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(57) ABSTRACT 

An evaporative emissions control system for Small internal 
combustion engines. The system generally includes a char 
coal canister and a carburetor with a fuel circuit shutoff 
valve. The charcoal canister is in fluid communication with 
the air space above the liquid fuel within the engine fuel 
tank, and optionally, with the air space above the liquid fuel 
within the fuel bowl of a fuel bowl-type carburetor. The 
charcoal canister contains charcoal media which absorbs 
fuel vapors when the engine is not running. During running 
of the engine, Vacuum within the carburetor induces a flow 
of atmospheric air through the charcoal canister to purge the 
collected fuel vapors from the charcoal media, and the fuel 
vapors pass into the engine for consumption. The carburetor 
of the engine, which may be either a fuel bowl-type carbu 
retor or a diaphragm carburetor, includes a fuel circuit 
shutoff valve controlled either by a vacuum signal produced 
within the engine or by a user-actuated mechanical linkage. 
The fuel circuit shutoff valve closes the fuel circuit of the 
carburetor upon engine shutdown to prevent escape of fuel 
vapors from the carburetor to the atmosphere. In another 
embodiment, a weir-type carburetor is disclosed which 
contains a minimal amount of fuel when the engine is not 
running to reduce or eliminate evaporative emissions. 

20 Claims, 9 Drawing Sheets 
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1. 

EVAPORATIVE EMISSIONS CONTROL 
SYSTEM FOR SMALL INTERNAL 

COMBUSTION ENGINES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit under Title 35, 
U.S.C. S119(e) of U.S. Provisional Patent Application Ser. 
No. 60/579,530, entitled EVAPORATIVE EMISSIONS 
CONTROL SYSTEM FOR SMALL INTERNAL COM 
BUSTION ENGINES, filed on Jun. 14, 2004. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to small internal combustion 

engines of the type used with lawnmowers, lawn tractors, 
and other utility implements. In particular, the present inven 
tion relates to an emissions control system for Such engines. 

2. Description of the Related Art 
Small internal combustion engines of the type used with 

lawnmowers, lawn tractors, and other Small utility imple 
ments typically include an intake system including a carbu 
retor attached to the engine which mixes liquid fuel with 
atmospheric air to form a fuel/air mixture which is drawn 
into the engine for combustion. 
One known type of carburetor includes a fuel bowl 

containing a Supply of liquid fuel which is drawn into the 
throat of the carburetor to mix with atmospheric air during 
running of the engine. A float within the fuel bowl actuates 
a valve which meters liquid fuel into the fuel bowl from a 
fuel tank. In another known type of carburetor, a diaphragm 
pump attached to the crankcase of the engine is actuated by 
pressure pulses within the engine to pump fuel from a fuel 
tank into a fuel chamber within the carburetor, from which 
the fuel is drawn into the throat of the carburetor to mix with 
atmospheric air. 

In each of the foregoing arrangements, the carburetor is 
attached via a fuel line to a fuel tank, which stores a quantity 
of liquid fuel. The fuel tank includes a filler neck through 
which fuel may be filled into the fuel tank, and a fuel tank 
cap is attached to the filler neck to close the fuel tank. The 
fuel tank cap usually includes a venting structure for allow 
ing any pressurized fuel vapors within the fuel tank to vent 
through the fuel tank cap to the atmosphere. Also, the 
venting structure allows atmospheric air to enter the fuel 
tank from the atmosphere as necessary to occupy the 
expanding Volume within the fuel tank which is created as 
the fuel within the fuel tank is consumed by the engine. 
A problem with the existing intake and fuel Supply 

systems of Such small internal combustion engines is that 
fuel vapors may escape from the fuel Supply systems to the 
atmosphere, such as from the carburetor or from the fuel 
tank. For example, in a float bowl type of carburetor, fuel 
vapors may escape to the atmosphere via the internal venting 
structure of the carburetor which connects the air space of 
the fuel bowl with the carburetor throat, or through the fuel 
circuit of the carburetor. Also, fuel vapors in the fuel tank 
may escape to the atmosphere through the venting structure 
in the fuel tank cap. 
What is needed is a fuel supply system for small internal 

combustion engines which prevents the escape of fuel 
vapors to the atmosphere, thereby controlling and/or Sub 
stantially eliminating fuel vapor emissions from Such 
engines. 
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2 
SUMMARY OF THE INVENTION 

The present invention provides an evaporative emissions 
control system for Small internal combustion engines. The 
system generally includes a charcoal canister and a carbu 
retor with a fuel circuit shutoff valve. The charcoal canister 
is in fluid communication with the air space above the liquid 
fuel within the engine fuel tank, and optionally, with the air 
space above the liquid fuel within the fuel bowl of a fuel 
bowl-type carburetor. The charcoal canister contains char 
coal media which absorbs fuel vapors when the engine is not 
running. During running of the engine, vacuum within the 
carburetor induces a flow of atmospheric air through the 
charcoal canister to purge the collected fuel vapors from the 
charcoal media, and the fuel vapors pass into the engine for 
consumption. The carburetor may be either a fuel bowl-type 
carburetor or a diaphragm carburetor, and includes a fuel 
circuit shutoff valve controlled either by a vacuum signal 
produced within the engine or by a user-actuated mechanical 
linkage. The fuel circuit shutoff valve closes the fuel circuit 
of the carburetor upon engine shutdown to prevent escape of 
fuel vapors from the carburetor to the atmosphere. 
The charcoal canister may be integrally formed with the 

body of the fuel tank, for example, and includes a long 
dimension having opposite ends connected to a vacuum 
Source within the carburetor and to a source of atmospheric 
air, respectively, and a minor dimension in communication 
with the headspace of the fuel bowl of the carburetor and 
with the interior of the fuel tank. When the engine is not 
running, fuel vapors from the fuel bowl of the carburetor and 
from the fuel tank migrate to the charcoal canister, and are 
trapped within the charcoal media, saturating the charcoal 
media from the central portion of the charcoal canister 
outwardly along the long dimension of the charcoal canister 
to most effectively utilize the volume of charcoal media for 
trapping fuel vapors. When the engine is running, a flow of 
purging atmospheric air is induced through the charcoal 
canister along its long dimension to ensure effective purging 
of the collected fuel vapors from the charcoal canister. 
The evaporative emissions control systems also include 

either a fuel bowl-type carburetor or a diaphragm carburetor. 
In one embodiment, a fuel bowl-type carburetor includes a 
body having a throat passage, a fuel bowl containing liquid 
fuel, and a fuel circuit fluidly communicating the fuel bowl 
with the throat passage. A fuel circuit shutoff valve includes 
a diaphragm and valve member together movable responsive 
to vacuum within a vacuum chamber of the carburetor 
between a first position corresponding to engine shutdown, 
in which the vacuum chamber is at atmospheric pressure and 
the valve member blocks fuel flow from the fuel chamber to 
the fuel circuit, and a second position corresponding to 
running of the engine, in which the vacuum chamber is at 
sub-atmospheric pressure and the valve member allows fuel 
flow from the fuel chamber to the fuel circuit. In this manner, 
the fuel circuit shutoff valve is automatically operable upon 
engine shutdown to seal the fuel bowl and prevent escape of 
fuel vapors from the fuel bowl to the atmosphere. 

