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1
BATTERYLESS DUAL FUEL ENGINE WITH
LIQUID FUEL CUT-OFF

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a continuation-in-part of, and
claims priority to, U.S. patent application Ser. No. 14/738,
060, filed Jun. 12, 2015, the disclosure of which is incor-

2

Therefore, it would be desirable to design a dual fuel
generator having a liquid fuel and gaseous fuel delivery
system that overcomes the aforementioned detriments with-
out substantially increasing the overall cost of the system.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with one aspect of the invention, a dual fuel
engine includes an engine operable on a gaseous fuel and a
liquid fuel. A carburetor attaches to an intake of the engine

porated herein by reference in its entirety. 19 5 mix air and fuel and connect to a gaseous fuel source and
a liquid fuel source. The dual fuel engine also includes a
BACKGROUND OF THE INVENTION swi?ch to change operation of the engi%le between gaseous
. . . fuel and liquid fuel, and a liquid fuel cut-off attaches to the
Embodiments of the invention relate generally to dual fuel carburetor to interrupt liquid fuel upon actuation of the
generators, and more particularly, to an apparatus and 15 switch from liquid fuel to gaseous fuel.
method for delivering liquid fuel or gaseous fuel to a dual In accordance with another aspect of the invention, a
fuel generator. batteryless dual fuel generator includes a housing containing
Electric generators are frequently driven by internal com- a pull start engine coupled to drive an alternator. The engine
bustion engines that use gasoline as a fuel source. Gasoline is operable on a gaseous fuel and a liquid fuel and includes
is a common fuel source for generators in a variety of 20 a carburetor attached to an intake of the engine. The carbu-
applications. However, alternative fuel sources also provide retor has a throat to mix fuel with air, a float bowl, and a fuel
a desirable fuel source. For instance, alternative fuels may passage to provide liquid fuel from the float bowl to the
provide a clean burning fuel that limits hazardous emissions. throat. The generator may also include a switch to select
Alternative fuels may also be stored for long periods of time engine operation on either the liquid fuel or the gaseous fuel
without degradation, whereas gasoline can degrade over a 25 and a fuel shutoff attached to the carburetor to close the fuel
period of months leading to hard starting, rough running, passage upon selection of engine operation to gaseous fuel.
and also lead to gum and varnish deposit left in the fuel In accordance with yet another aspect of the invention, a
system. In addition, generators that operate on alternative carburetor having a fuel shutoff includes a carburetor with a
fuels may generate electricity when gasoline is not readily float bowl, a throat, and a fuel passage to provide fuel from
available. For instance, generators are frequently used when 30 the float bowl to the throat. A fuel shutoff couples to the
power outages in the utility grid result from severe weather. carburetor which may have a first end in the carburetor that
Unfortunately, gas stations may also be closed as aresult of ~ actuates to close the fuel passage and a second end external
the power outage. Such a circumstance presents just one to the carburetor to actuate the first end. The fuel shutoff may
example where it would be advantageous to operate elec- operate within the carburetor such that the fuel shutoff
trical generators on alternative fuels. 35 actuates free from linear motion when opening and closing
Certain generators are configured to operate as “dual fuel” the fuel passage.
generators, otherwise known as bi-fuel generators. These In accordance with yet another aspect of the invention, a
generators are driven by an internal combustion engine that method of assembling a dual fuel engine includes providing
is configured to operate on a liquid fuel for a period of  an engine operable on a gaseous fuel and a liquid fuel and
operation and an alternative fuel for another period of 40 attaching a carburetor to an intake of the engine to supply the
operation. The alternative fuel source is generally a gaseous fuels to the engine. The carburetor includes a throat to mix
fuel that may exist in a gaseous state at normal temperature gaseous fuel with air and liquid fuel with air, a float bowl,
and pressure and can be any one of liquefied petroleum gas, and a fuel passage to provide liquid fuel from the float bowl
compressed natural gas, hydrogen, or the like. Liquefied  to the throat. The fuels may be supplied to the carburetor by
petroleum gas (LPG), often referred to as propane, exists in 45 a gaseous fuel source coupled to the throat and a liquid fuel
a gaseous state at normal temperature and pressure but can source coupled to the float bowl. The method also includes
be conveniently stored under pressure in a liquid state. LPG coupling a switch to the engine to change operation of the
may be a desirable fuel source for internal combustion engine between gaseous fuel and liquid fuel, and attaching
engines because it can be stored for longer periods of time a liquid fuel cut-off to the carburetor to close the fuel
and contains fewer impurities than gasoline, resulting in 50 passage upon actuation of the switch from liquid fuel to
smoother and cleaner operation, and often resulting in a gaseous fuel.
longer lasting engine. Various other features and advantages will be made
In order to provide the liquid and gaseous fuel to the  apparent from the following detailed description and the
engine, the dual fuel engine may have a first fuel line for drawings.
liquid fuel and a second fuel line for gaseous fuel. A liquid ss
fuel source and a gaseous fuel source may be coupled to the BRIEF DESCRIPTION OF THE DRAWINGS
respective lines to provide fuel to the engine. However, a
common problem with such configurations that couple two The drawings illustrate preferred embodiments presently
fuel sources to a single engine is the engine can experience contemplated for carrying out the invention.
overly rich air-fuel ratio when both fuels are simultaneously 60  In the drawings:
engaged during cross-over switching between the fuel FIG. 1 is a perspective view of a dual fuel generator
sources. Such simultaneous delivery of fuel from the first coupled to a fuel delivery system, according to an embodi-
fuel line and the second fuel line may make the engine hard ment of the invention.
to start or lead to unstable operating conditions. Further, a FIG. 2 is a detail view of a portion of the generator of FIG.
float bowl in the carburetor that must first fill or empty prior 65 1 about a mechanical fuel lockout switch with the switch in

to changeover causes delay in cross-over switching between
the fuel sources.

a first position, according to an embodiment of the inven-
tion.
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FIG. 3 is a detail view similar to FIG. 2 and showing the
mechanical fuel lockout switch in a second position, with an
LPG supply line connected thereto, according to an embodi-
ment of the invention.

FIG. 4A is a schematic diagram of a fuel system for the
dual fuel generator of FIG. 1 showing a liquid fuel source in
communication with a carburetor of the generator consistent
with the first position of the switch as shown in FIG. 2,
according to an electro-mechanical embodiment of the

4

ment of the invention. Dual fuel generator 20 includes an
internal combustion engine (not shown) within housing 21 at
one end 24, operatively connected to an alternator also
enclosed in housing 21 at another end 26, by conventional
means. Dual fuel generator 20 is configured to operate on
different fuels via either a first fuel source 28 or a second fuel
source 30. In an exemplary embodiment of the invention,
first fuel source 28 is a liquid fuel and second fuel source 30
is a gaseous fuel. The liquid fuel may be gasoline and the

invention. 10 gaseous fuel may be liquid petroleum gas (LPG). Each can
FIG. 4B is a schematic diagram of the fuel system of FIG. selectively operate the generator as desired and controlled
4A showing a gaseous fuel source in communication with a by an operator. For instance, generator 20 may operate on
carburetor of the generator of FIG. 1 consistent with the gasoline for a first period of operation and then switch to
second position of the switch as shown in FIG. 3, according LPG for a second period of operation. However, it is
to an electro-mechanical embodiment of the invention. 15 contemplated that dual fuel generator 20 is configured to
FIG. 5 is a perspective view of a dual fuel carburetor operate on fuels other than gasoline and LPG (e.g., natural
having a manual fuel shutoff system and coupled to a first gas, biodiesel, etc.), and thus the scope of the invention is
fuel line and a second fuel line, according to a mechanical not meant to be limited strictly to a dual fuel arrangement
embodiment of the invention. where first fuel source 28 provides gasoline and second fuel
FIG. 6 is cross-sectional view of the carburetor of FIG. 5 20 source 30 provides LPG.
taken along line 6-6 of FIG. 5 through a fuel passage that In one embodiment of the invention, dual fuel generator
provides fuel from a float bowl to a throat of the carburetor, 20 includes a gasoline tank 32 or, generally, a liquid fuel
according to an embodiment of the invention. tank, located inside cover 21 onboard generator 20 to
FIG. 7A is a partial sectional view of the float bowl of ~ provide gasoline to the engine as first fuel source 28.
FIG. 6 with a manual fuel shutoff system in an open position, 25 Gasoline tank 32 connects to a first fuel line to provide
according to an embodiment of the invention. gasoline to the carburetor to run the engine, as will later be
FIG. 7B is a detailed partial sectional view of the float described with reference to FIGS. 4A and 4B. Generator 20
bowl with a manual fuel shutoff of FIG. 7A taken along line is also coupled to a pressurized fuel container 34, or a
7B-7B of FIG. 7A, according to an embodiment of the pressurized fuel source, located off board generator 20 to
invention. 30 provide LPG to the engine as second fuel source 30.
FIG. 8 is a partial sectional view similar to FIG. 7A and Pressurized fuel container 34 is coupled to generator 20 with
showing the manual fuel shutoff system in a closed position, an LPG supply hose 36. LPG supply hose 36 is coupled to
according to an embodiment of the invention. a second fuel line within generator 20 to provide LPG to the
FIG. 9 is a perspective view of a shaft for the manual fuel carburetor to run the engine. Dual fuel generator 20 includes
shutoff system of FIG. 5, according to an embodiment of the 35 a mechanical fuel lockout switch 38 for selecting a desired
invention. fuel to be provided to the engine. The mechanical fuel
FIG. 10 is a side view of a valve member for the manual lockout switch 38 is actuated to select first fuel source 28
fuel shutoff system of FIG. 5, according to an embodiment when in a first position, as shown in FIG. 2, and alternately
of the invention. to select second fuel source 30 when in a second position, as
FIG. 11 is a perspective view of the carburetor of FIG. 5 40 shown in FIG. 3.
with the manual fuel shutoff system exploded from a float Referring back to FIG. 1, in an exemplary embodiment,
bowl of the carburetor. fuel 30 from pressurized fuel container 34 is regulated using
FIG. 12 is a flow chart showing steps in fabricating a a fuel regulator system 39 for delivery to the engine. Fuel
manual fuel shutoff system for a carburetor, according to an regulator system 39 includes one or more pressure regulators
embodiment of the invention. 45 that reduce and control the pressure of the fuel from pres-
FIG. 13 is a magnetic fuel shutoff system for a carburetor, surized fuel container 34 and delivers fuel at a desired
according to a magnetic-mechanical embodiment of the pressure for operation of the engine. Fuel regulator system
invention. 39 has an inlet 41 operatively coupled to a service valve 40
FIG. 14 is a wiring diagram of a microcontroller receiving of pressurized fuel container 34 and an outlet 43 coupled to
input signals and operating engine components, according to 50 LPG supply hose 36. Fuel regulator system 39 includes a
an embodiment of the invention. primary pressure regulator 42 coupled to pressurized fuel
container 34 and a secondary pressure regulator 44. Primary
DETAILED DESCRIPTION OF THE pressure regulator 42 protects downstream components from
PREFERRED EMBODIMENT high pressure of pressurized fuel container 34. Primary
55 pressure regulator 42 receives LPG through service valve 40
The operating environment of the invention is described of pressurized fuel container 34 and reduces the pressure of
with respect to a dual fuel generator. However, it will be the LPG to a first stage. In one embodiment of the invention,
appreciated by those skilled in the art that the invention is the first stage may be delivered directly to generator 20 at a
equally applicable for use with any dual fuel internal com- pressure required for operation of the engine.
bustion engine. Moreover, the invention will be described 60  In an exemplary embodiment of the invention, fuel regu-
with respect to a dual fuel generator configured to operate on lator system 39 includes secondary pressure regulator 44
a liquid fuel and a gaseous fuel. However, one skilled in the coupled to the outlet of primary pressure regulator 42 in
art will further appreciate that the invention is equally order to use standard “off-the-shelf” components. Typically,
applicable for use with other fuel combinations for dual fuel the primary pressure regulator is mounted on the LPG tank,
generators and internal combustion engines. 65 while the secondary pressure regulator is mounted on the

