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(54) Fuel delivery module

(57)  Afuel delivery module 1 comprising a fuel tight
housing having a fuel inlet 14 for communication with a
volume of fuel stored in a fuel tank, at least one fuel outlet
16 for communication with a fuel system of a vehicle and
a vent/return outlet 18 for returning excess fuel and/or
fuel vapour and air to the fuel tank, a fuel pump 30 being
located within the housing, said fuel pump preferably
comprising an electric motor and a regenerative turbine
pump assembly comprising an impellor drivingly con-
nected to the motor for pumping fuel from the fuel inlet
to said fuel outlet, at least one vapour vent port being
provided for removing fuel vapour and air from the region
of the impellor, wherein the housing defines a low pres-
sure inlet region on the inlet side of the pump and a high
pressure outlet region on the outlet side of the pump, the
fuel inlet communicating with the low pressure inlet re-
gion and the at least one fuel outlet communicating with
the high pressure outlet region, a vent passage being
provided between said at least one vapour vent port and
the vent/return outlet, whereby said fluid, vapour and air
can pass from said vapour vent port to the vent/return
outlet.
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Description

[0001] Typically fuel is delivered from a fuel tank of a
vehicle to the fuel system of an engine by means of a
fuel pump. The fuel delivery circuit also typically includes
a fuel filter downstream of the fuel pump and a fuel pres-
sure regulator to regulate the fuel pressure downstream
of the pump. Smaller vehicles, such as motorcycles,
scooters and snow mobiles, and small watercraft, such
as jet skis, have often relied on more simple fuel delivery
systems, typically using gravity to deliver fuel from a fuel
tank to the fuel system, e.g. one or more carburettors, of
the engine. Fuel injection systems are commonly replac-
ing carburettors in such small vehicle applications, re-
quiring higher fuel pressure than can be provided by a
simple gravity feed. Furthermore, packaging constraints
and alternative placements of the fuel tank may not pro-
vide sufficient gravity head between the fuel tank and the
fuel system of the engine to permit the use of such gravity
feed method of fuel delivery.

[0002] Generally in larger vehicles, such as cars or
trucks, a fuel pump is provided within the fuel tank and
the size, weight and packaging of the fuel delivery system
is not particularly constrained due to the overall volume
of the fuel tank and the size of the vehicle. Such fuel
pumps generally comprise regenerative turbine type
pumps which operate effectively when submerged in fuel.
However, in smaller vehicle applications, the small vol-
ume of the fuel tank and difficulties in providing access
to the interior of the tank can makes the location of the
fuel pump within the tank disadvantageous because it
causes a significant reduction in the overall fuel capacity
of the fuel tank and results in difficult assembly and main-
tenance procedures. Furthermore, strict packaging and
weight constraints place limitations on the design, size
and weight of inline fuel delivery components for use in
such applications, rendering systems typically used for
larger vehicles, such as cars, unsuitable. Also, due to the
lower cost of such small vehicles, the cost of manufac-
turing and assembly of the fuel delivery system becomes
more critical.

[0003] Therefore it is desirable to provide a fuel pump
that can be located outside of the fuel tank, in-line with
a fuel pipe leading from the fuel tank to the fuel system
ofthe engine. Ifregenerative turbine type pumps are used
in an in-line arrangement rather than within the fuel tank,
it is necessary to ensure that the inlet side of the pump
can be readily primed with liquid fuel as turbine type
pumps are very poor at self priming. This can be achieved
where it can be ensured that the fuel pump inlet is always
sufficiently below the lowest point of the fuel tank to en-
sure sufficient gravity feed of fuel to the inlet region of
the fuel pump. However, packaging constraints may not
always make this possible. Furthermore, when parked
on a sloping surface or on a side stand, especially when
the fuel level in the fuel tank is low, sufficient gravity head
to prime the pump may not be available.

[0004] Attempts have been made to use gerotor type
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positive displacement pumps which have the ability to
self prime. However, such pumps generate excessive
pressure pulsations at their outlet and thus have not prov-
en successful.

[0005] According to the present invention there is pro-
vided a fuel delivery module comprising a fuel tight hous-
ing having a fuel inlet for communication with a volume
of fuel stored in a fuel tank, at least one fuel outlet for
communication with a fuel system of a vehicle and a vent/
return outlet for returning excess fuel and/or fuel vapour
and air to the fuel tank, a fuel pump being located within
the housing, said fuel pump preferably comprising an
electric motor and a regenerative turbine pump assembly
comprising an impellor drivingly connected to the motor
for pumping fuel from the fuel inlet to said fuel outlet, at
least one vapour vent port being provided for removing
fuel vapour and air from the region of the impellor, where-
in the housing defines a low pressure inlet region on the
inlet side of the pump and a high pressure outlet region
on the outlet side of the pump, the fuel inlet communi-
cating with the low pressure inlet region and the at least
one fuel outlet communicating with the high pressure out-
let region, a vent passage being provided between said
at least one vapour vent port and the vent/return outlet,
whereby said fluid, vapour and air can pass from said
vapour vent port to the vent/return outlet.

