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48 Claims. 
The invention relates generally to fuel-feeding 

systems or apparatus for internal combustion en 
gines, and more especially to novel and improved 
means or systems for supplying liquid fuel to the 

5 air charge by pressure positively applied to the 
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fuel, in distinction from carbureting the intake 
air in a carburetor. A principal use contemplated 
is in connection with engines of types in which the 
mixture is formed externally of the cylinder, and 
is ignited by Spark, in distinction from compres 
Sion-heat ignition, although the mode of ignition 
per se does not affect the invention-devices. 
Although not limited to such uses, the inven 

tion is especially valuable in application to air 
craft engines, wherein the problem of properly 
metering fuel delivered by pump or like action 
to the intake air at a point anterior to the Com 
bustion chamber, is greatly complicated by the air 
pressure variations caused by changes in eleva 
tion of the aircraft from sea level to high alti 
tudes, as well as by air pressure variations in the 
mixing space or "manifold' caused by changes 
of throttle position, both of which factors af 
fect the weight of the air charge in different ways, 
as will appear. 
The general object of the invention is to supply 

to such engines under the varying operating con 
ditions, a mixture of combustible proportions, to 
maintain the air-fuel ratio approximately con 
stant when so desired, and/or to vary the pro 
portions as is desirable under certain conditions. 

Typical Suction operated carburetors have the 
capacity to proportion the mixture approximately 
satisfactorily under the various air-service condi 
tions; but in the absence of a Suction operated 
carburetor and With pump or analogous fuel Sup 
ply, an inventive problem is involved in practic 
ally controlling the air-fuel proportion. 
A principal object of the invention is to provide 

in fuel Supply systems of the character defined, 
fuel proportioning means which Will operate auto 
matically and keep the mixture approximately 
uniform, and/or to vary the proportions within 
the desired ranges in Some cases, thus largely or 
entirely relieving the operator of the necessity to 
arbitrarily manipulate or readjust the fuel mech 
anism while flying, and making this general mode 
of fuel supply commercially practical. 
In a system of the stated character, in attempt 

ing to automatically control the fuel supply, in the 
absence of a corburetor and the inherent capac 
ity of air flowing through such an instrument 
to take up fuel in approximately proper propor 
tions, it is necessary to utilize other forces than 
air-flow to effect fuel proportioning; and a prin 

(C. 123-5) 

cipal feature of the invention is the utilization of 
variations of pneumatic pressure occurring at dif 
ferent altitudes and at different throttle settings 
to proportion the fuel properly to the air charge. 
This general principle of pneumatic control is 5 
utilized in the present embodiments in different 
WayS. 
In preferred cases, the fuel pump action, or the 

rate of fuel flow from a pressure source, is con 
trolled more or less directly by an instrumentality 10 
which is itself directly responsive to altitude-pres 
Sure-variations. In other cases, this fuel control 
is effected or affected by an instrumentality re 
Sponsive to pressure in the mixing space or mix 
ture duct between the throttle and the engine; 15 
i. e., as commonly expressed, in the “manifold'. 
Also, in Some cases, these principal controlling 
methods or means may be employed cooperatively. 
In Some cases, also, the instrumentality which is 
responsive to pressure in the mixing space may be, 20 
at the same time, more or less directly responsive 
to external atmospheric pressure. 

In some cases, also, the apparatus or system 
may include, in addition to one or more such 
pressure-responsive instrumentalities, means of 25 
more mechanical character, which may coop 
erate with or modify the action of such pressure 
responsive, or pneumatic means. An example of 
Such a mechanical instrumentality is a device 
positioned by variations in throttle setting and 30 
connected more or less directly in a mechanical 
Sense to the fuel-supply-regulating element, and 
which is itself acted upon, or cooperates with, a 
preSSure-responsive instrumentality to affect the 
position of the fuel-controlling element. 35 

In Some preferred forms, a principal feature 
of the invention consists in a novel and improved 
fuel-Supply apparatus, including a continuously 
feeding or non-metering pump, fuel chambers, 
and fuel-flow control means constructed and ar- 40 
ranged to maintain a desired high fuel feed pres 
sure and at the same time to meter the flow to 
the mixing Space at or in an Orifice which is sub 
jected at its opposite ends to a fuel pressure dif 
ference of a relatively or definitely small amount, 4.5 
thus providing high injection pressure with a low 
metering pressure; or, in other words, it is thus 
possible to provide a metering orifice and needle 
valve of Substantial diameters which can prac 
ticably be produced with necessary accuracy; 50 
whereas when the full Supply pressure, of the 
order, for example, of four hundred pounds per 
square inch, is applied to the metering Orifice, in 
order to keep the total flow down to the necessary 
maximum, the orifice must be extremely Small 55 
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2 2008,143 
and the needle valve of correspondingly Small 
size and delicate character, So that practical Com 
mercial production is difficult and expensive, or 
impossible. 
This fuel supply apparatus, while especially ap 

plicable to fuel Supply regulating Systems of pres 
ent character, is not limited to such uses, but is 
evidently available, with or without modification, 
in a great variety of cases where fuel is to be 
supplied under more or less analogous conditions, 
against substantial back pressure; as, for ex 
ample, that afforded by the Spring of an injection 
valve, or by internal pressure in the vessel or 
chamber into which the fuel is introduced. 
The invention is based largely upon determina 

tion, by study and experiment, of the fact that 
in an engine of the subject character, Variation 
in the weight of the air charge caused by altitude 
variation is at a different ratio from that caused. 
by variations in the throttle opening; and in de 
vising means or apparatus to effect the desired 
control of fuel, in certain of the preferred forms, 
as here disclosed, such means or elements are 
designed to act responsively to both of these Wa 
riation ratios in a manner to provide a substan 
tially uniform mixture, or when desired, also to 
wary the fuel proportion substantially under cer 
tain conditions, as Will appear, m 
While a principal utility of the invention is in 

connection with aircraft engines, it is also ap 
plicable to engines of other types or those used 
for other purposes, too numerous to mention, but 
Some of which are briefly referred to hereinafter. 
The characteristics and advantages of the in 

wention are further sufficiently referred to in 
connection with the following detail description 
of the accompanying drawings, which represent 
certain preferred embodiments. After consider 
ing these examples, skilled persons will under 
stand that many variations may be made Without 
departing from the principles disclosed; and I 
contemplate the employment of any structures, 
arrangements, or modes of operation that are 
properly within the scope of the appended claims. 

Fig. 1 is partly in elevation and partly in Sec 
tion, and also of somewhat diagrammatic charac 
ter, showing certain sufficient appurtenances of 
an internal combustion engine and elements in 
cluded in the invention, as embodied in one pre 
ferred form. 

Fig. 2 is a similar view of a modified structure 
or arrangement. 

Fig. 3 is a similar view of another modification. 
Fig. 4 is a diagram explanatory of the prin 

ciples of air-charge weight variation, previously 
referred to. 

Figs. 5 and 6 are diagrams for explanation of 
pressure conditions in a conventional engine and 
its intake paSSage. 

Fig. 7 illustrates a modification of the con 
struction or arrangement of the barometric de 
vice of Fig. 1. 

Fig. 8 is a view similar to Fig. 1, illustrating, 
however, important variations or modifications 
including as a principal item. What is called, for 
convenient identification, an arterior Super 
charger; i.e., one in the air supply line anterior 
to the throttle. 

Fig. 9 is an enlarged view showing the spring 
adjustment of the aneroid of Fig. 1. 

