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CHARGE FORMING DEVICE 
Frank C. Mock, South Bend, Ind., assignor to 
Bendix Aviation Corporation, South Bend, Ind., 
a corporation of Delaware 

Application November 20, 1944, Serial No. 564,287 
(Cl. 261—39) 3 Claims. 

This invention relates to charge forming de 
vices or carburetors for internal combustion en 
gines, and includes among its objects: to prO 
vide a carburetor particularly adapted for air 
craft engines which will supply fuel to an engine 
in a predetermined fuel/air ratio over a wide 
range of air densities and under varying Oper 
ating conditions; a carburetor wherein Wenturi 
suction may be maintained substantially con 
stant with increasing altitude for any given air 
flow; a carburetor wherein the loss or pressure 
drop resulting from air flow through the car 
buretor at high velocities is reduced to a mini 
mum; a carburetor which will meter fuel accu 
rately irrespective of changes in air density and 
hence velocity of flow through the air-intake 
system; to adapt a variable Venturi air-intake 
system to carburetors for aircraft engines and 
especially carburetors of the injection type uti 
lizing a measure of mass air flow to control the 
fuel flow; to eliminate or modify the effects of 
so-called “velocity enrichment' in injection car 
buretors; to adapt a variable Wenturi type air 
intake to the fuel-regulating and control units 
of fixed or plain tube injection carburetors with 
out requiring material changes in the metering 
system and related parts; to provide a carbu 
retor capable of handling Wide variations or ex 
tremes of intake air density and thereby, among 
other advantages, adapt it for mounting on the 
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atmospheric side of a two-stage or multiple su- i 
percharger system; and otherwise improve the 
metering or fuel - feeding characteristics of 
charge-forming devices. 
One of the factors which adversely influence 

accurate metering in injection carburetors for 
high-altitude aircraft engines is the increase in 
velocity of the air flowing through the carbu 
retor resulting from a decrease in density as an 
airplane ascends to high altitudes. In a carbu 
retor of the type with which the present inven 
tion is particularly concerned, the fuel valve 

... which admits fuel to the carburetor and hence 
controls the fuel metering head is regulated by 
imposing Wenturi differential pressure which con 
stitutes a measure of air flow, commonly termed 
the 'air metering force'. On an air diaphragm 
which tends to open the valve and is balanced 
for a given air flow by the differential between 
metered and unmetered fuel, or "fuel metering 
force' imposed on a fuel diaphragm, which tends 
to close the valve, the air metering force Con 
trolling the fuel metering force. A charge is 
thus delivered to the engine having a predeter 
mined weight or measure of air and a predeter 
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mined weight or measure of fuel. The control 
ling or actuating force on the air diaphragm is 
obtained by taking a measure of Scoop pressure 
and conducting same to a pressure chamber lo 
cated at one side of the air diaphragm and ap 
plying Venturi suction to a suction chamber lo 
cated at the other side of said diaphragm. The 
suction is usually obtained by means of a small 
or boost venturi located in a position with respect 
to the main venturi such that the air leaves the 
boost venturi at a point of maximum pressure 
drop in the main venturi, thereby materially in 
creasing the pressure drop at the throat of the 
boost venturi. The pressure and suction cham 
bers are connected by one or more calibrated 
mixture control bleeds which permit a predeter 
mined flow of air through the air diaphragm 
system; and by regulating this flow of air by 
means of an altitude aneroid, the air metering 
force is automatically controlled in accordance 
With air density and hence mass air flow. 
The accuracy of metering with such system of 