In another embodiment, a diaphragm carburetor includes 
first and second diaphragms, and a fuel chamber defined 
between the first diaphragm and the carburetor body which 
includes liquid fuel. A fuel circuit fluidly communicates the 
fuel chamber with the throat passage of the carburetor, and 
a vacuum chamber is defined within the carburetor body 
between the first and second diaphragms, the vacuum cham 
ber in airflow communication with the throat passage. A fuel 
circuit shutoff valve includes a valve member connecting the 
first and second diaphragms. The first and second dia 
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phragms are movable together with the valve member 
responsive to vacuum within the vacuum chamber between 
a first position corresponding to engine shutdown, in which 
the vacuum chamber is at atmospheric pressure and the 
valve member closes the fuel circuit, and a second position 
corresponding to running of the engine, in which the vacuum 
chamber is at Sub-atmospheric pressure and the valve mem 
ber allows fuel flow from the fuel chamber to the fuel circuit. 
Thus, the fuel circuit shutoff valve is operable upon engine 
shutdown to seal the fuel chamber of the diaphragm carbu 
retor and prevent the escape of fuel vapors therefrom to the 
atmosphere. 

In a further embodiment, rather than including a vacuum 
operated fuel circuit shutoff valve, the fuel bowl-type car 
buretor may include fuel circuit shutoff valve which is 
automatically actuated via mechanical linkage by the bail 
assembly of the implement with which the engine is used. In 
use, actuation of the bail assembly by the operator auto 
matically opens the fuel circuit shutoff valve before the 
engine is started to allow fuel flow into the fuel circuit of the 
carburetor. When the bail assembly is released by the 
operator upon engine shutdown, the fuel circuit shutoff valve 
of the carburetors automatically closes to prevent escape of 
fuel vapors from the carburetor to the atmosphere through 
the fuel circuit of the carburetor. 

In a still further embodiment, the evaporative emissions 
control system includes a weir-type carburetor which, rather 
than including a fuel bowl, includes a fuel chamber having 
a weir into which fuel is pumped by a fuel pump during 
running of the engine. Fuel is drawn from the weir through 
the fuel circuit into the throat of the carburetor during 
operation of the engine, wherein the fuel pump supplies 
more fuel to the weir than is consumed by the engine, and 
excess fuel overflows the weir and returns through a return 
line to the fuel tank. Additionally, the weir includes a bleed 
port to allow most of the fuel in the weir to slowly drain 
upon engine shutdown, while maintaining a Sufficient fuel 
level in the weir to allow for hot engine re-starts without 
choking or priming. Advantageously, after engine shutdown, 
the amount of fuel remaining in the weir is minimized, 
which in turn minimizes or eliminates evaporative fuel 
emissions through the carburetor fuel circuit. 

In one form thereof, the present invention provides an 
internal combustion engine, including a fuel tank containing 
liquid fuel; a fuel vapor control device including a housing 
in fluid communication with an upper portion of the fuel 
tank, the housing containing fuel vapor absorbent media, 
whereby fuel vapors from the liquid fuel within the fuel tank 
are trapped by the absorbent media; and a carburetor, 
including a carburetor body having an air intake passage; a 
fuel chamber containing liquid fuel, the fuel chamber in fluid 
communication with the fuel tank; a fuel circuit fluidly 
communicating the fuel chamber with the air intake passage, 
and a fuel circuit shutoff valve associated with the fuel 
circuit, including a valve member movable between a first, 
closed position in which fuel flow from the fuel chamber to 
the air intake passage is substantially prevented and a 
second, open position in which fuel flow from the fuel 
chamber to the air intake passage is allowed. 

In another form thereof, the present invention provides an 
internal combustion engine, including a fuel tank containing 
liquid fuel; and a carburetor, including a carburetor body 
having an air intake passage therethrough; a fuel bowl 
disposed beneath the carburetor body, the fuel bowl in fluid 
communication with the fuel tank; a fuel circuit fluidly 
communicating the fuel bowl with the air intake passage, 
and a vacuum-actuated fuel circuit shutoff valve including a 
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4 
vacuum chamber in fluid communication with the air intake 
passage, a diaphragm disposed within the vacuum chamber 
and connected to a valve member, the diaphragm and valve 
member together movable between a first, closed position 
corresponding to atmospheric pressure in the vacuum cham 
ber in which fuel flow from the fuel chamber to the air intake 
passage is Substantially prevented and a second, open posi 
tion corresponding to Sub-atmospheric pressure in the 
vacuum chamber in which fuel flow from the fuel chamber 
to the air intake passage is allowed. 

In another form thereof, the present invention provides an 
internal combustion engine, including a fuel tank containing 
liquid fuel; and a carburetor, including a carburetor body 
having an air intake passage therethrough; first and second 
diaphragms: a fuel chamber defined between the first dia 
phragm and the carburetor body, the fuel chamber in fluid 
communication with the fuel tank; a fuel circuit fluidly 
communicating the fuel chamber with the air intake passage; 
a vacuum chamber defined within the carburetor body 
between the first and second diaphragms, the vacuum cham 
ber in airflow communication with the air intake passage; 
and a fuel circuit shutoff valve including a valve member 
connecting the first and second diaphragms, the first and 
second diaphragms together movable with the valve member 
responsive to vacuum within the vacuum chamber between 
a first position corresponding to atmospheric pressure in the 
vacuum chamber, in which the valve member closes the fuel 
circuit, and a second position corresponding to Sub-atmo 
spheric pressure within the vacuum chamber, in which the 
valve member opens the fuel circuit. 

In a further form thereof, the present invention provides 
an internal combustion engine, including a fuel tank con 
taining liquid fuel; a fuel vapor control device including a 
housing in fluid communication with an upper portion of the 
fuel tank, the housing containing fuel vapor absorbent 
media, whereby fuel vapors from the liquid fuel within the 
fuel tank are trapped by the absorbent media; and a carbu 
retor, including a carburetor body having an air intake 
passage; a fuel chamber having a fuel inlet and a fuel outlet 
each in fluid communication with the fuel tank; a fuel circuit 
fluidly communicating the fuel chamber with the air intake 
passage, and a fuel pump driven from the engine, the fuel 
pump circulating fuel from the fuel tank to the chamber and 
thence from the chamber to the fuel tank. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other features and advantages 
of this invention, and the manner of attaining them, will 
become more apparent and the invention itself will be better 
understood by reference to the following description of 
embodiments of the invention taken in conjunction with the 
accompanying drawings, wherein: 

FIG. 1 is a perspective view of a lawnmower including an 
internal combustion engine having an evaporative emissions 
control system in accordance with the present invention; 

FIG. 2A is a schematic representation of a first embodi 
ment of the evaporative emissions control system, including 
a fuel bowl-type carburetor, with the fuel circuit shutoff 
valve of the carburetor in a first or closed position; 

FIG. 2B is a fragmentary view of a portion of the 
carburetor of the evaporative emissions control system of 
FIG. 2A, with the fuel circuit shutoff valve of the carburetor 
in a second or open position; 

FIG. 3 is a fragmentary, partial sectional view through the 
body of the fuel tank of the evaporative emissions control 
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system of FIGS. 2A and 4A, showing a combination valve 
used in the present evaporative emissions control systems; 

FIG. 4A is a schematic representation of a second embodi 
ment of the evaporative emissions control system, including 
a diaphragm carburetor, with the fuel circuit shutoff valve of 
the carburetor in a first or closed position; 

FIG. 4B is a fragmentary view of a portion of the 
carburetor of the evaporative emissions control system of 
FIG. 4A, with the fuel circuit shutoff valve of the carburetor 
in a second or open position; 

FIG. 5A is a sectional view of a fuel bowl-type carburetor 
which may be used with the evaporative emissions control 
system of FIG. 2A, the carburetor including a mechanically 
actuated fuel circuit shutoff valve shown in a first or closed 
position; 

FIG. 5B is a fragmentary view of the carburetor of FIG. 
5A, shown with the fuel circuit shutoff valve in a second or 
open position; 

FIG. 6 is a schematic representation of another embodi 
ment of an evaporative emissions control system including 
a weir-type carburetor, and 

FIG. 7 is a fragmentary, partial sectional view of a portion 
of the emissions control system of FIG. 6, showing details 
of the weir-type carburetor. 

