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(54) Front structure of engine

(57) Disclosed is a front structure of an engine, which
is provided with: a lower camshaft driving chain (14)
which is arranged behind the upper camshaft driving
chain (20); a chain cover (31) which covers chains (14,
20, 26) and has upper and lower front parts formed such
that the lower front part is depressed toward a cylinder
block (2) relative to the upper front part in a longitudinal
direction of the engine (1); an auxiliary-devices driving
belt (43) disposed in front of the chain cover (31); and a
cantilevered arm (46) holding a belt tensioner (42) at a
free end thereof, associated with the auxiliary-devices
driving belt (43), and is disposed in front of the chain
cover (31) in such a manner as to overlap with a looped
area formed by the lower camshaft driving chain (14) in
front view of the engine (1).
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Description

[0001] The present invention relates to a front structure
of an engine particularly a front structure of an engine
with a plurality of auxiliary devices disposed beside an
intake-side of the engine body, which are driven by a
crankshaft through an auxiliary-devices driving belt.

List of Patent Document (PD)

[0002]

[PD 1] Japanese Patent Laid-Open Publication No.
2003-42230

[0003] Heretofore, there has been known a technique
of transmitting driving force of a crankshaft to a camshaft
through a driving chain to control opening/closing timings
of intake/exhaust valves, and additionally utilizing the
driving force of the crank shaft for driving a balancer unit
adapted to cancel the vibration of the engine body by the
imbalance-induced vibration so as to provide enhanced
level of engine silence (see the document PD 1).
[0004] PD 1 discloses a mechanism for driving a cam-
shaft and a balancer unit by a driving chain. The mech-
anism is provided with an intermediate shaft disposed at
a front side of a cylinder block and three endless-type
driving chains for driving the camshaft and the balancer
unit.
[0005] This mechanism is employed by the following
reasons. Some engines are designed to drive: a cam-
shaft located at an upper portion of an engine body; a
balancer unit located at a lower portion of the engine
body; and other auxiliary devices, such as a high-pres-
sure fuel pump disposed beside the engine body, by us-
ing a driving chain. In this type of engine, to drive the
camshaft, the balancer unit, and the fuel pump by a single
driving chain would lead a large loop shape of the driving
chain wound around respective ends of the crank, cam,
and balancer unit shafts, so that a front portion of the
engine would be excessively increased in width. This is
one reason why the above mechanism is needed.
[0006] In this connection, with a view to reducing a
width of the front portion of the engine, a portion of the
driving chain between the adjacent shaft ends might be
regulated by guide means in such a manner as to be
displaced toward a center of the engine. The driving chain
would be bent at a large curvature. Thus, a frictional re-
sistance between the driving chain and the guide means
would be increased to cause an increase in mechanical
loss.
[0007] Meanwhile, in order to assure the given rota-
tional speed ratios of the balancer unit to the crankshaft
(the balancer unit needs to have a rotational speed twice
greater than that of the crankshaft) and the camshaft to
the crankshaft, chain sprockets attached to the shaft
ends should respectively be set in different diameters. In
this case, if these sprockets are driven by the same