Carburetion depends on the air flowing through 
the carburetor following the laws which govern 
air flow. Assuming an air venturi of constant 
area, the depression or suction developed at the 
throat of the venturi varies as the velocity 
Squared times the density. Thus as altitude is 
gained, for a given air weight flow, the meter 
ing suction and also the resistance to fdow (car 
buretor loSS) vary inversely as the air density, 
the metering pressure head (inches of water) 
varies inversely as the air density, and the 
fuel/air ratio varies inversely as the square root 
of the air density. However, there is a limit to 
the velocity of flow through the venturi above 
Which the laws governing air flow do not hold 
true due to so-called "compressibility effects' in 
the air stream. This limit may, for a given size 
venturi, be 400 to 450 feet per second and be 
yond this limit the Wenturi differential pressure 
which governs the air metering force increases 
at a rate greater than the square of the air veloc- . 
ity, causing enrichment of the fuel charge. 
Again, with a fixed venturi there is a loss in 

power resulting from friction as the velocity in 
creases with decrease in density. If a carburetor 
loSS of say .8 inch of mercury be assumed at 
ground level, the air charge to the engine will 

55 

be approximately in the proportion of 29.2/30, but 
at 30,000 feet altitude where the air density is 
37 of that at ground level, the pressure drop 
through the carburetor will be from 8.9' Hg to 
6.6” Hg, a loss of approximately 30 per cent of 
the power. 
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The ability of a carburetor to handle wide vari 
ations of air intake density also adapts it for 
mouting on the atmospheric side of a two-stage 
supercharger system and use of the carburetor 
throttle as the power control irrespective of 
whether the main or both the main and auxil 
iary superchargers are active, thereby simplify 
ing the control mechanism, giving added space 
between the Superchargers for an intercooler and 
at the same time injecting fuel into the main 
stage Supercharger; as contrasted with mount 
ing of the carburetor between stages with the 
interCOOler placed beyond the main stage or en 
gine-driven supercharger where it may condense 
fuel already vaporized by the Supercharger. 
Many and varied types of variable venturi and 

methods of controlling same have been proposed 
to regulate the fuel charge and avoid frictional 
losses due to Venturi restriction and thus improve 
the volumetric efficiency of the engine. The 
majority of these systems are concerned with 
automotive engines for ground vehicles, where 
Widely varying air densities are not encountered 
and hence are not important factors to be con 
Sidered. Certain types of aircraft engine car 
buretors utilize variable venturis wherein the 
Wenturi sections function as throttle valves, but 
here the venturi is regulated in relation to power 
requirements and not in direct relation to density. 
The present invention is concerned primarily 
With regulation of a variable Wenturi type of air 
intake System for pressure-feed carburetors to 
maintain air-flow velocity, within a certain pre 
determined range consistent with accurate fuel 
metering as well as to reduce carburetor loss, 
and means coacting thereWith for metering the 
fuel in relation to and as a function of mass 
air flow; although features of novelty and ad 
vantage applicable to carburetors generally will 
become apparent in view of the following des 
Cription taken in conjunction with the drawings, 
Wherein: 

Figure i is a Sectional diagram of a charge 
forming device or carburetor in accordance with 
the invention; 

Figure 2 is a view in elevation of the carburetor 
of Figure 1, the throttle body, regulator and fuel 
control units being omitted; 

Figure 3 is a top plan view of Figure 2; 
Figure 4 is a sectional view taken substantially 

On the line 4-4, Figure 3; 
Figure 5 is a longitudinal Sectional view of 

the Servo-motor for actuating the movable 
Venturi Sections of the carburetor of Figures 1 
to 4, inclusive; 
The carburetor illustrated comprises an air 

intake Section or body 200 which is preferably 
rectangular in interior cross-section, the said 
body being mounted on the discharge end of an 
air Scoop 20 generally opening in the direction 
of travel and defining an air-intake passage 
which directs air into the carburetor. 
Within the body 200 is a main venturi 202 

defined by a pair of movable sections 203 and 
203' Secured at their downstream extremities on 
pivot pins or shafts 204 and 204' journaled in 
Suitable bearings in opposite sides of the body 
200 and projecting beyond the latter for a pur 
pose to be described. To reduce leakage, sealing 
members 205, 205 are provided and are carried 
by resilient brackets 206, 206' which maintain 
the Said members in sealing contact with the 
contiguous Surfaces of the Wenturi sections. To 
prevent formation of an air cushion in rear of 
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4. 
the Wenturi Sections, they are vented as in 
dicated at 207, Figure 4. . 
A boost venturi 208 is supported with its down 

