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(57) ABSTRACT

A system for supply of LPG/ammonia for direct-injection
petrol or diesel engine includes an electronic control unit
where the control unit governs a petrol/diesel pump, a
supplementary petrol/diesel pump, a petrol/diesel-delivery
solenoid vale, LPG/ammonia-return solenoid valve, LPG/
ammonia pump, a supplementary LPG/ammonia pump, a
LPG/ammoma-delivery solenoid vale and a LPG/ammonia
injector, such that only one of LPG/ammonia and petrol/
diesel 1s fed to the engine at any point 1n time, and a
combination of 1) LPG and petrol, 11) LPG and diesel, 111)
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ammomnia and petrol, and 1v) ammonia and diesel 1s never fed
to the engine.
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OPERATING SCHEME OF LPG/AMMONIA SYSTEM ON DIRECT-INJECTION ENGINES
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SYSTEM FOR SUPPLY OF LPG/AMMONIA
FOR DIRECT-INJECTION PETROL OR
DIESEL 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; a claim printed with strikethrough

indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application is a continuation reissue of application

Ser. No. 13/845,487, which is an application for reissue of
U.S. Pat. No. 8,1580,556.

Manufacturers ol petrol/diesel engines are currently
increasingly oriented towards direct-injection supply gov-
erned by electronic control units, which present increasingly
sophisticated strategies necessary both for optimizing sup-
ply of the engines, thus easily obtaining the best possible
combustion and consequently also the lowest emissions of
unburnt particles 1n the exhaust, and because the catalytic
converters and probes with which they are provided could
not function with engines the injection supply of which were
not governed by an electronic control unit.

Recently, on account of the high price of petrol and diesel,
the to continuously increasing rate of pollution 1n particular
in large urban areas, and the resonance that environmental
problems caused by pollution are raising, there 1s an 1ncreas-
ingly frequent demand for automobiles, including brand new
ones, to have the possibility of being fuelled not only by
petrol/diesel also by LPG/ammomnia.

The conversion to LPG/ammonia of these engines entails
considerable difliculties 1n so far as 1t 1s 1mpossible to
reproduce the strategies of supply required thereby because
they are equipped with particular injectors that moreover
function at very high pressures.

Given the demand, some manufacturers of systems have
converted direct-injection petrol engines to LPG 1in the
gaseous phase, but to obtain their operation they are have
had to resort to compromises, with consequent anomalies
dictated by the different strategies of operation in so far as
the engine functions with LPG only at a given rp.m.,
whereas during 1dling or when the maximum power 1s
required, the engine runs on petrol, thus rendering far from
convenient conversion to LPG by customers.

The purpose of the present invention 1s a system that wall
enable conversion of direct-injection petrol/diesel engines to
L.PG/ammonia 1n the liquid phase, using the same electronic
control unit and the same original system of the vehicle,
climinating the operating faults to which reference has been
made.

The conversion to LPG/ammonia in the liquid phase as

mentioned above entails 1n any case difliculties that arise
both when travelling and during starting of the engine.
In particular, with operation using LPG/ammonia the
difficulties of starting are frequent when the engine has been
turned ofl after a period of operation with LPG/ammonia,
since the high temperature of the engine causes gasification
of the liquid present within the high-pressure pump, render-
ing subsequent starting very problematical, 11 not 1mpos-
sible.

According to the present invention, the LPG/ammonia
supply of the engine 1s obtained using the same electronic
control unit and the same original petrol/diesel fuelling
system ol the vehicle by inserting a purposely provided
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2

adapter on the high-pressure pump, which enables, when the
engine 1s fuelled with LPG/ammonia, prevention of gasifi-
cation through a purposely provided duct for return of the
liguid 1n excess, and by closing, during operation with
LPG/ammomia, inlet of the petrol/diesel to the high-pressure
pump to which LPG/ammoma 1s sent 1n the liquid phase.
Closing of the passage of the petrol/diesel and opening of
the passage for delivery and return of the LPG/ammonia in
the liquid phase, and obviously vice versa, are performed by
means of appropriate devices, which can be grouped
together 1n the distribution assembly, governed with times
and modalities purposely studied by a control umit for

governing the switching strategies.

