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Description

CROSS REFERENE TO RELATED APPLICATION

[0001] This application claims priority benefit from U.S.
Provisional Application Serial No. 62/355,635, which was
filed on June 28, 2016, which is incorporated by reference
in its entirety.

BACKGROUND

[0002] Fuel delivery systems can deliver fuel into in-
ternal combustion engines.

SUMMARY

[0003] According to one aspect, systems and methods
provide a fuel delivery system of an engine, the fuel de-
livery system including a vent tube, walls providing a seat
and forming a cavity at an opening of the vent tube, a
floor of the cavity, the floor including a convex portion
protruding from the floor, and a stopper in the cavity for
sitting in the seat during a rollover situation.
[0004] Other systems, methods, features, and advan-
tages is or will become apparent upon examination of
the following figures and detailed description. It is intend-
ed that all such additional systems, methods, features,
and advantages be included within this description and
be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In association with the following detailed de-
scription, reference is made to the accompanying draw-
ings, where like numerals in different figures can refer to
the same element. The features of the drawings are not
necessarily drawn to scale.

FIG. 1A is a perspective view of an example engine
mounted fuel delivery system as installed on an en-
gine.
FIG. 1B is a schematic representation showing in
more detail certain components of the engine mount-
ed fuel delivery system and the engine of FIG. 1A.
FIG. 2 is a perspective view of the engine mounted
fuel delivery system of FIG. 1A.
FIG. 3 is a further cross-sectional view of the engine
mounted fuel delivery system of FIGS. 1 and 2, taken
along line A-A of FIG. 2.
FIG. 4 is a partial side cutaway view of an example
rollover valve arrangement for the vent tube.
FIGS. 5A-D are schematics of the example rollover
valve arrangement.
FIG. 6 is a flowchart of an example functioning of the
rollover valve arrangement.