Stream or discharge extremity terminating in the 
throat of the main venturi, or at a point of 
maximum pressure drop in the latter, the said 
boost venturi being provided with an annular 
Suction chamber 209 in pressure communication 
with chamber B of the regulator 26 by way of 
ducts or passages 209' and 209'; and a measure 
Of impact pressure is received by impact tubes 
20 and communicated to impact chamber 2 
and thence to chamber A of the regulator by way 
of duct or passage 2. 
The manner in which the Wenturi sections 

are shifted from One position to another and 
the operating mechanism therefor will be here 
inafter described. 
Beyond the body 200 and suitably connected 

thereto is a throttle body and adapter 212 having 
rotatably mounted therein a pair of coacting 
throttle valves 2 3; and beyond the throttle body 
is a fuel and air duct or conduit 23 having 
mounted therein a first stage supercharger 24 and 
a Second Stage or auxiliary supercharger 25, an 
intercooler 25a being mounted between the 
Superchargers. 
A fuel regulator unit is generally indicated at 

26 (Figure 1) and is adapted to be removably 
mounted to the barrel 200 and throttle body 22, 
the Said unit being in the form of a series of 
castings 27, 28, 29 and 30 detachably connected 
to one another for convenience in assembly and 
repair and defining air pressure chamber A, air 
depression or Suction chamber B, metered fuel 
chamber C, and unmetered fuel chamber D; also 
a relatively large fuel chamber housing a fuel 
Strainer, vapor Separator assembly and fuel valve 
head assembly. Casting 28 is in the form of a 
Spider ring having a hub portion 28a, and cast 
ing 29 is provided with a partition wall 29a. 
Chambers A and B are separated by a flexible 

diaphragm 3 which is securely anchored at its 
outer edge between the castings 28 and 29 and 
is engaged centrally on one side by a rigid plate 
32. and on the opposite side by a thin backing 
plate 33; while chambers C and D are separated 
by a flexible diaphragm 34 which is securely 
anchored at its outer edge between the castings 
29 and 3 and is engaged centrally on one side 
by a plate 35 and on the other side by a thin 
backing plate 36. Chambers B and C are sepa 
rated by the rigid walls 29a and the hub assembly 
Supported thereby. 
The casting 30 defines a main fuel chamber 37 

to which fuel is supplied under pump pressure 
through inlet port 38 and thence passes through 
Strainer 39 to valve-inlet chamber 40 and from 
the latter through valve ports 4 and 58 to 
chamber D of the regulator. Port 4 is con 
trolled by fuel valve 42 forming part of a valve 
assembly which is shown and described in detail in 
the Copending application of Frank C. Mock Serial 
No. 538,153, filed May 31, 1944. In general, it 
consists of a plurality of bushings 43, 44, 45, 46, 
4 and adjustable stop 47a, the fuel diaphragm 
being clamped at its center between plate 35 and 
bushing 44 and the air diaphragm between plate 
32 and bushing 45. A sealing diaphragm 48 is 
Secured at its outer edge to the wall 29a and at 
its center between bushing 45 and a hollow tie 
rod and guide bushing 49; and a sealing and 
balance diaphragm 50 of equal area to diaphragm 
48 is secured at its outer edge to hub 28a and at its 
center between bushings 46 and 47. A passage 5 
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places diaphragm 50 in pressure-communication 
with piston chamber 52a of an accelerator pump 
generally indicated at 52 and including a piston 
52b provided with operating linkage 52c, (which 
is preferably throttle-actuated), a check valve 52d 
and a pressure-relief valve 52e. A balance chans 
nel 53 having a restriction therein communicates. 
passage 5 with fuel chamber D, and another 
channel 53a, also having a restriction therein, 
vents the chamber of diaphragm 56 to said fuel 
chamber. When the piston 52b is actuated by the 
throttle or other means, On its upstroke fuel is 
drawn into chamber 52a from the fuel chamber 
through passage 54 past valve 52d, and on its 
downstroke pressure is applied to diaphragm 50 
and the fuel valve is opened to correspondingly 
increase the metering pressure. 
An idle Spring 55 is located in a chamber de 