looped chain, some sprockets, particularly the sprocket
on the camshaft would essentially be required to have a
large diameter. Consequently, the front portion of the en-
gine will be increased in width, and flexibility in layout of
devices around the engine would be undesirably restrict-
ed. This is another reason why the above mechanism is
needed.
[0008] In order to avoid the latter disadvantages, three
endless-type driving chains may be employed to drive
the camshaft and the balancer unit, and two sprockets
different in diameter (number of teeth) are coaxially fixed
to the crankshaft and the intermediate shaft, respectively.
Then, different chains are wound around the sprockets,
respectively. This structure would adjust a gear ratio so
as to minimize a diameter of the sprocket at the end of
the camshaft.
[0009] In the above engines designed to drive the cam-
shaft and the balancer unit by the crankshaft, the rota-
tional angular phase in each of the shafts should have a
given relationship with a phase of the associated driving
chain so that each of the shafts are rotated at a given
rotational speed ratio to the crankshaft to achieve ade-
quate balancer function and opening/closing timings of
the intake/exhaust valves.
[0010] Thus, in an assembling process of the above
engine designed to coaxially fix the sprockets different
in respectively diameter (number of teeth) to the crank-
shaft and the intermediate shaft, it is desirable to arrange
the sprockets in such a manner as to be visually checked
from a front side of the engine to facilitate performing an
phase adjusting operation from the front side of the en-
gine.
[0011] Meanwhile, in this type of engine, a chain cover
for covering the driving chains is located in front of the
driving chains, and a plurality of auxiliary devices are
disposed in front of the chain cover and located beside
the intake-side of the engine body, in such a manner as
to be driven by the crankshaft through an auxiliary-de-
vices driving belt.
[0012] When the camshaft and the balancer unit are
driven using the plurality of driving chains in the above
manner, these driving chains cannot be arranged in the
same vertical plane in an axial direction of the crankshaft.
Consequently, the chain cover has to be formed in a
stepped shape along with respective positions of the driv-
ing chains. Thus, an overall length of the engine in its
longitudinal direction is inevitably increased by the front-
ward protrusion of the chain cover.
[0013] As above, depending on an arrangement of the
auxiliary devices and the auxiliary-devices driving belt
relative to the chain cover, the overall longitudinal length
of the engine is increased to cause a problem about in-
crease in restrictions on mountability to an engine com-
partment of a vehicle.
[0014] Accordingly, it is an object of the present inven-
tion to provide a front structure of an engine designed to
arrange a plurality of driving chains in a longitudinal di-
rection of the engine, which is capable of facilitating an
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operation of adjusting a phase between each of the driv-
ing chains and a shaft associated with the chain in a
wound manner, and reducing an overall longitudinal
length of the engine to achieve enhanced mountability
to an engine compartment of a vehicle.
[0015] In order to achieve the above object, the present
invention provides a front structure of an engine designed
to arrange a plurality of auxiliary devices beside an in-
take-side of an engine body and to drive the auxiliary
devices by a crankshaft through an auxiliary-devices driv-
ing belt. The front structure is provided with: a balancer-
unit in an oil pan; a balancer-unit sprocket on the balanc-
er-unit; a balancer-unit driving chain which is so wound
around the balancer-unit sprocket that the balancer-unit
is driven by a crankshaft; a pair of camshafts disposed
on a cylinder head; an intermediate shaft through which
drive force is transmitted from the crankshaft to the cam-
shafts; and a pair of upper and lower camshaft driving
chains adapted to couple the crankshaft to the cam-
shafts. The lower camshaft driving chain is arranged be-
hind the upper camshaft driving chain. The engine front
structure is further provided with a chain cover which cov-
ers a front side of the chains and has upper and lower
front parts formed such that the lower front part is de-
pressed toward a cylinder block relative to the upper front
part in a longitudinal direction of the engine along with
respective front surfaces of the chains. An auxiliary-de-
vices driving belt is disposed in front of the chain cover.
A cantilevered arm holding a belt tensioner at a free end
thereof and associated with the auxiliary-devices driving
belt is disposed in front of the chain cover in such a man-
ner as to overlap with a looped area formed by the lower
camshaft driving chain in front view of the engine.
[0016] In the above front structure of the present in-
vention, first and second crankshaft sprockets are coax-
ially fixed to a front end of the crankshaft, and the lower
camshaft driving chain and the balancer-unit driving
chain are respectively wound around the first and second
crankshaft sprockets. The second crankshaft sprocket
for the balancer-unit driving chain is disposed behind the
first crankshaft sprocket for the lower camshaft driving
chain and is formed to have a larger diameter than that
of the first crankshaft sprocket.
[0017] Further, first and second intermediate-shaft
sprockets are coaxially fixed to a front end of the inter-
mediate shaft, and the upper and lower camshaft driving
chains are respectively wound around the first and sec-
ond intermediate-shaft sprockets. The second interme-
diate-shaft sprocket for the lower camshaft driving chain
is disposed behind the first intermediate-shaft sprocket
for the upper camshaft driving chain and is formed to
have a larger diameter than that of the first intermediate-
shaft sprocket.
[0018] Thus, a reference position of engagement be-
tween the second crankshaft sprocket and the balancer-
unit driving chain, a reference position of engagement
between the first crankshaft sprocket and the lower cam-
shaft driving chain, and a reference position of engage-