DETAILED DESCRIPTION

[0006] While the disclosure may be susceptible to em-
bodiment in different forms, there is shown in the draw-
ings, and herein is described in detail, a specific embod-
iment with the understanding that the present disclosure
is to be considered an exemplification of the principles
of the disclosure, and is not intended to limit the disclo-
sure to that as illustrated and described herein. There-
fore, unless otherwise noted, features disclosed herein
may be combined together to form additional combina-
tions that were not otherwise shown for purposes of brev-
ity. It is further appreciated that in some embodiments,
one or more elements illustrated by way of example in a
drawing(s) may be eliminated and/or substituted with al-
ternative elements within the scope of the disclosure.
[0007] Referring to FIG. 1A, an engine mounted fuel
delivery system (hereinafter referred to more simply as
a "fuel delivery system") 2 in accordance with at least
one embodiment is shown to be installed on an engine
4. The engine 4 is a small utility internal combustion en-
gine capable of being employed in a variety of applica-
tions including, for example, a variety of types of power
machinery. For example, the engine 4 can be a Com-
mand Twin vertical-crankshaft internal combustion en-
gine manufactured by Kohler Company of Kohler, Wis.
Although not shown, it will be understood that in some
cases the engine 4 can be employed in land vehicles
such as lawn mowers, snow blowers, and other small
vehicles such as utility vehicles. In alternate embodi-
ments, it is also possible the fuel delivery system 2 of
FIG. 1A or other embodiments of fuel delivery systems
are implemented in conjunction with other types of en-
gines (e.g., other than small utility engines) and/or in con-
junction with other types of applications and/or vehicles.
[0008] In FIG. 1A, it is envisioned that the fuel delivery
system 2 is installed onto the engine 4 by the engine’s
manufacturer. However, it is also envisioned that the fuel
delivery system 2 can be sold as an after-market add-on
product capable of being installed on an engine by a party
other than the engine’s manufacturer. Additionally, the
fuel delivery system 2 can be implemented in conjunction
with, and to deliver pressurized fuel to, an Electronic Fuel
Injection (EFI) system provided on the engine 4. Never-
theless, the fuel delivery system 2 can be used with other
types of engine components as well, and need not nec-
essarily be utilized with an EFI system.
[0009] Referring additionally to FIG. 1B, an additional
schematic representation is provided showing both the
fuel delivery system 2 and certain components of the
engine 4 in conjunction with which the fuel delivery sys-
tem is implemented. The fuel delivery system 2 receives
low-pressure fuel from a primary fuel tank 6. More par-
ticularly, fuel is drawn out of the primary fuel tank 6 via
a primary connector 7 by the pumping action of a primary
fuel pump 8 located on or adjacent to the engine 4. In at
least some embodiments, the primary fuel pump 8is a
low-pressure fuel pump and can take the form of, for ex-
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ample, a mechanical diaphragm pump or a pulse-style
pump. However, in alternate embodiments, other types
of fuel pumps can also be used.
[0010] Further due to the pumping action of the primary
fuel pump 8, fuel is pumped away from the primary fuel
pump to the fuel delivery system 2 via a secondary con-
nector 9 linking those two structures. Thus, fuel from the
primary fuel tank 6 is communicated to the fuel delivery
system 2. Also as shown, the primary fuel pump 8 can
be directly supported upon an engine crankcase 10. Up-
on reaching the fuel delivery system 2, and as described
in detail below with reference to FIGS. 2-3, the fuel de-
livery system 2 in turn provides additional pumping ac-
tion. As a result of the operation of the fuel delivery system
2, pressurized fuel exits the fuel delivery system via a
pressurized connector 11 and reaches an engine intake
fuel system 12. As mentioned above, the engine intake
fuel system can take the form of an EFI system, although
this need not be the case in every embodiment.
[0011] In FIG. 2, a perspective view is provided show-
ing the fuel delivery system 2 (and particularly the exterior
thereof) in more detail. As shown, the fuel delivery system
2 includes a housing 14 having a top portion 15 and a
bottom portion 16. The top portion 15 and bottom portion
16 together define a reservoir chamber 18 internal to the
housing 14 that is capable of receiving and storing fuel.
More particularly, the top portion 15 of the housing 14
complementarily fits upon the upper end of the bottom
portion 16, so as to define and enclose the reservoir
chamber 18, with the top portion substantially serving as
a lid for the bottom portion. In at least one embodiment,
the housing 14 of the fuel delivery system 2 is made from
a non-metallic, electrically insulated material, for exam-
ple, plastic, carbon fiber and/or fiberglass, although it is
contemplated that other materials suitable for holding fuel
can be used as well.
[0012] Further in FIG. 2, the bottom portion 16 of the
housing 14 has a mounting side 20, a profile side 22, a
left end 24, and a right end 26, in addition to its bottom
end (not shown). Further, the mounting side 20 and pro-
file side 22 have minimal or no curvature (e.g., are sub-
stantially flat), while the left and right ends 24, 26 are
curved in an outward, convex manner. Also, the widths
of the mounting side 20 and profile side 22 are substan-
tially greater in extent than the widths of the left and right
ends24, 26, such that the width of the housing 14 is sub-
stantially greater than its depth (e.g., greater than the
distance between the mounting and profile sides) of the
housing. Due to the dimensional characteristics of the
housing 14and flatness of the mounting and profile sides
20, 22, the fuel delivery system 2 has a substantially flat
overall appearance. When mounted to the engine 4, the
fuel delivery system 2 can be mounted flush to the side
of the engine and does not protrude outward from the
engine to an excessive extent.
[0013] Although FIG. 2 shows aspects of the exterior
appearance of one embodiment of the housing 14 and
the fuel delivery system 2, it should be understood that

