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An engine intake manifold Is provided that can prevent fuel loss by promptly supplying to an engine the fuel that has collected on
the base within an intake air distribution box. The engine intake manifold includes an intake air distribution box having an intake
Inlet, and a plurality of intake branch pipes made of a synthetic resin that are provided in a vertical arrangement connected to a side

wall of the intake air distribution box with downstream ends connected to a pl
funnel Is formed at the upstream end of each of the Iintake branch pipes d
collector recess Is formed on the base of the intake air distribution box. A f
provided In a side wall of the lowest funnel.

Urality of corresponding intake ports of the engine. A
Isposed within the intake air distribution box. A fuel

Uel draw-up hole communicating with the recess, Is
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ABSTRACT OF THE DISCLOSURE

An engine intake manifold is provided that can prevent fuel loss by promptly
supplying to ar')\ engine the fuel that has collected on the base within an intake air
distribution box. The engine intake manifold includes an intake air distribution box
having an intake inlet, and a plurality of intake branch pipes made of a synthetic
resin that are provided in a vertical arrangement connected to a side wall of the
intake air distribution box with downstream ends connected to a plurality of
corresponding 'i;ntake ports of the engine. A funnel is formed at the upstream end of '
each of the int-a\{kebranch pipes disposed within the intake air distribution box. A fuel
collector recess is formed on the base of the intake air distribution box. A fuel draw-
up hole communicating with the recess, is provided in a side wall of the lowest
funnel.
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ENGINE INTAKE MANIFOLD

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an engine intake manifold that includes an
intake air distribution box having an -intake inlet and a plurality of intake branch pipes
that are provrded in a vertical arrangement for connection to a side wall of the intake
air distribution box. The downstream ends of the intake branch pipes are connected
to a plurality of corresponding intake ports of an engine, and a funnel is formed at the
upstream end of each of the 'intake branch pipes so as to be disposed within the
intake air distribution box.

Description of the Prior Art

[0002] Generally, in an intake manifold, when the intake air blows back the fuel
“that is present in the blown-back gas in some cases coliects on the base within an
intake air distribution box. When the fuel evaporates, it is taken into the engine
together with the intake air. However, in the case where the fuel resides on the base
within the intake air diStributionbox when the engine is shut off, the fuel evaporates
and leaks outside, thus creating a loss.

 SUMMARY OF THE INVENTION

[0003] The present invention has been carried out in view of the above-mentioned
circumstances, and it is an object of the present invention to provide an engine
intake manifold that can prevent fuel loss by promptly supplying the fuel that has
-collected on the base within an intake air distribution box to the engine. .

[0004] In order to achieve the above-mentioned object, in accordance with a first
aspect of the present invention an engine intake manifold includes an intake air
dlstrlbutron box having an intake inlet, and a plurality of intake branch pipes that are
provuded in a vertical arrangement connected to a side wall of the mtake air
distribution box.,_ The downstream ends of the intake branch pipes are connected to
a plurality of corresponding intake ports of the engine, a funnel being formed at the
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upstream end of each of the intake b.ranch pipes which are disposed within the

intake air distribution box. A fuel collector is formed on the base of the intake air

distribution box, and a fuel draw-up hole communicating with the fuel collector, is
provided in a side wall of the lowest funnel adjoining the fuel collector. ' '
[0005] In accordance with the ‘above-mentioned arrangement, when the fuel
collects in the fuel collector within the intake air distribution box, due to the
phenomenon of intake air blow-back during operation of the engine, the fuel draw-up
hole draws up the fuel promptly to supply it to the engine due to the action of the
negative intake pressure generated within the lowest funnel, thereby preventing loss
of the fuel. Moreover, the length of the fuel draw-up hole provided in the lowest
funnel can be minimized. .

[0006] Furthermore, in accordance with a second aspect of the present invention,
an engine intake manifold has the fuel collector formed from a recess formed on the
base of the intake air distribution box. :

[0007] In accordance with the above-mentioned second aspect, since the fuel that,

together with the blow-back gas, has flowed back into the intake air distributi'on bOX,
Is collected in the recess, the fuel loss due to dispersion of the fuel can be prevented.

BRIEF DESCRIPTION OF DRAWINGS
[0008] FIG. 1 is a side view of an outboard motor.
[0009] FIG. 2 is a longitudinal cross section of an essential part of FIG. 1.
[0010] FIG. 3 is a cross section at line 3-3in FIG. 2.
[0011] FIG. 4 is a plan view showing a state of FIG. 3 in which.the intake system
has been removed. -
[0012] FIG. 5 is a cross section at line 5-5 in FIG. 2.
[0013] FIG. 6 is a cross section at line 6-6 in FIG. 3.
[0014] FIG. 7 is a cross section at line 7-7 in FIG. 5.
[0015] FIG8 is an exploded view, corresponding to FIG. 7, of an intake manifold.

