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FUEL INJECTION SYSTEM FOR INTERNAL
COMBUSTION ENGINES

Robert Huber, Zumikon, Switzerland, assignor to Societe
des Procedes Modernes d'Injection Sopromi, Les
Mureaux, Yvelines, France

Original No. 3,460,520, dated Aug. 12, 1969, Ser. No.
629,190, Apr. 7, 1967. Application for reissue July
6, 1971, Ser. No. 159,970

Claims priority, applicatsiosn Switzerland, Apr. 14, 1966,

»
Int, CL. F02m 51/00 .
U.S. CL 12332 EA 10 Claims
Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue sge.clﬂ-
cation; matter printed in italics indicates the additions
made by reissue.

ABSTRACT OF THE DISCLOSURE

A single fuel metering valve is provided to control the
injection of fuel into a plurality of cylinders in an inter-
nal-combustion engine. A plurality of fuel injection noz-
zZles are each coupled between the outlet of the fuel meter-
ing valve and the air intake conduit of 2 corresponding
cylinder. An electrical control circuit is coupled between
the crankshaft of the motor and the fuel metering valve
to control the timing and the quantity of fuel injected
into the air intake conduits through the fuel injection
nozzles. The fuel injection nozzles can be electromag-
netically actuated valves which are opened in sequence
during the intake stroke of the corresponding cylinders.
A fuel distributor can also be connected between the fuel
metering valve and the injection nozzles to couple the
fuel injection nozzles to the outlet of the fuel metering
valve in time sequence.

BACKGROUND OF THE INVENTION

This invention relates to a fuel injection system for
injecting fuel into the air intake conduits of an internal-
combustion engine having a plurality of cylinders. Fuel
injection systems of this type are known which contain
mechanically driven single or multipiston pumps for in-
jecting a precisely measured quantity of fuel under pres-
sure directly or via a distributor into the cylinders of an
engine through injection nozzles mounted on the air in-
take conduits. Such piston pumps, however, must be
manufactured with great precision and are therefore very
expensive. They are furthermore not well suited for high-
speed engines.

A fuel injection system is also known in which fuel is
injected by means of a single injection nozzle into the
intake manifold of an internal-combustion engine. In this
case, however, there is a continuous injection which is not
controlled to coincide with the operating cycle of the
engine.

It is also known to dispose an electrically operated
fuel injection nozzle on the air intake conduit of each
cylinder, which nozzle injects fuel applied thereto under
pressure from a pump in precisely measured quantities
into the air intake conduit. In this system, however, the
number of electrical fuel injection nozzles has to be equal
to the number of cylinders in the engine, which also be-
comes very costly. It is further difficult with these in-
dividual fuel injection nozzles to produce exactly the
same amount of injected fuel for all of the cylinders.

SUMMARY OF THE INVENTION
It is the object of the present invention to provide a
fuel injection system for internal-combustion engines
which is significantly cheaper to produce than the above-
noted prior art systems and which provides a more equal
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distribution of the fuel injected into the individual cyl-
inders.

The fuel injection system according to the present in-
vention is characterized by a single fuel metering valve
which controls the amount of fuel injected into all of the
cylinders of an internal-combustion engine in synchro-
nism with the operating cycle of the engine. The fuel is
brought to the fuel metering valve from a fuel pump,
and the fuel metering valve is coupled via fuel lines to
fuel injection nozzles communicating through the air in-
take conduits in front of the intake valves for the cyl-
inders.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic representation of a first em-
bodiment of a fuel injection system of this invention in
which all of the fuel injection nozzles are simultaneously
connected with the metering valve.

FIGURE 2 is a schematic representation of a modifi-
cation of the embodiment of FIGURE 1 including a dis-
tributor driven by the engine.

FIGURE 3 is a schematic representation of an embodi-
ment in which the injection of fuel into the individual air
intake conduits is accomplished by electromagnetically
operated valves.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIGURE 1, a four-cylinder internal-combustion en-
gine is represented schematically by an engine block B,
four cylinders 1 formed in block B, and intake valve 2 for
admitting an air-fuel mixture into each of the cylinders
1, an air intake conduit 3 communicating with the intake
valve 2 of each cylinder 1, an intake manifold § con-
nected to each of the air intake conduits 3, a piston P
slidably mounted within each of the cylinders 1, and a
crankshaft C connected to all of the pistons P to be driven
thereby. Since the detailed structure and operation of
internal-combustion engines are well known in the art,
and since this invention relates to the fuel injection sys-
tem for the above-noted engine rather than to the en-
gine itself, no further description will be given for the
engine per se.

