 
constant E. M. F. Source, and said variable re 
sistance means in series so that said meter in 
dicates the power. output of Said engine, or a 
fourth circuit including said meter, said gener 
ating means and said variable resistance means 
in series so that said meter indicates the brake 
nean effective preSSure in Said engine. 
... 16. In a fuel supply System for an internal 
combustion engine, a first conduit for air flow 
ing to Said engine for combustion purposes, an 
electrical meter, resistance means variable in ac 
cordance With the quantity of air flowing thru 
Said first conduit, a Source of substantially con 
stant electromotive force, means for generating 
an electromotive force proportional to the speed 
of said engine, and SWitch means for selectively 
establishing either a first circuit including said 
meter, said constant E. M. F. Source, and said 
variable resistance means in series So that said 
meter indicates the power output of Said engine, 
or a Second circuit including said meter, said 
generating means and said variable resistance 
means in series So that said meter indicates the 
brake mean effective pressure in said engine. 

17. In a fuel Supply system for an internal 
combustion engine, a first conduit for air flowing 

70 to said engine for combustion purposes, a second 
conduit for fuel fioWing to said engine, means 
for producing an electrical potential varying in 
versely as the quantity of fuel required by said 
engine, means responsive to said potential for 
controlling the flow of fuel thru said second 
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conduit, an electrical meter, a fixed resistance, 
resistance means variable inversely in accord 
ance with the quantity of air flowing thru said 
first conduit, a source of substantially constant 
electromotive force, means for generating an 
electromotive force less than said constant force 
and proportional to the Speed of said engine, and 
Switch means for Selectively establishing either a 
first circuit including said meter, said potential 
producing means and said fixed resistance in 
Series So that said meter indicates the quantity 
of fuel flowing in Said second conduit; a second 
circuit including said meter, said potential pro 
ducing means and Said variable resistance means 
in series So that said meter indicates the ratio 
of fuel to air supplied to said engine; a third 
circuit including said meter, said constant 
E. M. F. source, and said variable resistance 
means in series so that said meter indicates the 
power output of said engine, or a fourth circuit 
including said constant E. M. F. Source and said 
generating means in series opposition, and Said 
meter and said variable resistance means in series 
therewith so that said meter indicates the brake 
mean effective pressure in Said engine. 

i8. In a fuel Supply system for an internal 
combustion engine, a first conduit for air flow 
ing to said engine for combustion purposes, a 
second conduit for fuel flowing to said engine, 
means for producing an electrical potential vary 
ing inversely as the quantity of fuel required by 
said engine, an electrical meter, resistance means 
variable inversely in accordance with the quan 
tity of air flowing thru said first conduit, and 
an electrical circuit including said meter, Said 
potential producing means and said variable re 
sistance means in series so that said meter in 
dicates the ratio of fuel to air Supplied to said 
engine. 

19. In a fuel supply system for an internal 
combustion engine, a conduit for air flowing to 
said engine for combustion purposes, resistance 
means variable inversely in accordance with the 
quantity of air flowing thru said first conduit, 
a source of substantially constant electromotive 
force, an electrical meter, and an electrical cir 
cuit including said meter, said source, and Said 
variable resistance means in series so that said 
meter indicates the power output of Said engine. 

20. In a fuel supply system for an internal 
combustion engine, a conduit for air flowing 
to said engine for combustion purposes, resist 
ance means variable inversely in accordance 
with the quantity of air fiowing thru said first 
conduit, means for generating an electromotive 
force proportional to the Speed of Said engine, 
an electrical meter, and an electrical circuit in 
cluding said generating means, said meter, and 
said resistance means in series so that said meter 
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means in said second conduit having a constant 
discharge pressure and tending to cause a con 
stant fuel flow thru said second conduit, means 
for producing an electrical potential varying in 
versely as the quantity of fuel required by said en 
gine, electrical means responsive to said potential 
for reducing the flow of fuel thru said second con 
duit in accordance with the magnitude of said po 
tential, an electrical meter, and an electrical cir 
cuit including said meter and said potential pro 
ducing means so that meter indicates the quantity 
of fuel flowing in said conduit, said pump means 
being effective on failure of said electrical means 
to produce. a predetermined flow of fuel in said 
conduit. 

23. A carburetor for an internal combustion en 
gine, comprising a first conduit for combustion air 
flowing to said engine, a second conduit for fuel 
flowing to said engine, an electrical circuit, Wen 
turi means in said first conduit for establishing 
two unequal pressures whose difference is a meas 
lure of the velocity of flow of air therethru, a sec 
ondary air conduit in parallel with said Venturi 
means and having a flow of air induced therethru 
by the difference of said two pressures, a valve in 
Said Secondary conduit, a resistance element con 
nected in Said circuit and positioned in said sec 
Ondary air conduit to be cooled by the flow of air 
therethru, means responsive to the density of the 
flowing air for operating said valve so as to vary 
the resistance of said element as a function of said 
density, and means responsive to the current flow 
thru said circuit for controlling the flow of fuel 
thru said second conduit. 

24. In a charge forming device for internal 
combustion engines, fuel passage means for sup 
plying fuel to the engine having means therein for 
Setting up a differential of pressures proportional 
to fuel flow therethrough, air passage means for 
Supplying air to the engine having means therein 
for Setting up a differential of air pressures pro 
portional to air flow therethrough, pressure-elec 
tric units having their pressure elements respon 
sive respectively to said differential of air and 
fuel pressures, and valve means for controlling 
the fuel flow through said fuel passage means hav. 
ing electro-responsive operating means governed 
by the electric elements of said units to provide a 
predetermined fuel air ratio, the electric elements 
of Said pressure-electric units comprising resis 
tance members having a resistance which in 
creases progressively along the length thereof, and 
Said pressure elements each comprising a pressure 
responsive diaphragm carrying a contact element 
longitudinally slidable on said resistance. 