Corresponding reference characters indicate correspond 
ing parts throughout the several views. The exemplifications 
set out herein illustrate preferred embodiments of the inven 
tion, and Such exemplifications are not to be construed as 
limiting the scope of the invention in any manner. 

DETAILED DESCRIPTION 

Referring first to FIG. 1, lawnmower 20 is shown as an 
example of an implement with which a small internal 
combustion engine may be used, the engine including an 
evaporative emissions control system in accordance with the 
present invention. Lawnmower 20 generally includes deck 
22 having wheels 24, and a user-operable handle 26 extend 
ing upwardly from deck 22. A Small internal combustion 
engine 28 is mounted to deck 24. Engine 28 is shown herein 
as a vertical crankshaft engine which drives a cutting blade 
(not shown) disposed beneath deck 22. However, the evapo 
rative emissions control systems of the present invention are 
equally applicable to horizontal crankshaft engines, as well 
as engines having one, two, or multiple cylinders of the type 
commonly used with a variety of different types of imple 
ments, including lawnmowers, lawn and garden tractors, 
Snow throwers, compressors, generators, and the like. 

Engine 28 includes fuel tank 30 storing liquid fuel, with 
the fill inlet of fuel tank 30 closed by fuel tank cap 32. 
Generally, as discussed further below, fuel tank 30 supplies 
liquid fuel to the carburetor 42, 170, or 270 of engine 28, 
discussed below, which mixes the fuel with intake air to 
provide a fuel/air combustion mixture for engine 28. The 
carburetor of engine 28 may be a fuel bowl-type carburetor 
42 (FIGS. 2A, 2B, 5A and 5B), a diaphragm carburetor 170 
(FIGS. 4A and 4B), or a weir-type carburetor 270 (FIGS. 6 
and 7). 

Also, handle 26 of lawnmower 20 includes a bail assem 
bly 34 which is actuated by a user before or contempora 
neously with startup of engine 28. Typically, bail assembly 
34 controls the ignition system of engine 28, and is also 
connected to a flywheel brake (not shown) via mechanical 
linkage including cable 36. When actuated by an operator, 
bail assembly 34 enables the ignition system of engine 28 
and releases the flywheel brake to allow running of engine 
28. Upon release of bail assembly 34 by the operator, the 
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6 
ignition system is grounded, and the flywheel brake is 
automatically engaged to quickly stop running of engine 28. 

Referring to FIG. 2A, an evaporative emissions control 
system 4.0a in accordance with a first embodiment of the 
present invention is shown, which includes a float bowl-type 
carburetor 42. Carburetor 42 generally includes carburetor 
body 44 having an air intake passage or throat 46 with inlet 
end 48 connected to an air filter (not shown), and outlet end 
50 connected to the intake manifold 52 (FIG. 1) of engine 
28. Throat 46 includes a constricted portion or venturi 54 
proximate the nozzle of main fuel jet 56 through which 
liquid fuel is drawn from fuel bowl 58 of carburetor 42 into 
throat 46 for mixing with intake air in a known manner 
during running of engine 28. Fuel bowl 58 is connected to 
carburetor body 44 by valve housing 60 attached to stem 
portion 62 of carburetor 42 in the manner described below. 
Fuel bowl 58 contains a volume of liquid fuel therein, and 
includes an inlet valve (not shown) actuated by float 64 for 
metering liquid fuel into fuel bowl 58 in a known manner 
from fuel tank 30 via a gravity feed or a pump feed, for 
example. Air space or head space 66 of fuel bowl 58 is 
disposed above the liquid fuel therein. 

Throttle valve plate 68 is disposed within throat 46 of 
carburetor 42, and is rotatable to vary the amount of air/fuel 
mixture which is supplied to engine 28, and therefore to in 
turn vary the running speed of engine 28 in a known manner. 
Throttle valve plate 68 is controlled by an operator of engine 
28 and/or by a governor (not shown) of engine 28 through 
a suitable linkage arrangement (not shown), for example. 
Choke valve plate 70 is also disposed within throat 46 of 
carburetor 42 upstream of throttle valve plate 68, and is 
controlled by the operator via mechanical linkage, for 
example, to rotate between a Substantially closed position to 
aid in engine starting and an open position during engine 
running. 

Fuel circuit 72 of carburetor 42 fluidly communicates fuel 
bowl 58 to supply fuel to throat 46 during running of engine 
28, and includes a pair of fuel ports 74 in stem portion 62 of 
carburetor 42 which are in fluid communication with fuel 
bowl 58, as well as a combination main fuel jet and valve 
seat 96 and nozzle 76 extending into throat 46 of carburetor 
42 at venturi 54. Idle fuel circuit 78 extends in fluid 
communication from main fuel nozzle 76 and opens into 
throat 46 of carburetor 42 proximate throttle valve plate 68 
to provide idling fuel to throat 46 of carburetor 42 when 
throttle valve plate 68 is in a closed position. 

Carburetor 42 additionally includes fuel circuit shutoff 
valve 80 for blocking the flow of fuel from fuel bowl 58 to 
fuel circuit 72 upon shutdown of engine 28, as described 
below. Fuel circuit shutoff valve 80 generally includes valve 
housing 60 including first housing member 84 and second 
housing member 84 secured to one another to capture 
diaphragm 88 therebetween. First housing member 86 
includes an insert portion 90 threadingly inserted into stem 
portion 62 of carburetor 42. Diaphragm 88 includes central 
plate 92 attached to needle valve member 94, which extends 
upwardly toward valve seat 96 of insert portion 90. Insert 
portion 90 further includes a pair of fuel ports 98 in fluid 
communication with fuel ports 74, and insert portion 90 is 
in fluid communication with main fuel jet 96 of fuel circuit. 

Spring 100 is mounted under compression between sec 
ond housing member 86 and central plate 92 of diaphragm 
88, and normally biases central plate 92, diaphragm 88, and 
needle valve member 94 into a first or closed position in 
which the end of needle valve member 94 firmly seats 
against valve seat 96 to block the flow of fuel from fuel bowl 
58 into fuel circuit 72. Second housing member 86 includes 
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fitting 102 to which vacuum line 104 is connected, with the 
opposite end of vacuum line 104 connected to fitting 106 of 
carburetor body 44 in airflow communication with throat 46 
of carburetor 42 downstream of throttle valve plate 68. In 
this manner, a vacuum signal generated within throat 46 of 
carburetor 42 during running of engine 28 is communicated 
to a vacuum chamber 108 defined between diaphragm 88 
and second housing member 86 of valve housing 60. Alter 
natively, vacuum chamber 108 may be connected to another 
vacuum source, such as the crankcase of engine 28, to 
provide a vacuum signal to vacuum chamber 108 upon 
running of engine 28. Additionally, a priming feature (not 
shown) of carburetor 42 may include a bulb (not shown) or 
other mechanism for providing positive pressure to chamber 
109 opposite vacuum chamber 108 to thereby open fuel 
circuit shutoff valve 80 before engine 28 is started to allow 
flow of an amount of priming fuel into fuel circuit 72 and 
throat 46 of carburetor 42 from fuel bowl 58 in order to 
prime carburetor 42. 

