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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 gquantity 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 elecfrical 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 controiling 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
jnvention will become apparent from a con-
sideration of the appended specification, claims
and drawings, in which

Figure 1 is a somewhat diagrammatic illus-
tration of a carburetor with an electrical confrol
system embodying the principles of my inven-
tion,

Pigure 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-
tem for a carburetor.

Referring now to Figure-1, there is shown a
carburetor body 18, thru which air flows from
an inlet I{ past a Venturi restriction 12, and
thru a passage {4 past throttles 15 and a discharge
nozzle 16 to an outlet 171.

A portion of the air entering the inlet I1 enters
impact tubes 18 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 12. This second air passage
may be traced from the impact tubes 18 thru
a vent ring 20 which interconnects the tubes
{8, a conduit 21, a boost venturi 22 and a conduit
23 to the throat of the main venturi 12.

The conduit 21 is connected thru a conduit 24
to the interior of a flexible bellows 25 mounted
inside 2 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 12
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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 Howing 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 31
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 31 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 21 is also connected thru a conduit
25 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 40 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 41 along resistance 42 is determined by
the absolute pressure in the casing 36, since the
bellows 37 is sealed. The slider 41 is therefore

tration of an electrical system for indicating 56 positioned in accordance with the variations in
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the absclute pressure in the inlet |1, which pres-
sure is transmitted to the interior of the casing
36 thru vent ring 18 and conduits 21 and 35.
The bellows 37 may be filled with nitrogen or
other suitable temperature responsive fluid, in
order that the position of contact 41 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 halanced 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
opposite-side of which is vented-at.59. - This vent
may be to the atmosphere, as indicated in the
drawing; or -more preferably- to the -vent ring: 20.
The diaphragm:48 also-carries an armature 5i,

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.armature 54 has its magnetic
center-to-the -left of center of coil 52, so that

energization of that coil tends to cause move--

ment -of armature 81 :to-the right, thereby ap-
plying.an:additional opening forece to the valve
44, -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 hy a:flexible diaphragm
84, one-side of which is subjeeted to the pressure
on:the-inlet side of valve 46 and whose opposite
side is vented:at §5. _As in-the.case of vent 59,
the-vent 85 may be-connected either to atmos-
phere: or:to vent ring 20. :However,-the vents 50
and 53 should be.connected to the same source
of pressure. 'The diaphragm 54 also carries an
armature 56 which cooperates with -an -electro-
magnetic coil §1. A compression spring 58 biases
the diaphragm 84 .for .movement to the left, in
the closing direction of:valve 46. The magnetic
center-of armature.56:is to the right.of the cen-
ter of coil:57, so that -upon energization of coil
§7, 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 throtties /15.are earried by shafts 60 and
61,-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 motor gener-
ally indicated at §6. The motor 66 is illustrated
as. being of the series wound -type, and is pro-
vided with an :armature 8T and a pair of field
windings 68 and-69. . The.energization of motor
68 is controlled by.a switch . mechanism generally
indicated at T{. The:switch mechanism T{ is
operated in accordance with the balance between

. an.evacuated bellows 14:-and a-bellows 12 whose

interior is connected thru a -conduit 13 to the
ntixture -outlet T of:the carburetor. The con-
duit' 13 may alternatively be connected to.the en-
gine intake :manifold. .

The bellows 12 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 bellaws 74, which is..evac-

4

uated, expands and contracts in accordance with
atmospheric pressure only. The free ends of
the bellows 12 and T4 are connected by a rod 15
which insulatingly carries a pair of contacts 111
and i{1. The contacts 11f and {IT cooperate
respectively with stationary contacts 112 and
118, which are mounted ona -yoke -member 140.
The -yoke member. 140 is adjustable in guides 141,
one of which is provided with a set screw for

fixing the yoke member 140 in any adjusted

. .position. Since the effects of variations in at-

‘15

- for a purpose to be described hereinafter.
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75 operating: with resistance 148,

mospheric pressure on the bellows 12 and 14

-act in opposition to.each other, as far as the

position of rod T8 is concerned, it may be seen
that red 75 is positioned in accordance with the
absolute pressure in the mixture outlet (7.

The :rod 75:also.carries a sliding contact 142,
which cooperates with a slidewire resistance 143,
The
resistance {43 is mounted on a base 144 adjusta-
ble:in:. a set of :guides:-145. - One:of - the guides. is
provided with a.set:screw 149 for locking the base:
{44 in any adjusted position.

An acceleration control unit 17 includes a. pair
of flexible beliows 18 and 80. The free ends of
the bellows T8 and 88 support an arm 81 which in-
sulatingly carries a sliding .contact 82 cooperat-
ing. with a.slidewire resistance element 83. The
interior of bellows 88 is connected thru a .con-
duit 84 to the mixture outlet 17 downstream from
the throtties 15. The interiors of bellows 18.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.:17, such-as accompanies an
opening of .the throftles, the bellows 80 ex-
pands.more rapidly than the bellows 18, 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 mixgture
control &7 includes a contact 90 movable along a
slidewire resistance 91. - The priming control 88
includes a contact 82 movable along a slidewire
resistance 93. The cut-off control 89 includes a
contact 126 movabhle along a slidewire resistance
1217.