The control unit for governing the switching strategies
moreover controls, 1n an automatic and programmed way,
the devices that enable the drawbacks of operation and in
particular, as has been said, the drawbacks that occur during
switching of operation from petrol/diesel to LPG/ammonia
during starting of the engine with LPG/ammonia and during
switching of operation from LPG/ammonia to petrol/diesel
to be overcome, whereas for application on diesel engines
the control unit manages, via an appropriate wiring, also the
opening signal to be sent to the injectors with a pre-set delay
so as to guarantee that combustion, given the diversity of
fuels, does not occur 1n advance.

The invention will now be described 1n a non-limiting,
embodiment, provided with reference to the attached draw-
ings, 1n which:

FIG. 1 shows a view of the ligh-pressure LPG/liquid-
ammonia system;

FIG. 2 shows a block diagram of operation of the LPG/
ammonia to system on direct-injection engines; and

FIG. 3 shows a variant of the high-pressure LPG/liquid-
ammonia system.

According to said diagrams exemplitying the system, this
1s schematically made up of:

an electronic control unit for regulation and control of the
switching strategies (1);

a petrol/diesel tank provided on the vehicle (2);

a petrol/diesel pump provided on the vehicle (3);

one or more supplementary petrol/diesel pumps (4);

a petrol/diesel-delivery solenoid valve (5);

a petrol/diesel non-return valve (6);

an original high-pressure pump of the vehicle (7);

an LPG/ammonia pressure regulator (8);

an LPG/ammonia-return valve (9);

an additional radiator with cooling fan (10);

an LPG/ammonia non-return valve (11);

an LPG/ammonia tank (12);

an LPG/ammonia pump (13);

a LPG/ammonia-delivery solenoid valve (14);

an LPG/ammonia non-return valve (15);

a supplementary LPG/ammonia injector (16);

original high-pressure injector rail (17) of the vehicle;

a door contact on the driver side (18);

a device on the high-pressure pump to enable return of the
fuel 1n excess to the tank during operation with LPG/
ammonia (19);

an original electronic control unit (20) of the vehicle;

a distribution assembly with solenoid valves (21), 1n
which the devices for closing the passage of the petrol/
diesel and openming the passage for delivery and return
of the LPG/ammoma in the liquid phase, and vice
versa, are grouped together;

a valve for discharge of the LPG/ammonia overpressure

(26).
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an LPG/ammonia supplementary pump (27); and

non-return valves (24), (25), (28);

According to the present invention, the original electronic
control unit (20) of the vehicle manages, during operation of
the engine, 1n the same way strategles of carburation of both
the petrol and the LPG/ammonia, goverming the rail of the
injectors (17) indistinctly and 1n the same way according to
the type of fuel selected, whereas, for operation of the diesel
engine, the electronic control unit for regulation and control
of the switching strategies (1) manages, via the wiring (22),
also the opening signal to be sent to the injectors with a
pre-set delay so as to guarantee that the combustion, given
the diversity of the fuels, does not occur in advance; 1t
moreover activates one or more of the devices listed accord-
ing to modalities of use and the operations requested by the
driver.

In particular:

1) When switching of the supply from petrol/diesel to
LPG/ammonia, the electronic control unit for regulation
and control of the strategies (1) sends an enabling signal
to the supply of the LPG/ammonia pump (13) and to the
LPG/ammonia-delivery solenoid valve (14) and, after a
predetermined period of time, for example 2 seconds,
deactivates the petrol/diesel pump (3), and supplies the
LPG/ammonia-return solenoid valve (9).

2) During starting of the engine that had previously been
functioning with LPG/ammonia supply, upon switching-
on of the dashboard the control unit (1) supplies the
petrol-delivery solenoid valve (5) and, after a certain
period of time, for example 1 second, for a predetermined
period of time, for example 5 seconds, the petrol/diesel
pump (3), the supplementary petrol/diesel pump (4), and
the LPG/ammoma-return solenoid valve (9) are automati-
cally activated; in this way, the gasified liquid i1s elimi-
nated from the circuit and 1n particular from the high-
pressure pump (7). Once the set time, for example 5
seconds, has elapsed the control unit (1) deactivates the
supplementary petrol/diesel pump (4) and the LPG/am-
monia-return solenoid valve (9), keeping instead active
for a turther period of time, for example 15 seconds, the
petrol/diesel-delivery solenoid valve (5) and the petrol/
diesel pump (3), ensuring operation of the engine with
petrol/diesel. Upon expiration of the predetermined time,
the petrol/diesel-delivery solenoid valve (5) and the pump
(3) are deactivated, whereas the LPG/ammonia pump
(13), the LPG/ammomnia-delivery solenoid valve (14), and
the LPG/ammonia-return solenoid valve (9) are activated.
The pulse to the control umt (1), to carry out the procedure
described, may also be imparted by the command from a
contact (18) activated by the opemng of the door on the
driver side, with the engine turned o

