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25641,237--
ENGINE'FUEL CONTEOL

Desire:J: Deschamps; Rutherford; Ni J,; assignor:
to-Bendix Aviation. Corporation,. South-Bend,..
Ind.;. a-corporation.of Delaware:

Continuatién: of 'applicatiori® Sérial* Noi 348925,
July: 3%, -194¢. 'This application:June 11,:1946;:

Serial No. 6759810

10 Claims;

THisrinvention: relates:tointernal icombustion:
engines, . and: particularly: to: the control: of thigs
mixture-of “air-and fuel, for:combustion of+the:.
latter: Therpresent apphcatlon issacontinuation
ofimy: copending . application: Serial No. 348,925,
filetd: July 31, 1940, now: abrandoned;;and assighed:
to.the'Bendix- Aviation Corporation.

Structural: features: of the:. regulator. per:sa:
diselosed:hereisnthavenbheenclainzed in e copends

o

ing:divisional apnlication SerialNe.;228,988; filed. 10

May 18;:1951;. by DesireJ: Deschamps: and;ags-
signed to Bendix Aviation Corporation..

Whilé’ therinvention is:disclosed herein:intan

embodiinentiwhich involves: an engine ofithe:fuel:
injection type; it will :besapparent,.toithesaiwhoe: 15
examine the: disclosurs, that thesinventive coms
cepti.at leagt inmicertainiphases:therect (as will:
appear): isyapplicable ts renginmes: having: othex:
means of?‘de-liVery‘..of»: fuel’ it the: combustiony
chambers,:. 20

An objéct cfithe invention istthe contrelofithet
ratiosbetween therairiand: filel girantities by the:
useof inovel meansi-operating tomaintainrsaids
ratio” constants (during: psriodsiwhah constansy:
ig.desirabled by’ causing;. onitthe :ong:hand; the: 25
migititenance offuel flow atva :constant rafc
a sglvens air: flow;. and, o th
causing:the rate of ‘fel: delivery: to: Va,ry ;
matlcally m respoase to“evnry va,rlatm r

pratatugton rebpond
U supplyy - whether sueh’
vamat;ovx g% uue toramanually- effected chiange”
i thiottie-sets m‘o or tor analrdensity variati
orto e combifiation of bothstich - causes:
systeni disclosed also operates to vary-thie fuel/air -
ratio in” response’ to variations -ih power otitput;
engine spged ‘and-altituds in accordance with the~
engifie. requirenients’ set” forth” by~ the> engife®
manuidctirets;, wherefore the fuel/air ratio will* 4%
follgw a given curve.

Ag alteady indicated, oré object.is to provide”
the ratio’ mairitaining apparatts with the capac-
ity to respond not only, to air supply: variations”
blit ‘also to every varidtion in fuel elivery ratei as”
distinguishied ffom ail supply rate Forexampie,
ixi*thie event "of“a pressure ‘drop at the outlet of’
the fhel transfer-punp or-at any other point in’
the path leading to the fuel anectlon pump,’ thes
invention <inmcludés the concept! of“cayusitig *the

- of overbalanet

5 - operation, following' a-shut-down.

The- 40

(CL 123—139).

resulting:dropin fuel detivery rate to be:reflected.
iny therratié: - maintaining: apparatus- in - such-.
manner:as o catse:said ratiocmaintaining appa-.
ratussto move:automatically to. produce an.off-
satting increase.in the fuel delivery rate; thereby:,
restoring: the. predetermined . consbant fuel-air:.
ratios. Conhversely, the:invention further includes:
the concept.of producing an off-setting . decrease::
in the fuel delivery rate:in:case the-output of the::
injection pump should increase for.any: reason;
asyforrexample, . aninerease; in the pressure:.of
the fuel.delivered. bysthe:fuel transfer pump,’.or:
a-mmomentary-disturbance -in:the output:control
meehanism. ofithe: fuel injection pump. itself.

