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(57) A fuel supply device comprises an air-cleaner
case (11) composed of a lower case (11a) and an upper
case (11b), an intake passage (90) opened into the air-
cleaner case (11), a fuel injector (14) for injection of a
fuel in the air-cleaner case (11), and a support bracket
(15") to support the fuel injector (14). The support bracket
(15") defines a separate chamber (68) in the air-cleaner
case (11). An injector body of the fuel injector (14) is
accommodated in the separate chamber (68) .
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Description
Technical Field

[0001] The present invention relates to a fuel supply
device that supplies a fuel to an engine, a vehicle pro-
vided with the same, and an assembly method of a fuel
supply device.

Background Art

[0002] As a fuel supply device that supplies a fuel to
anengine, there is one, in which a fuel injectoris arranged
upstream of an opening of an intake pipe in an intake
box (see, for example, Patent Document 1). In the fuel
supply device disclosed in Patent Document 1, the fuel
injector is arranged substantially in parallel to an axis of
the intake pipe.

[0003] Also, there is known a fuel supply device, in
which a fuel injector for injection of a fuel into an air cham-
ber (intake box) is arranged outside the air chamber (see,
for example, Patent Document 2).

Patent Document 1: JP-A-10-196494
Patent Document 2: JP-A-7-247924

Disclosure of the Drawings
Problems to be Solved by the Invention

[0004] With the conventional fuel supply devices, a
certain air flow directed toward the opening of the intake
pipe is formed upstream of the opening within the intake
box. With the fuel supply device described in Patent Doc-
ument 1, the fuelinjectoris arrangedin the air flow. There-
fore, there is caused a problem that the fuel injector caus-
es an increase in air resistance to constitute a factor to
obstruct an increase in engine output.

[0005] On the other hand, with the fuel supply device
described in Patent Document 2, since the fuel injector
is arranged outside the air chamber, it is necessary to
pay close attention to ensuring a waterproof quality in a
connection between the fuel injector and the air chamber.
That is, with the fuel supply device, the fuel injector is
connected from outside the air chamber. Therefore, it is
necessary to provide a highly waterproofing sealing
mechanism in the connection of the fuel injector so as to
prevent water from entering inside from outside the air
chamber. Also, it is necessary to accurately assemble
not only the fuel injector but also its sealing mechanism
to the air chamber.

[0006] The invention has been thought of in view of
the problems of the prior art and has its object to improve
a waterproof quality while suppressing the air resistance
provided by a fuel injector in a fuel supply device, in which
a fuel is injected upstream of an opening of an intake
passage.
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Measure for Solving the Problems

[0007] A fuel supply device according to the invention
comprises an intake chamber having an introducing por-
tion for introduction of an air, an intake passage having
an opening opened to the intake chamber and guiding
an air in the intake chamber from the opening to an en-
gine, a compartment member to form a separate cham-
ber inside the intake chamber, and an injector having an
injector body and a nozzle, atleast the injector body being
accommodated within the separate chamber, the injector
acting to inject a fuel between the introducing portion in
the intake chamber and the opening.

[0008] A further fuel supply device according to the
invention comprises an intake chamber having an intro-
ducing portion for introduction of an air, a plurality of in-
take passages each having an opening opened to the
intake chamber and guiding an air in the intake chamber
from the opening to an engine, a compartment member
to form a separate chamber inside the intake chamber,
and a plurality of injectors each having an injector body
and a nozzle, and acting to inject a fuel between the in-
troducing portion in the intake chamber and the respec-
tive openings, and at least the injector bodies of the plu-
rality of injectors are accommodated together within the
separate chamber.

[0009] A method of assembling a fuel supply device,
according to the invention, which fuel supply device com-
prises an intake chamber box having a first case, and a
second case joined to the first case to cooperate there-
with to compartment an intake chamber, an intake pas-
sage having an opening opened to the intake chamber
and guiding an air in the intake chamber from the opening
to an engine, a compartment member to form a separate
chamber inside the intake chamber, and an injector hav-
ing an injector body and a nozzle, at least the injector
body being accommodated within the separate chamber,
the injector acting to inject a fuel between the introducing
portioninthe intake chamber and the opening, comprises
the steps of mounting the compartment member to an
inner surface of the first case while arranging the injector
between the inner surface of the first case and the com-
partment member, or arranging the injector inside the
compartment member, and assembling the first case, to
which the compartment member is mounted, and the sec-
ond case.

