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(57) ABSTRACT 

A Special dual fuel method and System is provided to 
enhance vehicle performance and fuel consumption as well 
as to accommodate a Smooth transition when operating the 
engine on different fuels, Such as gasoline or liquified 
petroleum gas (LPG). When the engine is operated on a 
different fuel, a filtered oxygen (O) signal is transmitted to 
an engine control unit (ECU) which can regulate operation 
of the gasoline shutoff valve and an LPG valve and responds 
to the filtered O Signal and the type of fuel, i.e. mode of 
operation, selected for the dual fuel engine. 

27 Claims, 5 Drawing Sheets 
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DUAL FUEL METHOD AND SYSTEM 

BACKGROUND OF THE INVENTION 

This application pertains to a dual fuel method and System 
for use with internal combustion engines of vehicles. 
AS gasoline Supplies have decreased and become more 

costly, the need for alternative fuels and fuel conservation 
has become greater. Accordingly, alternate Sources of fuels 
and methods of fuel conservation have become more 
attractive, particularly for internal combustion engines for 
automotives. 

Operation of an internal combustion engine on a liquid 
fuel and a gaseous fuel increases fuel economy and engine 
efficiency while at the Same time maintaining low levels of 
undesirable exhaust emissions. Vehicles adapted to operate 
on either a liquid fuel or a gaseous fuel are Sometimes called 
“dual fuel or “multi-fuel vehicles. 

In order to maximize fuel economy and minimize engine 
emissions, there has been a trend to use gaseous fuels, Such 
as compressed natural gas (CNG), liquid natural fuels 
(LNG), Such as ethanol, and liquid or liquified petroleum gas 
(LPG). Gaseous fuels, such as CNG, and LPG, not only 
provide good fuel economy and low engine emissions, but 
also provide better cold Starting of internal combustion 
engines. 

Gaseous fuels comprise combustible fuels which are 
gaseous at Standard temperature and pressure. Gaseous fuels 
used by dual fuel Vehicles include methane comprising 
natural gas or compressed natural gas (CNG), hydrogen, etc. 
The term gaseous fuels also includes liquified petroleum gas 
(LPG). LPG is particularly desirable as gaseous fuel. LPG 
under preSSure may be either in the gaseous phase, the liquid 
phase, or both. Examples of LPG are propane, butane, 
dimethyl ether (DME), etc. 

Atmospheric pollution from combustion of hydrocarbon 
fuels, Such as emitted from the exhaust of gasoline fueled 
automotive internal combustion engines, if not properly 
controlled, can cause problems. Substantial effort and 
research has gone into the development of vehicle engines 
which operate on various lighter hydrocarbon fuels as an 
alternative to gasoline, Such as ethanol, and even those fuels 
having less complex hydrocarbon molecules with fewer 
carbon atoms per molecule, i.e., pentane, butane, propane, 
methane, and even ethane. Natural gas (methane) has been 
used because of its abundance and clean burning 
performance, its relatively low costs and its use as a fuel for 
Stationary internal combustion engines. In order to provide 
an adequate Supply in vehicles for fueling vehicle internal 
combustion engines, the fuel must be Stored in highly 
compressed form, requiring heavy duty, highly pressurized 
fuel tanks and fuel System components capable of Storing 
gaseous methane at ambient temperatures ranging up to 125 
F. (51.6°C.) and be capable of withstanding high pressures. 

Propane on the other hand, can be stored in liquid form 
and at much lower pressures than methane, e.g. 0 psi at -44 
F. (-42.2° C), 125 psi at about 70° F (21.1° C.) and 260 psi 
at 125 F. (51.6°C.). In Some geographic locations, Supplies 
of liquid propane fuel for a variety of uses are already 
relatively abundant and economical. 

Various dual fuel Systems have been developed utilizing 
propane as the alternative fuel of choice with pressurized 
containment and delivery of propane. Typical vehicle pro 
pane fuel tank Systems commercially available Supply pro 
pane in gaseous form to the engine intake manifold via a 
carburetor fuel feed System or an electronic fuel injection 
(EFI) system. 
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Many conventional dual fuel Systems are expensive and 

unreliable. Furthermore, conventional dual fuel Systems 
often have two separate Systems with many duplicate, 
redundant and/or extra Sets of parts, components, or 
equipment, Such as computers, hoses, burner assemblies, 
Second Stage regenerators, etc. Further, conventional dual 
fuel Systems are often bulky and occupy Valuable Space in 
the hood (bonnet) of the vehicle. The extra weight of 
duplicate equipment of conventional dual fuel Systems can 
increase fuel consumption. 

Moreover, conventional dual fuel Systems often encounter 
vehicle performance problems at Switchover to different 
fuels. Switchover to different fuels can be unstable due to 
timing delays of two fuels. For example, when a conven 
tional carbureted dual fuel System is Switched from a gaso 
line mode to a liquified petroleum gas (LPG) mode, gasoline 
continues to be fed into the engine at the same time as LPG 
until the gasoline in the float bowl of the carburetor is empty. 
This can cause flooding and Stalling of the internal combus 
tion engine. When a conventional carbureted dual fuel 
System is Switched from an LPG mode to a gasoline mode, 
the LPG is shut off, but no gasoline will be fed into the 
engine until the gasoline fills the float bowl of the carburetor. 
This can cause choking or Sputtering of the internal com 
bustion engine. 

Conventional dual fuel System with electronic fuel injec 
tors (EFI) encounter similar problems. For example, when a 
conventional EFI dual fuel system is switched from a 
gasoline mode to an LPG mode, gasoline continues to be fed 
to the engine at the same time as LPG until the residual 
gasoline in the fuel rail and hoses are depleted. This can 
cause an undesirable mixture of gasoline and LPG which 
can cause malfunction and/or engine performance problems. 
Moreover, when a conventional EFI dual fuel system is 
Switched from a LPG mode to a gasoline mode, residual 
LPG in the fuel rail and hose will continue to flow into the 
engine with gasoline which can create unstable, rough and 
uneven vehicle performance. 

It is, therefore, desirable to provide an improved dual fuel 
method and System, which overcomes most, if not all, of the 
preceding problems. 

SUMMARY OF THE INVENTION 

An improved dual fuel method and System is disclosed 
which provides a smooth transition from a first fuel to a 
Second fuel. The first fuel can be a liquid fuel, Such as 
gasoline or petro, and the Second fuel can be a gaseous fuel, 
such as liquified petroleum (LPG). The dual fuel system can 
also be constructed to eliminate costly control elements and 
duplicate Sets of equipment for the LPG system, Such as 
computers, hoses, burners assemblies, Second Stage 
regenerators, etc. Advantageously, the improved dual fuel 
method and System is economical, easy-to-use, and conve 
nient. Desirably, the user-friendly dual fuel method and 
System is reliable, Safe, efficient, and effective. Significantly, 
the inventive dual fuel method and system provides for 
better fuel economy, occupies leSS space, and uses less fuel 
than conventional bulky dual fuel methods and Systems. 
The preferred liquid fuel is gasoline, although other types 

of liquid fuels can be used in Some circumstances, if desired. 
The preferred LPG is propane, although other types of LPG 
can be used if desired, Such as butane, dimethyl ether 
(DME), etc. The preferred gaseous fuel is LPG, although 
other types of gaseous fuels can be used in Some 
circumstances, Such as compressed natural gas (CNG), etc. 
The improved dual fuel method and System is especially 

useful in a vehicle, Such as: an automobile, a taxicab, a Sport 
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utility vehicle (SUV), a van, a Station wagon, a truck, a 
motorcycle, a Snow mobile, a jet Ski, an all terrain vehicle, 
a ship, an airplane, a tractor, a backhoe, a bulldozer, a crane, 
or road grading equipment. The improved dual fuel method 
and System can also be used in other mobile engines as well 
as Stationary engines, Such as in power plants, generating 
Systems, etc. 

