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In a structure for mounting , on a cylinder block , a fuel pump 
including a fuel pump drive shaft which is rotated by 
receiving a driving force of a crankshaft , and a fuel pump 
body which is operated as the fuel pump drive shaft is 
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a bearing portion which rotatably supports the fuel pump 
drive shaft , and a pump accommodating hole portion which 
accommodates the fuel pump body . The fuel pump drive 
shaft is rotatably supported on the bearing portion , and the 
fuel pump body is accommodated in the pump accommo 
dating hole portion . 
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FUEL PUMP MOUNTING STRUCTURE FOR 
ENGINE 

is a limit in increasing the rigidity of a flange portion by 
increasing the thickness of the flange portion . 

FIELD OF THE INVENTION SUMMARY OF THE INVENTION 
5 

The present invention relates to a fuel pump mounting In view of the above , an object of the present invention is 
structure for an engine . to provide , in a structure in which a fuel pump is offset with 

respect to a crankshaft in a direction orthogonal to the 
BACKGROUND ART crankshaft direction , a fuel pump mounting structure for an 

10 engine , which enables to increase the support rigidity and 
Conventionally , a fuel pump for supplying fuel to an positional precision of the fuel pump . 

engine body is directly connected to a valve system cam In order to solve the aforementioned drawback , an aspect 
shaft in the engine body , and driven . of the present invention is directed to a fuel pump mounting 

However , when a high - pressure fuel pump is necessary , a structure for an engine . The fuel pump mounting structure 
driving force of a valve system camshaft may be deprived of 15 for an engine is a structure for mounting , on a cylinder 

block , a fuel pump including a fuel pump drive shaft which by a fuel pump because the driving load of the fuel pump is is rotated by receiving a driving force of a crankshaft , and large . In view of the above , in order to avoid lowering of a a fuel pump body which is operated as the fuel pump drive driving force of a valve system camshaft , there is proposed shaft is rotated for pumping fuel . The cylinder block an idea , in which a drive shaft independent of the valve 20 nej 20 includes a flange portion , on an end portion of the cylinder 
system camshaft and dedicatedly used for a high - pressure block in a crankshaft direction , projecting from a surface of 
fuel pump is provided , a fuel pump is connected to the drive the end portion along the crankshaft direction in a direction 
shaft , and the fuel pump is driven via the drive shaft for orthogonal to the crankshaft direction . The flange portion 
isolating the fuel pump from the valve system camshaft in includes a bearing portion which rotatably supports the fuel 
terms of a structure . 25 pump drive shaft , and a pump accommodating hole portion 

Specifically , a flange portion is formed on an end portion which accommodates the fuel pump body . The fuel pump 
of a cylinder block in the crankshaft direction to project from drive shaft is rotatably supported on the bearing portion . The 
a surface of the end portion along the crankshaft direction in fuel pump body is accommodated in the pump accommo 
a direction orthogonal to the crankshaft direction . Further , a dating hole portion . 
high - pressure fuel pump is mounted on one surface of the 30 According to the present invention , in a structure in which 
flange portion in a cantilever state . The high - pressure fuel a fuel pump is offset with respect to a crankshaft in a 
pump includes a pump body , a pump housing surrounding direction orthogonal to the crankshaft direction , it is possible 
the pump body , and a dedicated pump drive shaft which is to provide a fuel pump mounting structure for an engine , 
rotatably supported on the pump housing . For instance , which enables to increase the support rigidity and positional 
Japanese Unexamined Patent Publication No . 2007 - 16716 33 precision of the fuel pump . 

These and other objects , features and advantages of the discloses , as a structure similar to the aforementioned struc present invention will become more apparent upon reading ture , a configuration , in which a bulging portion is formed on the following detailed description along with the accompa a vehicle - front - side portion of a chain cover for covering a nying drawings . timing chain to bulge from the vehicle - front - side portion 40 
toward the vehicle front side , and a high - pressure fuel pump BRIEF DESCRIPTION OF THE DRAWINGS 
is fixed to one surface of the bulging portion in a cantilever 
state . FIG . 1 is a plan view schematically illustrating a configu 

In the aforementioned structure , when a high - pressure ration of a vehicle in an embodiment of the present inven 
fuel pump is disposed on the transmission side of a cylinder 45 tion : 
block , the offset amount of the high - pressure fuel pump from FIG . 2 is a plan view schematically illustrating a fuel 
a crankshaft further increases in order to avoid interference pump mounting structure according to the embodiment of 
between the high - pressure fuel pump and a transmission . the present invention ; 

In the conventional mounting structure as described FIG . 3 is a schematic view of an engine in the embodi 
above , the following drawback may occur . Specifically , a 50 ment of the present invention when viewed from the engine 
high - pressure fuel pump , which is a heavy object , is rear side ( a side where a transmission is disposed ) ; 
mounted on a surface of a flange portion projecting from a FIG . 4 is a perspective view illustrating a dual sprocket in 
surface of an engine in a cantilever state . This makes it the embodiment of the present invention ; 
difficult to sufficiently secure support rigidity of the fuel FIG . 5 is a perspective view of a configuration of the 

55 engine in the embodiment of the present invention in a state pump . that a fuel pump is removed ; Further , positional precision of a pump drive shaft with FIG . 6 is a plan view illustrating a part of a cylinder block respect to a cylinder block may not be sufficiently obtained in the embodiment of the present invention , specifically , a due to a mounting error of a fuel pump with respect to a state that a cylinder head is removed ; 
flange portion . As a result , tension of a timing chain may not 60 FIG . 7 is a side view of the cylinder block in the 
be kept in an appropriate state , and a driving resistance of an embodiment of the present invention when viewed from the 
engine may increase . This may deteriorate fuel efficiency . engine rear side , specifically , a state that each of the sprock 