[0010] With the fuel supply device, since the injector
body is accommodated in the separate chamber, the in-
jector body is not exposed to an air flow in the intake
chamber, so that air resistance caused by the injector is
decreased. Besides, since the fuel injector is accommo-
dated inside the intake chamber, the waterproof quality
is improved.

Advantage of the Invention

[0011] According to the invention, a fuel supply device,
in which a fuel is injected upstream of an opening of an
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intake passage, canbe improved in waterproof quality-
while air resistance caused by an injector is suppressed.

Brief Description of the Drawings
[0012]

[Fig. 1] Fig. 1 is a side view showing an example of
a motorcycle according to an embodiment of the in-
vention.

[Fig. 2] Fig. 2 is a cross sectional view showing a
fuel supply device according to a first embodiment
of the invention.

[Fig. 3] Fig. 3 is a plan view showing the fuel supply
device according to the first embodiment.

[Fig. 4] Fig. 4 is a cross sectional view showing an
air funnel. [Fig. 5] Fig. 5 is a cross sectional view
showing a fuel supply device according to a second
embodiment of the invention.

[Fig. 6] Fig. 6 is a cross sectional view take along
the line VI-VI in Fig. 5.

[Fig. 7] Fig. 7 is an exploded, perspective view show-
ing a fuel supply device.

[Fig. 8] Fig. 8 is a cross sectional view showing a
fuel supply device according to a third embodiment
of the invention and take along the line VIII-VIII in
Fig. 9.

[Fig. 9] Fig. 9 is a plan view showing the fuel supply
device according to the third embodiment.

[Fig. 10] Fig. 10 is a cross sectional view take along
the line X-X in Fig. 9.

[Fig. 11] Fig. 11 is a cross sectional view take along
the line XI-XI in Fig. 9.

Description of Reference Numerals and Signs
[0013]

8: air funnel (opening)

11: air-cleaner case (intake chamber box)
11a: lower case (second case)

11b: upper case (first case)

11¢’: air inlet (introducing portion)

14: fuel injector (injector)

14c: injection nozzle

14e: electric power supply harness

15": support bracket (compartment member)
16: fuel supply pipe

90: intake passage

Best Mode for Carrying Out the Invention

[0014] Embodiments of the invention will be described
with reference to the drawings.

[0015] (First embodiment)

Fig. 1 is a side view showing an example of a vehicle
according to an embodiment of the invention. The vehicle
according to the embodiment comprises a motorcycle
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(including motorbike, scooter, etc.) 100. In the figure, a
left side corresponds to a front side of the vehicle and a
right side corresponds to a rear side of the vehicle. The
motorcycle 100 comprises aninlet port 81 forintroduction
of an air, an air cleaner 10, an engine 21, and a muffler
84. In addition, the engine 21 in the embodiment com-
prises a water-cooled four-cycle parallel four-cylinder en-
gine. The inlet port 81 and the air cleaner 10 are con-
nected to each other through an intake duct 82. The air
cleaner 10 and a combustion chamber 2c (not shown in
Fig. 1. see Fig. 2) are connected to each other through
an intake passage 90. The combustion chamber 2¢ and
the muffler 84 are connected to each other through an
exhaust passage 83. An upstream-side fuel injector 14
is arranged inside the air cleaner 10 and a downstream-
side fuel injector 13 is arranged in the intake passage 90.
[0016] In the motorcycle 100, an air sucked from the
inlet port 81 is led to the air cleaner 10 through the intake
duct 82. An air purified by the air cleaner 10 and a fuel
injected from the fuel injector 14 are sucked into the in-
take passage 90. A fuel is further injected into the intake
passage 90 from the fuel injector 13. An air and a fuel in
the intake passage 90 are fed to the combustion chamber
2c in the suction stroke of the engine 21.

[0017] The airand the fuel fed to the combustion cham-
ber 2c are compressed in the compression stroke,
burned in the combustion stroke, and forwarded into the
exhaust passage 83 in the exhaust stroke. Exhaust gas-
es forwarded into the exhaust passage 83 are exhausted
outside from the muffler 84.

[0018] In the following description, an upstream in a
flow direction of an air supplied to the combustion cham-
ber 2c of the engine 21 through the air cleaner 10 and
the intake passage 90 from the inlet port 81 is simply
referred to as upstream and a downstream in the flow
direction is simply referred to as downstream.