Ancafdditional objectiis:to provide aratio main-
taining:: deviecerembbodied  in  a:hydraulic: servo=.
unit; and-utilizing, as:one.of its:actuating media,
oil:derived: untder. pressure from  the :engine oil.
supply-lineg.: In this connection.a featurerofthe:
invention isihe provision of meansifor.maintains -
ing-the: apparatusisupplied. with oil under:a pre- -
detérmined: pressure? even : during those periods:
when-the: engines oil’ pressure 'is. lessrthan. suf- .
ficient-for such:purposes.. Thus:there:is assured:
at'aubomatie-maintenamnce.of the proper.fusl-air:
ratio notwithstanding occasional deenerglzatmn r
of the'engitie-oil supply.:

Anether-featuireroftheratio. maintaining appas:
ratussis thetembodiment thierein:of the.coneept:
g theapparatus during idlingand..
rest-periods-in:thecetigine’s operation,; wherefore
there is assuted o rélatively rich mixture during:
idling periods; and & mixture .of maximum rieh=:
ness-at- the moment - of - resumption - of engine -
Inttheem-:.
bodiment -illustiated,  said- overbalancing means
depernds, for-its-operativeness; - upon: the feattire:
described in the preceding paragraph: (namely,
the feature-of ‘maintaining-a- predetermined-oil
pressure ih the system; even-while'the-engine i+
at rest) ; ‘but it "also includes ‘elements-additional”
to—and coacting with—those which erribody said"
pressure‘ maintaining féature: -

The ifivention further provides for adjustmrerit”

~of"the system' (4% for ‘example; during fiight’ of

alraireraft) by substitittion of ‘e new ratio (withs

in ‘predeterniined Iifits) “foi the ‘one previotsiy”
maintaitied wheneveia daner-or richer mixture -
is"desired; stich "adjustiment to be brought' about’

manually or by ‘operation -of “altitadeé controlled:

means.’
Another feature of 'the invertionis the ability:

of the ratio mamtarrung apparatus tovary- itg:

own action atitomatically—aid withois: rewrting.'

58:4g° gdditional’ apparaibisvinithesfaelintake: lines=
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to the extent of temporarily producing a richer
ratio of fuel-to-air for a brief period following
any movement of the air induction control valve
(“throttle”) in the engine accelerating direction;
such action thus producing the same ultimate re-
sult as has been produced in the prior art by the
use of separate accelerating pumps which deliver
an additional quantity of fuel to the fuel intake
line, over and above that which is delivered in
the normal manner. In reducing, to a concrete
exemplification, this novel concept of equipping
the ratio maintaining apparatus with the power
to increase the predetermined ratio of fuel-to-air,
temporarily, and then reestablish said predeter-
mined ratio, I do so in such a manner as to pro-
tect the engine against the danger of stalling.
In the prior art types of accelerating devices
there has been this danger of stalling, due to the

4
poration. As indicated at 21, the novel variable
delivery mechanism may include a lever extend-
ing from the pump and adapted to be turned
about its rockshaft by movement of the linkage
22 connecting with said lever as indicated, and
having at the opposite end thereof a rod 24
adapted to be reciprocated by the pressure of a
fluid acting upon a cup-shaped piston 25 which

. abuts the enlarged end 26 in which the rod termi-

10

15

possibility that the pilot might “throttle down” -

the engine immediately after having opened the
throttle wide; in which event the sudden decrease
of fuel frequently left the previously delivered
abnormal supply of air in a condition to interfere
with proper combustion of the suddenly decreased
quantity of fuel. Such a danger is avoided by my
use of compensating means, inherent in the ratio
control apparatus itself, which tend to delay the
decrease of fuel supply for a brief period follow-
ing each “throttling down” movement of the air
control valve.

Another object of the invention is to enable the
pilot merely by a sudden opening of the throttle,
momentarily to increase the fuel-air ratio to
cause the engine to accelerate quickly, the auto-
matic fuel-air ratio control mechanism immedi-
ately thereafter assuming control of the mixture.

Other objects and features of the invention
will become apparent upon examination of the
following specification and the accompanying
drawing wherein is shown schematically the pre-
ferred embodiment thereof. It is to be under-
stood, however, that the drawing is merely illus-
trative of the invention and that it is intended to
cover equivalent embodiments falling within the
invention scope as defined in the appended
claims.