Fig. 10 is a view in elevation showing a modified 
throttle control. 
The principles of construction and Operation 

of the invention devices Will be better understood 
after first considering Some of the fundamentals 

of pressure Variation causing charge Weight Wari 
ations. 
When fuel supply means Such, for example, as a 

displacement type of pump, is employed, which 
can be made to give equal fuel charges per cylin 
der when the engine speed is varied, it is preferred 
in accordance With the invention to coordinate 
the fuel pump delivery per charge with the pres 
Sure of the air in the intake manifold beyond the 
throttle, because when this pressure is constant 
the air charge per cylinder is also approximately 
constant at different engine Speeds at Constan 
altitude. W 

Referring first to a simple engine With conven 
tional carburetor, fuel Supply and throttle, as ill 
ustrated in Fig. 5, where the piston is about to 
start its suction stroke, with the throttle valve 
entirely closed, before the intake valve 3 opens, 
the combustion Space 5 is filled With gas Which 
was equalized, during the previous opening of the 
exhaust valve, to approximately atmospheric 
pressure. After the intake valve opens, this ex 
haust gas fills both the cylinder and itS COmbus 
tion space, and the intake manifold between the 
throttle and the intake Valve, so that, as shown 
in Fig. 6. With no air (or a negligible amount) 
entering the intake paSSage, the preSSure in the 
intake manifold will be to atmosphere as the 
volume of the gas space in Fig. 5 is to that in 
Fig. 6 (temperature effects being disregarded). 
Therefore, referring to Fig. 4, if at sea level there 
is a full air charge corresponding to the point at, 
that is, 30' Hg. absolute pressure, there will be 
a Zero air charge With the throttle entirely closed, 
as indicated at a ', and the preSSure correspond 
ing to any fractional air charge Will be shown by 
the line d-d'. This is found to hold true through 
quite a large range of Speeds, although the actual 
value of a may vary between 28 A' and 30', and 
of ot' between 0 and 12, depending on the 
individual characteristics of the engine and in 
take system. If the engine be taken to an alti 
tude where the air is rarer, approximately the 
same ratio holds true for throttling; for instance, 
at a level. Where the external pressure is b, or 
20' Hg., (disregarding temperature), the air 
charge at full throttle opening will be 20/30 of 
that at sea level. If the throttle be closed en 
tirely, the intake pressure will be 11/30 of 20, or 
7.3’ Hg. as shown at b', and the relation of air 
charge to the absolute pressure will be shown by 
the line b-b'. On the other hand, if the throttle 
be held full open as the altitude and air pressure 
around the engine are changed, the relation of air 
charge weight to the pressure in the manifold is 
direct, as shown by the line a-b--o. 
As otherwise stated, the invention may be said 

to depend, in certain of its principal aspscts, 
upon the following theory, which is stated largely 
for convenience of eXplanation and understand 
ing of Operation of the invention structure, al 
though dependence is not necessarily placed upon 
correctness of this or other theoretical explana 
tions herein contained: 
In an ordinary aircraft engine, assuming it to 
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have a Simple main air intake Opening, a throttle : 
in the air line, and a mixture Space (manifold or 
the like) between the throttle and the engine. 
heads, and disregarding or eliminating the usual 
carburetor, (and also disregarding a supercharger 
anterior to the throttle which may be provided 
in Some cases as later referred to), the pressure 
Variations caused by altitude changes and tend 
ing to modify the charge weight, take effect at 
or through the air intake opening and tend to 
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2008,143 3. 
vary the charge weight at a constant rate. The 
total force available for controlling fuel supply 
rate by utilization of pneumatic pressure, in ac 
Cordance With the invention, is the difference be 
tween normal pressure at sea level and hypo 
thetical Zero pressure (as if the engine could be 
flown above atmosphere, or obtainable by placing 
the engine in a Vacuum chamber). 
The charge weight variations caused by throt 

tling are effective in the manifold or equivalent 
chamber between the throttle and the engine, at 
or from which general location these pressure 
variations are utilized in the invention to effect 
a fuel control appropriate to these variations. 
The total force exerted or available at the stated 
location for the stated purpose has not a range 
from zero to the maximum obtainable by altitude 
variation, namely, 30' Hg. absolute, but this range 
commences at a minimum which is approximately 
11' Hg. with fully closed throttle at sea level and, 
of course, with zero air charge, this minimum 
with closed throttle decreasing with increase of 
altitude; and from the stated varying minimum, 
the range of variation of course runs to the maxi 

8 mum available at full throttle opening, that is 
30’’ Hg. absolute at sea level, and decreasing to 
zero at some hypothetical altitude or in a vacuum. 

It thus appears that the force available for fuel 
adjustment by altitude directly varies in a simple 
ratio, while that available for adjustment in ac 
cordance with throttling varies in a more complex 
ratio; that is, the manifold pressure variation may 
be said to be simple at each altitude, and for any 
throttle setting the manifold variation with re 
spect to different altitudes is also simple, but the 
combined ratio which is effective under flying 
conditions on account of continual changes in 
elevation and variations in throttle setting, is 
quite complex. 

In certain of the preferred practical embodi 
ments, in order to obtain optimum advantages of 
the invention, the fuel adjustment is affected by 
a first device directly responsive to external 
atmosphere, and at the same time the adjust 
ment is effected by a second device, which is 
primarily responsive to the manifold pressure, 
and without further provision will, in coordina 
tion with the first-named device, attain a fuel 
adjustment which is fairly accurate and Satis 
factory in all cases. If preferred, the Second 
named device may be made at the Same time re 
sponsive to direct atmospheric pressure, thus 
introducing into fuel adjustment by this second 
device what may be called a correction for alti 
tude; and when the two devices, having charac 
teristics, as last stated, are coordinated, the fuel 
adjustment accuracy is very close to the Severest 
practical requirements. 
In some cases, the system organization may 

include, in addition to other items mentioned 
previously to the preceding theoretical explana 
tion, a supercharger, or supercharging blower, 
delivering its output to the air supply passage in 
advance of the throttle, thus creating in the air 
passage at this point, that is, between the main 
supercharger and the throttle, a pressure above 
atmosphere, which may be considered for the 
present purpose as an artificial atmosphere an 
terior to the throttle; and in the just stated Sys 
tem organization, this pressure is momentarily 
applied in lieu of the actual atmospheric pressure 
to effect the desired fuel regulation; or, in other 
words, the fuel adjustment is in this case made in 
accordance with a pressure equal to atmosphere 

plus, the "plus' representing the additional pres 
Sure to to the Supercharger. 
Some Or all of the previously stated facts or 

principles are utilized in a practical way for the 
invention purposes in the structures disclosed, of 
which Fig.1 shows a preferred form, representing 
an embodiment of the nature just above discussed 
in general terms; that is, one having an instru 
mentality responsive directly to atmospheric 
pressure and another instrumentality responsive 
to manifold pressure and also to atmospheric 
pressure, although the latter function may in 
Some cases be eliminated; and these instrumen 
talities are arranged to control the fuel Supply 
adjusting device. 
As here shown, a main air intake duct or pipe 9 

leads to a rotary distributor or supercharger 2 
of an internal combustion engine which, as here 
sufficiently illustrated, is of a radial aircraft type. 
The intake air passage 9 contains the throttle 
which is operated by a rod 3 extending from the 
pilot's cockpit. The pilot thus controls directly 
the air charge of the engine While the fuel charge, 
as will be described in detail, is automatically 
controlled by the engine speed (or intake mani 
fold pressure as effected by the throttle Opening 
and speed) and/or by altitude. In some cases, 
as further referred to below, a main Supercharger 
or supercharging blower may be employed to 
supply air at higher than atmospheric pressure 
to the air passage leading to the throttle; and in 
Such cases an instrumentality such as the rotary 
distributor 2 just above mentioned, if used, will 
generally be employed principally as a distributor 
or fuel mixer. 
The invention structure as shown in Fig. 1 and 

elsewhere is a SSOciated. With a radial aircraft 
engine, since its advantages are fully utilized in 
Such an adaptation. An instrumentality such as 
the blower f2 is not essential to the invention, 
but is here shown as representing approved prac 
tice in aircraft engines, and serves to or assists in 
atomizing and properly distributing fuel intro 
duced into the air line in the manner presently 
referred to. The blower discharges' into a gen 
erally, annular chamber 5 from which pipes lead 
to the intake parts of the various cylinders, as 
usual in this type of engine. 
Ayieldable device such as is desirably inter 

posed in the manual throttle control as described 
in detail below. 