the exterior appearance can vary depending upon the
embodiment from that shown. For example, although in
the embodiment of FIG. 2 the left and right ends 24, 26
have a slight curvature to accommodate the internal com-
ponents of the fuel delivery system (as described further
with respect to FIG. 3), in alternate embodiments the left
and right ends can take on different shapes. In particular,
the shapes and dimensions of various aspects of the
housing 14 and the fuel delivery system 2 can be modified
depending upon or customized to suit a particular engine
or vehicle with which the fuel delivery system is to be
implemented. In some circumstances, the shape and di-
mensions can be varied so that the fuel delivery system
2 fits within a desired mounting space, to achieve desired
air flow characteristics around the engine, or for a variety
of other reasons.
[0014] Additionally in FIG. 2, the housing 14 includes
a pair of mounting tabs 27 incorporated into the mounting
side 20 of the bottom portion 16. The mounting tabs 27
allow the fuel delivery system 2 to be secured to the en-
gine 4. More particularly, this is achieved by way of ad-
ditional fastening components shown in the present em-
bodiment to include a pair of grommets 28 and a pair of
bolts 29, which extend through the mounting tabs 27.
Upon being tightened with respect to the engine 4, the
bolts 29 hold the mounting tabs 27 in place with respect
to the engine. The grommets 28 in particular extend on
both sides of each of the mounting tabs 27. When the
bolts 29 are tightened with respect to the engine 4, the
grommets 28 are wedged in between the mounting tabs
27 and the heads of the bolts 29 (or washers positioned
adjacent to those heads), and also between the mounting
tabs and the engine itself. In alternate embodiments, the
fuel delivery system 2 can be secured to/mounted upon
the engine 4 by way of a single mounting tab/bolt (or
more than two of each), or by way of one or more other
mechanisms or components including, for example,
snapping mechanisms.
[0015] In FIG. 2, the top and bottom portions 15, 16 of
the housing 14 are two distinct pieces that are secured
together by way of two pairs of male latch portions 30
extending from the top portion 15 and two pairs of com-
plementary female latch portions 32 formed on the bot-
tom portion 16. FIG. 2 in particular shows one of the pairs
of male latch portions 30 and one of the pairs of female
latch portions 32 positioned along the profile side 22 of
the bottom portion 16 of the housing 14. Although not
shown, it will be understood that the others of the pairs
of male and female latch portions 30, 32 are positioned
along the mounting side 20 of the bottom portion 16 of
the housing 14. The male and female latch portions 30,
32 are respectively configured so that the female latch
portions 32 are respectively capable of receiving the re-
spective male latch portions 30 in a snap-fit manner. In
alternate embodiments, the numbers of male and female
latch portions that are used can vary from two pairs of
each of those latch portions (e.g., to more or less than
four apiece), although there will usually be at least two
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male latch portions and two female latch portions, typi-
cally positioned along opposite sides of the housing 14.
Additionally, one or more other mechanisms or compo-
nents can be used to fasten the top and bottom portions
15, 16 of the housing 14 to one another, or possibly those
portions can even be plastic welded or otherwise fas-
tened together to form an integral housing.
[0016] Referring additionally to FIG. 3, a further, cross-
sectional view of the fuel delivery system 2 taken along
line A-A of FIG. 2 is provided to illustrate in greater detail
various internal components of the fuel delivery system.
As shown, the housing 14 in particular supports there-
within an additional fuel pump 34, a pressure regulator
36 and a float mechanism 38. The bottom portion 16 of
the housing 14 serves to define the reservoir chamber
18 almost entirely, except insofar as the upper surface
of the reservoir chamber is defined instead by the top
portion 15 of the housing. The top portion 15 of the hous-
ing, in addition to enclosing the reservoir chamber 18,
also has formed therewithin a supply passage 40, a reg-
ulating passage 42 and a pump passage 44, each of
which is a substantially linear, tubular passage. The sup-
ply passage 40 extends in a substantially horizontal man-
ner along nearly the entire length of the top portion 15,
while each of the regulating passage 42 and pump pas-
sage 44 intersects the supply passage and extends in a
substantially vertical manner downward from the supply
passage. Although the supply, regulating and pump pas-
sages 40, 42 and 44 are referred to herein as separate
passages, they can all generally be considered to form
a single overall supply passage.
[0017] More particularly, the regulating passage 42 ex-
tends downward from a first end 45 of the supply passage
40 to the pressure regulator 36, which is positioned be-
tween the regulating passage and the reservoir chamber
18. The pump passage 44 extends downward from an
intermediate location 46 along the supply passage 40 to
a fuel pump outlet47 of the fuel pump 34. The fuel pump
outlet 47 is mounted so as to extend at least partially into
the pump passage 44 along a pump interface segment
48 of the pump passage, so as to achieve proper sealing
between the fuel pump outlet 47 and the pump passage.
In some examples, the fuel pump 34 is removably at-
tached to the pump passage 44.
[0018] Additionally, the supply passage 40 also in-
cludes, opposite the first end 45, a discharge end 50 that
extends horizontally outward away from the remainder
of the top portion 15 (the intermediate location 46 being
between the first and discharge ends 45, 50). The dis-
charge end 50 serves as the fuel outlet for the fuel delivery
system 2 and, as discussed above with respect to FIG.
1B, is connected to the engine fuel intake system 12 by
way of the pressurized connector 11. In at least some
embodiments, the engine fuel intake system 12 can be
one or more fuel injectors (not shown) of an EFI system
or a fuel supply rail (not shown).
[0019] Referring FIG. 3, the top portion 15 further in-
cludes an inlet tube 52 extending substantially vertically