In the drawing there is shown a conduit I[
adapted to supply air flowing in the direction. of
the arrows to the combustion spaces of an -
ternal combustion engine, the amount of air sup-
plied being controllable by an operator-operative
throttle means or by manual operation of the
throttle indicated at 12, said throttie being shift-
able about its central pivot shaft which extends
to the exterior of the conduit and is adapted to
be turned through a suitable linkage, not shown,
to which the pilot or other operator of the engine
will have access.

Fuel may be injected or otherwise supplied to
the combustion spaces of the engine by suitable
gonnections, not shown, leading from the outlet
pipe 14 of the fuel injection or fuel delivery pump
18, the latter having a drive shaft {1 rotatable by
and in timed relationship with the crankshaft or
other rotatable part of the engine, not shown.
Fuel may be supplied to the pump 16 by a fuel
conduit 18 leading (either directly, or by way of
a transfer pump, not shown) from the tank (9
constituting the fuel source. The pump 16 may
be of any suitable type but is shown herein as
being of a construction embodying a novel type
of variable delivery control, as described in

20
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greater detail and claimed in U. S. Patent No. _

2,243,374 granted May 27, 1941 to. Dgsire J.
Deschamps and assigned to Bendix Aviation Cor-

({3

nates. As shown, the portion 26 of rod 24 has a
cylindrical extension 27 that is movable toward a
stationary abutment 28, and serves to enclose the
coiled compression spring 28. A flange 27a is
provided on cylinder 27 as an alternative means
of actuation of the variable delivery mechanism.

The piston 25 is subject to the control not only
of the spring 29, above referred to, but also of the
fluid pressure supplying and control means of
which the essential parts include g metering unit
33 corresponding in general to the metering unit
similarly designated in the copending application
Serial No. 314,587 by Frank C. Mock and filed
January 19, 1940, and now U. S. Patent No.
2,447,267, granted August 17, 1948, and assigned
to Bendix Aviation Corporation. Also as in the
said Mock application, the control means includes
valve means 34 controlling the supplying of oil
under pressure to act upon the piston 25, but the
effect and mode of operation of the valve 34 dif-

‘fers from that disclosed in the said Mock appli-

cation in various respects, as will be pointed out
hereinafter.

The air conduit is shown as including a Venturi
section 35 at a point anterior to the throttle, and
at a point slightly in advance of the Venturi sec-
tion 35 there is provided a tube 37 adapted to open
into the air stream passing through the conduit,
said tube extending into and opening at its other
end into a chamber of the metering unit 33 as
will be further explained. Due to the location of
the entering end of this tube 317 it will be ap-
parent that the tube is subjected to the pressure
of the air entering the Venturi section of the
conduit. A smaller Venturi tube 40 is positioned
in the conduit 11 between the tube 37 and the
throat of the main Venturi section, and a tube
41 leads from the throat section of the smaller
Venturi 40 to another chamber of the metering
unit 33 to be further descrihed,

As in the aforesaid Mock application, the
metering unit 33 is divided into four pressure
chambers 43, 44, 45 and 46, the separation of
the chambers from each other and from the ex-
ternal atmosphere being assured by the provi-
sion of the sealing diaphragms 47, 48, 49 and 50.
In addition to these small diaphragms there are
two large actuating diaphragms 53, 54, each of
said diaphragms being fastened at its outer pe-
riphery to the housing of the unit, and at its
central portion having security upon the rod 55.
The diaphragms are shown as formed with an
annular groove or depression to permit rela-
tively free axial movement of the rod 55 in re-
sponse to pressure differences on opposite sides
of the diaphragm. The chamber 43 receives one
end of the conduit 41 heretofore described, and
the chamber 44 receives one end of the conduit
31; consequently the pressure difference between
the chambers 43 and 44 will coincide with the
pressure difference prevailing between the two
points of entrance of air to the respective tubes,
and said difference in pressure will vary with
every change in mass air flow through the con-
duit t1.