There is an idea that the thickness of a flange portion is ets is removed ; 
increased in the crankshaft direction in order to increase the FIG . 8 is a sectional view taken along the line VIII - VIII 
rigidity of the flange portion . However , if the thickness of a 65 in FIG . 7 ; 
flange portion is increased , the length of an intake manifold FIG . 9 is a sectional view enlargedly illustrating essential 
in the crankshaft direction may be limited . Therefore , there parts in FIG . 8 ; 
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in 

FIG . 10 is a perspective view of the essential parts 5 , an exhaust cam sprocket 3 , the intake camshaft 6 , an 
illustrated in FIG . 9 when viewed in an oblique direction ; intake cam sprocket 4 , the fuel pump drive shaft 13 , a dual 

FIG . 11 is a diagram illustrating the vicinity of a cover sprocket 16 , the first timing chain 11 , the second timing 
member of a flange portion in the embodiment of the present chain 2 , an exhaust - side variable valve timing mechanism 7 , 
invention ; 5 an intake - side variable valve timing mechanism 8 , and 

FIG . 12 is a perspective view illustrating a roller lifter in tensioner devices 32 and 33 . 
the embodiment of the present invention ; The tensioner device 33 includes a tension arm 31 which 

FIG . 13 is a side view illustrating the roller lifter in the comes into contact with the first timing chain 11 , and a 
embodiment of the present invention : tensioner body 19 , which is an actuator for pressing the 

FIG . 14 is a sectional view of the roller lifter taken along 10 tension arm 31 against the first timing chain 11 . 
the line XIV - XIV in FIG . 13 ; and The tensioner device 32 includes a tension arm 14 which FIG . 15 is a plan view schematically illustrating a con comes into contact with the second timing chain 2 , and a figuration of a vehicle as a modification of the embodiment tensioner body 18 , which is an actuator for pressing the of the present invention . is tension arm 14 against the second timing chain 2 . 

DETAILED DESCRIPTION OF THE The exhaust - side variable valve timing mechanism 7 is an 
PREFERRED EMBODIMENTS OF THE electrically operated variable valve timing mechanism dis 

INVENTION posed on the exhaust camshaft 5 . The exhaust - side variable 
valve timing mechanism 7 changes the opening timing and 

In the following , a preferred embodiment of the present 20 the closing timing of exhaust valves by sequentially chang 
invention is described referring to the drawings . ing the rotational phase of the exhaust camshaft 5 with 
As illustrated in FIG . 2 and FIG . 3 , a fuel pump mounting respect to the crankshaft 9 within a predetermined angle 

structure for an engine according to an embodiment of the range . The exhaust camshaft 5 and the exhaust cam sprocket 
present invention is a structure for mounting , on a cylinder 3 are connected to each other via the exhaust - side variable 
block 25 , a fuel pump 21 provided with a fuel pump drive 25 valve timing mechanism 7 . 
shaft 13 which is rotated by receiving a driving force of a The intake - side variable valve timing mechanism 8 is an 
crankshaft 9 , and a fuel pump body 20 which is operated as electrically operated variable valve timing mechanism dis 
the fuel pump drive shaft 13 is rotated for pumping fuel . posed on the intake camshaft 6 . The intake - side variable 

An engine 1 ( see FIG . 1 ) to which the fuel pump mounting valve timing mechanism 8 changes the opening timing and 
structure of the embodiment is applied is an engine for a 30 the closing timing of intake valves by sequentially changing 
vehicle such as an automobile . The engine 1 is an in - line the rotational phase of the intake camshaft 6 with respect to 
4 - cylinder gasoline engine , which is placed in an engine the crankshaft 9 within a predetermined angle range . The 
room in a vehicle front portion in a vertical posture in such intake camshaft 6 and the intake cam sprocket 4 are con 
a manner that an intake port ( not illustrated ) is directed nected to each other via the intake - side variable valve timing 
toward the vehicle left side , and an exhaust port ( not 35 mechanism 8 . 
illustrated ) is directed toward the vehicle right side . The crankshaft 9 is a rotational shaft configured to obtain 

In other words , the engine 1 is disposed in a state that the a driving force by reciprocating motion of pistons ( not 
cylinder array direction is aligned with the vehicle front - rear illustrated ) as a rotational force . The crank sprocket 10 is 
direction . The vehicle illustrated in FIG . 1 is an FR ( front disposed on the crankshaft 9 . In the example illustrated in 
engine rear - drive ) car . 40 FIG . 3 , the crankshaft 9 is rotated in the counterclockwise 

In the following description , a direction in which a direction . 
crankshaft extends is referred to as a crankshaft direction . As illustrated in FIG . 3 , the fuel pump drive shaft 13 is a 
Further , the side where a transmission is disposed in the rotational shaft disposed between the crankshaft 9 , and the 
crankshaft direction is referred to as an engine rear side , and exhaust camshaft 5 and the intake camshaft 6 in the height 
the side opposite to the engine rear side is referred to as an 45 direction of the engine . A rotational force of the crankshaft 
engine front side . 9 is transmitted to the fuel pump drive shaft 13 via the first 
As illustrated in FIG . 1 to FIG . 3 , the engine 1 is provided timing chain 11 . The fuel pump drive shaft 13 is a rotational 

with an engine body 63 including the cylinder block 25 and shaft for driving the fuel pump 21 ( see FIG . 1 to FIG . 3 , and 
a cylinder head 24 ( see FIG . 3 ) disposed on the upper surface FIG . 5 ) . The fuel pump 21 is a high - pressure fuel pump 
of the cylinder block 25 as main members , an intake 50 which pressurizes fuel to a high pressure state by a recip 
manifold 78 ( see FIG . 2 ) and an exhaust manifold ( not rocating plunger 22 ( see FIG . 9 and FIG . 10 ) for supplying 
illustrated ) that are assembled to the engine body 63 , a high - pressurized fuel to an injector ( not illustrated ) . The 
driving force transmission system ( see FIG . 3 ) , an auxiliary plunger 22 is driven by rotating the fuel pump drive shaft 13 
device such as the fuel pump 21 , and a transmission 28 for pumping fuel . Further , bearing portions 35 , 37 , 54 , and 
( transmission unit ) ( see FIG . 2 and FIG . 2 ) mounted to a 55 56 ( see FIG . 9 and FIG . 10 ) , which will be described later , 
surface of the cylinder block 25 of the engine body 63 on the for supporting the fuel pump drive shaft 13 are integrally 
engine rear side ( namely , on a surface of the cylinder block formed on a flange portion 29 to be described later . 
25 on the vehicle rear side in the example illustrated in FIG . As illustrated in FIG . 4 , the dual sprocket 16 includes a 

first sprocket 12 and a second sprocket 15 facing each other . 
A configuration of the driving force transmission system 60 More specifically , as illustrated in FIG . 4 , the dual 