Fuel tank 30 generally includes fuel tank body 110 and 
filler neck 112 having external threads. Fuel tank cap 32 
includes internal threads for threaded attachment to filler 
neck 112 to close fuel tank 30. Gasket 114 is disposed within 
fuel tank cap 32 to provide a fluid tight seal between fuel 
tank cap 32 and filler neck 112 such that, when fuel tank cap 
32 is attached to filler neck 112, air is prevented from 
entering fuel tank 30 from the atmosphere, and fuel vapors 
within fuel tank 30 are prevented from escaping fuel tank 30 
to the atmosphere. Thus, fuel tank cap 32 is a “non-vented 
cap, and differs from known fuel tank caps which include 
fuel tank venting arrangements. Fuel tank 30 stores a quan 
tity of liquid fuel, which is supplied through fuel outlet 116 
of fuel tank 30 and fuel supply line 118 to fuel inlet 120 of 
fuel bowl 58 of carburetor 42 by a gravity feed when feel 
tank 30 is disposed above fuel bowl 58. Alternatively, a fuel 
pump (not shown) may be used to convey liquid fuel from 
fuel tank 30 to fuel bowl 58 during running of engine 28. 

Evaporative emissions control system 40a additionally 
includes a fuel vapor control device, shown herein as a 
charcoal or carbon canister 122 which is integrally formed 
with body 110 of fuel tank 30. Combination valve 124 is 
disposed within fuel tank body 110 and fluidly communi 
cates directly with charcoal canister 122. Although charcoal 
canister 122 is shown integrated into fuel tank body 110. 
charcoal canister may be a component separate from fuel 
tank 30, or alternatively, may be integrated into fuel tank cap 
32 or into carburetor 42, for example, as discussed in detail 
in U.S. patent application Ser. No. 11/035,655, entitled 
EVAPORATIVE EMISSIONS CONTROL SYSTEM 
INCLUDING A CHARCOAL CANISTER FOR SMALL 
INTERNAL COMBUSTION ENGINES, filed on Jan. 14, 
2005, assigned to the assignee of the present invention, the 
disclosure of which are expressly incorporated herein by 
reference. 

Charcoal canister 122 includes an elongated housing 126 
having first end 128 with fitting 130, and opposite second 
end 132 with fitting 134, wherein first and second ends 128 
and 132 are oriented along a major dimension of charcoal 
canister 122. A third fitting 136, as well as combination 
valve 124, are located near the central portion of charcoal 
canister 122 about the minor dimension of charcoal canister 
122. Charcoal canister 122 includes a fuel absorbent media 
therein, Such as charcoal media 138 for trapping fuel vapors, 
as described further below. Charcoal media 138 may be in 
the form of small pellets or activated charcoal or carbon, or 
other suitable absorbent material, for example, and suitable 
charcoal canisters and charcoal media are available from 
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many commercial sources, such as Sentec E&E Co., Ltd., of 
Taiwan and MeadWestvaco Corporation, P.O. Box 14, Cov 
ington, Va. 24426. Charcoal media 84 is typically rated by 
its Normal Butane Capacity (NBC) in g/ml. A typical 
NBC rating is 10, but carbon having capacities of up to 15 
is commercially available. Housing 126 of charcoal canister 
122 has an elongate profile. Such that the length of housing 
126 is greater than its cross-sectional width. For example, 
housing 126 may have a length to cross-sectional width 
aspect ratio of 2, 3, 4, or more for the reasons discussed 
below and in detail in the above-incorporated U.S. patent 
application Ser. No. 11/035,655. 

Combination valve 124 is mounted in fuel tank body 110 
and is made of a resilient material such as rubber or flexible 
plastic. Referring additionally to FIG. 3, combination valve 
124 includes a head or flange 140, and a pair of flaps 142 
about a main passageway 144 which extends through valve 
124. Combination valve 124 may be attached to fuel tank 
body 110 by pressing valve 124 into opening 146 in fuel tank 
body 110, with catches 148 of flaps 142 engaging behind 
fuel tank body 110 with flaps 142 extending into the interior 
of fuel tank 30. Flaps 142 are "duck bill type flaps which 
are normally resiliently biased together to prevent air from 
passing from fuel tank 30 into charcoal canister 122. How 
ever, flaps 142 may flexibly separate from one another to 
permit airflow from charcoal canister 122 to fuel tank 30 for 
the reasons discussed below. Flange 140 of combination 
valve 124 normally overlays and closes hole 150 in fuel tank 
body 110. However, fuel vapors within fuel tank 30, when 
built to a sufficient pressure, may resiliently deflect flange 
140 of combination valve 124 upwardly such that the fuel 
vapors may pass through hole 150 into charcoal canister 
122. 

Referring back to FIG. 2, vacuum line 152 is connected to 
fitting 154 of carburetor body 44 and to fitting 134 of 
charcoal canister 122, and optionally includes check valve 
156 therein for permitting flow of air only from charcoal 
canister 122 into throat 46 of carburetor 42. Fuel bowl vent 
line 158 is connected to third fitting 136 of charcoal canister 
122 and to fitting 160 of carburetor body 44 which is in 
communication through vent passage 162 with the air space 
66 above the fuel within fuel bowl 58. Fuel bowl vent line 
158 may also include an anti-rollover valve (not shown) 
therein to prevent liquid fuel from fuel bowl 58 from passing 
through line 158 into charcoal canister 122 and fouling 
charcoal media 138 if engine 28 is tipped, for example. 
Finally, inlet air line 164 is connected to fitting 130 of 
charcoal canister 122, and is in airflow communication with 
a Suitable source of atmospheric air, such as the air filter (not 
shown) of engine 28, or with throat 46 of carburetor 42 
upstream of choke valve plate 70. 
The operation of evaporative emissions control system 

4.0a is as follows. When engine 28 is not running, fuel 
vapors above the liquid fuel in fuel tank 30 are trapped 
within fuel tank 30 by fuel tank cap 32 and combination 
valve 124. When the fuel vapors build to a sufficient pressure 
within fuel tank 30, the fuel vapors deflect flange 140 (FIG. 
3) of combination valve 124 and pass through hole 150 in 
fuel tank body 110 into charcoal canister 122, where the fuel 
vapors are trapped within charcoal media 138. Similarly, 
fuel vapors above the liquid fuel within fuel bowl 58 of 
carburetor 42 may pass through vent passage 162 and fuel 
bowl vent line 158 into charcoal canister 122, where the fuel 
vapors are trapped within charcoal media 138. In this 
manner, evaporative emissions control system 4.0a is closed 
to the atmosphere when engine 28 is not running, and fuel 
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vapors within the fuel Supply system of engine 28, including 
fuel tank 30 and carburetor 42, are trapped within charcoal 
canister 122. 

Advantageously, fitting 136 of charcoal canister 122 and 
combination valve 124, through which fuel vapors pass into 
charcoal media 138, are disposed at the central portion of 
charcoal canister 122. Thus, fuel vapors from fuel tank 30 
and fuel bowl 58 saturate the charcoal media 138 progres 
sively from the center of charcoal canister 122 horizontally 
outwardly toward the opposite first and second ends 128 and 
132 of charcoal canister 122. In this manner, the interior 
volume of charcoal canister 122 is most effectively utilized 
for trapping fuel vapors within charcoal media 138. 