The fuel conduit 18 is also provided with a
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Venturi:section:from -the thioat of which:leads:
a-tube:64 :terminating: asishowh .in:thechamber:
46-of  the:metering: unit:33; :whiléra:second: tube:
62:leads from @ -point.slichtly-in advance of the"
Venturisection of .the fuel: conduitito terminate 5.
within:the:chamber. 45:of : the.metering:unit .33;
Prom :this: it : follows: that : the pressure:différs--
ences:at:theVenturi:section of:the fuel.supply:’
conduit 'will : produce ai.corresponding: pressure:
differenice ow 'the.opposite:sides of the diaphragm:
54:which, im:eonjunciion :with:the diaphragm: 53 .
and the. coiled:compression:spring:65; will con=-
trol the reciprocating action ofithe: rod. .55 to"
whichi thes said: diaphracms -aressecareds This
rodob5vissshowncassconnectitigs (thtowgh ia: swivek!,
coupling:: 7891 withitther control valve: 343 which::
governs:: communiéation. between: the: prassures
fluid supplying passage 12 onithe-oneshand; and::
the:two associated ipassagest 13 ‘and ! T4¥on:thas
othery: thie passage: 18 fheingl o diseharget pasw-20
sage;sreturnsithe oil to theloilisump of thedenss.
gined: Thecother: outlet:passages-14:18ads: toras:
chamber T8 of s arinuddr shape;:boundeds abione:
side by 'the housing member 16 :0f the:valve, .and.
atiithe votheri sidesbyy thes working: faces of the:
piston 250

'The: specific: stiuctural detailss of “thesservos
motor ineluding: the::cup: shaped. piston 25 and:
thet arrangement t of: thes valve  nieans + 84 the:
struetural: detailst of- the' metering udit - §3./in<-
cluding: the::strueturadl! arrangement : of: the - di-
aphragms 47;.48; 48uandi50cand 53 and . 647 and
the: specifier struetiiral: details: of the: fluid: press-
sure”responsive - regulator:per: sé: ineluding: thes
operatdr-epeintive flanges 2745 forgetuation . of 1A
thervariabler delivety meshanism” -independently::
oftHeipistori 125 Have beenvclaimed ih the diviv.
sional application Serial No. 226,960 filed Ma\yf‘ls_;}
1051 by < Désire -J¢ Desehanibsand { assigried. to
Bendix »Aviation: Cotporatiorni:.

Starting. of.thé. engine’

As! heretoforer noted;: a-novel : feature: of i thew
invention; tending:to: prothice:easyy starting;.is:.
thetcontroliof ther piston-257in, suchomanner as:
to -cause it.to moverautomutically tos¢“fullirich? "
vogition::when:the-pilot stopsithererigine:.. This:
featureviscenibodiéd inanceylinder b and-a; R
operating chiecks valver 683 the:latters preventing.:
return flow:of:operating:oilitdé theiengine inicase:
thesenginesoil pressuresshouldsfall;, sayy below:
2021bs: - Al springiT1] in:eylinder:5t; allows the:
pistonrTT:tormovesto the:limit of its stroke when
thesoil'pressuresreachesi-say, 35 1bs:: When the::
engine<stovs, allivairr andd fuel . flow: stops;. and:
thesforeeuacting: ontbothridiaphragms: 58 and..ba-
fallsstorzeroy wheretoforenthe: valve: 34 moves ito-.
thezleftungder: the:aetion: of spring€3%;.opening.:
cidnand; allowingaoilifrom .cylinder:51: to be

10.

25

an

41

Tt
&

rightitethefull capaeity- setting thereby mak=-
ingthe settifierof ‘the'pump correet for: the:next:
start:: Sinte the'foréecon piston:25must begreat’
enoughite fullyycompress spring29, it is: obvious:
thatsazreserveir: of liguid: under pressure. must:
be: availablei-to: assert’s such :aforce:: upon:the
piston::25; notwithstanding:the falling off in en=:
gine:oil.pressure:that .accompanies therstopping
of theengine:. Cylinder.5i; inicooperation with:
check: valve: 88y provides=such aipressure res--
ervoir.
Acceleration: : )
THe~ mixture- should ' momentarily” be miadé:

richer whign® the~ pilet” opens=the -air: fhrotitle:
briskly.: With the:control’ as>désciibed: above, 75!