A resistance element 148 is varied by a eontrol
device {508 in accordance with -the quantity of
fuel flowing thru the restriction 45, as measured
by ‘the pressure drop -across that restriction.
The -device I50-includes a casing 152 enclosing
a:flexible bellows 154, The interior of bellows
154 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. 154
is-exposed to the pressure in the interior of cas-
ing 182, 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 -1&4: therefore depends .upon. the
pressure differential across the restriction. 45,
The free end of bellows 154, whose -position de-
bends upon the expansion and contraction of the
bellows, is attached to a link :i160, whose opposite
end is attached:to a pivoted.arm 162; which in-
sulatingly carries at its end.a contact 184 co-
.Contact 164 .is
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¢éonnected to the right end of resistance {148. An
increase  in the pressure differential across re-
striction 45 causes a contraction of the bellows
154 and a consequent movement of arm {62 to
the right, thereby increasing the proportion of
the total resistance of element 148 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 166, resistance
148, a conductor 96 to a junction 97, thence thru
three parallel branches to a junction 98, and
thence thru a conductor (00, contact 41, resis-
tance 42, a conductor 10f, resistance 32, contact
31, conductor 33 and ground connections 34 and
102 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 103, resistance 91 and a conductor 195 to
junction 98. A second of these three branches
may be traced from junction 97 thru a conductor
106, a fixed resistance 16T and a conductor 108
to junction 98. The third of these three branches
may be traced from junction 97 thru conductors
106 and 104, sliding contact 142, resistance 143,
and conductors 110 and 108 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 restrie-
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 I, the resistance
148, which is varied in accordance with the
quantity of fuel flowing thru restriction 45, the
resistance 91, which is manually variable to con-
trol the fuel to air ratio, and the resistance 143,
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 150 to increase the resistance 148
and thereby reduce the current flow thru coil
152. 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 148 to
again decrease the current thru coil 52. The
increase of resistance 148, 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 betweeén inlet (I and
the throat of venturi 12 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 11 and the throat
of venturi 12 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 81. 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 143 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 17, 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 IT increases, the contact 42 is
moved to the left along resistance 143, thereby
decreasing the resistance 143 and increasing the
fuel to air ratio. Since the pressure in the mix-
ture outlet 1T varies substantially directly as the
power output of the engine, it may be seen that
the resistance 143 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 fimes. The wvariable resistance 183 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 171. 'The particular pressure value
whieh this system maintains at outlet 1T may
be adjusted by any suitable means. For ex-
ample, it may be adjusted by changing the po-
sition of yoke 148 which carries the stationary
contacts {12 and 118. When the pressure in the
outlet {7 decreases, the bellows T2 expands,
thereby moving switch contact 111 into engage-
ment with stationary contact 112. This com-
pletes an energizing circuit for field winding 68
and armature 61 of motor 66, which may be
traced from the lower terminal of a battery 113
thru a conductor 1{4, switch contraects 11! and
112, a conductor 118, field winding 69, armature
671, and a conductor {16 to the upper terminal
of battery 113. Energization of field winding 88
and armature 67 causes motor 66 to rotate in a
direction to close the throttles 15, thereby caus-
ing the pressure in outlet 17 to decrease toward
its former value. In response to this decrease in
pressure, the contacts 111 and 112 are again sepa-
rated, deenergizing motor 66. ’

In a similar manner, if the pressure in outlet
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11 decreases;imovableswiteh: contaet biTiiscmoved:
intozengdgement:.with: stationary: «contaet--£18
- thereby completing an-energizing cireuififor:field:
winding 69 -and rarmature 67 of motor: 66..This:
energizing circuit may betraced-from: the lowér 5
terminal -of battery: 113 thru conduetor:ti14, con=-:
tacts-t1T-and 118, s conduetor:#20, feld -windin
69, camature 61, and-conductor k16 to the upper
terminal: of battery 113, - Enérgization of “field: ©
winding ‘69 -causes motor:66-to run .in & throttle -
opening-direction; therebycausing:ran increase:=#

“in pressure’at outlet £1.7 r -

Thesecond-circuit sfor. controlling-the -current- i
flow: thrus coil-§2 is’ hereinafter termed;-for pur=::
poses of ddentification; -the. auxiliary -energizing 15

circuit for that-coil. »: This guxiliary: circait may:
be tracedfront the right hand terminal of battery
94 thru conductor:85;coil-52,conductors I66:and"
1315 :and~thence eitherithruiconductor <135, :re-: s
sistance 93 and conductor:#36ior thru conductor 20
§32: and resistarice:83 to ground:connections: {34
and:102: and thedeft-hand terininal: of battery 94.:+
The resistances 93 and 83 of this auxiliary circuit -~
are:eonnected in parallelwith the entire:groupof ;
" resistances:-in the-:rain -¢ircuit:: 'Therefore an 25
increase or decrease:in one “of these ‘resistances -
causes-a~change-in the:current flow:thru coil:52
which is: independent:of all*the resistances:in the .~
‘main: cireuit-and -which-predominates: over-the =
variations of those: resistarices. 30

The resistance:83 is a part:of the priming con= -

trol 88.~:By ‘movement of slider:92 to the right -

‘alongiresistance 93, the. current-flow: thrir coil 52 -
may be greatly increased; thereby increasing the
fuel -flow "to the :carburetor: indepéndently-of all 35
the: other::controlling conditions: ~The ! priming:. =
control: 88 is tsed::when-starting the engme o
secure a -very-rich mixturei-:

The resistance:83 is varied-hy the: acce}eratxon
responsive:controller 7T to decrease:the resistance:

‘and.increase:the -current flow upon:acceleration =’
of the engine;:and:to decrease the current: flow
upon-deceleration of the engine:: By this'means
the. fuel supply is proportioned:to the engine re<-7yy