[0016] FIG.9is a perspective view of a group of funnel segments in the intake

manifold.
FIG. 10 is a cross section at line 10-10 in FIG. 7.
[0017] FIG. 11 is a cross section at line 11-11 in FIG. 7.
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[0018] FIG. 12 is a view from line 12-12 in FIG. 7.

[0019] FIG. 13 is a cross section at line 13-13 in FIG. 8. :
[0020] FIG. 14 is a cross section at line 14-14 in FIG. 2
[0021] FIG. 15 is a diagram of the entire fuel supply system.
[0022] FIG. 16 is a longitudinal cross section of a fuel rail.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0023] In the explanation below, the terms ‘front’ (‘forward’), ‘rear’ (‘reverse’), ‘left’;
and ‘right’ are used with reference to a hull H on which an outboard motor O is
“mounted. |
[0024] In FIGS. 1 and 2, the outboard motor O includes a mount case 1, an
extension case 2 that is joined to the lower end face of the mount case 1, and a gear
case 3 that is joined to the lower end face of the extension case 2. A V6 water-
cooled four-stroke engine E is mounted on the upper end face of the mount case 1
so that a crankshatft 4 is.vertical; , '
[0025] The lower end of the crankshaft 4 is linked to a drive shaft 6 as well as to a
fywheel 5. The crankshaft 4 extends downward within the extension case 2. lIts
lower end is connected to a horizontal prOpeIler shaft 8 via a forward/reverse swatch-
over mechanrsm 7 provided wrthln the gear case 3. A propeller 9 is fixed to the rear
end of the propeller shaft 8. Linked to a front part of the forward/reverse switch-over
mechanism 7 is a change rod 10 for operatlng the mechanism 7.
- [0026] A swivel shaft 15 is fixed between a pair of left and right upper arms 12 and
a pair of left and right lower arrns‘ 14. The pair of upper arms 12 are linked to the
mount case 1 via an upper mount rubber 11. The pair of lower arms 14 are linked to
the extension case 2 via a lower mount rubber 13. A swivel case 16 rotatably
supports the swivel shaft 15 and is supported in a vertically swingable manner by a
stern bracket 17 mounted on a transom Ha of the hull H via a horizontal til shaft 18.
[0027] The mount case 1 s also provided, via a pIUraIity of stays 21, with a
bracket 20 surrounding the lower -part of the engine E. Fixed to the bracket 20 i's an
“annular under cover 22 made of a synthetlc resin. This under cover 22 covers the
periphery of the sectlon between the lower part of the engine E and the upper part of
the extension case 2. Mounted detachably on the upper end of the under cover 22 is
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an engine hood 33 covering the engine E. The engine hood 33 and the under' cover
22 define an engme compartment 23 for housmg the engine E. The under cover 22
defines an annular empty chamber 24 between itself and the outer periphery of the
upper part of the extension case 1. The under cover 22 has, on its front part, a
cutout 22a through which the empty chamber 24 is connected to the outside air. The
upper arms 12 pass through the cutout 22a. .
[0028] As shown in FIGS. 2 to 4, the engine E has a crankcase 25 supporting the
vertically mounted crankshaft 4, and a pair of left and right banks 26L and 26R,
which extend to the rear in a V-shaped manner from the crankcase 25. The lower
face of the crankcase 25 is b'olted to an upper mounting face 1a (FIG. 13) of the
mount case 1. The upper mountlng face 1a of the mount case 1 Is formed tc be
higher and offset forward relative to the other upper face of the mount case 1,
thereby defining an supplementary equipment installation space 27 between the left
and right banks 26L, 26R and the mount case 1. _
[0029] As shown in FIGS. 5 and 6, each of the banks 26L and 26R is equipped
with a plurality ;.of (three in the illustrated example) cylinder bores 28L and 28R in a
vertical arrangement. The left and right banks 26L and 26R arebolted to the rear
end face of the crankcase 25 and are formed from a cylinder block 28 having the left
and right cylinder bores 28L and 28R, a pair of cylinder heads 29L and 29R, which
are bolted to the left and right rear end faces of the cylinder block 28 on which the
cylinder bores 28L and 28R respectively open, and a pair of head covers 30L and
30R, which are joined to the rear faces of the cylinder heads 29L and 29R so as to
close valve-operatlng chambers formed in the cylmder heads 29L and 29R.

[0030] In FIG. 4, pistons 31L and 31R, which are slidably fitted in the

correspondlng cylmder bores 28L and 28R, are Ilnked to the crankshaft 4 via
connecting rods 32L and 32R

[0031] Joined to a lower mounting face 1b of the mount case 1 is an oil pan 35
placed within the extension case 2.

