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ABSTRACT OF THE DISCLOSURE
An outboard motor equipped with a V-type engine is provided, in which an
intake manifold and an auxiliary fuel tank are arranged rationally, thereby
contributing to maklng the englne compartment compact The outboard motor
includes, in an engine compartment formed above a mount case, a V-type engine
positioned so that heads of left and right cylinder banks face rearward. An intake
manifold is disposed in a hollowbetween the left and right banks. An auxiliary fuel
tank is disposed in an auxiliary equnpment installation space that |s formed between-

the left and right banks and the upper face of the mount case.
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ENGINE INTAKE AND FUEL SYSTEM
IN

OUTBOARD MOTOR

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an outboard motor
that includes, in an engine compartment formed above a mount
case jolined to an upper end of an extension case, a V-type
engine positioned so that the heads of left and right
cylinder banks face rearward, the engine being supported on
the mount case. An intake manifold communicates with 1ntake
ports of the respective banks, an auxiliary fuel tank
temporarily stores fuel that has been drawn up from a main
fuel tank on a hull side by means of a primary fuel pump,
the fuel in the auxiliary fuel tank belng supplied to fuel
injection valves of the respective cylinder banks by means
of a secondary fuel pump, and surplus fuel discharged from
the secondary fuel pump is returned to the auxiliary fuel

tank.

Description of the Prior Art

[0002] Such an outboard motor is already known 1in, for

example, Japanese Patent Application Laid-open No. 5-106527.

[0003] In the outboard motor disclosed in the above-
mentioned application, since the intake manifold is disposed
in front of the engine, and an auxiliary fuel tank 1s
disposed in a hollow between the left and right cylinder

banks, it 1s necessary to enlarge the engine compartment, 1in
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particular because of the intake manifold in front of the

engine. Furthermore, since the auxiliary fuel tank disposed

between the left and right banks is easily heated by the

left and right banks, there is the defect that the amount of

fuel vapor generated within the tank 1ncreases.
SUMMARY OF THE INVENTION

[0004] The present invention has been achieved in view of
the above-mentioned circumstances, and i1t 1s an object of
the present invention to provide an intake and fuel system
arrangement structure 1n an outboard motor in which the
intake manifold and an auxiliary fuel tank are reasonably
arranged, thereby contributing to making the engine
compartment compact and, moreover, making it difficult for
the auxiliary fuel tank to receive heat from the left and

right banks.

[0005] In order to achieve the above-mentioned object, in
accordance with a first aspect of the present invention,
there 1s proposed an engine intake and fuel system in an
outboard motor having a mount case, an extension case, an
engine compartment formed above the mount case joined to an
upper end of the extension case, and a V-type engine having
left and right cylinder banks with their heads facing
rearward, the engine being housed in the engine compartment
and supported on the mount case, the engine intake and fuel
system comprising: an intake manifold communicating with
intake ports of the respective cylinder banks; a main fuel
tank; a primary fuel pump; a secondary fuel pump; an
auxlliary fuel tank for temporarily storing fuel that has
been drawn up from the main fuel tank on a hull side by the
primary fuel pump, the fuel in the auxiliary fuel tank being

supplied to fuel injection valves of the respective banks by
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the secondary fuel pump, wherein surplus fuel discharged
from the secondary fuel pump is returned to the auxiliary
fuel tank; wherein the intake manifold is disposed in a
hollow located forward of and between the left and right
banks; and wherein the auxiliary fuel tank is disposed in an
auxiliary equipment installation space formed between the

left and right banks and an upper face of the mount case.

[0006] In accordance with the first aspect of the present
invention, since the intake manifold and the auxiliary fuel
tank are disposed effectively using the hollow between the
left and right cylinder banks and the auxiliary eqgquipment
installation space formed beneath the left and right banks,
the capacity of the engine compartment housing the intake
manifold and the auxiliary fuel tank together with the
engine can be comparatively small, thereby achieving a
compact engine compartment. Moreover, the auxiliary fuel
tank positioned beneath the left and right banks receives
little heat from the left and right banks, thereby

minimizing the generation of fuel wvapor.

[0007] Furthermore, 1n accordance with a second aspect of
the present invention, there 1s proposed an intake and fuel
system arrangement structure in an outboard motor wherein
the secondary fuel pump is connected to a side face of the
auxiliary fuel tank and the secondary fuel pump and the

auxlliary fuel tank are supported in the mount case.