upward from the top portion. The inlet tube 52, which
constitutes the fuel inlet for the fuel delivery system 2,
forms a channel linking the reservoir chamber 18 to a
location above the top portion 14. As discussed with re-
spect to FIG. 1B, the inlet tube 52 in particular is capable
of receiving fuel from the secondary connector 9, which
in turn receives fuel from the primary fuel tank 6 via the
primary connector 7 and the primary fuel pump 8. Upon
receiving fuel from the secondary connector 9, the inlet
tube 52 directs that fuel into the reservoir chamber 18,
and to some extent can be said to isolate the fuel within
the reservoir chamber 18 from the primary fuel tank 6
and the primary fuel pump 8.
[0020] In at least some examples, the secondary con-
nector 9 (as well as possibly the primary connector 7) is
a flexible rubber hose, although various other types of
connectors can be used such as a rigid metal tube. Like-
wise, in at least some examples, the pressurized con-
nector 11 is a flexible rubber hose, although various other
types of connectors can be used such as a rigid metal
tube. Through the use of the primary, secondary and
pressurized connectors 7, 9 and 11, and particularly
when those components are flexible, the fuel delivery
system 2 can be mounted upon the engine 4 in a variety
of positions and manners relative to the primary fuel tank
6, the primary fuel pump 8, and the engine intake fuel
system 12, as well as relative to other engine and/or ve-
hicle components.
[0021] Fuel entering the fuel delivery system 2 via the
inlet tube 52 is stored in the reservoir chamber 18. The
float mechanism 38, in FIG. 3, is hingedly attached to the
lower surface of the top portion 15 facing the reservoir
chamber 18, and is positioned to open and close a vent
tube 54 (shown in FIG. 2) that also extends through the
top portion 15 between the reservoir chamber 18 and the
external environment. The float mechanism38 in partic-
ular is configured to react to the fuel level in the reservoir
chamber 18 and effectively close the vent tube 54 when
the fuel level within the reservoir chamber 18 reaches a
certain threshold. Further, the float mechanism 38 sub-
stantially prevents fuel from flowing out of the reservoir
chamber 18 via the vent tube 54 of the fuel delivery sys-
tem 2, and/or the engine 4 on which the fuel delivery
system is mounted, are overturned. Typically, the float
mechanism 38 is detachable from the top portion 15.
[0022] The vent tube 54 allows fuel vapors to vent to
the external environment when the float mechanism 38
is open. However, in at least some embodiments the vent
tube 54 does not lead from the reservoir chamber 18 to
the external environment, but rather is coupled to the
engine intake system 12 (or to another location) by way
of an additional connector such as another rubber hose.
In such embodiments, the vent tube 54 and additional
connector allow fuel vapors from the reservoir chamber
18 to be vented to the engine intake system 12 (or to
another location) rather than to the external environment,
thereby potentially reducing fuel vapor emissions to the
environment.
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[0023] Also, in other examples, the float mechanism
38 can be employed to govern fluid flow through the inlet
tube 52 rather than the vent tube 54. More particularly,
in some examples, the float mechanism 38 can be
hingedly to the lower surface of the top portion 15 facing
the reservoir chamber 18 below the inlet tube 52, and
positioned so as to close the inlet tube when the fuel level
within the reservoir chamber reaches a threshold level
and to otherwise be open (or at least openable when fuel
is directed toward the reservoir chamber through the inlet
tube). In further alternate examples, float mechanisms
can be employed both in relation to the vent tube 54 and
the inlet tube 52.
[0024] Referring still to FIG. 3, the additional fuel pump
34 extends vertically between the pump passage 44 at
which is located the fuel pump outlet 47, and a reservoir
chamber bottom 56, at which is located a fuel pump inlet
58. In at least some examples, the additional fuel pump
34 is a high-pressure fuel pump, in contrast to the primary
fuel pump 8, which is a low-pressure fuel pump. The use
of a high-pressure fuel pump as the additional fuel pump
34 is particularly appropriate when the fuel delivery sys-
tem 2 is operating to supply pressurized fuel to an EFI
system. Nevertheless, in alternate embodiments, the ab-
solute and relative pressure levels of the fuel output by
the primary and additional fuel pumps 8, 34 can take on
a variety of levels. Further, in at least some embodiments,
the additional fuel pump 34 is an electric turbine pump,
although other types of pumps such as those employing
gerotors or rolling vane components can be used in al-
ternate embodiments.
[0025] The additional fuel pump 34 can be supplied
with power in a variety of manners. In the present em-
bodiment, the additional fuel pump 34 operates on 12
Volt Direct Current (DC) power such as that readily avail-
able from a battery on a utility engine equipped vehicle,
although in other embodiments the additional fuel pump
can be configured to utilize other types of power (e.g., 6
Volt DC power). Further, in some examples the additional
fuel pump 34 is supplied with electrical power by way of
electrical leads (not shown) extending through and exit-
ing out of an exterior surface of the top portion 15 of the
housing 14. The external terminals of the electrical leads
are situated in an electrical connector 60, which can take
the form of a plug-type fitting allowing for convenient con-
nection and disconnection from a power source.
[0026] To the extent that a more efficient type of pump
such as an electric turbine pump is used as the additional
fuel pump 34, the drain of power and current from the
power source (e.g., battery) of the engine 4 can be re-
duced relative to what it otherwise might be (e.g., reduced
by 3 amps). Further, while it is envisioned that typically
the additional fuel pump 34 will be driven by way of elec-
trical power supplied via the electrical leads, in alternate
embodiments, the additional fuel pump 34 can operate
using other types of power. For example, the additional
fuel pump 34 can be powered by an internal electrical
source (e.g., an internal battery within the fuel pump), or