[0019] As shown in Fig. 2, a recess to form a part of
the combustion chamber 2c is formed in a cylinder head
2 of the engine 21. The engine 21 is mounted in a forward
tilting position or an upright position relative to a vehicle
frame, and a cylinder bore axis B of the engine 21 forms
an angle of 0 to 50 degrees relative to a plumb line V.
[0020] An intake valve opening 2d and an exhaust
valve opening, which are opened to the combustion
chamber 2c, are opened and closed by an intake valve
and an exhaust valve, respectively. Although illustration
is omitted, the intake valve and the exhaust valve, re-
spectively, are drivenly opened and closed by an intake
cam shaft and an exhaust cam shaft.

[0021] The intake valve opening 2d is formed at a
downstream end of an intake port 2e, and an outside
connection port 2f is formed at an upstream end of the
intake port 2e. A cylindrical-shaped throttle body 7 is con-
nected to the outside connection port 2f through a cylin-
drical-shaped joint member 6. Further, an air funnel 8 is
connected to an upstream end of the throttle body 7. The
air funnel 8, the throttle body 7, the joint member 6, and
the intake port 2e define the intake passage 90 having a
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straight center line A. In addition, the center line A forms
an angle of 20 to 50 degrees relative to the cylinder bore
axis B.

[0022] The joint member 6 is cylindrical-shaped and
made of heat-resisting rubber, and a lower-end flange
(not shown) of the joint member 6 is bolted and fixed to
a peripheral edge of the outside connection port 2f of the
cylinder head 2. A downstream opening of the throttle
body 7 is inserted into an upper-end connection port of
the joint member 6, and the joint member 6 and the throt-
tle body 7 are clamped and fixed together by a fixing band
6b.

[0023] The throttle body 7 is cylindrical-shaped and a
throttle valve 9 is arranged midway in a lengthwise direc-
tion of the throttle body. The throttle valve 9 comprises
a valve shaft 9a extending through the throttle body 7 in
a direction (referred to as cam shaft direction) in parallel
to the cam shaft, and a valve disk 9b fixed to the valve
shaft 9a. Although illustration is omitted, the valve shaft
9a is connected to an adjacent valve shaft of the throttle
valve by a connection body. A throttle pulley is mounted
on the connection body, and the throttle pulley is con-
nected to a throttle grip of a steering handle through a
throttle cable.

[0024] Theairfunnel 8is connected to the throttle body
7 through a joint member 6’. The air funnel 8 is opened
into the air cleaner 10. The air cleaner 10 comprises a
box-shaped air-cleaner case 11 extending in a vehicle-
width direction (cam shaft direction). An intake chamber
is defined inside the air-cleaner case 11 and an element
12 is arranged in the intake chamber.

[0025] The air-cleaner case 11 is of a vertical split type
to comprise a lower case 11a and an upper case 11b.
Flanges 11e, 11f, respectively, are formed at peripheral
edges of split surfaces of the lower case 11a and the
upper case 11b, and the flanges 11e, 11f are fixed to-
gether by means of fasteners such as vis, screw, bolt, etc.
[0026] The lower case 11a is compartmented into a
front portion (a right portion in Fig. 2) and a rear portion
(a left portion in Fig. 2). The front portion of the lower
case 11a expands downward in size, and an expansion
portion 11i is formed at a side wall thereof with an air inlet
11¢’. The rear portion of the lower case 11a comprises
a downwardly expanded outlet 11d. The outlet 11d
mounts to a bottom surface thereof four sets of air funnels
8 of the respective cylinders. In addition, the respective
air funnels 8 are fitted into the connection ports of the
throttle bodies 7 of the respective cylinders when the air
cleaner 10 is arranged in a predetermined position.
[0027] The upper case 11b is substantially arcuate-
shaped in a cross section extending from the front portion
to a rear wall 11g. Since the upper case 11b is arcuate-
shaped in this manner, a necessary volume is ensured
on a secondary side (downstream of the element 12) of
the element 12.

[0028] A main flow of an air sucked from the air inlet
11c’ is led to the air funnels 8 such that a center line M
of the flow assumes an arcuate shape as shown in Fig. 2.
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[0029] The downstream-side fuel injectors 13 are ar-
ranged every cylinder on downstream sides of the throttle
valves 9 of the respective throttle bodies 7, and the up-
stream-side fuel injectors 14 are arranged every cylinder
on upstream sides.

