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(54) FUEL FEED DEVICE

(57) The object of the present invention is to provide
a fuel supply apparatus including a plunger pump in which
generated vapor can be efficiently ejected and fuel can
be cooled by the vapor.

The fuel supply apparatus comprises a plunger 112,
a cylindrical body 111 which accommodates the plunger
112 to be free to reciprocate and which forms a pump
room P, a plunger pump 110 which sucks and discharges

fuel having an inlet valve 123 to allow sucking of fuel and
an outlet valve 127 to allow discharging of fuel, a fuel
store portion 150 which is integrally disposed including
a filter 152 for storing fuel tentatively at the upstream side
of the inlet valve 123, and an eject passage 170a which
is disposed for ejecting leaked fuel and generated vapor
towards the fuel store portion 150. With this structure,
vapor can be efficiently ejected and fuel in the fuel store
portion can be cooled by the vapor.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a fuel supply
apparatus which comprises an electromagnetically driv-
en type plunger pump. More particularly, it relates to a
fuel supply apparatus which is utilized to supply fuel to
an engine, a heater for a vehicle, or the like.

2. Description of the Related Art

[0002] In the related art, a fuel supply apparatus which
supplies fuel to a burner for a heater etc. is known, in
which the fuel in a fuel tank 1 is introduced to a filter unit
3 through a feed pipe 2, and the filtered fuel is supplied
to the burner 5 by being sucked and pressure fed with
an electromagnetically driven type plunger pump 4, as
shown in Fig. 5.
[0003] As shown in Fig. 5, the plunger pump 4 com-
prises a plunger 4b which reciprocates in a cylinder 4a,
a coil 4c for magnetizing, a yoke 4d, and a coil spring
(not shown in the figure) which urges the plunger 4a. The
plunger pump 4 sucks and discharges fuel by opening
and closing a check-valve with pressure difference be-
tween rooms on both sides of the plunger 4b. Japanese
Patent Laid-open H11-218076 shows an example.
[0004] With the abovementioned plunger pump 4, va-
por is generated continuously, because when the fuel is
pressure fed, fuel leaking through the circumference of
the plunger 4b towards the upstream side (the rear side)
is depressed sharply, and because the fuel is heated by
the heat generated at the coil 4c when it is powered or
by the frictional heat of the sliding of the plunger 4b.
[0005] Because the vapor is generated continuously,
while some generated vapor is returned to the fuel tank
1 through the feed pipe 2, the rest is sucked into a pump
room and discharged mixing with fuel. As a conse-
quence, especially when the ambient temperature or the
fuel temperature is high, the discharge amount or the
discharge pressure is not obtained as desired, and the
fuel cannot be supplied reliably.
[0006] The present invention was devised in the light
of the abovementioned circumstances. The object is to
provide a fuel supply apparatus which has a better pump
discharge performance especially at high temperature,
by ejecting generated vapor efficiently or by cooling the
fuel utilizing the generated vapor.

SUMMARY OF THE INVENTION

[0007] The fuel supply apparatus of the present inven-
tion comprises a filter which filters fuel introduced from
a fuel tank, a plunger which reciprocates in a specific
direction by electromagnetic force, a cylindrical body
which accommodates the plunger to be free to recipro-