Referring to FIG. 1, a dual fuel generator 20 is coupled to
a fuel delivery system 22, in accordance with an embodi-

component using the fuel, such as an engine or grill. Here,
since generator 20 can be used as a gasoline only generator,
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secondary pressure regulator 44 is mounted off-board the
generator to reduce size and cost of the generator. Secondary
pressure regulator 44 receives LPG from primary pressure
regulator 42 and further reduces the pressure of LPG to a
second stage to be delivered to generator 20. In a system
with two regulators, primary pressure regulator 42 regulates
fuel received from pressurized fuel container 34 and reduces
the pressure of the fuel to a level required for operation of
secondary pressure regulator 44. Secondary pressure regu-

6

valve 54 to second position 38(5) to open communication of
the second fuel source 30 to the engine as shown in FIG. 3.
Referring back to FIG. 2, when mechanical fuel valve 54 is
in first position 38(a), fuel lockout apparatus 58 communi-
cates first fuel source 28 to the dual fuel engine and prevents
communication between the second fuel source and the dual
fuel engine.

In an exemplary embodiment of the invention, mechani-
cal fuel valve 54 controls the flow of LPG to the engine by

lator 44 regulates fuel received from primary pressure 10 actuating fuel lockout apparatus 58 to block or unblock fuel
regulator 42 and further reduces the pressure of the fuel to inlet 59 for the second fuel source. Mechanical fuel valve 54
a level required for operation of generator 20. In addition, is coupled to the first fuel line as a liquid fuel valve, as
primary pressure regulator 42 may compensate for varying shown in FIGS. 4A and 4B, and therefore can control the
tank pressure as fuel is depleted while secondary pressure flow of gasoline to the engine by opening and closing the
regulator 44 may compensate for varying demand from 15 first fuel line. When the mechanical fuel valve 54, FIG. 2, is
generator 20. in the first position 38(a), gasoline flows from the gasoline
In accordance with an exemplary embodiment of the tank to the engine and the fuel lockout apparatus 58 blocks
invention, fuel regulator system 39 includes both the pri- the fuel inlet 59. Accordingly, fuel lockout apparatus 58
mary and secondary regulators, or a custom single regulator, prevents LPG flow to generator 20 when the mechanical fuel
but in any case is located remotely, or off-board, from dual 20 valve 54 is in first position 38(a) wherein the engine is
fuel generator 20. Fuel regulator system 39 may be directly operated on gasoline.
mounted to pressurized fuel container 34 using a regulator Mechanical fuel valve 54 includes a fuel valve handle 56
mounting bracket 46. Regulator mounting bracket 46 has to control the opening and closing of the valve. Fuel valve
mounting locations for primary pressure regulator 42 and handle 56 is movable between first position 38(a) as shown
secondary pressure regulator 44. Regulator mounting 25 in FIG. 2 and second position 38() as shown in FIG. 3.
bracket 46 also has a securing mechanism 48 to secure Mechanical fuel valve 54 opens the first fuel line (to enable
regulator mounting bracket 46 to pressurized fuel container liquid fuel flow to the engine) when fuel valve handle 56 is
34. in the first position, and mechanical fuel valve 54 closes the
In another embodiment of the invention, primary pressure first fuel line (to prevent liquid fuel flow to the engine) when
regulator 42 is mounted on regulator mounting bracket 46 30 fuel valve handle 56 is in the second position. Thus, when
while secondary pressure regulator 44 could be mounted on fuel valve handle 56 is in first position 38(a) as shown in
or near generator 20. In yet another embodiment of the FIG. 2, mechanical fuel valve 54 opens the first fuel line and
invention, a dual stage regulator may regulate the fuel allows gasoline from gasoline tank 32 to flow to the engine.
received from pressurized fuel container 34 and deliver fuel Fuel valve handle 56 is coupled to fuel lockout apparatus
at a pressure required for operation of generator 20. Such a 35 58. Fuel valve handle 56 actuates with fuel lockout appa-
dual stage regulator may regulate the fuel to the second stage ratus 58 to prevent LPG flow to generator 20 when gasoline
within a single structure. The dual stage regulator may be flow to the generator is enabled. Fuel lockout apparatus 58
mounted directly on fuel container 34. is controlled by fuel valve handle 56 so that moving fuel
Referring to FIG. 2, a detail view of a portion of generator valve handle 56 to the first position causes fuel lockout
20 of FIG. 1 depicts mechanical fuel lockout switch 38 in a 40 apparatus 58 to block fuel inlet 59 for LPG, and moving fuel
first position 38(a), in accordance with an embodiment of valve handle 56 to the second position causes fuel lockout
the invention. In this position, mechanical fuel lockout apparatus 58 to unblock fuel inlet 59 for LPG.
switch 38 provides gasoline flow from gasoline tank 32 to In an exemplary embodiment of the invention, fuel valve
the engine while preventing connection of an LPG supply handle 56 rotates between the first position and the second
line to fuel inlet 59 of the second fuel line, as will later be 45 position and fuel lockout apparatus 58 is rigidly coupled to
discussed in detail with reference to FIGS. 4A and 4B. Still the rotating handle. Fuel lockout apparatus 58 may include
referring to FIG. 2, mechanical fuel lockout switch 38 a fuel inlet cover 61, which may be a flange, coupled to fuel
provides a combination liquid fuel shutoff valve and a valve handle 56 so that fuel inlet cover 61 rotates with the
gaseous fuel supply lockout that prevents simultaneous handle. Fuel inlet cover 61 extends radially outward from
delivery of fuel to the engine from gasoline tank 32 and 50 fuel valve handle 56 and sweeps over fuel inlet 59 for LPG
pressurized fuel container 34, FIG. 1. As such, mechanical as fuel valve handle 56 rotates. That is, fuel inlet cover 61
fuel lockout switch 38 provides a fuel selector to ensure only rotates transversely across fuel inlet 59 and blocks access
the selected fuel is provided to dual fuel generator 20. thereto. Accordingly, fuel inlet cover 61 prevents LPG flow
Mechanical fuel lockout switch 38, FIG. 2, includes to generator 20 when fuel valve handle 56 is in first position
mechanical fuel valve 54 actuateable between first position 55 38(a) to allow gasoline to run the engine.
38(a) as shown in FIG. 2 and second position 38(b) as shown Referring to FIG. 3, a detail view of a portion of generator
in FIG. 3 to selectively control fuel flow to the dual fuel 20 of FIG. 1 depicts mechanical fuel lockout switch 38 in a
engine from first fuel source 28 through a first fuel line and second position 38(5), in accordance with an embodiment of
second fuel source 30 through a second fuel line 36. the invention. In this position, mechanical fuel lockout
Mechanical fuel lockout switch 38 may also include fuel 60 switch 38 provides a disconnect to stop gasoline flow from
lockout apparatus 58 coupled to mechanical fuel valve 54 to gasoline tank 32 to the engine while allowing connection of
communicate fuel sources individually to generator 20. In LPG supply hose 36 to fuel inlet 59 of the second fuel line.
one embodiment of the invention, fuel lockout apparatus 58 FIG. 3 further shows LPG supply hose 36 coupling second
communicates first fuel source 28 to the engine by actuating fuel source 30 to generator 20 to deliver LPG to run the
mechanical fuel valve 54 to first position 38(a) to open the 65 generator.

first fuel line as shown in FIG. 2, and communicates second
fuel source 30 to the engine by actuating mechanical fuel

Mechanical fuel lockout switch 38 includes mechanical
fuel valve 54 coupled to fuel lockout apparatus 58 to prevent
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gasoline flow to generator 20 when LPG from the LPG
supply hose 36 is supplied to the engine. In one embodiment
of the invention, actuation of mechanical fuel valve 54 to
second position 38(b) causes fuel lockout apparatus 58 to
allow communication of second fuel source 30 to the dual
fuel engine, and interrupts the first fuel source 28 commu-
nication with the dual fuel engine. The position of fuel
lockout apparatus 58 prevents the fuel valve handle 56 from
moving to first position 38(a) (FIG. 2) while LPG supply

8

through a second fuel line 70. Accordingly, first fuel line 66
may be a liquid fuel line and second fuel line 70 may be a
gaseous fuel line.