2a
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In accordance with the second aspect since the auxiliary fuel tank and the

secondary fuel pump are made into an assembly, therr ease of handllng can be

improved and, moreover the structure by which the assembly is supported in the

mount case can be simplified. Furthermore, since the auxiliary fuel tank and the

secondary fuel pump are not in contact with the left and right banks, it is possible to

avoid the conduction of heat from the respective banks to the auxiliary fuel tank and

the secondary fuel pump, thereby preventing the fuel therewithin from being

overheated.
BRIEF DESCRIPTION OF DRAWINGS
[0009] FIG. 1is aside view of an outboard motor.
[0010] FIG.2isa longitudinal cross section of an essential part of FIG. 1.
' [0011] FIG. 31 is a cross section at line 3-3 in FIG. 2. '
[0012] FIG. 4 is a plan view showmg a state of FIG. 3 in which the rntake system

has been removed.

[0013]
[0014)
[0015]
[0016]

[0017]

manrfold
FIG 10 |s a cross section at Ime 10-10 in FIG. 7.

[0018]
[0019]
[0020]

[0021]

[0022]

[0023]

[0024]

FIG. 5 is a cross section at line 5-5 in FIG. 2.
FIG. 6 is a cross section at line 6-6 in FIG. 3.

' FIG. 7 is.a cross section at line 7-7 in FIG. 5.

FIG. 8 is an exploded view, corresponding to FIG. 7, of an intake manifold.
FIG. 9 is a perspectrve view of a group of funnel segments in the intake

FIG. 11 Is a cross section at line 11-11 in FIG. 7.

FIG. 12is a wew.;from line 12-12in FIG. 7.

FIG. 13 is a cross section at line 13-13 in FI1G. 8.
'FIG. 14 is a cross section at line 14-14 in FIG. 2.
FIG. 15 IS a diagram of the entire fuel supply system.

- FIG. 16 is a longitudinal cross section of a fuel rail.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the explanatron below, the terms ‘front (‘forward) rear (‘reverse’), ‘left,

and ‘right’ are used with reference to a hull H on which ‘an outboard motor 0 s
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mounted. .

[0025] 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
80 that a crankshaft 4 is vertical.

[0026] The lower end of the crankshaft 4 is linked to a drrve shaft 6 as well as to a
flywheel 5. The crankshaft 4 extends downward within the extension case 2. Its
lower end is connected to a horizontal propeller shaft 8 via a forward/reverse swntch-
over mechanism 7/ provided within the gear case 3. A propeller Ois ﬁxed to the rear
end of the propeller shaft 8. Linked to a front part of the fonlvard/reverse switch-over
mechanism 7 i rs a change rod 10 for operating the mechanism 7.

[0027] A swrvel shaft 15 is fixed between a pair of left and right upper arms 12 and
a pair of left an,d right lower arms 14. The pair of upper arms 12 are linked to the
mount case 1 Via an upper mount rubber 11. The pair of lower arrns-14 are linked to
the extension case 2 via a lower'rnount rubber 13. A swivel case 16 rotatably
supports the sv\livel shaft 15 and *isés'upported in a vertically swingable manner by a
stern bracket 17 mounted on a tran.som Ha of the hull H via a horizontal tilt shaft 18.
[0028] The mount case 1 is also provided, via a plurality of stays 21, with a
bracket 20 surroundlng the lower part of the engme E. Fixed to the bracket 20 is 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
an engine hood 33 coverlng the englne 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 perrphery of the

upper part of the extensron case 1. The under cover 22 has, on rts- front part, a
cutout 22a through which the empty chamber 24 is connected to the outsrde air. The
upper arms 12 pass through the cutout ZZa

[0029]) As shown in FlGS 2 to 4, the engine E has a crankcase 25 supportrng the
verttcally mounted crankshaft 4, and a pair of left and right banks 26L and 26R,
which extend to: the rear ina V-shaped manner from the crankcase 25. The lower
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face of the orankoase_255:is boltedto an upper mounting face 1a (FIG. 13) of the
mount case 1. The upper mounti'ng'fac.e 1a of the mount case 1 is formed to be
higher and offset: .forward. relative to the other upper face of the mount case 1,
thereby deﬁning an supplementaryeduipment installation space 27 between the left
and right banks:26L, 26R and the mount case 1. '

[0030] 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 Ieft and right banks 26L and 26R are bolted to the rear
end face of the crankcase 25 and are formed from a cylinder block 28 having the left
and rlght cylmder bores 28L and 28R, a palr of cylinder heads 29L and 29R, which
are bolted to the left and rlght rear end faces of the cylinder block 28 on which the -
cylinder bores 28L and 28R respect|ver open, and a pair of head covers 30L and
30R, which are Jolned to the rear faces of the cylinder heads 29L and 29R so as to
olose‘valve-operatlng charnbers formed in the cylinder heads 29L and 29R.