500

nito:space 157 movingpiston: 25+ to.:the” 607

65%

70:

just:the ‘opposite:would happén:duestbstherlag:
in"the: operation:of the controk: 'Tocoffsetsthis;,
I take advantage;of the very low pressure whichr
exists in the:intake!'manifold ahead:of:the: air:
throttle valve {2 in:providing for:operation of:.
the accelerating pump: showniiat 99, . Diaphragn:
92 of this pump functions to produce:the desired:
enrichment upon:sudden ‘opening.of the:throttlé:.
It functions:as: follows:: With :the- engine rin

ningat'idling:speed, the airithrottle:valve 12
nearly’completelyclosed and:the ;pressure ahead::
ofthis valve;: or engine: intake mnanifold: pres-1~
sure,:is‘thenonly:15:to 17 inches: of ‘mercury abw=
solu-te,?" whereas - at: full! power, this: pressure:.

3 reaches:around. 28 inches with.a maturally -aspi-

rated.engineand may be-42 or: more in casezof:
a-supercharged: engine:- This low presstre:un=:-
der’ these’ circumstances,  holds' the. diaphragm:
92 ~against.stop 93, and compresses’springs:-94: .
If theair throttle 'is: quickly. opened, the press:-
sure: immediately increases; relieving the ‘suetion:
in‘compartment 8¢, and the springs 94-push ‘the =
diaphragny to-the: left; thereby forcing :fuel-ous:
of:compartment 96:-until .diaphragm 92. abuts.:
stop.-87.. This fuel leaves -through: check valve:
§8-and-enters compartment. 46; by ‘way-of-comne=
duit.89.: To.get this result;.the'passage-6t;con=-
necting. compartment 46 with-the ' Venturi throat:.
int*fuel” conduit ‘4 8:;should -be:relatively. small..
When the:throttleis:azainsclosed, thé reduced:

pressurein: 8t will permit-return of digphragm:
82:tc the: right, allowing fuel: to enter. 88 -at:.
slew' rate; through conduit 99 -and narrow pas--
sage 85.. Passage 95 is made:relativelyrsmall to-
prevent ‘a leaning: of:.the: mikture:-too : speedily:

" during:the period of ‘deceleration; thus:prevents--

ing gossible stalling::
Manual (oF barometric) adfustient of
the. mixiure
Supposing that:the-air diaphragm-53-is made:-
a little larger-than meeded: to balance the-force:::
acting against fuel:diaphragm: 54 it -would then:.
be possible-to have:a calibrated passage 191 put---

o bing:compartments -43; and 44 1in communication

with each other.in orderto reduce the-differential..

bressure-inthese two compartmentsin such-away::
that the-force’ derived normally.'from the-large
air‘giaphragm Jjust:balances-the fuel-diaphragm:

As::shown, this 'passage-{81 has:a- valve: 1§2-
which . normally. -allows~restricted. flow- from 43~
to-44. If; now; we-close this vilve: we increase:
the pressure difference between: 43 and 44:and-
the control valve 24 will immediately increase the:
soutput .of the fuel injection :pump. 18, although:
theair flowentering therengine has not increased.’
Thus-the:mixture-becomes richer. Conversely;.
opening:the valve:142: beyond its normal setting.:
willcorrespondingly. lean: out the mixture.

Acsimilar arrangement oncthe fusl ‘diaphragn
unit could:giveicorr espondmg results; butmay not:
always:be -advisable becauseof :the diffdulty of
sealing a valve which ‘would: pass :fuel instead of:
air,

The valve 182 could also be operated by:means
of:anrevaciated bellows similap to the one digs-
closednin the Mock "U. S..Patent No. 2,447,267
(above referred to) to:correct Tor changes intemix-
perature and barometric pressars; thus acting as:
an altitude correcting devicéto vary theé richress -
of ‘the mixture;

What is claimed is: .

1..Inve systerm for: controlling. the mixture wt’
air’and:fuel Tor delivery to an engine having an’
airsupply ‘conduit, a throvtle therein-adspted o
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be adjustably positioned, and fuel supply means
having an output proportional to the engine speed

and whose output at any given speed is variable, .

a member movable to control the output of said
fuel supply means, an automatic fuel-air fiow re-
sponsive ratio control mechanism to actuate said
member to regulate automatically the fuel-air
ratio at all operating positions of said throttle and
at different engine speeds, said control mecha-
nism including means responsive to the fuel input
to said supply means, and accelerating pump
means operated by the throttle to affect said fuel
input responsive means so as to increase the fuel
output from the supply means to said engine.