[0032] Supported rotatably on the left and right' cytinder heads 29L and 29R are
valve-operatlng camshafts 36L and 36R, WhICh are parallel to the crankshaft 4. A

small diameter first drive pulley 37 is fixed to the upper end of the crankshaft 4, and
driven pulleys :38L and 38R are fixed to the upper ends of the left and right
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camshafts 36L and 36R. A single -timing belt 39 is wrap'ped around these drive and
driven pulleys 37 38L and 38R, and when the crankshaft 4 rotates the first drive
pulley 37, thereby drives the driven pulleys 38L and 38R and,' accordingly, the
camshafts 36L and 36R with a reduction ratio of 1/2. Disposed between the above-
mentioned pulleys 37, 38L and 38R are idle pUIleys 40 and 40" and a tension pulley
41, the idle pulleys 40 and 40" guiding the timing belt 39 and the tension pulley 41
imparting a tension to the timing belt 39 while guiding it. _

[0033] Fixedto the uppe'r end of the crankshaft 4 is a large diameter second drive
pulley 42 that is coaxially arranged immediately above the first drive pulley 37. A
drive belt 44 is wrapped around the s'econd~ drive pulley 42 and a driven pulley 43 of
a power' generator 45 fitted to thefront of the crankcase_ 25. When the crankshaft 4
rotates, the second drive puliey 42 'thereby accelerates the driven pulley 43 and,
accordingly, the power generator 45. ' .
[0034] As shown in FIGS. 2 and 3; a belt cover 46 covering the timing belt 39 and
the drive belt 44 is fixed to the upper faces of the cylinder block 28 and the
crankcase 25. ' N
[0035] In FIG. 1, reference numeral 19 denotes an exhaust pipe communicating
with an exhaust port of the engineE. The downstream end of the exhaust pipe
opens within the extension case 2. The exhaust gas that has been discharged from
the exhaust pipe 19 into the extension case 2 is disChar’ged into water through the
hollow part of the boss of the propeller . o
[0036] The intake system of the engine E is now explained by reference to FIGS.
2, 3 and 5 to 13. , ' '

[0037] In FIGS. 2 and 3, a first air inlet 47 is provided in the upper part of the rear
face of the engine hood 33. A flat ventilation duct 49 is disposed along the inner
face of the rear wall of the engine hood 33 so as to communicaté_with the first air
inlet 47. The lower end of the ventilation duct 49 opens in the lower part Of the
engine compartment 23. A second air inlet 48 is provided in the lower part of the
front of the engine hood 33. Attached to the inner face of the front wall of the engine
- hood 33 _'is a partition 64 forming a ventilation passage 50 stretching from the seCond
air inlet 48 to the upper part of the power generator 45. .
[0038] A box-shaped intake silencer 51 using the rear half of the belt cover 46 to
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form a part of its bottom wall adjoins the belt cover 46. Provided on the rear wall of
the intake silencer 51 are a pair of left and right inlets 52 and an outlet 53 disposed
between the inlets 52. Connected to the outlet 53 is the upstream end of an intake
path 54a of a throttle body 54. Pivotably supported in the intake path 54a is a
throttle valve 55 operable coupled to an acceleration lever (not illustrated) provided
inthe hull H. . .

[0039] In FIGS. 5 to 7, an intake manifold Mi is disposed facing a hollow 56
between the left and right banks 26L and 26R. The intake manifold Mi
communicates with the downstream- end of the intake path 54a of the throttle body
94. Disposed in the hollow 56 are a plurality of left intake pipes 58L and a plurality of

right intake pipes 58R with their respective upstream ends facing rearward. The

plurality of left intake pipes 58L are connected to a plura_llty of intake ports 57L
formed in the cylinder head 29L of the left bank 26L. The plurality of right intake
pipes 58R are connected to a plurality of intake ports 57R formed in the cylinder

“head 29R of the right bank 26R. Formed integrally on the upstream ends of the

plurality of left intake pipes 58L is a left connecting flange 59L for connecting the
upstream ends to each other Formed integrally on the upstream ends of the
plurallty of right intake pipes 58R is a right connecting flange 59R for connecting the
upstream ends to each other.

[0040] The intake manifold Mi is made of a synthetic resin, has an intake air
distribution box 60 having a shape that is long in the vertical direction and flat 'in the
front-and-rear direction, and is disposed to bridge the rear faces of the left and right

~banks 26L and 26R. A conneoting flange 66 having an intake inlet 61 in its central

part is formed in the upper part of the front wall of the intake air distribution box 60.
A vertlcally extendlng partition 64 is provided within the intake air distribution box 60,
thereby defining a left distribution chamber 63L and a right distribution chamber 63R

‘individually communicating with the intake inlet 61 within the intake air distribution

box 60. A guide wall 67 for spli-tting the air that has flowed in through the intake inlet

61 between the left and nght distribution chambers 63L and 63R is connected to the

partition 64.