[0030] A boss to support the fuel injector 13 is formed
on a rear wall of the throttle body 7, that is, a wall posi-
tioned on an opposite side of the center line A of the
intake passagetothe cylinder bore axis B. The respective
fuel injectors 13 are fixed in a state of being inserted into
the bosses. Fuel introduction portions 13b are provided
on upper ends of the respective fuel injectors 13, the
respective fuel introduction portions 13b being connect-
ed to pipes 17a branching off a fuel supply pipe 17. The
fuel supply pipe 17 extends in the cam shaft direction
and is common to the respective fuel injectors 13. In ad-
dition, the reference numeral 13c denotes nozzles of the
fuel injectors 13.

[0031] Thethrottle body 7 comprises a diaphragm type
cushion valve 19 on an upstream side of the throttle valve
9. In the cushion valve 19, a piston valve 19a to increase
or decrease , an area of the intake passage is biased
toward a closed side. Also, the piston valve 19a is con-
nected to a diaphragm 19b to introduce into a diaphragm
chamber 19c negative pressure in the intake passage
90. Owing to the provision of such cushion valve 19, when
the throttle valve 9 is abruptly opened, the piston valve
19a opens the intake passage 90 a little later to adjust
an increase in air quantity to an increase in fuel injection
quantity whereby it is possible to achieve a smooth in-
crease in rotation of the engine.

[0032] The upstream-side fuel injectors 14 are ar-
ranged inside (toward a center of the arcuate shape) the
center line M of the main flow within the air-cleaner case
11. The respective fuel injectors 14 are supported on a
cylindrical-shaped support bracket 15". The support
bracket 15" comprises a vertical wall 15a extending
lengthwise of the fuel injectors 14. In addition, the vertical
wall 15a has the function of leading the air flow M to the
air funnels 8. The support bracket 15" extends through
left and right side walls of the air-cleaner case 11 (see
Fig. 3). The extending-through portions are interposed
by flanges of the lower case 11a and the upper case 11b
and sealed so as not to prevent an outside air from en-
tering the air cleaner.

[0033] The fuelinjectors 14 comprise an injection noz-
zle 14cand aninjector body (a portion except the injection
nozzle 14c). The injector body is fixed in a state of being
inserted into a boss 15d of the support bracket 15", and
the injection nozzle 14c projects downward from the sup-
port bracket 15". The support bracket 15" defines a sep-
arate chamber 68 in the air cleaner 10 to be compart-
mented from the intake chamber. The injector bodies of
the fuel injectors 14 are accommodated inside the sep-
arate chamber 68.

[0034] Also, acommon fuel supply pipe 16 is connect-
ed to an upper end of the respective fuel injectors 14.
The respective fuel injectors 14 are connected to pipes
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16a branching off the fuel supply pipe 16 within the sep-
arate chamber 68. As shown in Fig. 3, an end of the fuel
supply pipe 16 projects outside the air-cleaner case 11,
and the projecting portion is connected to a fuel supply
pump (not shown).

[0035] Also, the respective fuel injectors 14 are con-
nected to electric power supply harnesses 14e within the
separate chamber 68. Although illustration is omitted,
four sets of electric power supply harnesses 14e in a
bundled state extend through the air-cleaner case 11 to
be led outside. Provided on the led ends is a connection
connector.

[0036] In this manner, the four fuel injectors 14 along
with the fuel supply pipe 16 and the electric power supply
harnesses 14e are mounted to the support bracket 15" to
be made integral as an injector unit. The injector unit is
arranged in the air cleaner 10 (more specifically, within
the separate chamber 68 compartmented by the support
bracket 15") . On the other hand, a joint of the fuel supply
pipe 16 and the connector connected to edges of the
harnesses 14e are connected to external circuits outside
the air cleaner 10.

[0037] According to the embodiment, the air funnels 8
are tapered in shape with a suction side thereof being
slightly large in diameter, and tip ends of the air funnels
8 are formed by a bellmouth. The bellmouth forms a sep-
aration layer inducing portion 8a, which is provided by
arcuately outwardly bending a peripheral edge of a suc-
tion port 8b (see Fig. 4). The separation layer inducing
portion 8a is structured such that a separation layer a of
an air flow sucked into the throttle body 7 through the air
funnel 8 is positively formed on an inner surface of the
air funnel 8.