The Special method for operating a dual fuel System in 
accordance with principles of the present invention, com 
prises the Steps of pumping a first fuel, Such as gasoline, to 
a fuel feeding device; feeding the first fuel (e.g., gasoline) 
from the fuel feeding device to an engine; and operating the 
engine with the first fuel in a first fuel mode. When it is 
desired to change the mode of operation of the engine to 
operate on a Second fuel, Such as liquid petroleum gas 
(LPG), the flow of the first fuel (e.g., gasoline) to the fuel 
feeding device is Stopped. In order to prevent flooding, 
Stalling and malfunction of the internal combustion engine, 
it is best to wait until the first fuel (e.g., gasoline) is 
Substantially empty from the fuel feeding device So as to 
prevent the flow of the first fuel (e.g., gasoline) from the fuel 
feeding device to the engine before opening the Second fuel 
valve (e.g., LPG valve) for feeding, Supply and access to the 
second fuel, e.g. LPG. When the second fuel valve is open, 
the Second fuel (e.g., LPG) is passed to the engine So that the 
engine can operate on the Second fuel in the Second fuel 
mode. 

When it is desirable to change the mode of operation of 
the engine from a Second fuel mode to a first fuel mode, the 
first fuel (e.g., gasoline) is pumped to the fuel feeding 
device. In order to prevent choking, Sputtering, unstable, 
rough, and uneven vehicle performance, it is best to wait 
until the first fuel (e.g., gasoline) substantially fills the fuel 
feeding device before closing the second fuel valve. When 
the second fuel valve is closed, the flow and feeding of the 
Second fuel to the engine is Stopped. Thereafter, the first fuel 
(e.g., gasoline) is fed from the fuel feeding device to the 
engine So that the engine can operate on the first fuel. 

In one form, the fuel feeding device comprises a carbu 
retor with a float bowl. The first fuel (e.g., gasoline) can be 
pumped by a fuel pump which operatively associated with 
the engine. 

In another form, the fuel feeding device comprises one or 
more electronic fuel injectors (EFI) with one or more fuel 
rails and fuel line(s). The first fuel (e.g., gasoline) can be 
pumped by a fuel pump which operatively associated with a 
first fuel tank. 

In a preferred form, exhaust gases are emitted from the 
engine and the oxygen content of the exhaust gases are 
monitored. A signal, Such as an oxygen (O) signal and 
preferably a filtered signal, e.g., a filtered O Signal, is 
generated based upon a monitored oxygen content of the 
exhaust gases over a finite Selected period of time. The 
filtered signal can be generated in or associated with an 
engine control unit (ECU), which controls operation of the 
valves, Such as the Second fuel valve (e.g., LPG valve), 
based upon the filtered signal. Preferably, the second fuel 
Valve is opened when the filtered signal decreases upon 
changing to the Second fuel mode. Also, preferably, the 
Second fuel Valve is closed when the filtered signal increases 
upon changing to the first fuel mode. 

In order to increase the reliability and further enhance the 
failsafe operation of the dual fuel method and System, the 
filtered Signal can be timed to generate a timing Signal which 
provides a timer, Sometimes referred to as a “watch dog' 
timer. In the Second fuel mode (e.g., LPG mode), the Second 
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4 
fuel Valve can be opened upon receiving a timing Signal 
from the watch dog timer if the filtered signal does not 
Substantially change for a preselected (predetermined) 
period of time. In the first fuel mode (e.g., gasoline mode), 
the Second fuel Valve can be closed upon receiving a timing 
Signal from the watch dog timer if the filtered signal does not 
Substantially change for a preselected (predetermined) 
period of time. 
A dual fuel System for a vehicle can also be constructed 

in accordance with principals of the present invention with 
a dual fuel engine, Such as to drive a vehicle. The dual fuel 
engine can be powered by Separate fuels including a first fuel 
comprising a liquid fuel, Such as gasoline, and a Second fuel 
comprising a gaseous fuel, Such as liquified petroleum gas 
(LPG) or compressed natural gas (CNG). Desirably, the 
engine is operable and Switchable from a first fuel (e.g., 
gasoline) mode and in a Second fuel mode (e.g., gaseous 
fuel). 
A dual fuel System can have an intake manifold which is 

connected to the engine to pass fuel to the engine. A 
carburetor can be provided with a float bowl and a valve, 
such as a butterfly valve, which communicates with the 
intake manifold to feed gasoline (the first fuel) to the engine 
when the engine is operating in the gasoline (first fuel) 
mode. The dual fuel System can also include an air filter 
which is positioned in proximity to the carburetor. A gaso 
line tank is preferably provided to Store and contain gaso 
line. A fuel pump can be operatively associated with the 
engine to pump gasoline from the gasoline tank to the 
carburetor when the engine is operating in the gasoline 
mode. A gasoline valve can be provided to control the flow 
of gasoline to the carburetor. Desirably, a control valve (air 
valve) is provided which communicates with the air filter 
and the intake manifold, to pass filtered air from the filter to 
the gasoline flowing into the intake manifold at an air-fuel 
ratio regulated by the butterfly valve of the carburetor and/or 
ECU. Advantageously, a one-way valve is provided to 
permit the passage of filtered air from the air filter to the 
control valve (air valve) as well as to prevent the flow of the 
Second fuel to the air filter. 
The dual fuel System preferably also comprises a Second 

fuel tank to Store and contain a Second fuel, Such as LPG or 
CNG. A second fuel valve can be provided to control the 
flow of the second fuel (LPG or CNG) from the second fuel 
tank to the control valve. The control valve is operable to 
pass the Second fuel to the intake manifold when the engine 
is operating in the Second fuel mode. The control valve can 
comprise a dual air valve and a pulse width modulation 
(PWM) valve. Desirably, an engine control unit (ECU) is 
operatively associated with the engine, as well as with the 
control valve, gasoline valve, and Second fuel Valve, to 
control the performance of the engine, control valve, gaso 
line valve, and Second fuel Valve. A mode Selection Switch 
which is operatively connected to the ECU can also be 
provided to permit the operator or driver to Select when the 
engine is operating in the gasoline mode or in the Second 
fuel mode. 

In one form, the Second fuel comprises liquified petro 
leum gas (LPG) and the second fuel valve comprises an LPG 
Valve. The System can include a regulator and a vaporizer 
connected to the LPG valve to regulate and vaporize the 
LPG when the engine is operating in the Second fuel mode. 

In another form, the Second fuel comprises compressed 
natural gas (CNG) and the Second fuel tank comprises a 
CNG tank. 