‘quirements immediately : duringoacceleration: and %

“deceleration:conditions; without waiting -for-‘the =
air flow measuring theans;which 'has-as compa:ra- Do
tively-great -timerilag, to respondi~» :

The valve.46 15 balanced: against:outlet pres< 5o
sure; so that the:pressure on the downstream side”
of the metering restriction: 45 His hot-affected by ¢
variations-in the pressure-adjacent the discharge:
nozzle - 18, It may:ibe said; therefore,»that the =
valve£8-acts toregulate:the:pressure on the down- 75
stream side of restriction #%:so'that the flow:thru —:
restriction 45 may be controlled-by the operation
of valve-44.---The valve:46 isialso’operated by coil n:
57 to compensate for-changes:in the terminalivolt= -
age.of battery 94.:: The coil-57T may-alse be utilized
to positivelycut off ithe flow-of fuel-to the.engine.

The-coil-57 is energized-thrua. cireuit which=7x

may-bhe traced: from:the. right hand terminal:of -
battery 94 thru: conduetors:95 and-121; -a fixed =
‘resistance 422, -a conductor-123; coil-51,:g’ conduc=:
tor.424,-and groundrconnectiony 125-and 102 to 3
thesleft-hand terminal of battery:94.-+The ener-.¢ -

‘gizationof «oil 87 ehangeswhen: the: terminal -
voltage of battery:84 changes.--It may:be seen::
that-if the voltage: of battery :94 -increases.for -
example; ‘the . increased :energization:of .coil- ‘57
causes valve 46 to be moved- in a.closing direction; =i:
while.the increased:energization of coil 52 .causes:=+
valve 44 to be moved .in an-opening: direetion::
The .opposing- movements: : of . these: two «valves: 78

to the throat of main: venturi 202

drawing; whereuporsthe &irentering conduit 222

8 .
comypensate each :othery so that:the:ifuel fow:4s 35
not;: affectedb by variations iin ' the:svoltage nof =7
battery:94. ¢ :
The'coil 51 is alse: controllable to provide:a posi-i -
tivercut-offof the:fuel:flowing:into.the engine.
The"resistance: 2% of -eut-off- control 89 is con-:
nected:in parallel:with resistanee.122-by means of -3:
conductors 128 and.130.:~-When:contro} 89 is oper-
ated to reduce resistance (27, the “energization
of coil 57 i§ increased: and if' contact: $26-is“moved-
all the ‘way-to the right; resistances 122"and 127177
are:shunted..~"The energization’of ¢6il 57 is"there~ -
by increased sﬁﬁici‘ently.fto positivély-move-valve’-
46 t6 closed-positioni+:Such 4 positivé: cut-off i§ ¢
used-to stop the ‘enginel:beihgneeded-especially -~
in ecase ‘of fire.or -othe¥‘emergency- ‘conditiofs.
Furthermore,;: ‘when +the  engine-is ‘regularly: ™
stopped-by the useof such g fuel cut-off afranges

" ment;:the fuel supply-conditions-existing” during "

the next: starting of the’engine are more uniform -
than when an ignition : cut-off drrangement is
usedto stopithe engine;u:

While I have shown-gnd.described-in Figure'l ¢
a direet currentcireuit-controlled by variable re- -~
sistance elements;it. willibe reddily apparent that -
equivalent.:arrangements:may:ibe -deviséd -using = -
alternatingceurrent. & Furthermore; variable: in- :
ductance ‘or capacitance elements may be used:in -
placezof the:variable resistance:elements iltus-

Prated in Figure 1. -

Figures 2 and 3. -

There-is shown+in Pigure-2 4’ portion 200 of
a_carburetor body-ineluding ‘an-air-passage 201
having a“venturi-202 therein.’* A plurality of im<-~
pact tubes 203" conduct ‘a’ portion ‘of the air en-*
tering the passage- 201 'to a vent ring-204° and -
thetice' to a: distributing-conduit 205."**A portion -
of the air then-flows thru- s boost venturi 206, ‘4

Selector valve'20T:and a’ conduit 208-to the throat-

of main venturi--202.%%Air“entering the’ distrib= -

' uting -conduit-205' may flowthru any one‘of three

removable’restrictions -210; 241, and 212 “Air’
passing thriithe restriction’ 2Il ‘flows “over-an-"*
electrieal resistance element '21¥ mounted <in ‘o =
chamber 214 and then'4hru a® conduit 245 to a
point-in the' passage 2016n the  downstream- side -

© of throttlée '216: ““Air flowing” thri-the restriction °

21 1. passes -over an :electrical résistarice element: -
21T-Mounted in a chamber-218, ‘and-thence thru
a conduit:220; & chamber 221 and-conduits 222 *
and 223 16 the throat -of boost venturi: 206;»‘—a}nd
thetice: thru. selector! valve 20T%4nd ‘conduit 208'
The flow of -
air-from’ chamber - 218 to ‘chamber~22{ 1§ con="--

> trolled:by 'avalvei225 pésitioned by a bellows 226:%7

The ‘bellows: 226" May "be ‘Blled: with* nitrogen or -
othet :suitable™temperature: responsive - matenal

o S0 that theivalve 2257 operated-as g fanction of

thelipressure and témperature of theair-flowing:
thrurpassage 2013 1Air flowing thru passage-212 :°
flows :over: an -¢lectrical: résistarice -element«fz;zr*f‘--’
positioned:in a: chamber:228to conduif 222 and=
thencein the:same:manneras the axr which’enters:
conduit 222 ffom chamber221: -

Thelrestrictions 210;:211% land 2127 are formed "
in removable plugs: in ordersthat they-may be -
readily-changed-in the:event:-that it is- desired 16

vary the.ratio between:-the gquantitiessof air flow-+ -
" ing-thru.the several.restrictions:: «

In ¢ase:it is’ desired not.to Tse the bodst -ven-- -
turi;:the:selectorvalve:20T:ivay be rotatéd 90 de~ -:
grees: clockwise - fromothe position-shown in the:
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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 219, located in conduit 223
and operatively connected to valve 207, is rotated
50 as to close conduit 223.