Mechanical fuel lockout switch 38 changes the fuel
source for engine 60 between liquid fuel and gaseous fuel.
Mechanical fuel lockout switch 38 includes a mechanical
fuel valve 54 actuateable between first position 38(a) as
shown in FIG. 4A and second position 38() as shown in
FIG. 4B to selectively control fuel flow to the dual fuel

h X 10 engine 60 from first fuel source 28 through first fuel line 66
ose 36 is connected to generator 20. .
A quick-disconnect hose coupling 50, also referred to as and sepond fuel source 30 through second fuel line 70.
quic pling 50,
. . Referring back to FIG. 4A, mechanical fuel valve 54 selec-
a quick-connect hose coupling, connects LPG supply hose tivel trols fuel flow throueh first fuel line 66 b .

y controls fuel flow through first fuel line y opening
364t0 generator 20 so that LPG supply hose 36 may be the line when the mechanical fuel lockout switch 38 actuates
qulck!y attached and detached from generator 20. Hose |5 o frot position 38(a). Mechanical fuel valve 54 may be
coupling 50 has a first end 50a mounted on the external coupled to fuel lockout apparatus 58 that actuates with
surface of generator 20 and coupled to supply the second  mechanical fuel valve 54 to block and unblock fuel inlet 59
fuel to the engine. Hose coupling 50 has a second end 500 of second fuel line 70. First end 50a of the quick-disconnect
coupled to the outlet of LPG supply hose 36. Each end 504, hose coupling is located at fuel inlet 59 and a mating end 505
504 has a gaseous fuel valve that opens when the couplings 20 of the quick-disconnect hose coupling is coupled to the
are engaged and closes when the couplings are disengaged. propane or LPG tank 68. Actuation of mechanical fuel valve
As such, quick-disconnect hose coupling 50 automatically 54 to first position 38(a) causes fuel lockout apparatus 58 to
opens when connected to enable fuel flow from LPG supply block fuel inlet 59 to prevent coupling the first end 50a and
hose 36 to the engine. Hose coupling 50 automatically second end 505 of the quick-disconnect hose coupling
disconnects fluid communication when disconnected. 25 together, and actuation of mechanical fuel valve 54 to
Accordingly, when the supply hose is detached from gen- another position causes fuel lockout apparatus 58 to unblock
erator 20, the coupling 50 is automatically closed so that fuel fuel inlet 59 to permit attaching first end 50a and second end
does not escape and unwanted air does not enter the fuel 505 together.
system. A liquid fuel cut-off 72 couples to carburetor 62 to

In one embodiment, fuel inlet cover 61 is coupled to fuel 30 regulate liquid fuel flow through the carburetor. Liquid fuel
valve handle 56 so that it is spaced apart from the surface of cut-off 72 can stop liquid fuel flow to engine 60 to prevent
generator 20 to provide clearance for first end 50a of the an overly rich air-fuel ratio when operating engine 60 on
quick-disconnect hose coupling 50 that protrudes from the gaseous fuel. Liquid fuel cut-off 72 may attach to carburetor
surface of generator 20. As shown in FIG. 2, fuel inlet cover 62 to interrupt liquid fuel upon actuation of mechanical fuel
61 blocks off first end 50a of the quick-disconnect hose 35 lockout switch 38 from liquid fuel to gaseous fuel. As such,
coupling when fuel valve handle 56 is rotated to first liquid fuel cut-off 72 can prevent engine flooding by stop-
position 38(a) to enable gasoline flow so that fuel inlet cover ping liquid fuel flow when starting on gaseous fuel. Liquid
61 prevents connection of LPG supply hose 36 (FIG. 3) to fuel cut-off 72 is manually operated in some embodiments of
generator 20. As shown in FIG. 3, fuel inlet cover 61 the invention and electrically operated in other embodiments
uncovers first end 50a of the quick-disconnect hose coupling 40 of the invention.

50 when fuel valve handle 56 is rotated to second position In one embodiment of the invention, liquid fuel cut-off 72
38(b) to disable gasoline flow so that fuel inlet cover 61 comprises a fuel cut solenoid 74, also referred to as a
permits connection of LPG supply hose 36 to generator 20. carburetor cutoff solenoid, that operates within carburetor 62

To operate generator 20 on LPG, fuel valve handle 56 is as a solenoid valve to control liquid fuel flow to engine 60.
turned to second position 38(h) to disable the flow of 45 Fuel cut solenoid 74 actuates between an open position to
gasoline to the engine and to expose first end 50a of hose provide liquid fuel to engine 60 and a closed position to stop
coupling 50 on generator 20. LPG supply hose 36 is then liquid fuel to the engine. Fuel cut solenoid 74 can operate as
connected to generator 20 via hose coupling 50 to enable the a normally open solenoid valve so that power is not required
flow of LPG to the engine. To operate generator 20 on to open the solenoid during liquid fuel operation. As such,
gasoline, LPG supply hose 36 is disconnected from genera- 50 fuel cut solenoid 74 is powered and moved to a closed
tor 20 via hose coupling 50 to disable the flow of LPG to the position to stop liquid fuel flow to engine 60 during gaseous
engine and to unblock fuel valve handle 56 from rotating to fuel operation. Alternatively, fuel cut solenoid 74 may be
the first position. As shown in FIG. 2, fuel valve handle 56 operated as a normally closed valve that is powered to open
is then turned to first position 38(a) to enable the flow of for liquid fuel operation.
gasoline to generator 20. 55 Fuel cut solenoid 74 is preferably powered by a magneto

Referring to FIG. 4A, a schematic diagram of a fuel 76, alternator, engine flywheel with a charge winding, or
system for a dual fuel engine 60 shows mechanical fuel other electrical power generator having a charge winding or
lockout switch 38 in first position 38(a) to provide commu- coil 78. Charging coil 78 allows operation of fuel cut
nication between the first fuel source 28 and dual fuel solenoid 74 in a batteryless engine. In a batteryless dual fuel
carburetor 62, according to an embodiment of the invention. 60 generator, the charging coil 78 may be integral to an
Mechanical fuel lockout switch 38 prevents communication alternator driven by the batteryless engine. Engine 60 may
between second fuel source 30 and dual fuel carburetor 62 be a pull-start engine having a recoil starter 80. During
when the switch is in first position 38(a). In one embodiment engine startup, recoil starter 80 cranks the engine with a
of the invention, first fuel source 28 includes a gasoline tank manual pull by a user that causes magneto 76 to supply
32 to provide gasoline to carburetor 62 through a first fuel 65 electrical power to fuel cut solenoid 74. While a fuel cut

line 66, and second fuel source 30 can include a propane or
LPG tank 68 to provide propane or LPG to carburetor 62

solenoid 74 in a normally open mode does not require any
initial electrical power for starting engine 60 on liquid fuel,
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charging coil 78 powers the solenoid to stop liquid fuel flow
during startup on gaseous fuel. Alternatively, charging coil
78 can power a fuel cut solenoid 74 operating in a normally
closed mode to open and provide liquid fuel to engine 60
during startup on liquid fuel.

Charging coil 78 has an output voltage generally propor-
tional to engine speed and therefore charge coil 78 will
produce a range of voltages over the range of engine
operating speeds. For example, if charging coil 78 produces

10

interrupt power and open fuel cut solenoid 74 as represented
in FIG. 4A, and actuation of mechanical fuel lockout switch
38 to second position 38(d) closes electrical switch 88 to
power and close fuel cut solenoid 74 as represented in FIG.
4B. Alternatively, fuel cut solenoid 74 can operate as a
normally closed valve where actuation of mechanical fuel
lockout switch 38 to first position 38(a) closes electrical
switch 88 to power and open fuel cut solenoid 74, and
actuation of mechanical fuel lockout switch 38 to second

12 VAC at 3600 rpm, it may only produce 1 VAC at 300 rpm 10 position 38(b) opens electrical switch 88 to interrupt power
which would be insufficient voltage during startup to power and close fuel cut solenoid 74.
a solenoid that requires 12 volts. An alternator typically used In an alternative embodiment of the invention, a micro-
to power 12 volt accessories, such as a battery, at engine controller 89 operates fuel cut solenoid 74 so that fuel cut
speeds will need increased output voltage to provide suffi- solenoid 74 opens to operate engine 60 on gasoline and is
cient voltage for operation of fuel cut solenoid 74 at low 15 closed when the engine operates on LPG. While engine 60
recoil start speeds. In addition, the output voltage of a is running, charging coil 78 provides power available to
charging coil may vary if the alternator or magneto 76 also microcontroller 89 for operation of fuel cut solenoid 74. Fuel
powers accessories. Accordingly, the output voltage of a cut solenoid 74 may operate in a normally open mode to
charging coil should be verified by running engine 60 allow gasoline flow to engine 60 without power from
through the full range of operating speeds before increasing 20 microcontroller 89, and microcontroller 89 may operate fuel
the output voltage. cut solenoid 74 to operate as an after-fire solenoid when
Additional turns can be added to a charging coil in the shutting down engine 60 from gasoline operation. That is,
alternator or magneto 76 to increase the output voltage and microcontroller 89 powers fuel cut solenoid 74 to a closed
provide sufficient voltage to activate fuel cut solenoid 74 at position preventing fuel being drawn into engine 60 and
manual start speeds. Typical alternators or magnetos may 25 mufller during engine shutdown from operation on gasoline.
have limited room within stator laminations for additional When engine 60 runs on LPG, microcontroller 89 switches
turns, but low current requirements of fuel cut solenoid 74 on power to close fuel cut solenoid 74 to prevent engine 60
allows substitution of smaller gage wire. Alternatively, sole- from drawing in gasoline from the float bowl of carburetor
noid windings on fuel cut solenoid 74 can be modified to 62 and first fuel line 66. Microcontroller 89 may also operate
operate at lower voltages for recoil starting. However, 30 fuel cut solenoid 74 configured to be normally closed.
adding coil turns to a charge winding provides an inexpen- Implementation of microcontroller 89 is further described
sive modification and allows use of standard 12 volt sole- with respect to FIG. 14.
noids. Referring to FIG. 4B, a schematic diagram of a fuel
To protect electrical systems, a voltage regulator 82 system for a dual fuel engine shows mechanical fuel lockout
couples to charging coil 78 to provide a fixed output voltage 35 switch 38 in second position 38(5) to provide communica-
for a varying input voltage. If charge winding 78 is wound tion between second fuel source 30 and dual fuel carburetor
to supply 12 VAC at 300 rpm, it could supply 144 VAC at 62, according to an embodiment of the invention. Mechani-
3600 rpm. Applying 144 volts could quickly destroy a cal fuel lockout switch 38 prevents communication between
solenoid designed to operate at 12 volts. Accordingly, volt- first fuel source 28 and dual fuel carburetor 62 when the
age regulator 82 may comprise a switching power supply 40 switch is in second position 38(5). The dual fuel engine has
circuit 84 that regulates a rectified DC power output from a first fuel line 66 to provide fuel from first fuel source 28
magneto 76 and provides a fixed voltage to fuel cut solenoid to carburetor 62 and a second fuel line 70 to provide fuel
74. Switching circuits are very efficient, dissipate very little from second fuel source 30 to carburetor 62.
power, and can be made small and inexpensive. Switching Mechanical fuel lockout switch 38 includes mechanical
power supply circuit 84 allows for low rpm, recoil starter 45 fuel valve 54 that selectively controls fuel flow through first
electrical power generation with charge coil 78 voltage fuel line 66 by closing the line when mechanical fuel lockout
control over engine speed range. switch 38 actuates to second position 38(b). Mechanical fuel
In the embodiment shown in FIGS. 4A and 4B, fuel cut lockout switch 38 may also include a mechanical lockout
solenoid 74 is operated by an electro-mechanical switch 86. apparatus 58 to block and unblock fuel inlet 59 of the second
Electro-mechanical switch 86 connects one fuel source to 50 fuel line 70. Fuel inlet 59 may include first end 50a of the
carburetor 62 and is connected to magneto 76 for a power quick-connect hose coupling mounted on the generator and
source. Electro-mechanical switch 86 may comprise an coupled to second fuel line 70. Second end 505 of the
electrical switch 88 that provides electrical connection quick-connect hose coupling is coupled to the outlet of
between fuel cut solenoid 74 and magneto 76. Electro- second fuel source 30, and the first end 50a mates with
mechanical switch 86 may also comprise mechanical fuel 55 second end 505 to quickly attach propane or LPG tank 68 to
lockout switch 38, and electrical switch 88 can be mechani- second fuel line 70. Fuel lockout apparatus 58 may also hold
cally actuated and controlled by mechanical fuel lockout mechanical fuel lockout switch 38 in second position 38(b)
switch 38. Fuel cut solenoid 74 connects to open and close when the propane or LPG tank 68 is coupled to the engine
a fuel path to pull-start engine 60 in response to reception of via the ends 50qa, 505 of the quick-connect hose coupling.
electrical power from electro-mechanical switch 86. 60  Liquid fuel cut-off 72 couples to carburetor 62 to regulate
Fuel cut solenoid 74 can operate as a normally open valve liquid fuel flow through the carburetor as described with
that closes when powered by alternator or magneto 76. The respect to FIG. 4A. Liquid fuel cut-off 72 may comprise a
normally open valve is activated to close and prevent fuel cut solenoid 74 powered by magneto 76. Engine 60 has
gasoline flow to engine 60 for LPG mode, and deactivated recoil starter 80 that cranks the engine and drives magneto
to open and allow gasoline flow to engine 60 for gasoline 65 76 to power fuel cut solenoid 74 when starting the engine.