30 is described . As illustrated in FIG . 3 , the driving force sprocket 16 is provided with the annular first sprocket 12 , 
transmission system 30 is a system for transmitting a driving the annular second sprocket 15 whose outer diameter is 
force of the crankshaft 9 constituting the engine 1 to an smaller than the outer diameter of the first sprocket 12 , and 
exhaust camshaft 5 and to an intake camshaft 6 by timing a tubular connecting portion 23 for integrally connecting the 
chains 11 and 2 . 65 first sprocket 12 and the second sprocket 15 . The connecting 

The driving force transmission system 30 is provided with portion 23 includes a shaft insertion hole ( not illustrated ) 
the crankshaft 9 , a crank sprocket 10 , the exhaust camshaft axially passing through the connection portion 23 . The dual 

1 ) . 
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sprocket 16 is fixed to the fuel pump drive shaft 13 in a state formed to project radially outwardly from the front - side 
that the fuel pump drive shaft 13 passes through the shaft support shaft portion 90 and from the rear - side support shaft 
insertion hole . portion 91 at an intermediate portion of the fuel pump drive 
As illustrated in FIG . 3 , the first timing chain 11 is wound shaft 13 . A center portion of the dual sprocket 16 is fixed to 

between the first sprocket 12 and the crank sprocket 10 , and 5 the sprocket mounting portion 92 . Further , the fuel pump 
the second timing chain 2 is wound between the second drive shaft 13 includes a drive - shaft - side oil supply path 47 sprocket 15 , the exhaust cam sprocket 3 , and the intake cam ( see FIG . 8 and FIG . 9 ) for supplying engine oil to the 
sprocket 4 . bearing portions 35 , 37 , 54 , and 56 . The driving force transmission system 30 having the As illustrated in FIG . 8 and FIG . 9 , the drive - shaft - side oil aforementioned configuration is covered by a timing chain 10 supply path 47 is formed to extend in the axis direction of cover ( not illustrated ) , which is formed on a surface of the the fuel pump drive shaft 13 within the fuel pump drive shaft engine body 63 in the direction orthogonal to the crankshaft 13 , and is formed in a region from an end of the drive - shaft direction ( namely , on a surface of the engine body 63 on the 
engine rear side ) . side oil supply path 47 on the engine front side in the axis 

As illustrated in FIG . 1 and FIG . 2 . the transmission 28 is 15 direction of the fuel pump drive shaft 13 to a middle portion 
disposed on the rear side of the cylinder block 25 . The thereof in the axis direction of the fuel pump drive shaft 13 . 
transmission 28 is connected to the crankshaft 9 ( see FIG . 2 ) . Further , the fuel pump drive shaft 13 includes a first radial 
and a driving force of the crankshaft 9 is transmitted to rear direction passage 59 and a second radial direction passage 
wheels 75 via a propeller shaft 74 ( see FIG . 1 ) . Note that the 60 , each of which extends from a halfway portion of the 
reference numeral 77 in FIG . 1 denotes front wheels . 20 drive - shaft - side oil supply path 47 in the axis direction of the 

Next , the engine body 63 and the fuel pump 21 are fuel pump drive shaft 13 toward radially outwardly . 
described in details . The first radial direction passage 59 is formed in the 
As illustrated in FIG . 3 , the engine body 63 includes the front - side support shaft portion 90 . A radially outer end of 

cylinder head 24 , the cylinder block 25 , a crank case 26 , and the first radial direction passage 59 is opened in the outer 
an oil pan ( not illustrated ) . 25 surface of the fuel pump drive shaft 13 . The opening portion 

The cylinder block 25 includes four cylinder bores 7 ( see of the first radial direction passage 59 faces the bearing 
FIG . 6 ) . In FIG . 6 , only three cylinder bores 7 are illustrated . portion 35 . 
A piston ( not illustrated ) is slidably accommodated in each The second radial direction passage 60 is formed in the 
of the cylinder bores 7 . A combustion chamber ( not illus - rear - side support shaft portion 91 . A radially outer end of the 
trated ) is formed for each of the cylinders by the pistons , the 30 second radial direction passage 60 is opened in the outer 
cylinder bores 7 , the cylinder head 24 , and intake and surface of the fuel pump drive shaft 13 . The opening portion 
exhaust valves ( not illustrated ) . of the second radial direction passage 60 faces a groove 

Further , as illustrated in FIG . 5 to FIG . 10 , the cylinder portion 58 in the bearing portion 37 to be described later . 
block 25 is provided with the flange portion 29 , on an end As illustrated in FIG . 8 to FIG . 10 , the fuel pump body 20 
portion of the cylinder block 25 on the engine rear side , 35 is provided with the plunger 22 which reciprocates in a 
projecting from a side surface 34 of the end portion along the pump accommodating hole portion 36 in the direction 
crankshaft direction ( namely , from a left surface of the orthogonal to the crankshaft direction , a base portion 69 
cylinder block 25 in the vehicle width direction in the including a pressure chamber 79 for pumping fuel by 
example illustrated in FIG . 5 and FIG . 6 ) in the direction causing the plunger 22 to move in the direction orthogonal 
orthogonal to the crankshaft direction ( toward the left side in 40 to the crankshaft direction , and a roller lifter 44 and a coil 
the vehicle width direction in the example illustrated in FIG . spring 65 disposed between the plunger 22 and the cam 
5 and FIG . 6 ) . portion 38 . 