cate and which forms a pump room, a plunger pump
which sucks and discharges fuel having an inlet valve to
allow sucking of fuel to the pump room and an outlet valve
to allow discharging of fuel from the pump room, a fuel
store portion which is integrally disposed to the plunger
pump to store fuel tentatively at the upstream side of the
inlet valve, and an eject passage which is disposed be-
tween the cylindrical body and the fuel store portion to
eject fuel leaking through the circumference of the plung-
er or generated vapor.
[0008] With this structure, the fuel filtered by the filter
is tentatively stored at the fuel store portion, and then, is
sucked into the pump room through the inlet valve and
discharged through the outlet valve by the reciprocating
motion of the plunger. At that time, the fuel leaking
through the circumference of the plunger to the other end
side room of the plunger or the generated vapor is ejected
to the fuel store portion through the eject passage. In this
manner, vapor can be prevented from being discharged
with fuel, and the fuel in the fuel store portion can be
cooled by the vapor, so that the discharge performance
of the pump, especially at high temperature, can be im-
proved.
[0009] Furthermore, since the fuel store portion is
formed integrally to the plunger pump, the fuel cooled by
the vapor can be quickly introduced to a pump room,
while suppressing influence of ambient conditions as
much as possible.
[0010] With the abovementioned structure, it is possi-
ble for the cylindrical body to comprise an inlet port which
is formed facing one end side of the plunger to be opened
and closed by the inlet valve, an eject port which is formed
facing the other end side of the plunger to communicate
with the eject passage, and an outlet port which is formed
at the inner wall of the pump room to be opened and
closed by the outlet valve.
[0011] With this structure, since the fuel store portion,
the inlet port (the inlet valve), the plunger, and the eject
port are disposed almost linearly, integrating component
parts and downsizing the apparatus can be performed.
[0012] With the abovementioned structure, the filter
can be disposed in the fuel store portion, and the fuel
store portion can comprise an opening portion which con-
nects the eject passage at the upstream side of the filter.
[0013] With this structure, since a separated case to
accommodate a filter (for example, a case to form a sep-
arated filter unit) and pipe arrangements to connect this
case and the plunger pump, etc. are not needed, the
apparatus can be simplified. Further, the fuel leaking in
the cylindrical body and the generated vapor flow into
the fuel store portion from the opening portion which po-
sitions at the upstream side of the filter. Then, the fuel is
sucked after being filtered again by the filter, and the
generated vapor cools fuel with its vaporization and is
ejected towards the fuel tank with its buoyancy.
[0014] With the abovementioned structure, scattering
means can be disposed at the opening portion to scatter
vapor which is flowing through the eject passage.
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[0015] With this structure, since the vapor passing
through the eject passage is scattered (crushed), the sur-
face area having contact with the fuel is increased. There-
fore, the cooling efficiency of the fuel is increased, and
the ejecting efficiency of the vapor towards the fuel tank
is increased as well.
[0016] With the abovementioned structure, a
mesh-shaped filter can be adopted as the scattering
means.
[0017] With this structure, the vapor passing through
the eject passage is scattered (crushed) by the
mesh-shaped filter. Further, at a non-operating state, it
can prevent motes such as foreign particles etc. mixed
into the fuel tank from flowing into the eject passage
through the opening portion.
[0018] With the abovementioned structure, a pressure
regulator to adjust the pressure of discharged fuel can
be integrally disposed to the plunger pump.
[0019] With this structure, when this apparatus is uti-
lized with an injection nozzle (injector) of an engine etc.,
the inlet control of the fuel pressure is performed before
injecting. Further, since the pressure regulator is inte-
grally disposed to the plunger pump, downsizing and sim-
plifying the apparatus can be performed by modularizing
the plunger pump and pressure regulator etc., and in-line
installation can easily be adopted.

BRIEF DISCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a system diagram of an engine fuel supply
system utilizing a fuel supply apparatus of the
present invention.
Fig. 2 is a sectional view showing an embodiment of
a fuel supply apparatus of the present invention.
Fig. 3 is a sectional view showing a part of the fuel
supply apparatus of the present invention.
Fig. 4 (a), (b) are schematic drawings to explain the
functions of the fuel supply apparatus of the present
invention.
Fig. 5 is a system diagram of a conventional fuel
supply apparatus.

DESCRIPTION OF THE PREFFERED EMBODIMENT

[0021] An embodiment of the present invention is ex-
plained in the following with reference to the attached
drawings.
[0022] The embodiment of the present invention is
shown in Fig. 1 through 4. Fig. 1 is a system diagram of
when the apparatus is utilized for an engine. Fig. 2 is a
sectional view showing the structure of the apparatus.
Fig. 3 is a sectional view showing a part of the apparatus.
Fig. 4 is a schematic drawing to explain the functions of
the apparatus.
[0023] As shown in Fig. 1, the system comprises a fuel
tank 10, an injector 20 which injects fuel to an engine E