3) During switching-ofl of the engine operatmg with LPG/
ammonia, the control unit (1) supplies for a predeter-
mined period of time, for example 6 seconds, the petrol/
diesel-delivery solenoid valve (5), and, after 1 second, the
petrol/diesel pump (3), the supplementary petrol/diesel
pump (4), and the LPG/ammonia-return solenoid valve
(9) are supplied for 5 seconds. Upon elapse of the 6
seconds, the petrol/diesel-delivery solenoid valve (35), the
petrol/diesel pump (3), and the supplementary petrol/
diesel pump (4) are deactivated, whereas the LPG/ammo-
nia-return solenoid valve (9) remains open for 120 sec-
onds, to enable elimination of the LPG imprisoned 1n the
circuit of the high-pressure pump (7), preventing any rise
of the pressure of the LPG due to the heat and its
gasification, thus preparing the engine for petrol-tuelled
starting.
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4) During switching of operation from LPG/ammonia to
petrol/diesel, the control unmit (1) activates the petrol/
diesel-delivery solenoid valve (5) and, after 1 second,
activates the petrol/diesel pump (3) and the supplemen-
tary petrol/diesel pump (4); 1t deactivates the LPG/am-
monia pump (13) and the LPG/ammonia-delivery sole-
noid valve (14), whilst to the LPG/ammonia-return
solenoid valve (9) 1s kept active for 5 seconds, and, once
this period has elapsed, 1s deactivated simultaneously
with the supplementary petrol/diesel pump (4)

The procedures described, of which the pulses of activa-
tion and deactivation and the successions of the steps and the
timing are governed by the control unit (1) for regulation and
control of the switching strategies, enable operation of the
engine with LPG/ammonia and passage of supply from
LPG/ammoma to petrol/diesel, and vice versa, optimizing
operation and, in particular starting in any climatic condi-
tion.

There should 1n any case be highlighted the considerable
importance of the supplementary petrol/diesel pump (4),
which, working simultaneously with the petrol/diesel pump
(3) of the vehicle, enables rise of the pressure of the
petrol/diesel and free from the LPG/ammonia the high-
pressure pump (7) and the circuit in general, thus preventing
its gasification and enabling starting of the engine 1n any
climatic condition.

To make up for the diversity of the two fuels and solve the
problem of lean carburation due to the difference of the
specific weight of the fuels, the control unit (1) for regula-
tion and control of the switching strategies automatically
manages the LPG/ammonia supplementary injector (16) so
as to deliver the amount of fuel that 1s lacking according to
the r.p.m. and the demand of the engine for proper carbu-
ration.

The same result of delivering the amount of fuel that 1s
lacking according to the r.p.m. and the demand of the engine
for proper carburation 1s obtained by managing with the
control unit (1) for regulation and control of the switching
strategies the signal of the fuel high-pressure sensor (23) so
as to regulate the right amount of fuel to the engine.

In the same way, to make up for the difference between
the two fuels and solve the problem of lean carburation due
to the difference of the specific weight of the fuels, the
control unit (1) for regulation and control of the switching
strategies automatically manages the supply voltage to the
LPG/ammonia pump (13), consequently varying the power
of the pump to and the pressure of the LPG/ammonia so as
to deliver the amount of fuel that 1s lacking according to the
r.p.m. and the demand of the engine for proper carburation.

In order to increase the reliability of the system during
operation with LPG at high external temperatures, there 1s
envisaged 1nstallation of a radiator equipped with an electric
fan connected to the control unit (1) through an outlet
activated by the control unit (1) itself when the engine turns
at a rate of less than or equal to 1 000 r.p.m. The supple-
mentary radiator cools the LPG, thus preventing any
increase of the pressure 1n the tank (12), as well as prevent-
Ing any problems of overpressure 1n the supply circuit and
the drawbacks 1n supply on account of the high pressure in
the tank itself.

To obtain return of the LPG/ammonia in excess to the tank
and guarantee circulation thereof, as has already been said,
associated to the high-pressure pump (7) 1s the adapter
device (19), which prevents gasification and ensures proper
carburation of the engine.