The resistance elements 213, 217 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 261 and 262, respectively, of an
electronic amplifier generally indicated at 260.
The resistance elements 213, 21T 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 g 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 241 in accordance with the quantity of
fuel flowing thru the carburetor, as hereinafter
described. The conftact 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 213, 21T and
221 are continuously connected to the battery
234, These resistances are of some material such
as nickel, having an appreciable temperature
coeflicient 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 243 depends upon the pressure differ-
ential across the throttle 218.
differential varies inversely as the load on the
engine, so it may be seen that the resistance of
element 213 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 217 is
controlled by the density of the air. It may be
seen that upon increasing density, the bellows
226 tends to collapse, thereby opening the valve
225 and increasing the air flow over the resistance
element 217, thereby lowering the temperature
of that element and decreasing its resistance.
The resistance of element 217 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
rassage 201, 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 254, a conduit 252, a gear pump 253,
mechanically connected to an electrical motor 254,
a metering restriction 255, a pressure regulator

This pressure §
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256, and a conduit 257 to a discharge nozzle 258.
Other suitable apparatus for supplying fuel to

the engine may be tused 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 251 is controlled by a relief
valve generally indicated at 265. The relief valve
255 includes a valve member 268 attached to a
diaphragm 268. The valve member 266 is biased
toward closed position by a spring 267. The
diaphragm 288 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 278 is vented to conduit 205
by a conduit 269. The discharge pressure of the
pump 251 is maintained at a substantially con-
stant value by the action of relief valve 265,
which value depends upon the strength of spring
2687, 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 250, having input terminals 26{ and

. 262, which are connected to the output terminals
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235 and 238 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
278 givided by flexible diaphragm 211 into a pair
of expansible chambers 272 and 2713. The cham-
ber 272 may be vented thru a conduit 274 to the
conduit 205. The diaphragm 271 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
251 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 atb the inlet of passage 201 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 218 of relief valve 265 and chamber 272
of pressure regulator 256 were vented to the out-
let of a supercharger supplying air to the inlet
of passage 281.

The controller 241 which moves contact 230
along resistance 240 includes a bellows 284 fixed
at one end to a casing 286. The interior of bellows
284 is connected thru a conduit 288 to the down-
stream side of the restriction 255. The interior
of casing 286 outside the bellows 284 is connected
thru a conduit 299 to the upstream side of re-
striction 255.

A restriction 282 interconnects the conduits 288
and 289, Restriction 292 may be opened or closed
by a valve 284. Valve 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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-3098.thru a conductor 381, qswitch 302,.2 con- .increeses;rthissunbalances:deereasesidue: tothe
- ductor -303; :solenoid-298:and-ground. connections - decreasein:resistance: of -element: 227,.and: the sig-
-304 and-305.to.the right hand terminal.of batiery  :rnaliapplied to the input:terminals.26l..and 262.0f
.300..: Altho-the battery 3008-is illustrated.as being ~amplifier -260. likewiserdecreases. - This- deereases
.separate from the battery 234,.it:is preferable to 5 the power supplied to:electrical-motor 284. and
use the same source of power for all the.eleetric ~hence deereases therresistance of. pump-253.to the
reircuits in- this system;:so -that: upon: .failure of flow . of: fuel, fhereby.increasing the: fuel-flow.in
.that:source. for any reason,.the:solenoid. 298 -will  :propertion:to:the.inecrease.in-air flow.  The fuel
.be:deenergized. .flow-therefore varies-inversely.as:resistamce 221,
- . A resistance -element-308.is mounted.in. cham-:.10... -In raccordance -with .the. knoewn principles--of
-ber 218 :and is.connected.thru. a conductor 308 -bridge-eireuits,-a;ehange. in: the. resistance .of:ele-

- .in-series. with .a resistance element 318-mounted  :ment 217- has:the same-effect. on: the-bridge: cir-
in..chamber:228. .-A .series circuit including- the . euit-as.a-similar change in-the: resistance -of-ele-
+two. . resistance - elements.~305 and . 30. may -be ment 221. --As:previously-stated,. the resistanee of

-utilized - to .operate an indicator. of .thequantity 15 element 217 varies: inversely-with -the-density of
- of air.entering. the carburetor, as described below -the air;passing thru.the.carburetor. .Therefore
. in.connection-with Figure-4. .an-increase-in density: causes-an increase-in-the
- . . . . ) :quantity.-of fuel-flowing thru.the earburetor. .It

: ) Op eratzm.l, of Figure 2 .is.believed:fo.be.readily apparent-if-it.is,desired

- As _previously.. described, - the reliéf-valve 285 ‘20-40.proportion-the mass of.-fuel fo.the mass of air,

~maintains..a .substantially. constant . pressure at = the.quantity..of fuel.must:be-increased-as-the
‘the.outlet of pump.254. The gear.pump.253 may density of the.air-increases. .The resistance 217
“be used to boost this pressure.and. increase the seffects.such.an-increase.

