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generator 20 to provide LPG to the engine as second fuel source 30.  Pressurized fuel 

container 34 is coupled to generator 20 with an LPG supply hose 36 .  LPG supply hose 

36 is coupled to a second fuel line within generator 20 to provide LPG to the carburetor 

to run the engine . Dual fuel generator 20 includes a mechanical fuel lockout switch 38  

for selecting a desired fuel to be  provided to the engine. The mechanical fuel lockout 

switch 3 8 is actuated to select first fuel source 28 when in a first position, as shown in 

FIG. 2, and alternately to select second fuel source 30 when in a second position, as 

shown in FIG. 3 .  

[0033] Referring back to FIG. 1 ,  in an exemplary embodiment, fuel 30 from 

pressurized fuel container 34 is regulated using a fuel regulator system 39 for delivery 

to the engine . Fuel regulator system 39 includes one or more pressure regulators that 

reduce and control the pressure of the fuel from pressurized fuel container 34 and 

delivers fuel at a desired pressure for operation of the engine. Fuel regulator system 39 

has an inlet 4 1  operatively coupled to a service valve 40 of pressurized fuel container 34 

and an outlet 43 coupled to LPG supply hose 36.  Fuel regulator system 39 includes a 

primary pressure regulator 42 coupled to pressurized fuel container 34 and a secondary 

pressure regulator 44 . Primary pressure regulator 42 protects downstream components 

from high pressure of pressurized fuel container 34. Primary pressure regulator 42 

receives LPG through service valve 40 of pressurized fuel container 34 and reduces the 

pressure of the LPG to a first stage. In one embodiment of the invention, the first stage 

may be delivered directly to generator 20 at a pressure required for operation of the 

engme. 

[0034] In an exemplary embodiment of the invention, fuel regulator system 39 

includes secondary pressure regulator 44 coupled to the outlet of primary pressure 

regulator 42 in order to use standard "off-the-shelf' components . Typically, the primary 

pressure regulator is mounted on the LPG tank, while the secondary pressure regulator 

is mounted on the component using the fuel, such as an engine or grill. Here , since 

generator 20 can be used as a gasoline only generator, 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 
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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 regulator 44 regulates 

fuel received from primary pressure regulator 42 and further reduces the pressure of the 

fuel to a level required for operation of generator 20. In addition, primary pressure 

regulator 42 may compensate for varying tank pressure as fuel is depleted while 

secondary pressure regulator 44 may compensate for varying demand from generator 

20. 

[0035] In accordance with an exemplary embodiment of the invention, fuel regulator 

system 39 includes both the primary and secondary regulators, or a custom single 

regulator, but in any case is located remotely, or off-board, from dual fuel generator 20. 

Fuel regulator system 39 may be directly mounted to pressurized fuel container 34 using 

a regulator mounting bracket 46. Regulator mounting bracket 46 has mounting 

locations for primary pressure regulator 42 and secondary pressure regulator 44. 

Regulator mounting bracket 46 also has a securing mechanism 48 to secure regulator 

mounting bracket 46 to pressurized fuel container 34. 

[0036] In another embodiment of the invention, primary pressure regulator 42 is 

mounted on regulator mounting bracket 46 while secondary pressure regulator 44 could 

be mounted on or near generator 20. In yet another embodiment of the invention, a dual 

stage regulator may regulate the fuel received from pressurized fuel container 34 and 

deliver fuel at a pressure required for operation of generator 20. Such a dual stage 

regulator may regulate the fuel to the second stage within a single structure. The dual 

stage regulator may be mounted directly on fuel container 34. 

[0037] Referring to FIG. 2, a detail view of a portion of generator 20 of FIG. 1 

depicts mechanical fuel lockout switch 38 in a first position 38(a), in accordance with 

an embodiment of the invention. In this position, mechanical fuel lockout switch 3 8 

provides gasoline flow from gasoline tank 32 to the engine while preventing connection 

of an LPG supply line to fuel inlet 59 of the second fuel line, as will later be discussed 
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in detail with reference to FIGS . 4A and 4B. Still referring to FIG . 2, mechanical fuel 

lockout switch 38 provides a combination liquid fuel shutoff valve and a gaseous fuel 

supply lockout that prevents simultaneous delivery of fuel to the engine from gasoline 

tank 32 and pressurized fuel container 34, FIG. 1 .  As such, mechanical fuel lockout 

switch 38 provides a fuel selector to ensure only the selected fuel is provided to dual 

fuel generator 20. 

[0038] Mechanical fuel lockout switch 38,  FIG. 2, includes mechanical fuel valve 54 

actuateable between first position 38(a) as shown in FIG. 2 and second position 38(b) as 

shown in FIG. 3 to selectively control fuel flow to the dual fuel engine from first fuel 

source 28 through a first fuel line and second fuel source 30 through a second fuel line 

36.  Mechanical fuel lockout switch 38 may also include fuel lockout apparatus 5 8  

coupled to mechanical fuel valve 5 4  to communicate fuel sources individually to 

generator 20. In one embodiment of the invention, fuel lockout apparatus 5 8  

communicates first fuel source 2 8  to the engine by actuating mechanical fuel valve 5 4  to 

first position 38(a) to open the first fuel line as shown in FIG. 2, and communicates 

second fuel source 30 to the engine by actuating mechanical fuel valve 54 to second 

position 38(b) 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 5 8  communicates first fuel source 28 to the dual 

fuel engine and prevents communication between the second fuel source and the dual 

fuel engine . 

[0039] In an exemplary embodiment of the invention, mechanical fuel valve 54 

controls the flow of LPG to the engine by actuating fuel lockout apparatus 58  to block 

or unblock fuel inlet 59  for the second fuel source. Mechanical fuel valve 54 is coupled 

to the first fuel line as a liquid fuel valve, as shown in FIGS . 4A and 4B, and therefore 

can control the flow of gasoline to the engine by opening and closing the first fuel line. 

When the mechanical fuel valve 54, FIG. 2, is in the first position 38(a), gasoline flows 

from the gasoline tank to the engine and the fuel lockout apparatus 5 8  blocks the fuel 

inlet 59 .  Accordingly, fuel lockout apparatus 58  prevents LPG flow to generator 20 
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when the mechanical fuel valve 54 IS m first position 38(a) wherein the engme IS 

operated on gasoline. 

[0040] Mechanical fuel valve 54 includes a fuel valve handle 56 to control the 

opemng and closing of the valve . Fuel valve handle 56 is movable between first 

position 38(a) as shown in FIG. 2 and second position 38(b) as shown in FIG. 3 .  

Mechanical fuel valve 54  opens the first fuel line (to enable liquid fuel flow to the 

engine) when fuel valve handle 56 is in the first position, and mechanical fuel valve 54 

closes the first fuel line ( to prevent liquid fuel flow to the engine) when fuel valve 

handle 5 6  is in the second position. Thus, when fuel valve handle 56 is in first position 

38(a) as shown in FIG. 2, mechanical fuel valve 54 opens the first fuel line and allows 

gasoline from gasoline tank 32 to flow to the engine . 

[0041] Fuel valve handle 56 is coupled to fuel lockout apparatus 58 .  Fuel valve 

handle 56  actuates with fuel lockout apparatus 58 to prevent LPG flow to generator 20 

when gasoline flow to the generator is enabled. Fuel lockout apparatus 58 is controlled 

by fuel valve handle 56 so that moving fuel valve handle 56 to the first position causes 

fuel lockout apparatus 58  to block fuel inlet 59 for LPG, and moving fuel valve handle 

56  to the second position causes fuel lockout apparatus 5 8  to unblock fuel inlet 59  for 

LPG. 

[0042] In an exemplary embodiment of the invention, fuel valve handle 56 rotates 

between the first position and the second position and fuel lockout apparatus 58 is 

rigidly coupled to the rotating handle . Fuel lockout apparatus 58  may include a fuel 

inlet cover 6 1 ,  which may be a flange, coupled to fuel valve handle 56  so that fuel inlet 

cover 6 1  rotates with the handle. Fuel inlet cover 61  extends radially outward from fuel 

valve handle 56 and sweeps over fuel inlet 59 for LPG as fuel valve handle 56 rotates. 

That is, fuel inlet cover 6 1  rotates transversely across fuel inlet 59 and blocks access 

thereto . Accordingly, fuel inlet cover 6 1  prevents LPG flow to generator 20 when fuel 

valve handle 56 is in first position 38(a) to allow gasoline to run the engine . 

[0043] Referring to FIG. 3, a detail view of a portion of generator 20 of FIG. 1 

depicts mechanical fuel lockout switch 38 in a second position 38(b ), in accordance 
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with an embodiment of the invention. In this position, mechanical fuel lockout switch 

38  provides a disconnect to stop gasoline flow from gasoline tank 32 to the engine while 

allowing connection of LPG supply hose 36 to fuel inlet 59 of the second fuel line. 

FIG. 3 further shows LPG supply hose 36 coupling second fuel source 30 to generator 

20 to deliver LPG to run the generator. 

[0044] Mechanical fuel lockout switch 38 includes mechanical fuel valve 54 coupled 

to fuel lockout apparatus 58 to prevent 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 communication 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 hose 36 is connected to generator 20. 

[0045] A quick-disconnect hose coupling 50, also referred to as a quick-connect hose 

coupling, connects LPG supply hose 36 to generator 20 so that LPG supply hose 36 may 

be quickly attached and detached from generator 20. Hose coupling 50 has a first end 

50a mounted on the external surface of generator 20 and coupled to supply the second 

fuel to the engine . Hose coupling 50 has a second end 50b coupled to the outlet of LPG 

supply hose 36 .  Each end 50a, 50b has a gaseous fuel valve that opens when the 

couplings are engaged and closes when the couplings are disengaged. As such, quick­

disconnect hose coupling 50 automatically opens when connected to enable fuel flow 

from LPG supply hose 36 to the engine . Hose coupling 50 automatically disconnects 

fluid communication when disconnected. Accordingly, when the supply hose is 

detached from generator 20, the coupling 50  is automaticlaly closed so that fuel does 

not escape and unwanted air does not enter the fuel system. 