In a variant of the invention (1llustrated 1n FIG. 3), there
1s provided a further supplementary LPG/ammonia pump




US RE46,229 E

S

(27) on the LPG/ammonia supply line, designed to eliminate
from the LPG/ammoma supply circuit the possible presence
of gasified LPG/ammonia 1n order to enable starting of the
engine previously functioning with LPG/ammonia supply
directly with LPG/ammonia, without the need to start 1t with
petrol/diesel, as indicated to the preceding point 2.

Advantageously, in this variant of the invention, operation
according to the preceding point 3, regarding switching-oil
of the engine functioning with LPG/ammonia supply, 1s no
longer necessary.

In this regard, 1t should be noted that, 1n the variant of the
invention being described, equipped with supplementary
LPG/ammoma pump (27), during starting of the engine
previously functioning with LPG/ammonia supply, upon
switching-on of the dashboard the control unit (1) activates
the supplementary LPG/ammonia pump (27) and the LPG/
ammonia pump (13), and the LPG/ammonia-delivery sole-
noid valve (14) and the LPG/ammonia-return solenoid valve
(9).

The pulse to the control unit (1), in order to carry out the
procedure described, can also be imparted—instead of by
switching-on of the dashboard—by the command from a
contact (18) activated by opening of the door on the driver
side, with the engine turned off. In the latter case, if the
engine 1s not turned on within a given time, 1t 1s envisaged
that switching-on of the dashboard replicates the operation
corresponding to activation of the atoresaid LPG/ammonia
pumps.

LIST OF THE MAIN COMPONENTS

1 Electronic control unit for regulation and control of
switching strategies

2 Petrol/diesel tank

3 Petrol/diesel pump

4 Supplementary petrol/diesel pump

5 Petrol/diesel-delivery solenoid valve

6 Petrol/diesel non-return valve

7 High-pressure pump

8 Pressure regulator

9 LPG/ammonia-return solenoid valve

10 Radiator with fan

11 Non-return valve

12 LPG/ammonia tank

13 LPG/ammonia pump

14 LPG/ammonia-delivery solenoid valve

15 LPG/ammonia non-return servo valve

16 Supplementary 1njector

17 Petrol/LPG/diesel/ammonia injector rail

18 Door-contact device

19 Return device

20 Orniginal vehicle control unit

21 Diastribution assembly with solenoid valves

22 Wiring present for application on diesel engine

23 High-pressure sensor

24 Petrol/diesel non-return valve to supplementary pump

25 Petrol/diesel non-return valve

26 L. PG/ammonia-overpressure discharge valve

27 Supplementary LPG/ammonia pump

28 L. PG/ammonia non-return valve

The invention claimed 1s:
[1. A system for supply of LPG/ammonia for direct-
injection petrol or diesel engines, comprising:
an electronic control unit for regulation and control of
switching strategies (1);
a petrol/diesel tank provided on the vehicle (2);
a petrol/diesel pump provided on the vehicle (3);
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one or more supplementary petrol/diesel pumps (4);

a petrol/diesel-delivery solenoid valve (5);

a petrol/diesel non-return valve (6);

an original high-pressure pump of the vehicle (7);

an LPG/ammonia pressure regulator (8);

an LPG/ammonia-return valve (9);

an additional radiator with cooling fan (10);

an LPG/ammonia non-return valve (11);

an LPG/ammonia tank (12);

an LPG/ammonia pump (13);

an LPG/ammomnia-delivery solenoid valve (14);

an LPG/ammonia non-return valve (15);

a supplementary LPG/ammonia injector (16);

an original high-pressure injector rail (17) of the vehicle;

an adapter (19) connected to the high-pressure pump (7),

which adapter (19) enables circulation and return of the
[.PG/ammonia to the tank;
an original electronic control unit (20) of the vehicle; and
a distribution assembly with solenoid valves (21), which
combines the devices for opening the passage for
delivery and return of the LPG/ammonia 1n the liquid
phase;
in which with modalities, succession, and times pre-set
according to:

the mode of operation of the engine with LPG/ammonia

or petrol/diesel,

switching of operation of the engine with LPG/ammonia

fuelling or petrol/diesel fuelling,

arrest of the engine, and

the modalities requested by the driver,
the control unit (1) governs the petrol/diesel pump (3), the
supplementary petrol/diesel pump (4), the petrol/diesel-
delivery solenoid valve (8), the LPG/ammonia-return sole-
noid valve (9), the LPG/ammonia pump (13), the supple-
mentary LPG/ammonia pump (27), the LPG/ammonia-
delivery solenoid valve (14), and the LPG/ammonia injector
(16), wherein,

only one of LPG/ammonia and petrol/diesel 1s fed to the

engine at any point 1n time, and

a combination of 1) LPG and petrol, 11) LPG and diesel, 111)

ammonia and petrol, and 1v) ammonia and diesel 1s
never fed to the engine.]