ment between the first intermediate-shaft sprocket and
the upper camshaft driving chain, can be visually
checked in front view of the engine.
[0019] In addition, the second intermediate-shaft
sprocket having a larger diameter than that of the first
intermediate-shaft sprocket for the upper camshaft driv-
ing chain makes it possible to minimize a diameter of a
camshaft sprocket engaged with the upper camshaft driv-
ing chain.
[0020] According to the above front structure of the
present invention, the chain cover is formed such that
the lower front part is depressed toward the cylinder block
relative to the upper front part, the chain cover forms a
void space formed in a longitudinal direction of the en-
gine. The arm for swingingly moving the belt tensioner
can be disposed in the void space of the chain cover
defined by the lower front part depressed toward the cyl-
inder block. This makes it possible to apply an adequate
tension to the auxiliary-devices driving belt without in-
creasing the overall longitudinal length of the engine.
[0021] As used in this specification, the term of "front"
or "front side" of the engine means a position where the
chain cover and the auxiliary-devices driving belt are dis-
posed or installed, and the term "longitudinal direction of
the engine" means an arranging direction of the cylinders
row.
[0022] In one preferred embodiment of the present in-
vention, the chain cover is designed to cover the balanc-
er-unit driving chain and the upper and lower camshaft
driving chains, and at least one of the auxiliary devices
is disposed beside the oil pan. This engine front structure
further includes an idler disposed on a tension part of the
auxiliary-devices driving belt which is located between
the at least one auxiliary device and the crankshaft. At
least a part of the auxiliary-devices driving belt and the
idler is disposed to overlap with the balancer-unit driving
chain in front view of the engine.
[0023] In another preferred embodiment of the present
invention, the lower camshaft driving chain is wound
around three sprockets to drive a second auxiliary device
disposed beside the engine in cooperation with the inter-
mediate shaft and define a looped area, and the arm of
the belt tensioner is disposed to overlap with the looped
area formed by the lower camshaft driving chain in front
view of the engine.
[0024] In this engine front structure, an intermediate
portion of the chain cover may be depressed rearward
in conformity to the looped area formed by the lower cam-
shaft driving chain located rearward relative to the front-
most upper camshaft driving chain, so as to define a void
space. This void space can be used as an installation
space for the arm of the belt tensioner for the auxiliary-
devices driving belt, to apply an adequate tension to the
auxiliary-devices driving belt without increasing the over-
all longitudinal length of the engine.
[0025] In yet another preferred embodiment of the
present invention, the auxiliary devices comprises at
least three auxiliary devices including a power generator
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and an air-conditioning compressor. The three auxiliary
devices are arranged vertically and approximately line-
arly on the side of the intake-side of the engine body.
The air-conditioning compressor is disposed beside the
oil pan, and the power generator is disposed above the
air-conditioning compressor. The remaining auxiliary de-
vice is disposed between the air-conditioning compres-
sor and the power generator. The auxiliary-devices driv-
ing belt consists of a single auxiliary-devices driving belt
adapted to drive the auxiliary devices.
[0026] This arrangement makes it possible to reduce
a size of the engine in its width or lateral direction orthog-
onal to the longitudinal direction.
[0027] In this preferred embodiment, the rest of auxil-
iary device may be a water pump which is disposed to
be driven by an outer surface of the auxiliary-devices
driving belt in wound manner.
[0028] This allows the idler function of applying a ten-
sion for the auxiliary-devices driving belt to be additionally
utilized for driving the water pump.
[0029] In yet another preferred embodiment of the
present invention, the engine is designed to be trans-
versely mounted into an engine compartment formed in
a front region of a vehicle in such a manner that an axis
of the crankshaft extends along a lateral direction of the
vehicle.
[0030] According to this preferred embodiment, the en-
gine can be mounted in the engine compartment with a
distance capable of preventing a collapsing deformation
in a front frame located on each of opposite lateral sides
of a vehicle body, i.e., on the side of each of opposite
longitudinal ends of the engine, from being hindered in
the event of a front-impact collision.
[0031] As above, the present invention makes it pos-
sible to facilitate an operation of adjusting a phase be-
tween each of the balancer-unit driving chain and the
lower camshaft driving chain and a corresponding one
of the crankshaft sprockets, and a phase between each
of the upper and lower camshaft driving chains and a
corresponding one of the intermediate-shaft sprockets.
[0032] In addition, the chain cover can have a lower
front part depressed toward the cylinder block relative to
an upper front part thereof, and a void space formed in
the longitudinal direction of the engine can be used as
an installation space for the arm of the belt tensioner.
This makes it possible to reduce an overall longitudinal
length of the engine so as to achieve enhanced mount-
ability to an engine compartment of a vehicle.
[0033] These and other objects, features and advan-
tages of the invention will become more apparent upon
reading the following detailed description along with the
accompanying drawings, in which:

FIG. 1 is a front view showing a front structure of an
engine, according to one embodiment of the present
invention, wherein a chain cover is detached there-
from;
FIG 2 is a side view showing a plurality of driving

chains, a crankshaft, and intake and exhaust cam-
shafts in the engine front structure illustrated in FIG.
1;
FIG. 3 is a front view showing the engine front struc-
ture illustrated in FIG. 1, in a state after the chain
cover is attached thereto to cover over the driving
chains, and a plurality of auxiliary devices and an
auxiliary-devices driving belt are attached thereto;
FIG. 4 is a sectional view taken along the line X-X in
FIG. 3;
FIG.5 is a side view showing the engine front struc-
ture illustrated in FIG. 3; and
FIG. 6 is a plan view showing the engine with the
engine front structure illustrated in FIG. 3 in a state
after the engine is transversely mounted into an en-
gine compartment formed in a front region of a ve-
hicle in such a manner that an axis of the crankshaft
extends along a width or lateral direction of the ve-
hicle.