The projecting length of the flange portion 29 is set to a As illustrated in FIG . 8 to FIG . 10 , the base portion 69 is 
length at which the fuel pump 21 does not interfere with the formed into a generally tubular shape as a whole . The base 
transmission 28 . More specifically , an offset amount X ( see 45 portion 69 includes a fuel pumping portion 73 including the 
FIG . 1 and FIG . 2 ) , which is a distance between the pressure chamber 79 formed therein , a plunger support 
crankshaft 9 and the fuel pump drive shaft 13 in the direction portion 71 for slidably movably supporting the plunger 22 in 
orthogonal to the crankshaft direction , is set to a length at the direction orthogonal to the crankshaft direction , a spring 
which the fuel pump drive shaft 13 does not interfere with support portion 72 for supporting an end of the coil spring 
the transmission 28 . The symbol A in FIG . 1 and FIG . 2 50 65 on the side opposite to the cylinder bores 7 , and a tubular 
denotes the position of the crankshaft 9 in the direction held portion 70 which is held in a flange portion body 41 in 
orthogonal to the crankshaft direction ( namely , the center of a state that the held portion 70 is placed in the pump 
axis of the crankshaft 9 ) . The symbol B in FIG . 1 and FIG . accommodating hole portion 36 of the flange portion body 
2 denotes the position of the fuel pump drive shaft 13 in the 41 . The plunger support portion 71 , the spring support 
direction orthogonal to the crankshaft direction ( namely , the 55 portion 72 , and the held portion 70 are integrally formed of 
center of axis of the fuel pump drive shaft 13 ) . the same material as the fuel pumping portion 73 on the side 
As illustrated in FIG . 8 and FIG . 9 , the fuel pump 21 is of the cylinder bores 7 in the fuel pumping portion 73 , and 

provided with the fuel pump drive shaft 13 and the fuel are placed in the pump accommodating hole portion 36 . 
pump body 20 . As illustrated in FIG . 9 , FIG . 10 , and FIG . 12 to FIG . 14 , 

The fuel pump drive shaft 13 is disposed along the 60 the roller lifter 44 includes a tubular roller 45 which is 
crankshaft direction , and is rotatably supported on the bear - disposed in contact with a cam surface of the cam portion 38 
ing portions 35 , 37 , 54 , and 56 of the flange portion 29 to be ( see FIG . 9 and FIG . 10 ) , and is rotated as the cam portion 
described later . The fuel pump drive shaft 13 includes , in the 38 is rotated ; and a plunger pressing portion 46 which is 
order from the engine front side , a front - side support shaft slidably moved in the axis direction of the plunger 22 within 
portion 90 , a cam portion 38 ( corresponding to a cam of the 65 the pump accommodating hole portion 36 as the cam portion 
present invention ) , a rear - side support shaft portion 91 , and 38 is rotated , while rotatably supporting the roller 45 for 
a sprocket mounting portion 92 . The cam portion 38 is reciprocating the plunger 22 . 
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The plunger pressing portion 46 includes a tubular casing As illustrated in FIG . 10 , the bearing portion 35 is formed 
portion 66 ( see FIG . 12 to FIG . 14 ) , a pressing wall 67 ( see on the inner surface of a shaft insertion hole 52 passing 
FIG . 14 ) which is integrally formed with the casing portion through an inner wall surface 53 , which constitutes the cam 
66 within the casing portion 66 , and a roller bearing 80 ( see accommodating hole portion 39 on one side in the crank 
FIG . 14 ) which is disposed in the casing portion 66 and is 5 shaft direction ( namely , on the engine front side ) . In the 
configured to rotatably support the roller 45 . As illustrated in example illustrated in FIG . 10 , the bearing portion 35 is a 
FIG . 14 , the roller bearing 80 includes a shaft 81 , and a tubular journal slide bearing which supports a radial load of 
plurality of rollers 82 disposed around the shaft 81 . The the fuel pump drive shaft 13 . The bearing portion 35 
outer surface of the casing portion 66 is slidably in contact rotatably supports the front - side support shaft portion 90 . 
with the inner surface of the pump accommodating hole The bearing portion 54 is formed on the inner wall surface 
portion 36 in the direction orthogonal to the crankshaft 53 . In the example illustrated in FIG . 10 , the bearing portion 
direction . As illustrated in FIG . 8 to FIG . 10 , the pressing 54 is an annular thrust slide bearing which supports an axial 
wall 67 is in contact with an end surface of the plunger 22 load of the fuel pump drive shaft 13 . The bearing portion 54 
on the side of the cylinder bores 7 . When the pressing wall 15 is slidably in contact with an end surface of the cam portion 
67 is moved toward the side opposite to the cylinder bores 38 on the engine front side . 
7 as the cam portion 38 is rotated , the plunger 22 is moved Engine oil is supplied to the bearing portions 35 and 54 
toward the side opposite to the cylinder bores 7 for pumping through the first radial direction passage 59 . Thus , engine oil 
fuel in the pressure chamber 79 . lubricates between the bearing portion 35 and the fuel pump 
As illustrated in FIG . 8 to FIG . 10 , the coil spring 65 is 20 drive shaft 13 , and lubricates between the bearing portion 54 

a compression coil disposed in such a manner that the axis and the cam portion 38 . After being used for lubrication , 
direction thereof is aligned with the direction orthogonal to engine oil is allowed to flow into the cam accommodating 
the crankshaft direction . An end of the plunger 22 on the side hole portion 39 . 
of the cylinder bores 7 is fixed to an end of the coil spring As illustrated in FIG . 10 , the flange portion body 41 
65 on the side of the cylinder bores 7 via a disc - shaped 25 includes an opening portion 40 , which is opened toward an 
connection plate 68 . The coil spring 65 urges the plunger end of the cam accommodating hole portion 39 on the other 
pressing portion 46 toward the cylinder bores 7 . The coil side ( on the engine rear side ) in the crankshaft direction for 
spring 65 is expanded and contracted as the cam portion 38 receiving the fuel pump drive shaft 13 therethrough . The 
is rotated . When the coil spring 65 is expanded , the coil opening portion 40 is covered by the cover member 42 . 
spring 65 moves the plunger 22 toward the cylinder bores 7 . 30 As illustrated in FIG . 9 and FIG . 10 , the cover member 42 
Causing the plunger 22 to move toward the cylinder bores 7 is a plate - shaped member which is mounted on the flange 
makes it possible to slidably move the roller lifter 44 toward portion body 41 to cover the opening portion 40 . The cover 
the cylinder bores 7 . member 42 includes a cover member body 61 , and the 