[0041] Formed integrally on the front wall of the mtake air distribution box 60:
facmg the hollow 56 are a pluralrty of left mtake branch pipes 65L and rlght intake
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branch pipes 65R communicating with thecorresponding left and right distribution
chambers 63L and 63R. Formed integrally on the downstream ends of the plurality
of left and right intake branch pipes 65L and 65R is one connecting flange 66
connecting together the left and right intake branch pipes 65L and 65R. The
connecting flange 66 is bolted to the connecting flanges 59L and 59R of the left and
right intake pipes 58L and 58R.
[0042] Formed on the upstream ends of the left Intake branch pipes 65L are
funnels 65f, which open leftward within the intake air distribution box 60. Formed on
the upstream ends of the nght rntake branch pipes 65R are funnels 65f which open
' rightward within the intake air distribution box 60. The respective funnels 65f
contribute to a reduction in the prpellne resistance of the corresponding intake
branch pipes 65L and 65R while maintaining the effective pipe lengths thereof.
[0043] In FIGS. 3, and 7 to 10, the connecting flange 62 having the intake inlet 61
has a polygonal shape (square in the illustrated example). A nut 68 is embedded in
the front face of each of the corners. A connect'ﬂ'ng flange 69 formed on the
downstream end of the throttle body 54 is superimposed on the front end of the
connecting ﬂange 62. The two connecting flanges 62 and 69 are connected to each
other by screwmg a plurality of bolts 70 runnrng through the connecting flange 69
into the nuts 68.
[0044] A plurality of cutout recesses 71 are formed on the front end of the
connecting flange 62. Formed’integrally on the back of the connecting flange 62 are
a plurality of reinforcing ribs 72 extending toward the outer face of the intake air
distribution box 60. As a result, the neck of the connecting flange 62 can be
reinforced while reducing the weight of the connecting flange 62. In particular,
placing the relnforcmg ribs 72 at positions correspondmg to the embedded nuts 68 is

effective in reinforcing the areas of the connectlng ﬂange 62 that are connected to
the throttle body 54.

[0045] The partmon 64 defi ning the left and right distribution chambers 63L and
63R within the intake air drstnbutron box 60 is provided wrth one or a plurality of valve
holes 74 that prowde dlrect communication between the two distribution chambers

63L and 63R. One or a pluralrty of Open/close valves 75 for opening and closing the
valve holes 74 are pivotably supported on the par’utlon 64.
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[0046] When the engine E is in operation, the air that has flowed in through the
first air inlet 47 descends the ventilation duct 49, is released into the lower part of the
engine compartment 23, and goes upward toward the left and right inlets 52 of the
~intake silencer 51. At this stage, water droplets that are present in the air are
separated and fall, thereby preventing the water droplets from entering the intake
silencer 51. ' '

[0047] On 'the other hand, when the power generator 45 is in ose, a cooling fan
rotates therewithin, the air that has flowed in through the second air inlet 48 rises in
ventilation pasSage 50 and enters througha cooling air inlet 76 in the upper part of
the power generator 45, thereby cooling .its interior. The air then flows out of COOIing
air outlets 77 in the lower part of the power generator 45 and also goes .toward the
left and right inlets 52 of the intake silencer 51. '.

[0048] The air that has entered the left and right inlets 52 is combined within the
intake silencer 51 comes out of the outlet 93, passes through the intake path 54a of
the throttle body 54 and goes toward the mtake inlet 61 of the mtake air distribution
box 60. At this stage, the mtake volume of the engine E is controlled by the degree
of opening of the throttle valve 55 in the intake path S54a.

[0049] In a low speed operation region of the engine E, the open/close valves 75
‘within the intake air distribution box 60 are closed. The air that has flowed in through
the intake inlet 61 is split between the left and right distribution Chambers 63L and
63R, which extend vertically. The air that has flowed into the left distribution
chamber 63L is further split between the plurality of left intake branch pipes 65L and
taken into the corresponding cylinder bores 28L via the left intake pipes 58L and the
intake ports 57L of the left bank 26L. - The air that has flowed into the right
distribution chamber 63R _is further split between the plurality of right intake branch
pipes 65R and taken into the corresponding cylinder bores 28R via the right intake
pipes 58R and the intake ports 57R of the right bank 26R. '

[0050] In the low speed operatlon region of the englne E, the left distribution
chamber 63L and the nght dlstnbutlon chamber 63R, into which open the funnels 65f
of the left and right intake branch plpes 65L and 65R, are cut off by the closed
open/close valves 75 except for that area in the upper part that communicates with