[0034] With reference to the drawings, one embodi-
ment of the present invention will now be described.
[0035] FIG. 1 is a front view showing a front structure
of an engine 1, according to the embodiment, wherein a
chain cover 31 (see FIGS. 2 to 4) is detached therefrom.
An engine body 1a is provided with a cylinder block 2
having a lower portion rotatably supporting a crankshaft
3, and an oil pan 4 attached to a lower end of the cylinder
block 2.
[0036] The engine body 1a also includes a cylinder
head 5 mounted on an upper end of the cylinder block
2, and a timing case 6 attached to an front surface of the
cylinder block 2.
[0037] In the engine body 1a, a crank journal 7 (see
FIG. 2) of the crankshaft 3 is supported by an appropriate
bearing member fixed to the lower portion of the cylinder
block 2.
[0038] The cylinder block 2 in FIG. 1 has a plurality of
cylinders (not shown) arranged in a row. Each of the cyl-
inders slidably houses a piston (not shown) connected
to a crankpin 8 (see FIG 2) of the crankshaft 2 through
a connecting rod (not shown).
[0039] The cylinder head 5 is formed with an intake
port and an exhaust port (not shown) which are fluidically
communicated with each of the cylinders and provided,
respectively, with an intake valve and an exhaust valve
(not shown). As shown in FIG 2, the cylinder head 5 ro-
tatably supports an intake camshaft 11 and an exhaust
camshaft 12 provided, respectively, with a plurality of in-
take cams 9 and a plurality of exhaust cams 10. These
intake and exhaust cams 9 and 10 are arranged in con-
formity to respective positions of the cylinders.
[0040] First and second crankshaft sprockets 3a and
3b are fixed to an axially front end of the crankshaft 3,
and an intake-camshaft sprocket 11a and an exhaust-
camshaft sprocket 12a are fixed to an axially front end
of the intake camshaft 11 and a front end of the exhaust
camshaft 12, respectively.
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[0041] The second crankshaft sprocket 3b is disposed
closer to the cylinder block 2 than the first crankshaft
sprocket 3a, i.e., disposed on a rear side of the first crank-
shaft sprocket 3a.
[0042] A first intermediate-shaft sprocket 13a is inte-
grally formed in an axially front end of an intermediate
shaft 13 located vertically below the intake-camshaft
sprocket 11a, i.e., below and in substantially the same
vertical plane as the intake-camshaft sprocket 11a. In
addition to the first intermediate-shaft sprocket 13a, a
second intermediate-shaft sprocket 13b is integrally
formed in the intermediate shaft 13 at a position closer
to the cylinder block 2 than the first intermediate-shaft
sprocket 13a, i.e., at a position on a rear side of the first
intermediate-shaft sprocket 13a.
[0043] A lower camshaft driving chain 14 is wound
around the first crankshaft sprocket 3a and the second
intermediate-shaft sprocket 13b. The lower camshaft
driving chain 14 is also wound around a fuel-pump
sprocket 15a of a fuel pump 15 disposed beside the en-
gine body 1a. That is, the lower camshaft driving chain
14 is looped around the total three sprockets consisting
of the first crankshaft sprocket 3a, the second interme-
diate-shaft sprocket 13b and the fuel-pump sprocket 15a,
in a tensioned manner, to form an approximately trian-
gular shape so as to define a closed planar area serving
as a looped area A1.
[0044] A hydraulic tensioner adjuster 16 is disposed
on a loose side of the lower camshaft driving chain 14 to
apply a tension force to the lower camshaft driving chain
14 from the outside of the looped area A1 through a ten-
sioner lever 18 supported by a pivot shaft 17, so as to
allow a tension of the lower camshaft driving chain 14 to
be kept at a value capable of adequately transmitting a
driving force of the crankshaft 3.
[0045] Further, a guide member 19 is fixedly disposed
to restrict a looping position of the lower camshaft driving
chain 14 from the inside of the looped area A1 to allow
the lower camshaft driving chain 14 to be kept in a given
shape.
[0046] An upper camshaft driving chain 20 is wound
around the intake-camshaft sprocket 11a, the exhaust-
camshaft sprocket 12a and the first intermediate-shaft
sprocket 13a, to define a closed planar area serving as
a looped area A2.
[0047] A hydraulic tensioner adjuster 21 is disposed
on a loose side of the upper camshaft driving chain 20
to apply a tension force to the upper camshaft driving
chain 20 from the outside of the looped area A2 through
a tensioner lever 22 supported by the pivot shaft 17
shared with the tensioner lever 18, so as to allow a tension
of the upper camshaft driving chain 20 to be kept at a
value capable of adequately transmitting a driving force
of the crankshaft 3.
[0048] Further, a guide member 23 is fixedly disposed
on a tension part of the upper camshaft driving chain 20
to restrict a looping position of the upper camshaft driving
chain 20 to allow the upper camshaft driving chain 20 to