Additionally, when engine 28 is not running, spring 100 
in valve housing 60 of carburetor 42 biases central plate 92. 
diaphragm 88, and needle valve member 94 upwardly to the 
first or closed position shown in FIG. 2A, in which needle 
valve member 94 seats against valve seat 96 to block the 
flow of fuel from fuel bowl 58 to fuel circuit 72. In this 
manner, fuel bowl 58 of carburetor is sealed, such that fuel 
vapors within fuel bowl 58 are prevented from escaping fuel 
bowl 58 and passing into the atmosphere through fuel circuit 
72 and throat 46 of carburetor 42. 
When engine 28 is started, the collected fuel vapors 

trapped within charcoal media 138 are purged from charcoal 
media 138 and consumed within engine 28. Specifically, 
passage of air through throat 46 of carburetor 42 generates 
a vacuum proximate throttle valve plate 68 and fitting 154 of 
vacuum line 152. This vacuum is communicated through 
vacuum line 152 to fitting 134 at second end 132 of charcoal 
canister 122, and atmospheric air is concurrently drawn into 
first end 128 of charcoal canister 122 through inlet air line 
164 to displace the air which is drawn out of charcoal 
canister 122 through vacuum line 152. In this manner, a flow 
of atmospheric air is induced axially through charcoal 
canister 122 from its first end 128 to its second end 132. The 
airflow through charcoal canister 122 purges the fuel vapors 
from charcoal media 138, and the fuel vapors are carried 
with the atmospheric air through line 152 into throat 46 of 
carburetor 42 for consumption by engine 28. 

Also, during running of engine 28, atmospheric make-up 
air enters charcoal canister 122 during purging of fuel vapors 
as described above, and a portion of this air may pass 
through flaps 142 of combination valve 124 into fuel tank 30 
as necessary to occupy the expanding air Volume within fuel 
tank 30 which is created by the consumption of liquid fuel 
from fuel tank 30 during running of engine 28. 

Concurrently, when engine 28 is started, the vacuum 
signal from throat 46 of carburetor 42 is communicated 
through vacuum line 104 to vacuum chamber 108 of valve 
housing 60 of carburetor 42, thereby forcing diaphragm 88 
downwardly against the bias of spring 100 to the position 
shown in FIG. 2B. Movement of diaphragm 88 responsive 
to sub-atmospheric pressure in vacuum chamber 108 con 
currently moves needle valve member 94 to a second or 
open position to unseat from valve seat 96. Thus, fuel flow 
is allowed from fuel bowl 58 through the sets of fuel ports 
74 and 98 into fuel circuit 72 of carburetor 42 for supply to 
throat 46 for mixing with intake air and combustion within 
engine 28. 
Upon shutdown of engine 28, charcoal canister 122 

operates as described above to trap fuel vapors from fuel 
tank 30 and fuel bowl 58 of carburetor 42. Also, upon 
shutdown of engine 28, throat 46 of carburetor quickly 
returns to atmospheric pressure, which pressure is commu 
nicated to vacuum chamber 108 of valve housing 60. There 
after, spring 100 biases central plate 92, diaphragm 88, and 
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10 
needle valve member 94 to the first or closed position shown 
in FIG. 2A as described above to seal fuel and fuel vapors 
within fuel bowl 58 and prevent the escape of fuel vapors 
from fuel bowl 58 to the atmosphere. Upon shutdown of 
engine 28, spring 100 closes fuel circuit shutoff valve 80. 
and any remaining fuel in fuel circuit 72 results in the loss 
of only a negligible amount of fuel vapors to the atmosphere. 

Referring to FIG. 4A, evaporative emissions control sys 
tem 40b according to a second embodiment of the present 
invention is shown. Many of the components of evaporative 
emissions control system 40b, including fuel tank 30 and 
charcoal canister 122, for example, are identical to those of 
evaporative emissions control system 40a described above, 
and identical reference numerals have been used to denote 
identical elements therebetween. 

Evaporative emissions control system 40b includes dia 
phragm carburetor 170, which generally includes carburetor 
body 172 having throat 174 with inlet end 176 connected to 
an air filter (not shown), and outlet end 178 connected to the 
intake manifold 52 (FIG. 1) of engine 28. Throat 174 
includes a constricted portion or venturi 180 proximate the 
main fuel jet 192 through which liquid fuel is drawn into 
throat 174 for mixing with intake air in a known manner 
during running of engine 28. Carburetor 170 additionally 
includes throttle valve plate 182 downstream of venturi 180, 
and choke valve plate 184 upstream of venturi 180. 

Carburetor 170 additionally includes fuel circuit 186 for 
supplying liquid fuel to throat 174 of carburetor 170 during 
running of engine 28. Fuel circuit 186 generally includes 
fuel metering chamber 188 in communication with fuel 
chamber 190, main fuel jet 192 extending upwardly from 
fuel metering chamber 188 into throat 174, and idle fuel 
circuit 194 extending from fuel metering chamber 188 and 
opening into throat 174 at a location proximate throttle valve 
plate 182. 

Carburetor 170 additionally includes diaphragmassembly 
196, including first diaphragm 198 and second diaphragm 
200, wherein first diaphragm 198 is generally smaller than 
second diaphragm 200 for the reasons discussed below. First 
diaphragm 198 is secured to carburetor body 172 via ring 
plate 202, and fuel chamber 190 is defined between first 
diaphragm 198 and carburetor body 172. Fuel from fuel 
supply line 118 passes from fuel tank 30 through fuel 
passage 204 of carburetor 170 into fuel chamber 190 via 
gravity feed when fuel tank 30 is disposed above carburetor 
170, or alternatively, by a pump feed, for example. 
Second diaphragm 200 is secured to carburetor body 172 

by cover plate 206, which includes opening 208. Vacuum 
chamber 210 is defined between second diaphragm 200 and 
first diaphragm 198 within carburetor 170, and atmospheric 
chamber 212 is defined between cover plate 206 and second 
diaphragm 200, with opening 208 communicating atmo 
spheric chamber 212 to the atmosphere. Vacuum passage 
214 is formed in carburetor 170, and includes first end 216 
in communication with throat 174, and second end 218 in 
communication with vacuum chamber 210. 

Referring additionally to FIG. 4B, carburetor 170 addi 
tionally includes fuel circuit shutoff valve 222, including 
valve member 224 connected to central plate 226 of first 
diaphragm 198 and central plate 228 of second diaphragm 
200 such that valve member 224, first diaphragm 198, and 
second diaphragm 200 are movable together in unison. 
Valve member 224 includes valve head 230 disposed within 
fuel metering chamber 188, which is normally biased into 
engagement with valve seat 232 of fuel metering chamber 
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188 by the bias force of spring 234, which is mounted under 
compression between carburetor body 172 and central plate 
226 of first diaphragm 198. 
The operation of evaporative emissions control system 

40b is as follows. The functioning of charcoal canister 122 
and combination valve 124 is identical to that of evaporative 
emissions control system 4.0a of the first embodiment, 
shown in FIGS. 2A and 3, and will not be discussed again 
in detail. Generally however, charcoal canister 122 traps fuel 
vapors from fuel tank 30 when engine 28 is not running and, 
during running of engine 28, a vacuum signal is communi 
cated to second end 132 of charcoal canister 122 through 
vacuum line 152, with atmospheric air entering first end 128 
of charcoal canister 122 through atmospheric air inlet line 
164 to purge the fuel vapors from charcoal canister 122 
during running of engine 28. 
When engine 28 is stopped, spring 234 biases central plate 