It is to be understood that the entire air pas 
Sage between the throttle and the engine heads 
represents broadly an intake manifold, and the 
pneumatic connection for fuel control in accord 
ance With throttle positioning is at a convenient 
point in this manifold or air space between the 
throttle and the engine proper. 
Any known or suitable fuel pump 9 is pro 

vided. As illustrated, this pump is of a known 
form, details of the pump structure being unim 
portant, except as presently mentioned. Fuel is 
supplied to the pump at 2 and is delivered from 
it through a pipe 23 to an injection orifice or 
nozzle 25. in the air conduit arranged to deliver 
the fuel to the intake of the blower 2, in accord 
ance with the selected fuel-supply, mixing and 
distributing arrangement although obviously it 

- may be injected into the engine at any other 
desired point. In the pump are plungers 27 oper 
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ated by bell Cranks 29 and the bell cranks are 
actuated by a tapered sliding cam 3 mounted on 
a shaft 33 which is driven in any suitable way, 
the drive arrangement shown being typical and 
its details inmaterial to the invention. The ver 
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4. 
tical positioning of the cam varies the stroke of 
the bell cranks and of the plungers 2 and thus 
regulates the pump charge per revolution of the 
engine. In a broad sense, this represents any 
suitable mode of regulating the amount of fuel, 
or the rate at which fuel is supplied to the mixing 
point at a suitable preSSure. 
The cam 3 is operated by means such as a 

lever structure in any manner suitable to the 
purposes of the invention, and in Some cases a 
simple lever, linkage or like mechanism may be 
employed. As shown, the cam is positioned 
principally by a lever structure which involves 
several elements, mainly for the purpose of Ob 
taining variations in charge proportioning, as 
will appear; although the cam control can be 
greatly simplified if it is sufficient to maintain 
substantially uniform mixture proportions. The 
stated mechanism includes a lever 35 fulcrumed 
at 37 in casing part and having a fork 39 engag 
ing in a shifting channel 4 on the cam, and also 
having an adjustable stop screw 43 engaging a 
fixed stop 45 to establish minimum-charge posi 
tion of the can. At a convenient position, as 
shown, adjacent the pump, is a fixed frame or 
supporting structure including a casing 4 for 
purposes below mentioned. On a part of this 
frame or casing structure is fulcrumed a lever 
mechanism 49 having three arms 5f, 53, and 55. A 
secondary or floating lever 57 (so called for con 
venient reference) is fulcrumed at 59 on ever 
arm 55. The floating or auxiliary lever has a 
stop member or lug 6f cooperating with a shoulder 
or stop member 63 on lever arm 55 and is urged in 
a direction such that the lug 6 engages the shoul 

- der 63 by a spring 65 acting between an extension 
of 67 of lever arm 55 and lever 57. The floating 
lever also desirably has a member or extension 
69 (conveniently called a “toe') to cooperate with 
a fixed abutment Such as a part of the casing 47. 
The outward end of lever 35 is connected by a 
link 7 to the inward end of lever 57. 
In Casing 47 is any known or Suitable pneu 

matic-pressure-responsive device of the general 
nature of a barometric element or aneroid. As 
shown, this device 73 is an axially-extensible 
sheet metal bellows of known form, and evacu 
ated to a desired degree, so that it tends to con 
tract. This element is conveniently referred to 
in Some cases as an evacuated aneroid. The con 
tractile tendency of this element is resisted, or 
in other words it is normally elongated, by suit 
able means such as a Spring 75. In a convenient 
physical arrangement, one end of the aneroid 
element has an extension 77 with a ball fitting 79 
engaging in a Socket in the casing end and en 
closed, if necessary, by a cap 8?. The other end 
of the element has an extension. 83, and to one 
end of this extension, One end of the spring 75 is 
connected, while the other end of the spring may 
have an adjustable Connection to the casing end, 
as by a Screw 85 which engages in the casing 
wall. The Spring is calibrated and/or adjusted 
to exert a suitable pull on the aneroid element. 
The extension 83 is formed as with an annular 
channel 87 for engagement by the end of lever 
arm 53 previously referred to. 

In the present embodiment of the invention, 
the aneroid element is Subjected to full atmos 
pheric pressure, the casing for this purpose hav 
ing an aperture 89 through which external air 
enters. By the devices and arrangements de 
Scribed, the natural contractive tendency of the 
aneroid element is resisted by the spring, which, 
at a certain maximum elevation, Will elongate it 

2,008, i48 
to its maximum, while the atmospheric pressure 
always tends to compress or shorten the aneroid. 
These movements are communicated to lever arm 
53 so that, disregarding any other forces tend 
ing to effect the stated movements and also for 
the present disregarding the floating lever 57, the 
movements of the aneroid element caused by alti 
tude variations act through lever 35 to position 
cam 3 in such manner that, as the preSSure 
applied to the aneroid increases, (as When the 
craft is descending), the aneroid is compressed 
and the lever mechanism operates to move the 
cam 3 downward on its shaft, thus increasing the 
stroke of the pump plungers and the amount of 
fuel delivered into the intake air, the fuel Supply 
being of course decreased as the craft rises; and 
when the various factors of design are correct 
the air-fuel ratio is maintained substantially 
constant, so far as correction for elevation alone 
is concerned. 

Additional control in accordance with throttle 
positioning is also provided in accordance with 
Fig. 1, as follows: In a convenient location, which 
may be on casing 47, a pneumatic chamber 9 is 
provided, having at one face a flexible diaphragm 
93 of a suitable diameter, the chamber being in this 
instance sealed except for a connection through a 
pipe 95 to the mixing space or manifold at 97; 
that is, as previously referred to, this connection 
is made at some suitable point in the air line 
between the throttle and the engine heads. The 
chamber 9 and its diaphragm 93 or equivalent 
element, represent broadly any known or suit 
able instrumentality responsive to pneumatic 
pressure and which is by the pipe connection 95 
made responsive to the pressure in the manifold. 
This instrumentality, or at least a part of it, 

in the present example subjected and responsive 
to an extent largely controllable by factors of 
design, to atmospheric pressure, since its outer 
face is directly exposed to atmosphere. The 
movable element of this second pneumatic in 
strument, namely, the diaphragm 93, is connect 
ed, as by a pin or stud 99 and pivot Of to the 
end of the arm 5f of the three-armed ever pre 
viously mentioned. 
This Second pressure responsive instrument 

Such as 93, disregarding for the present the 
aneroid element 73, tends to and will position le 
ver arm 55, lever 35, and cam 3 ?, in accordance 
With pressure variations in the manifold at the 
point 97, in such manner that the delivery of the 
pump per revolution is decreased as the pres 
sure in the manifold decreases or, as more ac 
curately stated with reference to this particular 
arrangement, fuel delivery is decreased in ac 
cordance With the pressure difference between 
the manifold and external air. 
When the two pressure-responsive instrumen 

talities are connected in the manner shown and 
described, so that both act upon the lever arm 55, 
it is apparent without lengthy repetition of pre 
vious explanation of operative characteristics, 
that the cam 3, and therefore the amount of 
fuel delivered, is regulated mutually by the two 
pressure-responsive devices, in accordance with 
all the conditions connected with altitude and 
throttle position, to maintain a substantially con 
stant mixture proportion; so that, to give a sin 
gle example, if the pressure in the manifold. 2 
is brought from the point a of Fig. 4 correspond 
ing to 30' Hg. with full open throttle at sea, 
level, to a pressure of 20' Hg., by closing the 
throttle, the air charge will be brought to the 
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point a' in the diagram, and the fuel charge 
will be regulated solely by the pressure differen 
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tial acting to expand aneroid 73. Further, if the 
surrounding air pressure be brought to the point 
C, or 25' Hg. by changing the altitude, and then 
the pressure in the intake passage be brought to 
15' Hg. corresponding to the point c', by closing 
the throttle, the change in air charge will bring 
the two sets of pressure values to bear on the me 
chanical controlling elements, one represented by 
the value in due to increased altitude, and the 
other represented by the value m, due to the re 
Sult of closing the throttle; these two, m. and 7. 
combined, being in the same proportion to the 
air charge as would be obtained, first by getting 
this first air charge weight at sea level by closing 
the throttle Sufficiently to produce a manifold 
pressure of 16.7' Hg., or second, by leaving the 
throttle wide open and going to an altitude of 
9' pressure. 
There is thus secured a uniform mixture pro 

portioning of fuel and air. Actually, it is desir 
able in many cases to increase the richness of 
the mixture slightly as the air charge is de 
creased, which may be accomplished by varying 
the effective action of diaphragm 93 (or equiva 
lent element) in relation to the "strength' of 
Spring 75. For this purpose, for example, the 
area of the diaphragm may be varied, or specifi 
cally, made Smaller than is required for prac 
tically uniform proportioning. The result of this 
is equivalent, with reference to the diagram, to 
changing the Slope of the line d-d'. 