be kept in a given shape.
[0049] The tensioner lever 22 is formed with a plurality
of holes 22a. Each of the holes 22a is formed to be
aligned, in front view of the engine, with a corresponding
one of a plurality of bolt holes 6a formed in the timing
case 6, so that a bolt can be inserted into the bolt hole
6a therethrough and fastened to a vehicle body to allow
the engine body 1a to be supported by the vehicle body.
[0050] Based on the above mechanism, a driving force
of the crankshaft 3 is transmitted to the intake camshaft
11 and the exhaust camshaft 12 by the lower camshaft
driving chain 14 and the upper camshaft driving chain 20
through the intermediate shaft 13, to drive the intake and
exhaust valves so as to open and close the intake and
exhaust ports. The lower camshaft driving chain 14 is
disposed closer to the cylinder block 2 than the upper
camshaft driving chain 20, i.e., disposed on a rear side
of the upper camshaft driving chain 20.
[0051] The engine body 1a is provided with a balancer
unit comprising a balancer shaft 24 supported in the oil
pan 4 in parallel relation to the crankshaft 3. The balancer
shaft 24 consists of a first balancer shaft and a second
balancer shaft each having a rotational axis approximate-
ly parallel to a rotational axis of the crank shaft 3. The
first and second balancer shafts are designed to be ro-
tated at a rotational speed two times greater than that of
the crankshaft 3 in opposite directions. In FIG. 1, only
one of the balancer shafts is indicated by a solid line.
[0052] A balancer-shaft sprocket 25 is integrally at-
tached to an axially front end of the balancer shaft 24
indicated by the solid line, at a position vertically below
the second crankshaft sprocket 3b, i.e., below and in sub-
stantially the same vertical plane as the second crank-
shaft sprocket 3b. That is, the balancer-shaft sprocket
25 is disposed closer to the cylinder block 2 than the first
crankshaft sprocket 3a engaged with the lower camshaft
driving chain 14, i.e., disposed on a rear side of the first
crankshaft sprocket 3a.
[0053] A balancer-shaft driving chain 26 is wound
around the balancer-shaft sprocket 25 and the second
crankshaft sprocket 3b to define a closed planner area
serving as a looped area A3.
[0054] A hydraulic tensioner adjuster 27 is disposed
on a loose side of the balancer-shaft driving chain 26 to
apply a tension force to the balancer-shaft driving chain
26 from the outside of the looped area A3 through a ten-
sioner lever 29 supported by a pivot shaft 28, so as to
allow a tension of the balancer-shaft driving chain 26 to
be kept at a value capable of adequately transmitting a
driving force of the crankshaft 3.
[0055] Further, a guide member 30 is fixedly disposed
on a tension part of the balancer-shaft driving chain 26
to restrict a looping position of the balancer-shaft driving
chain 26 to allow the balancer-shaft driving chain 26 to
be kept in a given shape.
[0056] Based on the above mechanism, a driving force
of the crankshaft 3 is transmitted to the balancer-shaft
sprocket 25 by the balancer-shaft driving chain 26 to drive
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the balancer unit.
[0057] In the first and second crankshaft sprockets 3a
and 3b of the crankshaft 3, the first crankshaft sprocket
3a located on the front side is formed to have a diameter
less than that of the second crankshaft sprocket 3b lo-
cated on the rear side, and to have the number of teeth
less than that of the second crankshaft sprocket 3b.
[0058] In the first and second intermediate-shaft
sprocket 13a, 13b of the intermediate shaft 13, the first
intermediate-shaft sprocket 13a located on the front side
is formed to have a diameter than that of the second
intermediate-shaft sprocket 13b located on the rear side,
and to have the number of teeth less than that of the
second intermediate-shaft sprocket 13b.
[0059] As above, the first crankshaft sprocket 3a
adapted to output a driving force is formed to have a
diameter less (i.e., the number of teeth) than that of the
second crankshaft sprocket 3b located on the rear side
of the first crankshaft sprocket 3a and adapted to output
a driving force.
[0060] Thus, when a driving force of the crankshaft 3
is transmitted to the intake-camshaft and exhaust-cam-
shaft sprockets 11a, 12a to be rotated at a lower speed
than that of the crankshaft 3, the driving force of the crank-
shaft 3 is transmitted from the first crankshaft sprocket
3a having the relatively small diameter and the relatively
small number of teeth, directly to the lower camshaft driv-
ing chain 14, and then received by the second interme-
diate-shaft sprocket 13b having the relatively large diam-
eter and the relatively large number of teeth. Then, the
driving force is transmitted to the upper camshaft driving
chain 20 through the first intermediate-shaft sprocket 13a
having the diameter and the number of teeth less than
those of the second intermediate-shaft sprocket 13b, to
drivingly rotate the intake-camshaft sprocket 11a and the
exhaust-camshaft sprocket 12a.
[0061] In this manner, a gear ratio can be adequately
adjusted by the intermediate shaft 13 interposed in the
drive line from the crankshaft 3 to the intake-camshaft
and exhaust-camshaft sprockets 11a, 12a, so as to re-
duce respective diameters of the intake-camshaft and
exhaust-camshaft sprockets 11a, 12a.
[0062] As shown in FIG 1, markings 3c, 3d, 11b, 12b,
13c, 15b and 25a are engraved, respectively, in vicinities
of peripheral portions of front surfaces of the first crank-
shaft sprocket 3a, the second crankshaft sprocket 3b the
intake-camshaft sprocket 11a, the exhaust-camshaft
sprocket 12a, the first intermediate-shaft sprocket 13a,
the fuel-pump sprocket 15a and the balancer-shaft
sprocket 25. Correspondingly, markings 14a/14b, 20a/
20b/20c, and 26a/26b are engraved, respectively, in front
surfaces (along a thickness direction) of the lower cam-
shaft driving chain 14, the upper camshaft driving chain
20 and the balancer-shaft driving chain 26.
[0063] These markings are provided as a marker for
allowing a rotational angular phase of each shaft of the
engine components/auxiliary devices to be driven by the
crankshaft 3 and a phase of the associated driving chain