226 and first diaphragm 198, valve member 224, and central 
plate 228 and second diaphragm 200 downwardly as shown 
in FIG. 4A to a first or closed position in which a valve head 
230 of valve member 224 is seated against valve seat 232 
within fuel metering chamber 188 to block fuel flow from 
fuel chamber 190 into fuel metering chamber 188. In this 
manner, fuel circuit 186 of carburetor 170 is sealed from fuel 
chamber 190 of carburetor 170 when engine 28 is not 
running to prevent vapors from the liquid fuel within fuel 
chamber 190 from escaping outwardly of carburetor 170 to 
the atmosphere. 
Upon running of engine 28, a vacuum signal from throat 

174 is communicated through vacuum passage 214 to 
vacuum chamber 210 of carburetor 170. Because the size of 
second diaphragm 200 is greater than that of first diaphragm 
198, atmospheric pressure within atmosphere chamber 212 
biases second diaphragm 200 and central plate 228, valve 
member 224, and central plate 226 and first diaphragm 198 
upwardly against the bias of spring 234, thereby lifting valve 
head 230 of valve member 224 from valve seat 232 to allow 
fuel flow from fuel chamber 190 into metering chamber 188, 
and thence through fuel circuit 186 for supply to throat 174 
of carburetor 170. Upon engine shutdown, fuel circuit 
shutoff valve 222 closes in the manner described above to 
prevent the escape of fuel vapors from fuel chamber 190 of 
carburetor 170 into the atmosphere. Also, spring 234 closes 
fuel circuit shutoff valve 222 upon engine shutdown, and 
any remaining fuel in fuel chamber 188 and fuel circuit 186 
results in the loss of only a negligible amount of fuel vapors 
to the atmosphere. 

Referring to FIGS. 5A and 5B, a modified version of 
carburetor 42 is shown which may be used in evaporative 
emissions control system 40a, in which the fuel circuit 
shutoff valve of carburetor 42 is mechanically actuated by 
bail assembly 34 of lawnmower 20, or by any other similar 
mechanism in an implement with which engine 28 is used. 
Bail assembly 34 includes bail 238 pivotally mounted to 
handle 26 of lawnmower 20, with bail 238 attached to one 
end of cable 36. The opposite end of cable 36 is attached to 
fuel circuit shutoff valve assembly 240 in the manner 
described below. Cable 36 may be covered by steel tubing 
242 which is Supported at its opposite ends by a first Support 
244 on handle 26 and a second Support 246 mounted to a 
suitable portion of engine 28, with cable 36 translatable 
within tubing 242. 

Fuel circuit shutoff valve assembly 240 generally includes 
valve housing 248 having insert portion 250 threadably 
inserted into stem portion 62 of carburetor 42, which 
includes fuel ports 252 aligned with fuel ports 74 of stem 
portion 62. Valve housing 248 additionally includes needle 
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12 
valve member 254 which is normally biased into engage 
ment with valve seat 256 in the manner described below. 
Actuator shaft 258 is connected to cable via clevis 260, is 
slidable with valve housing 248, and includes wedge mem 
ber 262. Main spring 264 is captured under compression 
between valve housing 248 and wedge member 262 and, 
when engine 28 is not running, normally biases actuator 
shaft 258 toward the right as shown in FIG. 5A, in which 
wedge member 262 moves valve block 266 to an upper 
position via the sliding engagement between cooperating 
angled cam Surfaces on wedge member 262 and valve block 
266. Valve spring 268 is disposed under compression 
between a recess in valve block 266 and needle valve 
member 254, and aids in retaining needle valve member 254 
firmly against valve seat 256 when valve assembly 240 is in 
a first or closed position, as shown in FIG. 5A, to thereby 
Seal fuel bowl 58 of carburetor 42 and block fuel flow from 
fuel bowl 58 into fuel circuit 72 of carburetor 42. 
When bail 238 of bail assembly 34 is pivoted toward 

handle 26 by an operator before engine 28 is started, cable 
36 is translated within tubing 242 to slide actuator shaft 258 
and wedge member 262 against the bias of main spring 264 
toward the left as shown in FIG. 5B, thereby forcing valve 
block 266 downwardly. Movement of valve block 266 
downwardly exerts a tension load through valve spring 268, 
which positively forces needle valve member 254 away 
from valve seat 256 to thereby allow fuel flow from fuel 
bowl 58 into fuel circuit 72 of carburetor 42. Advanta 
geously, the force exerted upon needle valve member 254 by 
valve spring 268 forces needle valve member 254 away 
from valve seat 256 even if needle valve member 254 should 
become stuck within valve seat 256. 
When bail 238 of bail assembly 34 is released upon 

engine shutdown, main spring 264 moves wedge member 
262 and actuator shaft 258 back to the position shown in 
FIG. 5A, moving valve block 266 upwardly to allow valve 
spring 268 to bias needle valve member 254 into firm 
engagement with valve seat 256 to block fuel flow from fuel 
bowl 58 into fuel circuit 72 of carburetor 42. Upon shutdown 
of engine 28, main spring 264 and valve spring 268 are 
operable to close fuel circuit shutoff valve 240 before engine 
28 completely stops, thereby aiding in stopping engine 28, 
and any remaining fuel in fuel circuit 72 which is not rapidly 
consumed within engine 28 as engine 28 coasts to a stop 
results in the loss of only a negligible amount of fuel vapors 
to the atmosphere. 

Referring to FIGS. 6 and 7, evaporative emissions control 
system 40c according to a further embodiment of the present 
invention is shown. Many of the components of evaporative 
emissions control system 40c, including fuel tank 30 and 
charcoal canister 122, for example, are Substantially similar 
to those of evaporative emissions control systems 4.0a and 
40b described above, and identical reference numerals have 
been used to denote substantially similar elements therebe 
tWeen. 

Evaporative emissions control system 40c includes a 
weir-type carburetor 270, shown in FIG. 7, with upper 
carburetor body 272 having an air intake passage or throat 
274 therethrough with choke valve 276, venturi 278, and 
throttle valve 280, as well as main fuel circuit 282 and idle 
fuel circuit 284 supplying fuel to throat 274 of carburetor 
270 similar to carburetors 42 and 180 described above. The 
lower portion of carburetor body 272 includes stem portion 
286 containing fuel nozzle 288 and fuel ports 290 of main 
fuel circuit 282. Lower carburetor body 292 is attached to 
stem portion 286 of upper carburetor body 272 via a nut 294, 
and fuel chamber 296 is defined generally within lower 

Page 17 of 20



US 7,165,536 B2 
13 

carburetor body 292 and is enclosed by upper and lower 
carburetor bodies 272 and 292. Lower carburetor body 292 
also includes fuel inlet fitting 298 and fuel outlet fitting 300. 

Fuel chamber 296 includes a spill-well or weir 302, which 
is a cup-shaped portion integrally formed with lower car 
buretor body 292. Fuel ports 290 and fuel nozzle 288 of 
main fuel circuit 282 are disposed within weir 302 to draw 
fuel therefrom, and fuel inlet fitting 298 is in fluid commu 
nication with weir 302. Weir 302 additionally includes an 
open upper end 304 and a bleed port 306 in a lower portion 
thereof, which is spaced a small distance from the bottom of 
weir 302 and fluidly communicates the interior of weir 302 
with fuel chamber 296. 