In the preferred form, an exhaust pipe is provided which 
communicates with the engine to discharge exhaust gases. 
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Desirably, a catalytic converter is provided to minimize 
emissions of pollutants into the atmosphere from the exhaust 
gases. Advantageously, an oxygen (O) Sensor is provided 
which communicates with the engine control unit (ECU) to 
Sense and monitor the oxygen content in the exhaust gases. 
A more detailed explanation of the invention is provided 

in the following detailed description and appended claims 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a carbureted dual fuel System and 
method in accordance with principles of the present inven 
tion; 

FIG. 2 is a chart of the transition (switchover) from 
gasoline to liquified petroleum gas (LPG) showing the flow 
of gasoline and LPG as well as the O signal and filtered O. 
Signal; 

FIG. 3 is a chart of the transition (switchover) from LPG 
to gasoline showing the flow of gasoline and LPG as well as 
the O Signal and filtered O Signal; 

FIG. 4 is a diagram of a dual fuel system and method with 
electronic fuel injectors (EFI) in accordance with principles 
of the present invention; 

FIG. 5 is a Software flow chart of the dual fuel Switchover 
method in accordance with principles of the present inven 
tion; and 

FIG. 6 is a diagram of another carbureted dual fuel system 
and method in accordance with principles of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The carbureted dual fuel method and system 10 of FIG. 1 
has a mode Selection Switch 12 to Select the mode of 
operation of an internal combustion engine 14 of a vehicle 
from a gasoline (first fuel) mode to a liquified petroleum gas 
(LPG) (second fuel) mode. An engine control unit (ECU) 17 
is connected to the mode Selection Switch and the engine. An 
oxygen (O) sensor 18 is connected to the ECU to detect, 
Sense and monitor the Oxygen content in the exhaust gases 
from the engine. A gasoline shutoff valve 20 is connected to 
the ECU. The gasoline shutoff valve controls the flow of 
gasoline from a gasoline tank 22 to a carburetor 24. The 
carburetor has a float bowl 26 and a valve 27, Such as a 
butterfly valve, to control the air-fuel ratio of the air-fuel 
mixture in the carburetor. An air filter (not shown) can be 
Seated on or positioned in proximity to the carburetor. The 
carburetor via the float bowl feeds gasoline to the engine. 

The dual fuel method and system of FIG. 1 also includes 
an LPG shutoff valve 30 which is connected to the engine 
control unit (ECU). The LPG valve controls the flow of fuel 
from an LPG tank to a vaporizer and regulator flow control 
34. The combined vaporizer and regulator flow control 
vaporizes the liquified petroleum gas (LPG) and regulates 
the flow of the vaporized LPG to a burner 36 which is 
operatively associated with the engine. 
A fuel pump pumps gasoline from the gasoline tank to the 

carburetor. Preferably, a catalytic converter 40 is provided to 
limit the emission of pollutants in the exhaust gases as well 
as to comply with environmental regulations. The oxygen 
content of the exhaust gases entering the catalytic converter 
can be detected and monitored with the O. Sensor. 
A preferred method to operate the carbureted dual fuel 

System in the vehicle includes the Steps of pumping gasoline 
to the carburetor with a fuel pump. The gasoline is then fed 
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6 
from the carburetor to the engine So that the engine can 
operate on gasoline in gasoline mode. The exhaust gases can 
be emitted and discharged from the engine through an 
exhaust pipe 42 (FIG. 1). Desirably, the emission of pollut 
ants in the exhaust gases are limited and regulated by the 
catalytic converter. 

In order to better control the operation of the catalytic 
converter, the oxygen content of the exhaust gases are 
detected and monitored by the oxygen (O2) Sensor. An 
oxygen (O) signal can be generated based upon the oxygen 
content of the exhaust gases which is detected by the O 
Sensor. Desirably, a mean or average value of the O Signal 
is determined for a finite preselected period of time to 
provide a filtered O Signal. The filtered O Signal is then 
sent and transmitted to the engine control unit (ECU). The 
engine control unit can contain a central processing unit 
(CPU), comprising a computer, computer chip, integrated 
chip, microprocessor, or circuit board. 

In the carbureted dual fuel System, the operation of the 
LPG valve is preferably controlled by the engine control unit 
(ECU) of the vehicle. In order to change the mode of 
operation of the vehicle from a gasoline mode to a LPG 
mode, the mode Selection Switch is toggled or Switched to an 
LPG mode and the gasoline valve is closed to stop the flow 
of gasoline to the carburetor. In order to prevent flooding, 
Stalling and mixing of fuels in the engine, it is desirable to 
wait until the gasoline Substantially empties from the float 
bowl of the carburetor until the LPG valve is opened to 
access and obtain the LPG. After the LPG valve is opened, 
the LPG is vaporized and fed to the engine So that the engine 
can operate on vaporized LPG in the LPG mode. Preferably, 
in the LPG mode, the LPG valve is opened when the filter 
O Signal decreases to a threshold value. 
The engine control unit (ECU) can include or be con 

nected to a timer 44 (FIG. 1), sometimes referred to as a 
watchdog timer, which can comprise a timing circuit. The 
timer in cooperation with the ECU generates a timing Signal 
if the filtered O Signal does not decrease to a threshold 
value for a predetermined (preselected) period of time. 
Desirably, in the LPG mode, the LPG valve is opened in 
response to the timing Signal if the LPG valve has not been 
earlier opened when the filtered O signal decreases to a 
threshold value. The timer provides an auxiliary control and 
further failsafe backup to assure Smooth performance of the 
dual fuel engine and System. 
The mode Selection Switch can be Switched or toggled to 

the gasoline mode when it is desirable to change the opera 
tion of the engine from the LPG mode to the gasoline mode. 
In the gasoline mode, the gasoline valve is opened and 
gasoline is further pumped to the carburetor by the fuel 
pump. In order to prevent choking and lapse of fuel to the 
engine, it is preferred to wait until the gasoline Substantially 
fills the float bowl of the carburetor before closing the LPG 
Valve and Stopping the flow, Vaporization and feeding of 
LPG to the engine. Once the LPG valve is closed, gasoline 
is fed from the carburetor to the engine So that the engine can 
operate on gasoline in the gasoline mode. Preferably, in the 
gasoline mode, the LPG valve is closed when the filtered O. 
Signal increases to a threshold value. The timer, which can 
comprise a timing circuit, can also cooperate with the ECU 
to generate a timing signal if the filtered O. Signal does not 
increase to a threshold value for a finite predetermined 
(preselected) period of time. Desirably, in the gasoline 
mode, the LPG valve is closed in response to the timing 
signal if the LPG valve has not been previously closed when 
the filtered O Signal increases to a threshold value. AS 
discussed previously, the timer provides a Safety backup and 
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auxiliary control to assure Smooth operation and perfor 
mance of the engine and Vehicle. 

FIG. 2 is a chart of the transition (Switchover) of gasoline 
to liquified petroleum gas (LPG) as a function of time 
(T,). The top chart (diagram) 50 show the operation of the 
mode Switch from gasoline to LPG as a function of time. The 
next lower chart (diagram) 52 shows the operation of the 
gasoline Shutoff Valve as a function of time during the 
transition (Switchover) from the gasoline mode to the LPG 
mode. The next lower chart (diagram) 54 shows the opera 
tion of LPG shutoff valve as a function of time during the 
transition (Switchover) from the gasoline mode to the LPG 
mode. The next lowest chart (diagram) 56 illustrates the flow 
of LPG as a function of time during the transition 
(Switchover) from the gasoline mode to the LPG mode. The 
next lower chart (diagram) 58 illustrates the flow of gasoline 
through the gasoline hose as a function of time during the 
transition (Switchover) from the gasoline mode to the LPG 
mode. The next lower chart (diagram) 60 illustrates the 
unfiltered O. Signal as a function of time during the transi 
tion (Switchover) from the gasoline mode to the LPG mode. 
The bottom chart (diagram) 62 illustrates the filtered O. 
Signal as a function of time during the transition 
(Switchover) from the gasoline mode to the LPG mode. 