[0046] In one embodiment, fuel inlet cover 6 1  is coupled to fuel valve handle 56 so 

that it is spaced apart from the surface of generator 20 to provide clearance for first end 

50a of the quick-disconnect hose coupling 50 that protrudes from the surface of 

generator 20. As shown in FIG. 2, fuel inlet cover 61 blocks off first end 50a of the 
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quick-disconnect hose coupling when fuel valve handle 56 is rotated to first position 

38(a) to enable gasoline flow so that fuel inlet cover 61  prevents connection of LPG 

supply hose 36 (FIG. 3) to generator 20. As shown in FIG. 3, fuel inlet cover 6 1  

uncovers first end 50a of the quick-disconnect hose coupling 50 when fuel valve handle 

56  is rotated to second position 38(b) to disable gasoline flow so that fuel inlet cover 6 1  

permits connection o f  LPG supply hose 3 6  to generator 20. 

[0047] To operate generator 20 on LPG, fuel valve handle 56  is turned to second 

position 38(b) to disable the flow of gasoline to the engine and to expose first end 50a 

of hose coupling 50 on generator 20. LPG supply hose 36 is then connected to 

generator 20 via hose coupling 50 to enable the flow of LPG to the engine . To operate 

generator 20 on gasoline, LPG supply hose 36 is disconnected from generator 20 via 

hose coupling 50 to disable the flow of LPG to the engine and to unblock fuel valve 

handle 56  from rotating to the first position. As shown in FIG. 2, fuel valve handle 56  

is then turned to first position 38(a) to enable the flow of gasoline to generator 20. 

[0048] Referring to FIG. 4A, a schematic diagram of a fuel system for a dual fuel 

engine 60 shows mechanical fuel lockout switch 38 in first position 38(a) to provide 

communication between the first fuel source 28 and dual fuel carburetor 62, according 

to an embodiment of the invention.  Mechanical fuel lockout switch 38 prevents 

communication between second fuel source 30 and dual fuel carburetor 62 when the 

switch is in first position 38(a) .  In one embodiment of the invention, first fuel source 28 

includes a gasoline tank 32 to provide gasoline to carburetor 62 through a first fuel line 

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

or LPG to carburetor 62 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. 

[0049] Mechanical fuel lockout switch 3 8 changes the fuel source for engme 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(b) as shown in FIG. 4B to selectively control fuel flow to the 

dual fuel engine 60 from first fuel source 28 through first fuel line 66 and second fuel 

13  

Champion - EX2082 Page 524 of 575 
Harbor Freight Tools USA Inc. et al v. Champion Power Equip., Inc. 

IPR2025-00805



Docket No. CET1090.042 

source 30 through second fuel line 70. Referring back to FIG. 4A, mechanical fuel 

valve 54 selectively controls fuel flow through first fuel line 66 by opening the line 

when the mechanical fuel lockout switch 38 actuates to first position 38(a). Mechanical 

fuel valve 54 may be coupled to fuel lockout apparatus 58 that actuates with mechanical 

fuel valve 54 to block and unblock fuel inlet 59 of second fuel line 70. First end 50a of 

the quick-disconnect hose coupling is located at fuel inlet 59 and a mating end 50b of 

the quick-disconnect hose coupling is coupled to the propane or LPG tank 68.  

Actuation of mechanical fuel valve 54 to first position 38(a) causes fuel lockout 

apparatus 58  to block fuel inlet 59 to prevent coupling the first end 50a and second end 

50b of the quick-disconnect hose coupling together, and actuation of mechanical fuel 

valve 54 to another position causes fuel lockout apparatus 58 to unblock fuel inlet 59  to 

permit attaching first end 50a and second end 50b together. 

[0050] A liquid fuel cut-off 72 couples to carburetor 62 to regulate liquid fuel flow 

through the carburetor. Liquid fuel cut-off 72 can stop liquid fuel flow to engine 60 to 

prevent an overly rich air-fuel ratio when operating engine 60 on gaseous fuel . Liquid 

fuel cut-off 72 may attach to carburetor 62 to interrupt liquid fuel upon actuation of 

mechanical fuel lockout switch 3 8 from liquid fuel to gaseous fuel. As such, liquid fuel 

cut-off 72 can prevent engine flooding by stopping liquid fuel flow when starting on 

gaseous fuel. Liquid fuel cut-off 72 is manually operated in some embodiments of the 

invention and electrically operated in other embodiments of the invention. 

[0051] In one embodiment of the invention, liquid fuel cut-off 72 comprises a fuel 

cut solenoid 74, also referred to as a carburetor cutoff solenoid, that operates within 

carburetor 62 as a solenoid valve to control liquid fuel flow to engine 60. Fuel cut 

solenoid 74 actuates between an open position to provide liquid fuel to engine 60 and a 

closed position to stop liquid fuel to the engine. Fuel cut solenoid 74 can operate as a 

normally open solenoid valve so that power is not required to open the solenoid during 

liquid fuel operation. As such, fuel cut solenoid 74 is powered and moved to a closed 

position to stop liquid fuel flow to engine 60 during gaseous fuel operation. 

Alternatively, fuel cut solenoid 74 may be operated as a normally closed valve that is 

powered to open for liquid fuel operation. 
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[0052] Fuel cut solenoid 74 is preferably powered by a magneto 76, alternator, 

engine flywheel with a charge winding, or other electrical power generator having a 

charge winding or coil 78. Charging coil 78 allows operation of fuel cut solenoid 74 in 

a batteryless engine. In a batteryless dual fuel generator, the charging coil 78 may be 

integral to an alternator driven by the batteryless engine. Engine 60 may be a pull-start 

engine having a recoil starter 80. During engine startup, recoil starter 80 cranks the 

engine with a manual pull by a user that causes magneto 76 to supply electrical power to 

fuel cut solenoid 74. While a fuel cut solenoid 74 in a normally open mode does not 

require any initial electrical power for starting engine 60 on liquid fuel, 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. 

[0053] Charging coil 78 has an output voltage generally proportional 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 12 VAC at 3600 rpm, it 

may only produce 1 V AC at 300 rpm which would be insufficient voltage during startup 

to power a solenoid that requires 12 volts . An alternator typically used to power 12  volt 

accessories , such as a battery, at engine speeds will need increased output voltage to 

provide sufficient voltage for operation of fuel cut solenoid 74 at low recoil start speeds. 

In addition, the output voltage of a charging coil may vary if the alternator or magneto 

76 also powers accessories. Accordingly, the output voltage of a charging coil should 

be verified by running engine 60 through the full range of operating speeds before 

increasing the output voltage. 

[0054] Additional turns can be added to a charging coil in the alternator or magneto 

76 to increase the output voltage and provide sufficient voltage to activate fuel cut 

solenoid 74 at manual start speeds. Typical alternators or magnetos may have limited 

room within stator laminations for additional turns, but low current requirements of fuel 

cut solenoid 74 allows substitution of smaller gage wire . Alternatively, solenoid 

windings on fuel cut solenoid 74 can be modified to operate at lower voltages for recoil 
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starting. However, adding coil turns to a charge winding provides an inexpensive 

modification and allows use of standard 12 volt solenoids . 

[0055] To protect electrical systems, a voltage regulator 82 couples to charging coil 

78 to provide a fixed output voltage for a varying input voltage. If charge winding 78 is 

wound to supply 12  VAC at 300 rpm, it could supply 144 VAC at 3600 rpm. Applying 

144 volts could quickly destroy a solenoid designed to operate at 12 volts. Accordingly, 

voltage regulator 82 may comprise a switching power supply circuit 84 that regulates a 

rectified DC power output from magneto 76 and provides a fixed voltage to fuel cut 

solenoid 74 . Switching circuits are very efficient, dissipate very little power, and can be 

made small and inexpensive. Switching power supply circuit 84 allows for low rpm, 

recoil starter electrical power generation with charge coil 78 voltage control over engine 

speed range. 

[0056] In the embodiment shown in FIGS. 4A and 4B, fuel cut solenoid 74 is 

operated by an electro-mechanical switch 86. Electro-mechanical switch 86 connects 

one fuel source to carburetor 62 and is connected to magneto 76 for a power source. 

Electro-mechanical switch 86 may comprise an electrical switch 88 that provides 

electrical connection between fuel cut solenoid 74 and magneto 76. Electro-mechanical 

switch 86 may also comprise mechanical fuel lockout switch 38 ,  and electrical switch 

88 can be mechanically actuated and controlled by mechanical fuel lockout switch 38 .  

Fuel cut solenoid 74 connects to open and close a fuel path to pull-start engine 60 in 

response to reception of electrical power from electro-mechanical switch 86. 

[0057] Fuel cut solenoid 74 can operate as a normally open valve that closes when 

powered by alternator or magneto 76. The normally open valve is activated to close and 

prevent gasoline flow to engine 60 for LPG mode, and deactivated to open and allow 

gasoline flow to engine 60 for gasoline mode. As such, actuation of mechanical fuel 

lockout switch 38 to first position 38(a) opens electrical switch 88 to 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(b) closes electrical switch 88 to power and 

close fuel cut solenoid 74 as represented in FIG . 4B . Alternatively, fuel cut solenoid 74 
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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 position 

38(b) opens electrical switch 88 to interrupt power and close fuel cut solenoid 74 . 