[2. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized 1n that the supplementary petrol/diesel pump
(4) operating 1n combination with the petrol/diesel pump (3)
provided on the vehicle increases the pressure of the petrol/
diesel fuel forcing the outflow of the gas present in the
high-pressure pump (7) and preparing the system for the
subsequent starting.}

[3. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized in that the control unit (1) for regulation and
control of the switching strategies, during switching of the
supply from petrol/diesel to LPG/ammonia, sends an
enabling signal to the supply of the LPG/ammonia pump
(13) and to the LPG/ammonia-delivery solenoid valve (14),
and after a predetermined period of time, deactivates the
petrol/diesel pump (3) and supplies the LPG/ammonia-
return solenoid valve (9).]

[4. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized 1n that the control unit (1) for regulation and
control of the switching strategies, during starting of the
engine with LPG/ammonia fuelling, supplies the petrol-
delivery solenoid valve (8), and, after a certain period of
time, the petrol/diesel pump (3), the supplementary petrol/
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diesel pump (4), and the LPG/ammoma-return solenoid
valve (9) are automatically activated for a predetermined
period of time; 1n this way, the gasified liqud 1s eliminated
from the circuit and 1n particular from the high-pressure
pump (7); once the set time, has elapsed the control unit (1)
deactivates the supplementary petrol/diesel pump (4) and the
LPG/ammomnia-return solenoid valve (9), keeping, instead,
active for a further period of time, the petrol/diesel-delivery
solenoid valve (5) and the petrol/diesel pump (3), ensuring
operation of the engine with petrol/diesel fuelling; upon
expiration of the predetermined time the petrol/diesel-deliv-
ery solenoid valve (5) and the pump (3) are deactivated,
whilst the LPG/ammonia pump (13), the LPG/ammonia-
delivery solenoid valve (14), and the LPG/ammonia-return
solenoid valve (9) are activated.}]

[S5. The system for supply of LPG/ammonia for direct-
ijection petrol or diesel engines according to claim 1,
characterized in that the control unit (1) for regulation and
control of the switching strategies, during switching-oil of
the engine with LPG/ammonia fuelling, supplies for a pre-
determined period of time, the petrol-delivery solenoid
valve (8), and, after 1 second, the petrol/diesel pump (3), the
supplementary petrol pump (4), and the LPG-return solenoid
valve (9) are supplied for 5 seconds; upon elapse of the 6
seconds, the petrol-delivery solenoid valve (5), the petrol
pump (3) and the supplementary petrol pump (4) are deac-
tivated, whilst the LPG-return solenoid valve (9) remains
open for 120 seconds to enable outflow of the LPG impris-
oned 1n the circuit of the high-pressure pump, thus prevent-
ing, on account of the heat of the engine, any rise of the
pressure and its gasification, preparing the engine for petrol/
diesel-fuelled starting.}

[6. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized in that the control unit (1) for regulation and
control of the switching strategies, during switching of
operation from LPG/ammonia to petrol/diesel, activates the
petrol-delivery solenoid valve (8) and, after 1 second, acti-
vates the supplementary petrol pump (4); 1t deactivates the
LPG pump (13) and the LPG-delivery solenoid valve (14),
whilst the LPG-return solenoid valve (9) 1s kept active for 2
seconds, after which 1t 1s deactivated simultaneously with
the supplementary petrol/diesel pump (4).]

[7. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized 1n that, to make up for differences between
tuels and solve lean carburation due to differences of the
specific weight of fuels, the control unit (1) for regulation
and control of the switching strategies automatically man-
ages the supplementary injector (16) of the LPG/ammonia
so as to deliver the amount of fuel that i1s lacking according
to the rp.m, and the demand of the engine for proper
carburation.]

[8. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized in that, to make up for differences between
fuels and solve lean carburation due to differences of the
specific weight of fuels, the control unit (1) for regulation
and control of the switching strategies automatically man-
ages the current of the LPG/ammonia pump (13) by varying
the voltage and consequently the power of the pump so as to
supply the pressure suitable for delivery of the amount of
tuel necessary according to the r.p.m, and the demand of the
engine for proper carburation.}

[9. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized in that connected to the high-pressure pump
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(7) 1s the adapter device (19), which enables circulation and
return of the liquid i excess during operation with LPG/
ammonia preventing gasification thereol and ensuring opti-
mal carburation.]