mode. As such, actuation of mechanical fuel lockout switch
38 to first position 38(a) opens electrical switch 88 to

Voltage regulator 82 reduces the voltage delivered to fuel cut
solenoid 74 at higher engine operating speeds. Fuel cut
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solenoid 74 is activated by electro-mechanical switch 86
providing electrical connection to magneto 76 via electrical
switch 88. Electrical switch 88 can be manually actuated and
controlled by mechanical fuel lockout switch 38. FIG. 4B
shows electrical switch 88 closed to power a normally open
configured fuel cut solenoid 74 to a closed position for LPG
mode when mechanical fuel lockout switch 38 is in second
position 38(5).

FIG. 4A and FIG. 4B depict an embodiment where
mechanical fuel valve 54 operates along first fuel line 66 to
provide a flow path for first fuel source 28 to carburetor 62
when the valve is in first position 38(a). That is, mechanical
fuel valve 54 may control a single fuel line that runs through
the valve while operating fuel lockout apparatus 58 to
control fuel flow through second fuel line 70. Embodiments
of the invention also contemplate mechanical fuel valve 54
configured to operate along second fuel line 70 to provide a
flow path for second fuel source 30 to carburetor 62 when
the valve is in second position 38(b). Mechanical fuel valve

—

0

—
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first position and second position. A manually operated
control system 114 couples to shaft 112 external to carbu-
retor 62 to control manual fuel shutoff 110.

A bracket 116 couples to the outer surface of carburetor 62
to support manual control system 114. Bracket 116 mounts
to a boss 118 extending outwards from float bow! 104. Boss
118 has a flat vertical surface with a pair of tapped holes for
mounting bracket 116 to float bowl 104. Screws 120, 122
extend through respective holes in bracket 116 and into the
tapped holes to mount the bracket to carburetor 62. Manual
fuel shutoff 110 extends out of carburetor 62 and through an
opening 124 in bracket 116. Bracket 116 has a first stopping
tab 126 and a second stopping tab 128 extending away from
float bowl 104 to hold manual fuel shutoff 110 in a respec-
tive open or closed position. A fuel drain screw 130 extends
into an opening in carburetor 62 adjacent bracket 116.

Bracket 116 has a lower arm 132 extending downward
and to the air inlet side of carburetor 62. Lower arm 132 has
a bottom portion 134 bent outward from carburetor 62 to

54 may be configured to control multiple fuel lines that run 20 couple to a control system spring 136. Bottom portion 134
through the valve according to embodiments of the inven- has a hole 138 for control system spring 136 adjacent a
tion. In another embodiment of the invention, a manual fuel positioning groove 140 for the spring. Control system spring
petcock is coupled along second fuel line 70 to provide an 136 is held in position by groove 140 as it hooks through
independent shut-off from second fuel source 30 to the hole 138. Bracket 116 also has an upper arm 142 extending
engine. 25 first outward from carburetor 62 and then vertically and to
Referring to FIG. 5, a dual fuel carburetor having a the outlet side of the carburetor. Upper arm 142 has a cable
manual fuel shutoff system is shown, in accordance with a clamp 144 for holding a Bowden cable 146. Cable clamp
mechanical embodiment of the invention. Carburetor 62 144 has a flat midsection and two curved ends contacting
attaches to an intake 90 of the engine to mix air and fuel and bracket 116 to hold the midsection slightly apart from the
connect to a liquid fuel source and a gaseous fuel source. 30 bracket. Cable clamp 144 is coupled to bracket 116 by a bolt
Carburetor 62 has a mixing passage or throat 92 having an 148 extending through a hole in the midsection and through
inlet 94 for air and an outlet 96 for an air-fuel mixture. A upper arm 142 of the bracket.
venturi 98 is located in throat 92 with a choke valve 100 A lever 150 couples to shaft 112 to actuate manual fuel
located upstream from the venturi and a throttle valve 102 shutoff 110. A cap 152 holds lever 150 on shaft 112.
located downstream from the venturi. Carburetor 62 has a 35 Alternatively, lever 150 may be coupled to the shaft 112 by
float bowl 104 that provides fuel through a fuel passage into welding or staking. Lever 150 has a first lever arm 154 to
a narrow portion of venturi 98. Float bowl 104 has a liquid contact and hold lever 150 against first and second stopping
fuel inlet 106 to receive liquid fuel from first fuel source 28. tabs 126, 128 of the bracket. Lever 150 has a second lever
Throat 92 has a gaseous fuel inlet 108 to receive gaseous arm 156 to actuate shaft 112. First lever arm 154 is in plane
fuel from second fuel source 30. Dual fuel carburetor 62 40 with an opening in the lever for shaft 112 and second lever
mixes air with fuel from first fuel source 28 and second fuel arm 156 extends first outward from carburetor 62 and then
source 30 and provides the respective air-fuel mixtures for parallel to first lever arm 154. Second lever arm 156 extends
operation of the dual fuel generator. outward from carburetor 62 to provide clearance between
Liquid fuel cut-off 72 couples to carburetor 62 to control bracket 116 and the second lever arm for control system
liquid fuel flow downstream of float bowl 104 in the 45 spring 136 and screw 122. Second lever arm 156 has two
carburetor. Liquid fuel cut-off 72 can close off float bowl 104 holes 158, 160 for coupling control system spring 136 and
to stop liquid fuel flow to the engine and prevent an overly Bowden cable 146 to lever 150.
rich air-fuel ratio during gaseous fuel operation. As such, Manual fuel shutoff 110 operates as a valve within car-
liquid fuel cut-off 72 prevents engine flooding when starting buretor 62 to selectively interrupt liquid fuel flow to the
on gaseous fuel. Liquid fuel cut-off 72 also traps fuel in float 50 engine. Control system spring 136 preferably pulls on lever
bowl 104 to eliminate delay in filling the bowl when starting 150 to hold manual fuel shutoff 110 in an open valve
the engine on liquid fuel, and can stop liquid fuel flow to the position, and Bowden cable 146 pulls lever 150 against
engine immediately after ignition shutdown. As such, liquid control system spring 136 to rotate manual fuel shutoft 110
fuel cut-off 72 reduces emissions and prevents afterfire by to a closed valve position. As such, control system spring
stopping the engine from continuing to draw in fuel from 55 136 holds manual fuel shutoff 110 open for gasoline mode
float bowl 104 during shutdown. until Bowden cable 146 is pulled to close the valve for LPG
In the embodiment of FIG. 5, liquid fuel cut-off 72 mode. Alternatively, control system spring 136 can hold
comprises a manually operated fuel shutoff 110 coupled to manual fuel shutoff 110 in a closed valve position until
carburetor 62 to control liquid fuel flow downstream of float Bowden cable 146 is pulled to open the valve. Therefore,
bowl 104. Manual fuel shutoff 110 can be cable actuated for 60 actuation of the Bowden cable 146 acts as a switch to assist
use on engines without battery power, for instance engines in changeover between the dual fuels. Manual fuel shutoff
with recoil starters. Manual fuel shutoff 110 actuates 110 may rotate 90 degrees between the open and closed
between a first position to allow gasoline flow to the engine, positions with stopping tabs 126, 128 positioned about
as shown in FIG. 7A, and a second position to prevent bracket 116 accordingly. Lever 150 can be positioned on
gasoline flow to the engine, as shown in FIG. 8. Referring 65 shaft 112 so that second lever arm 156 is pulled upward by

back to FIG. 5, manual fuel shutoff 110 may comprise a shaft
112 extending into carburetor 62 that actuates between the

a generally vertical Bowden cable 146. Second lever arm
156 may actuate between a position 45 degrees below
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horizontal for an open valve and a position 45 degrees above
horizontal for a closed valve. When holding the valve open,
control system spring 136 may be oriented at a right angle
to second lever arm 156 for increased leverage.

Referring to FIG. 6, a cross-sectional view of the carbu-
retor taken generally about line 6-6 of FIG. 5 is shown, in
accordance with an embodiment of the invention. Carbure-
tor 62 includes a throat 92 to mix gaseous fuel with air and
liquid fuel with air. Throat 92 includes a gaseous fuel inlet

14

tip 180 against plug 184. Compression spring 194 holds
valve tip 180 against inlet 174 of fuel passage 164 in order
to seal the fuel passage.