[0031] In FIG. 4, pistons 31L and 31R, which are slidably fitted in the
corresponding cylinder bores 28L and 28R, are linked to the crankshaft 4 via
connecting rods 32L and 32R. . '

[0032] Jonned to a lower mountlng face 1b of the mount case 1 is an oil pan 35
placed within the extensnon case 2.

[0033] Supported rotatably on the left and nght cylinder heads 29L. and 29R are
valve-operatmg icamshafts 36L and 36R, which are parallel to the crankshaft 4. A
small diameter flrst drive pulley 37 is fixed to the upper end of the crankshatft 4-, and
driven pulleys ~38L and 38R are ﬁxed to the upper ends of the left and right
camshafts 36L and 36R. A single tlmmg belt 39 is wrapped around these drive and
- driven pulleys 37 38L and 38R, and when the crankshaft 4 rotates the first drive
pulley 37, thereby drives the dnven pulleys 38L and 38R and, accordingly, the
- camshafts 36L and 36R with a reductlon ratio of 1/2. Disposed between the above-
mentioned pulleys 37, 38L and 38R are idle pulleys 40 and 40" and a tension puliey
41, the ldle pulleys 40 and 40 gwdmg the timing belt 39 and the tensron pulley 41
lmpartmg a tenS|on to the tlmlng belt 39 while guiding it. | .

[0034]  Fixed to the upper end of the crankshaft 4is a Iarge diameter second drive
pulley 42 that lS coaxrally arranged lmmedlately above the first drive pulley 37. A
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drive belt 44 is wrapped around the second drive pulley 42 and a driven pulley 43 of
a power generator 45 fitted to the tront of the crankcase 25. When the crankshatft 4
rotates, the second drive pulley 42 3thereby accelerates the driven pulley 43 and,
accordingly, the power generator 45 ‘ :
[0035] As shown in FIGS. 2 and 3, a belt cover 46 covering the tlmmg belt 39 and
the drive belt 44 is fi xed to the upper faces of the cylinder block 28 and the
crankcase 25. ' -
[0036] In FIG. 1, reference numeral 19 denotes an exhaust pipe comrnunicating
with an exhaust port of the engine E. The downstream end of thefexhaust pipe
opens within the extension case 2. The exhaust gas that has been discharged from
the exhaust plpe 19 into the extension case 2 is discharged into water through the
hollow part of the boss of the propeller 9. -
[0037] The mtake system of the engine E is now explained by teferenceto FIGS.
2,3 and 5 to 13. ’
[0038] In FIGS 2 and 3, a first air inlet 47 is provided in the upper part of the rear
face of the engme 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 communicate 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 enginefhood 33. Attached to the inner face sof the front wall of the engine
hood 33 is a partltlon 64 formlng a ventnlatlon passage 50 stretching from the second
air inlet 48 to the upper part of the power generator 45,
[0039] A box-shaped mtake silencer 51 using the rear half of the belt cover 46 to
form a part of its bottom wall adjolns the belt cover 46. Provided on the rear wall of
- the intake snlenoer 51 are a pair of left and right inlets 52 and an outlet 53 disposed
between the mlets 52. Connected to the outlet 53 is the upstream end of an mtake
path 54a of a throttle body 54 Plvotably supported in the intake path 54a is a
throttle valve 55 operable COUpled to an acceleratzon lever (not |llustrated) provided
In the hull H. ' ,
[0040] In FIGS. 5 to 7, an mtake ‘manifold Ml Is disposed facing a hollow 56
between the left and nght banks 26L and 26R. The intake .mamfold Mi
. communicates wlth the downstream end of the intake path 54a of the throttle body
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54. Disposed m the hollow 56 are a plurality of left intake pipes 58L and a plurality of
right intake pipﬁ_es{ 58R with their reepecti.ve upstream ends facing rearward. The
plurality of Ieft;intake pines 58L are connected to a plurality of intake ports S7L
formed in the eylinder head 29L. of the left bank 26L. The pIUrality of right intake
pipes 58R are ?connected-'z to a plurality of intake ports 57R formed in the cylinder
head 29R of theright bank 26R. ,Formed integrally on the upstream ends of the
pluralityof\left intake pipes S8L is a left eonnecting flange 59L for connecting the
upstream ends to each ether Formed integrally on the upstream ends of the
- plurality of right intake prpes 58R is a rrght connectmg ﬂange 59R for connecting the
‘ upstream ends to each other. | .