to be adjusted in a given relationship, so as to rotate the
shaft at a given rotational speed ratio to the crankshaft
3 and set opening/closing timings of the intake/exhaust
valves. For example, as illustrated in FIG. 1, in a state
after one of the driving chains is wound around each of
the associated sprockets, if positions of the respective
markings of the driving chain and the sprocket, it can be
determined that they are in an adequate phase relation-
ship.
[0064] In each of the crankshaft 3 and the intermediate
shaft 13, the small-diameter sprockets 3a, 13a are dis-
posed on the front side of the corresponding large-diam-
eter sprockets 3b, 13b, as described above. This makes
it possible to visually check the positions of the markings
3c, 3d, 13c in front view of the engine body 1a.
[0065] Thus, in an assembling process of the engine
body 1a, each of an operation of adjusting a phase be-
tween the marking 20a and the marking 13c of the first
intermediate-shaft sprocket 13a having a smaller diam-
eter than that of the second intermediate-shaft sprocket
13b, an operation of adjusting a phase between the mark-
ing 14a and the marking 3c of the first crankshaft sprocket
3a having a smaller diameter than that of the second
crankshaft sprocket 3b, and an operation of adjusting a
phase between the marking 26a and the marking 3d of
the second crankshaft sprocket 3b, can be smoothly per-
formed without deterioration in visibility due to other
sprocket.
[0066] As the result of the above structure and ar-
rangement for reducing the diameters of the intake-cam-
shaft and exhaust-camshaft sprocket 11a, 12a and facil-
itating the phase adjusting operation, the upper camshaft
driving chain 20 located on an upper side of the engine
body 1a is disposed at the frontmost position, and the
lower camshaft driving chain 14 and the balancer-shaft
driving chain 26 are disposed stepwise at respective po-
sitions closer to the cylinder block 2 toward a downward
direction of the engine body 1a, as shown in FIGS. 1 and
2.
[0067] Particularly, as shown in FIG 2, a void space
having a depth in the longitudinal direction is defined be-
low the upper camshaft driving chain 20 and the lower
camshaft driving chain 14.
[0068] In the present invention, a chain cover 31 for
covering a front side of the driving chains 14, 20 and 26,
as shown in FIG. 3, has upper and lower parts formed
such that the lower front part is depressed toward the
cylinder block 2 relative to the upper front part, along with
respective positions of the driving chains 14, 20, and 26
in the longitudinal direction of the engine body 1a, as
shown in FIG 4 which is a sectional view taken along the
line X-X in FIG 3. Further, as shown in FIGS. 3 and 5,
the lower void space depressed in the longitudinal direc-
tion of the engine body 1a is used as an installation space
for a first idler 37, an arm 46 of a belt tensioner 42, and
an auxiliary-devices driving belt 43, as will be described
in more detail.
[0069] The chain cover 31 is designed to cover a front

9 10 



EP 1 752 645 A2

7

5

10

15

20

25

30

35

40

45

50

55

side of the drive line including the driving chains 14, 20,
and 26, and the sprockets 3a, 3b, 11a, 12a, 13a, 13b,
15a, and 25. The structure and function of the chain cover
31 will be described below with reference to FIGS. 3 and
4.
[0070] The chain cover 31 is integrally formed with a
mounting seat 32 protruding outward or frontward. The
mounting seat 32 serves as a means to support the en-
gine body 1a through a vehicle body-side bracket (not
shown) or the like.
[0071] The chain cover 31 has a wall portion formed
with a plurality of bolt bosses 33 on a rear surface thereof.
Each of the bolt basses 33 protrudes rearward from the
rear surface of the wall portion of the chain cover 31, and
has a bolt hole 34 and a contact surface 33a adapted to
be brought into contact with a front surface of the timing
case 6 so as to allow the bolt hole 34 to communicate
with a corresponding one of the bolt holes 6a (see FIG.
1) of the timing case 6.
[0072] Two of the bolt bosses 33 each having the bolt
hole 34 are disposed at vertically upper and lower posi-
tions, and plural sets of the two bolt bosses 33 are formed
in line. Each of the bolt holes 34 of the upper the bolt
bosses 33 is formed to have one end opened on the side
of a front part of the chain cover 31 and located at the
mounting seat 34.
[0073] A bolt is inserted from the side of the mounting
seat 32 into each of the bolt holes 34 and threadingly
fastened with a corresponding one of the bolt holes 6a
of the timing case 6.
[0074] As shown in FIG. 3, an auxiliary-devices driving
pulley 36 integrally attached to the crankshaft 3 pene-
trating a bearing hole 35 formed in the chain cover 31,
the first idler 37, an air-conditioning compressor 38, a
water pump 39, an alternator 40, a second idler 41 and
the belt tensioner 42 are disposed in front of the chain
cover 31. The auxiliary-devices driving belt 43 is wound
around the auxiliary-devices driving pulley 36, and re-
spective pulleys 38a, 39a, and 40a of the auxiliary de-
vices 38, 39, and 40.
[0075] The arm 46 is disposed to extend across the
auxiliary-devices driving belt 43 and designed to be
swingingly moved about a pivot shaft 46 by driving of a
hydraulic tensioner adjustor 44, and the belt tensioner
42 is designed to be selectively moved toward and away
from the auxiliary-devices driving belt 43 in conjunction
with the swing movement of the arm 46.
[0076] As seen in FIGS. 1 and 3, in this embodiment,
the arm 46 of the belt tensioner 42 is disposed in front of
the chain cover 31 in such a manner as to overlap with
the looped area A1 of the lower camshaft driving chain
14 in front view of the engine, and associated with the
auxiliary-devices driving belt 43.
[0077] That is, the arm 46 of the belt tensioner 42 can
be installed in the void space defined by the lower portion
of the chain cover 31 depressed in the longitudinal direc-
tion of the engine body 1a, so as to suppress frontward
overhang of the component to reduce an overall longitu-