the intake inlet 61. As a result, dual resonant ,,sUpercharge intake systems, which do
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not interfere with each other in terms of air'intake,' are formed from an intake system
that extends from the left distribution chamber 63L to the intake ports 57L of the left
bank 26L and an intake system that extends from the right distkibutio’n chamber 63R
to the intake perts 57R of the right bank 26R. Moreover, '- since the natural frequency
of each of the resonant _superchatge intake systems is set so as to substantially
coincide with the open/close cycle of the intake valves of the respective banks 26L
and 26R in the low speed operation of the engine E, the resonant supercharge effect
can be effectiVely exhibited, thereby increasing the intake charge efficiency in the low
speed operation region of the engine E and improving the output performance. '
[0051] Furthermore, in a high speed operatlon reglon of the engine E, the
open/close valves 75 within the intake air distribution box 60 open, and the left and
right distribution chambers 63L and 63R communicate with each other via the valve
holes 74, thereby forming one large capacity surge tank. Since the funnels 65f of the
left and right intake branch pipes 65L and 65R open within the surge tank, an
adverse effect of the resonance in the resonant intake system can be prevented.
That is, the resonant effect obtained in the low-speed operation range of the engine
E is eliminated, thereby preventing a delay in intake response. As a result, a
predetermined intake air charging efficiency can be secured in the high-speed
operation range of the engine E, to thereby enhance the power output performance.
[0052] In FIG 11, a fuel collector is provided as. a recess 78 on the base of the
intake air distribution box 60. Provided in the lowest funnel 65f | s a fuel draw—up hole
79, which extends downward to provide communication between the inner face of
the funnel 65f and the recess 78. As a result, when the engine E is |n operatlon.
even if fuel collects on the base of the intake air dlstnbutlon box 60, that is, in the fuel
collection recess 78 due to the phenomenon of intake air blow-back, when an intake
negative pressure is generated in the lowest funnel 65f, the fuel draw-up hole 79
draws up the fuel because of the action of the negative pressure and supplies it to
the correspondmg cylinder bore 28L or 28R, thereby preventlng loss of the fuel. .
[0053] The fuel that has flowed back to the intake air distribution box 60 from the-
respectwe intake branch pipes 65L and 65R is reliably held in the recess 78, whlch'
functions as a fuel collector, thereby preventing loss due to scattering of the fuel.

[0054] Furthermore, the fuel draw-up hole 79 is provided in the lowest funnel 65f
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of the intake branch pipe, among the plurality of vertically arranged intake branch
pipes 65L and 65R, and the fuel that has collected in the recess 78 can be drawn up
by means of the shortest fuel draw-up hole 79.

[0055] In FIGS. 12 and 13, a valve shaft 80 fixed to the open/close valves 75 is
rotatably supported in the partition 64. An operating lever 81 fixedly provided at one
end of the valve shaft 80 is connected to an operating rod 83 of a negative pressure
actuator 82 and is urged in a d-irection in which the open/close valves 75 are opened
by a return spring 84 of the operating lever 81. A casing 82a of the negative
pressure actuator 82 is supported on the outer wall of the 'intake air distributio'n. DOX
60. A diaphragm that divides it into a negative pressure chamber and an
atmospheric chamber' Is provided in a tenSioned state, within casing 82a. When s
negative pressure is introduced mto the negatlve pressure chamber, the diaphragm
operates to pull the operating rod 83, thereby rotating the operatmg lever 81 in a
direction in which the open/close valves 75 are closed.

[0056] A negative. pressure inlet pipe 85 communicating with the negative
pressure chamber projects from the casing 82a of 'the pressure actuator 82. A
control valve 90 IS disposed in a negative pressure pipe 87 providing a connection
between the negative pressure mlet plpe 85 and the negative pressure tank 86. The
control valve 90 is formed from a solenond valve and controlled by an electronic
control unit (.not illustrated) so that it is excited when the engine E is in a low speed
operation region, thereby unblocking the negative pressure inlet pipe 85, and it is
demagnetized when the engine E is in a hlgh speed operatlon region, thereby
blocking the negatlve pressure mlet pipe 85 and providing a connection between the
negative pressure chamber of the negative pressure actuator 82 and the atmosphere.
Thus, when the engine E is in a low speed operatlon region, the negative pressure
actuator 82 operates thus closmg the open/close valves 75, and when the engine E
IS in a hlgh speed operatnon reglon the negative pressure actuator 82 is in a non-
operating state, and the open/close valves 75 are opened by the biasing force of the
return spring 84. '
[0057] The negative pressure tank 86 is connected to a negative pressure pipe 93
that extends to a first negatlve pressure extractlon pipe 91 formed in the upper part
of the lntake air dlstnbutlon box 60. Dnsposed in the negative pressure pipe 93 is a

10
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check valve 94 that prevents backflow of the negative pressure from the negative
pressure tank 86 to the intake air distribution box 60 side When the engine E is in
~ operation, the negative mtake pressure generated in the mtake air dlstnbutlon box 60
can therefore be stored in the negatlve pressure tank 86 via the negative pressure
pipe 93 and the check valve 94.

[0058] As shown in FIGS. 2 and 4, the negative pressure tank 86 is placed,
together with an auxiliary fuel tank 121, which will be described below, in the
auxiliary equipment installation space 27 that is between the top of the rear part of
the mount case 1 and the left and right banks 26L and 26R. '
[0059] Referring- again to FIGS. 7 to 9, the intake air distribution box 60 is formed
from a first box half 60A on the front side relative to a vertical plane P, that is, on the
side of the banks 26L and 26R, and a second box half 60B on the rear snde and they
are individually molded from a synthetic resin. When molding them, the first box half
60A is molded integrally with the connecting flange 62 having the intake inlet 61.
The first and second box halves 60A and 60B are joined to each other by vibration
welding along the dividing plane therebetween.