-fuel :supply above the value.determined. by the The.resistance -of.element-2 (3. varies. directly

~discharge- .pressure..of .pump .261,.or. the .gear ,s. as the.load.on the.engine.as measured.by.the
~pump. 253 may be. ufilized as.a fluid motor t0 ~ grop.in. pressure:across.the:throttle, 245, as: pre-

drive-the electrical motor. 254.as a generator; In . yjously .described. The:resistance-element.213-is
which case-the pump-283.bucks.the discharge = _connected in.a.branch of the bridge:circuit .adja-
-pressure _of - pump - 25f, .and .reduces the fuel  cent the branches.containing -elements. 217 and
supply. - Whether the pump 263.operates to boost .4 227, and. therefore. its. effect.on. the unbalance of
-or_buck the discharge.pressure of pump. 25 is " the .bridge circuit:is.opposite.to. that of -elements
determined-by the.polarity (or. phase,-if-alter- 217 and 221. That.is, an-increase-in resistance.of
nating current) -of the current supplied to motor  clement. 213. causes:an; increase. in. the. quantity

254 by .amplifier -260.- The..magnitude of .the  of fuel flowing thru the carburetor.: -Since.the
-boosting . or. bucking .effect s .determined. by. the. .4, resistance. of .element.213- varies. directly-as: the
- magnitude.of that.current. . -load on $he engine, it . may:-be-seen: that.the effect
- In-the present instance, it is desired to use the  of .element .213.is.to..vary:the.fuel to .air ratio
output. potential .of amplifier' 260-as-a-meastre of -directly. as.a.function .of .the .engine. load. ’
. the. quantity: of. fuel supplied-to-the engine, as .The resistance 238, which is.manually-variable,
~described.hereinafter.in. connection:with Figure (49. may. be .utilized..as-.a .control..of .the -fuel 4o -air
4. .Furthermore,:as also.described.-in connection . ratio. . By:-increasing:the.resistance..of: element

with»FigmjeA, it 'is‘desir‘edj that :theax_npliﬁer out- 238, the fuel-to. air ratio ds.inereased,-and by .de-
~put be-unidirectional, in-order that.it-may con- _creasing .its-resistance,:the:fuel o -air. ratio: is
-veniently be.utilized in an indicating.meter. .decreased...

_.For.these reasons,.I prefer to.choose:the spring .. . The variable. resistance:240.is connected in the
261 so-that the.discharge pressure. of-pump 251 bridge. circuit.in such.a manner-that. if .contact
is effective, when.pump -253.is.not -operating, to 230 is moved to the right, the.resistance. of-the
. supply.a quantity of. fuel thru vestrictions-255 and ~branch -of:the bridge~circuit.containing element

-292 sufficient to operate.the engine.ab itsimaxi-  .221.s increased.and. the resistance of-the branch
. mum output. ‘The gear.pump. 283 .is.then oper- 50,.containing:element 213: is-decreased: . Therefore,
ated to buck the discharge.pressure-of. pump 251.  such.a movement.of contact: 230: eauses-a-decrease

“When -the bucking.effect-is..at a .maximum,-the  jn._the. quantity: ofifuel - flowing - to the-engine.

energization of motor 254.must be at.a maximum, = Such .. movement: of.contact. 230 is: caused by an

and the fuel flow is then at a minimum. .In.order . increase in.the pressure «drop :acress- restriction
“to secure -such .a mode.0f. operation.of.the. am- 55,288, - Therefore, it..may- be:seen- that- resistance
splifier, the various .resistance .elements in . the 240 is varied to change. the balance of the bridge
.bridge - circuit. are..chosen: so. that-the. bridge. is seireuit. in:accordance -with .the: quantity. of - fuel
“always unbalanced, and the degree of unbalance . flowing-to .the: carburetor. - The -resistance -240
- .decreases with increasing ‘demand for fuel flow. . insures.that..upon:a.change.in the-unbalance-of
‘The magnitude of the signal applied.to.the am- .gg..the bridee circuit; the.resulting: change in the fuel
plifier.input terminals, and. hence the amplifier .flow.is. proportional to:the:change -of-air flow or

: ‘output,thgnvary inve_rs_e]y as-the. fuel flow. ~.other . contrelling .conditions--which initiated the
‘As.previously. described, resistance element:221  .changed. balance.condition:.of .the-bridge -circuit.
varies inversely as the quantity 6f.air flowing thru .~ The restrietionss 265::and: 292-are-preferably so

.. bagsage 201. .Therefore, Wheén the quantity of air.e5. proportioned that when:restriction:292 4s:closed
“flowing. is. low, as-under. idling. conditions, -the  :by-valve.-298,the-quantity -of- fuel ~passing: thru
-resistance of élement 227 is high. . If the polarity .. restriction: 255 alene; when-pump:253:is'not oper-
of battery 2284 is chosen as indicated by the.legend = - -ated-to resist: thesfuelflowyris the:-quantity of-fuel

-.in the-drawing,.then when .the resistance .of ele- - mnecessary to:supply:theengine:at 5% of-its rated

- ment 227 is high, the output terminal 236 is riega~ 70 load. “Therefore, it-may:be:seen-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:ata-value to produce 75%

~.-positive-with respect to:output-terminal-286. As  :of therated-engine outpiit. - : : '

_~.the:quantity. of.air flowing:.thru: the. carburetor- 75 - - If-.it- were:mot ~desiredstorhave the samplifier
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output unidirectional and varying in accordance
with fuel flow, the bridge circuit might be ar-
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 flow, 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 251 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
15% 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 Pigure 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 321 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 232 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 336 for operating a contact bar
338 to any one of four circuit closing positions
and a pointer 342 to indicate which of the four
engine conditions the galvanometer 329 will read
when the selector switch 334 is in each of its
four pesitions.