In the following , the flange portion 29 is described in bearing portions 37 and 56 to be mounted on the cover 
details . 35 member body 61 . 

As illustrated in FIG . 8 to FIG . 10 , the flange portion 29 More specifically , the cover member body 61 is a rect 
includes the flange portion body 41 and a cover member 42 . angular plate - shaped member . Bolt insertion holes ( not 

The flange portion body 41 includes a flange - side oil illustrated ) are formed in four corners of the cover member 
supply path 48 , a cam accommodating hole portion 39 , and body 61 , respectively . As illustrated in FIG . 9 and FIG . 10 , 
the bearing portions 35 and 54 on the side of the cylinder 40 the cover member body 61 is fixed to the flange portion body 
bores 7 ( on the right side in FIG . 8 to FIG . 10 ) . The flange 41 in such a manner as to cover the opening portion 40 of 
portion body 41 further includes the pump accommodating the flange portion body 41 . Specifically , the cover member 
hole portion 36 on the side opposite to the cylinder bores 7 body 61 is fastened to the flange portion body 41 in a state 
( on the left side in FIG . 8 to FIG . 10 ) . The pump accom - that a bolt 62 is inserted in each of the bolt insertion holes . 
modating hole portion 36 is formed into a tubular shape in 45 As illustrated in FIG . 9 and FIG . 10 , a shaft insertion hole 
such a manner that the axis direction thereof is aligned with 57 passing through the cover member body 61 in the 
the direction orthogonal to the crankshaft direction , and crankshaft direction is formed in the middle portion of the 
accommodates the fuel pump body 20 therein . cover member body 61 . The bearing portion 37 is formed on 

As illustrated in FIG . 8 to FIG . 10 , the flange - side oil the inner surface of the shaft insertion hole 57 . In the 
supply path 48 extends in the direction orthogonal to the 50 example illustrated in FIG . 10 , the bearing portion 37 is a 
crankshaft direction within the flange portion body 41 . An tubular journal slide bearing which supports a radial load of 
upstream end of the flange - side oil supply path 48 commu - the fuel pump drive shaft 13 . The bearing portion 37 
nicates with a main oil gallery ( not illustrated ) within the rotatably supports the rear - side support shaft portion 91 . 
cylinder block 25 . A downstream end of the flange - side oil The groove portion 58 is circumferentially formed over 
supply path 48 communicates with an upstream end of the 55 the entire circumference of an axially middle portion on the 
drive - shaft - side oil supply path 47 in the fuel pump drive inner surface of the bearing portion 37 . The groove portion 
shaft 13 . The flange - side oil supply path 48 supplies engine 58 communicates with the second radial direction passage 
oil that is pumped up from an oil pan by an oil pump ( not 60 in the fuel pump drive shaft 13 . Engine oil is allowed to 
illustrated ) and flows through the main oil gallery to the flow through the groove portion 58 via the second radial 
drive - shaft - side oil supply path 47 . 60 direction passage 60 . 

The cam accommodating hole portion 39 is formed into a The bearing portion 56 is formed on an inner wall surface 
tubular shape in such a manner that the axis direction thereof 55 of the cover member 42 ( namely , on a surface facing the 
is aligned with the crankshaft direction . As illustrated in inner wall surface 53 ) . In the example illustrated in FIG . 10 , 
FIG . 9 , the cam accommodating hole portion 39 accommo - the bearing portion 56 is an annular thrust slide bearing 
dates the cam portion 38 in such a manner that the cam 65 which supports an axial load of the fuel pump drive shaft 13 . 
portion 38 can be rotated within the cam accommodating The bearing portion 56 is slidably in contact with an end 
hole portion 39 . surface of the cam portion 38 on the engine rear side . 
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A part of engine oil flowing to the groove portion 58 is 20 with the flange portion 29 . Thus , the fuel pump 21 and the 
supplied to the entirety of the bearing portion 37 and to the cylinder block 25 are formed into a unit . In other words , the 
bearing portion 56 to lubricate between the bearing portion flange portion 29 has a structure for supporting the fuel 
37 and the fuel pump drive shaft 13 , and to lubricate between pump body 20 in a state that the fuel pump body 20 is 
the bearing portion 56 and the cam portion 38 . After being 5 accommodated in the flange portion 29 . This makes it 
used for lubrication , engine oil is allowed to flow into the possible to increase the rigidity of the flange portion 29 
cam accommodating hole portion 39 . ( support rigidity ) for supporting the fuel pump body 20 , as 