[0041) 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 connecting. 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 vertically extending partition 64 is provided within the intake air distribution box 60,
thereby def ining a left distribution chamber 63L and a right distribution Echamber 63R
individually commumcatrng with the mtake inlet 61 within the intake air distribution
box 60. A guide wall 67 for splitting the air that has ﬂowed in through the intake inlet
61 between the left and right distribution chambers 63L and 63R is connected to the
partition 64. \ ' ' '
[0042] Formed integrally'on the front Wall of the intake air 'distribution b0x 60
facing the hollow 56 are a plurality of left intake branch plpes 65L and right intake
branch pipes 65R commumcatmg with the corresponding left and nght dlstnbutlon
chambers 63L and 63R. Formed mtegrally on the downstream ends of the plurallty
of left and rrght intake branch pipes 65L and 65R is one connecting ﬂange 66
connecting together the left and nght 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 prpes 58L and 58R. . | , _ '
[0043] Formed on the Upstream ends of the left intake branch prpes 6ol. are
funnels 65f, whrch open Ieftward wrthln the rntake air distribution box 60. Formed on
the upstream ends of the nght lntake branch plpes 65R are funnels 635f, which open
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rightward within the intake air distribution box 60. The respective funnels - 65f
contribute to a reduction in the pipeline resistance of the corresponding intake
pranch pipes 65L and 65R while marntalmng the effective pipe lengths thereof

[0044] InFIGS. 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 comers. A connecting 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'screwing; a plurality of bolts 70 running through the connecting flange 69
into the nuts 68. :

[0045] A plurality of cutout recesses 71 are formed on the front end of the
connectlng flange 62. Formed nntegrally 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 reducrng the werght of the connecting flange 62. In partlcular,
placing the relnforcrng ribs 72 at positions corresponding to the embedded nuts 68 is
effective in reinforcing the areas of the connecting flange 62 that are connected to
the throttle body 54 , .

[0046] The partitron 64 def ining the left and right distribution chambers 63L and
63R within the intake air distribution box 60 is provided with one or a plurality of valve
holes 74 that proVide direct communication between the two distribution chambers
63L and 63R. One or a plurality of open/close valves 75 for opening and closing the
valve holes 74 are plvotably supported on the partition 64. ,

[0047] 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 |n the air are
separated and fall, thereby preventlng the water droplets from entenng the intake
silencer 51. _ ‘

[0048] On the other hand when the power generator 45 is in use, a cooling fan
rotates therewrthln the air that has ﬂowed in through the second air inlet 48 rises in
ventilatron passage 50 and enters through a coollng air inlet 76 in the upper part of
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the power ge'nerator 45, thereby coo'ling its interior. The air then ﬂows out of cooling
air outlets 77 in the lower part of the power generator 45 and also goes toward the
left and right tnlets 52 of the intake snlencer 51.

[0049] The air that has entered the left and right inlets 52 is combined within the
intake silencer 51, comes out of the outlet 53, passes through the intake path 54a of
the throttle body 54 and goes towardthe intake inlet 61 of the intake air distribution
box 60. At this stage, the intake volume of the englno E is controlled by the degree
of opening of the throttle valve 5% In the intake path 54a.

[0050] In a low speed operatlon reglon 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 leftbank 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.

[0051] In the low speed operation region of the engine E, the left distribution
chamber 63L and the right*distribution chamber 63R, into vvhich open the funnels 65f
of the left and nght mtake branch pipes 65L and 65R, are cut off by the closed
open/close valves 75 except for that area in the upper part that communlcates with
the intake inlet 61. As a result, dual resonant supercharge intake systems Wthh do
hot interfere wrth each other in terms of air intake, are formed from an mtake system
that extends from the left dlstrlbutlon chamber 63L to the intake ports 57L of the left
bank 26L and an intake system that extends from the right di-stribution chamber 63R
to the intake ports S7R of the right bank 26R. Moreover since the natural freqUency
of each of the resonant SUpercharge intake systems is set so as to substantrally
coincide with the open/close cycle of. the intake valves of the respectrve banks 26L
and 26R in the Iow speed operatlon of the engine E, the resonant supercharge effect
can be effectlvely exhibited, thereby mcreasmg the intake charge effi cuency in the low
speed operation reglon of the engme E and improving the output performance.
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[0052]} Furthermore, inﬁ a high speed Operation region of the en_gine E, the
open/close valves 75 within the intake air distribution box 60 open, andthe 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 mtake 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 Iow-speed operation range of the engine
E is eliminated, thereby preventing' a detay in intake response. As a result, a
predetermmed intake a|r charglng effi iciency can be secured in the high-speed
operation range of the engine E, to thereby enhance the power output performance
[0053] 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 is a fuel draw-up hole
79 which extends downward to provade communication between the inner face of
the funnel 65f and the recess 78. As a result, when the engine E is in operation,
even if fuel collects on the base of the intake air distribution 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 supplles it to
the corresponding cyllnder bore 28L or 28R, thereby preventing loss of the fuel.
[0054] The fuel that has‘ 'ﬂowed back to the intake air distribution box 60 frorn the
respectlve tntake branch ptpes 65L and 65R is reliably held in the recess 78, which
functlons as a fuel collector thereby preventing loss due to scattering of the fuel.