fined by the tie rod and guide bushing 49 and 
functions to maintain a substantially constant 
metering head when the air metering force acting 
on diaphragm 3 fails below a certain prede 
termined value. To permit this spring to so act, 
the fuel diaphragm 35, fuel valve 2 and bushing 
A4 are assembled to move in unison as a single 
unit; and likewise the air diaphragm 3, bush 
ings 45, 46 and 47, guide stem and bushing $9, 
sealing diaphragms 48 and 50 and associated parts 
are also assembled to move as a single unit. AS 
long as the air metering force (differential be 
tween scoop and Wenturi pressures) is above a 
certain value, or above the idling range, both the 
air and fuel diaphragms act as a unit on valve 
42, but when said force drops below such value, the 
air diaphragm moves to the left until bushing 
contacts adjustable stop 67a, whereupon the fuel 
valve is held open by Spring 55 sufficiently to 
produce a metering head consistent with the de 
sired idling mixture. For a more Comprehensive 
description of the operation of the idling system, 
reference should be had to application Serial No. 
538,153 above noted. 
A feature of the fuel valve assembly and coact 

ing parts is that means are provided for neutral 
izing unbalanced forces or load stresses on the 
fuel and air diaphragms. These unbalanced 
forces may result from a number of causes. Theo 
retically, the diaphragms should exactly balance 
one another in their action on the fuel Valve, but 
there are certainmechanical forces to be reckoned 
with. Thus, there is a certain amount of elasticity 
or spring effect in the diaphragm material which 
tends to resist movement from a neutral position; 
the area of each diaphragm changes slightly as it 
unfolds, and there is a Suction effect through the 
discharge Orifice as the fuel valve opens which 
tends to resist opening movement. In the present 
instance, two fuel discharge orifices and valve 
members therefor are provided which are so con 
structed and arranged as to oppose one another 
and balance out or neutralize these unbalanced 
forces. The head assembly for the fuel valve 42 
is Supported and guided by a sleeve 56 formed 
integrally with a housing 57 defining a chamber 
57a, said housing in turn being formed integrally 
with a partition wall 57b. In addition to the 
orifice 4, there is fuel-discharge orifice 58 pro 
vided by a seat 59 carried by a mounting ring or 
sleeve 60 adjustably threaded into a hardened 
steel bushing 6. The right-hand extremity of 
the fuel valve 42 is provided with a tapered valve 
member 62 adapted to control the orifice 58. Fuel 
discharged through orifice 58 flows into chamber 
57a and thence by way of channels or ducts 63 
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into chamber D of the regulator. The respective 
areas of the discharge orifices 4 and 58 and the 
tapers of the valve members coacting therewith 
are correlated in a manner such as to balance the 
fuel valve and parts coacting therewith through 
out the range of movement of the valve. Fuel 
flowing into chamber 40 is under pump pressure 
which is always higher than the pressure in 
chamber D of the regulator, but as the fuel flows 
through the discharge orifices 4 and 58, there is 
a Suction action which tends to draw their valve 
members towards closed position, and primarily 
the balancing is by way of regulating this suction 
effect so that the force tending to open one valve 
member is opposed by an equal force tending to 
close the other valve member, although other 
factors must be considered, such as pressure 
differential on opposite sides of the orifices, sur 
face areas exposed to pressure and the flow 
capacity of the ducts 63. 
A baffle 64 serves to diffuse the fuel discharged 

through orifice 4 and reduce the tendency to 
form vapor in the system, while the multiple flow 
channels or ducts 63 act as diffusers for fuel dis 
charged through orifice 58. 
The chamber 37 in which fuel is received from 