even possibly driven mechanically way of a rotating shaft
that extends outward through the housing 14 and is driv-
en by an external motor or other device.
[0027] Additionally in FIG. 3, the pressure regulator 36
has a regulator inlet side 62 and a regulator outlet side
64. The regulator inlet side 62 is at least partially situated
in the lowermost end of the regulating passage 42 oppo-
site the end intersecting the supply passage 40, while
the regulator outlet side 64 opens to the reservoir cham-
ber 18. Given an appropriate pressure differential be-
tween the supply passage 40/regulating passage 42 and
the reservoir chamber 18 across the pressure regulator
36 (typically where the pressure within the supply
passage40/regulating passage 42 exceeds that of the
reservoir chamber 18 by a predetermined amount), the
pressure regulator 36 allows fuel to flow in one direction,
namely, from the regulating passage 42 back into the
reservoir chamber 18.
[0028] Based upon the above description it is apparent
that in at least some embodiments, the fuel delivery sys-
tem 2 can be assembled as follows. First, the top and
bottom portions 15, 16 of the housing 14 are formed, with
the bottom portion largely containing the reservoir cham-
ber 18 and the top portion including the supply passage
40, regulating passage 42 and pump passage 44. Next,
the additional fuel pump 34 is coupled to the pump pas-
sage 44 and the pressure regulator 36 is coupled to the
regulating passage 42. Also, the float mechanism 38 is
coupled to the top portion 15. Finally, the top and bottom
portions 15, 16 are assembled together to define the res-
ervoir chamber 18, with the pressure regulator 36 and
the additional fuel pump 34 extending from the supply
passage 40/regulating passage 42/pump passage 44 to-
ward and into the reservoir chamber when the top and
bottom portions are so assembled.
[0029] During operation of the fuel delivery system 2,
the reservoir chamber 18 is filled by way of the inlet tube
52 with fuel from the primary tank 6 via the primary con-
nector 7, primary fuel pump 8, and secondary connector
9. Once the reservoir chamber 18 is filled to a threshold
level, the float mechanism 38 closes the vent tube 54 to
prevent the reservoir chamber 18 from overfilling. Addi-
tionally, assuming that the additional fuel pump 34 is op-
erating, the additional fuel pump 34 will pump fuel up
from the reservoir chamber 18 into the pump passage
44, to the supply passage 40 and the regulating passage
42, and out the discharge end 50 to the engine intake
fuel system 12 via the pressurized connector 11.
[0030] Due to variations in the fuel demands of the en-
gine 4, or due to other reasons including merely the on-
going operation of the additional fuel pump 34, the supply
passage 40 (as well as the regulating and pump passag-
es 42, 44) can experience excessive pressure due to the
operation of the fuel pump 34 as it drives fuel towards
the engine fuel intake system 12. When the supply pas-
sage 40 (and the regulating and pump passages 42, 44)
experiences a fuel pressure level relative to that within
the reservoir chamber 18 that exceeds the tolerance of
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the pressure regulator 36, the pressure regulator 36 al-
lows fuel from the supply passage 40 to be returned to
the reservoir chamber, thereby relieving the excessive
fuel pressure within the supply passage 40. Depending
upon the embodiment, the threshold tolerance of the
pressure regulator 36 can take on a variety of levels, and
potentially the tolerance of the pressure regulator can be
varied in real time based upon operational conditions of
the fuel delivery system 2 or the engine 4.
[0031] Given that the fuel delivery system 2 allows
over-pressurized fuel to flow back into the reservoir
chamber 18, there is no need for any additional return
line to be provided between the fuel delivery system 2
(and particularly the supply passage 40/fuel pump outlet
47) and the primary fuel tank 6 in order to accommodate
fuel passing through the pressure regulator 36. Nor need
any additional hole be formed in the primary fuel tank 6
to accommodate such an additional return line. Further,
by providing the additional fuel pump 34 and the pressure
regulator 36 within the housing 14 in an integrated, mod-
ular manner, there is no need to mount multiple, separate
components such as a separate pressure regulator and
a separate high-pressure fuel pump upon the engine 4.
Rather, only the overall fuel assembly 2 need be mounted
to the engine 4.
[0032] Given the aforementioned characteristics, the
fuel delivery system 2 is particularly suitable for use in
conjunction with a variety of different types of engines,
as well as with a variety of different types of vehicles
and/or applications employing such engines, since the
fuel delivery system 2 is capable of being readily imple-
mented (or at least readily adapted for implementation)
in conjunction with such various engines and/or vehicles
despite different characteristic features of the engines
and/or vehicles. That is, the fuel delivery system 2 is
largely (if not entirely) universal in terms of its ability to
be mounted on and used in conjunction with a variety of
types of engines and/or vehicles.
[0033] Although applicable to a variety of different
types of engines and engine applications, the fuel deliv-
ery system 2 is appropriate for use in conjunction with
small utility engines, which themselves are typically in-
tended to be universally (or largely universally) applicable
to a wide variety of vehicles or other applications (partic-
ularly since the manufacturers of the engines and man-
ufacturers of the vehicles or other application compo-
nents tend to be different parties). The fuel delivery sys-
tem 2, given its unitary housing 14 containing each of the
reservoir chamber18, supply passage 40 (and regulating
and pump passages 42, 44), pressure regulator 36, and
additional fuel pump 34, has a particularly compact, in-
tegrated and modular nature that enables it to be imple-
mented in a manner that is consistent with and does not
detract from the universality of the engines themselves.
[0034] More particularly, since the fuel delivery system
2 eliminates the need for a fuel return line between the
pressure regulator 36 and the primary fuel tank 6, and
because there is no need to mount the various compo-