- [0055] Furthennore the fuel draw-up hole 79 is provided in the lowest funnel 65f
of the intake branch pipe, among the plurality of vertrcally 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.

[0056] 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 negatlve pressure
actuator 82 and | is urged in: a drrectron in whrch the 0pen/close valves 75 are opened
by a return spnng 84 of the operattng lever 81. A casing _82a of the negative
pressure actuator 82 is supported on the outer wall of the intake air diStribution box

10
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60. A diaphragm that 'dividas it into a negative pressure chamber and an
atmosphenc chamber IS prowded in a tensioned state, wrthm casing 82a When a
negative pressure IS mtroduced into the negative pressure chamber, the dlaphragm
operates to pulil the operating rod 83_,_thereby rotating the operating lever 81 in a
direction in which the open/close valves 75 are closed.

[0057] A negative pressure inlet plpe 85 communicating with ‘the negative
pressure chamber projects from the casing 82a of the pressure actuator 82. A
control valve 90 IS disposed In anegatlve pressure plpe 87 providing a connectlon
between the negative pressure inlet pipe 85 and the negative pressure tank 86. The
control valve 90 is formed from a solenoid 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 i‘s in a high speed operation region, thereby
blocking the negative pressure inlet pipe 85 and providing a connection between the
negative pressure chamber of the negatlve pressure actuator 82 and the atmosphere.
Thus, when the engine E is in a low speed operatlon region, the negatrve pressure
actuator 82 epe__rates thus closing the open/close valves 75, and when the engine E
is in a high Speed. operation region;, the n_egative pressure actuator 82 is in a non-
operating state, and the open/close ;valves 75 are o_pened by the biasing force of the
return spring 84. ' ' ' -
[0058] The negative pressure tank 86 is connected to a neg'ative pressure pipe 93
that extends to a first negatlve pressure extraction pipe 91 formed in the upper part
of the intake air dlstrlbutron box 60 Drsposed In the negatlve pressure plpe 93 is a
“check valve 94 that prevents backﬂow of the negative pressure from the negative
pressure tank 86 to the intake air drstnbutlon box 60 side. When the engine E is in
operatron the negatlve mtake pressure generated in the intake air drstnbutlon box 60
can therefore be stored in the negatlve pressure tank 86 via the negatlve pressure
pipe 93 and the check valve 94. '

[0059] 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 equnpment mstallatlon 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.

1"
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[0060] Referring again to FIGS. 7 to 9, the intake air distribution bo;x 60 is formed
from a first box half 60A onthe front side relative to a vertical plane P that IS, on the
side of the banks 26L and 26R, and asecond box half 60B on the rear side, and they
are individually:- molded from a synthetic resin. When molding them, the first box half
60A is molded integrally wuth the connectlng 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 drvrdlng plane therebetween

[0061] An opemng 97 is provided in the central area on the side wall of the second
box half 60B. A cover plate 98 for blocking the opening 97 is molded from a
synthetic resin. When molding 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 valvesf75 that open and close the valve'holes 74 are mounted on the one
half. The cover plate 98 is secured to the second box half 60B by a bolt 99.

[0062] The left 'andright intake branch pipes 65L and 65R are formed from a
plurality of intake branch prpe main bodres 100 and funnel segments 101. The intake
branch pipe main bodies 100 are molded mtegrally 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 bodies 100 on the plane P and form the remaining parts of the
respecti\re funnels 65f. In addrtlon a connecting body 64a formlng 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 connecting body 64a are molded as one piece.
[0063] When assemblmg the rntake manifold Mi, firstly, the group of left and right
intake branch pipe main bodles 100 of the first box haif 60A and the group of funnel
segments 101 are superimposed on the plane P pressed together, and welded to
each other by V|brat|ng them relatlve to each other. Subsequently, the first box half
60A and the second half 60B are_ superimposed on the plane P and welded by
vibration in the same manner. After that, the cover plate 98 is fitted to the second
box half 60B and secured by the bolt 99. '