In the fuel injection system shown in FIGURE 1, fuel
is pumped by a fuel pump 7 from a fuel container 6 to
a pressure pump 8 and subsequently flows, under pres-
sure, via a pressure regulating valve 9 to an electromag-
netic fuel metering valve 10. The fuel metering valve 10
contains an inlet I, and outlet O, a control member K for
controlling the flow of fuel from the outlet O, and an
electromagnet M for controlling the position of control
member K. The outlet O of valve 10 is opened at least
once during each revolution of crankshaft C by means of
a cam disc which is mechanically or magnetically cou-
pled to a switch 11. The closing of switch 11 applies a
pulse to an electrical control circuit 12, which in turn
applies a pulse to electromagnet M to lift control mem-
ber K and open the outlet O of the fuel metering valve 10.
The amount of fuel injected by the opening of outlet O
is determined by the length of time that it is opened,
which time length is variable by means of the duration
of the output pulse from control circuit 12. Control cir-
cuit 12 varies the length of its output pulse in accordance
with intake manifold pressure, and other factors such as
air temperature and cooling water temperature to com-
pensate for changes in these variables. Since the detailed
circuit elements which form control circuit 12 are well
known in the art, they are not disclosed in detail in the
drawings.

The fuel which is metered out through outlet O of fuel
metering valve 10 is transmitted via a fuel distributor 13
and fuel lines 13a to fuel injection nozzles 14, each of
which communicates into a corresponding air intake con-
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duit 3. In this embodiment, the fuel is injected simul-
taneously into all of the air intake conduits 3, and is
drawn into the corresponding cylinder 1 when the intake
valve 2 thereof is opened during the intake stroke thereof.

In the modification shown in FIGURE 2, however, the
injection does not occur simultaneously but rather in the
sequence of ignition, namely during the intake stroke
for each cylinder. This is accomplished by a rotary mem-
ber 15 within fuel distributor 13", the rotary member 15
having a passageway therethrough, as indicated by the
dashed lines, for selectively coupling the outlet of valve
10 to only one of the fuel lines at a time in sequence
depending on its rotary position. The rotary member 15
is rotated in synchronism with crankshaft C by a cam-
shaft 18 which is coupled thereto via a gear train, which
camshaft 18 also actuates a switch 16 to trigger control
circuit 12 in synchronism with crankshaft C and rotary
member 15.

The injection process is initiated four times during one
revolution of the camshaft 18 by switch 16, whose open-
ing and closing times are set to fall within the time
period during which the rotary member 15 is aligned with
one of the feed lines 13a, so that the injection action will
not occur when the rotary member 15 is passing from
one feed line 13a to the next. In this embodiment, the
timing of switch 16 and rotary member 15 is preferably
synchronized so that the injection period for each cyl-
inder will occur during the intake stroke for that cylinder.

In the embodiment shown in FIGURE 3, the injec-
tion nozzles consist of normally closed, magnetically op-~
erated valves 19 which are opened in sequence of igni-
tion by means of electric pulses and are kept open until
the injection action is completed. The pulses are dis-
tributed to the individual valves 19 by an electrical dis-
tributor 17 which is driven by the camshaft C. Elec-
trical distributor 17 also produces the triggering pulses
for electrical control circuit 12.

The embodiments shown in FIGURES 2 and 3 require
fast-acting metering valves because with a fast-running
four-cylinder engine, which, e.g., reaches 6000 r.p.m., a
maximum time of only 5x10-3 seconds is available for
each injection period. Two metering valves are required
for a six- or eight-cylinder engine, each metering valve
being associated with three or four cylinders.

In comparison with the known fuel injection systems
in which the metering of the fuel quantity for each cyl-
inder occurs separately by individually magnetically con-
trolled injection valves, which individual valves must all
possess exactly the same characteristics, the fuel injec-
tion system of this invention has the advantage that only
one, or with more than four cylinders according to
FIGURES 2 and 3, at most two metering valves are re-
quired. Thus, the fuel injection system of this invention
not only provides 2 more equal distribution of fuel to
the individual cylinders, but also provides a substantial
reduction in cost by substantially reducing the number of
precision components required in the system.