It is also desirable in many cases to increase 
the richness of the mixture at from about 28’’. 
to 30' Hg. absolute pressure, because under these 
high air charge Weights the engine tends to over 
heat, and a richer mixture assists in cooling it. 
This effect is obtained in the described Structure 
by the floating lever 57 and its appurtenances, 
the action of which has heretofore been disre 
garded. Through most of the range of move 
ment of lever arm 55 the floating lever remains 
in fixed relation to said lever arm, that is the 
position shown in Fig. 1, spring 65-holding lug 
6 in contact With stop 63; but as the lever arm 
55 approaches its uppermost position, corre 
Sponding to high air pressure and densities, the 
lever toe 69 engages the casing; and then in 
the further movement of the lever arm 55 the up 
Ward tilting of the outward end of the floating 
lever 57 gives the same effect as a magnified 
movement of the main lever arm; or, in other 
Words, multiplies the upward movement of con 
necting link 7 and provides the desired increase 
in the proportion of fuel to air. 

It will now also be apparent that, while the 
invention in this form, providing what may be 
called the full fuel mixture proportion control 
contemplated by the invention, has been de 
Scribed as applied to and acting in cooperation 
With an aircraft engine, and with such an engine 
of a more or less specialized type, it is evidently 
applicable to aircraft engines of other types or 
to various internal combustion engines used for 
other purposes, although of course its greatest 
utility will be with an engine subjected to con 
siderable variations of speed and load, as well as 
altitude; SO that the invention is applicable, for 
example, to vehicle engines where the vehicle is 
driven in mountainous country, and where here 
tofore fuel control in relation to altitude has 
been absent or of a rudimentary character, and 
there has been notable lack of efficiency in land 
vehicles when required to climb to high altitudes. 

5 
With reference to this usage, the invention by in 
cluding pump or equivalent fuel Supply in Com 
bination with a blower or the like, which may 
have a supercharging action, and suitable fuel 
controlling devices accurately responsive to speed 
and load variations as Well as altitude variations, 
will greatly increase the utility and efficiency 
of a land vehicle in mountainous country. 

Fig. 8 shows a modification based largely On 
the fundamentals involved in Fig. 1, as above 
discussed, but including in the air supply sys 
ten a supercharger or Supercharging blower 
which supplies its output to the air conduit 
9 at Some convenient point anterior to the 
throttle f. In this case a device similar to 
the rotary distributor 2 of Fig. i may also be 
employed when desirable or necessary and, when 
used, will function principally as a distributor 
or mixer, since the blower is intended to serve 
as the Supercharger. There is thus produced in 
the air line between the main supercharger and 
the throttle a pressure generally higher than that 
of surrounding atmosphere. This is one example 
of invention embodiments above mentioned in 
which there is produced or exists in the air line 
anterior to the throttle what has been referred 
to as an "artificial atmosphere'; that is, a pressure 
equal to surrounding atmosphere plus the added 
pressure produced by the action of the blower at 
the moment. It will now be evident that this arti 
ficial atmospheric pressure may be utilized for the 
invention purposes in the same general manner 
that actual atmospheric pressure is utilized in the 
example of Fig. 1, to obtain the desired fuel regu 
lation with respect to altitude. The pressure-re 
Sponsive means or devices are in the case of Fig. 8 
associated with or contained in a casing 05 which 
may be considered a sealed casing except for pneu 
matic-pressure-connection-openings to be men 
tioned. The pressure-responsive device 0 sub 
stantially similar to the device 73 of Fig. 1 is ar 
ranged in Substantially the same manner, being 
connected at 09 to a lever arm fulcrumed on 
a shaft 3 which passes out through a casing wall 
(with suitable packing, not necessary to illustrate) 
and has outside the casing an arm 5 operatively 
equivalent to the lever arm 55 of Fig. 1, and other 
devices affording a mechanical connection to lever 
35, in order to position a fuel-regulating member 
such as the cam 3 of Fig. 1, in accordance with 
the movements of arm 5. Also mounted and 
sealed at an aperture in the casing is a diaphragm. 

T, the inner face of which is subjected to the 
pressure condition existing in the casing and the 
outer face is enclosed by cap f 9 forming a pneu 
matic chamber 2. The diaphragm is connected 
as by a stem 23 to an extension of lever arm . 
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A further extension of this level arm is also en 
gaged by a spring 25, which acts between it and 
a properly spaced abutment on the casing, as, for 
example, against the inner end of an adjusting 
screw 27. From the main interior space of the 
casing 05 a pipe connection 29 leads to the air 
conduit at a suitable point between the main 
blower f2 and the throttleff. From the cham 
ber 2 a pneumatic connecting conduit 3 leads 
to the manifold at a point between the throttle 
and the engine. . 
The artificial atmospheric pressure above re 

ferred to is thus applied through the pipe 29 into 
the main interior space of the casing 105 and thus 
to the barometric device OT in such manner that 
increase of pressure tends to collapse it against 
the effort of spring 25, which tends to extend it. 
At the same time, this artificial atmosphere pres 
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6 
Sure, or atmosphere-plus pressure, is applied to 
the in Ward face of the diaphragm while 
through the pneumatic conduit f3, manifold 
preSSure is applied to the Outward face of the dia 
phragm, thus practically reproducing the opera 
tive characteristics of Fig. 1 except that in this 
instance the altitude control takes into account 
in a proper manner the action or effect of the 
Supercharger located or arranged in the system, 
as here shown. 

Fig. 2 ShOWs a modification of the invention. 
Structure, involving in Some respects a simplifi 
cation and also introducing what I have herein 
above referred to as a mechanical controlling in 
Strumentality or means, in cooperation with pres 
Sure-responsive means. 

In this arrangement the pump, pump cam and 
cam-controlling lever are operated by a single 
aneroid responsive to both manifold pressure and 
altitude changes, while the link 33 operating le 
wer 35 is itself arranged to be operated as an inci 
dent to the movement of the throttle if, thus pro 
Viding the before-mentioned mechanical control 
ling feature. Specifically, as here shown, a fixed 
Structure or frame, here represented by a casing 
$35, has an arm 3 to which is fulcrumed at one 
end a lever f39 normally urged upward by a spring 
4, and having a roll or follower 42 cooperating 
with a cam 43 on the throttle Shaft 45. The le 
ver has a cam face 4 of suitable design, and this 
is engaged by a roll Or can follower 49 at the low 
er end of link 33, and when necessary a spring 
f5 may be applied at a suitable place, as to link 
f33, tending to retain the roll 49 in contact with 
the cam 47, and at the same time to normally 
maintain the pump cam 3A in upward position. In 
the casing 35 is located a pressure-responsive in 
strumentality 53 substantially similar to evacu 
ated aneroid 3 of Fig. 1, and this is connected by 
any Suitable means such as a rock-lever 55 full 
Crumed at 57, to a rod 59 which reciprocates in 
the casing wall. This lever is connected by a link 
f6 to link 33, conveniently at its lower end. A 
Spring 63 is applied in a manner tending normal 
ly to move the cam follower 49 to the right, as 
viewed in the drawings, and also tending to extend 
or expand the aneroid element. 
This mechanism is capable by simple modifican 

tions or rearrangements to operate in different 
manners, for example, the aneroid 53 may in 
Some cases be exposed to external atmospheric 
preSSure, as by providing an aperture in the casing 
35, and Will then tend to effect a fuel adjustment 

in accordance with altitude variations or the 
like. Otherwise, and as specially illustrated, the 
Casing may be connected to the external atmos 
phere by a restricted opening 65, and also 
through a pipe 67 to the manifold or intake pas 
sage at a point 97; that is, a pneumatic connec 
tion located as in Fig. 1; the relative sizes of the 
openings 65 and passage being so chosen that a 
change of manifold pressure exerts the same force 
upon the aneroid 53 as would a change of alti 
tude giving the same manifold air density. Thus, 
it is responsive to changes of both throttle posi 
tion and altitude; and in either case, when pres 
sure applied to the aneroid increases, it tends to 
contract and to move the cam follower 49 to 
the left, as viewed in Fig. 2, with the result, so 
long as the throttle is in stationary position, that 
link 33 is moved upward and the pump cam 3f 
is moved downward, increasing the fuel supply; 
and when pressure decreases the aneroid expands, 
and spring 63 moves the follower 49 in the 
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opposite direction, causing a decrease in fuel 
Supply. 