[0060] An opening 97 is provided in the central area on the side wall of the second
box half 60B. A cover plate 98 for blocklng the opening 97 is molded from a
synthetic resin. When moldmg it, the cover plate 98 is molded integrally with one
half of the partition 64. The valve holes 74 are formed in said one half, and the
open/close valves 75 that Open and close the valve holes 74 are mounted on the one
half. The cover plate 98 is secu.redto' the second box half 60B by a bolt 99.

[0061] The left and right intake branch pipes65Land 65R are formed from a
plurality of intake branch pipe main bodies 100 and funnel segments 101. The intake
branch pipe main bodies 100 are molded lntegrally with the first box half 60A to form
parts of.the funnels 65f. The funnel segments 101 are separated from the intake
branch pipe main bodles 100 on the plane P and form the remaining parts of the
respective funnels 65f. In addition, a connecting body 64a forming a part of the
partition 64, is molded mtegrally with all of the funnel segments 101. That is, the
group of funnel segments 101 and the connectmg body 64a are molded as one piece.
[0062] When ‘assembling the intake mamfold Mi, fi irstly, the group of left and right
intake branch pipe main bodies 100 of the first box half 60A and the group of funnel

11
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- segments 101 are superimpoSed on the plane P, pressed together, and welded to

each other by vibrating them relative to each other. Subsequently, the first box half
60A and the second half 60B are 'superimposed on the plane P and welded by
vibretion in' th'e'.,same manner. After that, the cover plate 98 is fitted to the second
box half 60B apd secured by the boit 99.

[0063] Since the first box h-elf 60A and the second box half 60B, and the group of
intake branch pipe main bodies 100 and the group of funnel segmente 101 ar’e'thus
welded by vibretion in the plane P, each member can be molded easily and, when
welding them, the pressure imposed can be reliably leveled over the entire welded
surfaces, thereby achieving uniform. welding margins and stabilizing the weld
streng'th.' As a result, the productivity and -'quality' of the intake manifold Mi can be
enhanced. The plurality of f_u'nnel segments 101 are connected to each other as one
piece via the .conneCting body 64a, which is a part of the partition 64. The group of
funnel segments 100 can therefore be molded in a single step together with the
connecting body 64a, and they can be easily welded by vibration to the group of
intake branch pipe main bodies 100. ' ' _
[0064] Moreover, the intake air distribution box 60, which is flat in the front-and-
rear direction, is arranged in the vicinity of the rear end faces of the left and right

_banks 26L and 26R. The groups of left and right intake branch pipes 65L and 65R

are arranged to project into the hollow 56 between the left and right banks 26L. and
26R. It is therefore possible to place the intake man.ifold Mi in a small s;‘p'ace

between the tWo banks 26L and 26R and the rear wall of the ehgine hood 33,

thereby enhancing the space efficiency of the engme compartment 23 and
suppressing any increase in the dimensions of the engme hood 33.

[0065] Since the open/close valves 75 are pivotably supported on the part of the

partition 64, the partition 64 being mtegral with the cover plate 98, after formmg an
assembly havmg the cover plate 9 and the open/close valves 75, fixing the cover
plate 98 to the intake air distribution box 60 can effi iciently assemble the mtake air
distribution box 60 equipped with the Openlclose valves 75. '
[0066] In FIG. 11, a negatlve pressure detectlon hole 103 is provided in the top
wall of the intake air distribution box 60 to open within the intake alr d|str|but|on box
60. A negatlve mtake pressure sensor 104 is fitted into the negative pressure
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detection hole 103. A mounting plate 104a of the negative intake pressure sensor
104 is fixed to the top* wall of the intake air ,distributioh box 60 by a bolt 105. An
output terminal of the negative preésure sensor 104 is connected to a lead that is
linked to an electronic control unit (not' llustrated) for controlling the fuel injection
volume, the ignitioh timing, etc. of the engine. The negative intake pressure
detected by the negative intake pressure sensor 104 Is therefore employed for
controlling the fuel injection volume, the ignition timing, etc. _
[0067] 'Sincé the negative intake 'pressur._e'sensor 104 fitted into the negative
pressure detection hole 103 directly detects the negative intake pressure generated
within the intake manifold Mi, the'; responsiveness 'of the negative intake pressure
sensor 104 to a change in the negative intake 'pre35ure of the engine can be
enhanced. - Moreover, the interior of the intake manifold Mi can function as a surge
tank, thus smoothing the engine intake pulsations and thereby aliowing the negative
intake pressure sensor 104 to detect the negative intake pressure precisely.
Furthermore, since, unlike the conventional arr’angement', it is uhnecessary to
employ a long rﬁ;iegative pressure pipe, the easé of assembly and maintenance of the
engine can be enhénced. ' ' '
[0068] Since the lead connected to the negative intake pressure sensor 104 is
very thin, it does not degrade the ease of aSSemny and -maintenénce of the engine.
[0069] Next, the fuel supply syStem IS fe‘xplained by reference to FIGS. 7 and 14 to
6. ' '
[0070] Attached to the left and right intake pipes 58L and 58R of the banks 26L
~and 26R are solenoid type fuel injection valves 110L and 110R that inject fuel into
the intake valves of the corresponding banks 26L and 26R. Attached to the pIuraIity
of fuel ihjection valves 110L on thei left side is a left long fuel rail 110L for supplying
fuel thereto. Attached to the plurality of fuel injection valves 110R on the right side is -
a right long fuel rail 110R for supplyingfuel thereto. The left 'and right fuel rails 111L
-and 111R are connected to each other at their lower ends by a connecting pipe 112.
[0071] One head cover 30L is e'quipped_with a primary fuel .pu'mp 113 that is
- driven mechanically by the camshaft 6L. A first fuel pipe .‘1 14 pfovides a connection
between the intake port of the primary fuel pump 113 and, via a joint 115, a fuel-
bearing pipe 117 that extends from the fuel tank 116 placed on the hull H side.
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Disposed in the first fuel pipe 114 are from the upstream side, a first fuel filter 118
and a second fuel filter 119. The first fuel filter 118 removes moisture from the fuel,
and the second fuel filter 119 removes other forelgn substances from the fuel.

