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1

ON-OFF VALVE FOR A GAS INJECTION
SYSTEM, PARTICULARLY OF METHANE,
FOR INTERNAL COMBUSTION ENGINES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The mvention relates to gas 1injection systems, particularly
of methane, for internal combustion engines, for the type
comprising;

a plurality of electromagnetically controlled injectors,

associated to the various cylinders 1n the engine,

a distributing manifold or rail communicating with said
injectors,

a feeding reservoir of the distributing manifold where
pressurised gas 1s accumulated,

a pressure regulating valve interposed in the connection
between the reservoir and said distribution manifold,

an electronic control unit set up to control the 1njectors
and to control the opening time to meter the amount of
gas 1mnjected in each cylinder according to the operating
conditions of the engine and,

an on-olil valve arranged on the output of the reservorr.

The on-off solenoid valve complies with standards in
force and ensures the possibility of hermetically closing the
reservolr 1 any emergency condition, for example in the
case of an accident entailing leakage of gas into the tubes
located downstream to the reservorr.

The on-off valves used to date in systems of the type
specified above use a deformable metallic material valve
member, typically made of synthetic rubber, with conse-
quent problems of tightness when cold. The use of plastic
material valve members 1s consequently not advantageous,
because there 1s the risk of the material forming the valve
member being cut or sheared consequent to the pressure
with which 1t 1s pressed against the corresponding valve seat,
which again causes problems of tightness.

SUMMARY OF THE INVENTION

The object of the invention 1s to realise an on-oif valve of
the perfected type for use 1n gas injection systems of the type
described above, which guarantees good tightness quality 1n
all conditions of operation and particularly at all operating
temperatures.

To obtain this object, the invention relates to a system of
the type described 1n the preamble, characterised 1n that said
on-oil valve comprises a metallic material valve member,
co-operating with a valve seat, also made of metallic
material, and a solenoid to recall the valve member to an
open condition against the action of elastic means.

The use of the metal-to-metal contact of the valve accord-
ing to the mvention ensures a fixed geometry of the valve 1n
all operative conditions and, particularly, and at any operat-
ing temperature and pressure value.

In a practical embodiment of the imvention, said valve
member presents a ball conformation and the co-operating,
valve seat presents an impression defining an annular portion
of spherical surface formed in a tapered portion of a gas
outtlow conduait.

According to an additional characteristic of the ivention,
the valve member 1s recalled to the closed condition by a
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spring tending to push 1t in the same direction as the flow of
gas from reservoir.

The impression forming the valve seat can be obtained by
coinage 1n the metallic side of said conduit for by machining
with a hard metal rotary tool.

The valve geometry can be predetermined so that the
valve also acts as a flow limiting valve for automatically
cutting off the flow of gas 11 the delivery tends to increase
over a certain value following a leak downstream to the
reservolr, for example, due to the breakage of a tube caused
by an accident. For this purpose, the solenoid valve 1s suited
to apply a force of attraction on the valve member which 1s
higher 1 a first phase, 1n order to cause the detachment of
the valve member from 1ts seat, and lower 1n a second subse-
quent phase to keep the Valve member open. During this
phase, a tlow of gas exceedmg a predetermined threshold 1s
thus capable of overcoming the relatively low attraction of
the solenoid. Said result can be obtain by varying the power
current of the solenoid and/or by suitably shaping the wind-
ings in the various areas of the solenoid.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional characteristics and advantages of the imnvention
will now be described, by the way of example only, with

reference to the accompanying drawings wherein:

FIG. 1 illustrates a diagram of a methane injection system
for internal combustion engine utilising an on-oif valve
according to the invention,

FIG. 2 shows a blown-up cross-sectional view of a pre-
ferred embodiment of the valve according to the invention,
and

