
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
40

3 
50

2
A

1
*EP001403502A1*
(11) EP 1 403 502 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication:
31.03.2004 Bulletin 2004/14

(21) Application number: 01960728.2

(22) Date of filing: 23.07.2001

(51) Int Cl.7: F02M 7/06

(86) International application number:
PCT/ES2001/000291

(87) International publication number:
WO 2002/095208 (28.11.2002 Gazette 2002/48)

(84) Designated Contracting States:
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU
MC NL PT SE TR
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 24.05.2001 ES 200101191

(71) Applicant: Procesos Mecanicos Espanoles, S.l.
19004 Guadalajara (ES)

(72) Inventor: DUASO PARDO, Javier
E-19004 Guadalajara (ES)

(74) Representative: Carpintero Lopez, Francisco
HERRERO & ASOCIADOS, S.L.
Alcalá, 35
28014 Madrid (ES)

(54) FUEL SUPPLY SYSTEM FOR FOUR-STROKE ENGINES

(57) Especially applicable to motorcycle engines, it
consists of establishing in the main conduct through
which the air from the filter (FA) arrives, whose flow is
controlled by a butterfly valve of gases or main valve (1),
a secondary butterfly valve (2) that keeps each opera-
tion in functioning, be it in stationary or transitory regime,
the opening being appropriate for producing the loss of
load that, added to the Venturi effect generated in the
conduct section downstream from the aforementioned
secondary butterfly valve (2) and the loss the load of the
air filter (FA), giving rise to the appropriate suction at the
emulsioned fuel outlet (3), the fuel from a cell (4) of con-
stant level being mixed with the air flow, joined to the
atmosphere, such that the suction at the outlet (3) pro-
duces a flow through and controlled by the main distrib-
utor (5), which emulsioned with the air from the tube (9),
equipped with transverse holes, discharges in the cen-
tral conduct of the system (11) through the outlet (3).
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Description

OBJECT OF THE INVENTION

[0001] The present invention relates to a fuel feed
system for four-stroke engines, in particular, to engines
used in motorcycles, which has been conceived and
structured in order to optimise the performance of the
engine, with rapid responses in more or less sharp ac-
celerations, with a lower emission of contaminants and
with a structural simplification that allows a notable re-
duction in the costs of the process for manufacturing the
carburettor.

BACKGROUND OF THE INVENTION

[0002] The carburettors for four-stroke engines used
in motorcycles consist of a valve piston system as a fuel
dosing element, the degree of sealing of which depends
on the flow of air that passes through it, generating a
depression in the minimum clearance section that acts
on a membrane, with its spring in opposition, attached
to said piston and a conic needle that seals the output
of the main conduct of the carburettor, of a mixture rich
in petrol through a distributor. In this fashion, petrol is
supplied to the engine as a function only of the sucked
air.
[0003] This system requires high precision engineer-
ing and special surface treatments to ensure the perfect
movement of the piston within its housing, which has to
be similar to the minimum variations of the pressure
function that is negatively affected by the rigidity and
hysteresis of the membrane. All these phenomena re-
duce the precision and repeatability of the dosing func-
tion of the carburettor, with the added difficulty of the
necessary precision and repeatability of positioning of
the conic needle that partially seals the petrol outlet or
rich air-petrol mixture in its distributor.
[0004] In addition, this type of carburettor normally
needs to be equipped with an acceleration pump, which
basically consists of a positive displacement pump, with
inlet and outlet valves, which injects a certain amount of
liquid gasoline into the carburettor conduct to prevent
the mixture from becoming leaner as a result of the time
lags of petrol flow increase in the carburettor circuits dur-
ing more or less quick acceleration. The petrol so sup-
plied is difficult to be homogenised with the admission
air and this notably increases the emission of contami-
nants, in particular, carbon monoxide and hydrocarbons
that have not been burnt.
[0005] This type of carburettor is generally made of a
permanent moulded aluminium structure and subse-
quently profusely machined in channels of housing cir-
cuits of valves as piston and butterfly, threads, and
housings for other devices. This machining operation
with the minimum quality control guarantees requires
expensive investments and work times to which the pos-
sibility of failure and errors has to be added, with the

obvious loss of functionality in the carburettor.
[0006] Other types of carburettor use a fixed Venturi
dosing device as a main element, which discharges the
rich mixture emulsioned by means of a distributor. For
low flow rates of air, it generates a very low depression,
producing a poor quality mixture and long delays in ac-
celerations, which require the installation of an acceler-
ation pump with the problems of high emission of con-
taminants, which has already been mentioned.