[0072] The dlscharge port of the primary fuel pump 113 is connected to the fuel
inlet of the auxrlnary_fuel tank 121 via a second fuel pipe 120. Provided wrthln the
auxiliary fuel tank 121 is a known float valve that blocks the fuel inlet when the fuel
oil level within the auxiliary fuel tank 121 becomes equal to or exceeds a
predetermined level. When the engine E is in operation, the auxiliary fuel tank 121 IS
filled with a constant amount of fuel that is drawn up from the main fuel tank 116 by
means of the pnmary fuel pump 113. Attached to one side of the auxiliary fuel tank
121 is a secondary fuel pump 122 that draws up the fuel within the tank 121. The
discharge port of the secondary fuel pump 122 is connected to the upper end -Ofthe
right fuel rail 110R via a third fuel pipe 123. High pressure fuel that has been
discharged from the secondary fuel pump 122 therefore enters the right fuel rail
110R from its upper end side, then passes through the connecting pipe 112, enters
the left fuel rail 110L from its lower end side, and is supplied to the respective fuel
injection valves 110L and 110R. In this way, the left and right fuel rails 111L and
111R and the connecting pipe 112 together form a U-shaped fuel passage, thus
making it difficult for air bubbles to build up in the fuel passage and thereby
stabilizing the amount of fuel injected from each of the fuel injection valves 110L and
110R. , ' .
[0073] JOints 125 are used to connect the fuel rails 111L and 111R, and the third
fuel pipe 123 and connecting pipe 112 as shOwn in FIG. 16. That is, the joint 125
has a hollow cylindrical shape, and a pair of seals 126 and 126 are attached to the
outer circumferenceof opposite ends thereof One end of the joint 125is fi tted in an

_'expansnon hole 127 so that one seal 126 is in close contact wnth the inner

curcumference of the expansuon hole 127 at one end of the fuel rail 111L or 111R.
The other end of the joint 125 is fitted in a terminal pipe 128 connected to the end of
the third fuel pipe 123 or the connectmg prpe 112, so that the other seal 126" IS in

| close contact with the inner circumference of the terminal pipe 128. The termlnal.

pipe 128 has a mountlng plate 1 28a, which is fi xed to the corresponding fuel rails

111L and 111R by a bolt 129. Such a connectiOn-arrangement makes it possible for
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the fuel rails 111L and 111R, and the third fuel pipe 123 and the connecting pipe 112
to be connected to each other easily and reliably. -

[0074] The upper end of the left fuel rail 11 1L is closed, and a fuel pressure
adjusting device 130 is attached to the upper end. The fuel pressure adjusting
device 130 adjusts the pressures within the two fuel rails 111L and 111R, that is to
‘say, the fuel injection pressures of the respective fuel injection valves 110L and
110R. Its surplus fuel outlet plpe 131 Is connected to a fuel return prpe 132 with the
far end opening within the auxiliary fuel tank 121. The fuel that IS considered to be
surplus by the fuel pressure adjusting device 130 is therefore returned to the
auxiliary fuel tank 121 through the fuel return pipe 132. The fuel pressure adj-_usting
device 130 has a negative pressure chamber 130a for controliing the fuel injection
pressure inresponse to the negative intake pressure of the engine E, that is, the
load of the engine E. The negative pressure chamber 130a is connected to the
second negative intake pressure extraction pipe 92 (FIG. 11) of the intake
distribution box 60 via a negativepressure pipe 133. _
[0075] The top wall of the auxiliary fuel tank 121 is connected to an air vent pipe
134 communicating with the space above the fuel oil level within the auxiliary fuel
tank 121. The air vent pipe 134 firstly extends upward, then bends in an inverted U-
shape in the upper part of the engine E, and opens into the annular empty chamber
24 (FIG. 5) of the under cover 22. A fuel vapor capture device 135, which is formed '
from a filtering material, is disposed in the upward route of the air vent pipe 134.
[0076] The interior of the auxiliary fuel tank 121 breathes through the air vent pipe
134, the fuel vapor thereby generated within the auxiliary fuel tank 121 is captured
by the fuel vapor capture device 135, and the liquefied fuel is returned to the
auxiliary fuel tank 121. -