[0064] Since the first box half 60A and the second box half 60B, and the group of
intake branch prpe main bodres 100 and the ‘group of funnel segments 101 are thus
welded by vrbratron in the plane P, each member can be molded easrly and, when
weldmg them, the pressure |mposed can be rellably leveled over the entlre welded
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- surfaces, thereby achlevmg uniform weldmg margins and stablllzmg the weld

strength. As a result the productrvrty and quallty of the intake manifold Mi can be
enhanced. The plurality of funnel segments 101 are connected to each other as one
piece via the connectingbody 643; 'Which is a part of the partition 64. The group of
funnel segments 100 cah therefOre be molded in a single step together 'with the
connectlng body 64a, and they can be easily welded by vibration to the group of
intake branch ptpe main bodres 100.

[0065] Moreover the intake air dlstnbutlon box 60, which is flat in the front-and-

- rear directlon, is arranged in the vicinity of the rear end faces of the left and right

banks 26L and226R The?groups of leftand right intake branch pipes 65L and 65R
are arranged to prOJect into the hollow 56 between the left and right banks 26L and
26R. lt IS therefore possrble to place the intake manifold Mi in a small space
between the two banks 26L and 26R and the rear wall of the engine hood 33,

- thereby enhancrng the space efficiency of the engine compartment 23 and

suppressing any mcrease in the dlmensmns of the engine hood 33.

[0066] = Since the openlclose valves 75 are plvotably supported on the part of the
partition 64, the partition 64 being mtegral with the cover plate 98, after forming an
assembly havrng the cover plate 9 and the open/close valves 75, fixing the cover
plate 98 to the mtake air dlstnbutron box 60 can efficiently assemble the mtake air
distribution box 60 ;equlppeﬁd with the open/close valves 75. '

[0067] In FIG. 11, a negative pressure detection hole 103 is provided in the top
wall of the mtake air drstnbutlon box 60 to open within the intake air distribution box
60. A negatlve mtake pressure sensor 104 is fitted into the negatwe pressure
detection hole 103 A mountmg plate 104a of the negative intake pressure sensor
104 is fixed to the top wall of the lntake air dlstrlbutlon box 60 by a bolt 105. An
output terminal of the negative pressure sensor 104 is connected to a lead that is

linked to an electromc control unit (not iHustrated) for controlllng the fuel Injection

volume, the lgmtlon tlmmg, etc. of the engine. The negative mtake pressure
detected by the negatlve mtake pressure sensor 104 is therefore employed for
controllmg the fuel mjectron volume, the ignition tlmlng, efc.

[0068] Since the negatlve mtake pressure sensor 104 fitted into the ‘negative
pressure detectlon hole 103 dlrectly:detects the .negatws intake pressure generated
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within the intake manifold Mi, the _responsiveness of the negative intake pressure
sensor 104 to;a :change_ in the negative intake pressure of the engin_e can be
enhanced. Mcreover the" interior of the intake manifold Mi can function as a surge
tank, thus smoothlng the englne mtake pulsations and thereby allownng the negative
intake pressure sensor 104 to detect the negative intake pressure precisely.
Furthermore, srnce unlrke the conventional arrangement it is unnecessary to
employ a long negatlve pressure prpe the ease of assembly and maintenance of the
engine can be enhanced '

[0069] Since the lead connected to the negative intake pressure sensor 104 is
very thin, it does not degrade the ease of assembly and maintenance of the engine.
[0070] Next, the fuel supply system is explalned by reference toF IGS 7 and 14 to
16. o ' o

[0071] - 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 plurality
of fuel injection valves 11'0‘L on the le"ft 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 rall 110R for supplylng fuel thereto. The left and right fuel rails 111L
and 111R are connected to each other at their lower ends by a connectrng pipe 112.
[0072] One head cover 30L is equrpped with a primary fuel pump 113 that is
driven mechanrcally by the camshaft 6L A first fuel pipe 114 provrdes a connectrcn ,
between the mtake port of the pnmary fuel pump 113 and, via a Jornt 115, a fuel-
bearing pipe 117 that extends from the fuel tank 116 placed on the hull H side.
Disposed in the ﬁrst fuel plpe 114 are from the upstream side, a first fuel filter 118
and a second fuel ﬂlter 119. The first fuel filter 118 removes moisture from the fuel,
and the second fuel filter 119 removes other foreign substances from the fuel.