[0038] Concretely, as shown in Fig. 4, the separation
layer inducing portion 8a defines an arcuate curved sur-
face, of which a radius of curvature r in the air flow direc-
tion is in the order of 0.33 to 0.01xD where D indicates
a diameter of the suction port 8b of the air funnel 8. Here,
when the radius of curvature ris 0.33xD, the contraction
of flow assumes about 0.99. By the way, when the radius
of curvature ris 0.33xD, contraction of flow is not caused
by a corner of an intake inlet but when the radius of cur-
vature r is less than 0.33xD, the flow coefficient is de-
graded and flow separation is generated. However, when
a separation layer a is formed at an opening of the air
funnel 8, a fuel riding on a pulsating wave to flow back-
ward in the intake passage 90 can be caught by the sep-
aration layer a. Hereupon, according to the embodiment,
blowing-back of the fuel is prevented by making effective
use of flow separation at the funnel opened end. There-
fore, the radius of curvature r described above is adopted.
Thatis, according to the embodiment, suction resistance
is suppressed by providing the air funnel 8 atan upstream
end of the intake passage 90 and blowing-back of the
fuel is prevented by forming the separation layer a at the
opening end of the air funnel 8.

[0039] Also, according to the embodiment, the fuel in-
jectors 14 are arranged in a manner to inject a fuel toward
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a center of the intake passage from the separation layer
a.

[0040] A fuel supply device according to the embodi-
ment is assembled in the following manner. That is, the
respective fuel injectors 14 are first mounted to the sup-
port bracket 15" . Then, the branch pipes 16a of the fuel
supply pipe 16 and the electric power supplyharnesses
14e are mounted to the respective fuel injectors 14. Sub-
sequently, the support bracket 15" is mounted to the up-
per case 11b. Then, the upper case 11b with the support
bracket 15" mounted thereto is mounted to the lower
case 11a.

[0041] With the present fuel supply device, the sepa-
rate chamber 68 is compartmented by the support brack-
et 15" in the air cleaner 10 and the injector bodies of the
fuel injectors 14 are accommodated inside the separate
chamber 68. Therefore, the injector bodies are not ex-
posed to the air flow M in the air cleaner 10. Accordingly,
it is possible to suppress the air resistance caused by
the fuel injectors 14. Besides, since the fuel injectors 14
are accommodated inside the air cleaner 10, itis possible
to improve the air cleaner 10 in waterproof quality. As
described above, with the present fuel supply device, it
is possible to make reduction in air resistance and an
improvement in waterproof quality compatible with each
other in spite of the fuel injectors 14 being arranged up-
stream of the openings of the intake passage 90.
[0042] Also, with the present fuel supply device, the
support bracket 15" (the fuel injectors 14) are arranged
inside the arcuate-shaped center line M of the main flow
of an air. Therefore, from the viewpoint of arrangement,
the fuel injectors 14 can be suppressed in making resist-
ance to the air flow. Accordingly, it is possible to avoid
that the air resistance of the fuel injectors 14 constitutes
a factor to obstruct an increase in engine output.

[0043] Also, with the present fuel supply device, the
single support bracket 15" the common separate cham-
ber 68 to accommodate the plurality of fuel injectors 14.
Accordingly, as compared with the case where separate
chambers 68 are individually formed for the respective
fuel injectors 14, it is possible to achieve reduction in the
number of parts.

[0044] Also, since the support bracket 15" supporting
thereon the fuel injectors 14 is mounted to the upper case
11b and thereafter the upper case 11b is assembled to
the lower case 11a, the fuel supply device can be rela-
tively easily assembled in spite of the fuel injectors 14
being arranged inside the air cleaner 10.

[0045] Also, with the present fuel supply device, con-
nection between the fuel injectors 14 and the fuel supply
pipe 16 and connection between the fuel injectors 14 and
the electric power supply harnesses 14e are both effect-
ed in the separate chamber 68 within the support bracket
15". Accordingly, it suffices that such connection be per-
formed when the support bracket 15" is mounted to the
upper case 11b. With the present fuel supply device,
these elements can be connected together before the
upper case 11b and the lower case 11a are assembled
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together.

[0046] In addition, with the present fuel supply device,
the fuel injectors 14 do not project outside the air-cleaner
case 11. Therefore, it is possible to make the fuel supply
device look better.

[0047] (Second embodiment)

Figs. 5 to 7 are views illustrating a fuel supply device
according to a second embodiment. As shown in Fig. 5,
a cylinder head 2 is mounted on an upper mating surface
1a of a cylinder body 1 of an engine 21. The cylinder
head 2 and the cylinder body 1 are clamped together by
means of head bolts (not shown) . A head cover 3 is
mounted on an upper mating surface 2a of the cylinder
head 2.