Further, as a minor control, when the throttle 
is moved toward open position by rod 3 acting , 
on arm f 69, spring 4 moves the outward end 
of lever 39 upward to an extent permitted by the 
positioning of the cam 43, thus moving link 33 
and lever 35 in a direction to increase the fuel 
supply; and similarly, in the closing movement 
of the throttle the fuel Supply may be decreased 
through this mechanical means. At the same 
time the action of the aneroid element 53 or 
the equivalent pneumatic control, in either of the 
cases referred to, positions the follower f49 in 
relation to the cam element 47, thus effecting a 
fuel regulation in accordance with both throttle 
position and a pressure condition, which may be 
one controlled by altitude or by throttle position. 

Fig. 3 shows the general principles so far ex 
plained, embodied in a different form. Especially 
this embodiment includes in place of a positive 
feeding or metering pump of the character here 
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tofore described, a novel and improved fuel Sup- - 
ply means including a continuously-feeding non 
metering pump 7 f, an injection valve 3 con 
trolled by a spring 75 and arranged to deliver 
fuel into the mixing space or manifold Substan 
tially at the point described with reference to 
Figs. 1 and 2; that is, axially toward the inlet of 
a rotary charge distributor, blower or super 
charger, and fuel-controlling and metering means 
7 of the character referred to early above, hav 

ing as a principal characteristic and advantage 
the capacity to meter the fuel at low pressure (or 
at a low pressure-differential), while the neces 
sary high pressure is maintained in the pipe line 
leading to the injecting valve 73; that is to say, 
while the fuel pressure actually existing in the 
neighborhood of the metering orifice and valve 
is high (of the order, in some cases, of 400 pounds 
per square inch, more or less), the difference in 
pressures at opposite ends of the metering ori 
fice is comparatively small and actually may be 
very small, say of the order of about five pounds, 
(more or less) with the advantages sufficiently 
referred to previously. - 
The fuel controlling means comprises a casing 
79 divided by a diaphragm 8 into a lower cham 

ber 83 and an upper chamber 85. The pump 
IT, which may be of any known or suitable type, 5 
providing substantially continuous Supply at a 
suitable pressure, has an intake passage 18 and a 
discharge passage or fitting 89 leading to the 
lower chamber 83. The upper chamber 85 is 
connected by a pipe 9 to the injection valve 13. 
The lower chamber 83 has a port 93 and con 
nected thereat a return-flow or by-pass pipe 95 
leading to the intake pipe 87 adjacent the pump. 
At the inner end of the port f 93 is a valve seat 
97 with which cooperates a valve f 99 connected 

to the diaphragm 8. This valve is loaded 
by a spring 20? compressed between its upper end 
or the fitting connecting it to the diaphragm, 
and a spring retaining cap 203 screwed into the 
top casing Wall. 
The metering aperture is located in an oper 

ative sense between the upper and lower cham 
bers. Specifically, as shown, this aperture 205 
is in the end of a sleeve 207 inserted into the 
casing wall, and terminates in the lower cham 
ber, while the sleeve is apertured to communicate 
with the passage formation 209 in the Casing, 
affording communication from the metering aper 
ture to the upper chamber 85. The metering 
valve 2 reciprocates in the sleeve 20, packing 
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Such as 23 being provided as in analogous struc 
tures. This valve is positioned, to secure fuel 
regulation, in a manner described below. 
The pump ?lf supplies fuel to the lower cham 

ber 83 at a rate greater than is required for 
engine Consumption, the excess being returned 
to the supply pipe 87 through port 93 and by 
paSS pipe 95 under control of valve f 99. The 
control spring 20 of valve 99 is in practice, in 
One good example, Setto open at about 400 pounds 
preSSure and to maintain about the same pres 
Sure as the delivery of fuel increases. This puts 
approximately the same pressure on the fuel in 
pipe 9 and in the upper diaphragm chamber 
85. The loading spring 20 is designed or ad 

justed to place a suitably determined pressure 
On the valve, say approximately five pounds, more 
or less. The result is that the system tends to 
maintain a pressure of approximately 400 pounds 
per square inch in the upper diaphragm cham 
ber, pipe 9, and passages leading to the injec 
tion Valve, together With Substantially-continuous 
fuel-flow, when consumption-conditions so per 
mit or demand; and a substantially though only 
moderately greater pressure, namely, approxi 
mately 405 pounds, in the lower diaphragm cham 
ber 83. 
There is thus applied at opposite ends of the 

metering orifice a pressure differential of only 
five pounds, so that the orifice and its valve op 
erate as they would if the actual main line pres 
sure of the system were of this low order; or, in 
brief, the orifice may be made large in relation 
to the amount of fuel delivered by the System 
at the stated high pressure; and when the orifice 
is of such Substantial diameter the valve may 
also be of a corresponding substantial size, and 
these parts may be produced. With necessary ac 
curacy on a commercial basis. 
This fuel supply system may of course be used 

in any of the forms of the invention, such as 
shown in Figs. 1 and 2, the various fuel control 
devices being in Such case arranged to act on 
metering valve 2 instead of On the fuel-pump 
driving can: 
As suggested early above, this fuel supply means 

may be used for various other purposes, such for 
example as supplying fuel to injector valves of 
Diesel engines or those of analogous types, or in 
various other cases where the fuel is to be dis 
charged against valve- or internal-pressure-re 
sistance. 
In the embodiment of Fig. 3, there is pro 

vided a mechanical fuel control and also a pres 
Sure-responsive control. The mechanical con 
trol, as shown, comprises a cam 23 on the shaft 
of throttle if acting upon a follower 25 carried 
by a lever 27 fulcrumed at a fixed point 29. 
The free end of this lever is connected by a link 
22? or equivalent means to act upon the meter 
ing valve 2. 
A pressure-responsive instrumentality 223, 

which may be a sealed or evacuated aneroid sim 
ilar to those previously referred to, is enclosed in 
a fixed casing 225 and has a stem 227 passing 
through the casing, with a spring 229 arranged 
to act between the casing and the stem and tend 
ing to expand the aneroid. The stem is also 
connected to a lever 23 fulcrumed at 233 on a 
fixed support, and the lever is connected as 
through a link 235 to act upon the metering valve 

The lever mechanism for operating the meter 
ing valve 2 f, as here shown, comprises a lever 
consisting of operatively-integral arms 237 and 
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239 fulcrumed at 24? on another lever 243 which 
is itself fulcrumed at 245 on a fixed point. Lever 
243 has a short arm portion 247 extending be 
yond the point 24, and to the end of this arm 
portion link 235 is connected; while link 22 lead 
ing from the mechanically operated lever 27 is 
connected to the end of lever arm 239. A spring 
249 is tensioned between a fixed point and the 
end of lever arm 239, tending generally to move 
the metering valve OutWard and also to retain 
cam follower 2f 5 in engagement with its cam 2 (3. 
The lever arm 237 is connected to the outward 
portion of the metering valve by a slidably act 
ing fork structure 25, or the like, cooperating 
With an annular channel on the valve stem. 
Apparatus having the essential elements of the 

invention as embodied in this general form (Fig. 
3) may be arranged, adapted, or adjusted to op 
erate in different ways. With the apparatus sub 
stantially as shown in this figure, in accordance 
with one preferred mode of operation, it may be 
a SSunned that Operating conditions especially With 
regard to load characteristics are such that the 
throttle position is roughly proportional to the 
engine speed. In such case the cam 23 operates 
or permits movement of the follower 25 through 
link 22? and the lever mechanism just above de 
scribed, so that the metering needle valve 2 is 
withdrawn from its seat as the throttle is opened. 
As the engine altitude increases and external 

air pressure diminishes accordingly, the aneroid 
element 223 expands and causes link 235 to pull 
lever 243 upward; this motion imparted to lever 
arm 237, the upper end of Which has a movement 
component toward the casing, causes the metering 
valve to be moved inward, towards its seat, re 
ducing the fuel flow. In the just-described mode 
of Operation, the Stated regulation by the aneroid 
element 223 is obtained when access to it of ex 
ternal air is permitted by providing an aperture 
at any convenient place in the casing. 