When the selector switch 324 is in the extreme
left position of the four positions shown in the
drawing, the galvanometer circuit may be traced
from galvanometer terminal 338 thru a conductor
348, amplifier output terminals 263 and 264 of
an amplifier which may be the amplifier 269 of
Figure 2, a conductor 342, a stationary contact
344, contact bar 328, a stationary contact 346, a
conductor 3487, a fixed resistance 348 and a con-
ductor 852 to terminal 332 of galvanometer 320.
As described in connection with Figure 2, the out-
put voltage of amplifier 260 is inversely propor-
tional to the quantity of fuel flowing to the en-
gine. Therefore, when the circuit just traced
is completed, the pointer 221 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 328 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 egual to or greater
than that required for take-off or maximum power
conditions.

When the selector switch 334 is operated o the
position shown in full lines in the drawing, the
circuit including the galvanometer 3286 may be
traced from galvanometer terminal 338 thru con-
ductor 345, output terminals 263 and 264 of
amplifier 268, conductor 342, stationary contact
352, contact bar 328, stationary contact 354, con-
ductor 3586, resistance element 310, conductor 308,
resistance element 306 and conductors 358 and
359 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 366 and 3{9 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 345 and 268, a battery 362, a con-
ductor 363, a stationary contact 384, a contact
bar 2338, a stationary contact 386, a conductor
368, resistance 310, conductor 308, resistance 308,
and conductors 358 and 380 to galvanometer ter-
minal 332. Since the potential of battery 382
is substantially constant, the current flow thru
this circuit varies inversely as the resistances 306
and 38, 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 338 thru conductors 349 and
360, battery 362, conductor 3683, a generator 370
driven by the engine so that its speed and volt-
aze cutput are proportional to the engine speed,
a contact 372, contact bar 828, a contact 3174,
a conductor 378, resistance 318, conductor 303,
resistance 306, and conductors 358 and 350 to
galvanometer terminal 232, Generator 370 is
chosen so that its terminal voltage at maximum
speed does not exceed that of battery 352, and
it is connected in this circuit, as indicated by
the legend in the drawing, so that ifs polarity

opproses 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 revolubtion. Since the
displacement of the engine cylinders is constant,
this mass per revolution may he taken as an
indication of the brake mean effecuve pressure
in the engine cylinders.
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Fzgure 5

There is illustrated-in Flgure 5 another form
of electrical controlsystem for a carburetor.

In-Figure 5, air enters the carburetor thru an
inlet 488-and: passes- thru . a venturi-402 and: a

-‘passage 404 past a throttle 496-and a discharge
nozzle 488 to an outlet 418. A portion of the
air entering the carburetor passes thru impact
tubes 412-and a vent ring 414 to the interior of
a:casing 448. A flexible-bellows 42 is- mounted
inside casing 418, 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 428 contracts-when. the pressure differen-
tial between the inlet 48%-and the throat of ven-
turi #82 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
Anot-shown) and passes thru a conduit 422, a
metbering restriction 424, a -conduit 426; and past
a:valve. 428 o the nozzle-408. . The metering re-
strietion 424, altho-shown as a single restriction

for purposes-of convenience, may he replaced by -

& more conventional-jet system-including several
restrictions. The conduit 422 upstream from re-
striction 424-is.connected thru a conduit 438 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 428 is attached to-a
link- 438 -whose other end is attached to an arm
449 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
458 to the plate 448. .

From the foregoing it may be seen that an in-

crease in the air flow thru-the-passage: 484, as

measured by the pressure differential acting on
bellows- 426 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 458 downwardly and
rotating plate 448 counterclockwise about: pivot
442 and causing an upward movement of resist=
‘ance 446 under contact 444. :

When the air.flow 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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‘are:connected by condiuetors: 460 and 462 respess
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=
‘ed 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 ampli=
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 inthe ampli-
Afier 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 T 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 atleast one of said electiical
means’ from sald-source’ in'‘accordance with a

“condition indieative of the-quantity of fuel needed
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by said engine, and means eontecting both &f
said electrical means to ‘said source so that a
variation in the potential of sdid Soufice causes
operation of said valves -in ‘epposite senses’:5o
that the fuel flow is not affected thereby.

3. In a carburetor for an internal:combustion
engine, in ‘combination, -a first condiit for air
flowing- thru said: carburetor- to said- engine; a
second conduit for fuel-flowing:-thru said car+
buretor to said first cenduit; 8- metering restrict
tion in said second-conduit; a first valve in said
second conduit upstream fromi -said- restri¢tion,
first electrical means$- for operating said: first
valve, a source of electrical energy, means for
controlling the energizgtion ‘of said: first elee~
trical means from said source in gccordance 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 agaihst changes in outlet
pressure so that its position-is not:affected: by the
pressure in said first- eonduit; second- electrieal
means for operating said seécond 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 upen 4 variation in the:poten-
tial of said sourcé so -that-theé fuel flow is not
affected thereby.

4. In a fuel supply- System: for an:internal com-
bustion -engine, in eombination; 4 conduit:for
fuel flowing to said-engine, a pump:in said-con-
duit for supplying fuel to said-ehgine, means for
regulating the- output:-6f said.-pump. so -as to
maintain-a substantially constant.discharge pres-
sure, a fluid motor in said-conduit-in series with
said pump, said miotor-being driven in one diree-
tion by fuel Aowing from-said: pump toward said
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said impedance to redtice the How of fiiel to, said
engine.