nents of the fuel delivery system (e.g., the pressure reg-
ulator 36 and the additional fuel pump 34) independently
of one another upon an engine or other supporting struc-
ture, the fuel delivery system 2 can be easily moved
around to different support locations depending upon the
requirements of the vehicle or other structure(s) with
which the engine is being implemented. Also, in at least
some embodiments such as that described above, the
fuel delivery system 2 need not excessively protrude out-
ward from a supporting engine on which it is mounted,
which can be particularly advantageous when the engine
itself is to be implemented on a vehicle or in another
application where space is at a premium.
[0035] The fuel delivery system 2 also is particularly
advantageous for use in conjunction with engines having
EFI systems. Not only does the integrated, modular na-
ture of the fuel delivery system 2 reduce the complexity
and consequently the costs of implementing the fuel de-
livery system in a given engine, but also the fuel delivery
system 2 also can be readily and easily added to a car-
buretor-equipped engine that is being modified to an EFI
engine. More particularly, when modifying a carbureted
engine into an EFI engine, the fuel delivery system 2 can
be simply installed by mounting the fuel delivery system
onto the engine as a single module, connecting the output
of the original fuel pump associated with the carbureted
engine to the inlet tube 52 of the fuel delivery system 2,
and connecting the discharge end 50 of the fuel delivery
system 2 to the EFI system.
[0036] FIG. 4 is a partial side cutaway view of an ex-
ample rollover valve arrangement for the vent tube 54 of
the fuel delivery system 2. The rollover valve arrange-
ment for the vent tube 54 can be used with the fuel de-
livery system 2 described above and/or with other types
of fuel delivery systems. The rollover valve arrangement
can also be used in other implementations, e.g., with the
inlet tube 52. For purposes of explanation, the rollover
valve arrangement is described with the vent tube 54
which can be formed with or attached to the top portion
15 the housing 14 of the fuel delivery system 2.
[0037] In one example, during normal operation, a
stopper 100 sits in an open cavity 106 provided by walls
108a, b, and below the vent tube 54. In some examples
the stopper 100 is a ball. The stopper 100 can be made
of metal or other materials. Different shapes of the stop-
per 100 can be used, including but not limited to an oval,
a square, a rectangle, a pyramid, etc. In an vehicle/engine
4 rollover situation, the stopper 100 moves to sit in seat
102 positioned at an entrance of the vent tube 54 to block
and/or seal off any outflow of fuel, etc. through the vent
tube 54, e.g., into the environment 105. The stopper 100
can move back to the open cavity 106 to unblock the vent
tube 54 when the engine 4 is back in a normal upright
position.
[0038] Using the example above, the fuel pump 34 can
be part of the fuel pump module 104. The walls 108a, b
form the seat 102 at an opening of the vent tube 54. The
walls 108a, b can be positioned at an angle away from
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the seat 102. The angle of the walls 108a, b can be formed
at an angle of about 10 to 80 degrees away from the seat
102, or more particularly about 30 to 50 degrees, e.g.,
depending on an implementation. In one implementation,
the walls 108a, b form opposite sides of a frustum conical
shaped structure. Other shapes of the structure can be
used, including but not limited to a frustum square, trian-
gle, pyramid, pentagon, etc. The walls 108a, b can be
straight, curved, concentric, non-concentric, etc.
[0039] In some examples, a lower cup 110 is posi-
tioned in a lower part of the cavity 106 to support the
stopper 100. The lower cup 110 provides a floor 112 of
the cavity 106 for the stopper 100 to rest on. A convex
portion 114 of the floor 112 protrudes above an otherwise
generally flat plane of the floor 112 so that the stopper
100 is unable to rest on that convex portion 114 of the
floor 112. In some examples, the lower cup 110 can sit
within three equally spaced legs 116 (one shown) forming
three alternatively spaced flow path openings 118 (one
flow path 118 shown opposite leg 116). Other numbers
of legs 116 and flow paths 118 can be used, and they
need not be equally spaced, e.g., depending on an im-
plementation. The flow paths 118 allow vapers to flow
from the fuel pump module 104 to the environment 105
or other part of the engine 4, e.g., when the float mech-
anism 38 is open. The legs 116 can include an inwardly
biased force to apply pressure to the lower cup 110 to
keep the lower cup 110 in place.
[0040] During normal operation, the convex portion
114 of the lower cup 110 can help ensure that the stopper
100 does not rest naturally in a simple line with the vent
tube 54, and is therefore unlikely to bounce during jostling
to directly engage/block the vent tube 54 (which, if pres-
sure differentials are such, can otherwise cause the stop-
per 100 to stick there and cause fuel problems). In some
examples, the convex portion 114 of the lower cup 110
is positioned in a center of the floor 112 to align with a
line of axis 200 of the seat 102 and vent opening 55 of
vent tube 54. Other positions of the convex portion 114
on the floor 112 are possible depending on an implemen-
tation, e.g., off-center from the line of axis 200. The con-
vex portion 114 can include a variety of shapes including
round, a dimple, half moon, square, rectangular, triangu-
lar, etc., or other shapes, including nonconcentric
shapes. In some examples, there may be more than one
convex portion 114 positioned on the floor 112, e.g., a
plurality of convex portions 114 positioned in a pattern
or non-pattern.
[0041] The angled walls 108a, b and/or the convex por-
tion(s) 114 of the floor 114 prevent the stopper 100 from
freely moving straight up and down in the cavity 106, e.g.,
when the fuel pump module 104 which is mounted on
the engine 4 vibrates up and down. Otherwise, the stop-
per 100 can get stuck in the seat 102, e.g., from a pres-
sure differential between the fuel pump module 104 and
environment 105 which can cause the fuel pump module
104 to become vapor locked, not refilling, leading to the
engine 4 stalling. In one implementation, the angled walls