If desired, in order partially to assist in fuel ad 
justment in accordance with throttle regulation, 
a connection as by a pipe 253 may be made from 
the otherwise closed casing to the manifold or air 
passage at a point 97 (substantially as in the pre 
vious example), and the amount of regulation 
obtained may be controlled, or balanced as to its 
effect, by an opening to external atmosphere, pro 
vided, as here specifically shown, by the pipe 255 
leading from aperture 257 to which pipe 253 is 
connected, to the main or intake passage at 259; 
that is, at a point anterior to the throttle where 
the pressure is substantially that of atmosphere. 
Or, in case a main supercharger is used in the 
general manner explained in connection with Fig. 
8, the pressure effect obtained at the point 259 
will be an atmosphere-plus pressure. In some 
cases also the passages, such as pipe 253 through 
which communication is afforded from the mani 
fold to the aneroid casing, may be partially ob 
turated as by a plug 26 having an aperture 263 
of properly determined area. - ' 
In describing Fig. 1, reference was made to a 

yieldable connection 7 in the operating linkage 
for throttle f . 

Since the present apparatus depends to a large 
extent upon pneumatic action for positioning a 
fuel regulating element such as the shiftable 
pump cam 3, Fig. 1, or the needle valve 2, Fig. 
3, and some small amount of time or slight delay 
is required for the pneumatic force to take effect 
and produce the change in power output in 
tended by the act of throttle adjustment, it is 
Sometimes desirable, Substantially as shown. in 
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Fig. 1, to provide means for slightly delaying 

... throttle movement in response to the movement 

5 

... O 

of the controlling element, such as rod 3. 
Thus, as here shown, the throttle arm 265 has a 

forked or ball end 267, or the like, engaging be 
tween a collar 269 fixed on the rod 3 and a lug 
or collar 27 slidable on the rod and urged to 
engage the lever end by a spring 273 bearing 
against another collar 25 adjustably fixed on the 
rod. This provides for or permits a slight lag 
in the throttle movement under control of a re 
tarder such as a dashpot, as will appear, when the 
rod is moved in a direction to produce throttle 
opening. When it is desired to provide the de 
layed throttle movement in either direction, an 
arrangement may be provided such as shown in 
Fig. 10 wherein the end of the throttle arm has 
a fork 2 with its ends at opposite sides of a col 
lar or stop 279 secured to the controlling rod. 
The fork ends are located between the flanges 

28 of collars 283, which are slidable upon the rod 
and are normally held in engagement With the 
fixed stop or collar 279 by springs 285 compressed 
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between the respective flanges, and other stops or 
collars 28 also in fixed position on the rod. This 
arrangement provides for a lag in throttle move 
ment (under control of a dashpot 289 or the like) 
when the rod 3 is moved in a direction either to 
open or to close the throttle. Fig. 1 also shows a 
Simplified dashpot arrangement representing 
broadly any suitable retarding device to produce 
the delayed movement of the throttle, in coopera 
tion with the yieldable operating connection. 
This dashpot 289 has a plunger 29 with a rod 
293 pivotally connected to a throttle arm. 295 se 
cured to the throttle shaft and will tend to retard 
the throttle movement in either direction, either 
by pneumatic action or, if desired, a liquid me 
dium may be supplied to the dashpot, as espe 
cially indicated at 29. Evidently such throttle 
retarding means may be employed in any forms of 
the invention, as sufficiently indicated, for exam 
ple, in FigS. 2 and 3. 
In view of the early-preceding description (re. 

Fig. 1) of one practical structure embodying the 
invention principles as previously discussed with 
reference to the diagram, Fig. 4, the following 
Somewhat different explanation of the application 
of that diagram may be understood. Assuming 
that the lateral diagram of pressures as there 
shown to represent the pressures which Will be 
available, operating against the Spring 75, Fig. 1, 
to vary the fuel feed, the slope of the line a-a' 
shows the rate of pressure difference to the air 
charge when the throttle is operated; while the 
slope of the line a-o shows the relation to air 
charge change caused by change of altitude. It 
is desired to bring these two lines to the same 
actual point, as regards their moment against the 
Spring 75. 
This can be done, first, by making the aneroid 

element 73 subject to external atmospheric pres 
sure, and calibrating the moment of the dia 
phragm 93 in relation to the moment of the an 
ercid, either by changing its area or the lever 
length until the slope of its operating force versus 
air charge density change is the same as that of 
the aneroid alone. 
Another arrangement, or modification of the 

invention structure calculated to obtain the same 
result, is shown in Fig. 7, in which the aneroid 
element 73 similar to that of Fig. 1 is enclosed in 
a sealed casing 299 and the diaphragm. 93 is 
secured in a manner to seal an aperture 30 in 
the main casing and subjected at its inner face 
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to the same pressure that is applied to the 
aneroid element. The casing is connected by a 
pipe 303 to the intake manifold substantially 
as the distinct chamber 9 of Fig. 1 is connected to 
the manifold. The Spring and lever arrangements 
may be substantially the same. By this means 
or arrangement, manifold pressure through 
pipe 303 is applied exteriorly to the aneroid ele 
ment and at the Same time is interiorly applied 
to the diaphragm; or, as otherwise stated in this. 
case the action of the aneroid under manifold 
pressure is assisted by the action of the dia 
phragm under the same force. In such case the 
moment of the diaphragm will be less than in 
Fig. 1, since the diaphragm, and aneroid to 
gether operate to reduce the fuel charge as the 
throttle is closed. 
What is claimed is: 
1. In combination with an engine having an 

air Supply passage, a throttle therein, and means 
for supplying fuel into the passage between the 
throttle and the engine, a pneumatic pressure re 
Sponsive instrumentality Subjected to penumatic 
pressure variations incident, to variations in Op 
erating conditions of the engine and acting to 
control the ratio of the fuel and air mixture Sub 
stantially in accordance with Such condition wa 
riations, resilient means acting upon Said instru 
mentality in opposition to the action thereon of 
pneumatic pressure, and means to vary the effect 
of the pressure responsive instrumentality in ac 
cordance with variations in Operating Conditions. 

2. In combination with an engine having an 
air intake and a manually movable throttle 
therein, a fuel pump having a variable stroke 
for introducing fuel into the air intake posterior 
to the throttle, and pneumatic pressure operated 
means controlling the fuel pump stroke in ac 
cordance with the joint action of the air preS 
sures on opposite sides of Said throttle. 

3. In combination with an engine having an 
air intake and a throttle therefor, means for 
supplying fuel to the engine, a Supercharger for 
increasing airflow means responsive to the Super 
charger pressure for controlling the Supply of 
fuel, and means for varying the effect of the 
responsive means in accordance with the air in 
take pressure at a point posterior of the throttie. 

4. In combination with an engine having air 
and fuel supply means and a throttle controlling : 
air supply, pneumatic pressure responsive means 
automatically tending to adjust the fuel Supply 
in accordance with pressure variations in the air 
supply line posterior to the throttle, and other 
pressure actuated means for varying the effect 
of the first pressure means. 

5. In combination with an engine having fuel 
supply means, an air passage to the engine having 
a throttle, a pneumatic pressure responsive in 
strumentality, means for applying thereto the 
pressure momentarily existing in the air passage 
to the engine posterior to the throttle, means 
actuated by said instrumentality tending to Con 
trol the fuel supply in accordance with varia 
tion of such pressure, and atmospheric pressure 
actuated means for varying the effect of the 
pressure instrumentality. 

6. In combination with an engine having pres 
sure fuel supply means including a fuel pump 
having a variable stroke, an air passage to the 
engine having a manually movable throttle there 
in, pneumatic pressure responsive means affected 
by external atmospheric pressure and by pres 
sure in the air passage posterior to the throttle 
and said pressure responsive means being Opera 
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tively connected with the fuel pump for con 
trolling the fuel pump stroke in conjoint accord 
ance with variations of Said preSSures. 

7. In combination with an engine having fuel 
Supply means, pneumatic preSSure responsive 
means Subjected to atmospheric pressure, other 
pneumatic pressure responsive means Subjected 
to manifold pressure, and means affected by both 
Said preSSure responsive means to regulate the 
fuel Supply. 