Referring additionally to FIG. 6, fuel supply line 308 
connects fuel tank 30 to fuel inlet fitting 298 of carburetor 
270, and fuel pump 310 is disposed within fuel supply line 
308 for pumping fuel from fuel tank 30 to weir 302 and fuel 
chamber 296 of carburetor 270. Fuel pump 310 may be a 
diaphragm-type fuel pump actuated by pulses from the 
crankcase of engine 28 or alternatively, may be a mechanical 
diaphragm, gerotor or Vane-type pump which is directly 
driven from engine 28, for example. Fuel supply line 308 
also includes an optional check valve 312, shown herein as 
a ball-and-spring type check valve, for allowing fuel to pass 
from fuel pump 310 to weir 302 and fuel chamber 296 of 
carburetor 270, yet preventing reverse flow of fuel or fuel 
vapors back to fuel tank 30. 

Fuel return line 314 is connected between fuel outlet 
fitting 300 of carburetor 270 and a vapor dome 316 of fuel 
tank 30, which is formed as a projection in the upper wall of 
fuel tank 30 in which fuel vapors collect. Fuel return line 314 
includes a buoyant ball-type check valve 318 including 
chamber 320, valve seat 322, and ball 324. When fuel pump 
310 is running, ball 324 is buoyant and freely movable 
within chamber 320, allowing liquid fuel to pass from 
carburetor 270 to fuel tank 30. When pump 310 is not 
running and fuel flow through fuel return line 314 gradually 
ceases as described below, ball 324 eventually seats by 
gravity against valve seat 322 to prevent the passage of fuel 
vapors from fuel tank 30 to fuel chamber 296 of carburetor 
270. 

Vent line 326 is connected between a vent fitting 328 
connected to carburetor 270 at the upper portion of fuel 
chamber 296 above the liquid fuel therewithin, and fitting 
330 of charcoal canister 122. Vacuum line 332 is connected 
between fitting 334 at throat 274 of carburetor 270 and 
fitting 336 of charcoal canister 122. Vapor line 338 is 
connected between fitting 340 of vapor dome 316 of fuel 
tank 30 and fitting 342 of charcoal canister 122. Vent line 
326 and vapor line 338 may each include an anti-rollover 
valve (not shown) therein to prevent liquid fuel from fuel 
chamber 296 of carburetor 270 and fuel tank 30 from 
passing through lines 326 and 338, respectively, into char 
coal canister 122 and fouling charcoal media 138 if engine 
28 is tipped, for example. Additionally, atmospheric air may 
enter charcoal canister 122 through atmospheric inlet line 
344 which is in fluid communication with a suitable source 
of atmospheric air. 

In operation, fuel pump 310 is actuated upon starting of 
engine 28 to pump fuel from fuel tank 30 through fuel 
supply line 308 and check valve 312 into weir 302 of 
carburetor 270. A portion of the fuel within weir 302 is 
drawn upwardly through main fuel circuit 282 into throat 
274 of carburetor 270 for consumption by engine 28: 
however, most of the fuel within weir 302 overflows over the 
open upper end 304 of weir 302 into fuel chamber 296 of 
carburetor 270. The overflow fuel within fuel chamber 296 
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flows through fuel return line 314 by gravity through check 
valve 318, returning to fuel tank 30. Alternatively, a second 
fuel pump (not shown) may be used to return fuel from fuel 
chamber 296 to fuel tank 30. In this manner, fuel pump 310 
circulates an excess amount of fuel than that which is needed 
by engine 28 from fuel tank 30 to carburetor 270 and thence 
from carburetor back to fuel tank 30. 
Upon engine shutdown, fuel pump 310 is deactivated, and 

check valve 312 in fuel supply line 308 closes as described 
above. Fuel within weir 302 is no longer drawn upwardly 
through main fuel circuit 282 into carburetor throat 274, and 
the fuel within fuel chamber 296 returns through fuel return 
line 314 to fuel tank 30. Concurrently, most of the fuel 
within weir 302 gradually drains through bleed port 306 and 
also returns through fuel return line 314 to fuel tank 30. 
However, a small amount of fuel remains within weir 302 
beneath bleed port 306 to provide fuel for a re-start of engine 
28. Bleed port 306 may be sized such that it takes several 
minutes for the fuel within weir 302 to drain upon engine 
shutdown, enabling sufficient fuel to be available within 
weir 302 for a quick engine re-start. The majority of any fuel 
vapors present within fuel chamber 296 and weir 302 after 
engine 28 is shutdown and weir 302 is substantially drained 
travel through vent line 326 and are trapped within charcoal 
media 138 of charcoal canister 122. Advantageously, 
because the amount of liquid fuel remaining within weir 302 
upon engine shutdown is minimized, only a very small 
amount of fuel vapors, if any, escape through main fuel 
circuit 282 to the atmosphere. For example, weir 302 may 
contain only from about 1–5 ml of fuel after weir 302 is 
drained. Optionally, carburetor 270 may be equipped with a 
priming device (not shown) to allow an operator to substan 
tially fill weir 302 with fuel to aid in cold engine starts. Also, 
fuel vapors which collect within vapor dome 316 of fuel tank 
30 pass through vapor line 338 and are trapped within 
charcoal media 138 of charcoal canister 122. 
Upon a Subsequent engine re-start, vacuum produced 

within throat 274 of carburetor 270 is communicated 
through vacuum line 332 to charcoal canister 122 to purge 
the fuel vapors therefrom, with atmospheric make-up air 
entering charcoal canister 122 via atmospheric inlet line 
344, and fuel pump 310 is actuated to supply fuel to 
carburetor 270 in the manner described above. 

While this invention has been described as having a 
preferred design, the present invention can be further modi 
fied within the spirit and scope of this disclosure. This 
application is therefore intended to cover any variations, 
uses, or adaptations of the invention using its general 
principles. Further, this application is intended to cover Such 
departures from the present disclosure as come within 
known or customary practice in the art to which this inven 
tion pertains and which fall within the limits of the appended 
claims. 

What is claimed is: 
1. An internal combustion engine, comprising: 
a fuel tank containing liquid fuel; 
a fuel vapor control device including a housing in fluid 

communication with an upper portion of said fuel tank, 
said housing containing fuel vapor absorbent media, 
whereby fuel vapors from the liquid fuel within said 
fuel tank are trapped by said absorbent media; and 

a carburetor, comprising: 
a carburetor body having an air intake passage includ 

ing a venturi portion; 
a fuel chamber containing liquid fuel, said fuel cham 

ber in fluid communication with said fuel tank; 
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a main fuel circuit fluidly communicating said fuel 
chamber with said venturi portion of said air intake 
passage, 

an idle fuel circuit fluidly communicating said fuel 
chamber with said air intake passage downstream of 
said venturi portion; and 

a fuel circuit shutoff valve disposed upstream of said 
main and idle fuel circuits, including a valve member 
movable between a first, closed position in which 
fuel flow from said fuel chamber to said air intake 
passage through said main and idle circuits is Sub 
stantially prevented and a second, open position in 
which fuel flow from said fuel chamber to said air 
intake passage through said main and idle fuel cir 
cuits is allowed. 

2. The engine of claim 1, wherein said fuel chamber of 
said carburetor is a fuel bowl, said fuel bowl including a fuel 
inlet valve metering fuel into said fuel bowl from said fuel 
tank. 

3. The engine of claim 2, wherein said housing is in fluid 
communication with an upper portion of said fuel bowl, 
whereby fuel vapors from said fuel bowl are trapped by said 
absorbent media within said housing. 

4. The engine of claim 1, wherein said valve member of 
said fuel circuit shutoff valve is normally disposed in said 
first, closed position, and is movable to said second, open 
position responsive to vacuum with said engine. 

5. The engine of claim 4, wherein said fuel circuit shutoff 
valve further comprises a biasing member biasing said valve 
member toward said first, closed position. 