7. In a carburetor for an iftérnal cotitbtistion
engine,; in combmatmn 5 congtiit for fuel- ﬂowmg
thru said carburstor to said ‘engine, two Valves
coliected 1 -series in ‘said’ conduit for control-
ling the fow of fuel®therethrit, ‘frst 8lectrical
mesns for ope“qtmg one-of said valves ina ﬂow
incréasing diréction uponian increase-in the' ‘end

-rgizatioh of said’ electrical: means; second €lec-

trical fieans for operating-the dtherior saidlvalves
in & flow decreasihg diréctioh upon -an -incredse
in ‘the’ energization--of -$aid: second--electiical
means, a source of- electmcal energy, means “for
contwllmg the energizatioh of ‘one of said-éléc-
triedl means frof-said sourée in accordaree with
4 condition! indicdtive of ‘the quantity of f0€l
neéded by said-engihe; Mmeans§ contiecting Both
of said electrical ‘means “to ‘Said-sburcé ‘50 that
ar variagtion in the potehulal ‘of said-source’ causeEs
operation of said Valves Th opposite - gensés so
that -thé "fuel  flow is not: afeeted théreby, first
means for 1ncreasing the’ enf-\rglzatlon of said
first’ elecétrical ‘means fo ‘provide “an increased

g5 ‘fuel supbly; and séeond medhs for ificregsing ‘the

engine, an electrical -moter for: applying torque H§g -

to said fluid motor actingiin the ‘opposite diree-
tion 'so as -to reduce-the quantity::of :fuel ‘dis-
charged thru seid fluid moter by saidpump,-and
electrical mearis responsive to the‘quantity:ef air
flowing to said- engine fer-combustion purposes
for cortrolling said'mo'toi' -

1ng in combmatlon,-a ﬂum eonci.mt two v_alves
connected ‘in series in said conduit for.corntrol-
ling the flow of fuid therethry, first. electrioal
means-for operating oneof said -valves in a!flow
increasing ‘-directien upon< an-increase: in :the
-energization of said electrical means, second elec=
trical means  for -operating :the:i:other -of 'said
valves in a'flow decreasing-direction upon an in-
crease in the energization: of sdid:-second elee-
trical means, a source of electrical energy, means
for .controlling the -energization of one-of said
electrical means from said-seurce in daccordance
with a condition indicative of the need for oper-
ation of said-flow controlling means,-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 fluid flow'is not-af-
fected thereby.-

6. In a carburetor for an internal-cembustion
engine, in combination; a. conduit for fuel flow-
ing thru said carburetor to said enginég, a valve
in said conduit' for -controlling the - flow of fuel
therethru, electrical means -for operating said
valve in a flow decreasing directionupon:. ah ifi-
crease in the energization thereof, an-electrical
circuit including an impedance for :energizing
said- electrical means, and means- for shuntifig
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energization of Said: second elettricsl means 150
reduce the flow of fuel-to Said- engine®

8. In a fuel supply system’ for an internal-cotn-
bustlon engine, a conguit for fuel flowinig to said

'e‘lgme ‘an’ehgite driven:pump in ‘said-condiit

for dehvenng fuel | to said--enginé under pres-
sure; “a fluid motor in said’ conduit teceiving fuel
from “'said pump,- electrical ‘theans for- applying

2 variable load to said fluid motor to control the
‘flow " of tliel thru said*conduit, means responsive

to the quant1ty of air ﬂowmg to saig-ehgine for
conipustion purposés “for' controlhng ‘theé ener-
glzatmn of said electrical means, and means for
regulatlng thi€ discharge pressuie’ ‘of said pump to
mamtam said’ discharge ‘pressure’ af -a substan-
t;a.Ily constant value, said pump d4nd said regu-
latitig -means cooperatmg to mamtain 8 prede-
termined supply of fuel to sald engme upon de-
energlzatmn of said electri‘ al medans.’

9, In a fuel supply system for an mternal com-

dlscharge pressure of sa1d pump to mai
discharge pressure- at a substantlalfy const‘ fit
value suﬁiment 10 mamtam 4’ maXimium sup 1y
of fuel, a ﬂuld motor in said’ condulf: recéiving
fuel from- said pump, electucal means for apply-
inga variable: load to said fliid motor to confrol
the- ﬁoW of fuel thru sald condult,'valve means
for restrictmg the ‘Iow thru said: condult doWn—
valve means to a ﬂow 1estrmt1ng pos1fnon seuond
electrical means effectlve when: energlzed to oper-
ate said valve: means to 2 flow- permlttmg pb ie
tion against said biasing means, a source of elec-
trical energy for both said electrical means, se_ud
biasing - means- being effectxve ‘upen - fallur of
said-source to operate-said valve means:to its
flow-restricting position-and: thereby to 11m1t 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 firsticonduit for-air-Aowing
to said engine for combustion purposes, 1means
associated ‘with said:conduit:for producing:two
tinequal:pressures’ whose ‘difference:is @ medsure
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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 mem-
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-
tentizl 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
conduif, 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 & second circuit including said meter; said
potential producing means and said wariable
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-

20
ing ‘to said engine for combustion purpeses; 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-
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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 meter indicates
the quantity of fuel fiowing 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 ecircuit. 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
mean 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 B. M. F. source, and said
variable resistance means in series so that said
meter indicates the power output of said engine,
or s 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 flowing to said engine, means
for producing an electrical potential-varying in-
versely as the quantity of fuei 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, & 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
switeh means for selectively establishing either a
first circuit including said meter, said potential
producing means and said fized resistance in
series so that said meter indicates the quantity
of fuel Aowing 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
®, 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 ®. M. P, 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.