[0073] :The discharge- port of the primary fuel pump 113 is connected tothe fuel
inlet of the auxiliary fuel tank 121 v:_ia? a second fuel pipe 120. Provided within the
auxiliary fuel tank 121 is a Kknown 'ﬂoat valve that blocks the fuel inlet when the fuel
oil level within the auxiliary 'fueltank 121 becomes equal to or exceeds a
predetermined_level., Whentheengi'ne Eisin 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
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means of the pnmary fuel pump 113. Attached to one side of the auxrllary 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 of the
' 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 f_uiel 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 diffi cult for air bubbles to build up in the fuel passage and thereby
stabilizing the amount of fuel rnjected from each of the fuel injection valves 110L and ,
110R. . ' ' . _ o
[0074] ' Joints 125 are used to connect the fuel rails 111L and 111R; and the third
fuel pipe 123 andconnecting pipe '112 as shown in FIG. 16. That is, the joint 125
has a hollow cyllndrlcal shape, and a palr of seals 126 and 126 are attached to the
outer crrcumference of 0pposrte ends thereof. One end of the joint 125 is fitted in an
expansion hole 127 so that one seal 126 is in close contact with the inner
~circumference of the expa-;nsion 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 connecting pipe 112, so that the other seal- 1267 is in
close contact With the inner circurnference of the terminal pipe 128. The terminal

~ pipe 128 has a mounting plate 128a, which is fixed to the correspondmg fuel rails

111L and 111R by a bolt 129. Such a connection arrangement makes it possmle for
the fuel rails 111 L and 111R and the third fuel pipe 123 and the connectlng pipe 112
to be connected to each other easrly and reliably.

[0075] The upper end of the left fuel rail 111L is closed and a fuel pressure
adjusting devrce 130 s attached to the upper end. The fuel pressure adjusting
device 130 adjusts the pressures WIthrn the two fuel rails 111L and 111R that is to
say, the fuel |nject|on pressures of the respectwe fuel injection valves 110L and
110R. Its surplus fuel outlet pipe 131 is connected to a fuel return pipe 132 with the
far end openmg within the auxrlrary fuel tank 121. The fuel that is consrdered to be
surplus by the fuel pressure adjustmg device 130 is therefore returned to the
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auxiliary fuel tank 121 through the fuel return pipe 132. The fuel pressure adjusting
device 130 has a- negative pressure- chamber 130a for controlling the fuel injection
pressure in response to the negative intake pressure of the engine E, that is, the
'Ioad of the engine E. The negatlve pressure chamber 130a is connected to the
second negative intake pressure extraction pipe 92 (FIG. 11) of the intake
distribution box‘60 via a negative pressure pipe 133. ' |
[0076]  The top wall of the auxrllary fuel tank 121 is connected to an air vent pipe
134 communrcatlng with the space above the fuel oil level within the auxrlrary fuel
tank 121. The air vent plpe 134 firstly extends upward, then bends in an inverted U-
shape in the Upper part of the engrne 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 fi ltering material IS disposed in the upward route of the air vent pipe 134.
[0077] The |nter|or 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. | |

[0078] The auxrlrary fuel tank 121 and the secondary fuel pump 122 are supported
by a plurality of posts 136 projectingly provided on the top of the mount case 1 via
brackets 137 wrthrn the supplementary equrpment installation space 27 (FIGS. 2 and
14) The negatrve pressure tank 86 i lS supported on the rear face of the auxiliary fuel
tank 121 via a bracket 138. In this case, since the left and right banks 26L and 26R
are offset from each other in the axral direction of the crankshaft 24 by a fixed
distance, the herght of the space 27 underneath the left bank 26L drffers from that
underneath the rlght bank 26R. Also the vertically mounted secondary fuel pump
- 122, which requrres a comparatrvely hlgh mstallatlon space IS placed in the deeper
side of the space 27. Therefore the space offi iciency can be enhanced thereby
maknng the whole engine compartment 23 compact.

[0079] ‘Since the intake manifold MI is dlsposed in the hollow 56 between the left ’
and right banks 26L and 26R, and the auxiliary fuel tank 121 and the secondary fuel

pump 122 are dlsposed in the supplementary equrpment instaliation space 27
beneath the left and right banks 26L and 26R, this rational arrangement allows the
engine compartment 23 to have a comparatlvely small capacrty and be made
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compact. | _

[0080] Moreover, the auxiliary fuel tank 121 and the secondary fuel pump 122
positioned beneath the left and rightbanks 26L and 26R receive little heat from the
left and right banks 26L and 26R, thereby minimizing the generation of fuel vapor.
[0081] Furthermore snnce the auxtllary fuel tank 121 and the secondary fuel pump
122, whlch are connected to each other form one assembly, its handling becomes
easy. Moreover since the assembly is supported by the posts 136 of the mount
case 1, the assembly can be supported by a small number of posts 136 that is to
say, the support structure for the auxrllary fuel tank 121 and the secondary fuel pump
122 can be simplified. ' |