FIG. 3 illustrates a blow-up on a detail in FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIG. 1, numeral 1 generically indicates
a methane electronic 1njection system for an internal com-
bustion engine. The system comprises a plurality of electro-
magnetically controlled ijectors (or injection valves) 2
associated to the various cylinders 1n the engine. The assem-
bly details of the 1njectors 2 are neither described nor 1llus-
trated herein, because the injectors can be made 1n any way
according to prior art and because the details are not
included 1n the object of the invention. The injectors 2
receive the methane via the respective lines 3 from a distrib-
uting manifold, or rail, 4. The distributing manifold 4 in turn
receives the methane from a reservoir 3 where the high pres-
sure methane 1s accumulated (e.g. at a pressure 1n the order
of 200 bars). The control solenoids of the injectors 2 are
controlled by an electronic control unit 6 on the basis of the
signals S, S,, ..., S, ,ndicative of the various parameters
of operation of the engine, including the position of the
accelerator pedal, the speed of revolution of the engine, the
ambient temperature, the altitude, etc. A pressure regulating
valve 7, which 1s also controlled by the control unit 6, 1s
interposed 1n the connection between the reservoir S and the
distributing manifold 7. The control unit 6 also receives the
signals output by the pressure sensors 8, 9 indicative of the
pressure existing in the distributing manifold 4 and in the
line 10 connecting the reservoir 3 to the pressure regulating
valve 7, respectively. The latter reduces the pressure of the
gas to the existing value in the reservoir 3 to the value exist-
ing 1n the mamiold 4, which 1s connected to the valve 7 via
the line 11. The system illustrated 1in the drawing 1s the
object of prior Italian patent application T02000A001099
filed by the Applicant on Feb. 24, 2000 and secret on the
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filing date of this application. In this system, the pressure
regulating device 7 1s controlled by the control unit 6 to vary
the pressure of the gas in the distribution manifold 4 accord-
ing to the signals output by the sensors 8, 9 to obtain a
pressure value 1n the distribution manifold which 1s predeter- 5
mined according to the operative parameters of the engine.

Despite that the example herein 1llustrated 1s referred to
the system previously proposed by the Applicant, 1t must be
stressed that the invention is applicable 1n general to any
clectronic gas 1njection system for an internal combustion 10
engine, and consequently to diffuse systems from the one
described 1n the Applicant’s present Patent Application.

Specifically, the system 1 also comprises a second tech-
nique known per se, 1.e. an on-off valve 12, which 1s also
controlled by the control unit 6 to entirely cut off the output
of the reservoir S 1n emergency conditions.

15

FIG. 2 1llustrates a preferred form of embodiment of the
valve 12 according to the invention. In this example, the
valve comprises a body 13 with an internal cavity 14 for
putting an iput passage 15, intended to be connected to the
output of the reservoir (the flow of gas of the valve 1s 1ndi-
cated by the arrows F) mto communication with an output
passage 16, mtended to be connected to the tube 10 con-
nected to the pressure regulating device 7.

20

25
A cylindrical piston 17 of metallic material with a spheri-

cal surface end nose 18, forming the valve member of the
valve, 1s slidingly mounted in the cavity 14. The valve mem-
ber 18, which 1s made of metallic material (typically steel),
co-operates with a valve seat also made of steel, formed 1n a
tapered position 19 of a conduit putting the cavity 14 into
communication with the output passage 16.

As appears 1n the detail in FIG. 3, showing the valve
member 18 1n the open position, the valve seat co-operates
with a valve member 18 comprising a recess 20 defining an
annular portion of spherical surface, whose radius r 1s essen-
tially equal to the radius r of the spherical valve member 18.

The valve member 18 1s pressed against the seat of the
valve 20 by a coil spring 21 operatively interposed between
the piston 17 and an end element 22, which defines the input 4
passage 15, presenting a circumierential groove acting as a
seat for the solenoid 23 of the solenoid valve. When the
solenoid 23 1s energised, the piston 17 1s pushed 1nto contact
with an end surface 24 of the element 22 against the action of
the spring 21. In this condition, the input gas 1n the passage 45
15 tflows 1n the output passage 16 through an axial hole 25 1n
the piston 17, from where several holes 26 lead into a cham-
ber 27, delimited by a piston 17 communicating with the
output passage 16.

In the example shown, the portion of the body 13 where 5q
the sliding cavity 14 of the piston 17 1s formed 1s made of a
separate element 28, 1n which the output passage 16 is also
formed. The element 28 1s withheld against the element 22
by an annular lid 29, which 1s screwed onto the element 22
so that the solenoid 23 remains locked 1n the circumierential 55
groove of the element 22 by the element 28. Obviously, the
construction details are herein provided by the way of a
non-limiting example and do not restrict the scope protec-
tion of the ivention.