DESCRIPTION OF THE INVENTION

[0007] The system conceived in this patent efficiently
resolves the problems and limitations considered in the
aforementioned cases. From the anti-polluting point of
view and from that of low fuel consumption, a secondary
butterfly valve generates sufficient depression at any air
flow to ensure the air-fuel mixture can be highly homo-
geneous and precise both in stationary operation and
when accelerating, controlled by a cam joined to the
main butterfly valve and a membrane bellows with its
antagonist spring pushed by the depression produced
by the secondary butterfly valve. This means that during
the accelerations, fuel is supplied through the same
holes as in Stationary operation, and so the acceleration
pump is not necessary notably improving the emission
of contaminants (CO and HC) and the fuel efficiency
with respect to the conventional feed systems already
mentioned, in addition to the economic results of its run-
ning.
[0008] The construction of the system contemplated
by this patent is preferably made of plastic highly resist-
ant to hydrocarbons at all temperatures of use, without
discarding the possibility of using conventional materi-
als such as Zamac and aluminium. The use of this plas-
tic as structure material of this system allows two objec-
tives to be accomplished that represent large advantag-
es:

- It is possible to obtained the inner profile of the con-
duct of the system by moulding such that at low flow
rates of air, much of the flow passes near to the dis-
tributor of mixture of emulsion providing a very ho-
mogeneous air-fuel mixture suitable for a perfect
combustion, due to the appropriate curvature of the
aforementioned conduct in the upper zone of the
main butterfly valve and secondary butterfly valve.

- The circuit communication channels are simplified
to the maximum such that no significant machining
operation is required and so great economic benefit
is obtained and also the geometric dispersion of
form and heights produced by machining processes
is eliminated, thus reducing the probability of error
and machinery failure that negatively affect its func-
tionality, in other words, the amount of product.
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DESCRIPTION OF THE DRAWINGS

[0009] To complement the description being given
and with the aim of aiding a better understanding of the
characteristics of the invention, in accordance with an
example of a preferred embodiment thereof, the current
specification is accompanied as an integral part thereof
by a set of drawings in which, with an illustrative and
non-limiting character, the following has been repre-
sented:

Figure 1.- Shows a longitudinal and central section
of a carburettor equipped with a fuel feed system
that constitutes the object of the present invention.

Figure 2.- Shows, according to a view similar to that
of the previous figure, the outer appearance of the
same set, at a generic point in the operation of the
system.

Figure 3.- Shows, a similar representation to that of
the previous figure, corresponding to another point
of operation, specifically, when there is an acceler-
ation.

Figure 4.- Shows, finally, once again a section pro-
file of the set represented in the previous figures.

PREFERRED EMBODIMENT OF THE INVENTION

[0010] In figure 1 we see a central longitudinal sec-
tion, where the main conduct is found through which the
air from the air filter (FA) arrives, the flow of which is
controlled by the butterfly valve of gases or the main
valve (1). The secondary butterfly valve (2) maintains in
each functioning operation, be it in stationary regime or
transitory one, the aperture appropriate to produce the
loss of load that, added to the Venturi effect generated
in the conduct section downstream from the secondary
butterfly valve and the loss of load of the air filter (FA),
gives rise to the appropriate suction at the outlet (3) of
the emulsioned fuel that is mixed with the air flow.
[0011] This feed system also consists of a constant
level fuel cell (4) in contact with the atmosphere through
a vertical conduct, such that the suction at the outlet (3)
produces a flow through and controlled by the main dis-
tributor (5) which, emulsioned with the air from the tube
(9) equipped with some transverse holes, discharges
the central conduct of the system (1) through the outlet
(3).
[0012] The present patent of invention also contem-
plates the possibility that the fuel cell is not in contact
with the atmosphere, but rather downstream from the
secondary butterfly valve, in which case the suction at
outlet (3) would not be originated partially with loss of
load from the air filter.
[0013] In order to improve the quality of the air-fuel
mixture supplied to the motor at low loads and motor

regimes near to neutral (6), a neutral circuit supplies fuel
in parallel with the previously mentioned and main one,
and in the aforementioned conditions. This neutral cir-
cuit takes fuel already controlled by the main distributor
(5) and subsequently measured by the neutral distribu-
tor (6) located in series with the previous one and which
discharges in the air channel (12) so producing an emul-
sion, such that in neutral position it takes air from the
by-pass holes and discharges into the main conduct (11)
through the hole controlled by the mixing screw (8)
downstream of the main butterfly valve and in small ap-
ertures of this butterfly valve. The fuel discharge is ef-
fected through said hole controlled by the screw (8) and
totally or partially by the by-pass holes or grooves (7).
[0014] It remains to be described how the aperture of
the secondary butterfly valve is positioned to produce
the appropriate suction at the outlet (3). Said suction is
also produced in the by-pass holes and it is taken into
account when obtaining the profile (18) of the dosing
cam (13) joined to the axis of the main butterfly valve (1).
(Figures 2 and 3)
[0015] For each of the apertures of the main butterfly
valve, which is controlled by the cable from the acceler-
ator of the engine, there is a point located on the inner
profile (18) of the dosing cam (13) which in contact with
the bolt (14) of the lever (15) joined to the axis of the
secondary butterfly valve (2), determines the aperture
of said butterfly valve, which generates the loss of ad-
ditional load to suction the emulsioned fuel that with the
admission air constitutes the mixture of air-fuel in a suit-
able proportion to produce an optimum combustion in
the engine, following the classical criteria of proportion
of mixture of maximum power at this aperture and pro-
portion of mixture of maximum consumption efficiency
for partial apertures of said butterfly valve. The need to
overcome the norms for emission of contaminants can
be slightly modified by these criteria without them con-
stituting a significant exception. If the aperture of the
main butterfly valve is maintained and the regimen of
the motor is changed, the flow of air should be changed,
except that said butterfly valve determines a section of
clearance in sonic conditions in which case the air flow
remains constant. The change of air flow mentioned ear-
lier should modify the suction in circuits of emulsioned
fuel so that there is no significant change in the air-fuel
ratio of the mixture that arrives at the engine. This is
obtained by adapting the dimensions of the geometry of
the circuit lying between the main distributor (5) and the
outlet (3) so that a turbulent flow is obtained both in said
zone and at the edges of the secondary butterfly valve
(2), a phenomenon controlled by the Reynolds Number.
[0016] If, from the generic point of operation deter-
mined by figure 2 there is a rapid or slow acceleration,
which means an opening at said speed of the main but-
terfly valve (1) we can distinguish two phases as a re-
sponse of the system to this operation:

- In a first phase, and for a brief instant, the secondary
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butterfly valve (3) remains with the initial aperture
that to all intents and purposes represents a Venturi
effect of smaller section than that corresponding to
the end point of the acceleration determined by an-
other greater aperture of the secondary butterfly
valve, as can be appreciated in figure 3. In these
conditions, the response of the fuel circuits is prac-
tically instantaneous, given the high levels of suc-
tion in the aforementioned circuits, mainly keeping
the same ratio of air to fuel in the mixture or with
small enrichments. Thus, the vehicle equipped with
an engine with the proposed feed system would not
present any failure in conduction.

- In a second phase, longer than the first one depend-
ing on the power available and that necessary to
overcome the resistance to advance, the bellows
(17), equipped with a membrane and antagonist
spring opens the secondary butterfly valve more (2)
by means of a strip (16), as said bellows acts under
the depression of the point (19) located down-
stream from the secondary butterfly valve. In this
fashion, the rate of opening of said butterfly valve
is a function of the increase in flow rate of air that
circulates through the main conduct of the system
(11) keeping a ratio of mixture of air to fuel mainly
constant or with small enrichments.

The automatism described operating in accelerations,
in addition to allowing the vehicle to be driven without
failure, does not generate high emissions of CO and OH
contaminants that a conventional carburettor of the type
mentioned earlier equipped with an accelerated pump
would produce.
[0017] The present patent of invention contemplates
the alternative of establishing a control over the func-
tionality of this feed system piloted by an electronic con-
trol to which signals of engine temperature, speed of ro-
tation and opening of the butterfly valve arrive so that it
can act on:

- An electric motor that controls the opening of the
secondary butterfly valve.

- A valve that controls the air behind the butterfly
valve (1) making an initially rich mixture leaner at
will.

Claims

1. A fuel feed system for four-stroke engines, in which
a central conduct is established through which air
and the admission mixture circulate, equipped with
a butterfly valve connected to the accelerator con-
trol, characterised in that the it also has a second-
ary butterfly valve that produces the necessary suc-
tion in the fuel circuits, having foreseen that the
main butterfly valve is of smaller diameter than the

secondary one and the profile of the conduct such
that it obstructs the passage of gases at the outlet
greater than the butterfly valves obliging a reduction
in flow rates of gases, to which a large fraction of
these pass near to the outlets of the fuel circuits pro-
ducing a mixture of air-fuel in a suitable ratio for
combustion in the engine.

2. A fuel feed system for four-stroke engines, accord-
ing to claim 1, characterised in that the secondary
butterfly valve has its opening limited by a cam sys-
tem, such that said aperture depends only, in sta-
tionary operations, on the aperture of the main but-
terfly valve.

3. A fuel feed system for four-stroke engines, accord-
ing to claims 1 and 2, characterised in that during
the accelerations, some bellows equipped with a
membrane and antagonist spring or without said
spring, moved by the depression between the two
butterfly valves, sets the secondary butterfly valve
at the aperture that corresponds to it determined by
the aperture of the main butterfly valve by means of
the aforementioned system of cams.

4. A fuel feed system for four-stroke engines, accord-
ing to claims 1 and 3, characterised in that the sec-
ondary butterfly valve is positioned by means of an
electric motor which in turn receives the opportune
signal from an electronic control that decides the
type of intervention processing different parameters
of the engine received as signals from sensors such
as speed of rotation of the engine, temperature of
the engine and admission and aperture of the main
butterfly valve.

5. A fuel feed system for four-stroke engines, accord-
ing to claims 1, 2, 3 and 4, characterised in that,
downstream of the main butterfly valve, an electric
valve controls an air flow that makes the mixture of
the fuel feed system leaner such that the final mix-
ture is appropriate for a perfect combustion with
said electric valve being piloted by an electronic
control that in turn receives information of the en-
gine parameters from sensors of speed of rotation
of the engine, temperature of the engine and admis-
sion and aperture of the main butterfly valve.

6. A fuel feed system for four-stroke engines, accord-
ing to previous claims, characterised in that its
structure, especially the inner part of the main con-
duct, is preferably obtained by means of injection
based on a plastic material resistant to fuels at any
operating temperature, that makes it dimensionally
stable in the environment near to the engine.
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