[0082] Moreover since the auxllrary fuel tank 121 and the secondary fuel pump
122 do not make contact with the Ieft and nght banks 261 and 26R, it is possrbte to
avoid the conductton of heat from the respective banks 26L. and 26R to the auxiliary
fuel tank 121 and the secondary fuel pump 122, thereby preventing overheating of
the fuel thereWIthln . |
[0083] As described above, in accordance with the first aspect of the present
invention, with regard to an outboard motor that, in an engrnecompartment formed
above a mo.unt.caSe joined to an upperend of an extenSion case, a V—type engine is
positioned so that heads of left andj right banks face rearward, the engine being
supported on the mount case. An intake --manifold communicates with intake ports of
the respective banks, an auxitiary fuel tank temporarily stores fuel that has been
drawn up from a main fuel tank on a hull side by means of a primary fuel pump, the
fuel in the auxrlrary fuel tank berng supplred to fuel injection valves of the respective
~ banks by means of a secondary fuel pump, and surplus fuel discharged from the
secondary fuel pump is returned to the auxiliary fuel tank. Further, the intake
manifold is dlsposed ina hollow between the left and rlght banks, and the auxiliary
fuel tank is dlsposed in an. auxmary equipment installation space that is formed
between the left and right banks and the upper face of the mount case. Therefore,
the intake mamfold and the auxiliary fuel tank are disposed eﬁectrvely using the
hollow between the left and right banks and the ‘auxiliary equrpment mstallatron
space formed beneath the left and nght banks thereby making the volume of the
engine compartment- comparatively small and ‘achieving a compact engine '
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compartment. Morecver the auxiliaryfuel tank positioned beneath th‘e left and right
banks recerves little heat from the left and nght banks, thereby mrnrmrzrng the
generation of fuel vapor. _ ,

[0084] Furthermore in accordance wrth the second aspect of the present
rnventlon since the secondary fuel pump IS connected to the srde face of the
auxiliary fuel tank. and theseccndary fuel pump and the auxiliary fuel tank are
supported inthe mount case, the auxi_liary fuel tank and the secondary fuel pump are
made into an assembly Thus their ease Of handling can be ‘improved and, moreover

) ~8

the structure by whrch the assembly is supported in the mount case can be srmplrf led.
Furthermore srnce the auxrlrary fuel tank and the secondary fuel pump are not in
contact with the Ieft. and right banks, it is possible to avoid the conduction of heat
from the respective banks to the auxiliary fuel tank and the secondary fuel pump,
thereby preventrng the fuel therewithin from being overheated. |

[0085] The present mventron may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The pres,ently. disclosed
embodiments are therefore to be considered in all respects as illustrative and not
restrictive, the scope of the inventionﬁz;bei‘ng indicated by the appended §claims, rather
than the foregotngfdescription, andall changes which come within the meaning and
range of equivalency of thc claims a_re,‘ therefcre, to be embraced therein.
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CLAIMS:

1. An engine 1intake and fuel system 1n an outbgard
motor having a mount case, an extension case, an engine
compartment formed above the mount case joined to an upper
end of the extenslion case, and a V-type engine having left
and right cylinder banks with their heads facing rearward,
the engine being housed in the engine compartment and
supported on the mount case, the engine intake and fuel

system comprising:

an intake manifold communicating with intake ports

of the respective cylinder banks;
a main fuel tank;
a primary fuel pump;
a secondary fuel pump;

an auxliliary fuel tank for temporarily storing
fuel that has been drawn up from the main fuel tank on a
hull side by the primary fuel pump, the fuel in the
auxiliary fuel tank being supplied to fuel injection wvalves
of the respective banks by the secondary fuel pump, wherein
surplus fuel discharged from the secondary fuel pump is

returned to the auxiliary fuel tank;

wherein the intake manifold is disposed in a

hollow located forward of and between the left and right

banks; and

wherein the auxiliary fuel tank is disposed in an
auxlliary equipment installation space formed between the

left and right banks and an upper face of the mount case.
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2 . The engine intake and fuel system i1n an outboard
motor according to Claim 1, wherein the secondary fuel pump
1s connected to a side face of the auxiliary fuel tank and
the secondary fuel pump and the auxiliary fuel tank are

supported in the mount case.

SMART & BIGGAR
PATENT AGENTS

OTTAWA, CANADA
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