FIG. 3 is a chart of the transition (switchover) from LPG 
to gasoline as a function of time (T). The upper chart 
(diagram) 70 illustrates the operation of the mode selection 
Switch from LPG to gasoline as a function of time. The next 
lower chart (diagram) 72 illustrates operation of the gasoline 
shutoff Valve as a function of time during the transition from 
the LPG mode to the gasoline mode. The next lower chart 
(diagram) 74 illustrates operation of the LPG shutoff valve 
as a function of time during the transition (Switchover) from 
LPG to gasoline. The next lower chart (diagram) 76 illus 
trates the flow of LPG during the transition (Switchover) 
from gasoline to LPG. The next lower chart (diagram) 78 
illustrates the flow of gasoline in the float bowl of the 
carburetor during the transition (switchover) from LPG to 
gasoline. The next lower chart (diagram) 80 illustrates the 
unfiltered O Signal as a function of time during the transi 
tion (Switchover) from gasoline to LPG. The bottom chart 
(diagram) 82 illustrates the filtered O signal as a function of 
time during the transition (Switchover) from gasoline to 
LPG. 

FIG. 4 illustrates a dual fuel method and system 100 with 
electronic fuel injectors (EFI) including a gasoline electronic 
fuel injector (EFI) 102 and an LPG electronic fuel injector 
(EFI) 104. The gasoline EFI can include a gasoline fuel rail 
106 with four electronic fuel injectors 108. The LPGEFI can 
include an LPG gaseous fuel rail 110 and four gaseous LPG 
electronic fuel injectorS 112. The gasoline fuel injectors 
inject gasoline into a dual fuel internal combustion engine 
114. The gaseous LPG fuel injectors inject gaseous LPG into 
the dual fuel internal combustion engine. 

The dual fuel engine is connected to and controlled by an 
engine control unit (ECU) 116. The ECU can be connected 
to a coolant sensor 118, a manifold absolute pressure (MAP) 
Sensor 120, and an engine Speed Sensor 122, which are 
positioned in proximity with and operatively connected to 
the engine. The coolant Sensor Senses the temperature of the 
engine coolant. The MAP sensor detects the pressure in the 
intake manifold. The engine Speed Sensor detects the rpm or 
Speed of the engine. Signals from the coolant Sensor, MAP 
Sensor and engine Speed Sensor can be transmitted and Sent 
to the ECU to help the ECU better control the performance 
of the engine. This is particularly helpful when the engine is 
warming up or in transient phase Such as during 
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acceleration, braking, when the air conditioner is being 
turned on (activated), etc. 

Exhaust gases from the engine are discharged through an 
exhaust pipe 122 (FIG. 4), Sometimes referred to as a 
discharge pipe or tailpipe 122, and passed through a catalytic 
converter 124 to minimize pollution. The purified exhaust 
gases can be emitted to the atmosphere from an exhaust 
outlet 126. An oxygen (O2) Sensor 128 can be positioned in 
the discharge pipe upstream of the catalytic converter to 
detect and monitor the oxygen content of the exhaust gases 
entering the catalytic converter. The O. Sensor is connected 
to the ECU. The O. Sensor generally provides an accurate 
detection of the oxygen content of the exhaust gases, except 
during initial warm-up and in transient phases (transition), 
such as described above, when signals from the MAPsensor, 
as well as the coolant Sensor and engine Speed Sensor, 
provide a more reliable reading of engine performance. 
The ECU is connected to a gasoline fuel pump 130 (FIG. 

4) which can be positioned inside or adjacent a gasoline fuel 
tank 132. The gasoline fuel pump feeds and pumpS gasoline 
from the gasoline tank through a gasoline input line (hose) 
134 to a gasoline pressure regulator 136 of the gasoline EFI. 
A return line (hose) 138 can extend between the gasoline 
preSSure regulator and the gasoline fuel pump for the return 
of gasoline vapors and liquid as determined by the gasoline 
preSSure regulator. An injector control line 140 can extend 
between and connect the gasoline EFI to the ECU. A 
gasoline pump line 142 connects the gasoline fuel pump to 
the ECU. Although not explicitly described in the drawings, 
a gasoline pump control or gasoline shutoff valve can be 
connected to the gasoline pump line to control the operation 
of the gasoline fuel pump. 
The ECU can be connected through an LPG shutoff line 

146 to an LPG shutoff valve 148. The LPG shutoff valve 
controls the flow of liquified petroleum gas (LPG) from an 
LPG tank 150. When the LPG valve is open, LPG will flow 
through an LPG inlet line (hose) 152 to a vaporizer and 
regulator 154. The vaporizer and regulator vaporizes and 
regulates the flow of LPG. The vaporized LPG flows 
through a vaporized LPG line (hose) 156 into the LPG EFI. 
The LPG EFI can be connected by an injector control line 
158 to the ECU. 

A preferred method to operate the dual fuel system with 
electronic fuel injectors (EFI) in a vehicle, comprises pump 
ing gasoline to a gasoline electronic fuel injector (EFI) with 
a gasoline fuel pump which is operatively associated with a 
gasoline tank of a vehicle. The gasoline is then injected from 
a gasoline rail of the gasoline EFI to the engine of the vehicle 
So that the dual fuel engine can operate on gasoline in a 
gasoline mode. 

In the dual fuel system with EFI, exhaust gases from the 
engine are emitted through an exhaust pipe and passed 
through a catalytic converter. The catalytic converter limits 
the emission of pollutants in the exhaust gases. The oxygen 
content of exhaust gases are Sensed and monitored by an 
oxygen (O) sensor. An oxygen (O) signal is generated 
based upon the oxygen content of the exhaust gases which 
is Sensed by the O. Sensor. A mean or average value of the 
O Signal is determined for a finite preselected 
(predetermined) period of time to produce a filtered O. 
Signal. The filtered O Signal is Sent and transmitted to an 
engine control unit (ECU). The engine control unit contains 
a central processing unit (CPU) which can comprise a 
computer, computer chip, integrated chip, microprocessor, 
or circuit board. The ECU controls operation of the LPG 
valve. 
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When it is desired to change the mode of operation of the 
vehicle from a gasoline mode to the LPG mode in a dual fuel 
system with EFI, the gasoline valve is closed to stop the flow 
of gasoline to the gasoline EFI. In order to minimize 
commingling of the gasoline and LPG and help prevent 
malfunction of the engine, it is preferred to wait until the 
gasoline Substantially empties from the gasoline rail of the 
gasoline EFI before opening the LPG valve to receive and 
access the liquified petroleum gas (LPG). When the LPG 
valve is opened, the LPG is vaporized by the vaporizer and 
the gaseous LPG is injected into the dual fuel engine by the 
gaseous LPG electronic fuel injectorS So that the engine can 
operate on vaporized LPG in the LPG mode. Preferably, in 
the LPG mode, the LPG valve is opened when the filter O. 
Signal decreases to a threshold value. 
A timer 160 (FIG. 4), sometimes referred to as a watchdog 

timer, can comprise a timing circuit, and is connected to the 
ECU. The timer and ECU cooperate to generate a timing 
Signal if the filtered O Signal does not decrease to a 
threshold value for a finite predetermined (preselected) 
period of time. The timer provides a Safety backup to help 
assure better performance of the engine and vehicle. In the 
LPG mode, the LPG valve will open in response to receiving 
a timing signal if the LPG valve has not been previously 
opened when the filtered O Signal decreases to a threshold 
value. 