A primary o-ring 196 and a secondary o-ring 198 are
positioned around shaft 112 to provide a respective first and
second fuel seal between the shaft and plug 184 and to seal
first end 172 of manual fuel shutoff 110 in carburetor 62.
Primary o-ring 196 may be positioned in an o-ring groove
200 in shaft 112 and secondary o-ring 198 may be positioned

port 162 in communication with gaseous fuel inlet 108 19 in counterbore 192 of plug 184. A bracket 116 or other
coupled to a second fuel line 70. Carburetor 62 also includes support member mounts over counterbore 192 and around
float bowl 104 and a fuel passage 164 to provide a liquid fuel shaft 112 to hold secondary o-ring 198 in counterbore 192.
path from float bowl 104 through a main nozzle 166 into Bracket 116 has an opening 124 large enough for shaft 112
venturi 98. Float bowl 104 has a liquid fuel inlet port 168 ,; but small enough to hold secondary o-ring 198 in counter-
and a float valve 170 to regulate liquid fuel flow through bore 192. Manual fuel shutoff 110 actuates in a rotative
liquid fuel inlet port 168. Liquid fuel inlet port 168 is in motion free from linear motion in part to ensure fuel will not
communication with the liquid fuel inlet 106 coupled to first leak through primary o-ring 196 or secondary o-ring 198.
fuel line 66. Compared to a sliding valve, a rotating valve, such as
Manual fuel shutoff 110 couples to carburetor 62 to 20 manual fuel shutoff 110, reduces the likelihood that fuel will
regulate liquid fuel flow downstream of float bowl 104. leak from carburetor 62.
Manual fuel shutoff 110 attaches to carburetor 62 to close Liquid fuel cut-off 72 may regulate fuel flow through
fuel passage 164 upon selection of engine operation to multiple fuel passages in carburetor 62 that provide fuel
gaseous fuel. Manual fuel shutoff 110 may have a first end from float bowl 104 to the engine. For instance, carburetor
172 positioned in carburetor 62 adjacent an inlet port 174 to 25 62 may have a main fuel circuit 202 and an idle fuel circuit
fuel passage 164, and the first end 172 actuates to close fuel 204. Main fuel circuit 202 provides fuel through main nozzle
passage 164. That is, first end 172 actuates between a first 166 into a narrow portion of venturi 98. Idle fuel circuit 204
position to permit fuel flow into fuel passage 164, as shown ~ Provides fuel to throat 92 downstream from the throttle
in FIG. 7A, and a second position to prevent fuel flow into valve. Liquid fuel cut-off 72 may regulate fuel flow through
fuel passage 164, as shown in FIG. 8. 30 some or all of the ﬁle] circuits that provide fue.:I from float
Referring back to FIG. 6. manual fuel shutoff 110 has a bowl 104 to the engine. FIG. 6 shows an embodiment where
g , . - . N
second end 176 positioned external to carburetor 62 that is idle fpe] circuit 204 branches off from main fuel circuit 202
and liquid fuel cut-off 72 actuates to block fuel flow into
manually actuated to operate manual fuel shutoff 110. b . L . L
. oth main fuel circuit 202 and idle fuel circuit 204. In other
Manual fuel shutoff 110~ may ha."e a rotating shaft 112 that 35 embodiments, liquid fuel cut-off 72 closes main fuel circuit
extends through an opening 178 in carburetor 6;' Ablocking 202 while small amounts of liquid fuel pass through idle fuel
member or valve tip 180 couples to shaft 112 in carburetor circuit 204. Fuel passing through idle fuel circuit 204 may
62 to create a valve-shaft assembly 179. Valve tip 180 rotates not negatively affect engine performance during LPG opera-
parallel to inlet 174 of fuel passage 164 between a blocking tion but will eventually drain the gasoline tank.
position and non-blocking position to selectively block fuel 49  Referring to FIG. 7A, a partial sectional view of a float
flow into fuel passage 164. Lever 150 couples to shaft 112 bowl shows a manual fuel shutoff system in an open position
external to carburetor 62 and actuates to rotate shaft 112 and for gasoline mode, in accordance with an embodiment of the
valve tip 180. invention. The partial sectional view is taken through a
Shaft 112 may be horizontal or substantially horizontal to portion of float bowl 104 along fuel passage 164 while
allow valve tip 180 to be positioned directly in float bowl 45 showing another portion of float bowl 104 in front of fuel
104 adjacent inlet port 174 of fuel passage 164. That is, passage 164 and coupled to manual fuel shutoff 110. Inlet
manual fuel shutoff 110 may be coupled to carburetor 62 174 to fuel passage 164 is in a boss 206 extending outward
such that second end 176 is horizontal from first end 172. from a central region of float bowl 104. Boss 206 has an oval
Inlet 174 of fuel passage 164 can face horizontal or sub- top with sides that extend to the floor of float bowl 104. Inlet
stantially horizontal to accommodate valve tip 180 in float 50 174 to fuel passage 164 extends through boss 206 and has a
bowl 104. As such, fuel passage 164 may have a horizontal substantially flat perimeter edge 208 around inlet port 174
component that receives fuel from float bowl 104 leading to on the surface of the boss. Manual fuel shutoff 110 presses
a vertical component to provide fuel to venturi 98. The against substantially flat perimeter edge 208 surrounding
interior surface of the float bowl 104 may also have a recess fuel passage 164 to block fuel flow into fuel passage 164.
or cavity 182 to provide room for valve member 180 in the 55~ Manual fuel shutoff 110 may have a rotating shaft 112
bowl. extending through an aperture 178 in float bowl 104. Shaft
Opening 178 in carburetor 62 has a plug 184 to hold shaft 112 has a first end 210 coupled to valve tip 180 and located
112 and prevent fuel flow out of the carburetor. Shaft 112 in float bowl 104 that is held against inlet port 174 to fuel
extends through a hole 186 in plug 184 and hole 186 is passage 164. Shaft 112 rotates valve tip 180 against inlet
positioned to align valve tip 180 with fuel passage 164. Plug 60 port 174 between a first position 180(a) allowing fuel flow
184 has a larger outer diameter 188 toward the external side through the inlet port 174, as shown in FIG. 7A, and a
of carburetor 62 and a smaller outer diameter 190 toward the second position 180(5) blocking fuel flow through the inlet
internal side. Larger outer diameter 188 and smaller outer port 174, as shown in FIG. 8. That is, valve tip 180 uncovers
diameter 190 mate with corresponding diameters of opening the inlet 174 of fuel passage 164 to permit fuel flow into the
178. Plug 184 has a counterbore 192 to hole 186 on the 65 inlet 174 when rotated to first position 180(a), FIG. 7A, and

external side of the plug. A compression spring 194 is
positioned around shaft 112 in float bowl 104 to push valve

covers inlet 174 of fuel passage 164 to prevent fuel flow into
inlet 174 when rotated to second position 180(5), FIG. 8.
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Referring back to FIG. 7A, the manual fuel shutoff system
further includes bracket 116 to support shaft 112 in float
bowl 104 and provide mounting locations for manually
operated control system 114. Bracket 116 also has a pair of
stopping tabs 126, 128 to hold the manual fuel shutoff 110
in an open or closed position. Shaft 112 extends through
bracket 116 and lever 150 couples to a second end 212 of
shaft 112 located outside of float bowl 104. Control system
spring 136 couples lever 150 to bracket 116 to hold lever 150

16

lever arm inside of the generator housing for actuating
Bowden cable 146, FIG. 8. Alternatively, Bowden cable 146
may have a push-pull knob located on an external surface of
the generator housing to independently actuate manual fuel
shutoff 110. In either case, manual fuel shutoff 110 can
attach to the carburetor to close fuel passage 164 down-
stream from float bowl 104 upon actuation of the mechanical
fuel lockout switch 38, FIG. 1, from liquid fuel to gaseous
fuel.

against stopping tab 126 and hold manual fuel shutoff 110 in 10 Referring to FIG. 9, a perspective view of a shaft for the
the open position for gasoline mode. Bowden cable 146 manual fuel shutoff system of FIGS. 5-8 is shown, in
couples to lever 150 to pull against control system spring accordance with an embodiment of the invention. Shaft 112
136 and rotate manual fuel shutoff 110 to the closed position has two “D” shaped ends each located at a respective first
for LPG mode. As such, second end 176 of manual fuel end 210 and second end 212 of the shaft. Shaft 112 also has
shutoff 110 is positioned external to float bowl 104 and 15 a first diameter 220 and a larger second diameter 222 each
coupled to manually operated control system 114 to operate extending radially from shaft 112 outward beyond the two
manual fuel shutoff 110. “D” shaped ends. First diameter 220 and second diameter
Referring to FIG. 7B, a detailed partial sectional view of 222 are separated by o-ring groove 200 with first diameter
the float bowl of FIG. 7A taken along line 7B-7B shows a 220 toward first end 210 of shaft 112 and second diameter
manual fuel shutoff in an open position for gasoline mode, 20 222 toward second end 212 of shaft 112. First diameter 220
in accordance with an embodiment of the invention. Float also has a groove 224 for a retaining ring. Lever 150, FIG.
bowl 104 includes boss 206 through which fuel passage 164 8, has a “D” shaped opening to fit on the second end 212 of
extends and having a substantially flat perimeter edge 208 shaft 112 and held against the second diameter 222.
surrounding inlet 174 to fuel passage 164. Substantially flat Referring to FIG. 10, a side view of a valve member for
perimeter edge 208 preferably has a flat finished surface for 25 the manual fuel shutoff system of FIG. 5-8 is shown, in
improved sealing against valve tip 180. Valve tip 180 accordance with an embodiment of the invention. Valve tip
maintains planar contact with substantially flat perimeter 180 has a flat surface 216 to seal and rotate against a mating
edge 208 while rotating between an open position permitting surface in the carburetor. Valve tip 180 is preferably made
fuel flow into inlet 174 and a closed position blocking fuel from polyoxymethylene (POM) or other thermoplastic
flow into inlet 174. As such, valve tip 180 rotates parallel to 30 material to provide a surface suitable for sealing. Valve tip
inlet 174 of fuel passage 164 between the open or first 180 may be shaped as a stadium 214 with a short direction
position 180(a) and closed or second position 180(5), FIG. 226 and a long direction 228 extending from a center of
8. rotation 230. The long direction 228 rotates over inlet 174,
Referring again to FIG. 7B, valve tip 180 may comprise FIG. 8, to selectively block fuel passage 164. As such, valve
an oval or stadium 214 having a flat surface 216 that contacts 35 tip 180 may rotate less than 360 degrees between the open
perimeter edge 208 around inlet 174 of fuel passage 164. and closed positions, and valve tip 180 rotates substantially
Valve tip 180 may have a recessed portion or cutout 218 in 90 degrees between the positions in an exemplary embodi-
the flat surface 216 to provide a flow passage through the ment of the invention.
valve tip. Fuel flows through the cutout 218 into the inlet 174 Referring back to FIG. 10, cutout 218 may be located
of fuel passage 164 when cutout 218 is aligned with inlet 40 along a straight side of stadium 214 to create a flow passage
174. That is, cutout 218 in valve tip 180 aligns with inlet port through valve tip 180. Cutout 218 may have a depth less than
174 when valve tip 180 is rotated to the open position such the thickness of stadium 214 or may extend through the
that fuel can pass from float bowl 104 through cutout 218 thickness of the stadium. Cutout 218 may be a half circle
into fuel passage 164. Cutout 218 in valve tip 180 is with tangent side components extending perpendicular to a
strategically positioned in a narrow portion of stadium 214 45 straight edge of stadium 214, through a side of valve tip 180.
s0 a long portion of stadium 214 can be rotated to cover and Cutout 218 may extend into valve tip 180 short of the center
block inlet 174. Valve tip 180 may comprise one of many of stadium 214 and positioned slightly offset along the
shapes including a stadium, an oval, a disk, a rectangle, an length of the stadium from the stadium center.
irregular shape, among others. Valve tip 180 may have a “D” shaped opening 232 to
Referring to FIG. 8, a partial sectional view of a float bowl 50 press onto shaft 112 of FIG. 9, defining center of rotation
shows a manual fuel shutoff system in a closed position for 230, FIG. 10. Center of rotation 230 may be equal distance
LPG mode, in accordance with an embodiment of the from straight edges of stadium 214 and positioned between
invention. Valve tip 180 pushes against inlet 174 to fuel cutout 218 and a rounded end of the stadium that is the
passage 164 to seal the inlet when in second position 180(5). closest rounded end to the cutout. Cutout 218 is askew from
Valve tip 180 may have a stadium shape 214 with a cutout 55 center of rotation 230 along the length of stadium 214 in part
218 in the narrow portion of the stadium to provide a flow to cover more distance when rotated away from inlet port
passage. Valve tip 180 blocks fuel flow into fuel passage 164 174, FIG. 8. In addition, valve tip 180 is positioned off
when the cutout 218 in valve tip 180 is rotated away from center on shaft 112 to increase the length of long direction
inlet 174 of fuel passage 164. Cutout 218 may face down- 228 from center of rotation 230 that is rotated to cover inlet
ward when in the closed position and horizontal when in the 60 port 174.
open position. Lever 150 couples to shaft 112 outside of float Referring to FIG. 11, a perspective view of the carburetor
bowl 104 and is actuated by Bowden cable 146 to operate of FIG. 5 with the manual fuel shutoff system exploded from
manual fuel shutoff 110. a float bowl of the carburetor is shown, in accordance with
Bowden cable 146 may be coupled to mechanical fuel an embodiment of the invention. Carburetor 62 has a throat
lockout switch 38, FIG. 1, to automatically open and close 65 92, a float bowl 104, and a fuel passage 164 from float bowl