As appears 1n the description above, the basic concept of 60
the invention 1s that of an on-off valve for an electronic gas
injection system, in which both the valve member 18 and the
co-operating valve seat 20 are made of metallic material
clements. The metal-to-metal contact ensures the good qual-
ity of the tightness 1n any operative condition, thanks to the 65
stability of its geometry 1 any temperature and pressure
value.

30
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As 1llustrated above, the annular groove 20 forming the
valve seat can be made by coinage or by machining by
means ol a hard metal rotary tool.

Furthermore, as previously indicated, the valve can be
predisposed so that the solenoid 23 applies an attraction
force to the valve member 18 which 1s higher 1n a first inter-
val of determined time to allow the detachment of the valve
member 1n its seat and lower during a second phase only to
keep the valve member open. In this way, 1f the flow of gas
through the open valve exceeds a predetermined threshold
valve, for example due to leakage of the tubes downstream to
the valve, the geometry of the valve will generate a drop of
pressure through the passage 19 which overcomes the attrac-
tion of the solenoid and causes the valve to close again. In
this way, the valve according to the invention also acts as a
flow limiting valve. This effect can be obtained also because
the spring 21 pushes the valve member in the same direction
of flow of the gas from the reservorr.

Moreover, numerous changes can be implemented to the
construction and embodiments of the imnvention herein envis-
aged without departing irom the scope of the present
invention, as defined by the following claims.

What 1s claimed 1s:

1. Gas injection system, particularly of methane, for inter-
nal combustion engine, comprising:

a plurality of electromagnetically controlled injectors,

associated to the various cylinders 1n the engine,

a distributing manifold or rail communicating with said
injectors,

a feeding reservoir of the distributing manifold where
pressurised gas 1s accumulated,

a pressure regulating valve interposed in the connection
between the reservoir and said distribution manifold,

an electronic control unit set up to control the injectors
and to control the opening time to meter the amount of
gas 1njected 1n each cylinder according to the operating,
conditions of the engine and,

an on-off valve arranged on the output of the reservorr,

comprising:

a valve member, co-operating with a valve seat,

spring means tending to push said valve member in the
same divection as the flow of gas from said reservoir,
towards a closed condition in contact with said valve
seat, and

a solenoid which can be energized to recall the valve
member to an open condition spaced apart from said
valve seat, against the action of [elastic] said spring
means,

wherein said valve member [(18)] is made of metallic
material and in that said valve seat 1s made 1 a
metallic material body, and

wherein said solenoid 1s suited to apply a first higher force
of attraction on the valve member [which is higher] in a
first phase of predetermined duration, 1n order to cause
the detachment of the valve member from 1ts seat, and a
second force of attraction on the valve member, which
is lower than said first force of attraction, 11 a second
subsequent phase to keep the valve member open, so
that 1n the case of excessive tlow of gas due to leakage
in the tubes downstream with respect to the on-oif
valve, the valve member will close and also act as a
flow limiting valve.

2. System according to claim 1, wherein said valve mem-
ber presents a spherical conformation and the valve seat
co-operating therewith consists of an impression defining an
annular portion of spherical surface.
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[3. System according to claim 1, wherein said valve mem- wherein said solenoid is suited to apply a first higher force
ber 1s recalled to the closed condition by a spring tending to of attraction on the valve member in a first phase of
push it 1n the same direction as the flow of gas from reser- predetermined duration, in ovder to cause the detach-
voir.] ment of the valve member from its seat, and a second

4. An on-off valve arranged at the outlet of a gas accumu- 5 Jorce of attraction on the valve member, which is lower
lation veservoir, comprising: than said first force of attraction, in a second subse-

a valve member cooperating with a valve seat, quent phase, to keep the valve member open, so that in

the case of excessive flow of gas due to leakage in the
tubes downstream with respect to the on-off valve, the
valve member will close and also act as a flow limiting
valve.

_ _ _ _ _ 5. The on-off valve according to claim 4, wherein said
a solenoid which can be energized for recalling said valve valve member presents a spherical conformation and the

member to an opened condition spaced apart from said valve seat co-operating therewith consists of an impression

valve seat, against the action of said spring means, defining an annular portion of spherical surface, formed in a
wherein said valve member is made of metallic material 1> tapered portion of the gas outflow conduit.

and said valve seat is made in a body which is made of
metallic material, ok % ok ok

spring means tending to push said valve member in the
same direction as the flow of gas from said reservoir
towards, a closed condition in contact with said valve 10
seat, and
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