In order to change the operation of the dual fuel engine 
with EFI from the LPG mode to the gasoline mode, the 
gasoline valve is opened So that the gasoline fuel pump can 
further pump gasoline to the gasoline EFI. In order to avoid 
mixing the LPG and gasoline and help maximize perfor 
mance of the engine, it is preferred to wait until the gasoline 
substantially fills the gasoline rail of the EFI before closing 
the LPG valve and stopping the flow, vaporization and 
feeding of LPG to the engine. After the LPG valve has been 
closed, gasoline is fed from the gasoline EFI to the engine 
So that the engine can operate on gasoline in the gasoline 
mode. Preferably, in the gasoline mode, the LPG valve is 
closed when the filtered O Signal increases to a threshold 
value. Furthermore, desirably in the gasoline mode, the LPG 
Valve will be closed upon receiving a timing Signal from the 
timer if the filtered O signal does not increase to a threshold 
value for a finite predetermined (preselected) period of time 
if the LPG valve has not previously opened when the filtered 
O Signal increases to a threshold value. 
The charts (diagrams) which illustrate the timing and flow 

of gasoline and LPG, as well as the unfiltered O Signal and 
the filtered O Signal as a function of time during the 
transition from the gasoline mode to the LPG mode and vice 
versa for a dual fuel method and system with electronic fuel 
injectors (EFI) are similar to the charts (diagrams) in FIG.2 
and FIG. 3. 

FIG. 5 illustrates a software flow chart (diagram) for the 
dual fuel Switchover method. The filtered O signal which is 
detected from the oxygen (O) sensor is filtered in a filtering 
step 200 in order to produce a filtered O signal. During the 
filtering step, a mean or average value of the O Signal is 
determined for a finite preselected (predetermined) period of 
time in response to a programmable time constant. The O 
filtered Signal is passed through a Switch transition Step 202. 
If a transition to gasoline or LPG is to be made, the filtered 
O Signal is saved to step 204 and transmitted to a mode 
selection and transition step 206. If it is desired to operate 
the engine on gasoline in the gasoline mode, the gasoline 
shutoff valve is turned on (opened) at step 208 and a backup 
timer (watchdog timer) is started at a timing step 210 for a 
period of time T. The T. timing signal can be sent to a 
Set delay flag step 212. 
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If it is desired to operate the engine on LPG in the LPG 

mode, the gasoline shutoff valve is turned off (closed) at 
turnoff gasoline step 214 (FIG. 5) and the filtered 02 signal 
can be transmitted to a timer (watchdog timer) at a timing 
step 216. The timer is started for preselected period of time 
T. The T. Signal can be sent to the Set delay flag Step 
212 where a delay (timing) signal is set. The delay (timing) 
signal for the T, delay time or T. time is then sent to the 
exit step 218. 

If in step 202 (FIG. 5) no transition to gasoline or LPG is 
to be made, the filtered O. Signal can be sent to a delay flag 
Set Step 220. Subsequently, at the new mode Step 222, a 
determination can be made if the dual fuel engine is to be 
operated in a different mode, i.e. from gasoline to LPG, or 
from LPG to gasoline. If the engine is to be switched to the 
gasoline mode, the filtered O Signal can be sent to a time 
expired Step 224. If the time has expired at the time expired 
step 224, then the LPG valve is turned off (closed) at the 
turnoff LPG step 226. If the time has not expired at the time 
expired Step 224, then a threshold value is calculated at the 
threshold calculation step 228. The threshold value T is 
greater than 1 and is equal to K multiplied by the Saved 
filtered O Signal. K2 can be a preselected (predetermined) 
time or constant. The threshold value Signal can then be sent 
to an O filtered step 230. If the O filtered signal is greater 
than the calculated threshold value T, then the LPG valve 
is closed at the turnoff LPG step 226. If the filtered O signal 
is less than the calculated threshold value T, then the 
filtered O signal can be transmitted to the exit step 218. 

If at new mode selection step 222 (FIG. 5), it is desired to 
operate the engine with LPG in the LPG mode, the filtered 
O Signal can be sent to a timer expired step 232. At the 
timer expired step 232, a determination is made if the 
amount of time and timing signal from the timer (watchdog 
timer) has expired. If the amount of time has expired, the 
LPG valve is turned on (opened) at the turn on LPG step 
234. If the time has not expired, then a threshold value T, 
can be calculated at a calculate threshold value step 236. The 
threshold value T, can be less than 1 and equal to K, 
multiplied by the Saved filtered O Signal. K, can be a 
predetermined (preselected) period of time or constant. The 
calculated threshold value T, can be sent to an O filtered 
step 238 and compared with an O filtered signal. If the O 
filtered signal is less than the calculated threshold value T, 
then the LPG valve is opened at the turn on LPG step 234. 
If the filtered O Signal is greater than the calculated 
threshold value T, then the Signal can be transmitted to the 
exit step 218. 
The carbureted dual fuel method and system 300 has 

many of the same parts, components, and equipment as the 
carbureted dual fuel method and system of FIG. 1, as well 
as additional parts and equipment as explained below. A 
mode select (selection) switch 302 can be connected to an 
engine control unit (ECU) 304. The mode select switch can 
be toggled or Switched to a gasoline mode or a liquified 
petroleum gas (LPG) mode for operating the dual fuel 
engine 306. The ECU can be connected to the engine and to 
a battery, the battery having a Voltage VA. The engine can 
be positioned between and communicates with an intake 
manifold 310 and an exhaust pipe (discharge pipe) 312. 
Fuel, e.g. gasoline or LPG, is fed through the intake mani 
fold into the dual fuel engine. Exhaust gases emitted from 
the engine can be passed through the exhaust pipe (discharge 
pipe) to a catalytic converter 314. The catalytic converter 
converts the pollutants in the exhaust gases to unharmful and 
environmentally acceptable gases in order to purify the 
exhaust gases in compliance with environmental regula 
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tions. The purified exhaust gases can then discharged to the 
atmosphere. An oxygen (O) sensor 316 can be positioned in 
the exhaust pipe between the engine and the catalytic 
converter in order to detect and monitor the oxygen content 
of the exhaust gases entering the catalytic converter. The O 
Sensor can be connected to and transmits an O. Signal to the 
ECU. The O signal is generally very reliable for determin 
ing the oxygen content of the exhaust gases, except during 
engine Startup and during periods of transition Such as 
acceleration, braking, air conditioning startup, etc. 
An engine coolant temperature (ECT) sensor 318 can be 

positioned in or in proximity to the engine to detect and 
monitor the temperature of the engine coolant (e.g. 
antifreeze). The ECT sensor can be connected to the ECU. 
An engine Speed Sensor 320 can be positioned in or in 
proximity to the engine to monitor and detect the Speed 
(rpm) of the engine. The engine speed sensor can be con 
nected to the ECU. A manifold absolute pressure (MAP) 
Sensor 322 can be positioned in the intake manifold to detect 
and monitor the absolute pressure of the fuel passing 
through the intake manifold to the engine. The MAP sensor 
can be connected to ECU. The MAP sensor in cooperation 
with the ECTSensor and the engine Speed Sensor, are helpful 
to monitor performance of the engine and vehicle during 
engine Startup and periods of transition, Such as braking, 
acceleration, air condition startup, etc., when the O Signal 
may not be reliable. A MAP sensor, ECT sensor, and/or 
engine Speed Sensor can also be used in the carbureted dual 
fuel method and system of FIG. 1. 