located below the fuel tank 10, feed pipes 30, 30’ which
connect the fuel tank 10 and the injector 20, a fuel supply
apparatus 100 which positions at some midpoint of the
feed pipes 30, 30’, a control circuit 200 which controls
the system, and so on.
[0024] As shown in Fig. 1 and Fig. 2, the fuel supply
apparatus 100 comprises a plunger pump 110 which
sucks and discharges fuel, a fuel store portion 150 which
tentatively stores fuel, an eject pipe 170 which ejects
leaked fuel and vapor towards the fuel store portion 150,
an inlet control type pressure regulator 180 which con-
trols fuel pressure, and so on.
[0025] In this manner, since the apparatus 100 is mod-
ularized to comprise the plunger pump 110, the fuel store
portion 150, the eject pipe 170, and the pressure regu-
lator 180 integrally, downsizing altogether and simplify-
ing the structure can be performed, and in-line installation
can easily be adopted.
[0026] The plunger pump 110 is a positive displace-
ment pump which is driven electromagnetically. As
shown in Fig. 1 and Fig. 2, it comprises a cylinder 111
which forms a part of a cylindrical body, a cylinder-shaped
plunger 112 which is disposed to reciprocate linearly slid-
ing in the cylinder 111, yokes 113, 114 which are fit to
the circumference of the cylinder 111 to form a magnetic
path, a coil 116 for magnetizing which is wound around
a bobbin 115 disposed around the yokes 113, 114, a
case 117 which is formed of resin material etc. to cover
the circumference of the coil 116, a bracket 118 and a
stop plate 119 which are attached around the case 117
to form a magnetic path, a waved washer 120 which is
disposed between the bobbin 115 and the bracket 118,
and so on.
[0027] As shown in Fig. 2, an end face wall 113a is
formed at the end portion of the yoke 113 which forms
the end portion of the cylindrical body. A fit opening 113a’
is formed at the end face wall 113a, and a connect pipe
121 which forms an eject port 121a is connected to the
fit opening 113a’. A return spring 122 is disposed be-
tween the end face wall 113a and the plunger 112.
[0028] As shown in Fig. 2, a passage member 123
which forms an inlet port 123a and a part of the cylindrical
body is fitted to the end portion of the yoke 114. The
passage member 123 has a hold member 125 which al-
lows the fuel to flow while holding an inlet valve 124 which
opens and closes the inlet port 123a. The hold member
125 holds the inlet valve 124 at the state of being urged
to the closing direction by a spring 124a. A return spring
122 is disposed between the hold member 125 and the
plunger 112.
[0029] Then, a pump room P to suck and discharge
fuel is formed between the inlet valve 124 and the plunger
112.
[0030] Namely, with the cylindrical body (the cylinder
111, the yoke 113, and the passage member 123), the
inlet port 123a which is opened and closed by the inlet
valve 124 is formed at the position facing one end side
of the plunger 112, and the eject port 121a which com-
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municates with an eject passage 170a (described later)
is formed at the position facing the other end side of the
plunger 112. An outlet port 126a which is opened and
closed by an outlet valve 127 is formed at the inner wall
of the pump room P.
[0031] In this manner, since the fuel store portion 150,
the inlet port 123a (the inlet valve 124), the plunger 112,
and the eject port 121a are disposed almost linearly in
the reciprocating direction of the plunger 112, integrating
component parts and downsizing the apparatus can be
performed.
[0032] As shown in Fig. 2, an outlet passage 126 which
forms the outlet port 126a and extends in the direction
perpendicular to the reciprocating direction of the plunger
112 is formed at the inner wall of the passage member
123. Then, a hold member 128 which holds the outlet
valve 127 to open and close the outlet port 126a and
which allows the fuel to flow is disposed in the outlet
passage 126. The holding member 128 holds the outlet
valve 127 at the state being urged to the closing direction
by the spring 127a.
[0033] As shown in Fig. 2, the fuel store portion 150
comprises a case 151 which is fitted to the passage mem-
ber 123 at the upstream side next to the inlet valve 124
and which has an opening portion 151a connected to the
inlet port 123a, a mesh-shaped filter 152 which is dis-
posed in the case 151 to cover the opening portion 151a
and which has a vapor eject vale 152a, a connect pipe
151b which is disposed at the top end of the case 151
and to which a feed pipe 30 is connected, a connect pipe
151c which is disposed at the upper side-wall of the case
151 and which forms an opening portion 151c’, a
mesh-shaped filter 155 as scattering means which is dis-
posed above the filter 152 to cover the opening portion
151c’, and so on.
[0034] Then, as shown in Fig. 2, an eject pipe 170 is
connected to both the connect pipe 120 and the connect
pipe 151c. The eject pipe 170 forms the eject passage
170a which ejects the fuel leaking through the circumfer-
ence of the plunger 112 or generated vapor towards the
fuel store portion 150 (the case 151).
[0035] Therefore, the fuel leaking through the circum-
ference of the plunger 112 and the generated vapor flow
into the case 151 from the opening portion 151c’ which
positions at the upstream side of the filter 152, passing
through the eject port 121a and the eject passage 170a.
Then, the fuel is sucked to the pump room P after being
filtered again by the filter 152. On the other hand, the
generated vapor cools fuel with its vaporization, and is
ejected to the fuel tank 10 with its buoyancy passing
through the feed pipe 30.
[0036] Here, as shown in Fig. 4 (a) (b), since the
mesh-shaped filter 155 for scattering vapor is disposed
to the opening portion 151c’, the vapor passing through
the eject passage 170a is scattered (crushed) by the filter
155, and as a result, the surface area having contact with
the fuel is increased. Therefore, the cooling efficiency of
the fuel is increased, and the ejecting efficiency of the