manual fuel shutoff 110 upon selection of a corresponding
fuel source. Mechanical fuel lockout switch 38 may have a

104 to an outlet port 234 in throat 92. Manual fuel shutoff
110 includes shaft 112 having first end 210 to be positioned
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in float bowl 104 and a second end 212 to be positioned
external to float bowl 104. A primary o-ring 196 installs on
shaft 112 and positioned in an o-ring groove 200 in shaft
112. A retaining ring 236 installs on shaft 112 in a groove
224 toward first end 210 from o-ring groove 200. Compres-
sion spring 194 installs on shaft 112 followed by valve tip
180 pressed onto first end 210 of shaft 112 creating a
valve-shaft assembly 179. Orientation of valve tip 180 is
controlled by a “D” shaped hole 232 in valve tip 180 mating

18

installed on lever 150 and bracket 116. Also, in STEP 318,
Bowden cable 146 is attached to lever 150 to actuate shaft
112.

Referring to FIG. 13, a magnetic fuel shutoff system for
a carburetor is shown, in accordance with an embodiment of
the invention. Magnetic fuel shutoff system 320 couples to
the carburetor to provide a magnetically actuated liquid fuel
cut-off for the internal combustion engine. Magnetic fuel
shutoff system 320 controls liquid fuel flow through a fuel

with a “D” shaped end of shaft 112. 10 passage leading frgm the float bowl to the throat in the
Plug 184 installs on shaft 112 pushing compression sprin; carburetor. Magnetic fuel shutoff system 320 can be manu-
2 p 3 p pring
. . . . ally actuated between an open position to allow gasoline
194 against valve tip 180. Primary o-ring 196 seals between flow fo the encine K i " d losed
. gine for gasoline operation and a close

shaft 112 and plug 1_84' Valve-shaft assembly 179 inserts position to prevent gasoline flow to the engine for LPG

‘Fhrough opening 178 in float bowl 10‘4 and p}ug 184 presses | operation.
into the opening. Plug 184 anchors in opening 178 so that Magnetic fuel shutoff system 320 includes a housing at
compression spring 194 holds valve tip 180 against fuel least partially enclosing the liquid fuel cut-off. That is,
passage 164. Secondary o-ring 198 installs around shaft 112 magnetic fuel shutoff system 320 has a first section 322
to seal between the shaft and plug 184. Secondary o-ring 198 housing magnetic fuel shutoff 324 and a second section 326
may be positioned in a counterbore 192 in plug 184. Bracket 29 housing a manually actuated magnet 328 to operate the
116 couples to float bowl 104 and holds secondary o-ring magnetic fuel shutoff. First section 322 has a forward wall
198 positioned in counterbore 192. Bracket 116 may be 2.0 330 and a back wall 332 with the forward wall facing
mm thick and stamped from Q235 grade steel. A pair of internal to the carburetor. Forward wall 330 has a flange 334
screws 120, 122 each having a spring lock washer 238, 240 around an outer perimeter for coupling to the carburetor.
extend through a respective hole 242, 244 in bracket 116 to 25 Forward wall 330 also has an opening 336 through which a
mount bracket 116 to carburetor 62. Screws 120, 122 may be plunger 342 of the magnetic fuel shutoff 324 extends into the
MS5 screws. A spacer 246 installs on shaft 112 and against carburetor. A lip 338 extends forward from forward wall 330
bracket 116. around opening 336 and an o-ring 340 is installed around lip

Lever 150 couples to shaft 112 and held apart from 338. Flange 334 may be mounted to a plug in an opening of
bracket 116 by spacer 246. Shaft 112 has a “D” shape at 30 the carburetor with magnetic fuel shutoff 324 entering the
second end 212 that is inserted into a corresponding “D” carburetor through a hole in the plug.
shaped opening 248 in lever 150. The orientation of lever First section 322 provides a sealing member enclosing
150 is controlled by “D” shape hole 248 in lever 150 mating plunger 342 of magnetic fuel shutoff 324 to the carburetor
with a “D” shape end of shaft 112. Lever 150 may be 1.5 mm and holding fuel in the carburetor. The plunger 342 extends
thick and stamped from Q235 grade steel. Cap 152 presses 35 through opening 336 in forward wall 330 with a pointed end
onto shaft 112 to hold lever 150 on shaft 112. Control system that is selectively inserted into a fuel supply path in the
spring 136 attaches to lever 150 and bracket 116 to hold carburetor to block fuel flow downstream from the float
manual fuel shutoff 110 open. Cable clamp 144 couples to bowl. Magnetic fuel shutoff 324 has a back plate 344
bracket 116 by bolt 148. Cable clamp 144 has a tab 250 at coupled to plunger 342 in first section 322. Plunger 342
one or both ends that fits into a corresponding slot or recess 40 extends perpendicular from a forward face of back plate 344.
252 in bracket 116. Cable clamp 144 also has a midsection A spring 346 pushes a back face of back plate 344 against
with a notch 254 to pinch and hold Bowden cable 146 to back wall 332 to push plunger 342 through opening 336 in
bracket 116. Bowden cable 146 is held by cable clamp 144 forward wall 330 to block the fuel supply path in the
and attaches to lever 150 to actuate manual fuel shutoff 110 carburetor. Accordingly, the first section 322 holds the
to the closed position. Fuel drain screw 130 and drain screw 45 spring 346 against the plunger 342. Magnetic fuel shutoff
spring 256 insert into carburetor 62. In one embodiment, 324 is guided through its actuation by back plate 344 sliding
drain screw spring 256 is the same type of spring used for through first section 322 and plunger 342 through opening
compression spring 194. 336 in forward wall 330.

Referring to FIG. 12, and with continued reference back Second section 326 couples to first section 322 and is
to FIG. 11, a method of fabricating a manual fuel shutoff 50 located behind back wall 332. Second section 326 encloses
system for a carburetor is shown, in accordance with an an actuating magnet 328 to selectively pull magnetic fuel
embodiment of the invention. Process 300 begins by pro- shutoff 324 against spring 346. Second section 326 prefer-
viding carburetor 62 at STEP 302. Process 300 continues ably guides actuating magnet 328 along a path perpendicular
with making a valve-shaft assembly 179 at STEP 304, with to that of magnetic fuel shutoff 324. As such, the magnetic
valve tip 180 pressed onto shaft 112. Also in STEP 304, a 55 force to pull magnetic fuel shutoff 324 to an open valve
compression spring 194 is stalled on shaft 112 and primary position is the strongest when actuating magnet 328 is
o-ring 196 is installed around shaft 112. Process 300 con- aligned with the path of magnetic fuel shutoff 324. Actuating
tinues by installing plug 184 on valve-shaft assembly 179 at magnet 328 pulls magnetic fuel shutoff 324 against spring
STEP 306. Next, valve-shaft assembly 179 is inserted 346 when actuating magnet 328 approaches magnetic fuel
through opening 178 in float bowl 104 and plug 184 is 60 shutoff 324 and releases magnetic fuel shutoff 324 while
pressed into the opening at STEP 308. Process 300 continues traveling away from magnetic fuel shutoff 324. Actuating
at STEP 310 by installing secondary o-ring 198 in a groove magnet 328 may comprise a rare-earth or other permanent
on plug 184. Next, bracket 116 is coupled to float bowl 104 magnet.
of carburetor 62 in STEP 312. Process 300 continues at In an exemplary embodiment of the invention, magnetic
STEP 314 by installing lever 150 on shaft 112. Next, cap 152 65 fuel shutoff 324 actuates horizontally between an open

is pressed onto shaft 112 to hold lever 150 to shaft 112 in
STEP 316. In STEP 318, control system spring 136 is

position to permit fuel flow into a fuel passage in the
carburetor and a closed positioned to prevent fuel flow into
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the fuel passage. Actuating magnet 328 preferably follows a
vertical path and a spring 348 couples to a top of second
section 326 pushing downward on actuating magnet 328.
Bowden cable 146 couples to the top of second section 326
and to actuating magnet 328 to pull the magnet vertically
against spring 348 and operate magnetic fuel shutoff system
320.

Referring now to FIG. 14, a wiring diagram of a micro-
controller 89 receiving input signals and operating engine

20

closed to prevent continued gasoline flow to the engine after
combination switch 356 stops power supply to spark plug
362.