[0006] To ensure rapid priming of the pump, a further
flow passage is provided between the fuel inlet and the
vent/return outlet, valve means being provided for selec-
tively closing or restricting said further flow passage after
priming of the pump.

[0007] Inone embodimentthe valve means comprises
a piston slidably mounted within a valve chamber, said
piston dividing said valve chamber into a low pressure
side communicating with said vent/return outlet and a
high pressure side communicating with said high pres-
sure outlet region of the housing, the piston being move-
able between afirst position, wherein the piston engages
a valve seat to close communication between the further
flow passage and the valve chamber, and a second po-
sition, wherein the piston is spaced from a valve seat
whereby said further flow passage communicates with
said vent/return outlet, biasing means being provided for
biasing the piston towards its second position, whereby,
when the pump is operational, high pressure fuel on the
high pressure side of the valve passage pushes the pis-
ton to its first position against the action of the biasing
means to close the further flow passage.

[0008] In a preferred embodiment the valve means in-
corporates a fuel pressure regulator for enabling excess
fuel pressure in the high pressure outlet region to be re-
lieved via the vent/return outlet.

[0009] Preferably acheck valve is provided in said fuel
inlet to prevent fuel from draining out of the low pressure
inlet region via said flow inlet.

[0010] An embodiment of the present invention will
now be described, by way of example only, with reference
to the accompanying drawings, in which:-
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Fig. 1 is a perspective view of a fuel delivery module
according to one embodiment of the present inven-
tion;

Fig. 2 is a sectional view of the module of Fig. 1 along
line A-A; and

Fig. 3is a perspective part sectional view of the mod-
ule of Fig. 1.

[0011] Figs1to 3illustrate a fuel delivery module 1 for
supplying fuel from a fuel tank of a small vehicle, such
as a motorcycle, scooter, small watercraft or snow mo-
bile, to an engine of the vehicle.

[0012] The fueldelivery module 1 comprises a housing
comprising a hollow body 2 having first and second ends
caps 4,6 releasably secured to respective ends of the
body 2 to form a closed, fuel tight assembly. The housing
defines a first chamber 8 adapted to receive a fuel pump
30, a second chamber 10 adapted to receive a fuel filter
(not shown) and a third chamber 12 adapted to receive
a fuel pressure regulator 90. The housing is preferably
formed from a plastic material.

[0013] Afuelinlet 14 is provided on the first end cap 4
of the housing communicating with the first chamber for
supplying low pressure fuel from a vehicle fuel tank to
the fuel pump 30. A fuel outlet 16 is provided on the sec-
ond end cap 6 communicating with the second chamber
downstream of the fuel filter 60 for supplying high pres-
sure fuel to the fuel system of a vehicle engine. A drain/
vent outlet 18 is provided on the first end cap 4, spaced
from the fuel inlet 14 and communicating with the third
chamber 12 downstream of the fuel pressure regulator
90 for returning excess fuel to the fuel tank and for re-
moving vapour/air the fuel delivery module 1 as will be
described below.

[0014] Cooperatingreleasable fastening means 20 are
provided on the end caps 4,6 and the housing body 2 to
releasably secure the end caps 4,6 to the body 2 of the
housing. As can be seen from Fig. 2, O-ring seals 5 are
provided between the housing body 2 and the end caps
4,6 to prevent fuel leakage.

[0015] The first chamber 8 of the housing is adapted
to receive the fuel pump 30. The fuel pump 30 comprises
a regenerative turbine pump assembly having first and
second pump casing halves defining a pumping chamber
therebetween, the pumping chamber containing an im-
peller rotatably mounted therein. The impeller is mounted
on an output shaft of the rotor of an electric motor as-
sembly to be rotatably driven thereby to pump fuel from
a low pressure inlet region 40 of the first chamber 8 ad-
jacent the fuel inlet 14 to a high pressure outlet region
50 downstream of the pump assembly. At least one va-
pour vent port is provided in the pumping chamber radi-
ally inwardly of pump inlet and outlet ports for removing
any fuel vapour or air from the pumping chamber. Such
vapour vent port communicates with aventoutlet 21 lead-
ing to a vent passage 22 communicating with the drain/
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vent outlet 18.

[0016] A major drawback of known regenerative tur-
bine fuel pumps is a poor ability to generate a vacuum
at the pump inlet when the pump inlet is not filled with
liquid.

[0017] Ifthe low pressure inlet region 40 of the housing
is allowed to drain (for example if the vehicle runs out of
fuel), the air captured therein has to be evacuated before
the pump can operate correctly. In known pumps this can
only be achieved through the small diameter vapour vent
port (typically 0.5mm to 0.8mm diameter). A liquid seal
can be created in such port, requiring a high liquid head
(typically 10to 15cm) to displace the liquid seal and allow
venting of the low pressure region 40.

[0018] To mitigate this problem, a direct flow commu-
nication is provided between fuel inlet 14 and the drain/
vent outlet 18 to enable rapid evacuation of air and fuel
vapour from the low pressure inlet region 40 during prim-
ing of the pump.