108a, b and/or the convex portion 114 of the floor 112
misalign the stopper 100 from the seat 102, so any motion
or vibration causes the stopper 100 to hit a walls 108a,b
deflecting the stopper 100 away from the seat 102. The
convex portion 114 of the floor 112 deflects the stopper
100 in the cavity 106 from direct alignment with the seat
102. During a roll over event the stopper 100 can still
reach the seat 102 and seal off outflow to the environment
105.
[0042] FIGS. 5A-D are schematics of the example roll-
over valve arrangement. FIG. 5A is a top view of the
housing 14 of the example fuel delivery system 2. FIG.
5B is a side cutaway view of the fuel delivery system 2
taken along line A-A of FIG. 5A. FIG. 5C is side cutaway
view of the fuel delivery system 2 taken along line B-B
of FIG. 5A. FIG. 5D is an isolated perspective view of the
lower cup 110. The convex portion 114 of the floor 112
keeps the stopper 100 from aligning with the axis 200 of
the vent tube 54, so that the stopper 100 cannot rest
naturally in line with the vent tube 54, and is unlikely to
directly engage/block the vent tube 54 during non-rollo-
ver operation of the engine 4.
[0043] FIG. 6 is a flowchart of an example functioning
of the rollover valve arrangement. In some examples, the
reservoir chamber 18 is provided for a fuel delivery sys-
tem for the engine 4, and a vent tube 54 vents gases
from the reservoir chamber 18 during normal operation
of the engine 4. A cavity 106 can be provided between
the reservoir chamber 18 and an opening of the vent tube
54, with a stopper 100 provided in the cavity 106. The
stopper 100 blocks the vent tube 54 during a rollover
situation to prevent fuel from flowing out of the reservoir
chamber 18 and into an environment 105 via the vent
tube 54. A floor 112 with a convex portion 114 can be
provided, e.g., below the vent tube 54, the convex portion
114 to prevent the stopper 100 from blocking the vent
tube 54 during normal operation.
[0044] While particular embodiments are illustrated in
and described with respect to the drawings, it is envi-
sioned that those skilled in the art may devise various
modifications without departing from the spirit and scope
of the appended claims. It will therefore be appreciated
that the scope of the disclosure and the appended claims
is not limited to the specific embodiments illustrated in
and discussed with respect to the drawings and that mod-
ifications and other embodiments are intended to be in-
cluded within the scope of the disclosure and appended
drawings. Moreover, although the foregoing descriptions
and the associated drawings describe example embod-
iments in the context of certain example combinations of
elements and/or functions, it is appreciated that different
combinations of elements and/or functions may be pro-
vided by alternative embodiments without departing from
the scope of the disclosure and the appended claims.
[0045] Many modifications and other embodiments set
forth herein will come to mind to one skilled in the art
having the benefit of the teachings presented in the fore-
going descriptions and the associated drawings. Al-
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though specific terms are employed herein, they are used
in a generic and descriptive sense only and not for pur-
poses of limitation.
[0046] The invention can also be described by the fol-
lowing clauses:

1. A system, comprising:

a reservoir chamber;
a vent tube to vent gases from the reservoir
chamber;
walls between the reservoir chamber and the
vent tube, the walls providing a seat and forming
a cavity at an opening of the vent tube;
a floor of the cavity, the floor including a convex
portion protruding from the floor; and
a stopper positioned in the cavity for sitting in
the seat during a rollover situation.

2. The system of clause 1, wherein the walls are
angled away from the seat at an angle of 30 degrees
to 50 degrees.

3. The system of clause 1, wherein the convex por-
tion is positioned in a center of the floor.

4. The system of clause 1, wherein the convex por-
tion is positioned in an off-center position on the floor.

5. The system of clause 1, wherein a shape of the
convex portion includes a dimple.

6. The system of clause 1, wherein a shape of the
convex portion includes a nonconcentric shape.

7. The system of clause 1, wherein the walls are
straight.

8. The system of clause 1, wherein the walls are
curved.

9. The system of clause 1, wherein the walls are
nonconcentric.

10. The system of clause 1, wherein the convex por-
tion comprises a plurality of convex portions.

11. The system of clause 1, wherein the floor com-
prises a cup sitting within the cavity.

12. The system of clause 11, wherein the cup sits
within spaced legs forming alternatively spaced flow
path openings.

13. The system of clause 1, wherein the stopper com-
prises a ball.

14. A fuel delivery system of an engine, comprising:

a cavity formed between a reservoir chamber
and a vent tube, the cavity forming a seat at an
entrance of the vent tube;
a stopper positioned in the cavity for sitting in
the seat during a rollover situation; and
a floor of the cavity, the floor including a convex
portion protruding from the floor to prevent the
stopper from sitting in the seat during normal
operation.

15. The fuel delivery system of clause 14, wherein
the stopper comprises a ball.

16. The fuel delivery system of clause 14, wherein
the convex portion comprises a dimple.

17. The fuel delivery system of clause 16, wherein
the dimple comprises a round shape.

18. A method, comprising:

providing a reservoir chamber for a fuel delivery
system of an engine and a vent tube to vent the
reservoir chamber;
allowing the vent tube to vent fuel vapors out of
the reservoir chamber during normal operation;
and
blocking the vent tube with a stopper during a
rollover situation to prevent fuel from flowing out
of the reservoir chamber via the vent tube.

19. The method of clause 18, further comprising pro-
viding a cavity with a floor having a dimple below the
vent tube, the dimple to prevent the stopper from
blocking the vent tube during normal operation.

20. The method of clause 18, further comprising the
stopper unblocking the vent tube when the engine
is back in a normal position.

Claims

1. A system, comprising:

a reservoir chamber;
a vent tube to vent gases from the reservoir
chamber;
walls between the reservoir chamber and the
vent tube, the walls providing a seat and forming
a cavity at an opening of the vent tube;
a floor of the cavity, the floor including a convex
portion protruding from the floor; and
a stopper positioned in the cavity for sitting in
the seat during a rollover situation.

2. The system of claim 1, wherein the walls are angled
away from the seat at an angle of 30 degrees to 50
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degrees.

3. The system of either claim 1 or 2, wherein the convex
portion is positioned in a center of the floor.

4. The system of either claim 1 or 2, wherein the convex
portion is positioned in an off-center position on the
floor.

5. The system of any of claims 1-4, wherein a shape
of the convex portion includes a dimple.

6. The system of any of claims 1-5, wherein a shape
of the convex portion includes a nonconcentric
shape.

7. The system of any of claims 1-6, wherein the walls
are straight.

8. The system of any of claims 1-6, wherein the walls
are curved.

9. The system of any of claims 1-6, wherein the walls
are nonconcentric.

10. The system of any of claims 1-9, wherein the convex
portion comprises a plurality of convex portions.

11. The system of any of claims 1-10, wherein the floor
comprises a cup sitting within the cavity.

12. The system of claim 11, wherein the cup sits within
spaced legs forming alternatively spaced flow path
openings.

13. The system of any of claims 1-12, wherein the stop-
per comprises a ball.
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