2. In a system for controlling the mixture of
air and fuel for delivery to an engine having an
air supply conduit, a throttle therein and fuel
supply means having an output proportional to
the engine speed and whose output at any given
speed is variable, automatic fuel-air ratio control
mechanism including means responsive to air
flow in the air supply conduit and other means
responsive to fuel flow to said supply means to
act on the fuel supply means to control auto-
matically the fuel-air ratio at all operating posi-
tions of said throttle, a member movable to con-
trol the output of said fuel supply means, and
mechanism interconnecting said output control
member, said automatic control mechanism and

said throttle including means to actuate said con-

trol member by said automatic control mecha-
nism to either increase or decrease the fuel, and
means responsive to change in air pressure in said
conduit to act upon said fuel flow responsive
means and affected by an increase in the pressure
resulting upon adjustment of the throttle to affect
the automatic control mechanism to increase the
fuel to obtain a fuel-air ratio favorable to fast
acceleratxon

3. In a system for controlhng the mixture of ¢

air and fuel for delivery to an engine having an
air supply conduit, a throttle therein and fuel
supply means having an output proportional to
the engine speed and whose output at any given
speed is variable, automatic fuel-air ratio control
mechanism including means responsive to air flow
in the air supply conduit and other means re-
sponsive to fuel flow to said supply means to act
on the fuel supply means to control automatically
the fuel-air ratio at all operating positions of said
throttle, a member movable to control the output
of said fuel supply means, and mechanism in-
terconnecting said output control member, said
automatic control mechanism and said throttle
including means to cause said automatic mecha-
nism to actuate said output control member to
control the fuel-air ratio, and said last mentioned
means including air supply conduit pressure re-
sponsive means affected by any sudden opening
movement of the throttle to act upon said fuel
flow responsive means to actuate said output con-
trol member to increase the fuel until said auto-
matic mechanism responds to the more open posi-
tion of the throttle.

4, In a system for controlling the mixture of
air and fuel for delivery to an engine of the type
including an air supply conduit, a throttle therein
and fuel supply pump means driven by said en-
gine and whose fuel output at any given engine
speed is variable, a first fluid pressure operated
mechanism responsive to air flow through said
supply conduit, a second fluid pressure operated
mechanism responsive to flow of fuel to the intake
of said fuel supply pump means, said first and
second mechanisms coacting on the fuel supply

45
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pump means to control the output thereof and
thereby control automatically the fuel-air ratio;
the improvement comprising a third fluid pres-
sure operated mechanism responsive to the pres-
sure in said conduit between the throttle and the
engine and associated with said first and second
fluid pressure operated mechanisms and said fuel
supply pump means for changing the action of
said first and second mechanisms on said pump
means to momentarily increase the fuel delivery
to the engine upon a sudden opening of said
throttle so as to obtain a fuel-air ratlo favorable
to fast acceleration.

5. In a fuel system for an internal combustion

5 engine, an air conduit, a fuel conduit, operator-

operative throttle means for controlling the flow
through said air conduit, regulating means in-
cluding a servo-piston. for controlling the flow
through said fuel conduit, said regulating means
including means responsive to fluid flow through
said air and fuel conduits so as to regulate said
servo piston in such manner as to maintain said
flow in accordance with a predetermined formu-
1a establishing a ratio between air and fuel flow,
at all times, including the starting period of the
engine, and means including an accelerating fuel
pump having a diaphragm responsive to change
in the fluid pressure in said air conduit and
thereby to a quick movement of said operator-
cperative throttle means toward the full-open po-
sition to provide a fuel output, and conduit means
operatively connecting the fuel output of said
fuel pump directly to said fluid flow responsive
means to cause said fuel output to act upon said

5 fluid flow responsive means so as to effect move-

ment of said servo-piston, in the direction cor-
responding to an increased fuel delivery to the
engine,