Further , the cover member body 61 includes a cover - side compared with a flange portion of a structure in which a fuel oil supply path 49 for guiding engine oil supplied to the pump is supported in a cantilever state . This is advantageous groove portion 58 toward the roller lifter 44 . An oil injection 10 in suppressing deformation of the flange portion 29 at the port 50 for injecting engine oil toward the roller lifter 44 is time of collision against a vehicle and deformation of the formed in a downstream end of the cover - side oil supply flange portion 29 due to a tension force of the timing chain path 49 . The diameter of the oil injection port 50 is set 11 , in suppressing breakage or damage of the fuel pump smaller than the diameter of an upstream portion of the oil 
injection port 50 in the cover - side oil supply path 49 . 15 5 body 20 or a fuel pipe ( not illustrated ) , and in keeping the 
According to this configuration , the flow rate of engine oil tension of the timing chains 11 and 2 in an appropriate state . 
increases in the oil injection port 50 . This makes it possible Further , the fuel pump 21 is mounted on the flange portion 
to inject engine oil from the oil injection port 50 . 29 , which projects from an end of the cylinder block 25 on 
As illustrated in FIG . 10 and FIG . 11 , the cover member the engine rear side in the direction orthogonal to the 

body 61 further includes two oil exit ports 43 . The oil exit 20 crankshaft direction . This makes it possible to avoid inter 
ports 43 are opening portions for drawing out engine oil ference between the transmission 28 and the fuel pump 21 . 
remaining in the cam accommodating hole portion 39 . As Further , the fuel pump drive shaft 13 is directly supported 
illustrated in FIG . 11 , each of the oil exit ports 43 is located on the flange portion 29 . This is advantageous in increasing 
slightly upper than the lower end of the bearing portion 56 . the positional precision of the fuel pump drive shaft 13 with 
According to this configuration , engine oil lubricates 25 respect to the cylinder block 25 , as compared with a con 
between the bearing portion 56 and the cam portion 38 . figuration , in which a fuel pump drive shaft is supported on 
Further , when the liquid surface level of engine oil within a pump housing formed on a surface of a flange portion . This 
the cam accommodating hole portion 39 reaches a level makes it possible to keep the tension of the timing chains 11 
slightly higher than the lower end of the bearing portion 56 , and 2 in an appropriate state , and to suppress a driving 
engine oil is drawn out from the oil exit ports 43 . An outer 30 resistance of the engine 1 from increasing . This is advanta 
end of each of the oil exit ports 43 communicates with the geous in suppressing deterioration of fuel efficiency . 
oil pan . Therefore , engine oil drawn out from the oil exit Further , in the embodiment , when the fuel pump drive 
ports 43 is allowed to fall onto the oil pan . shaft 13 is mounted on the flange portion 29 , the fuel pump 

As illustrated in FIG . 9 and FIG . 10 , the pump accom - drive shaft 13 is inserted in the cam accommodating hole 
modating hole portion 36 is formed by the inner wall surface 35 portion 39 through the opening portion 40 of the flange 
of a tubular peripheral wall portion 64 , which is formed to portion 29 illustrated in FIG . 5 , FIG . 9 , and FIG . 10 ( see 
extend in the direction orthogonal to the crankshaft direction FIG . 5 ) . Then , after the cam portion 38 is placed in the cam 
on a tip end side of the flange portion body 41 ( namely , on accommodating hole portion 39 , the opening portion 40 is 
the side opposite to the cylinder bores 7 ) . A tip end of the covered by the cover member 42 . This makes it easy to 
pump accommodating hole portion 36 is opened . The pump 40 mount the fuel pump drive shaft 13 to the flange portion 29 . 
accommodating hole portion 36 accommodates and holds Further , providing the cover member 42 makes it possible to 
the plunger 22 , the coil spring 65 , and the roller lifter 44 as prevent the fuel pump drive shaft 13 from falling off from 
constituent elements of the fuel pump 21 therein . In other the opening portion 40 . 
words , the peripheral wall portion 64 of the flange portion Further , in the embodiment , the bearing portions 37 and 
body 41 plays a role of a housing for housing the plunger 22 , 45 56 formed on the cover member 42 makes it possible to 
the coil spring 65 , and the roller lifter 44 . securely support the fuel pump drive shaft 13 . 
As illustrated in FIG . 9 and FIG . 10 , an end of the pump Further , in the embodiment , when engine oil 76 reaches 

accommodating hole portion 36 on the side of the cylinder the height of the oil exit ports 43 within the cam accom 
bores 7 communicates with an end of the cam accommo - modating hole portion 39 illustrated in FIG . 11 , the engine 
dating hole portion 39 on the side opposite to the cylinder 50 oil 76 is drawn out from the oil exit ports 43 . Therefore , 
bores 7 . According to this configuration , engine oil injected appropriately setting the height of the oil exit ports 43 makes 
from the oil injection port 50 toward the roller lifter 44 is it possible to keep the liquid surface level of the engine oil 
allowed to flow in the vicinity of the roller lifter 44 within 76 in the cam accommodating hole portion 39 to an appro 
the pump accommodating hole portion 36 , and lubricates priate level . Thus , it is possible to appropriately lubricate 
between the roller 45 and the cam portion 38 . Thereafter , 55 and cool the cam portion 38 . Further , as illustrated in FIG . 
engine oil is allowed to flow into the cam accommodating 8 to FIG . 10 , the flange - side oil supply path 48 is formed in 
hole portion 39 . When the liquid surface level of engine oil the flange portion body 41 . This makes it possible to 
flowing into the cam accommodating hole portion 39 lubricate and cool the cam portion 38 without providing an 
reaches the height of the oil exit ports 43 , engine oil is drawn oil supply pipe on the outside of the flange portion 29 . This 
out from the oil exit ports 43 . 60 is advantageous in reducing the number of parts . 