[0058] In an alternative embodiment of the invention, a microcontroller 89 operates 

fuel cut solenoid 74 so that fuel cut solenoid 74 opens to operate engine 60 on gasoline 

and is closed when the engine operates on LPG. While engine 60 is running, charging 

coil 78 provides power available to microcontroller 89 for operation of fuel cut solenoid 

74. Fuel cut solenoid 74 may operate in a normally open mode to allow gasoline flow 

to engine 60 without power from microcontroller 89, and microcontroller 89 may 

operate fuel cut solenoid 74 to operate as an after-fire solenoid when shutting down 

engine 60 from gasoline operation. That is, microcontroller 89 powers fuel cut solenoid 

7 4 to a closed position preventing fuel being drawn into engine 60 and muffler during 

engine shutdown from operation on gasoline . When engine 60 runs on LPG, 

microcontroller 89 switches on power to close fuel cut solenoid 74 to prevent engine 60 

from drawing in gasoline from the float bowl of carburetor 62 and first fuel line 66. 

Microcontroller 89 may also operate fuel cut solenoid 74 configured to be normally 

closed. Implementation of microcontroller 89 is further described with respect to FIG. 

14 .  

[0059] Referring to FIG. 4B, a schematic diagram of a fuel system for a dual fuel 

engine shows mechanical fuel lockout switch 38 in second position 38(b) to provide 

communication between second fuel source 30 and dual fuel carburetor 62, according to 

an embodiment of the invention. Mechanical fuel lockout switch 3 8 prevents 

communication between first fuel source 28 and dual fuel carburetor 62 when the switch 

is in second position 38(b ) .  The dual fuel engine has a first fuel line 66 to provide fuel 

from first fuel source 28 to carburetor 62 and a second fuel line 70 to provide fuel from 

second fuel source 30 to carburetor 62 . 

[0060] Mechanical fuel lockout switch 38 includes mechanical fuel valve 54 that 

selectively controls fuel flow through first fuel line 66 by closing the line when 
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mechanical fuel lockout switch 38 actuates to second position 38(b). Mechanical fuel 

lockout switch 38 may also include a mechanical lockout apparatus 58 to block and 

unblock fuel inlet 59  of the second fuel line 70. Fuel inlet 59 may include first end 50a 

of the quick-connect hose coupling mounted on the generator and coupled to second 

fuel line 70. Second end 50b of the quick-connect hose coupling is coupled to the outlet 

of second fuel source 30, and the first end 50a mates with second end 50b to quickly 

attach propane or LPG tank 68 to second fuel line 70. Fuel lockout apparatus 58 may 

also hold mechanical fuel lockout switch 38 in second position 38(b) when the propane 

or LPG tank 68 is coupled to the engine via the ends 50a, 50b of the quick-connect hose 

coupling. 

[0061] Liquid fuel cut-off 72 couples to carburetor 62 to regulate liquid fuel flow 

through the carburetor as described with respect to FIG. 4A. Liquid fuel cut-off 72 may 

comprise a fuel cut solenoid 74 powered by magneto 76. Engine 60 has recoil starter 80 

that cranks the engine and drives magneto 76 to power fuel cut solenoid 74 when 

starting the engine. Voltage regulator 82 reduces the voltage delivered to fuel cut 

solenoid 74 at higher engine operating speeds. Fuel cut 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(b). 

[0062] 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 54 may be configured to 

control multiple fuel lines that run through the valve according to embodiments of the 

18  

Champion - EX2082 Page 529 of 575 
Harbor Freight Tools USA Inc. et al v. Champion Power Equip., Inc. 

IPR2025-00805



Docket No. CET1090.042 

invention. In another embodiment of the invention, a manual fuel petcock is coupled 

along second fuel line 70 to provide an independent shut-off from second fuel source 30 

to the engine . 

[0063] Referring to FIG. 5, a dual fuel carburetor having a manual fuel shutoff 

system is shown, in accordance with a mechanical embodiment of the invention. 

Carburetor 62 attaches to an intake 90 of the engine to mix air and fuel and connect to a 

liquid fuel source and a gaseous fuel source. Carburetor 62 has a mixing passage or 

throat 92 having an inlet 94 for air and an outlet 96 for an air-fuel mixture. A venturi 98 

is located in throat 92 with a choke valve 1 00 located upstream from the venturi and a 

throttle valve 1 02 located downstream from the venturi. Carburetor 62 has a float bowl 

1 04 that provides fuel through a fuel passage into a narrow portion of venturi 98 .  Float 

bowl 1 04 has a liquid fuel inlet 1 06 to receive liquid fuel from first fuel source 28.  

Throat 92 has a gaseous fuel inlet 108  to receive gaseous fuel from second fuel source 

30.  Dual fuel carburetor 62 mixes air with fuel from first fuel source 28 and second fuel 

source 30 and provides the respective air-fuel mixtures for operation of the dual fuel 

generator. 

[0064] Liquid fuel cut-off 72 couples to carburetor 62 to control liquid fuel flow 

downstream of float bowl 104 in the carburetor. Liquid fuel cut-off 72 can close off 

float bowl 1 04 to stop liquid fuel flow to the engine and prevent an overly rich air-fuel 

ratio during gaseous fuel operation. As such, liquid fuel cut-off 72 prevents engine 

flooding when starting on gaseous fuel. Liquid fuel cut-off 72 also traps fuel in float 

bowl 1 04 to eliminate delay in filling the bowl when starting the engine on liquid fuel, 

and can stop liquid fuel flow to the engine immediately after ignition shutdown. As 

such, liquid fuel cut-off 72 reduces emissions and prevents afterfire by stopping the 

engine from continuing to draw in fuel from float bowl 1 04 during shutdown. 

[0065] In the embodiment of FIG. 5, liquid fuel cut-off 72 comprises a manually 

operated fuel shutoff 1 1 0 coupled to carburetor 62 to control liquid fuel flow 

downstream of float bowl 1 04. Manual fuel shutoff 1 1 0 can be cable actuated for use 

on engines without battery power, for instance engines with recoil starters. Manual fuel 
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shutoff 1 1 0 actuates between a first position to allow gasoline flow to the engine, as 

shown in FIG. 7A, and a second position to prevent gasoline flow to the engine, as 

shown in FIG. 8 .  Referring back to FIG. 5 ,  manual fuel shutoff 1 1 0 may comprise a 

shaft 1 12 extending into carburetor 62 that actuates between the first position and 

second position. A manually operated control system 1 14 couples to shaft 1 12 external 

to carburetor 62 to control manual fuel shutoff 1 1 0. 

[0066] A bracket 1 1 6 couples to the outer surface of carburetor 62 to support manual 

control system 1 14 .  Bracket 1 1 6 mounts to a boss 1 1 8 extending outwards from float 

bowl 1 04. Boss 1 1 8 has a flat vertical surface with a pair of tapped holes for mounting 

bracket 1 1 6 to float bowl 1 04 .  Screws 120, 122 extend through respective holes in 

bracket 1 1 6 and into the tapped holes to mount the bracket to carburetor 62. Manual 

fuel shutoff 1 1 0 extends out of carburetor 62 and through an opening 124 in bracket 

1 1 6 .  Bracket 1 1 6 has a first stopping tab 126 and a second stopping tab 128 extending 

away from float bowl 1 04 to hold manual fuel shutoff 1 1 0 in a respective open or closed 

position. A fuel drain screw 1 30 extends into an opening in carburetor 62 adjacent 

bracket 1 1 6 .  

[0067] Bracket 1 1 6 has a lower arm 132 extending downward and to the air inlet 

side of carburetor 62 . Lower arm 132 has a bottom portion 1 34 bent outward from 

carburetor 62 to couple to a control system spring 1 36 .  Bottom portion 134 has a hole 

1 38  for control system spring 1 36  adjacent a positioning groove 140 for the spring. 

Control system spring 136 is held in position by groove 140 as it hooks through hole 

1 38 .  Bracket 1 1 6 also has an upper arm 142 extending first outward from carburetor 62 

and then vertically and to the outlet side of the carburetor. Upper arm 142 has a cable 

clamp 144 for holding a Bowden cable 146 .  Cable clamp 144 has a flat midsection and 

two curved ends contacting bracket 1 1 6 to hold the midsection slightly apart from the 

bracket. Cable clamp 144 is coupled to bracket 1 1 6 by a bolt 148 extending through a 

hole in the midsection and through upper arm 142 of the bracket. 

[0068] A lever 1 50  couples to shaft 1 1 2 to actuate manual fuel shutoff 1 1 0. A cap 

1 52 holds lever 150  on shaft 1 1 2. Alternatively, lever 1 50 may be coupled to the shaft 
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1 12 by welding or staking . Lever 150  has a first lever arm 154 to contact and hold lever 

150  against first and second stopping tabs 126, 128 of the bracket. Lever 150 has a 

second lever arm 156  to actuate shaft 1 12. First lever arm 1 54 is in plane with an 

opening in the lever for shaft 1 12 and second lever arm 156  extends first outward from 

carburetor 62 and then parallel to first lever arm 1 54 .  Second lever arm 156  extends 

outward from carburetor 62 to provide clearance between bracket 1 1 6 and the second 

lever arm for control system spring 136 and screw 122 .  Second lever arm 1 5 6  has two 

holes 1 58, 1 60 for coupling control system spring 136 and Bowden cable 146 to lever 

1 50 .  

[0069] Manual fuel shutoff 1 1 0 operates as a valve within carburetor 62 to 

selectively interrupt liquid fuel flow to the engme. Control system spring 136  

preferably pulls on lever 150  to hold manual fuel shutoff 1 1 0 in an open valve position, 

and Bowden cable 146 pulls lever 1 50 against control system spring 136 to rotate 

manual fuel shutoff 1 1 0 to a closed valve position. As such, control system spring 136  

holds manual fuel shutoff 1 1 0 open for gasoline mode until Bowden cable 146 is pulled 

to close the valve for LPG mode. Alternatively, control system spring 1 36 can hold 

manual fuel shutoff 1 1 0 in a closed valve position until Bowden cable 146 is pulled to 

open the valve . Therefore, actuation of the Bowden cable 146 acts as a switch to assist 

in changeover between the dual fuels. Manual fuel shutoff 1 1 0 may rotate 90 degrees 

between the open and closed positions with stopping tabs 126, 128 positioned about 

bracket 1 1 6 accordingly. Lever 1 50  can be positioned on shaft 1 12 so that second lever 

arm 156  is pulled upward by a generally vertical Bowden cable 146. Second lever arm 

156  may actuate between a position 45 degrees below 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. 