18. In 2 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 inchiding 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 fiowing thru said frst conduit,
g, source of substantially constant electromotive
force, an electrical meter, and an electrical cir-
cuit including said meter, sald source, and said
variable resistance means in series so that :said
meter indicates the power output of said engine.

920. In a fuel supply system for an internal
combustion engine, & conduit for air flowing
to said engine for combustion pUrposes, resist-
ance means variable inversely in accordance
with the quantity of air flowing 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
indicates the brake mean effective pressure in
said engine. -

21. ITn a fuel supply system for an internal
combustion engine, a copduit 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, 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.

99, Tn a fuel supply system for an internal com-
bustion engine, a first conduit for air flowing to
said engine for combustion purposes, a second
conduit for fuel flowing to said engine, pump
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heans in §aid 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, :

93. 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, Ven-
turi means in -said first conduit for establishing
two unequal pressures whose difference is a meas-
ure 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. Tn 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 elemerits 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
the output of said pump so as to maintain a sub-
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-
pustion 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
the output of said pump so as to maintain a sub~
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stantially: constant; discharge: pressurs;. = fuid
mutor in: said  conduit: in series: withr said: pumiy
said: motor: heing: drivens in: one: direetion: by fuel

" flowing: toward! said: engine; an. electricals motor

for-applying: toisaid:fluid motor a: tarque: acting:in

. the:opposite: direetion: so: as to: reduce: the: flow: of

fuel through. said fluid motor, - and:. elestrical
means responsive toan:eperating-comdition of said
engine: for: controlling, said: elbctritsll motor:.

21.. & fuel supply- system: for- amr intemal: come
bustioniengine, comprising: a. conduit. for: cabis-
tion: air: flowing to said engine:. a: throttie for conw
trolling: the. flow of air through: said: conduit; - a
comduit for: fuel: flowing: to- said: engine; an: elec-
trical circuit, means for varying an' eleetrical
quantity: in: said: circuit as: s« funotiom oft the., rate
of: flow-of air through:said ajrr conduit; means;re-
sponsive to the: pressure.in: smid: air conduit at a
point downstream. from: said: throtile far varying
saidi electrical: quantity; and: means; respensive: to
said electrical quantity for controlling-the: fiow of
fuel through: said: fuel: conduit, - 5
© 28 A fuel supply system. for an internal comt-
bustion: engine, comprising: z conmduitt for com-
bustion; air- flowing: to: sait. engine;. g conduit. for
fuel: flawing: to: saig engine, -an: eleetrical’ cirouit;
first means for varying: am electrical. quantity in
said circuitcin accordance: with. the-rate: of flow: of
aily through: said: air condnit, second: means. for
varying said :.elect/rical,quant.itydntaccordance-W.ibh
the: density. of' the: air' in: saig. air econduit; third
means: for varying said: electrical; quantity: in: g~
cordance with:the pressursimtheintake manifold
of said engine, fourth megns:for varying said elec=
tricaliquantity i accordance with:the position: of
amanually: movable control member; fifth: means
for varying:said: eleetricgl: quantity in:accordance
with:the rate of flow of fuelthrough said:fuel con-
duit, and means: responsive: to: saidi electrical
quantity: for controlling- the: flow of fuek through
said- fuel conduit, ) :

29:. A fuel: supply- system: forc gm internal:.com~
bustion engine; comprising a: conduit. for combus-
tion air flowing to:said engine;, a:conduit: for fyel
flowing to-saidiengine; an: electrical civcuit, means
responsive- to- the: magnitiide: of: a undirectibnal
eleetrical quantity: in- said eircuit for-controlling
the: flow- of fuel through saidg: fuel: condiit;. first

means.: for" varying: the: magnitiude of saidt elee- -

trical quantity in, accordanceswitly the:vate of flow
of: air through. said: air conduit andi effectivy to
vary said: magnitude: in: a. fuel flow: ‘increasing
sense-in response to-am inerease-in: the:rate of air
flow,, sand: second- means for- varying: the: magni=
tude of sa-id‘,electr.ica«l.quantity.'imaccandaalce with

. the volume-of fuel flowing: through: said: fuel con-

duit-per unit time-and effective: te. vary saidimag=
nitude-in a fuel flow decreasing sense: im response
to. ani increase in: the-rate of. flow: of fuel: -

30. In. & charge forming. device for imternal
combustion engines, fuel bassage: means for sup-
plying fuel to. the: engine. having: orifice: means
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therein: for setting ups & differentisl: of: fuel: prese
sures,. air- passage means: for supplying air to:the
engine: Raving: a.venturi therein: for setting up'a
differential’ of: pressures: pbroportional: to air Aow
therethrough;, valve means for: controlling the
fuel flow: to said: orifice means,. eletre—-responsiyve
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. ta
Dressure changes and to: temperature changes i
the'air in said venturi: to said differential of fuel
pressures and: to. said: diverential of aip pressures:

3I..In a charge forming device for:an. internal
combustion: engine; fuel metering mesns: for set-
ting up a differential: of fuel bressures, gir mreter-
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 cireuit;
pressure-electric means having theit- electric ele=
ments connected in'said circuit andg having- their
bressure 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 bpressure.affecting the
electric elements of said bressure-clectric means,
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