Further , in the embodiment , the roller lifter 44 illustrated 
Advantageous Effects of the Embodiment in FIG . 8 to FIG . 10 , and FIG . 12 to FIG . 14 transforms 

rotational motion of the cam portion 38 to rectilinear motion , 
In the embodiment , as illustrated in FIG . 8 to FIG . 10 , the and transfers the motion to the plunger 22 . This makes it 

fuel pump body 20 is accommodated in the pump accom - 65 possible to appropriately reciprocate the plunger 22 to 
modating hole portion 36 of the flange portion 29 . This thereby appropriately operate the fuel pump body 20 . Fur 
makes it possible to integrally assemble the fuel pump body thermore , since the roller 45 is in contact with the cam 
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surface of the cam portion 38 , it is possible to suppress wear deformation of the flange portion due to a tension force of 
of the cam surface due to friction , and to suppress heat a timing chain , in suppressing breakage or damage of the 
caused by friction . fuel pump body or a fuel pipe , and in keeping the tension of 

Further , in the embodiment , as illustrated in FIG . 9 , the timing chain in an appropriate state . 
engine oil is supplied to the bearing portions 35 , 37 , 54 , and 5 Further , the fuel pump is mounted on the flange portion , 
56 via the flange - side oil supply path 48 and the drive - shaft - which projects from an end portion of the cylinder block in 
side oil supply path 47 . This makes it possible to lubricate the direction orthogonal to the crankshaft direction . This 
and cool the bearing portions 35 , 37 , 54 , and 56 without makes it possible to avoid interference between a transmis 
providing an oil supply pipe on the outside of the flange sion and the fuel pump when the fuel pump is mounted on 
portion 29 . 10 a portion of the cylinder block on the transmission side . 

Further , in the embodiment , as illustrated in FIG . 9 , Further , the fuel pump drive shaft is directly supported on 
engine oil is supplied to the roller lifter 44 via the cover - side the flange portion . This is advantageous in increasing the 
oil supply path 49 . This makes it possible to lubricate and positional precision of the fuel pump drive shaft with respect 
cool the roller lifter 44 . to the cylinder block , as compared with a configuration , in 

Further , in the embodiment , as illustrated in FIG . 9 , 15 which a fuel pump drive shaft is supported on a pump 
engine oil is injected toward the roller lifter 44 from the oil housing formed on one surface of a flange portion . This 
injection port 50 . This is advantageous in lubricating and makes it possible to keep the tension of a timing chain in an 
cooling the roller lifter 44 . appropriate state , and to suppress a driving resistance of the 

The fuel pump mounting structure of the embodiment is engine from increasing . This is advantageous in suppressing 
applied to an FR car . However , as illustrated in FIG . 15 , the 20 deterioration of fuel efficiency . 
fuel pump mounting structure of the embodiment may be In the fuel pump mounting structure for an engine , 
applied to an FF ( front - engine front - drive ) car in which front preferably , a cam for driving the fuel pump body may be 
wheels 77 are driven . In this case , an engine 1A is placed in formed on an axially intermediate portion of the fuel pump 
a transverse posture , in which the cylinder array direction is drive shaft . The flange portion may include a flange portion 
aligned with the vehicle width direction . A flange portion 29 25 body , and a cover member mounted on the flange portion 
is formed to project from a surface of an engine body 63 on body and configured to cover the opening portion . The 
the vehicle front side toward the vehicle front side . A fuel flange portion body has the pump accommodating hole 
pump 21 is accommodated and held in a pump accommo - portion , a cam accommodating hole portion communicating 
dating hole portion ( not illustrated ) of the flange portion 29 . with the pump accommodating hole portion and configured 
Also , in this configuration , the same advantageous effects as 30 to accommodate the cam , and an opening portion commu 
the embodiment are obtained . nicating with the cam accommodating hole portion and 

configured to receive the fuel pump drive shaft therethrough . 
SUMMARY OF EMBODIMENT According to the aforementioned configuration , when the 

fuel pump drive shaft is mounted on the flange portion , the 
The following is a summary of the features and the 35 fuel pump drive shaft is inserted in the cam accommodating 

advantageous effects of a fuel pump mounting structure for hole portion through the opening portion . Then , after the 
an engine , which is disclosed in the embodiment . cam is disposed in the cam accommodating hole portion , the 

The fuel pump mounting structure for an engine , which is opening portion is covered by the cover member . This makes 
disclosed in the embodiment , is a structure for mounting , on it easy to mount the fuel pump drive shaft to the flange 
a cylinder block , a fuel pump including a fuel pump drive 40 portion . Further , providing the cover member makes it 
shaft which is rotated by receiving a driving force of a possible to prevent the fuel pump drive shaft from falling off 
crankshaft , and a fuel pump body which is operated as the from the opening portion . 
fuel pump drive shaft is rotated for pumping fuel . The In the fuel pump mounting structure for an engine , 
cylinder block includes a flange portion , on an end portion preferably , the bearing portion may be formed on the cover 
of the cylinder block in a crankshaft direction , projecting 45 member . 
from a surface of the end portion along the crankshaft According to the aforementioned configuration , the bear 
direction in a direction orthogonal to the crankshaft direc - ing portion formed on the cover member makes it possible 
tion . The flange portion includes a bearing portion which to securely support the fuel pump drive shaft . 
rotatably supports the fuel pump drive shaft , and a pump In the fuel pump mounting structure for an engine , 
accommodating hole portion which accommodates the fuel 50 preferably , the flange portion body may include a flange - side 
pump body . The fuel pump drive shaft is rotatably supported oil supply path for supplying engine oil to the cam accom 
on the bearing portion . The fuel pump body is accommo - modating hole portion . The cover member may include an 
dated in the pump accommodating hole portion . oil exit port for drawing out engine oil remaining in the cam 