[0070] Referring to FIG. 6, a cross-sectional view of the carburetor taken generally 

about line 6-6 of FIG. 5 is shown, in accordance with an embodiment of the invention. 

Carburetor 62 includes a throat 92 to mix gaseous fuel with air and liquid fuel with air. 

Throat 92 includes a gaseous fuel inlet port 1 62 in communication with gaseous fuel 
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inlet 1 08 coupled to a second fuel line 70. Carburetor 62 also includes float bowl 1 04 

and a fuel passage 1 64 to provide a liquid fuel path from float bowl 1 04 through a main 

nozzle 1 66 into venturi 98. Float bowl 1 04 has a liquid fuel inlet port 168 and a float 

valve 1 70 to regulate liquid fuel flow through liquid fuel inlet port 1 68 .  Liquid fuel 

inlet port 1 68 is in communication with the liquid fuel inlet 1 06 coupled to first fuel line 

66. 

[0071] Manual fuel shutoff 1 1 0 couples to carburetor 62 to regulate liquid fuel flow 

downstream of float bowl 1 04 .  Manual fuel shutoff 1 1 0 attaches to carburetor 62 to 

close fuel passage 1 64 upon selection of engine operation to gaseous fuel. Manual fuel 

shutoff 1 1 0 may have a first end 1 72 positioned in carburetor 62 adjacent an inlet port 

1 74 to fuel passage 1 64, and the first end 1 72 actuates to close fuel passage 1 64 .  That 

is, first end 1 72 actuates between a first position to permit fuel flow into fuel passage 

1 64, as shown in FIG. 7A, and a second position to prevent fuel flow into fuel passage 

1 64, as shown in FIG. 8 .  

[0072] Referring back to FIG. 6, manual fuel shutoff 1 1 0 has a second end 1 76 

positioned external to carburetor 62 that is manually actuated to operate manual fuel 

shutoff 1 1 0. Manual fuel shutoff 1 10 may have a rotating shaft 1 12 that extends 

through an opening 1 78 in carburetor 62 . A blocking member or valve tip 1 80 couples 

to shaft 1 12 in carburetor 62 to create a valve-shaft assembly 1 79. Valve tip 1 80 rotates 

parallel to inlet 1 74 of fuel passage 1 64 between a blocking position and non-blocking 

position to selectively block fuel flow into fuel passage 1 64. Lever 1 50 couples to shaft 

1 12 external to carburetor 62 and actuates to rotate shaft 1 12 and valve tip 1 80. 

[0073] Shaft 1 12 may be horizontal or substantially horizontal to allow valve tip 1 80 

to be positioned directly in float bowl 1 04 adjacent inlet port 1 74 of fuel passage 1 64 .  

That is, manual fuel shutoff 1 1 0 may be coupled to carburetor 62 such that second end 

1 76 is horizontal from first end 1 72. Inlet 1 74 of fuel passage 1 64 can face horizontal 

or substantially horizontal to accommodate valve tip 1 80 in float bowl 1 04. As such, 

fuel passage 1 64 may have a horizontal component that receives fuel from float bowl 

1 04 leading to a vertical component to provide fuel to venturi 98 .  The interior surface 
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of the float bowl 1 04 may also have a recess or cavity 1 82 to provide room for valve 

member 1 80 in the bowl. 

[0074] Opening 178  in carburetor 62 has a plug 1 84 to hold shaft 1 12 and prevent 

fuel flow out of the carburetor. Shaft 1 12 extends through a hole 1 86 in plug 1 84 and 

hole 1 86 is positioned to align valve tip 1 80 with fuel passage 1 64 .  Plug 1 84 has a 

larger outer diameter 1 88  toward the external side of carburetor 62 and a smaller outer 

diameter 1 90 toward the internal side. Larger outer diameter 1 88  and smaller outer 

diameter 1 90 mate with corresponding diameters of opening 1 78 .  Plug 184 has a 

counterbore 192 to hole 1 86 on the external side of the plug. A compression spring 1 94 

is positioned around shaft 1 12 in float bowl 1 04 to push valve tip 180 against plug 1 84 .  

Compression spring 1 94 holds valve tip 1 80 against inlet 1 74 of fuel passage 1 64 in 

order to seal the fuel passage. 

[0075] A primary o-ring 1 96 and a secondary o-ring 1 98 are positioned around shaft 

1 12 to provide a respective first and second fuel seal between the shaft and plug 1 84 and 

to seal first end 1 72 of manual fuel shutoff 1 1 0 in carburetor 62 . Primary o-ring 1 96 

may be positioned in an o-ring groove 200 in shaft 1 12 and secondary o-ring 1 98 may 

be positioned in counterbore 1 92 of plug 1 84. A bracket 1 1 6 or other support member 

mounts over counterbore 1 92 and around shaft 1 12 to hold secondary o-ring 1 98 in 

counterbore 1 92. Bracket 1 1 6 has an opening 124 large enough for shaft 1 12 but small 

enough to hold secondary o-ring 1 98 in counterbore 1 92. Manual fuel shutoff 1 1 0 

actuates in a rotative motion free from linear motion in part to ensure fuel will not leak 

through primary o-ring 1 96 or secondary o-ring 198 .  Compared to a sliding valve, a 

rotating valve , such as manual fuel shutoff 1 1 0, reduces the likelihood that fuel will leak 

from carburetor 62. 

[0076] Liquid fuel cut-off 72 may regulate fuel flow through multiple fuel passages 

in carburetor 62 that provide fuel from float bowl 1 04 to the engine. For instance, 

carburetor 62 may have a main fuel circuit 202 and an idle fuel circuit 204. Main fuel 

circuit 202 provides fuel through main nozzle 1 66 into a narrow portion of venturi 98 .  

Idle fuel circuit 204 provides fuel to throat 92 downstream from the throttle valve. 
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Liquid fuel cut-off 72 may regulate fuel flow through some or all of the fuel circuits that 

provide fuel from float bowl 104 to the engine. FIG. 6 shows an embodiment where 

idle fuel circuit 204 branches off from main fuel circuit 202 and liquid fuel cut-off 72 

actuates to block fuel flow into both main fuel circuit 202 and idle fuel circuit 204. In 

other embodiments, liquid fuel cut-off 72 closes main fuel circuit 202 while small 

amounts of liquid fuel pass through idle fuel circuit 204 . Fuel passing through idle fuel 

circuit 204 may not negatively affect engine performance during LPG operation but will 

eventually drain the gasoline tank. 

[0077] Referring to FIG. 7A, a partial sectional view of a float bowl shows a manual 

fuel shutoff system in an open position for gasoline mode, in accordance with an 

embodiment of the invention. The partial sectional view is taken through a portion of 

float bowl 1 04 along fuel passage 1 64 while showing another portion of float bowl 1 04 

in front of fuel passage 1 64 and coupled to manual fuel shutoff 1 1 0. Inlet 1 74 to fuel 

passage 1 64 is in a boss 206 extending outward from a central region of float bowl 1 04 .  

Boss 206 has an oval top with sides that extend to the floor of float bowl 1 04. Inlet 1 74 

to fuel passage 1 64 extends through boss 206 and has a substantially flat perimeter edge 

208 around inlet port 1 74 on the surface of the boss. Manual fuel shutoff 1 1 0 presses 

against substantially flat perimeter edge 208 surrounding fuel passage 1 64 to block fuel 

flow into fuel passage 1 64. 

[0078] Manual fuel shutoff 1 1 0 may have a rotating shaft 1 12 extending through an 

aperture 1 78 in float bowl 1 04. Shaft 1 12 has a first end 2 1 0  coupled to valve tip 1 80 

and located in float bowl 1 04 that is held against inlet port 1 74 to fuel passage 1 64 .  

Shaft 1 12 rotates valve tip 1 80 against inlet port 1 74 between a first position 1 80(a) 

allowing fuel flow through the inlet port 1 74, as shown in FIG. 7A, and a second 

position 1 80(b) blocking fuel flow through the inlet port 1 74,  as shown in FIG . 8. That 

is, valve tip 1 80 uncovers the inlet 1 74 of fuel passage 1 64 to permit fuel flow into the 

inlet 1 74 when rotated to first position 1 80(a), FIG. 7A, and covers inlet 1 74 of fuel 

passage 1 64 to prevent fuel flow into inlet 1 74 when rotated to second position 1 80(b), 

FIG. 8 .  
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[0079] Referring back to FIG. 7A, the manual fuel shutoff system further includes 

bracket 1 1 6 to support shaft 1 12 in float bowl 1 04 and provide mounting locations for 

manually operated control system 1 14 .  Bracket 1 1 6 also has a pair of stopping tabs 

126, 128 to hold the manual fuel shutoff 1 1 0 in an open or closed position. Shaft 1 12 

extends through bracket 1 1 6 and lever 1 50  couples to a second end 212 of shaft 1 12 

located outside of float bowl 1 04 .  Control system spring 1 36 couples lever 150  to 

bracket 1 1 6 to hold lever 1 50  against stopping tab 126 and hold manual fuel shutoff 1 1 0 

in the open position for gasoline mode. Bowden cable 146 couples to lever 150  to pull 

against control system spring 1 36 and rotate manual fuel shutoff 1 1 0 to the closed 

position for LPG mode . As such, second end 1 76 of manual fuel shutoff 1 1 0 is 

positioned external to float bowl 1 04 and coupled to manually operated control system 

1 14 to operate manual fuel shutoff 1 1 0 .  