I claim:

1. In an internal-combustion engine incliding a plu-
rality of cylinders each having an intake valve for admit-
ting an air-fuel mixture thereinto, a plurality of air in-
take conduits each communicating with the intake valve
of a corresponding cylinder, a plurality of pistons each
slidably mounted in a corresponding one of said cylinders,
and a common crackshaft coupled to all of said pistons
to be driven thereby, a fuel injection system comprising,
in combination:

(a) a fuel pump having a fuel outlet for delivering

fuel to the outlet at a predetermined pressure;

(b) a fuel metering valve having a fuel inlet, a fuel
outlet, and a control member for controlling the
flow of fuel from said fuel outlet, said control mem-
ber being operable to open and to close said fuel
metering valve once for each intake stroke for each
cylinder whereby the quantity of fuel injected is de-
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termined by the time period during which said fuel
metering valve is opened by said [electrical] con-
trol member [means];

(¢) means for connecting the outlet of said fuel pump
to the inlet of said fuel metering valve;

(d) a plurality of fuel injection nozzles each com-
municating into a corresponding one of said air
intake conduits for injecting fuel thereinto;

(e) means for successively opening and closing com-
munication between the outlet of said fuel metering
valve and the [outlets] outler of each of said fuel
injection nozzles in synchronization corresponding
Ltime sequence] with the intake [stroke} strokes of
the corresponding Ecylinder] cylinders [and], the
communication with each nozzle outlet being opened
and closed, [and] the flow of fuel from the outlet
of said fuel metering valve [such] so that relative
to the actuation [the] a quantity of fuel determined
only by the pressure of the system and the time period
of the metering valve flows out of the outlet of [one]
each nozzle in turn while no fuel flows out of the
other nozzle outlets; and

(f) electrical control means coupled between said
crankshaft and the control member of said metering
valve for controlling the timing and the amount of
fuel injected into said air intake conduits through
said fuel injection nozzles,

2. A fuel injection system as defined in claim 1 where-
in said means for connecting each of said fuel injection
nozzles to the outlet of said fuel metering valve includes
a valve-type fuel distributor having arn inlet connected
[between] 1o the outlet of said fuel metering valve and
separate outlets to each of said fuel injection nozzles.

3. A fuel injection system as defined in claim 1 where-
in said fuel injection nozzles each comprise a normally
closed electromagnetically actuated valve, and said means
for connecting each of said fuel injection nozzles to the
outlet of said fuel metering valve includes electrical con-
trol means coupled between said crackshaft and said
electromagnetically actuated valve to open each of said
electromagnetically actuated valves in synchronism with
Ltime sequence during] the intake stroke of the corre-
sponding cylinder.

4. In an internal-combustion engine including a plu-
rality of cylinders each having an intake valve for ad-
mitting an air-fuel mixture thereinto, a plurality of air
intake conduits each communicating with the intake valve
of a corresponding cylinder, a plurality of pistons each
slidably mounted in a corresponding one of said cyl-
inders, and a common crakshaft coupled to all of said
pistons to be driven thereby, a fuel injection system
comprising, in combination:

(a) a fuel pump having a fuel outlet;

(b) a fuel metering valve having a fuel inlet, a fuel
outlet, and a control member for controlling the flow
of fuel from said fuel outlet by intermittently open-
ing the metering valve for predetermined periods of
time;

(¢) means for connecting the outlet of said fuel pump
to the inlet of said fuel metering valve;

(d) a plurality of fuel injection nozzles each communi-
cating into a corresponding one of said air intake
conduits for injecting fuel thereinto;

(e) means for successively connecting each of said fuel
injection nozzles to the outlet of said fuel metering
valve including a fuel distributor connected between
the outlet of said fuel metering valve and said fuel in-
jection nozzles, said fuel distributor including ro-
tary means for connecting each of said injection
nozzles to the outlet of said fuel metering valve in
time sequence from a time no later than the start
until a time no sooner than the end of a correspond-
ing actuation period of the metering valve and means
coupled between said crankshaft and said rotary
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means for driving said rotary means in synchronism
with said crankshaft; and

(f) electrical control means coupled between said
crankshaft and the control member of said metering
valve for controlling the timing and the duration
of said intermittent opening periods and thereby the
amount of fuel injected into said air intake conduits
through said fuel injection nozzles.