dinal length of the engine 1, as shown in FIG. 5 which is
a side view of the engine in FIG. 3.
[0078] In this manner, an overall longitudinal length of
the engine 1 can be reduced to provide enhanced mount-
ability to an engine compartment of a vehicle and en-
hanced flexibility in engine layout including peripheral de-
vices.
[0079] In this embodiment, as shown in FIG. 3, the air-
conditioning compressor 38 as one of the auxiliary de-
vices is disposed beside the oil pan 4, and the first idler
37 is disposed on a tension part of the auxiliary-devices
driving belt 43 and located between the air-conditioning
compressor 38 and the crankshaft 3. At least a part of
the auxiliary-devices driving belt 43 and the first idler 37
is disposed to overlap with the balancer-shaft driving
chain 26 in front view of the engine. That is, in the void
space defined by the lower portion of the chain cover 31,
the first idler 37 is disposed at a position capable of min-
imizing frontward overhung of the engine 1.
[0080] Further, the arm 46 of the belt tensioner 42 lo-
cated on a loose side of the auxiliary-devices driving belt
43 is disposed to overlap with the looped area A1 of the
lower camshaft driving chain 14 in front view of the en-
gine. Specifically, an intermediate portion of the chain
cover 31 is depressed rearward in conformity to the
looped area A1 located rearward relative to the looped
area A2 of the upper camshaft driving chain 20, so as to
define a void space, and the arm 46 of the belt tensioner
42 can be disposed in the void space defined by the in-
termediate portion of the chain cover 31.
[0081] This makes to possible to apply an adequate
tension to the auxiliary-devices driving belt without in-
creasing the overall longitudinal length of the engine 1.
Further, the arm 46 of the belt tensioner 42 is disposed
to overlap the instruction area A1 extending in an approx-
imately triangular shape. Thus, the arm 46 of the belt
tensioner 42 can be disposed apart from the auxiliary-
devices driving pulley 36, the first idler 37 and the air-
conditioning compressor 38 which are located therebe-
low. This provides an advantage of being able to extend
a range of the swing movement of the arm 46.
[0082] In this embodiment, the alternator 40 required
for avoiding installation in wet environments is disposed
at an upper position by priority. Then, the air-conditioning
compressor 38 is disposed beside of the oil pan 4, and
the water pump 39 as an additional or the rest of auxiliary
device is disposed between the air-conditioning com-
pressor 38 and the alternator 40 along a vertical direction.
This arrangement makes it possible to reduce a size of
the engine 1 in its width direction (lateral direction in FIG.
3) orthogonal to the longitudinal direction while particu-
larly satisfying the installation requirement of the alter-
nator 40.
[0083] In this embodiment, the water pump 39 is dis-
posed to be driven by an outer surface of the auxiliary-
devices driving belt 43. This allows the idler function of
applying a tension for the auxiliary-devices driving belt
43 to be additionally utilized for driving the water pump 39.
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[0084] Generally, it is desirable that a rotor to be driven
by the outer surface of the auxiliary-devices driving belt
43 has a low rotational torque and imposes a low load
on the auxiliary-devices driving belt 43. In view of this
requirement, a water pump 39 is particularly preferable.
[0085] The engine front structure of the present inven-
tion, wherein the arm 46 of the belt tensioner 42 is con-
tained in the void space defined by the lower portion of
the chain cover 31 to achieve reduction in the overall
longitudinal length of the engine 1, may be applied, for
example, to an engine designed to be transversely
mounted into an engine compartment formed in a front
region of a vehicle in such a manner that an axis of a
crankshaft 3 extends along a width or lateral direction of
the vehicle, as shown in FIG. 6, to provide a particularly
significant effect.
[0086] Specifically, the engine 1 is supported by a pair
of front frames 47, 47 disposed on opposite lateral (right/
left) sides of the engine compartment to extend in a front-
ward/rearward direction of the vehicle, through the
mounting seat 32 (see FIG. 3). As the result of reduction
in an overall length L1 of the engine 1 in its longitudinal
direction, an overall length L2 (in the lateral direction of
the vehicle) of a power unit, as a total sum of the overall
length L1 and an overall length (in the lateral direction of
the vehicle) of a transmission 48 attached to one end
(right end in FIG. 6) of the engine 1, can be reduced.
[0087] Thus, without increasing a size of the vehicle
body in the lateral direction of the vehicle, a relatively
large distance L3, L4 can be ensured between the engine
1/the transmission 48 and the side frames 47, 47.
[0088] Even if the vehicle body has a collapsing defor-
mation due to collision with an object, and a width L5 of
each of the right and left front frames 47, 47 is increased
to L5a, the engine 1 will exhibit an effect an advantage
of being able to avoid hindering the collapsing deforma-
tion in the front frames 47, 47.
[0089] In the above embodiment, the lower camshaft
driving chain 14 is wound around the first crankshaft
sprocket 3a, the second intermediate-shaft sprocket 13b
and the fuel-pump sprocket 15a, in a tensioned manner,
to define the instruction area A. Alternatively, the lower
camshaft driving chain 14 may be wound around the first
crankshaft sprocket 3a and the second intermediate-
shaft sprocket 13b to define an instruction area of the
lower camshaft driving chain 14, and the balancer-shaft
driving chain 26 may be wound around the second inter-
mediate-shaft sprocket 13b, a fuel-pump sprocket 15a
having the number of teeth different from that in the above
embodiment, and the balancer-shaft sprocket 25, to de-
fine an instruction area of the balancer-shaft driving chain
26.
[0090] This arrangement makes it possible to expand
the looped area formed by the driving chains disposed
closer to the cylinder block 2, and extend the lower front
part of the chain cover 31 depressed toward the cylinder
block 2 according to the expanded looped area.
[0091] Thus, the void space defined by the lower por-