6. The engine of claim 4, wherein said carburetor com 
prises: 

a valve housing including a diaphragm coupled to said 
valve member; 

a vacuum chamber defined between said diaphragm and 
said housing and in fluid communication with said air 
intake passage of said carburetor, wherein vacuum 
generated within said air intake passage upon running 
of said engine is communicated to said vacuum cham 
ber to move said diaphragm and said valve member to 
said second, open position. 

7. The engine of claim 4, wherein said carburetor com 
prises: 

first and second diaphragms each connected to said valve 
member of said fuel circuit shutoff valve, said fuel 
chamber defined between said first diaphragm and said 
carburetor body; 

a vacuum chamber defined within said carburetor body 
between said first and second diaphragms, said vacuum 
chamber in fluid communication with said air intake 
passage, said first and second diaphragms and said 
valve member together movable responsive to vacuum 
within said vacuum chamber between a first position 
corresponding to engine shutdown in which said 
vacuum chamber is at atmospheric pressure and said 
valve member blocks fuel flow from said fuel chamber 
to said fuel circuit, and a second position corresponding 
to running of the engine in which said vacuum chamber 
is at Sub-atmospheric pressure said valve member 
allows fuel flow from said fuel chamber to said fuel 
circuit. 

8. The engine of claim 4, wherein said air intake passage 
further includes a throttle valve downstream of said venturi 
portion, and said fuel circuit shutoff valve is movable to said 
second, open position responsive to a vacuum signal from 
the air intake passage downstream of said throttle valve. 
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9. An internal combustion engine, comprising: 
a fuel tank containing liquid fuel; 
a fuel vapor control device including a housing in fluid 

communication with an upper portion of said fuel tank, 
said housing containing fuel vapor absorbent media, 
whereby fuel vapors from the liquid fuel within said 
fuel tank are trapped by said absorbent media; and 

a carburetor, comprising: 
a carburetor body having an air intake passage; 
a fuel chamber containing liquid fuel, said fuel cham 

ber in fluid communication with said fuel tank; 
a fuel circuit fluidly communicating said fuel chamber 

with said air intake passage, and 
a fuel circuit shutoff valve associated with said fuel 

circuit, including a valve member movable between 
a first, closed position in which fuel flow from said 
fuel chamber to said air intake passage is substan 
tially prevented and a second, open position in which 
fuel flow from said fuel chamber to said air intake 
passage is allowed, said fuel circuit shutoff valve 
further comprising: 
an operator-controlled member, and 
mechanical linkage connecting said operator-con 

trolled member to said fuel circuit shutoff valve, 
whereby said fuel circuit shutoff valve is manually 
controlled. 

10. An internal combustion engine, comprising: 
a fuel tank containing liquid fuel; and 
a carburetor, comprising: 

a carburetor body having an air intake passage there 
through, said air intake passage including a Venturi 
portion; 

a fuel bowl disposed beneath said carburetor body, said 
fuel bowl in fluid communication with said fuel tank; 

a main fuel circuit fluidly communicating said fuel 
bowl with said venturi portion of said air intake 
passage, 

an idle fuel circuit fluidly communicating said fuel 
chamber with said air intake passage downstream of 
said venturi portion; and 

a vacuum-actuated fuel circuit shutoff valve disposed 
upstream of said main and idle fuel circuits and 
including a vacuum chamber in fluid communication 
with said air intake passage, a diaphragm disposed 
within said vacuum chamber and connected to a 
valve member, said diaphragm and valve member 
together movable between a first, closed position 
corresponding to atmospheric pressure in said 
vacuum chamber in which fuel flow from said fuel 
chamber to said air intake passage through said main 
and idle fuel circuits is substantially prevented and a 
second, open position corresponding to Sub-atmo 
spheric pressure in said vacuum chamber in which 
fuel flow from said fuel chamber to said air intake 
passage through said main and idle fuel circuits is 
allowed. 

11. The internal combustion engine of claim 10, further 
comprising a fuel vapor control device including a housing 
in fluid communication with an upper portion of said fuel 
tank, said housing containing fuel vapor absorbent media, 
whereby fuel vapors from the liquid fuel within said fuel 
tank are trapped by said absorbent media. 

12. The internal combustion engine of claim 10, further 
comprising a fuel vapor control device including a housing 
in fluid communication with an upper portion of said fuel 
bowl, said housing containing fuel vapor absorbent media, 
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whereby fuel vapors from the liquid fuel within said fuel 
bowl are trapped by said absorbent media. 

13. The internal combustion engine of claim 10, wherein 
said air intake passage further includes a throttle valve 
downstream of said venturi portion, and said fuel circuit 
shutoff valve is movable to said second, open position 
responsive to a vacuum signal from the air intake passage 
downstream of said throttle valve. 

14. An internal combustion engine, comprising: 
a fuel tank containing liquid fuel; and 
a carburetor, comprising: 

a carburetor body having an air intake passage there 
through; 

first and second diaphragms: 
a fuel chamber defined between said first diaphragm 

and said carburetor body, said fuel chamber in fluid 
communication with said fuel tank; 

a fuel circuit fluidly communicating said fuel chamber 
with said air intake passage; 

a vacuum chamber defined within said carburetor body 
between said first and second diaphragms, said 
vacuum chamber in airflow communication with 
said air intake passage; and 

a fuel circuit shutoff valve including a valve member 
connecting said first and second diaphragms, said 
first and second diaphragms together movable with 
said valve member responsive to vacuum within said 
vacuum chamber between a first position corre 
sponding to atmospheric pressure in said vacuum 
chamber, in which said valve member closes said 
fuel circuit, and a second position corresponding to 
sub-atmospheric pressure within said vacuum cham 
ber, in which said valve member opens said fuel 
circuit. 

15. The internal combustion engine of claim 14, further 
comprising a fuel vapor control device including a housing 
in fluid communication with an upper portion of said fuel 
tank, said housing containing fuel vapor absorbent media, 
whereby fuel vapors from the liquid fuel within said fuel 
tank are trapped by said absorbent media. 
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16. An internal combustion engine, comprising: 
a fuel tank containing liquid fuel; 
a fuel vapor control device including a housing in fluid 

communication with an upper portion of said fuel tank, 
said housing containing fuel vapor absorbent media, 
whereby fuel vapors from the liquid fuel within said 
fuel tank are trapped by said absorbent media; and 

a carburetor, comprising: 
a carburetor body having an air intake passage; 
a fuel chamber having a fuel inlet and a fuel outlet each 

in fluid communication with said fuel tank; 
a fuel circuit fluidly communicating said fuel chamber 

with said air intake passage; and 
a weir disposed within said fuel chamber, said fuel 

circuit and said fuel inlet each in fluid communica 
tion with said weir; and 

a fuel pump driven from said engine, said fuel pump 
circulating fuel from said fuel tank to said chamber and 
thence from said chamber to said fuel tank. 

17. The engine of claim 16, wherein said weir further 
comprises an open upper end in fluid communication with 
said fuel chamber. 

18. The engine of claim 16, wherein said weir further 
comprises a bleed hole in a lower portion thereof, said bleed 
hole in fluid communication with said fuel chamber. 

19. The engine of claim 16, further comprising at least one 
of: 

a fuel inlet check valve disposed between said fuel pump 
and said fuel inlet; and 

a fuel outlet check valve disposed between said fuel outlet 
and said fuel tank. 

20. The engine of claim 16, wherein said housing is in 
fluid communication with an upper portion of said fuel 
chamber, whereby fuel vapors from said fuel chamber are 
trapped by said absorbent media within said housing. 
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