the fuel pump (not shown) and unmetered fuel 
chamber D are provided with vapor-separating 
Systems including vent plugs 65 and 65’ respec 
tively, having vents therein controlled by float 
valves 66 and S6' which open the vents when 
Vapor collects sufficiently to lower the fuel level 
adjacent the float to a point where the float opens 
the valve. Vapor so vented flows through line or 
conduit 6 back to the fuel tank (also not shown). 
The fuel control unit, generally indicated at 
9, receives unmetered fuel from the regulator 26 

by means of fuel passage or conduit 7 f ; it con 
tains idle valve 72 rotatably mounted in a casing 
2a and provided with a stem or shaft 73 and 
arm 4 having a connection with the throttle 
linkage (not shown), a spring 75 preventing play 
in the valve mounting. The valve. is shown in 
Open position; it receives the initial flow of fuel 
from conduit 7 and the fuel passes therethrough 
to the metering jets, three in number in the pres 
ent instance, viz: automatic lean jet 76, auto 
matic rich jet T and power jet 78. A power en 
richment valve 79 is provided and is operated by 
a diaphragm 9a subjected to the differential be 
tween unmetered and metered fuel pressure and 
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arranged to open valve 79 when the fuel meter 
ing force attains a certain value, the valve 79 
constituting the metering element during the 
early part of the power enrichment range and 
the jet 18 taking over at higher power flows. 
The metering jets are located in flow channels 

which open into fuel discharge conduit 80 
through ports controlled by a manual mixture 
control valve 8 provided with a handle 8 a. 

Metered fuel pressure is communicated back 
to C by means of duct or conduit 82, and said 
latter chamber is relieved of air or vapor by 
means of duct or conduit 83 discharging into con 
duit 80 and having a suitable restriction 83a 
therein. A regulator fill valve 84 operated by a 
cam. On the shaft of the valve 8 allows chamber 
C to fill with fuel when the carburetor has been 
empty; it is held open in all positions of said 
valve except idle cut-off. This construction is 
more particularly shown and described in U. S. 
Patent No. 2,361,227. 
The conduit 80 conducts metered fuel under 

pressure to a discharge nozzle 85 located in the 
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conduit 23 and arranged to discharge fuel into 
the eye of the main stage supercharger 24. Noz 
zle 85 may be set to open under a predetermined 
pressure, for example, five to fifteen pounds per 
Square inch. 
The fuel regulator unit 26 and the fuel control 

unit 70 as shown and described herein incorpo 
rate certain features disclosed and claimed in the 
following commonly owned copending applica 
tions: Serial No. 202,206, filed April 15, 1938, now 
Patent No. 2,390,658; Serial No. 362,572, filed Oc 
tober 24, 1940, now Patent No. 2,447,261, and Se 
rial No. 255,676, filed February 10, 1939, now Pat 
ent No. 2,447,264. 
The opposite ends of the shafts 204, 204' which 

project beyond the Venturi housing or body 200 
have secured thereon intermeshing gears 25, 
25 and 26, 26, and beyond said gears 25 
and 26 said shafts have fixed thereon toggle 
arms 27 and 27' which are yoke-shaped and 
slotted at their lower ends to provide a pivotal 
connection for the outer ends of a pair of ad 
justable toggle links 28, 28', the inner ends of 
the latter being pivotally connected to a yoke 
29' adjustably threaded on the one end of a 
link 2 19. At its opposite end, link 29 is pro 
vided with another yoke which is adjustably piv 
oted to the one end of a lever 220, the opposite 
end of the said lever being pivotally anchored 
to a relatively stationary supporting bracket 22 
by means of links 222. At an intermediate point 
along its length, lever 220 is provided with a full 
crum connection in the form of a yoke 223 which 
is adjustably threaded on the one end of a Servo 
motor pitman or connecting rod 224 constituting 
part of a servo-motor generally indicated at 225 
and shown more or less in detail in Figure 5. 
The servo-motor 225 consists of a series of 