In one embodiment of the invention, combination switch
356 can operate as a kill switch only for gasoline operation.
That is, combination switch 356 can be decoupled from
magneto 76 by fuel switch 354 so that combination switch
356 cannot be actuated to shut down the engine during LPG
operation. In another embodiment of the invention, combi-

components is shown, according to an embodiment of the 19 pation switch 356 can operate as a kill switch for both
invention. Microcontroller 89 closes fuel cut solenoid 74 gasoline operation and LPG operation. During LPG opera-
when the engine operates on LPG and opens the fuel cut tion, combination switch 356 may actuate fuel switch 354
solenoid to operate the engine on gasoline. For LPG mode, with actuation of combination switch 356 to ground mag-
microcontroller 89 switches on power to fuel cut solenoid 74, neto 76 and kill the engine. That is, combination switch 356
to close the solenoid preventing the engine from drawing in connects first point 364(a) to second point 364(b) and also
gasoline from the float bowl of the carburetor. During actuates fuel switch 354 to connect fourth contact 360(d) to
shutdown from gasoline operation, microcontroller 89 can sixth contact 360(f) so that magneto 76 is coupled to ground
also power fuel cut solenoid 74 to a closed position pre- terminal 358 killing the engine. At the same time, combi-
venting additional gasoline being drawn into the engine. 20 nation switch 356 connects third point 364(c) to fourth point
While microcontroller 89 can operate fuel cut solenoid 74 364(d) so that fuel cut solenoid 74 maintains connection to
operating in a normally open configuration, microcontroller ground terminal 358 to remain closed even though fuel
89 can also operate a fuel cut solenoid operating in a switch 354 interrupts connection between first contact 360
normally closed configuration. (a) and second contact 360(5).

Microcontroller 89 may include a module 350 to connect 25 Microcontroller 89 may also include a Voltage Frequency
fuel cut solenoid 74, charging coil 78, switches and a ground and Low Oil Shutdown (VFO) module 366. VFO module
terminal. Module 350 has a first connection 352(a) to couple 366 can measure parameters of an alternator driven by an
fuel cut solenoid 74 and a second connection 352(54) to engine in a generator. VFO module 366 monitors alternator
couple charging coil 78 to power the fuel cut solenoid. Fuel voltage and frequency by receiving an input signal 368 from
cut solenoid 74 may be coupled to a fuel switch 354 and a 30 the alternator. Input signal 368 is 120 VAC and 60 Hz from
combination switch 356 that are also connected to module the alternator as a monitoring point for VFO module 366.
350 via a third connection 352(c). Fuel switch 354 changes VFO module 366 allows the engine to run if alternator
operation of the engine between LPG and gasoline, and parameters are within preset limits and shuts down the
combination switch 356 can operate to kill the engine. A engine if the parameters are outside the limits. VFO module
ground terminal 358 connects to module 350 via a fourth 35 366 can also monitor oil volume within the engine by
connection 352(d) in order to ground fuel cut solenoid 74 via receiving an input signal from an oil level switch 370 shown
fuel switch 354 or combination switch 356. in the wiring diagram engine block 372. VFO module 366

In LPG mode, fuel switch 354 connects a first contact may allow the engine to operate only if the oil volume is
360(a) to a second contact 360(b), instead of third contact greater than a preset lower limit and can shutdown the
360(c), to complete an electrical circuit for fuel cut solenoid 40 engine by initiating connection between the ignition coil or
74 by connecting the fuel cut solenoid to ground terminal magneto 76 and ground terminal 358.

358. A fuel cut solenoid 74 operating in a normally open Beneficially, embodiments of the invention provide for a
configuration is therefore powered and closed to prevent fuel lockout switch to ensure that two fuels are not simul-
gasoline flow from the fuel bowl of the carburetor to the taneously delivered to a dual fuel internal combustion
engine. Fuel switch 354 also connects a fourth contact 45 engine and to efficiently convert operation of the engine
360(d) to a fifth contact 360(e), instead of sixth contact between the fuel sources. Embodiments of the invention also
360(f), to prevent combination switch 356 from grounding provide for a dual fuel generator with a remotely mounted
magneto 76 thereby maintaining power to spark plug 362. gaseous fuel regulator system. Embodiments of the inven-

In gasoline mode, fuel switch 354 connects first contact tion also provide for a batteryless dual fuel internal com-
360(a) to third contact 360(c) to interrupt an electrical 50 bustion engine having a liquid fuel cut-off coupled to a
circuit for fuel cut solenoid 74 by disconnecting the fuel cut carburetor to selectively interrupt liquid fuel.
solenoid from ground terminal 358. A fuel cut solenoid 74 Therefore, according to one embodiment of the invention,
operating in a normally open configuration is therefore a dual fuel engine includes an engine operable on a gaseous
unpowered and opened to allow gasoline flow from the fuel fuel and a liquid fuel and a switch to change operation of the
bowl of the carburetor to the engine. Fuel switch 354 also 55 engine between gaseous fuel and liquid fuel. The dual fuel
connects fourth contact 360(d) to sixth contact 360(f) to engine also includes a carburetor attached to an intake of the
allow combination switch 356 to ground magneto 76 upon engine to mix air and fuel and connect to a gaseous fuel
shutdown thereby interrupting power to spark plug 362. source and a liquid fuel source. A liquid fuel cut-off attaches

Combination switch 356 can actuate fuel cut solenoid 74 to the carburetor to interrupt liquid fuel upon actuation of the
upon engine shutdown from gasoline operation to prevent 60 switch from liquid fuel to gaseous fuel.
after-fire. That is, combination switch 356 connects a first According to another embodiment of the invention, a
point 364(a) to a second point 364(5) to kill the engine by batteryless dual fuel generator includes a housing containing
connecting magneto 76 to ground terminal 358. At the same a pull start engine coupled to drive an alternator, the engine
time, combination switch 356 connects a third point 364(c) operable on a gaseous fuel and a liquid fuel. A carburetor
to a fourth point 364(d) completing an electrical circuit for 65 attaches to an intake of the engine and includes a throat to

fuel cut solenoid 74 by connecting the solenoid to ground
terminal 358. Fuel cut solenoid 74 is then powered and

mix fuel with air, a float bowl, and a fuel passage to provide
liquid fuel from the float bowl to the throat. The generator
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also includes a fuel shutoff attached to the carburetor to close
the fuel passage upon selection of engine operation to
gaseous fuel.

According to yet another embodiment of the invention, a
carburetor having a fuel shutoff includes a carburetor with a
float bowl, a throat, and a fuel passage to provide fuel from
the float bowl to the throat. The carburetor further includes
a fuel shutoff coupled to the carburetor having a first end in
the carburetor that actuates to close the fuel passage and a
second end external to the carburetor to actuate the first end,
and the fuel shutoff can actuate free from linear motion.

According to yet another embodiment of the invention, a
method of assembling a dual fuel engine includes providing
an engine operable on a gaseous fuel and a liquid fuel. The
method also includes attaching a carburetor to an intake of
the engine, the carburetor includes a throat to mix gaseous
fuel with air and liquid fuel with air, a float bowl, and a fuel
passage to provide liquid fuel from the float bowl to the
throat. The method also includes coupling a switch to the
engine to change operation of the engine between gaseous
fuel and liquid fuel and attaching a liquid fuel cut-off to the
carburetor to close the fuel passage upon actuation of the
switch from liquid fuel to gaseous fuel.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing
any incorporated methods. The patentable scope of the
invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims
if they have structural elements that do not differ from the
literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the
literal languages of the claims.

What is claimed is:

1. A dual fuel engine comprising:

an engine operable on a gaseous fuel and a liquid fuel;

a switch to change operation of the engine between
gaseous fuel and liquid fuel;

a carburetor attached to an intake of the engine to mix air
and fuel and connect to a gaseous fuel source and a
liquid fuel source;

a liquid fuel valve positioned along a liquid fuel line
coupling the liquid fuel source to the carburetor;

a gaseous fuel valve positioned along a gaseous fuel line
coupling the gaseous fuel source to the carburetor; and

a liquid fuel cut-off incorporated into the carburetor to
interrupt liquid fuel upon actuation of the switch from
liquid fuel to gaseous fuel.

2. The dual fuel engine of claim 1, wherein the engine is

a pull start, batteryless engine.

3. The dual fuel engine of claim 1, wherein the gaseous
fuel is LPG and the liquid fuel is gasoline.

4. The dual fuel engine of claim 1, wherein the engine is
a pull-start engine having an electrical power generator to
supply electrical power.

5. The dual fuel engine of claim 4, wherein the switch is
an electro-mechanical switch connecting one fuel source to
the carburetor and connected to the electrical power gen-
erator; and

wherein the liquid fuel cut-off is a solenoid connected to
open and close a fuel path to the pull-start engine in
response to reception of electrical power from the
switch.

6. The dual fuel engine of claim 4, wherein the liquid fuel

cut-off is a solenoid valve that operates within the carburetor

—
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to control liquid fuel flow to the engine and is powered by
the electrical power generator.

7. The dual fuel engine of claim 6, wherein the switch
selectively powers the solenoid valve by controlling elec-
trical connection between the solenoid valve and the elec-
trical power generator.

8. The dual fuel engine of claim 6, wherein the solenoid
valve is normally open to provide liquid fuel to the engine
when the solenoid valve is unpowered.

9. The dual fuel engine of claim 8, wherein a pull-starter
drives the electrical power generator to power and close the
solenoid valve while starting the engine on gaseous fuel.

10. The dual fuel engine of claim 6, wherein the electrical
power generator comprises a magneto or an alternator
coupled to a voltage regulator to provide a regulated voltage
to the solenoid valve.

11. The dual fuel engine of claim 6, wherein the solenoid
valve is open to provide liquid fuel to the engine when the
solenoid valve is powered.

12. The dual fuel engine of claim 11, wherein a pull-
starter drives the electrical power generator to power and
open the solenoid valve while starting the engine on liquid
fuel.

13. The dual fuel engine of claim 6 further comprising a
microcontroller to close the solenoid valve when the engine
operates on gaseous fuel and open the solenoid valve to
operate the engine on liquid fuel.

14. The dual fuel engine of claim 13, wherein the micro-
controller closes the solenoid valve during engine shutdown
from operation on liquid fuel.

15. The dual fuel engine of claim 1, wherein the liquid
fuel cut-off is manually actuated to interrupt liquid fuel.

16. The dual fuel engine of claim 1, wherein the liquid
fuel cut-off actuates to interrupt liquid fuel free from linear
motion.

17. The dual fuel engine of claim 1, wherein the liquid
fuel cut-off comprises:

a rotating shaft extending through an aperture in the

carburetor;

a fuel seal around the shaft to seal the aperture; and

a blocking member coupled to the shaft in the carburetor

that rotates between a blocking and a non-blocking
position to selectively block a liquid fuel path to the
engine.