[0077] The auxiliary fuel tank 121 and the secondary fuel pump 122 are supported
by a plurality of posts 136 pro;ectmgly provrded on the top of the mount case 1 via
brackets 137 within the supplementary equipment installation space 27 (FIGS 2 and
14). The negatrve pressure tank 86 is supported on the rear face of the auxiliary fuel
tank 121 viaa bracket 138 . '
[0078] Since the intake manrfold Mi is disposed in the hollow 56 between the left
and nght banks 26L and 26R, and the aux:liary fuel tank 121 and the secondary fuel
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pump 122 are disposed in the supplementary equipment installation space 27
beneath the left and right banks 26L and 26R, this reasonable arrangement allows
the engine cornpartment23 to have a comparatively small capacity and be made
compact. .
[0079] Moreover, the auxiliary fuel tank 121 and the secondary fuel pump 122
positioned beneath the left and right banks 26L and 26R receive little heat from the
left and right banks 26L and 26R, thereby minimizing the generation Of fuel vapor.
[0080] Furthermore, since the auxiliary fuel tank 121 and the secondary fuel pump
122, which areconnected to each other, form one assembly, its handling becomes
easy. Moreover, sinCetheaSSemb_ly. S supported by the posts 136 of the mount
case 1, the assembly can be supported by a smali number of posts 136, that is to
say, the support structure for the auxiliary fuel tank 121 and the secondary fuel pump
122 can be srmpllf ied. ‘

[0081] Moreover, since the auxiliary fuel tank 121 and the secondary fuel pump
122 do not make contact with the left and right banks 26L and 26R, it is possible to
avoid the conduction of heat from the respectxve banks 26L and 26R to the auxiliary
fuel tank 121 and the secondary fuel pump 122, thereby preventing overheatlng of
the fuel therewithin.

[0082] ' As hereinbefore described, in accordance with the first aspect of the
present invention, with regard to an engine intake manifold that includes an intake air
distribution box having an intake inlet, and a ‘plurality of intake branch pipes are
provided in a vertical arrangement to be connected to a side wall of the intake air
distribution box, with downstream ends connected to a plurality of correspondlng
intake ports of an engine. A funnel is formed at the upstream end of each of the
intake branch pipes to be disposed within the intake air dlstrlbutlon box, since a fuel
collector is formed on the base of the intake air distribution box, and a fuel draw-up
“hole communicating with the fuel collector is provided in a side wall of the lowest
funnel adjoining the fuel collector. When the fuel collects in the fuel collector within
the intake air distribution box due to. the phenomenon of intake air blow-back during
operation of the: engine, the fuel draw-up hole draws up the fuel promptly to supply it
to the engine due to the actlon of the negative mtake pressure generated within the
lowest funnel, thereby preventlng loss of the fuel Moreover, the length of the fuel'
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draw-up hole provided in the lowest funnel can be minimized.

[0083] In acCordan'ce with the seCOnd aspect of the present inventiOn; since the
fuel collector is ’;fo\rmed from arece_s:s',formed on the base of the intake air distribution
box, the collection of fuel in the recess, together with the blow-back gas, flows back
into the intake air distribution box, thereby preventing loss due to scattering of the
fuel. _ ' . '

[0084] The present invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The presently disclosed
embodiments are therefore to be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by the appended claims, rather
than the foregoing description, and all changes which come within the meaning and
range of equivalency of the claims are, therefore,- to be embraced therein. '

17
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- CLAIMS

1. An engine intake manifold for an engine having intake ports,
~ comprising: ' o '

an intake air distrib.ution box having an intake inlet; and

a plurality of intake branch ' pipes arranged vertically and connected to a side
wall of the intake air distribution box downstream ends of the branch pipes being
connected to the corresponding lntake ports of the engine,

‘a funnel formed at an upstream end of each of the intake branch pipes, the
funnels being dﬁisposed within the intake ai.r distribution box;

a fuel collector formed on a base of the intake air distribution box; and

a fuel draW-up hole located in a side wall of the IoWest funnel adjoinihg the
fuel collector, the fuel draw-up hole communicating with the fuel collector.

2. The engine intake manifold according to Claim 1, wherein the base of
the intake air distribution box has a recess which constitutes the fuel coliector.

Smart & Biggar
- Ottawa, Canada
Patent Agents
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