[10. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 5,
characterized in that the pulse to the control unit (1) for
carrying out the procedure during switching-ofl of the
engine with LPG/ammoma-fuelled operation 1s 1ssued by the
command for arrest of the engine.]

[11. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 4,
characterized in that the pulse to the control unit (1) for
carrying out the procedure during starting of the engine with
LPG/ammoma-fuelled operation 1s 1ssued by a purposely
provided contact (18), which signals opening of the door on
the driver side with the engine turned off, mstead of by
switching-on of the dashboard.]

[12. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized 1n that there 1s envisaged installation of a
radiator equipped with an electric fan connected to the
control unit (1) through an output activated by the control
unit (1) itself when the engine turns at a rate of less than or
equal to 1000 r.p.m.; the supplementary radiator has the
function of cooling the LPG, thus preventing increase of the
pressure 1n the tank (12), preventing the problems of over-
pressure 1n the supply circuit and the drawbacks 1n supply on
account of the high pressure in the tank itself ]

[13. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized 1n that the original electronic control unit (20)
of the vehicle manages, during operation, 1n the same way
the strategies of carburation of both the petrol/diesel and the
LPG/ammonia, governing the rail of the injectors (17)
indistinctly and 1n the same way according to the type of fuel
selected. ]

[14. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized in that the control unit (1) for regulation and
control of the switching strategies on diesel engines man-
ages via a wiring (22) also the opening signal to be sent to
the 1njectors with a pre-set delay so as to guarantee that the
combustion, given the diversity of the fuels, does not occur
in advance.}

[15. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized 1n that the devices for distribution of the
corresponding fuels are inserted in a single distribution
assembly (21).]

[16. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized 1n that 1t further comprises a supplementary
LPG/ammoma pump (27) on the LPG/ammonia supply
line.]

[17. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 16,
characterized in that, during starting of the engine with
LPG/ammonia fuelling, the control unit (1) for regulation
and control of the switching strategies activates, for a given
time, the supplementary LPG/ammonia pump (27) and the
LPG/ammonia pump (13), and the LPG/ammonia-delivery
solenoid valve (14) and the LPG/ammonia-return solenoid
valve (9).]

[18. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 16,
characterized 1n that, in the case where the control unit (1)




US RE46,229 E

9

for regulation and control of the switching strategies 1s set
for fuelling the engine with LPG/ammonia, a purposely
provided contact (18) signals opening of the door on the
driver side with the engine turned off to the control unit (1),
which, appropnately programmed, activates immediately
the supplementary LPG/ammonia pump (27), the LPG/
ammomnia pump (13), the LPG/ammonia-delivery solenoid
valve (14), and the LPG/ammonia-return solenoid valve (9),
for a programmed time; and 1n that, after said programmed
time, said operation 1s performed by switching-on of the
dashboard.}

[19. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized 1n that 1t further comprises a valve for dis-
charge of the LPG/ammonia overpressure (26).]

[20. The system for supply of LPG/ammonia for direct-
injection petrol or diesel engines according to claim 1,
characterized 1n that said distribution assembly (21) further
comprises non-return valves (24, 25, 28).]

21. A system for supplving LPG/ammonia for direct-
injection petrol or diesel engines of vehicles comprising a
petrol/diesel tank (2), a petrol/diesel pump (3), an original
high-pressure pump (7), an oviginal high-pressure injector
rail (17) and an original electronic control unit (20); said
svstem comprising: an electronic control unit for regulation
and control of switching strategies (1); one or more supple-
mentary petvol/diesel pumps (4); an LPG/ammonia tank
(12); an LPG/ammonia pump (13); a return adaptor device
(19) connected to the high-pressure pump (7), which return
adaptor device (19) enables circulation and return of the
LPG/ammonia to the tank; and a distribution assembly with
solenoid valves (21), which combines the devices for open-
ing the passage for delivery and return of the LPG/ammonia
in the liguid phase or petrol/diesel; in which with modalities,
succession, and times pre-set according to:

the mode of operation of the engine with LPG/ammonia

or petrol/diesel,

switching of operation of the engine with LPG/ammonia

fuelling or petrol/diesel fuelling,

arrest of the engine, and

the modalities requested by the driver,

the control unit (1) governs the supplementary petrol/
diesel pump (4), the distribution assembly with sole-
noid valves (21) and the LPG/ammonia pump (13),
wherein,

only one of LPG/ammonia and petrol/diesel is fed to the

engine at any point in time, and
a combination of i) LPG and petvol, ii) LPG and diesel, iii)
ammonia and petrol, and iv) ammonia and diesel is never
fed to the engine.

22. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines according to claim 21,
characterized in that the supplementary petrol/diesel pump
(4) operating in combination with the petrol/diesel pump (3)
provided on the vehicle increases the pressure of the petrol/
diesel fuel forcing the outflow of the gas present in the
high-pressure pump (7) and preparing the system for the
subsequent starting.

23. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accorvding to claim 21,
characterized in that the control unit (1) for regulation and
control of the switching strategies, during switching of the
supply from petrol/diesel to LPG/ammonia, sends an
enabling signal to the supply of the LPG/ammonia pump

(13) and to the LPG/ammonia-delivery solenoid valve (14),
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and after a predetermined period of time, deactivates the
petrvol/diesel pump (3) and supplies the LPG/ammonia-
return solenoid valve (9).

24. The system for supplyving LPG/ammonia for direct-
injection petrol ov diesel engines accorvding to claim 21,
characterized in that the control unit (1) for regulation and
control of the switching strategies, during starting of the
engine with LPG/ammonia fuelling, supplies the petrol-
delivery solenoid valve (5), and, after a certain period of
time, the petrvol/diesel pump (3), the supplementary petvol/
diesel pump (4), and the LPG/ammonia-veturn solenoid
valve (9) are automatically activated for a predetermined
period of time; in this way, the gasified liquid is eliminated

from the circuit and in particular from the high-pressure

pump (7); once the set time, has elapsed the control unit (1)
deactivates the supplementary petvol/diesel pump (4) and
the LPG/ammonia-return solenoid valve (9), keeping,
instead, active for a further period of time, the petrol/diesel-
delivery solenoid valve (5) and the petrvol/diesel pump (3),
ensuring operation of the engine with petrol/diesel fuelling;
upon expiration of the predetermined time the petvol/diesel-
delivery solenoid valve (5) and the pump (3) are deactivated,
whilst the LPG/ammonia pump (13), the LPG/ammonia-
delivery solenoid valve (14), and the LPG/ammonia-return
solenoid valve (9) are activated.

25. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines according to claim 21,
characterized in that the control unit (1) for regulation and
control of the switching strategies, during switching-off of
the engine with LPG/ammonia fuelling, supplies for a pre-
determined period of time, the petrol-delivery solenoid valve
(3), and, after 1 second, the petrol/diesel pump (3), the
supplementary petrvol pump (4), and the LPG-return sole-
noid valve (9) are supplied for 5 seconds; upon elapse of the
6 seconds, the petvol-delivery solenoid valve (5), the petrol
pump (3) and the supplementary petvol pump (4) are deac-
tivated, whilst the LPG-return solenoid valve (9) remains
open for 120 seconds to enable outflow of the LPG impris-
oned in the circuit of the high-pressure pump, thus prevent-
ing, on account of the heat of the engine, any rise of the
pressure and its gasification, preparing the engine for petrol/
diesel-fuelled starting.

26. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accovding to claim 21,
characterized in that the control unit (1) for regulation and
control of the switching strategies, during switching of
operation from LPG/ammonia to petrol/diesel, activates the
petrol-delivery solenoid valve (5) and, after 1 second, acti-
vates the supplementary petrol pump (4); it deactivates the
LPG pump (13) and the LPG-delivery solenoid valve (14),
whilst the LPG-return solenoid valve (9) is kept active for
example for 2 seconds, after which it is deactivated simul-
taneously with the supplementary petrol/diesel pump (4).

27. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines according to claim 21,
characterized in that connected to the high-pressure pump
(7) is the return adapter device (19), which enables circu-
lation and return of the liguid in excess during operation
with LPG/ammonia preventing gasification thereof and
ensuring optimal carburation.

28. The system for supplving LPG/ammonia for divect-
injection petrol or diesel engines accovding to claim 25,
characterized in that a pulse to the control unit (1) for
carrving out the procedure during switching-off of the
engine with LPG/ammonia-fuelled operation is issued by the
command for arrest of the engine.
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29. The system for supplving LPG/ammonia for direct-
injection petrol or diesel engines according to claim 24,
characterized in that a pulse to the control unit (1) for
carrying out the procedure during starting of the engine with
LPG/ammonia-fuelled operation is issued by a purposely
provided contact (18), which signals opening of the door on
the driver side with the engine turned off, instead of by
switching-on of the dashboard.

30. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accovding to claim 21,
characterized in that there is installation of a radiator
equipped with an electric fan connected to the control unit

(1) through an output activated by the control unit (1) itself

when the engine turns at a rate of less than or equal to 1000
v.p.m.; the radiator has the function of cooling the LPG, thus
preventing increase of the pressure in the tank (12), pre-
venting the problems of overpressure in the supply circuit
and the drawbacks in supply on account of the high pressure
in the tank itself.

31. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accovding to claim 21,
characterized in that the original electronic control unit (20)
of the vehicle manages, during operation, in the same way
the strategies of carburation of both the petvol/diesel and the
LPG/ammonia, governing the rail of the injectors (17)
indistinctly and in the same way accovding to the tvpe of fuel
selected.

32. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accorvding to claim 21,
characterized in that the control unit (1) for regulation and
control of the switching strategies on diesel engines man-
ages via a wiring (22) also the opening signal to be sent to
the injectors with a pre-set delay so as to guarantee that the
combustion, given the diversity of the fuels, does not occur
in advance.

33. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accovding to claim 21,
characterized in that the devices for distribution of the
corresponding fuels are inserted in a single distribution
assembly (21).

34. The system for supplving LPG/ammonia for direct-
injection petrol or diesel engines accorvding to claim 21,
characterized in that it further comprises a supplementary
LPG/ammonia pump (27) on the LPG/ammonia supply line.

35. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accovding to claim 34,
characterized in that, during starting of the engine with
LPG/ammonia fuelling, the contvol unit (1) for regulation
and control of the switching strategies activates, for a given
time, the supplementary LPG/ammonia pump (27) and the
LPG/ammonia pump (13), and the LPG/ammonia-delivery
solenoid valve (14) and the LPG/ammonia-veturn solenoid
valve (9).

36. The system for supplving LPG/ammonia for direct-
injection petrol or diesel engines accorvding to claim 34,
characterized in that, in the case where the control unit (1)
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for regulation and control of the switching strategies is set
for fuelling the engine with LPG/ammonia, a purposely
provided contact (18) signals opening of the door on the
driver side with the engine turned off to the control unit (1),
which, appropriately programmed, activates immediately
the supplementary LPG/ammonia pump (27), the LPG/
ammonia pump (13), the LPG/ammonia-delivery solenoid
valve (14), and the LPG/ammonia-return solenoid valve (9),
for a programmed time,; and in that, after said programmed
time, said operation is performed by switching-on of the
dashboard.

37. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accovding to claim 21,
characterized in that it further comprises a valve for dis-
charge of the LPG/ammonia overpressure (26).

38. The system for supplving LPG/ammonia for divect-
injection petrol or diesel engines accovding to claim 21,
characterized in that said distribution assembly (21) further
comprises non-return valves (24, 25, 28).

39. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accovding to claim 21,
characterized in that said means for controlling delivery of
the amount of fuel that is lacking according to the r.p.m. and
the demand of the engine for proper carburation comprise
a supplementary LPG/ammonia injector (16) that is auto-
matically managed by the control unit for regulation and
control of the strategies (1).

40. The system for supplving LPG/ammonia for dirvect-
injection petrol or diesel engines accovding to claim 21,
characterized in that said means for contrvolling delivery of
the amount of fuel that is lacking according to the r.p.m. and
the demand of the engine for proper carburation comprise
a fuel high-pressure sensor (23) whose signal is managed by
the control unit for regulation and control of the strategies
().

41. The system for supplving LPG/ammonia for divect-
injection petrol or diesel engines accovding to claim 21,
characterized in that said system furthery comprises means
(16; 23) for controlling delivery of the amount of fuel that is
lacking according to the v.p.m. and the demand of the engine
for proper carburetion.

42. The system for supplving LPG/ammonia for divect-
injection petrol or diesel engines accovding to claim 21,
characterized in that said distribution assembly with sole-
noid valves (21) comprises: a petrol/diesel-delivery solenoid
valve (5); a petrol/diesel non-return valve (6); an LPG/
ammonia-veturn valve (9); an LPG/ammonia-delivery sole-
noid valve (14) and an LPG/ammonia non-return valve (15).

43. The system for supplyving LPG/ammonia for direct-
injection petrol or diesel engines accovding to claim 21,
characterized in that said system comprises an LPG/ammo-
nia non-return valve (11).
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