[0019] Inorderto close such direct communication be-
tween the fuel inlet 14 and the drain/vent outlet during
normal operation of the pump, the fuel pressure regulator
is formed within a piston 90 slidably mounted within said
third chamber 12, said piston dividing said third chamber
into a low pressure side communicating with said vent/
return outlet 18 and a high pressure side communicating
with said high pressure outlet region 50 of the housing
2, the piston being moveable between a first position (as
shown in the drawings), wherein an O-ring seal 92 pro-
vided on the piston engages an annular valve seat 94 to
close communication between the fuel inlet 14 and the
vent/return outlet 18, and a second position wherein the
piston O-ring seal 92 is spaced from the valve seat 94 to
allow direct communication between the fuel inlet 14 and
the drain/vent outlet 18. A seal 95, such as a lip seal, x-
seal or low friction O-ring, is provided around the circum-
ference of the piston 90 for sealing against the inner walls
of the third chamber 12

[0020] A compression spring 96 is located above the
piston 90 to urge the piston away from the valve seat 94
towards its first position.

[0021] When the pump is operational, high pressure
fuel (typically 250-350 kPa) on the high pressure side 50
of the valve passage moves the piston 90 into engage-
ment with the valve seat 94 to close communication be-
tween the fuel inlet 14 and the vent/return outlet 18.
[0022] When the pump is switched off, the spring 96
pushes the piston 90 away from the valve seat 94 so that
any air and fuel vapour within the low pressure inlet region
40 can pass straight to the vent/return outlet 18. Thus
the low pressure region 40 can be purged even where
the fuel tank level is low or the fuel tank is barely above
the fuel pump. With the fuel delivery module of the
present invention, the pump can be successfully primed
with a liquid head as little as 20 mm.

[0023] While the fuel pressure regulator can usefully
be integrated with the piston 90 to reduce packaging re-
quirements and reduce the total number of components,
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it is envisaged that the piston 90 may not contain the fuel
pressure regulator, which may be a separate component
or may be omitted from the fuel delivery module all to-
gether.

[0024] AsillustratedinFig. 3,inordertoretainavolume
of fuel in the low pressure inlet region 40, even if the
vehicle is parked on a hill or tips over, a check valve 100,
such as an umbrella valve, is located between the fuel
inlet 14 and the low pressure inlet region 40 to prevent
fuel from draining out of the low pressure region 40 via
the fuel inlet.

[0025] Various modifications and variations to the de-
scribed embodiment of the invention will be apparent to
those skilled in the art without departing from the scope
of the invention as defined in the appended claims. Al-
though the invention has been described in connection
with a specific preferred embodiment, it should be un-
derstood that the invention as claimed should not be un-
duly limited to such specific embodiment.

Claims

1. Afueldelivery module comprising a fuel tight housing
having a fuel inlet for communication with a volume
of fuel stored in a fuel tank, at least one fuel outlet
for communication with a fuel system of a vehicle
and a vent/return outlet for returning excess fuel
and/or fuel vapour and air to the fuel tank, a fuel
pump being located within the housing, at least one
vapour vent port being provided for removing fuel
vapour and air from the region of an impellor of the
fuel pump, wherein the housing defines a low pres-
sure inlet region on the inlet side of the pump and a
high pressure outlet region on the outlet side of the
pump, the fuel inlet communicating with the low pres-
sure inlet region and the at least one fuel outlet com-
municating with the high pressure outlet region, a
vent passage being provided between said at least
one vapour vent port and the vent/return outlet,
whereby said fluid, vapour and air can pass from
said vapour vent port to the vent/return outlet.

2. Afuel delivery module as claimed In claim 1, further
comprising a further flow passage between the fuel
inlet and the vent/return outlet, valve means being
provided for selectively closing or restricting said fur-
ther flow passage after priming of the pump.

3. Afueldelivery module as claimed in claim 2, wherein
the valve means comprises a piston slidably mount-
ed within a valve chamber, said piston dividing said
valve chamber into a low pressure side communi-
cating with said vent/return outlet and a high pres-
sure side communicating with said high pressure
outlet region of the housing, the piston being move-
able between a first position, wherein the piston en-
gages a valve seat to close communication between
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the further flow passage and the valve chamber, and
a second position, wherein the piston is spaced from
avalve seat whereby said further flow passage com-
municates with said vent/return outlet, biasing
means being provided for biasing the piston towards
its second position, whereby, when the pump is op-
erational, high pressure fuel on the high pressure
side of the valve passage pushes the piston to its
first position against the action of the biasing means
to close the further flow passage.

Afuel delivery module as claimed in claim 3, wherein
the valve means incorporates a fuel pressure regu-
lator for enabling excess fuel pressure in the high
pressure outlet region to be relieved via the vent/
return outlet.

A fuel delivery module as claimed in any preceding
claim, wherein a check valve is provided in said fuel
inlet to prevent fuel from draining out of the low pres-
sure inlet region via said flow inlet.

A fuel delivery module as claimed in any preceding
claim, wherein said fuel pump comprises an electric
motor and a regenerative turbine pump assembly
comprising an impellor drivingly connected to the
motor for pumping fuel from the fuel inlet to said fuel
outlet.
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