6. For use in a fuel system for an internal com-
bustion engine having an air conduit, a fuel con-
duit, and operator-operative throttle means for
controlling the flow through said air conduit;
regulating means including a servo-piston for
controlling the flow through said fuel conduit,
means responsive to fluid flow through said air
and fuel conduits so as to regulate said servo-
piston in such manner as to maintain said flow
in accordance with a predetermined formula es-
tablishing a ratio between air and fuel flow, at
all times, including the starting period of the
engine, and means including an accelerating
pump having a diaphragm responsive to the fluid
pressure in said air conduit and thereby to a
quick movement of said operator-operative
throttle means toward the full-open position to
act upon said fuel flow responsive means so as
to effect movement of said servo-piston, in the
direction corresponding to an increased fuel de-
livery to the engine, said accelerating pump fur-
ther having a fuel chamber and pair of passages
directly connecting the chamber to said fuel flow
responsive means and thereby to said fuel con-
duit, one of the passages permitting rapid flow
of fuel in one direction only and out of said fuel
chamber to affect said fuel flow control means,
in response to throttle opening, and the other of
the passages permitting the return of fuel to
said chamber from said fuel flow responsive
means at a relatively low rate to prevent stalling
of the engine in response to the subsequent
throttle closing.

7. For use in controlling the mixture of air
and fuel for delivery to an engine having an air
supply conduit, a throttle therein adapted to be
adjustably positioned, and a pump having fuel
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inlet and outlet conduits, the inlet conduit con-
nected to a source of fuel and the outlet conduit
connected to said engine; the combination com~
prising an air pressure operated diaphragm, an
air chamber and a fuel chamber separated by
said diaphragm, spring means to bias said dia-
phragm in a first direction, a pair of conduits
for connecting the fuel chamber to a source of
Tuel, one of the conduits permitting rapid flow
of fuel in one direction only and out of said fuel
chamber upon movement of said diaphragm in
said first direction, and the other of the conduits
for the return of fuel to said chamber at a rela-
tively slow rate upon movement of said dia-
phragm in a second direction, a third conduit for
connecting the air chamber to the throttle con-
trolled air supply conduit so that upon a rapid
cpening of saild throttle the movement of said
diaphragm in said first direction may be effected
for discharging fuel from said fuel chamber,
means to vary the fuel output from said pump
to said engine, a fourth conduit directly con-
necting said pair of conduits to said last men-
tioned means, and said last mentioned means
heing directly affected by the fuel discharged
from. the aforesaid fuel chamber to momentarily
increase the fuel output to said engine by said
pump.

8. The combination defined by claim 7 in
which said other conduit is so restricted and ar-
ranged as to retard the return flow of fuel to
the fuel chamber and thereby momentarily re~
tard said output varying means from decreasing
the fuel output from said pump to said engine
upon a rapid closing of said throttle.

9. In a system for controlling the mixture of
air and fuel, for delivery to an internal combus~
tion engine, an air eonduit, a fuel conduit, manu-~
ally actuated means for controlling the flow
through said air conduit, means including a
servo-piston for controlling the flow through said
fuel conduit, means for delivering the contents
of said fuel conduit to the combustion chambers
of the engine concurrently with the delivery of
the contents of said air conduit to said combus-
tion chambers, whereby the contents of said two
conduits hecome commingled in said combustion
chambers, to produce a mixture in which the air
and fuel bear a predetermined ratio, one to the
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other, in accordance with the concurrently pre-
vailing settings of said above-recited air flow
controlling means and fuel flow controlling
means, and means for subjecting said piston to
fluid under pressure, said last named means com-
prising a cylindrical reservoir, a fluid conduit
leading thereto from a pressure source, a non-
return valve in said conduit, and a second con-
duit leading from said first conduit to said servo-
piston, and a spring-pressed piston in said ey-
lindrical reservoir, to control the pressure main-
tained therein.

10. In a system for controlling the mixture of
air and fuel for delivery to an engine having an
air supply conduit and a throttle therein adapted
to he adjustably positionel; the combination
comprising fuel supply pump means having an
output proportional to the engine speed and
driven by said engine at a variable speed and
whose output at any given speed is variable, a
member movable to control the output of said
fuel supply pump means, an automatic fuel-air
ratio responsive control mechanism including
means responsive to fuel input to said pump
means, said control mechanism to actuate said
member to regulate automatically the fuel-air
ratio at all operating positions of the throttle,
and fluid pressure responsive means effective
upon rapid opening of the throttle to directly
and mcmentarily act upon the fuel input re-
sponsive means to cause said output control
member to increase the fuel supplied from said
fuel pump.

DESIRE J. DESCHAMPS.
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