castings which when assembled with diaphragms 
226, 227 and 228 provide a plurality of chambers 
229, 230, 23, 232, 233 and 234. The diaphragms 
are clamped between reinforcing plates which at 
their centers are Secured to the rod 223, Which 
projects through and is guided by a series of rigid 
partitions, and at its upper or left-hand end 
(depending upon whether the servo is used in a 
vertical or horizontal position) abuts a cap 235 
closing the adjacent end of a valve sleeve 236 
slidable in a tubular bearing 23 fixed in an elon 
gated tubular housing 238 which is flanged at its 
lower end and secured to the servo body. The 
sliding valve sleeve 236 is provided with an inlet 
port. 239, a discharge port 240 adapted to register 
with a like port 240 formed in the bearing 237, 
and a drain or exhaust port 24 adapted to reg 
ister with a like port 24 f' formed in said bearing. 
A chamber 242 is formed in the housing 238 at 
the upper end of sleeve 236 and therein is dis 
posed a relatively weak spring 243 which urges 
the sleeve downwardly and maintains the cap 
235 against the adjacent end of rod 224. 
A Spring-loaded bellows 244, responsive to 

changes in pressure and temperature and there 
fore density, constitutes part of a control unit 
including bellows housing 245 which is threaded 
into a bushing 246 in turn threaded into the 
upper end of the elongated housing or column 
238. The bellows housing 245 is vented to the 
atmosphere or to the air scoop; and connected 
to the movable end of the bellows assembly is 
a valve rod 247 which is relatively slidable with 
respect to sleeve 236; it has a relieved portion 
248 and valve portions or lands 249 and 250, the 

0. 

5 

20 

25 

30 

35 

40. 

45 

50 

55 

60 

65 

75 

valve portion 250 functioning as a gradual bleed 
as the valve rod moves downWardly. 
Within the chamber 229 is a return spring 25 

which urges the rod 224 upwardly against the 
controlling pressure in chambers 230, 232 and 
234 and which latter pressure is governed by the 
action of the bellows 244 and the valve rod 24. 
The servo is particularly adapted for fluids of 

low viscOSity such as gasoline or like motor fuels. 
In operation, fuel under pump pressure of, for 
example, fifteen to seventeen pounds is conducted 
to inlet port 239 by means of pipe or tube 252 
and enters by way of inlet port 253. As shown in 
Figure 5, the parts are in low-altitude position, 
the valve portion 250 substantially closing dis 
charge port 240, the bellows 244 is collapsed and 
the rod 224 retracted. As air density lowers, as 
by increase in altitude, and the pressure Sur 
rounding bellows 244 decreases, the latter tends 
to elongate, moving valve rod 247 downwardly 
and bleeding fluid under pressure through ports 
240, 240' into pipe or tube 254 which branches 
off into servo chambers 230, 232 and 234, caus 
ing pressure to build up in these chambers and 
move rod 224 downwardly against the resistance 
of spring 25 f, the valve sleeve 236 also moving 
downwardly due to pressure of spring 243 with 
rod 224 until land 250 sufficiently laps port 240. 
Due to the low viscosity of the fluid and the ne 
cessity of maintaining free action of moving 
parts, and particularly the bellows-controlled 
valve rod 247, there is a leakage of fluid be 
tween the valve sleeve 236 and bearing 237 and 
between the valve rod 247 and said sleeve. Part 
of this leakage or drain fluid escapes by way of 
ports 24, 24' and out through pipe 255, and 
part by way of chamber 242 and out through pipe 
256 and thence to pipe 255. There may also be 
leakage past the diaphragm connections from 
servo chambers 230, 232 and 234 into chambers 
229, 23 and 233, and hence these latter cham 
bers are connected by way of exhaust ports 257 
and pipe 257 with drain or exhaust pipe 255. 

Pipe 255 may be connected to the fuel dis 
charge nozzle, in which event the leakage fluid 
would be maintained at a pressure of say five 
pounds and this pressure would be additive with 
respect to the pressure generated by spring 25; 
or as here shown said pipe may lead back to the 
fuel tank, in which event the leakage fluid would 
be at substantially zero gage pressure. In prac 
tice, the leakage has been conducted to the fuel 
discharge line with satisfactory results, although 
there may be some objection to the slight varia 
tion in the regulated fuel feed occasioned by the 
additional fuel. If so, the line 255 may be con 
nected to the supply tank or any other point 
where the pressure is of proper value with respect 
to the supply pressure. 