[0080] Referring to FIG. 7B, a detailed partial sectional view of the float bowl of 

FIG. 7A taken along line 7B-7B shows a manual fuel shutoff in an open position for 

gasoline mode, in accordance with an embodiment of the invention. Float bowl 1 04 

includes boss 206 through which fuel passage 1 64 extends and having a substantially 

flat perimeter edge 208 surrounding inlet 1 74 to fuel passage 1 64 .  Substantially flat 

perimeter edge 208 preferably has a flat finished surface for improved sealing against 

valve tip 1 80 .  Valve tip 180 maintains planar contact with substantially flat perimeter 

edge 208 while rotating between an open position permitting fuel flow into inlet 1 74 

and a closed position blocking fuel flow into inlet 1 74 .  As such, valve tip 1 80 rotates 

parallel to inlet 1 74 of fuel passage 1 64 between the open or first position 1 80(a) and 

closed or second position 180(b), FIG. 8 .  

[0081] Referring again to FIG. 7B, valve tip 1 80 may comprise an oval or stadium 

2 14  having a flat surface 2 1 6  that contacts perimeter edge 208 around inlet 1 74 of fuel 

passage 1 64. Valve tip 1 80 may have a recessed portion or cutout 2 1 8  in the flat surface 

2 1 6  to provide a flow passage through the valve tip . Fuel flows through the cutout 2 1 8  

into the inlet 1 74 of fuel passage 1 64 when cutout 2 1 8  is aligned with inlet 1 74 .  That is, 

cutout 2 1 8  in valve tip 1 80 aligns with inlet port 1 74 when valve tip 1 80 is rotated to the 

open position such that fuel can pass from float bowl 1 04 through cutout 2 1 8  into fuel 
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passage 1 64. Cutout 2 1 8  in valve tip 1 80 is strategically positioned in a narrow portion 

of stadium 2 1 4  so a long portion of stadium 2 14  can be rotated to cover and block inlet 

1 74 .  Valve tip 1 80 may comprise one of many shapes including a stadium, an oval, a 

disk, a rectangle, an irregular shape, among others. 

[0082] Referring to FIG . 8, a partial sectional view of a float bowl shows a manual 

fuel shutoff system in a closed position for LPG mode, in accordance with an 

embodiment of the invention. Valve tip 1 80 pushes against inlet 1 74 to fuel passage 

1 64 to seal the inlet when in second position 1 80(b) . Valve tip 1 80 may have a stadium 

shape 2 1 4  with a cutout 2 1 8  in the narrow portion of the stadium to provide a flow 

passage. Valve tip 1 80 blocks fuel flow into fuel passage 1 64 when the cutout 2 1 8  in 

valve tip 1 80 is rotated away from inlet 1 74 of fuel passage 1 64. Cutout 2 1 8  may face 

downward when in the closed position and horizontal when in the open position. Lever 

150  couples to shaft 1 12 outside of float bowl 1 04 and is actuated by Bowden cable 146 

to operate manual fuel shutoff 1 1 0. 

[0083] Bowden cable 146 may be coupled to mechanical fuel lockout switch 38 ,  

FIG. 1 ,  to automatically open and close manual fuel shutoff 1 1 0 upon selection of a 

corresponding fuel source. Mechanical fuel lockout switch 38 may have a 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 1 1 0. In either case, 

manual fuel shutoff 1 1 0 can attach to the carburetor to close fuel passage 1 64 

downstream from float bowl 1 04 upon actuation of the mechanical fuel lockout switch 

38,  FIG. 1 ,  from liquid fuel to gaseous fuel. 

[0084] Referring to FIG. 9, a perspective view of a shaft for the manual fuel shutoff 

system of FIGS . 5 -8 is shown, in accordance with an embodiment of the invention. 

Shaft 1 12 has two "D" shaped ends each located at a respective first end 2 10  and second 

end 2 12  of the shaft. Shaft 1 12 also has a first diameter 220 and a larger second 

diameter 222 each extending radially from shaft 1 12 outward beyond the two "D" 

shaped ends. First diameter 220 and second diameter 222 are separated by o-ring 
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groove 200 with first diameter 220 toward first end 2 10  of shaft 1 12 and second 

diameter 222 toward second end 212  of shaft 1 12 .  First diameter 220 also has a groove 

224 for a retaining ring . Lever 150, FIG. 8, has a "D" shaped opening to fit on the 

second end 212 of shaft 1 12 and held against the second diameter 222. 

[0085] Referring to FIG . 1 0, a side view of a valve member for the manual fuel 

shutoff system of FIG. 5-8 is shown, in accordance with an embodiment of the 

invention. Valve tip 1 80 has a flat surface 2 1 6  to seal and rotate against a mating 

surface in the carburetor. Valve tip 1 80 is preferably made from polyoxymethylene 

(POM) or other thermoplastic material to provide a surface suitable for sealing . Valve 

tip 1 80 may be shaped as a stadium 2 1 4  with a short direction 226 and a long direction 

228 extending from a center of rotation 230. The long direction 228 rotates over inlet 

1 74, FIG. 8, to selectively block fuel passage 1 64. As such, valve tip 180 may rotate 

less than 360 degrees between the open and closed positions, and valve tip 1 80 rotates 

substantially 90 degrees between the positions in an exemplary embodiment of the 

invention. 

[0086] Referring back to FIG. 1 0, cutout 2 1 8  may be located along a straight side of 

stadium 2 1 4  to create a flow passage through valve tip 1 80 .  Cutout 2 1 8  may have a 

depth less than the thickness of stadium 2 14  or may extend through the thickness of the 

stadium. Cutout 2 18  may be a half circle with tangent side components extending 

perpendicular to a straight edge of stadium 2 14, through a side of valve tip 1 80 .  Cutout 

2 1 8  may extend into valve tip 1 80 short of the center of stadium 2 1 4  and positioned 

slightly offset along the length of the stadium from the stadium center. 

[0087] Valve tip 1 80 may have a "D" shaped opening 232 to press onto shaft 1 12 of 

FIG. 9, defining center of rotation 230, FIG. 10 .  Center of rotation 230 may be equal 

distance from straight edges of stadium 2 14  and positioned between cutout 2 1 8  and a 

rounded end of the stadium that is the closest rounded end to the cutout. Cutout 2 1 8  is 

askew from center of rotation 230 along the length of stadium 2 1 4  in part to cover more 

distance when rotated away from inlet port 1 74, FIG. 8 .  In addition, valve tip 1 80 is 
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positioned off center on shaft 1 12 to increase the length of long direction 228 from 

center of rotation 230 that is rotated to cover inlet port 1 74 .  

[0088] Referring to FIG. 1 1 , a perspective view of the carburetor of FIG. 5 with the 

manual fuel shutoff system exploded from a float bowl of the carburetor is shown, in 

accordance with an embodiment of the invention. Carburetor 62 has a throat 92, a float 

bowl 1 04, and a fuel passage 1 64 from float bowl 1 04 to an outlet port 234 in throat 92. 

Manual fuel shutoff 1 1 0 includes shaft 1 12 having first end 2 1 0  to be positioned in float 

bowl 1 04 and a second end 2 12  to be positioned external to float bowl 1 04 .  A primary 

o-ring 1 96 installs on shaft 1 1 2 and positioned in an o-ring groove 200 in shaft 1 12 .  A 

retaining ring 236 installs on shaft 1 12 in a groove 224 toward first end 2 10  from o-ring 

groove 200. Compression spring 1 94 installs on shaft 1 12 followed by valve tip 1 80 

pressed onto first end 2 1 0  of shaft 1 12 creating a valve-shaft assembly 1 79. Orientation 

of valve tip 1 80 is controlled by a "D" shaped hole 232 in valve tip 1 80 mating with a 

"D" shaped end of shaft 1 12 .  

[0089] Plug 1 84 installs on shaft 1 12 pushing compression spring 1 94 against valve 

tip 1 80. Primary o-ring 1 96 seals between shaft 1 12 and plug 1 84. Valve-shaft 

assembly 1 79 inserts through opening 1 78 in float bowl 1 04 and plug 1 84 presses into 

the opening. Plug 184 anchors in opening 1 78 so that compression spring 194 holds 

valve tip 1 80 against fuel passage 164 .  Secondary o-ring 1 98 installs around shaft 1 12 

to seal between the shaft and plug 1 84 .  Secondary o-ring 1 98 may be positioned in a 

counterbore 1 92 in plug 1 84. Bracket 1 1 6 couples to float bowl 1 04 and holds 

secondary o-ring 1 98 positioned in counterbore 1 92 .  Bracket 1 1 6 may be 2.0 mm thick 

and stamped from Q235 grade steel. A pair of screws 120, 122 each having a spring 

lock washer 238,  240 extend through a respective hole 242, 244 in bracket 1 1 6 to mount 

bracket 1 1 6 to carburetor 62. Screws 120, 122 may be M5 screws . A spacer 246 

installs on shaft 1 12 and against bracket 1 1 6. 