[0048] Arecesstoformapartofacombustionchamber
2c is formed on a lower mating surface 2b of the cylinder
head 2. An intake valve opening 2d and an exhaust valve
opening (not shown), which are opened to the combus-
tion chamber 2c, are opened and closed by an intake
valve 4a and an exhaust valve 4b, respectively. The in-
take valve 4a and the exhaust valve 4b, respectively, are
drivenly opened and closed by an intake cam shaft 5a
and an exhaust cam shaft 5b.

[0049] Also, according to the embodiment, a lower
case 11a is compartmented into a front portion (a right
portion in Fig. 5) and a rear portion (a left portion in Fig.
5). According to the embodiment, however, an air inlet
11c opened downward is formed in the front portion. The
rear portion comprises a downwardly expanded outlet
11d. The outlet 11d mounts to a bottom surface thereof
four sets of air funnels 8 of respective cylinders.

[0050] An element 12 is in the form of a thick plate to
cover the air inlet 11c of the lower case 11a and inter-
posed by both flanges 11e, 11f. An upper case 11b is
substantially arcuate-shaped as viewed in cross section.
A main flow of an air sucked from the air inlet 11c is
changed in a flow direction to be led to air funnels 8 such
thata centerline M of the flow assumes an arcuate shape.
[0051] A boss 7c is formed on a rear wall of a throttle
body 7, that is, a wall positioned on an opposite side of
a center line A of an intake passage to a cylinder bore
axis B. Respective fuel injectors 13 are fixed in a state
of being inserted into the bosses 7c. In addition, a tip end
of an injection nozzle 13c of the fuel injector 13 is posi-
tioned near to an inner surface of the throttle body 7. As
viewed in a cam shaft direction (in addition, the cam shaft
direction is also a crankshaft direction), an injection axis
13a of the fuel injector 13 intersects an intake passage
axis A in the vicinity of an inlet of an intake port 2e and
is directed toward a roof wall of the intake port 2e.
[0052] Respective fuel injectors 14 are supported on
a rear wall 11g of the upper case 11b of an air cleaner
10 through a common support bracket 15. The support
bracket 15 is formed to be substantially L-shaped in cross
section to have a vertical wall 15a and a transverse wall
15b. In addition, the vertical wall 15a also functions as a
guide plate to direct a main flow M of an air flowing in the
air cleaner 10, toward the air funnels 8. Both left and right
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ends of the vertical wall 15a and the transverse wall 15b,
respectively, are connected to substantially triangular-
shaped end walls 15c (see Fig. 6). A substantially trigonal
prism shaped separate chamber 68 is defined between
the support bracket 15 and the rear wall 11g. Flanges
15f are formed at peripheral edges of the vertical wall
15a, the transverse wall 15b, and the end walls 15c, the
flanges 15f being detachably bolted and fixed to the rear
wall 11g. In addition, a sealing member 15e is present
between the flanges 15f and the rear wall 11g.

[0053] The transverse wall 15b is formed with cylindri-
cal-shaped bosses 15d, which expand downward. The
respective fuel injectors 14 are fixed in a state of being
inserted into the bosses 15d, and injection nozzles 14c
project downward from the bosses 15d. Fuel introduction
portions 14b are provided on upper ends of the respective
fuel injectors 14, the fuel introduction portions 14b being
inserted into and connected to pipes 16a branching off
a single common fuel supply pipe 16.

[0054] As shownin Fig. 6, both ends of the fuel supply
pipe 16 extend through the rear wall 11g of the upper
case 11b to project rearward (toward a back side of a
plane of Fig. 6), and joints 16b, 16¢ are provided on outer
projecting portions of the fuel supply pipe 16 to be con-
nected to fuel pipes on a fuel supply side and on a fuel
return side. As shown in Figs. 5 and 7, electric power
supply harnesses 14e, respectively, are connected to the
respective fuel injectors 14. Although illustration is omit-
ted, the four sets of electric power supply harnesses 14e
in a bundled state extend through insertion ports 11j (see
Fig. 7) of the rear wall 11g to be led outside. Provided on
the led ends is a connection connector (not shown).
[0055] In this manner, the four fuel injectors 14 along
with the fuel supply pipe 16 and the electric power supply
harnesses 14e are mounted on the support bracket 15
to be made integral as an injector unit. The injector unit
is arranged in the air cleaner 10, especially, within the
separate chamber 68 compartmented by the support
bracket 15 and the upper case 11b. On the other hand,
the joints 16b, 16c of the fuel supply pipe 16 and the
connector connected to edges of the harnesses 14e are
connected to external circuits outside the air cleaner 10.
[0056] As shownin Fig. 5, the respective fuel injectors
14 are arranged outside (an opposite side to a center of
the arcuate shape) the arcuate-shaped center line M of
the main flow of an air. As viewed in the cam shaft direc-
tion, in the valve axis portion 9a of the throttle valve, an
injection axis 14a of each fuel injector 14 intersects a
center line A of an intake passage 90 and hence the
center line M of the main flow. Also, the injection axis 14a
is directed toward a rear surface (a surface on the right
in Fig. 6) of a valve disk 9b (shown by two-dot chain lines
in Fig. 5) in a fully closed position.