Should there be an increase in density, as 
where a plane moves from a high to a lower alti 
tude, the bellows 244 will contract, thereby re 
tracting valve rod 247. As land 250 moves above 
port 240, pressure fluid from chambers 230, 232 
and 234 can escape through drain port 24 and 
pipe 255 until the Spring 25 has moved the rod 
224 and sleeve 236 upwardly until land 250 again 
laps port 240. The sleeve 236 is thus made to 
follow the movements of the aneroid and its 
stem 247. 
When the engine is in operation, air is drawn 

into the air Scoop and thence through the boost 
venturi 208 and the main venturi 202, and a dif 
ferential pressure is created between the throat 
of the boost venturi and the air inlet, which at 
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constant entering air density, is proportional to 
the Square of the quantity of air flowing. These 
respective pressures are transmitted to chambers 
A and B of the regulator unit (note Figure i) and 
create a net force on the air diaphragm tending 
to open the fuel valve 42. When the valve opens, 
fuel under pressure flows into the unmetered 
fuel chamber and thence to the fuel control body 
or unit, where it flows through any one or more, 
of the respective metering orifices, depending 
upon the position of the manual control valve, 
and thence through the discharge nozzle 85 from 
which it is discharged under nozzle pressure to 
the air stream flowing to the engine. The dif 
ferential between metered and unmetered fuel, 
the “fuel metering force,” opposes the air meter 
ing force and acts in a direction to close the fuel 
valve, the latter being thus caused to adjust itself 
to a point of equilibrium such that the differential 
pressure across the fuel metering orifices is equal 
to the differential between the air inlet and the 
venturi, whereby constant fuel/air proportioning 
is maintained. As engine speed is decreased, the 
rate of air flow through the venturi is decreased, 
thereby decreasing the differential pressure act 
ing on the air diaphragm, causing the fuel valve 
to move towards closed position and thus de 
crease the fuel flow to compensate for decreased 
rate of air flow. Thus the air metering force 
controls the fuel metering force. 
As heretofore noted, to obtain proper altitude 

compensation, the area of the main venturi 
should vary inversely as the Square root of the 
density; and the bellows 244 which controls the 
servo notor 225 is loaded and calibrated to move 
the Wenturi Sections in this ratio. In regard to 
the connecting linkage or motion-transmitting 
mechanism between the servo and Wenturi Sec 
tions, here again the design should be in accord 
with the above formula. Thus should the density 
decrease, as by a gain in altitude, the bellows 
244 will tend to elongate, thereby moving the 
rod 224 downwardly which in turn acts through 

, the linkage 220, 29, 28 and 27 to rotate the 
gear wheels 26 in a direction Such as to cause the 
sections 293 of the venturi to move apart and 
increase the area of the venturi sufficiently to 
maintain the metering suction substantially con 
stant irrespective of the decrease in density. In 
the position shown in Figure 2, the toggle link 
age 28 is in the position it will assume when 
the Venturi sections are in their minimum throat 
area or high density position. Such density need 
not necessarily be that obtaining at ground level, 
since the density may be higher due to ramming 
and temperature effects. When the linkage 
moves downwardly, it will cause the arms 27' 
to move inwardly, thereby rotating gear 25 in 
a counterclockwise direction and gear 26 in a 
clockwise direction, imparting an opening move 
ment to the Wenturi sections. Thus for a given 
mass air flow, the differential pressure in cham 
bers A and B will remain constant, and auto 
matic altitude compensation is obtained. 
The servomotor of Figure 5 is particularly 

adapted for pressure-feed carburetor Service in 
that it is capable of functioning with the car 
buretor as a self-contained unit. However, other 
power devices could be utilized. For example, it 
may be desired to use an electric circuit incor 
porating suitable resistances and relays capable 
of transmitting a gradual opening and closing 
movement to the Wenturi Sections in relation to 
the travel of the bellows 244. Also, it will be ob 
vious that the mechanism for actuating the 
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10 
Wenturi sections may be modified, as for example, 
by using the toggle linkage of the plural stage 
type of carburetor first described. 
Although the invention has been described in 