[0090] Lever 1 50  couples to shaft 1 12 and held apart from bracket 1 16 by spacer 

246 . Shaft 1 12 has a "D" shape at second end 212  that is inserted into a corresponding 

"D" shaped opening 248 in lever 1 50. The orientation of lever 150  is controlled by "D" 
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shape hole 248 in lever 1 50 mating with a "D" shape end of shaft 1 12 .  Lever 1 50  may 

be 1 .5 mm thick and stamped from Q235 grade steel. Cap 1 52 presses onto shaft 1 12 to 

hold lever 150  on shaft 1 12. Control system spring 136  attaches to lever 150 and 

bracket 1 1 6 to hold manual fuel shutoff 1 1 0 open. Cable clamp 144 couples to bracket 

1 1 6 by bolt 148 .  Cable clamp 144 has a tab 250 at one or both ends that fits into a 

corresponding slot or recess 252 in bracket 1 1 6. Cable clamp 144 also has a midsection 

with a notch 254 to pinch and hold Bowden cable 146 to bracket 1 1 6 .  Bowden cable 

146 is held by cable clamp 144 and attaches to lever 150  to actuate manual fuel shutoff 

1 1 0 to the closed position. Fuel drain screw 130 and drain screw spring 256 insert into 

carburetor 62. In one embodiment, drain screw spring 256 is the same type of spring 

used for compression spring 1 94. 

[0091] Referring to FIG. 12, and with continued reference back to FIG. 1 1 , a method 

of fabricating a manual fuel shutoff system for a carburetor is shown, in accordance 

with an embodiment of the invention. Process 300 begins by providing carburetor 62 at 

STEP 302. Process 300 continues with making a valve-shaft assembly 1 79 at STEP 

304, with valve tip 1 80 pressed onto shaft 1 12. Also in STEP 304, a compression 

spring 1 94 is stalled on shaft 1 12 and primary o-ring 1 96 is installed around shaft 1 12 .  

Process 300 continues by installing plug 1 84 on valve-shaft assembly 1 79 at STEP 306. 

Next, valve-shaft assembly 1 79 is inserted through opening 1 78 in float bowl 1 04 and 

plug 1 84 is pressed into the opening at STEP 308 .  Process 300 continues at STEP 3 1 0  

by installing secondary o-ring 1 98 in a groove on plug 1 84 .  Next, bracket 1 16 1s 

coupled to float bowl 1 04 of carburetor 62 in STEP 3 12 .  Process 300 continues at 

STEP 3 14 by installing lever 1 50 on shaft 1 12 .  Next, cap 1 52 is pressed onto shaft 1 12 

to hold lever 1 50  to shaft 1 12 in STEP 3 1 6. In STEP 3 1 8, control system spring 136 is 

installed on lever 1 50  and bracket 1 1 6. Also, in STEP 3 1 8, Bowden cable 146 is 

attached to lever 1 50 to actuate shaft 1 12 .  

[0092] Referring to FIG. 1 3 ,  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 
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fuel flow through a fuel passage leading from the float bowl to the throat in the 

carburetor. Magnetic fuel shutoff system 320 can be manually actuated between an 

open position to allow gasoline flow to the engine for gasoline operation and a closed 

position to prevent gasoline flow to the engine for LPG operation. 

[0093] Magnetic fuel shutoff system 320 includes a housing at least partially 

enclosing the liquid fuel cut-off. That is, magnetic fuel shutoff system 320 has a first 

section 322 housing magnetic fuel shutoff 324 and a second section 326 housing a 

manually actuated magnet 328 to operate the magnetic fuel shutoff. First section 322 

has a forward wall 330 and a back wall 332 with the forward wall facing internal to the 

carburetor. Forward wall 330 has a flange 334 around an outer perimeter for coupling 

to the carburetor. Forward wall 330 also has an opening 336 through which a plunger 

342 of the magnetic fuel shutoff 324 extends into the carburetor. A lip 338 extends 

forward from forward wall 330 around opening 336 and an o-ring 340 is installed 

around lip 338 .  Flange 334 may be mounted to a plug in an opening of the carburetor 

with magnetic fuel shutoff 324 entering the carburetor through a hole in the plug. 

[0094] First section 322 provides a sealing member enclosing plunger 342 of 

magnetic fuel shutoff 324 to the carburetor and holding fuel in the carburetor. The 

plunger 342 extends through opening 336 in forward wall 330 with a pointed end that is 

selectively inserted into a fuel supply path in the carburetor to block fuel flow 

downstream from the float bowl. Magnetic fuel shutoff 324 has a back plate 344 

coupled to plunger 342 in first section 322. Plunger 342 extends perpendicular from a 

forward face of back plate 344. A spring 346 pushes a back face of back plate 344 

against back wall 332 to push plunger 342 through opening 336 in forward wall 330 to 

block the fuel supply path in the carburetor. Accordingly, the first section 322 holds the 

spring 346 against the plunger 342. Magnetic fuel shutoff 324 is guided through its 

actuation by back plate 344 sliding through first section 322 and plunger 342 through 

opening 336 in forward wall 330.  

[0095] Second section 326 couples to first section 322 and is located behind back 

wall 332. Second section 326 encloses an actuating magnet 328 to selectively pull 
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magnetic fuel shutoff 324 against spring 346. Second section 326 preferably guides 

actuating magnet 328 along a path perpendicular to that of magnetic fuel shutoff 324. 

As such, the magnetic force to pull magnetic fuel shutoff 324 to an open valve position 

is the strongest when actuating magnet 328 is aligned with the path of magnetic fuel 

shutoff 324. Actuating magnet 328 pulls magnetic fuel shutoff 324 against spring 346 

when actuating magnet 328 approaches magnetic fuel shutoff 324 and releases magnetic 

fuel shutoff 324 while traveling away from magnetic fuel shutoff 324. Actuating 

magnet 328 may comprise a rare-earth or other permanent magnet. 

[0096] In an exemplary embodiment of the invention, magnetic fuel shutoff 324 

actuates horizontally between an open position to permit fuel flow into a fuel passage in 

the carburetor and a closed positioned to prevent fuel flow into 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. 

[0097] Referring now to FIG. 14 ,  a wiring diagram of a microcontroller 89 receiving 

input signals and operating engine components is shown, according to an embodiment 

of the invention. Microcontroller 89 closes fuel cut solenoid 74 when the engine 

operates on LPG and opens the fuel cut solenoid to operate the engine on gasoline. For 

LPG mode, microcontroller 89 switches on power to fuel cut solenoid 74 to close the 

solenoid preventing the engine from drawing in gasoline from the float bowl of the 

carburetor. During shutdown from gasoline operation, microcontroller 89 can also 

power fuel cut solenoid 74 to a closed position preventing additional gasoline being 

drawn into the engine . While microcontroller 89 can operate fuel cut solenoid 74 

operating in a normally open configuration, microcontroller 89 can also operate a fuel 

cut solenoid operating in a normally closed configuration. 

[0098] Microcontroller 89 may include a module 350 to connect fuel cut solenoid 74, 

charging coil 78, switches and a ground terminal. Module 350 has a first connection 

352(a) to couple fuel cut solenoid 74 and a second connection 352(b) to couple charging 
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coil 78 to power the fuel cut solenoid. Fuel cut solenoid 74 may be coupled to a fuel 

switch 354 and a combination switch 356 that are also connected to module 350 via a 

third connection 352(c) . Fuel switch 354 changes operation of the engine between LPG 

and gasoline, and combination switch 356 can operate to kill the engine . A ground 

terminal 358  connects to module 350 via a fourth connection 352(d) in order to ground 

fuel cut solenoid 74 via fuel switch 354 or combination switch 356.  

[0099] In LPG mode, fuel switch 354 connects a first contact 360(a) to a second 

contact 360(b), instead of third contact 360(c), to complete an electrical circuit for fuel 

cut solenoid 74 by connecting the fuel cut solenoid to ground terminal 358 .  A fuel cut 

solenoid 74 operating in a normally open configuration is therefore powered and closed 

to prevent gasoline flow from the fuel bowl of the carburetor to the engine . Fuel switch 

354 also connects a fourth contact 360(d) to a fifth contact 360(e), instead of sixth 

contact 360(£), to prevent combination switch 356 from grounding magneto 76 thereby 

maintaining power to spark plug 362 .  

[00100] In gasoline mode, fuel switch 354 connects first contact 360(a) to third 

contact 360(c) to interrupt an electrical circuit for fuel cut solenoid 74 by disconnecting 

the fuel cut solenoid from ground terminal 358 .  A fuel cut solenoid 74 operating in a 

normally open configuration is therefore unpowered and opened to allow gasoline flow 

from the fuel bowl of the carburetor to the engine. Fuel switch 354 also connects fourth 

contact 360(d) to sixth contact 360(£) to allow combination switch 356 to ground 

magneto 76 upon shutdown thereby interrupting power to spark plug 362. 

[00101]  Combination switch 356 can actuate fuel cut solenoid 74 upon engme 

shutdown from gasoline operation to prevent after-fire. That is, combination switch 356 

connects a first point 364(a) to a second point 364(b) to kill the engine by connecting 

magneto 76 to ground terminal 358 .  At the same time, combination switch 356 

connects a third point 364(c) to a fourth point 364(d) completing an electrical circuit for 

fuel cut solenoid 74 by connecting the solenoid to ground terminal 358 .  Fuel cut 

solenoid 74 is then powered and closed to prevent continued gasoline flow to the engine 

after combination switch 356 stops power supply to spark plug 362. 
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[00102] 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, combination switch 356 can operate as a kill switch for both gasoline 

operation and LPG operation. During LPG operation, combination switch 356 may 

actuate fuel switch 354 with actuation of combination switch 356 to ground magneto 76 

and kill the engine. That is, combination switch 356 connects first point 364(a) to 

second point 364(b) and also actuates fuel switch 354 to connect fourth contact 360(d) 

to sixth contact 360(£) so that magneto 76 is coupled to ground terminal 358  killing the 

engine. At the same time, combination switch 356 connects third point 364(c) to fourth 

point 364(d) so that fuel cut solenoid 74 maintains connection to ground terminal 358  to 

remain closed even though fuel switch 354 interrupts connection between first contact 

360(a) and second contact 360(b). 