[0057] The fuel supply device according to the embod-
iment is assembled in the following manner. That is, the
respective fuel injectors 14 are first mounted to the sup-
port bracket 15. Then, the branch pipes 16a of the fuel
supply pipe 16 and the electric power supplyharnesses
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14e are mounted to the respective fuel injectors 14. Sub-
sequently, the support bracket 15 is mounted to an inner
surface of the rear wall 11g of the upper case 11b. There-
by, the fuel injectors 14 are mounted to the upper case
11b from inside. Then, the upper case 11b with the sup-
port bracket 15 mounted thereto is mounted to the lower
case 11a.

[0058] Thus, according to the embodiment, the sepa-
rate chamber 68 is formed inside the air cleaner 10 by
the support bracket 15 and the fuel injectors 14 are ac-
commodated inside the separate chamber 68. Accord-
ingly, in the same manner as in the first embodiment, it
is possible to achieve reduction in air resistance and an
improvement in waterproof quality.

[0059] According to the embodiment, the support
bracket 15 (the fuel injectors 14) is arrangedoutside the
arcuate-shaped center line M of the main flow of an air.
Accordingly, in the same manner as in the first embodi-
ment, from the viewpoint of arrangement, the support
bracket 15 (the fuel injectors 14) can be suppressed in
making resistance to the air flow.

[0060] Also, according to the embodiment, the fuel in-
jectors 14, the fuel supply pipe 16, and the electric power
supply harnesses 14e are mounted to the support brack-
et 15 to be made integral as an injector unit. Then, the
injector unit is arranged in the air cleaner 10 (especially,
the separate chamber 68) and detachably bolted and
fixed to the air-cleaner case 11. Therefore, the mounting
operation of the fuel injectors 14, the fuel supply pipe 16,
and the like can be made easy in spite of the plurality of
fuel injectors 14 being provided. Also, since the injector
unit is positioned as a whole in the air-cleaner case 11,
and in particular, the fuel injectors 14 do not project out-
side, itis possible to avoid a problem that the fuel injectors
14 interfere with other vehicle-mounted parts to be dam-
aged or the like.

[0061] Also, with the present fuel supply device, the
both ends of the fuel supply pipe 16 are caused to project
outside the air-cleaner case 11, and the joints 16b, 16¢
are provided on the projecting portions of the fuel supply
pipe. Also, the connector connected to the edges of the
harnesses 14e is arranged outside the air-cleaner case
11. Therefore, the operations of connection and discon-
nection of a fuel circuitand an electric circuit can be easily
performed in spite of the injector unit being arranged in-
side the air cleaner 10.

[0062] (Third embodiment)

A fuel supply device according to a third embodiment will
be described with reference to Figs. 8 to 11.

[0063] Also, according to the embodiment, a separate
chamber 68 is compartmented by a support bracket 15
in an intake chamber in an air cleaner 10. Fuel injectors
14 are accommodated inside the separate chamber 68.
In addition, according to the embodiment, not only injec-
tor bodies but also injection nozzles 14c are accommo-
dated within the separate chamber 68. That is, while
opening ends of the nozzles are opened to the intake
chamber, the injection nozzles 14c are substantially ac-
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commodated within the separate chamber 68.