connection with a carburetor wherein the fuel 
is delivered into the induction passage leading 
to the engine, it will be obvious that it is equally 
applicable for use in systems wherein the fuel is 
introduced directly into the engine cylinders or 
into the manifold adjacent the intake valves of 
the engine, or into the induction passage at any 
desired point, either anterior or posterior to the 
throttle. 
It will be understood that the foregoing and 

other changes in construction and arrangement 
of the parts of the carburetor as well as in the 
controls therefor may be adopted . Without de 
parting from the spirit and scope of the invention 
as defined by the appended claims. 

I claim: 
1. In a pressure-feed carburetor having a 

throttle-controlled air-inlet provided with a main 
venturi and a boost venturi coacting therewith, 
said main venturi being comprised of movable 
sections adapted to be opened and closed to vary 
the air-intake area of the venturi, a discharge 
nozzle adapted to open under predetermined pres 
sure and discharge fuel into the air stream pos 
terior the throttle, a fuel-supply passage having 
a metering restriction therein and receiving fuel 
under pressure at its 'intake end and terminating 
at the said nozzle, a fuel valve controlling the 
flow of fuel through said passage, means regul 
lating said fuel valve including an air diaphragm 
having on one side thereof a pressure chamber 
to which a measure of impact pressure is com 
municated from the air intake and a depression 
chamber on the opposite side thereof subjected 
to metering suction from the boost venturi, there 
being a mixture-control bleed between said cham 
bers which determines the differential pressure 
on said diaphragm for a given mass air flow, a 
fuel diaphragm opposing the air diaphragm and 
subjected on One side thereof to metered fuel 
pressure and on the other side thereof to un 
metered fuel pressure; a hydraulic servomotor 
operatively connected to said movable sections 
for imparting opening and closing movement 
thereto, a servo valve controlling flow of hydraulic 
fluid to said servomotor, and means responsive 
to changes in density of the atmospheric air. for 
controlling said servo valve. 

2. In a pressure-feed carburetor having an air 
intake passage provided With a main venturi 
made up of movable sections and a fixed boost 
Venturi coacting with the main venturi, a fuel 
flow passage provided with a fuel valve for ad 
mitting unmetered fuel to said flow passage, 
metering means in said fuel flow passage, means 
for conducting fuel under pressure to said fuel 
Valve, means for controlling said fuel valve in 
cluding an air diaphragm subjected to the dif 
ferential between impact pressure at the air in 
let and boost Venturi suction and a fuel dia 
phragm subjected to the differential between 
metered and unmetered fuel flowing through said 
fuel flow passage, a servomotor operatively con 
nected to Said Wenturi sections for actuating the 
latter to vary the area of the venturi as a func 
tion of air density, said servomotor being pow 
ered by fuel under pressure, a valve controlling 
the admission of fuel to said servomotor, and 
means responsive to changes in density of the 
atmospheric air for Controlling said latter valve. 

3. A pressure-feed carburetor having an air 



2,470,098 

intake passage provided with a main venturi 
made up of movable sections and a fixed boost 
venturi coacting with the main venturi, a fuel 
flow passage having a metering restriction 
therein, means for supplying fuel under pressure 
to said passage, a fuel valve controlling the ad 
mission of fuel to said passage to thereby regul 
late the metering head, means for regulating said 
valve including an air diaphragm subjected to 
the differential between air-intake pressure and 
Venturi suction and a fuel diaphragm subjected 
to the differential between metered and un 
metered fuel, a pair of rotatable shafts mount 
ing said Venturi sections, power means opera 
tively connected to said shafts including an hy 
draulic ServOmotor having a pressure connec 
tion with the fuel passage anterior said valve, a 
servo valve for regulating the flow of fuel to said 
servomotor, and means responsive to changes in 
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