vapor towards the fuel tank 10 is increased as well. Fur-
ther, at a non-operating state, the filter 155 can prevent
motes such as foreign particles etc. mixed into the fuel
tank 10 from flowing into the eject passage 170a through
the opening portion 151c’.
[0037] Furthermore, in comparison with the related art
which adopts a separated filter unit 3, a separated case
and pipe arrangements to connect the case and the
plunger pump 110 etc. are not needed and the apparatus
can be simplified accordingly, because the filter 152 is
disposed in the fuel store portion 150 (the case 151).
[0038] As shown in Fig. 2, the regulator 180 comprises
an adjust valve 182 which opens and closes the passage
181 at the downstream side of the outlet valve 127, a
spring 182a which urges the adjust valve 182 in the clos-
ing direction, a diaphragm 184 which is operated by the
pressure difference between the atmospheric pressure
and the pressure in the passage 183 formed by a connect
pipe 183 to which a feed pipe 30’ is connected, a spring
184a, and so on.
[0039] Here, when the pressure in the passage 183a
becomes equal to or lower than a specific level, the dia-
phragm 184 contacts with a needle 182’ of the adjust
valve 182, and opens the adjust valve 182 against the
urging force of the spring 182a. In this manner, the fuel
at the upstream side flows to the passage 183a through
the passage 181, and is supplied to the injector 20.
[0040] When the pressure in the passage 183a be-
comes equal to or higher than the specific level, the di-
aphragm 184 is operated by the pressure, and closes
the adjust valve 182.
[0041] As mentioned above, the pressure regulator
180 is modularized by being structured integrally with the
plunger pump 110. Therefore, when this apparatus is uti-
lized with the injector 20 of the engine E, not only can
the inlet control of the fuel pressure be performed, but
downsizing and simplifying the apparatus can also be
performed and in-line installation can easily be adopted.
[0042] As shown in Fig. 1, the control circuit 200 com-
prises a control part 201 which performs various arith-
metic processing and sends control signals, a driving cir-
cuit 202 which drives the plunger pump 110, a sensor
203 which detects conditions of the engine E, (for exam-
ple, engine revolution, water temperature, intake air tem-
perature, intake pressure, etc.), a detecting circuit 204
which detects output signals from the sensor 203, a mem-
ory part 205 which memorizes various control maps etc.,
and so on.
[0043] The operation of the apparatus is explained in
the following. First, when the plunger 112 moves in the
rightward direction in Fig. 2 by the electromagnetic force
generated by the powering to the coil 116, the inlet valve
124 is opened by the pressure difference against the urg-
ing force of the spring 124a. Then, the fuel filtered by the
filter 152 in the fuel store portion 150 is sucked from the
inlet port 123a and flows into the pump room P.
[0044] Next, when the powering to the coil 116 is dis-
continued, the plunger 112 stops and the inlet valve 124
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closes. At the same time, the plunger 112 moves in the
opposite direction (the leftward direction in Fig. 2) and
compresses the fuel in the pump room P by the urging
force of the return spring 122. Then, when the fuel is
compressed above a specific pressure, the outlet valve
127 opens against the urging force of the spring 127a,
and the compressed fuel is discharged through the outlet
port 126a. Subsequently, the plunger 112 stops when
the urging force of the return spring 122 is balanced.
[0045] Then, the fuel which flowed into the pressure
regulator 180 through the outlet port 126a is supplied to
the injector 20 while the pressure is adjusted, and injected
to the engine E at a specific timing.
[0046] Incidentally, in the above, the basic operation
of one cycle reciprocating motion of the plunger 112 is
explained. However, with normal operation, the plunger
112 reciprocates continuously so that a specific amount
of fuel in accordance with the moving stroke is sucked
and pressure fed continuously.
[0047] By the way, with the continuous sucking and
discharging operation of the plunger 112, the fuel leaking
through the circumference of the plunger 112 and gen-
erated vapor are introduced into the fuel store portion
150 (the case 151) through the eject port 121a and the
eject passage 170a. At that time, the vapor is scattered
(crushed) and ejected to the fuel tank 10 through the feed
pipe 30 while cooling fuel efficiently. On the other hand,
the fuel is sucked to the pump room P through the inlet
port 123a after being filtered again by the filter 152, while
being cooled and mixed with the fuel in the fuel store
portion 150.
[0048] Further, the vapor generated in the filter 152
flows outside the filter 152 after the vapor eject valve
152a is opened by its buoyancy, and ejected to the fuel
tank 10 through the feed pipe 30.
[0049] With the abovementioned embodiment, the fil-
ter 152 to filter fuel is disposed in the fuel store portion
150. However, it is not limited to this structure. With the
structure in which a filter unit is adopted separately as
the related art, the plunger pump 110 and the fuel store
portion 150 are formed integrally, and the eject port 151c’
is disposed at the eject passage 170a which connects
the fuel store portion 150, generated vapor can be ejected
efficiently and fuel can be cooled as same as mentioned
above.
[0050] With the abovementioned embodiment, the
pressure regulator 180 is formed integrally with the plung-
er pump 110. However, it is not limited to this structure.
Even when the pressure regulator 180 is formed sepa-
rately, generated vapor can be ejected efficiently and fuel
can be cooled as same as mentioned above.
[0051] With the abovementioned embodiment, the
mesh-shaped filter 155 is adopted as scattering means
to scatter vapor. However, it is not limited to this structure.
It is possible to form grids-shaped structure integrally to
the case 151. Furthermore, it is possible to adopt any
other structure which can scatter (crush) pieces of vapor.
[0052] As mentioned above, with a fuel supply appa-