[00103] Microcontroller 89 may also include a Voltage Frequency and Low Oil 

Shutdown (VFO) module 366. VFO module 366 can measure parameters of an 

alternator driven by an engine in a generator. VFO module 366 monitors alternator 

voltage and frequency by receiving an input signal 368 from the alternator. Input signal 

368 is 120 VAC and 60 Hz from the alternator as a monitoring point for VFO module 

366. VFO module 366 allows the engine to run if alternator parameters are within 

preset limits and shuts down the engine if the parameters are outside the limits. VFO 

module 366 can also monitor oil volume within the engine by receiving an input signal 

from an oil level switch 370 shown in the wiring diagram engine block 372 .  VFO 

module 366 may allow the engine to operate only if the oil volume is greater than a 

preset lower limit and can shutdown the engine by initiating connection between the 

ignition coil or magneto 76 and ground terminal 358 .  

[00104] Beneficially, embodiments of the invention provide for a fuel lockout switch 

to ensure that two fuels are not simultaneously delivered to a dual fuel internal 

combustion engine and to efficiently convert operation of the engine between the fuel 

sources. Embodiments of the invention also provide for a dual fuel generator with a 
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remotely mounted gaseous fuel regulator system. Embodiments of the invention also 

provide for a batteryless dual fuel internal combustion engine having a liquid fuel cut­

off coupled to a carburetor to selectively interrupt liquid fuel. 

[00105] Therefore, according to one embodiment of the invention, a dual fuel engine 

includes an engine operable on a gaseous fuel and a liquid fuel and a switch to change 

operation of the engine between gaseous fuel and liquid fuel. The dual fuel engine also 

includes 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 cut-off attaches to the 

carburetor to interrupt liquid fuel upon actuation of the switch from liquid fuel to 

gaseous fuel. 

[00106] According to another embodiment of the invention, a batteryless dual fuel 

generator includes a housing containing a pull start engine coupled to drive an 

alternator, the engine operable on a gaseous fuel and a liquid fuel. A carburetor attaches 

to an intake of the engine and includes a throat to mix fuel with air, a float bowl, and a 

fuel passage to provide liquid fuel from the float bowl to the throat. The generator also 

includes a fuel shutoff attached to the carburetor to close the fuel passage upon selection 

of engine operation to gaseous fuel . 

[00107] 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. 

[00108] According to yet another embodiment of the invention, a method of 

assembling a dual fuel engine includes p roviding 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 
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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. 

[00109] 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 . 
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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; and 

a liquid fuel cut-off attached to the carburetor to interrupt liquid fuel 

upon actuation of the switch from liquid fuel to gaseous fuel. 

2. The dual fuel engme of claim 1 ,  wherein the engme 1s 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 further comprising: 

a liquid fuel valve along a liquid fuel line coupling the liquid fuel source 

to the carburetor; and 

a gaseous fuel valve along a gaseous fuel line coupling the gaseous fuel 

source to the carburetor. 

5 .  The dual fuel engine of claim 1 ,  wherein the engine is a pull-start engine 

having an electrical power generator to supply electrical power. 

6. The dual fuel engme of claim 5 ,  wherein the switch is an electro-

mechanical switch connecting one fuel source to the carburetor and connected to the 

electrical power generator; and 
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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. 

7.  The dual fuel engme of claim 5, wherein the liquid fuel cut-off is a 

solenoid valve powered by the electrical power generator. 

8. The dual fuel engine of claim 7, wherein the switch selectively powers 

the solenoid valve by controlling electrical connection between the solenoid valve and 

the electrical power generator. 

9. The dual fuel engine of claim 7, wherein the solenoid valve is normally 

open to provide liquid fuel to the engine when the solenoid valve is unpowered. 

1 0. The dual fuel engme of claim 9, wherein a pull-starter drives the 

electrical power generator to power and close the solenoid valve while starting the 

engine on gaseous fuel. 

1 1 .  The dual fuel engine of claim 7, wherein the electrical power generator 

compnses a magneto or an alternator coupled to a voltage regulator to provide a 

regulated voltage to the solenoid valve. 

12 .  The dual fuel engme of claim 1 ,  wherein the liquid fuel cut-off is 

manually actuated to interrupt liquid fuel. 

1 3 .  The dual fuel engine of claim 1, wherein the liquid fuel cut-off actuates 

to interrupt liquid fuel free from linear motion. 

14 .  The dual fuel engme of claim 1 ,  wherein the liquid fuel cut-off 

compnses : 

a rotating shaft extending through an aperture in the carburetor; 

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

1 5 .  The dual fuel engine of claim 14 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 spnng and rotate the 

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

1 6. The dual fuel engme of claim 1 ,  wherein the liquid fuel cut-off is 

magnetically actuated to selectively interrupt liquid fuel. 

1 7. 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 selectively pull the 

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

1 8 . The dual fuel engine of claim 1 7  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 

a second section coupled to the first section and enclosing the actuating 

magnet. 

1 9. 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; 

a carburetor attached to an intake of the engine comprising : 

a throat to mix fuel with air, 
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a float bowl, 

a fuel passage to provide liquid fuel from the float bowl to the 

throat; and 

a fuel shutoff attached to the carburetor to close the fuel passage upon 

selection of engine operation to gaseous fuel. 

20. The batteryless dual fuel generator of claim 1 9, wherein the fuel shutoff 

actuates to close the fuel passage free from linear motion. 

2 1 .  The batteryless dual fuel generator o f  claim 1 9, wherein the fuel shutoff 

compnses : 

a rotating shaft extending through an opening in the carburetor; and 

a valve member coupled to the shaft in the carburetor that rotates to 

control fuel flow into the fuel passage. 

22. The batteryless dual fuel generator of claim 2 1 ,  wherein the valve 

member is positioned in the float bowl and the shaft extends substantially horizontal 

through the opening. 

23 .  The batteryless dual fuel generator of claim 2 1 ,  wherein the valve 

member has a flow passage that aligns with the fuel passage to control fuel flow into the 

fuel passage. 

24. The batteryless dual fuel generator of claim 2 1  further comprising: 

a compression spring on the shaft in the carburetor pushing the valve 

member to close the fuel passage; and 

a plug in the opening surrounding the shaft to hold the compress10n 

spring against the valve member. 

25 .  The batteryless dual fuel generator of claim 24 further comprising: 

a lever coupled to the shaft outside the carburetor; and 
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a cable coupled to the lever to actuate the valve member to open and 

close the fuel passage. 

26. The batteryless dual fuel generator of claim 24 further comprising one or 

more fuel seals within the plug to seal around the shaft. 

27. The batteryless dual fuel generator of claim 1 9, wherein the fuel shutoff 

is magnetically actuated to selectively close the fuel passage, controlled by a manually 

actuated magnet coupled to the carburetor. 

28 .  The batteryless dual fuel generator of claim 1 9  further comprising: 

a spring pushing the fuel shutoff to close the fuel passage; and 

an actuating magnet coupled to the carburetor to selectively pull the fuel 

shutoff against the spring to open the fuel passage. 

29. The batteryless dual fuel generator of claim 28 further compnsmg a 

housing at least partially enclosing the fuel shutoff, the housing including : 

a first section enclosing a plunger of the fuel shutoff to the carburetor 

and holding the spring against the plunger; and 

a second section coupled to the first section and enclosing the actuating 

magnet. 

30 .  The batteryless dual fuel generator of claim 1 9, wherein the fuel shutoff 

is a carburetor cutoff solenoid; and 

wherein the generator further comprises : 

a charge winding to generate electrical power to operate the 

carburetor cutoff solenoid, and 

a switch to selectively power the carburetor cutoff solenoid by 

controlling electrical connection between the carburetor cutoff solenoid and the charge 

winding. 
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3 1 .  The batteryless dual fuel generator of claim 30, wherein the carburetor 

cutoff solenoid is normally open to provide liquid fuel to the engine when the carburetor 

cutoff solenoid is unpowered. 

32. The batteryless dual fuel generator of claim 3 1 ,  wherein a pull-starter 

drives the engine operating the charge winding to power and close the carburetor cutoff 

solenoid while starting the engine on gaseous fuel. 

33 .  The batteryless dual fuel generator of claim 30, wherein the switch is an 

electro-mechanical switch connected to the charge winding and connecting at least one 

fuel source to the carburetor to selectively control fuel flow from the at least one fuel 

source to the carburetor. 

34. The batteryless dual fuel generator of claim 30, wherein the charge 

winding is coupled to a voltage regulator to provide a regulated voltage to the carburetor 

cutoff solenoid. 

35 .  A carburetor having a fuel shutoff comprising : 

a carburetor comprising : 

a float bowl, 

a throat, 

a fuel passage to provide fuel from the float bowl to the throat; 

and 

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 

wherein the fuel shutoff actuates free from linear motion. 

36 .  The carburetor having a fuel shutoff of claim 35 ,  wherein the fuel shutoff 

is a manually actuated fuel shutoff. 
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37.  The carburetor having a fuel shutoff of claim 35 ,  wherein the fuel shutoff 

comprises a shaft extending into the carburetor through an aperture in the float bowl and 

coupled to a valve tip in the float bowl that rotates to open and close the fuel passage. 

38 .  The carburetor having a fuel shutoff of claim 37, wherein the valve tip 

rotates parallel to an inlet of the fuel passage between a first position permitting fuel 

flow into the inlet and a second position blocking fuel flow into the inlet. 

39 .  The carburetor having a fuel shutoff of claim 37, 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. 

40. The carburetor having a fuel shutoff of claim 39, wherein the shaft is 

substantially horizontal and the inlet of the fuel passage faces substantially horizontal. 

4 1 .  The carburetor having a fuel shutoff of claim 3 9  further comprising : 

a plug in the aperture around the shaft; and 

a compression spring around the shaft in the float bow 1 pushing against 

the plug to hold the valve tip against the perimeter edge of the inlet. 