The carbureted dual fuel method and system of FIG. 6 
also has a gasoline tank 324 and a gasoline fuel pump 326. 
The gasoline fuel pump can be mounted on or positioned in 
proximity to the engine. The gasoline fuel pump feeds and 
pumpS gasoline from the gasoline tank to a gasoline shutoff 
valve 328. The gasoline shutoff valve can be connected to 
and communicates with the engine control unit (ECU). 
When the gasoline shutoff valve is opened, gasoline can flow 
and be passed, Such as at a pressure of 1 bar or atmospheric 
pressure, through a gasoline line (hose) 330 to a float bowl 
332 of a carburetor 334. When the gasoline shutoff valve is 
closed, gasoline is prevented from passing and flowing to the 
carburetor. The carburetor can have a manually operable 
valve, such as a butterfly valve 336, which regulates the 
air-fuel ratio, Such as for Summer or winter driving. Gasoline 
flowing through the carburetor passes through the intake 
manifold and is fed to the dual fuel engine. An air filter 338 
can be positioned on or in proximity to the carburetor. 
Ambient air drawn into the engine is passed through the air 
filter to remove and filter unwanted particulates. The filtered 
air can pass and flow through an air hose (air line) 340 to a 
one-way valve 342. The one-way valve permits air to flow 
from air hose 340 through to hose 344 and air valve (control 
valve) 346. The one-way air valve prevents the flow of LPG, 
as well as the back flow of air, from hose 344 to air hose 340 
and the air filter. The air valve (control valve) preferably 
comprises a pulse width modulation (PWM) valve which 
controls the flow of air when the engine is operating in the 
gasoline (carburetor) mode and controls the flow of vapor 
ized LPG when in the engine is operating in the LPG mode. 
The air valve (PWM) can be connected to and communi 
cates with the ECU. When the air valve is opened, air 
flowing through the air valve is passed through hose (line) 
348 to the intake manifold where it is mixed with the 
gasoline at the Selected air-fuel ratio before the gasoline is 
fed into the engine. 

The cabureted dual fuel method and system of FIG. 6 also 
has a gaseous fuel tank 350, Such as an LPG tank containing 
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propane of other LPG. The LPG tank can have an LPG tank 
shutoff valve 352. When the LPG tank shutoff valve is 
opened, LPG gas can flow at a pressure of 10-25 bar through 
an LPG line 354 to a vaporizer and regulator 356. An LPG 
shutoff valve 358 can be connected to the vaporizer and 
regulator. The LPG valve can also be connected to the 
engine control unit (ECU). When the LPG valve is opened, 
the vaporizer and regulator will vaporize the LPG and 
permit the flow of vaporized LPG through a vaporized LPG 
line (hose) 360 and hose 344 to the air valve (PWM valve) 
346. When the LPG is closed, the regulator prevents LPG 
gas from passing through the vaporized LPG gas line. In the 
LPG mode, the pulse width modulation (PWM) valve 346 
permits the vaporized LPG to pass through hose 348 into the 
intake manifold where it is fed into the dual fuel engine. 

Instead of using LPG, the gaseous fuel tank of FIG. 6 can 
contain compressed natural gas (CNG) comprising methane 
or other light hydrocarbon gases. 
The ECU can monitor the input signals and controls the 

shutoff valves and PWM valve based upon the input signals. 
Advantageously, the air valve (PWM valve) controls the 
air-fuel mixture in the gasoline mode and the flow of LPG 
in the LPG mode. 

When the dual fuel engine is in the gasoline mode, the 
PWM valve controls the air flow through the one-way valve 
to dilute the mixture provided by the carburetor. Preferably 
the carburetor is run (operated) rich. In the gasoline mode, 
the gasoline shutoff valve is opened and the LPG shutoff 
Valve is closed. 

In the LPG mode, the LPG shutoff valve is opened and the 
gasoline Valve is closed as explained previously. The pres 
Sure in the hose 344 is higher than the atmospheric preSSure 
so that the one-way valve is closed and prevents flow of LPG 
into the air filter. The PWM valve regulates the flow of 
vaporized LPG into the intake manifold that is fed into the 
dual fuel engine during the LPG mode. 

Charts (diagrams) illustrating the flow of gasoline and 
LPG, as well as the unfiltered O signal and the filtered O. 
Signal as a function of time, during the transition from a 
gasoline mode to an LPG mode and Vice versa, for the dual 
fuel method and system of FIG. 6 would be substantially 
similar to the charts (diagrams) of FIGS. 2 and 3. 

In order to enhance engine performance, the air-fuel ratio 
of carbureted internal combustion engines are monitored and 
controlled. Monitoring of the air-fuel ratio is desirable to 
enhance fuel economy and engine performance as well as 
better comply with vehicle emission regulations. Generally, 
the oxygen (O) sensor maintains its accuracy only at or near 
Stoichiometric combustion conditions. The ECU can deter 
mine the proportional integrated differential (PID) gain 
Scheduling parameters to obtain a target air-fuel ratio. The 
ECU can comprise a microprocessor having access to a 
computer memory and random access memory to Store and 
process variables during performance of the vehicle. The 
ECU can receive the O signal from the O. Sensor generally 
when the engine is operating at Stoichiometric combustion 
conditions. Preferably, the ECU controls the fuel Supplied to 
the engine at the target air-fuel ratio to maximize fuel 
economy and minimize emission of pollutants. 

Carbureted engines operate by combusting an air-fuel 
mixture of gasoline with a Spark from Spark plugs. The 
air-fuel ratio can be calculated and controlled in a closed 
loop System with an oxygen (O) sensor as described. O 
Sensors can be constructed of Zirconium oxide material. 
Zirconium oxide O. Sensors can provide an output Signal 
that fluctuates between 0 and 1 volt depending upon the 
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concentration of oxygen detected by the O. Sensor. O. 
Sensors are temperature dependent and are often not reliable, 
as previously explained, during engine Startup and during 
transition periods, Such as during acceleration, braking, or 
air conditioning Startup, etc. The O. Sensor also provides a 
feedback control to regulate the air-fuel ratio from the 
oxygen concentration in the exhaust gases. The air-fuel ratio 
can be determined as to whether it is lean or rich in 
comparison with a Stoichiometric air-fuel ratio. A lean 
carbureted mixture is Satisfactory when the engine tempera 
ture is Stabilized and the average engine Speed is normal. A 
rich carbureted mixture is preferred during engine Startup as 
well as during acceleration and high engine loads. 