8. In combination with an engine having fue 
Supply means, pneumatic pressure responsive 
means Subjected to atmospheric pressure, other 
pneumatic pressure responsive means Subjected 
to manifold pressure and also by atmospheric 
preSSure, and means affected by both said pres 
sure responsive means to regulate the fuel supply. 

9. In combination with an engine having air 
and fuel Supply means including a pressure pump 
and a throttle controlling air Supply, a pneumatic 
pressure responsive instrumentality affected si 
multaneously by manifold pressure and by exter 
nal atmospheric pressure and acting to automati 
cally adjust the fuel supply of the pump. 

10. In combination with an engine having air 
and fuel Supply means including a pressure pump 
and a throttle controlling air Supply, a pneumatic 
pressure responsive instrumentality affected si 
multaneously by manifold pressure and by ex 
ternal atmospheric pressure and acting to auto 
matically adjust the fuel supply of the pump 
principally in accordance with manifold pres 
sure and to a certain degree in accordance with 
atmospheric pressure. 

11. In combination with an engine having air 
and fuel Supply means and a throttle controlling 
air Supply, pneumatic pressure responsive means 
automatically tending to adjust the fuel supply 
Whereby to maintain an approximately uniforn 
mixture proportion, and means automatically 
effecting a variation of mixture proportions in a 
part of the fuel adjustment range. W 

12. In Combination. With an engine having air 
and fuel Supply means and a throttle controlling 
air Supply, pneumatic pressure responsive means 
automatically tending to adjust the fuel Supply 
whereby to maintain an approximately uniform 
mixture proportion, and means acting automati 
cally to effect enrichment of the fuel mixture 
under conditions generally corresponding to high 
atmospheric pressure or density and full open 
throttle. 
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13. In combination. With an engine having air 
and fuel Supply means and a throttle controlling 
air Supply, a pneumatic pressure responsive in 
strumentality tending to effect fuel supply adjust 
ment in accordance with atmospheric pressure 
variations, and mechanical means responsive to 
throttle positioning and tending to affect the ac 
tion of said instrumentality. . . . 

14. In combination with an engine having air 
and fuel Supply means and a throttle controlling 
air supply, a pneumatic pressure responsive in 
strumentality tending to effect fuel supply adjust 
ment in accordance with manifold pressure War 
iations, and mechanical means responsive to 
throttle positioning and tending to affect the ac 
tion of Said instrumentality. 

15. In combination with an engine having air 
and fuel supply means and a throttle controlling 
air supply, a pneumatic pressure responsive in 
strumentality tending to effect fuel Supply adjust 
ment in accordance with atmospheric pressure 
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variations and also manifold pressure variations, 
and mechanical means responsive to throttle po 

sitioning and tending to affect the action of said 
instrumentality. 

16. In combination. With an engine having air 
and fuel supply means including a fuel pump 
and a throttle controlling air supply, means oper 
ated by throttle positioning to adjust the fuel 
supply, and pneumatic pressure responsive means 
coacting with the fuel pump to effect the fuel 
Supply adjustment. 

17. In combination with an engine having air 
and fuel Supply means and a throttle controlling 
air supply, means operated by throttle positioning 
to adjust the fuel supply, and pneumatic pressure, 
responsive means coacting with the means first 
named to effect said supply adjustment, Said 
pneumatic pressure responsive means being Sub 
jected to both atmospheric pressure and air 
supply pressure. 

18. In combination with an engine having air 
and fuel supply means and a throttle controlling 
air supply, means operated by throttle positioning 
to adjust the fuel Supply, and pneumatic preSSure 
responsive means coacting with the means first 
named to effect said supply adjustment, said 
pneumatic pressure responsive means being Sub 
jected to manifold pressure. 

19. In combination with an engine having air 
and fuel supply means and a throttle controlling 
air supply, means operated by throttle position 
ing to adjust the fuel supply, and pneumatic pres 
sure responsive means coacting with the means 
first named to effect said supply adjustment, Said 
pneumatic pressure responsive means being Sub 
jected to manifold pressure and conjointly to 
atmospheric preSStre. 

20. Fuel Supply apparatus comprising means 
for substantially continuously supplying fuel at 
a substantially high pressure to a delivery point, 
and means for varying the amount supplied, Said 
means having two surfaces subjected to a rela 
tively small pressure differential in fuel pressure. 

21. Fuel Supply apparatus comprising means 
for substantially continuously supplying fuel at a 
substantially high pressure to a delivery point, 
and means for varying the amount Supplied, Said 
means being subjected to fuel pressure and having 
an input pressure only moderately greater than 
the Output pressure. 

22. In combination with an engine having air 
and fuel Supply means and a throttle controlling 
air supply, pneumatic pressure responsive means 
automatically tending to adjust the fuel Supply, 
a Spring tending to move Said pressure respon 
Sive means in opposition to pneumatic pressure 
applied to it, and means to adjust the fuel sup 
ply at a different rate throughout a portion of 
the expansive range of the pressure responsive 
eaS. V 

23. For purposes described, in combination 
with an element movable to adjust fuel supply, 
controlling means therefor comprising two pneu 
matic pressure responsive devices, and mechani 
cal means operated jointly by said devices an 
COnnected to move said element. 

24. For purposes described, in combination with 
an element movable to adjust fuel supply, con 
trolling means therefor comprising two pneu 
natic pressure responsive devices, and mechani 
cal means operated jointly by said devices and 
connected to move said element, said mechani 
cal means including means acting in a part of 
its range of movement to amplify the effective 
movement applied to said element. . 

25. For purposes described, in combination with 
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1. O 
an element movable to adjust fuel Supply, con 
trolling means therefor comprising two pneu 
matic pressure responsive devices, and mechani 
cal means operated jointly by said devices and 
connected to move said element, said mechanical 
means comprising a lever system including a 
three armed lever, one arm operatively connected 
to each of Said pressure responsive devices and 
the other arm operatively connected to said ele 
ment. 

26. For purposes described, in combination with 
an element movable to adjust fuel supply, con 
trolling means therefor comprising two pneu 
matic pressure responsive devices, and mechani 
cal means operated jointly by said devices and 
connected to move said element, said mechani 
cal means comprising a lever System including 
a three armed lever, one arm operatively con 
nected to each of said pressure responsive de 
vices, and a floating lever mounted on the third 
arm and itself connected to said element. 

27. For purposes described, in combination with 
an element movable to adjust fuel supply, con 
trolling means therefor comprising two pneu 
matic pressure responsive devices, and mechani 
cal means operated jointly by said devices and . 
connected to move said element, said mechanical 
means comprising a lever system including a 
three armed lever, one arm operatively connect 
ed to each of said pressure responsive devices, 
and a floating lever mounted on the third arm 
and itself connected to said element, and means 
normally retaining the floating lever in a fixed 
relation to the third arm. s 

28. For purposes described, in combination with. 
an element movable to adjust fuel Supply, Con 
trolling means therefor comprising two pneul 
matic pressure responsive devices, and mechani 
cal means operated jointly by. Said devices and 
connected to move said element, said mechani 
cal means comprising a lever System including 
a three armed lever, one arm operatively con 
nected to each of said pressure responsive de 
vices, and a floating lever mounted on the third 
arm and itself connected to said element, means 
normally retaining the floating lever in a fixed 
relation to the third arm, and means acting in 
an end range of movement of said arm to rela 
tively move the floating lever. 

29. A fuel supply system comprising an en 
gine, an air supply passage, a throttle, means 
for forcing fuel under pressure into the passage 
between the throttle and the engine, and a pneu 
matic pressure responsive instrumentality Sub 
jected to pressure in the air passage anterior 
to the throttle and tending to affect the fuel 
supply substantially in accordance with air Sup 
ply pressure variations at that point. 

30. A fuel supply system comprising an en 
gine, an air supply passage, a throttle, means for 
introducing fuel into the passage between the 

- throttle and the engine, and a pneumatic pres 
sure responsive instrumentality Subjected to 
pressure in the air passage anterior to the throt 
tle and tending to affect the fuel Supply Sub 
stantially in accordance with air Supply pressure 
variations at that point and another pneumatic 
pressure responsive instrumentality Subjected to 
manifold pressure and tending to affect fuel 
supply. 