tion of the chain cover depressed in the longitudinal di-
rection of the engine body 1a can be expanded. This
allows a different auxiliary device to be disposed in the
expanded void space in addition to the auxiliary devices
in the above embodiment.
[0092] Other function/effect in this case is the same as
those in the above embodiment.
[0093] Although the present invention has been de-
scribed in term of specific exemplary embodiments, it will
be appreciated that various changes and modifications
may be made by those skilled in the art without departing
from the spirits and scope of the invention, defined in the
following claims.

Claims

1. Front structure of an engine designed to arrange a
plurality of auxiliary devices (38, 39, 40) beside an
intake-side of an engine body (1a) and to drive the
auxiliary devices (38, 39, 40) by a crankshaft (3)
through an auxiliary-devices driving belt (43) com-
prising:

a balancer-unit (24) in an oil pan (4);
a balancer-unit sprocket (25) on the balancer-
unit (24);
a balancer-unit driving chain (26) which is so
wound around the balancer-unit sprocket (25)
that the balancer-unit (24) is driven by a crank-
shaft (3);
a pair of camshafts (11a, 12a) disposed on a
cylinder head (5);
an intermediate shaft (13) through which drive
force is transmitted from the crankshaft (3) to
the camshafts (11a, 12a); and
a pair of upper and lower camshaft driving
chains (14, 20) adapted to couple the crankshaft
(3) to the camshafts (11a, 12a),
characterized by:
the lower camshaft driving chain (14) which is
arranged behind the upper camshaft driving
chain (20);
a chain cover (31) which covers a front side of
the chains (14, 20, and 26) and has upper and
lower front parts formed such that the lower front
part is depressed toward a cylinder block (2) rel-
ative to the upper front part in a longitudinal di-
rection of the engine (1) along with respective
front surfaces of the chains (14, 20, and 26);
an auxiliary-devices driving belt (43) disposed
in front of the chain cover (31); and by
a cantilevered arm (46) holding a belt tensioner
(42) at a free end thereof, associated with the
auxiliary-devices driving belt (43), and is dis-
posed in front of the chain cover (31) in such a
manner as to overlap with a looped area formed
by the lower camshaft driving chain (14) in front
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view of the engine (1).

2. Front structure as defined in claim 1, wherein:

the chain cover (31) is designed to cover the
balancer-unit driving chain (26) and the upper
and lower camshaft driving chains (14, 20);
at least one of the auxiliary devices (38, 39, 40)
is disposed beside the oil pan (4); and
an idler (37) disposed on a tension part of the
auxiliary-devices driving belt (43) which is locat-
ed between the at least one auxiliary device (38)
and the crankshaft (3), and
at least a part of the auxiliary-devices, driving
belt (43), and the idler (37) is disposed to overlap
with the balancer-unit driving chain (26) in front
view of the engine (1).

3. Front structure as defined in claim 1 or 2, wherein:

the lower camshaft driving chain (14) is wound
around three sprockets (3a, 13b, 15a) to drive
a second auxiliary device (15) disposed beside
the engine (1) in cooperation with the interme-
diate shaft (13) and define a looped area; and
the arm (46) of the belt tensioner (42) is disposed
to overlap with the looped area formed by the
lower camshaft driving chain (14) in front view
of the engine (1).

4. Front structure as defined in one of preceding claims,
wherein:

the auxiliary devices (38, 39, 40) comprises at
least three auxiliary devices (38, 39, 40) includ-
ing a power generator and an air-conditioning
compressor;
the three auxiliary devices (38, 39, 40) are ar-
ranged vertically and approximately linearly on
the side of the intake-side of the engine body
(1a);
the air-conditioning compressor is disposed be-
side the oil pan (4);
the power generator is disposed above the air-
conditioning compressor;
the remaining auxiliary device is disposed be-
tween the air-conditioning compressor and the
power generator; and
the auxiliary-devices driving belt (43) is a single
auxiliary-devices driving belt (43) adapted to
drive the auxiliary devices.

5. Front structure as defined in claim 4, wherein the
rest of auxiliary devices (38, 39, 40) is a water pump
(39) which is disposed to be driven by an outer sur-
face of the auxiliary-devices driving belt (43) in
wound manner.

6. Front structure as defined in either one of claims 1
to 5, wherein the engine body (1a) is designed to be
transversely mounted into an engine compartment
formed in a front region of a vehicle in such a manner
that an axis of the crankshaft (3) extends along a
lateral direction of the vehicle.
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