Electronic carburetion controllers are regulated by the 
ECU and operate on a closed loop principle when the engine 
temperature is Stabilized with an average load. The carbu 
reted engine is Switched to an open loop operation during 
periods of transition, Such as acceleration, braking, high 
engine loads, etc. Once the engine is Stabilized and operating 
in a normal mode, the O. Sensor transmits the filtered O. 
Signal to the ECU which regulates the air-fuel ratio. 

The catalytic converter can contain a three-way catalyst 
which simultaneously converts hydrocarbons, carbon mon 
oxide (CO), and oxides of nitrogen (NO), Such as nitric 
oxide and nitrous oxide, to harmless environmentally 
acceptable gaseous emissions. To assure that the catalyst 
performs Satisfactory, the engine should have a closely 
controlled air-fuel ratio. The air-fuel ratio can be controlled 
and monitored by detecting the oxygen (O) content of the 
exhaust gases with the O. Sensor positioned in the tailpipe 
(discharge pipe) or exhaust manifold. If the air-fuel ratio is 
operating rich, the oxidation of carbon monoxide (CO) will 
be incomplete. If the air-fuel ratio to too lean, the reduction 
of NO will be incomplete. Therefore, it is important to 
accurately and continuously monitor the oxygen content of 
the exhaust gases with the O. Sensor as described previously. 

During the closed loop mode of engine operation, the 
oxygen content from the O. Sensor is accepted by the ECU. 
The ECU will control the air-fuel mixture for engine oper 
ating conditions and will correct any pre-existing mixture 
condition if too lean or too rich. The engine is operated in a 
closed loop mode of operation during normal Stabilized 
driving conditions, Such as in cruise control. 

During the open loop mode of engine operation, the 
air-fuel mixture is maintained at a programmed ratio and 
response to the signals from the MAP sensor, ECT sensor 
and engine Speed Sensor. The oxygen Sensor data is not 
accepted by the ECU during the open loop mode of opera 
tion. The open loop mode of operation occurs during: engine 
Startup, acceleration, braking, high engine loads, Startup of 
air conditioner, low coolant temperatures, low exhaust gas 
temperatures, engine idling, wide open throttle (WOT) 
engine operation, low battery Voltages, etc. 
Among the many advantages of the dual fuel methods and 

Systems of the invention are: 
1. Outstanding fuel economy. 
2. Superb engine performance. 
3. Eliminates costly control elements for LPG operation. 
4. Avoids duplicates parts and equipment. 
5. More compact then conventional dual fuel Systems. 
6. Smooth excellent transitions from the gasoline mode to 

the LPG mode and vice versa. 
7. Simple to operate. 
8. User-friendly. 
9. Dependable. 
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10. Easy-to-use. 
11. Convenient. 
12. Attractive. 
13. 
14. 
15. 
16. 

Economical. 

Uses leSS engine parts. 
Better fuel consumption. 
Safe. 

17. Efficient. 
18. Effective. 
Although embodiments of the invention have been shown 

and described, it is to be understood that various 
modifications, Substitutions and rearrangements of parts, 
components, equipment and method (process) steps, can be 
made by those skilled in the art without departing from the 
novel Spirit and Scope of this invention. 
What is claimed is: 
1. A method for operating a dual fuel System, comprising 

the Steps of: 
pumping a first fuel to a first fuel feeding device; 
feeding the first fuel from the first fuel feeding device to 

an engine; 
operating the engine with the first fuel in a first fuel mode, 
changing the mode of operation of the engine to operate 

on a Second fuel by 
stopping the flow of the first fuel to the first fuel feeding 

device; 
preventing the flow of the first fuel from the first fuel 

feeding device to the engine; thereafter 
opening a valve for feeding the Second fuel to a Second 

fuel feeding device; 
passing the Second fuel to the engine; and 
operating the engine on the Second fuel in a Second fuel 

mode, 
monitoring the oxygen content of exhaust gases emitted 

from the engine; 
generating a filtered signal based upon the monitored 

Oxygen content of the exhaust gases over a finite period 
of time, the generating of the filtered signal occurring 
in association with an engine control unit (ECU); and 

controlling operation of the valve via the ECU based upon 
the Signal. 

2. A method for operating a dual fuel System in accor 
dance with claim 1 including changing the mode operation 
of the engine from the second fuel mode to the first fuel 
mode by: 

starting the flow of the first fuel to the first fuel feeding 
device; 

closing the valve to Stop the flow and feeding of the 
Second fuel to the engine; 

feeding the first fuel from the first fuel feeding device to 
the engine; and 

operating the engine on the first fuel. 
3. A method for operating a dual fuel System in accor 

dance with claim 1 wherein: 

the first fuel feeding device comprises a carburetor with a 
float bowl; and 

the first fuel is pumped by a fuel pump operatively 
asSociated with the engine. 

4. A method for operating a dual fuel System in accor 
dance with claim 1 wherein: 

the first fuel feeding device comprises one or more 
electronic fuel injectors (EFI) with a rail and fuel line; 
and 
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the first fuel is pumped by a fuel pump operatively 
asSociated with a first fuel tank. 

5. A method for operating a dual fuel System in accor 
dance with claim 1 including opening the valve when the 
Signal decreases upon changing to the Second fuel mode. 

6. A method for operating a dual fuel System in accor 
dance with claim 1 including closing the valve when the 
Signal increases upon changing to the first the mode. 

7. A method for operating a dual fuel System in accor 
dance with claim 1 including: 

timing Said Signal; and 
opening the valve in the Second fuel mode if the Signal 

does not Substantially change for a predetermined 
period of time. 

8. A method for operating a dual fuel System in accor 
dance with claim 1 including: 

timing Said Signal; and 
closing the valve in the first fuel mode if the Signal does 

not Substantially change for a predetermined period of 
time. 

9. A method for operating a dual fuel System in accor 
dance with claim 1 wherein: 

Said first fuel and Said Second fuel are Selected from the 
group consisting of a liquid fuel, gasoline, petro, a 
gaseous fuel, liquefied petroleum gas (LPG), and com 
pressed natural gas (CNG), and 

said first fuel is different than said second fuel. 
10. A method for operating a dual fuel System, comprising 

the Steps of: 
pumping gasoline to a carburetor with a fuel pump; 
feeding gasoline from the carburetor to an engine; 
operating the engine on gasoline in a gasoline mode, 
detecting and monitoring the oxygen content of exhaust 

gases emitted from the engine; 
generating a signal based upon the detected oxygen 

content of the exhaust gases, 
determining a mean or average value of the Signal for a 

preSelected period of time; 
filtering the Signal to produce a filtered Signal correspond 

ing to the means or average value of the Signal, the 
filtering occurring in association with an engine control 
unit (ECU); 

controlling operation of an LPG valve with the ECU; 
changing the mode of operation of the engine from 

gasoline to liquified petroleum gas (LPG); 
establishing a reference filtered signal when the mode of 

operation of the engine is changed from gasoline to 
LPG; 

closing a gasoline valve to Stop the flow of gasoline to the 
carburetor; 

waiting until the gasoline Substantially empties from a 
float bowl of the carburetor; thereafter 

opening the LPG valve to access the liquified petroleum 
gas (LPG); 

vaporizing the liquified petroleum gas (LPG); 
feeding the vaporized LPG to the engine; and 
operating the engine on vaporized LPG in the LPG mode. 
11. A method for operating a dual fuel System in accor 

dance with claim 10 including opening the LPG valve in the 
LPG mode when the filtered signal decreases to a threshold 
value below the reference filtered signal. 