In the fuel pump mounting structure for an engine , the accommodating hole portion . 
fuel pump body is accommodated in the pump accommo - 55 According to the aforementioned configuration , when 
dating hole portion of the flange portion . This makes it engine oil reaches the height of an oil exit port within the 
possible to integrally assemble the fuel pump body with the cam accommodating hole portion , the engine oil is drawn 
flange portion . Thus , the fuel pump and the cylinder block out from the oil exit port . Therefore , appropriately setting 
are formed into a unit . In other words , the flange portion has the height of the oil exit port makes it possible to keep the 
a structure for supporting the fuel pump body in a state that 60 liquid surface level of engine oil in the cam accommodating 
the fuel pump body is accommodated in the flange portion . hole portion to an appropriate level . Thus , it is possible to 
This makes it possible to increase the rigidity of the flange appropriately lubricate and cool the cam . Further , the flange 
portion ( support rigidity of the fuel pump ) for supporting the side oil supply path is formed in the flange portion body . 
fuel pump body , as compared with a flange portion of a This makes it possible to lubricate and cool the cam without 
structure in which a fuel pump is supported in a cantilever 65 providing an oil supply pipe on the outside of the flange 
state . This is advantageous in suppressing deformation of the portion . This is advantageous in reducing the number of 
flange portion at the time of collision against a vehicle and parts . 
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In the fuel pump mounting structure for an engine , crankshaft direction , the flange portion including a 
preferably , the fuel pump body may include a plunger which bearing portion which rotatably supports the fuel pump 
reciprocates within the pump accommodating hole portion , drive shaft , and a pump accommodating hole portion 
and a roller lifter disposed between the plunger and the cam . which accommodates the fuel pump body , 
The roller lifter may include a roller which is disposed in 5 the fuel pump drive shaft is rotatably supported on the 
contact with a cam surface of the cam , and is configured to bearing portion , and 
rotate as the cam is rotated , and a plunger pressing portion the fuel pump body is accommodated in the pump accom which is slidably moved within the pump accommodating modating hole portion . 
hole portion in an axis direction of the plunger as the cam is 2 . The fuel pump mounting structure for an engine rotated , while rotatably supporting the roller for reciprocat - 10 " according to claim 1 , wherein ing the plunger . 

According to the aforementioned configuration , the roller a cam for driving the fuel pump body is formed on an 
lifter transforms rotational motion of the cam to rectilinear axially intermediate portion of the fuel pump drive 

shaft , and motion , and transfers the motion to the plunger . This makes 
it possible to appropriately reciprocate the plunger to 15 the flange portion includes a flange portion body , and a 

cover member mounted on the flange portion body and thereby appropriately operate the fuel pump body . Further 
more , since the roller is in contact with the cam surface , it configured to cover the opening portion , the flange 
is possible to suppress wear of the cam surface due to portion body having the pump accommodating hole 
friction , and to suppress heat caused by friction . portion , a cam accommodating hole portion communi 

In the fuel pump mounting structure for an engine , 20 cating with the pump accommodating hole portion and 

preferably , the fuel pump drive shaft may include a drive configured to accommodate the cam , and an opening 
shaft - side oil supply path for supplying engine oil to the portion communicating with the cam accommodating 
bearing portion . The flange portion body may include a hole portion and configured to receive the fuel pump 

drive shaft therethrough . flange - side oil supply path for supplying engine oil to the 
drive - shaft - side oil supply path . 3 . The fuel pump mounting structure for an engine 25 

According to the aforementioned configuration , engine oil the aforementioned configuration engine nil according to claim 2 , wherein 
is supplied to the bearing portion via the flange - side oil the bearing portion is formed on the cover member . 
supply path and the drive - shaft - side oil supply path . This 4 . The fuel pump mounting structure for an engine 
makes it possible to lubricate and cool the bearing portion according to claim 2 , wherein 
without providing an oil supply pipe on the outside of the 30 the flange portion body includes a flange - side oil supply 
flange portion . path for supplying engine oil to the cam accommodat 

In the fuel pump mounting structure for an engine , ing hole portion , and 
the cover member includes an oil exit port for drawing out preferably , the cover member may include a cover - side oil 

supply path for guiding engine oil supplied to the bearing engine oil remaining in the cam accommodating hole 
portion toward the roller lifter . 35 portion . 

According to the aforementioned configuration , engine oil 5 . The fuel pump mounting structure for an engine 
is supplied to the roller lifter via the cover - side oil supply according to claim 1 , wherein 

path . This makes it possible to lubricate and cool the roller the fuel pump body includes a plunger which reciprocates 
lifter . within the pump accommodating hole portion , and a 

In the fuel pump mounting structure for an engine , 40 roller lifter disposed between the plunger and the cam , 
preferably , the cover - side oil supply path may include an oil the roller lifter includes a roller which is disposed in injection port for injecting engine oil toward the roller lifter . 

According to the aforementioned configuration , engine oil contact with a cam surface of the cam , and is config 
is injected toward the roller lifter . This is advantageous in ured to rotate as the cam is rotated , and a plunger 

lubricating and cooling the roller lifter . 45 pressing portion which is slidably moved within the 
This application is based on Japanese Patent Application pump accommodating hole portion in an axis direction 

No . 2015 - 179759 filed on Sep . 11 , 2015 , the contents of of the plunger as the cam is rotated , while rotatably 

which are hereby incorporated by reference . supporting the roller for reciprocating the plunger . 
Although the present invention has been fully described 6 . The fuel pump mounting structure for an engine 

by way of example with reference to the accompanying 50 a so according to claim 3 , wherein 
drawings , it is to be understood that various changes and the fuel pump drive shaft includes a drive - shaft - side oil 
modifications will be apparent to those skilled in the art . supply path for supplying engine oil to the bearing 
Therefore , unless otherwise such changes and modifications portion , and 
depart from the scope of the present invention hereinafter the flange portion body includes a flange - side oil supply 
defined , they should be construed as being included therein . 55 path for supplying engine oil to the drive - shaft - side oil 

What is claimed is : supply path . 
1 . A fuel pump mounting structure for an engine , for op 7 . The fuel pump mounting structure for an engine 

mounting , on a cylinder block , a fuel pump including a fuel according to claim 6 , wherein 
pump drive shaft which is rotated by receiving a driving the cover member includes a cover - side oil supply path 
force of a crankshaft , and a fuel pump body which is 60 for guiding engine oil supplied to the bearing portion 
operated as the fuel pump drive shaft is rotated for pumping toward the roller lifter . 
fuel , wherein 8 . The fuel pump mounting structure for an engine 

the cylinder block includes a flange portion , on an end according to claim 7 , wherein 
portion of the cylinder block in a crankshaft direction , the cover - side oil supply path includes an oil injection 
projecting from a surface of the end portion along the 65 port for injecting engine oil toward the roller lifter . 
crankshaft direction in a direction orthogonal to the 

and 

* * * * * 