[0064] Also, according to the embodiment, an air-
cleaner case 11 comprises a lower case 11a and an up-
per case 11b, and flanges 11e, 11f of the cases 11a, 11b
are detachably joined together by means of bolts 65 and
nuts 66. The support bracket 15 and the upper case 11b
are fixed together by bolts 67 inserted from outside the
upper case 11b. In addition, fasteners such as the bolts
67, etc. are exemplary and fixation can be of course
achieved by means of fasteners such as screws, etc.
[0065] Pipes 16a branching off a fuel supply pipe 16
are connected to upper ends of the respective fuel injec-
tors 14. As shown in Figs. 9 and 10, an insertion port 75
is formed on the rear wall 11g of the upper case 11b. A
sealing member 73 for waterproofing is fitted into the in-
sertion port 75, and the fuel supply pipe 16 extends
through the sealing member 73. With such arrangement,
the fuel supply pipe 16 is arranged inside (strictly, an
interior of the separate chamber 68) and outside the air
cleaner 10 through the insertion port 75.

[0066] Also, the respective fuel injectors 14 are con-
nected to electric power supply harnesses 14e within the
separate chamber 68. As shown in Figs. 9 and 11, an
insertion port 76 is formed on the rear wall 11g of the
upper case 11b, and a sealing member 74 for waterproof-
ing is also fitted into the insertion port 76. Four sets of
electric power supplyharnesses 14e are bundled to make
a group of harnesses 70 to extend through the sealing
member 74 . With such arrangement, the harnesses 70
are arranged inside and outside the air cleaner 10
through the insertion port 76. In addition, a connection
connector 71 is provided on edges of the harnesses 70
outside the air cleaner 10.

[0067] In addition, the fuel supply device according to
the embodiment can be assembled in the same manner
as the fuel supply device according to the second em-
bodiment.

[0068] Also,itis possibleinthe embodimentto produce
the same effect as those in the respective embodiments.

Industrial Applicability

[0069] As described above, the invention is useful in
fuel supply devices for engines and vehicles provided
with the same.

Claims

1. Afuel supply device comprising
an intake chamber having an introducing portion for
introduction of an air,
an intake passage having an opening opened to the
intake chamber and guiding an airinthe intake cham-
ber from the opening to an engine,
a compartment member to form a separate chamber
inside the intake chamber, and
an injector having an injector body and a nozzle, at
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least the injector body being accommodated within
the separate chamber, the injector acting to inject a
fuel between the introducing portion in the intake
chamber and the opening.

The fuel supply device according to claim 1, further
comprising a fuel supply pipe connected to the in-
jector in the separate chamber.

The fuel supply device according to claim 1, further
comprising an electric power supply harness con-
nected to the injector in the separate chamber.

The fuel supply device according to claim 1, further
comprising

a first case, and

a second case joined to the first case to cooperate
therewith to compartment the intake chamber, and
wherein the compartment member is mounted to an
inner surface of the first case.

The fuel supply device according to claim 1, further
comprising

afuel supplypipe connected to the injector in the sep-
arate chamber,

an electric power supply harness connected to the
injector in the separate chamber, and

a connector connected to an edge of the harness,
and

wherein the injector, the fuel supply pipe, and the
electric power supply harness are made integral as
an injector unit and arranged in the separate cham-
ber, and

the connector is arranged outside the intake cham-
ber.

A fuel supply device comprising

an intake chamber having an introducing portion for
introduction of an air,

a plurality of intake passages each having an open-
ing opened to the intake chamber and guiding an air
in the intake chamber from the opening to an engine,
a compartment member to form a separate chamber
inside the intake chamber, and

a plurality of injectors each having an injector body
and a nozzle, and acting to inject a fuel between the
introducing portion in the intake chamber and the
respective openings, and

wherein at least the injector bodies of the plurality of
injectors are accommodated together within the sep-
arate chamber.

A vehicle provided with a fuel supply device accord-
ing to any one of claims 1 to 6.

A method of assembling a fuel supply device, which
comprises
an intake chamber box having a first case, and a
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second case joined to the first case to cooperate
therewith to compartment an intake chamber,

an intake passage having an opening opened to the
intake chamberand guiding an airin the intake cham-
ber from the opening to an engine,

a compartment member to form a separate chamber
inside the intake chamber, and

an injector having an injector body and a nozzle, at
least the injector body being accommodated within
the separate chamber, the injector acting to inject a
fuel between the introducing portion in the intake
chamber and the opening, the method comprising
the steps of:

mounting the compartment member to an inner
surface of the first case while arranging the in-
jector between the inner surface of the first case
and the compartment member, or arranging the
injector inside the compartment member, and

assembling the first case, to which the compart-
ment member is mounted, and the second case.
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