25. A fuel Supply System for an internal com 
bustion engine, comprising a conduit for fuel flow 
ing to Said engine, a pump in said conduit for Sup 
plying fuel to said engine, means for regulating 

indicates the brake mean effective pressure in 60 the output of said pump so as to maintain a Sub 
said engine. - - - 

21. In a fuel supply system for an internal 
combustion engine, a conduit for fuel flowing 
to said engine, means for producing an electrical 
potential varying as the quantity of fuel re 
quired by Said engine, means responsive to said 
potential for controlling the foW of fuel thru 
said conduit, an electrical meter, and an electrical 
circuit including said meter and said potential 
producing means so that Said meter indicates the 
quantity of fuel flowing in said conduit. 

22. In a fuel supply system for an internal com 
bustion engine, a first conduit for air flowing to 
said engine for combustion purposes, a second 
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stantially constant discharge pressure, a fluid mo 
tor in said conduit in series with said pump, said 
motor being driven in one direction by fuel flow 
ing toward said engine, an electrical motor for ap 
plying to said fluid motor a torque acting in the 
opposite direction so as to reduce the flow of fuel 
through said fluid motor, and electrical means re 
Sponsive to a condition indicative of the power 
output of Said engine for controlling said electri 
cal motor. 

26. A fuel supply system for an internal com 
bustion engine, comprising a conduit for fuel flow 
ing to Said engine, a pump in said conduit for sup 
plying fuel to said engine, means for regulating 

conduit for fuel flowing to said engine, pump is the output of said pump So as to maintain a sub 



stantially constant discharget pressure. a fluidi 
motor in said conduit in series; with said planaia, 
said motor being driven in one direction by: fuel 
flowing towardi said engine, an electrigai motor 
for applying to said fluid motoria torque: actingiin 
the: opposite: direction, so as to: reduce the flow of 
fuel through, said fliuid motor, and electrical 
means responsive to an:operating condition of Said 
engine for controlling, said electrical motor. 

27. A fuel supply system: for an internal Com 
bustion engine, comprising a conduit for combus 
tion airflowing to said engine; a throttle for con 
trolling the flow of air through: said conduit, a 
conduit for fuel flowing to, said: engine, an elec 
trical circuit, means for varying an electrical 
quantity in said circuit, as a function of the. rate 
of flow of air through: said air conduit, means re 
sponsive to the pressure: in: said air conduit at a 
point downstream from said throttle for varying 
said electrical quantity; and means: responsive to 
said electrical quantity for controlling the flow, of 
fuel through said fuel conduit, - 
. 28. A fuel supply system.for an internal com 
bustion engine, comprising a conduit for corn 
bustion airflowing to said engine, a conduit. for 
fuel flowing: to said engine, an: electrical circuit, 
first means for varying an electrical quantity in 
said circuit(in accordance with the rate of flow of 
air through: said air conduit, second means. for 
varying said electrical quantity inaccordance with 
the density of the air in said air conduit, third 
means: for varying said electricals quantity in ac 
cordance with the pressure intiheintake manifold 
of Said engine, fourth means for varying Said elec 
trical quantity in accordance with the positions of 
a manually movable controlimenber; fifth: means 
for Varying: Said electrical: quantity in accordance 
with the rate of flow of fuel through said:fuel con 
duit, and means responsive: to: said electrical 
quantity: for controlling the-flow of fuel through 
Said-fuel conduit. - - 

29. A fuel Supply system for an internal com 
bustion engine, Comprising a: Conduit.for combus 
tion air flowing: to Said engine, a.?onduit for fuel 
flowing to said engine; an electrical circuit, means 
responsive to the magnitude of a undirectional 
electrical quantity in: Said circuit for:- controlling 
the flow of fuel through Said fuels condiuit first 
means. for varying the magnitude of said elee 
trical quantity in accordance: With therate.of flow 
of air through, said air conduit and effective to 
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wary said magnitude: in at fuel flow, increasing 
sense-in response to an increasein: the rate of air 
flow, and Second: means for varying the magni 
tude of Said-electrical quantity inaccordance with 
the volume-of fuel flowing: through said fuel con 
duit-per unit time-and effective to vary said mag 
nitude-in a fuel, flow decreasing, sense.inresponse 
to. ara increase in the-rate of flow of fuel. 

30. In a charge forming device for internal 
combustion engines, fuel passage means; for supe 
plying fuel to the: engine having. Orifiae means 
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therein for setting up a differential of fuel: prese 
sures, air passage: means for Supplying air to:the 
enginehaving a venturi therein for setting up a 
differential of pressures proportional to air flow. 
therethrough, valve means for controlling the 
fuel flow to Said orifice means, elctro-responsiye 
means for Operating Said Valve means, pressure- . 
electric. units having electric elements. controlling 
the energization of Said electro-responsive means 
and having their pressure elements, responsive, to 
pressure changes and to temperature changes.in 
the air in said venturi, to said: differential of fuel 
pressures and to. Said diverential of air."pressures 

31, . In a charge forming device for an internal 
combustion engine, fuel metering means for set 
ting up a differential of fuel pressures, air meter 
ing means for setting up a differential of air pres 
Sures, valve means for controlling the flow of fuel 
to said fuel metering means; an electric circuit, 
preSSure-electric means having their electric ele 
ments connected in said circuit and having their 
preSSure elements controlled by said fuel and air 
differential pressures and by the temperature of 
the charging air, and electro-responsive means 
for actuating said valve means energized upon 
changes in temperature.and pressure affecting...the 
electric elements of said pressure-electric means, 
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