31. A fuel supply system comprising an en 
gine, an air supply passage, a throttle, a pump 
for introducing fuel under pressure into the pas 
sage between the throttle and the engine, and 
pneumatic pressure responsive means arranged 
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to adjust the fuel supply delivered by the pump 
in relation to air charge weight in accordance 
With pressure variations in the air Supply pas 
Sage anterior to the throttle. 

32. A fuel Supply System comprising an en 
gine, an air supply passage, a throttle, a pump 
for introducing fuel under pressure into the pas 
Sage between the throttle and the engine, and 
pneumatic pressure responsive means arranged 
to adjust the fuel Supply delivered by the pump 
in relation to air charge weight in accordance 
with pressure variations in the air supply pas 
Sage anterior to the throttle, and also in accord 
ance with pressure variations posterior to the 
throttle. 

33. A fuel Supply system comprising an engine, 
an air supply passage, a throttle, means for in 
troducing fuel into the passage between the 
throttle and the engine, and pneumatic pressure 
responsive means arranged to adjust the fuel 
Supply in relation to air charge Weight in ac 
cordance with pressure variations in the air Sup 
ply passage anterior to the throttle, and also in 
accordance with pressure variaticns posterior to 
the throttle, said means including a barometric 
device subjected to pressure in the air Supply 
passage anterior to the throttle and another 
barometric device subjected to the same preS 
sure and at the same time to pressure in the air 
passage posterior to the throttle. 

34. A fuel supply system comprising an engine, 
an air supply passage, a throttle, a pump for in 
troducing fuel under pressure into the passage 
between the throttle and the engine, a Super 
charger discharging into the passage anterior to 
the throttle, and a pneumatic-pressure responsive 
instrumentality subjected to pressure in the air 
passage anterior to the throttle and tending to 
affect the fuel supply delivered by the pump sub 
stantially in accordance with air supply pressure 
variations at that point. 

35. A fuel supply system comprising an engine, 
an air supply passage, a throttle, means for in 
troducing fuel into the passage between the throt 
tle and the engine, a supercharger discharging 
into the passage anterior to the throttle, and a 
pneumatic pressure responsive instrumentality 
subjected to pressure in the air passage between 
the supercharger and the throttle and tending 
to affect the fuel supply substantially in accord 
ance with a variable pressure equal to that of 
atmosphere plus an increment due to action of 
the supercharger. 

36. A fuel supply system-comprising an engine, 
an air supply passage, a throttle, means for in 
troducing fuel into the passage between the 
throttle and the engine, a supercharger discharg 
ing into the passage anterior to the throttle, and 
a pneumatic pressure responsive instrumentality 
subjected to pressure in the air passage anterior 
to the throttle and tending to affect the fuel Sup 
ply substantially in accordance with air supply 
pressure variations at that point, and another 
pneumatic pressure responsive instrumentality 
subjected to manifold pressure and tending to 
affect fuel Supply. 

37. A fuel supply system comprising an engine, 
an air supply passage, a throttle, means for in 
troducing fuel into the passage between the 
throttle and the engine, a supercharger discharg 
ing into the passage anterior to the throttle, and 
pneumatic pressure responsive means arranged 
to adjust the fuel supply in relation to air charge 
weight in accordance with pressure variations in 
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the air supply passage between the supercharger 
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and the throttle. 
38. A fuel Supply system comprising an engine, 

an air Supply passage, a throttle, means for in 
troducing fuel into the passage between the 
throttle and the engine, a Supercharger discharg 
ing into the passage anterior to the throttle, and 
pneumatic pressure responsive means arranged 
to adjust the fuel Supply in relation to air charge 
Weight in accordance with pressure variations in 
the air supply passage between the Supercharger 
and the throttle, and also in accordance with 
pressure variations posterior to the throttle. 

39. A fuel supply system comprising an engine, 
an air supply passage, a throttle, means for in 
troducing fuel into the passage between the 
throttle and the engine, a Supercharger discharg 
ing into the passage anterior to the throttle, 
and pneumatic pressure responsive means ar 
ranged to adjust the fuel Supply in relation to 
air charge weight in accordance with pressure 
variations in the air Supply passage anterior to 
the throttle, and also in accordance with pres 
sure variations posterior to the throttle, said 
means including a barometric device Subjected 
to pressure in the air supply passage between 

...the supercharger and the throttle and another 
barometric device Subjected to the same pressure 
and at the same time to pressure in the air pas 
sage posterior to the throttle. 

40. In combination with an engine having air 
and fuel supply means including a pressure fuel 
pump and a conduit having a throttle controlling 
the air supply, pneumatic pressure responsive 
means affected simultaneously by the air conduit 
pressure and atmospheric pressure, and said pres 
sure responsive means arranged to automatically 
adjust the fuel and air mixture supplied to the 
engine. 

41. In combination with an engine having an 
air conduit, a throttle for the conduit, a pres 
sure fuel pump having means for varying the 
supply of fuel supplied to the engine, means 
responsive both to conduit pressure posterior to 
the throttle and external atmospheric pressure, 
and means actuated by said pressure responsive 
means to automatically adjust the fuel and air 
mixture supplied to the engine in accordance 
with both atmospheric pressure and conduit 
pressure. 

42. In combination with an engine having an 
air conduit, a throttle for the conduit, a pres 
sure fuel pump having means for varying the 
Supply of fuel supplied to the engine, means 
responsive both to conduit pressure posterior to 
the throttle and external atmospheric pressure, 
a linkage actuated by said pressure responsive 
means to automatically adjust the fuel and air 
mixture supplied to the engine in accordance with 
both atmospheric pressure and conduit pressure, 
and said linkage including a device to vary the 
controlling effect of the linkage throughout a 
portion of movement range thereof. 

43. In combination with an engine having a 

11 
conduit for conducting air to the engine, mechan 
ical means for forcing fuel to the engine, and 
means for controlling the fuel supplied by the 
mechanical means in accordance with the den 
sity of the air between the engine and the con 
duit entrance and in accordance with the density of the surrounding atmosphere. 

44. In combination with an engine having a 
Conduit for conducting air to the engine, a recip 
rocating pump for forcing fuel to the engine, and 
means for controlling the stroke of the fuel pump 
in accordance with the density of the air between 
the engine and the conduit entrance and in 
accordance With the density of the air anterior 
to the conduit entrance. 

45. In combination with an engine having a 
conduit for conducting air to the engine, means 
for controlling the air charge to the engine, an 
engine driven pump for forcing fuel to the en 
gine, and means for controlling the amount of 
fuel delivered by the pump in accordance with 
the joint action of the pressure between the en 
gine and the conduit entrance and the pressure 
of the air anterior to the conduit entrance. 

46. In combination with an engine having a 
conduit for conducting air to the engine, means 
for controlling the air charge to the engine, an 
engine driven pump for forcing fuel to the en 
gine, means for controlling the amount of fuel 
delivered by the pump in accordance with the 
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joint action of the pressure of the air between 
the engine and the conduit entrance and the 
pressure of the air anterior to the conduit en 
trance, said means including a Sealed bellows the 
expansion and contraction of which is affected 
by the pressure of the air anterior to the entrance, 
and a device for controlling the expansion and 
contraction in accordance with the pressure of 
the air between the engine and the conduit 
entrance. 

47. In combination with an engine, a fuel de 
livery pump, an air supply duct having a throttle, 
manually actuated means for , controlling the 
quantity of the air and fuel mixture, pneumatic 
means controlled by the absolute pressure of the 
air anterior to the throttle arranged to control 
the relation between the fuel and air charges, 
and other pneumatic means associated with the 
first pneumatic means and responsive to the 
difference in pressures on opposite sides of the 
throttle for further controlling the relation of the 
air and fuel charges. 

48. In combination with an engine, a fuel de 
livery pump, an air supply duct having a throttle, 
manually actuated means for controlling the 
quantity of the air and fuel mixture, pneumatic 
means responsive to the absolute pressure in the 
duct controlling the relation of the fuel and air 
charges, and other pneumatic means associated 
with the first pneumatic means and responsive 
to the difference in air pressure on Opposite sides 
of the throttle for further controlling the relation 
of the fuel and air charges. 
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