ratus of the present invention, a fuel store portion which
tentatively stores fuel at the upstream side of an inlet
valve is integrally formed to a plunger pump, and an eject
passage which ejects fuel leaking through the circumfer-
ence of a plunger or generated vapor towards the fuel
store portion is disposed between a cylindrical body and
the fuel store portion. With this structure, the fuel leaking
through the circumference of the plunger or the generat-
ed vapor is ejected to the fuel store portion through the
eject passage. In this manner, vapor can be prevented
from being discharged with fuel, and the fuel in the fuel
store portion can be cooled by the vapor, so that the
discharge performance of the pump, especially at high
temperature, can be improved.
[0053] Furthermore, since the fuel store portion is
formed integrally to the plunger pump, the fuel cooled by
the vapor can be quickly introduced to a pump room,
while suppressing influence of ambient conditions as
much as possible.

Claims

1. A fuel supply apparatus, comprising:

a filter which filters fuel introduced from a fuel
tank;
a plunger which reciprocates in a specific direc-
tion by electromagnetic force;
a cylindrical body which accommodates said
plunger to be free to reciprocate and which forms
a pump room;
a plunger pump which sucks and discharges fu-
el, having an inlet valve to allow sucking of fuel
to said pump room and an outlet valve to allow
discharging of fuel from said pump room;
a fuel store portion which is integrally disposed
to said plunger pump to store fuel tentatively at
the upstream side of said inlet valve; and
an eject passage which is disposed between
said cylindrical body and said fuel store portion
to eject fuel leaking through the circumference
of said plunger or generated vapor towards said
fuel store portion.

2. The fuel supply apparatus according to claim 1,
wherein said cylindrical body comprises an inlet port
which is formed facing one end side of said plunger
to be opened and closed by said inlet valve, an eject
port which is formed facing the other end side of said
plunger to communicate with said eject passage, and
an outlet port which is formed at the inner wall of said
pump room to be opened and closed by said outlet
valve.

3. The fuel supply apparatus according to claim 1 or
claim 2, wherein said filter is disposed in said fuel
store portion, and said fuel store portion comprises
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an opening portion which connects said eject pas-
sage at upstream side of said filter.

4. The fuel supply apparatus according to claim 3,
wherein scattering means is disposed at said open-
ing portion to scatter vapor which is flowing through
said eject passage.

5. The fuel supply apparatus according to claim 4,
wherein a mesh-shaped filter is adopted as said scat-
tering means.

6. The fuel supply apparatus according to any one of
claims 1 through 5, wherein a pressure regulator to
adjust the pressure of discharged fuel is integrally
disposed to said plunger pump.

9 10 



EP 1 614 890 A1

7



EP 1 614 890 A1

8



EP 1 614 890 A1

9



EP 1 614 890 A1

10



EP 1 614 890 A1

11



EP 1 614 890 A1

12



EP 1 614 890 A1

13


	bibliography
	description
	claims
	drawings
	search report