5. A fuel injection system as defined in claim 4 where-
in said rotary means connects the outlet of the fuel meter-
ing valve with the injection nozzle of each cylinder during
its intake stroke, the injection action of each cylinder be-
ing initiated and terminated by said electrical control
means within the time period of the intake stroke for the
corresponding cylinder.

6. In an internal combustion engine including a plu-
rality of cylinders, a plurality of pistons each slidably
mounted in a corresponding one of said cylinders, and a
common crankshaft coupled to all of said pistons to be
driven thereby, a fuel injection system comprising, in
combination:

(a) a fuel pump having a fuel outlet for delivering fuel

to the sutlet at a predetermined pressure;

(b) a fuel metering valve having a fuel inlet, a fuel
outlet, and a control member for controlling the flow
of fuel from said fuel outlet, said control member
being operable to open and to close said fuel meter-
ing valve once for each intake stroke of each cylinder
whereby the quantity of fuel injected is determined
by the time period during which said fuel metering
valve is opened by said control member;

(c) means for connecting the outlet of said fuel
pump to the inlet of said fuel metering valve;

(d) a plurality of fuel injection nozzles for providing
fuel to said cylinders;

(e) means for successively opening and closing com-
munication between the outlet of said fuel metering
valve and the outlet of each of said fuel injection
nozzles in synchronization with the working cycle
of the corresponding cylinder, the communication
with each nozzle outlet being opened and closed
relative to the actuation of said fuel metering valve
such that a quantity of fuel determined only by the
pressure of the system and the time period of the
metering valve flows out of the outlet of each nozzle
in turn while no fuel flows out of the other nozzle
outlets; and

(f) electrical control means coupled between said
crankshaft and the control member of said metering
valve for controlling the timing and the amount of
fuel injected through said fuel injection nozzles.

7. A fuel injection system as defined in claim 6 wherein
said means for connecting each of said fuel injection
nozzles to the outlet of said fuel metering valve includes
a valve type fuel distributor having an inlet connected to
the outlet of said fuel metering valve and separate outlets
connected to each of fuel injection nozzles.

8. A fuel injection system as defined in claim 6 wherein
said fuel injection nozzles each comprise a normally
closed electromagnetically actuated valve, and sald means
for connecting each of said fuel injection nozzles to the
outlet of said fuel metering valve includes electrical con-
trol means coupled between said crankshaft and said elec-
tromagnetically actuated valves to open each of said elec-
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tromagnetically valve in synchronization with the working
cycles of the corresponding cylinder.

9. In an internal combustion engine including a plu-
rality of cylinders, a plurality of pistons each slidably
mounted in a corresponding one of said cylinders, and a
common crankshaft coupled to all of said pistons to be
driven thereby, a fuel injection system comprising, in com-
bination:

(a) a fuel pump having a fuel outlet;

(b) a fuel metering valve having a fuel inlet, a fuel
outlet, and a control member for controlling the flow
of fuel from said fuel outlet by intermittently open-
ing the metering valve for predetermined periods of
time;

(¢) means for connecting the outlet of said fuel pump
to the inlet of said fuel metering valve;

(d) @ plurality of fuel injection nozzles for providing
fuel to said cylinders;

(¢) means for connecting each of said fuel injection
nozzles to the outlet of said fuel metering valve in-
cluding a fuel distributor connected between the
outlet of said fuel metering valve and said fuel
injection nozzles, said fuel distributor including
rotary means for connecting each of said injec-
tion nozzles to the outlet of said fuel metering
valve in time sequence from a time no later than the
start until a time no sooner than the end of a corre-
sponding actuation period of the metering vaive, and
means coupled between said crankshaft and said ro-
tary means for driving said rotary means in syn-
chronism with said crankshaft; and

(H) electrical control means coupled between said
crankshaft and the control member of said metering
valve for controlling the timing and the duration of
said intermittent opening periods and thereby the
amount of fuel injected through said fuel injection
nozzles.

10. A fuel injection system as defined in claim 9 where-
in said rotary means connects the outlet of the fuel meter-
ing valve with the injection nozzle of each cylinder during
its intake stroke, the injection action for each cylinder be-
ing initiated and terminated by said electrical control
means within the time period of the intake stroke for the
corresponding cylinder.
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