12. A method for operating a dual fuel System in accor 
dance with claim 10 including: 

operating a timer in cooperation with the ECU to generate 
a timing Signal if the filtered Signal does not decrease 
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to a threshold value below the reference filtered signal 
for a predetermined period of time, and 

opening the LPG valve in the LPG mode in response to 
the timing Signal. 

13. A method for operating a dual fuel System in accor 
dance with claim 10 including changing the operation of the 
engine from the LPG mode to the gasoline mode by: 

opening the gasoline valve; 
further pumping gasoline to the carburetor; 
waiting until the gasoline substantially fills the float bowl 

of the carburetor; thereafter 
closing the LPG valve and Stopping the flow, vaporization 

and feeding of LPG to the engine; 
feeding gasoline from the carburetor to the engine; and 
operating the engine on gasoline. 
14. A method for operating a dual fuel System in accor 

dance with claim 13 including closing the LPG valve in the 
gasoline mode when the filtered signal increases to a thresh 
old value above the reference filtered Signal. 

15. A method for operating a dual fuel System in accor 
dance with claim 13 including: 

operating a timer in cooperation with the ECU to generate 
a timing Signal if the filtered signal does not increase to 
a threshold value above the reference filtered signal for 
a predetermined period of time; and 

closing the LPG valve in the gasoline mode in response to 
the timing Signal. 

16. A method for operating a dual fuel System, comprising 
the Steps of: 
pumping a first fuel to a first electronic fuel injector (EFI) 

System comprising one or more electronic fuel injectors 
(EFI) with a fuel feeding device comprising a fuel line 
and a rail, and a fuel pump operatively associated with 
a gasoline tank; 

injecting the first fuel from the first EFI system to the 
engine; 

operating the engine with the first fuel in a first fuel mode, 
Sensing and monitoring the oxygen content of exhaust 

gases emitted from the engine; 
generating a signal based upon the Sensed oxygen content 

of the exhaust gases, 
determining a mean or average value of the Signal for a 

preSelected period of time; 
filtering the Signal to produce a filtered signal correspond 

ing to the mean or average value of the Signal, the 
filtering occurring in association with an engine control 
unit (ECU); 

controlling operation of a Second fuel Valve with the 
ECU; 

changing the mode of operation of the engine from the 
first fuel to the second fuel; 

establishing a reference filtered signal when the mode of 
operation of the engine is changed from the first fuel to 
the Second fuel; 

Stopping the flow of the first fuel from the gasoline tank; 
opening the Second fuel Valve to access the Second fuel to 

a second EFI system; 
injecting the Second fuel from the Second EFI system to 

the engine; and 
operating the engine with the Second fuel in the Second 

fuel mode. 
17. A method for operating a dual fuel System in accor 

dance with claim 16 including opening the Second fuel Valve 
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in the Second fuel mode when the filtered signal decreases to 
a threshold value below the reference filtered signal. 

18. A method for operating a dual fuel System in accor 
dance with claim 16 including: 

operating a timer in cooperation with the ECU to generate 
a timing Signal if the filtered Signal does not decrease 
to a threshold value below the filtered signal for a 
predetermined period of time; and 

opening the Second fuel Valve in the Second fuel mode in 
response to the timing Signal. 

19. A method for operating a dual fuel system in a vehicle 
in accordance with claim 16 including changing the opera 
tion of the engine from the second fuel mode to the first fuel 
mode by: 

Starting the flow of the first fuel from the gasoline tank, 
further pumping the first fuel to the first EFI system; 
closing the Second fuel Valve and stopping the flow and 

feeding of the Second fuel to the engine; 
feeding the first fuel from the first EFI system to the 

engine; and 
operating the engine with the first fuel. 
20. A method for operating a dual fuel System in accor 

dance with claim 19 including closing the second fuel valve 
in the first fuel mode when the filtered signal increases to a 
threshold value above the reference filtered signal. 

21. A method for operating a dual fuel System in accor 
dance with claim 19 including: 

operating a timer in cooperation with the ECU to generate 
a timing Signal if the filtered signal fails to increase to 
a threshold value above the reference filtered signal for 
a predetermined period of time; and 

closing the Second fuel valve in the first fuel mode in 
response to the timing Signal. 

22. A method for operating a dual fuel System in accor 
dance with claim 16 wherein: 

the first fuel and the second fuel are selected from the 
group consisting of a liquid fuel, gasoline, petro, a 
gaseous fuel, liquefied petroleum gas, and compressed 
natural gas (CNG), and 

the first fuel is different than the second fuel. 
23. A dual fuel System, comprising: 
a dual fuel engine powered by two different fuels includ 

ing a first fuel comprising gasoline and a Second fuel, 
and Said engine being operable in a gasoline mode and 
in a Second fuel mode, 

an intake manifold connected to Said engine for passing 
fuel to Said engine; 

a carburetor having a float bowl and a valve communi 
cating with Said intake manifold for feeding gasoline to 
Said engine when Said engine is operating in the gaso 
line mode, 

a gasoline tank for Storing and containing gasoline; 
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18 
a fuel pump for pumping gasoline from Said gasoline tank 

to Said carburetor when Said engine is operating in the 
gasoline mode, 

a gasoline valve for controlling the flow of gasoline to 
Said carburetor; 

a control valve communicating with Said air filter and Said 
intake manifold for passing filtered air from Said filter 
to Said gasoline flowing into Said intake manifold at an 
air fuel ratio regulated by Said valve of Said carburetor; 

a one-way valve for permitting flow and passage of 
filtered air from said air filter to said air valve but 
preventing the flow of the second fuel to said air filter; 

a Second fuel tank for Storing and containing the Second 
fuel; 

a second fuel valve for controlling the flow of the second 
fuel from the second fuel tank to said control valve; 

Said control valve being operable to permit flow and 
passing of the Second fuel to Said intake manifold when 
Said engine is operating in the Second fuel mode, 

an engine control unit (ECU) operatively associated with 
Said engine, control valve, and Second fuel Valve for 
controlling the performance of Said engine, control 
Valve, and Second fuel Valve, and 

a mode Selection Switch connected to Said ECU to Select 
when the engine is operated in the gasoline mode or the 
Second fuel mode. 

24. A dual fuel system in accordance with claim 23 
wherein: 

said Second fuel comprises liquified petroleum gas (LPG); 
said second fuel valve comprises an LPG valve; and 
a regulator and vaporizer are connected to said LPG valve 

for regulating and vaporizing the LPG when Said 
engine is operating in the Second fuel mode. 

25. A dual fuel system in accordance with claim 23 
wherein: 

the Second fuel comprises compressed natural gas (CNG); 
and 

Said Second fuel tank comprises a CNG tank. 
26. A dual fuel system in accordance with claim 23 

including: 
an exhaust pipe communicating with Said engine for 

discharging the exhaust gases, 
a catalytic converter for minimizing emission of pollut 

ants from the exhaust gases into the atmosphere; and 
an O. Sensor communicating with said ECU for Sensing 

the oxygen content in the exhaust gases. 
27. A dual fuel system in accordance with claim 23 

wherein Said control valve comprises a dual air valve and a 
pulse width modulation valve. 
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