18. The dual fuel engine of claim 17 further comprising:

a lever coupled to the shaft outside the carburetor;

a spring coupled to the lever to hold the blocking member

in either the blocking or non-blocking position; and

a cable coupled to the lever to pull against the spring and

rotate the blocking member to the other of the blocking
or non-blocking positions.

19. The dual fuel engine of claim 1, wherein the liquid
fuel cut-off is magnetically actuated to selectively interrupt
liquid fuel.

20. The dual fuel engine of claim 1 further comprising:

a spring pushing the liquid fuel cut-off to interrupt liquid

fuel; and

an actuating magnet coupled to the carburetor to selec-

tively pull the liquid fuel cut-off against the spring
away from a position interrupting liquid fuel.

21. The dual fuel engine of claim 20 further comprising a
housing at least partially enclosing the liquid fuel cutoff, the
housing including:

a first section enclosing a plunger of the liquid fuel cut-off

to the carburetor and holding the spring against the
plunger; and
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a second section coupled to the first section and enclosing

the actuating magnet.

22. The dual fuel engine of claim 1, wherein the liquid
fuel cut-off is physically attached to an outer surface of the
carburetor.

23. A batteryless dual fuel generator comprising:

a housing containing a pull start engine coupled to drive

an alternator, the engine operable on a gaseous fuel and
a liquid fuel;

24

a second section coupled to the first section and enclosing
the actuating magnet.
34. The batteryless dual fuel generator of claim 23,
wherein the fuel shutoff is a carburetor cutoff solenoid; and
wherein the generator further comprises:
a charge winding to generate electrical power to oper-
ate the carburetor cutoff solenoid, and
a switch to selectively power the carburetor cutoff
solenoid by controlling electrical connection

a carburetor attached to an intake of the engine compris- 10 between the carburetor cutoff solenoid and the
ing: charge winding.

a throat to mix fuel with air, 35. The batteryless dual fuel generator of claim 34,

a float bowl, and wherein the carburetor cutoff solenoid is normally open to

a fuel passage extending from the float bowl to the provide liquid fuel to the engine when the carburetor cutoff
throat to provide liquid fuel; and 15 solenoid is unpowered.

a fuel shutoff attached to the carburetor to close the fuel 36. The batteryless dual fuel generator of claim 35,
passage upon selection of engine operation to gaseous wherein a pull-starter drives the engine operating the charge
fuel. winding to power and close the carburetor cutoff solenoid

24. The batteryless dual fuel generator of claim 23, while starting the engine on gaseous fuel.

wherein the fuel shutoff actuates to close the fuel passage 20  37. The batteryless dual fuel generator of claim 34,
free from linear motion. wherein the switch is an electro-mechanical switch con-

25. The batteryless dual fuel generator of claim 23, nected to the charge winding and connecting at least one fuel

wherein the fuel shutoff comprises: source to the carburetor to selectively control fuel flow from

a rotating shaft extending through an opening in the the at least one fuel source to the carburetor.
carburetor; and 25 38. The batteryless dual fuel generator of claim 34,

avalve member coupled to the shaft in the carburetor that wherein the charge winding is coupled to a voltage regulator
rotates to control fuel flow into the fuel passage. to provide a regulated voltage to the carburetor cutoff

26. The batteryless dual fuel generator of claim 25, solenoid.

wherein the valve member is positioned in the float bowl and 39. The batteryless dual fuel generator of claim 34,
the shaft extends substantially horizontal through the open- 30 wherein the carburetor cutoff solenoid is open to provide
ing. liquid fuel to the engine when the carburetor cutoff solenoid

27. The batteryless dual fuel generator of claim 25, is powered.

wherein the valve member has a flow passage that aligns 40. The batteryless dual fuel generator of claim 39,
with the fuel passage to control fuel flow into the fuel wherein a pull-starter drives the engine operating the charge
passage. 35 winding to power and open the carburetor cutoff solenoid

28. The batteryless dual fuel generator of claim 25 further while starting the engine on liquid fuel.

comprising: 41. The batteryless dual fuel generator of claim 34,

a compression spring on the shaft in the carburetor wherein the switch is a microcontroller configured to close
pushing the valve member to close the fuel passage; the carburetor cutoff solenoid when the engine operates on
and 40 gaseous fuel and to open the carburetor cutoff solenoid to

a plug in the opening surrounding the shaft to hold the operate the engine on liquid fuel.
compression spring against the valve member. 42. The batteryless dual fuel generator of claim 41,

29. The batteryless dual fuel generator of claim 28 further wherein the microcontroller closes the carburetor cutoff

comprising: solenoid during engine shutdown from operation on liquid

a lever coupled to the shaft outside the carburetor; and 45 fuel.

a cable coupled to the lever to actuate the valve member 43. A carburetor having a fuel shutoff comprising:
to open and close the fuel passage. a carburetor comprising:

30. The batteryless dual fuel generator of claim 28 further a float bowl,

comprising one or more fuel seals within the plug to seal a throat, and

around the shaft. 50 a fuel passage extending from the float bowl to the
31. The batteryless dual fuel generator of claim 23, throat; and

wherein the fuel shutoff is magnetically actuated to selec- a fuel shutoff coupled to the carburetor having a first end

tively close the fuel passage, controlled by a manually in the carburetor that actuates to close the fuel passage

actuated magnet coupled to the carburetor. and a second end external to the carburetor to actuate

32. The batteryless dual fuel generator of claim 23 further ss the first end; and

comprising: wherein the fuel shutoff actuates free from linear motion.

a spring pushing the fuel shutoff to close the fuel passage; 44. The carburetor having a fuel shutoff of claim 43,
and wherein the fuel shutoff is a manually actuated fuel shutoff.

an actuating magnet coupled to the carburetor to selec- 45. The carburetor having a fuel shutoff of claim 43,
tively pull the fuel shutoff against the spring to open the 60 wherein the fuel shutoff comprises a shaft extending into the
fuel passage. carburetor through an aperture in the float bowl and coupled

33. The batteryless dual fuel generator of claim 32 further to a valve tip in the float bowl that rotates to open and close

comprising a housing at least partially enclosing the fuel the fuel passage.
shutoff, the housing including: 46. The carburetor having a fuel shutoff of claim 45,
a first section enclosing a plunger of the fuel shutoff to the 65 wherein the valve tip rotates parallel to an inlet of the fuel

carburetor and holding the spring against the plunger;
and

passage between a first position permitting fuel flow into the
inlet and a second position blocking fuel flow into the inlet.
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47. The carburetor having a fuel shutoff of claim 45,
wherein the fuel passage has an inlet with a substantially flat
perimeter edge and the valve tip maintains planar contact
with the perimeter edge while rotating to open and close the
fuel passage.

48. The carburetor having a fuel shutoff of claim 47,
wherein the shaft is substantially horizontal and the inlet of
the fuel passage faces substantially horizontal.

49. The carburetor having a fuel shutoff of claim 47

5

26

attaching a carburetor to an intake of the engine, the
carburetor comprising:
a throat to mix gaseous fuel with air and liquid fuel with
air,
a float bowl, and
a fuel passage extending from the float bowl to the
throat to provide liquid fuel;
coupling a switch to the engine to change operation of the
engine between gaseous fuel and liquid fuel; and

fur;he]rucoirrlll;; EeSlgg:erture around the shaft: and 1o attaching a liquid fuel cut-off to the carburetor to close the
a lc)o n%pressionpspn'ng around the shaft,in the float bowl fuel passage upon actuation of the switch from liquid
pushing against the plug to hold the valve tip against fuel to gaseous fueI: .. .
the perimeter edge of the inlet. 58. The method of claim 57 further comprising coupling
50. The carburetor having a fuel shutoff of claim 49 15 2 manually operated control operatively to the liquid fuel
further comprising a first fuel seal between the shaft and cut-off. ) ) ) o
plug, the first fuel seal comprising a primary o-ring in an 59. The method of claim 57, wherein attaching the liquid
o-ring groove in the shaft. fuel cut-off to the carburetor comprises:
51. The carburetor having a fuel shutoff of claim 50 providing a shaft having a valve tip located at an end of
further comprising: 20 the shaft;
a second fuel seal between the shaft and plug, the second installing a compression spring on the shaft;
fuel seal comprising a secondary o-ring in a counter- installing a plug on the shaft so that the compression
bore in the plug; and spring is positioned between the plug and the valve tip;
a support member mounted over the counterbore around and
the shaft to hold the secondary o-ring in the counter- 25 anchoring the plug in an aperture in the carburetor so that
bO{i . N frel shutoff of d the compression spring holds the valve tip to an inlet of
52. The carburetor having a fuel shutoff of claim 45 the fuel passage.
furthler comprlsllrgg: he shat Jo of the carb ] 60. The method of claim 59, wherein providing the shaft
a lever coup el éo t eﬂ? lt outsy Eiloldt ica;u 1}ret1(1)r o having a valve tip located at an end of the shaft comprises
a i)l;)r;iigngciﬁg ?uelu;aassZg:'V:; dto old the fuel shutofl 30 pressing the valve tip 0n.t0 the shaft. N -
a cable coupled to the lever to move the lever against the . 61. The method of claim 59 further comprising position-
spring and rotate the fuel shutoff to close the fuel ing at least one fuel seal on the shaft to seal between the shaft
and plug.
53paTSTSlaegi.arburetor having a fuel shutoff of claim 45, 35 62. The method of claim 59, wherein the shaft rotates the
Wher;:in the valve tip comprises thermoplastic ’ valve tip between a first position allowing fuel flow into the
54. The carburetor having a fuel shutoff of claim 45 ﬁﬁelfpa]ssage and a second position blocking fuel flow into
. . . P the fuel passage.
h the valve t f 1 and stad
;Vha;r: 1 e valve Up cottiprises ofie of afi oval and stadiim 63. The method of claim 62, wherein the valve tip
55.‘ The carburetor having a fuel shutoff of claim 45, 40 comprises an oval or stadium shape with a cutout in the oval
wherein the valve tip has a cutout that aligns with the fuei or stadium shape that aligns with the fuel passage when the
passage to open the fuel passage. valve tip is rotated to the first position such that fuel can pass
56. The carburetor having a fuel shutoff of claim 43, tm§2g¥ﬁhe cu;;)u(; 1r}t01t1.1e f:;zel fpas}fage. S
wherein the fuel shutoff extends through an opening into the : i N melt od 0 chalmh e urther comprising:
float bow! such that the first end actuates in the float bowlto 45 ~ COUPINg a lever o the shaft;

close the fuel passage.
57. A method of assembling a dual fuel engine compris-
ing:
providing an engine operable on a gaseous fuel and a
liquid fuel;

attaching a control spring to the lever to actuate the shaft
to one of the first position and second position; and

attaching a cable to the lever to actuate the shaft to the
other of the first position and second position.

#* * * * *
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