42. The carburetor having a fuel shutoff of claim 41  further comprising a 

first fuel seal between the shaft and plug, the first fuel seal comprising a primary o-ring 

in an o-ring groove in the shaft. 

43 .  The carburetor having a fuel shutoff of claim 42 further comprising : 

a second fuel seal between the shaft and plug, the second fuel seal 

comprising a secondary o-ring in a counterbore in the plug; and 

a support member mounted over the counterbore around the shaft to hold 

the secondary o-ring in the counterbore. 

44. The carburetor having a fuel shutoff of claim 37 further comprising : 
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a lever coupled to the shaft outside of the carburetor; 

a spring coupled to the lever to hold the fuel shutoff opening the fuel 

passage; and 

a cable coupled to the lever to move the lever against the spnng and 

rotate the fuel shutoff to close the fuel passage. 

45 .  The carburetor having a fuel shutoff of claim 37, wherein the valve tip 

comprises thermoplastic .  

46 .  The carburetor having a fuel shutoff of claim 3 7 ,  wherein the valve tip 

comprises one of an oval and stadium shape. 

4 7. The carburetor having a fuel shutoff of claim 3 7, wherein the valve tip 

has a cutout that aligns with the fuel passage to open the fuel passage. 

48 .  A method of assembling a dual fuel engine comprising : 

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

compnsmg: 

attaching a carburetor to an intake of the engine, the carburetor 

a throat to mix gaseous fuel with air and liquid fuel with air, 

a float bowl, 

a fuel passage to provide liquid fuel from the float bowl to the 

throat; 

coupling a switch to the engme to change operation of the engme 

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. 

49. The method of claim 48 further comprising coupling a manually operated 

control operatively to the liquid fuel cut-off. 
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50 .  The method of claim 48, wherein attaching the liquid fuel cut-off to the 

carburetor comprises : 

providing a shaft having a valve tip located at an end of the shaft; 

installing a compression spring on the shaft; 

installing a plug on the shaft so that the compression spring is positioned 

between the plug and the valve tip; and 

anchoring the plug in an aperture m the carburetor so that the 

compression spring holds the valve tip to an inlet of the fuel passage. 

5 1 .  The method of claim 50, wherein providing the shaft having a valve tip 

located at an end of the shaft comprises pressing the valve tip onto the shaft. 

52.  The method of claim 50 further comprising positioning at least one fuel 

seal on the shaft to seal between the shaft and plug. 

53 .  The method of claim 50, wherein the shaft rotates the valve tip between a 

first position allowing fuel flow into the fuel passage and a second position blocking 

fuel flow into the fuel passage. 

54.  The method of claim 53 ,  wherein the valve tip compnses an oval or 

stadium shape with a cutout in the oval or stadium shape that aligns with the fuel 

passage when the valve tip is rotated to the first position such that fuel can pass through 

the cutout into the fuel passage. 

55 .  The method of  claim 53  further comprising : 

coupling a lever to the shaft; 

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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56 .  The dual fuel engine of claim 7, wherein the solenoid valve is open to 

provide liquid fuel to the engine when the solenoid valve is powered. 

57 .  The dual fuel engme of claim 56, wherein a pull-starter drives the 

electrical power generator to power and open the solenoid valve while starting the 

engine on liquid fuel. 

58 .  The batteryless dual fuel generator of claim 30, wherein the carburetor 

cutoff solenoid is open to provide liquid fuel to the engine when the carburetor cutoff 

solenoid is powered. 

59 .  The batteryless dual fuel generator of claim 58 ,  wherein a pull-starter 

drives the engine operating the charge winding to power and open the carburetor cutoff 

solenoid while starting the engine on liquid fuel . 

60. The dual fuel engine of claim 7 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. 

6 1 .  The dual fuel engine of claim 60, wherein the microcontroller closes the 

solenoid valve during engine shutdown from operation on liquid fuel. 

62. The batteryless dual fuel generator of claim 30,  wherein the switch is a 

microcontroller configured to close the carburetor cutoff solenoid when the engine 

operates on gaseous fuel and to open the carburetor cutoff solenoid to operate the engine 

on liquid fuel. 

63 . The batteryless dual fuel generator of claim 62, wherein the 

microcontroller closes the carburetor cutoff solenoid during engine shutdown from 

operation on liquid fuel. 
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ABSTRACT 

A dual fuel engine includes an engine operable on a gaseous fuel and a liquid fuel and a 

switch to change operation of the engine between gaseous fuel and liquid fuel. The dual 

fuel engine also includes 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 cut-off 

attaches to the carburetor to interrupt liquid fuel upon actuation of the switch from 

liquid fuel to gaseous fuel. 
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DECLARATION (37 CFR 1 .63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1 .76) 

Title of 
Invention BATTERYLESS DUAL FUEL ENGINE WITH LIQU ID  FUEL CUT-OFF 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: □ 

The attached application, or 

United States application or PCT international application number 

filed on ___ _ _  �-------� 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original jo int inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S .C. 1 001 by 
fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in  documents filed in a patent application 
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or 
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) 
is never required by the USPTO to support a petition or an application. If this type of personal information is included 
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information 
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent 
application is available to the public after publication of the application (unless a non-publication request in 
compliance with 37 CFR 1 .21 3(a) is made in  the application) or issuance of a patent. Furthermore, the record from an 
abandoned application may also be available to the public if the application is referenced in a published application or 
an issued patent (see 37 CFR 1 . 1 4  ) .  Checks and credit card authorization forms PTO-2038 submitted for payment 
purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Mark J. Sarder D ate (Optional): ---------........i 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must 
accompany this form. Use an additional PTO/AIA/01 form for each additional inventor. 
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DECLARATION (37 CFR 1 .63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1 .76) 

Title of 
Invention BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: 

□ 

The attached application, or 

United States application or PCT international application number 

filed on ___ _  �------- --

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 1 8  U.S .C. 1 001 by 
fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in  documents filed in a patent application 
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or 
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) 
is never required by the US PTO to support a petition or an application. If this type of personal information is included 
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information 
from the documents before submitting them to the US PTO. Petitioner/applicant is advised that the record of a patent 
appl ication is available lo the public after publication of the application (unless a non-publication request in  
compliance with 37 CFR 1 .2 13(a) is  made in the application) or  issuance of a patent. Furthermore, the record from an 
abandoned application may also be available to the public if the application is referenced in a published application or 
an issued patent (see 37 CFR 1 . 14  ). Checks and credit card authorization forms PTO-2038 submitted for payment 
purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Aleko D. Sotiriades Date (Optional): 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must 
accompany this form. Use an additional PTO/AIAf01 form for each additional inventor. 
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D ECLARATION (37 CFR 1 .63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1 .76) 

Title of 
Invention BATTERYLESS DUAL FUEL ENGINE WITH L IQUID FUEL CUT-OFF 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: □ 

The attached application, or 

United States application or PCT international application number 

filed on _____________ _ 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U .S.C. 1 001  by 
fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is  cautioned to avoid submitting personal information in documents filed in a patent application 
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or 
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) 
is never required by the US PTO to support a petition or an application. If this type of personal information is included 
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information 
from the documents before submitting them to the. USPTO. Petitioner/applicant is advised that the record of a patent 
application is available to the public after publication of the application (unless a non-publication request in 
compliance with 37 CFR 1 .2 13(a) is made in the application) or issuance of a patent. Furthermore, the record from an 
abandoned application may also be available to the public if the appl ication is referenced in a published application or 
an issued patent (see 37 CFR 1 . 1 4  ). Checks and credit card authorization forms PTO-2038 submitted for payment 
purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: James J, Dehn Date (Optional): 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must 
accompany this form. Use an additional PTO/AIA/01 form for each additional inventor. 
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DECLARATION (37 CFR 1 .63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1 .76) 

Title of 
Invention BATTERYLESS DUAL FUEL ENGINE WITH LIQUI D  FUEL CUT-OFF 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: 

0 
□ 

The attached application, or 

United States application or PCT international application number 

filed on _ _________ __ _  _ 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application.  

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18  U.S.C. 1 001 by 
fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application 
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or 
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) 
is never required by the USPTO to support a petition or an application. If this type of personal information is included 
in documents submitted to the USPTO, petitioners/appl icants should consider redacting such personal information 
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent 
application is available to the public after publication of the application (unless a non-publication request in 
compliance with 37 CFR 1 .2 1 3(a) is made in  the application) or issuance of a patent. Furthermore, the record from an 
abandoned application may also be available to the public if the application is referenced in a published application or 
an issued patent (see 37 CFR 1 . 1 4) .  Checks and credit card authorization forms PTO-2038 submitted for payment 
purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Leigh Jenison Date (Optional): 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must 
accompany this form. Use an additional PTO/AIA/01 form for each additional inventor. 

i 
I 

r 
i -' 
; 
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DECLARATION (37 CFR 1 .63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET (37 CFR 1 .76) 

Title of 
Invention BATTERYLESS DUAL FUEL ENGINE WITH L IQUID FUEL CUT-OFF 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: 

The attached application, or 

United States application or PCT international application number 

filed on _____________ _ 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1 001 by 
fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application 
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or 
credit card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) 
is never required by the USPTO to support a petition or an application. If this type of personal information is included 
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information 
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent 
application is available to the public after publication of the application (unless a non-publication request in 
compliance with 37 CFR 1 .2 1 3(a) is made in the application) or issuance of a patent. Furthermore, the record from an 
abandoned application may also be available to the public if the application is referenced in a published application or 
an issued patent (see 37 CFR 1 . 1 4  ). Checks and credit card authorization forms PTO-2038 submitted for payment 
purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Hiroaki Sato Date (Optional): (tJ 

Nole: An application data sheet (PTO/SB/14 o r  equivalent), including naming the entire inventive entity, must 
accompany this form. Use an additional PTO/AIA/01 form for each additional inventor. 

□ 

Signature: 
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