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Description

[0001] This invention relates to an engine, and partic-
ularly, to a mounting structure of a valve timing controller
for engine for controlling timing to open/close valves.
[0002] One of the conventional type valve timing con-
trollers is described in JP-A-H11-022426. This docu-
ment discloses the valve timing controller with the fol-
lowing structure.
[0003] To be more specific, a camshaft is rotatably
supported by a cylinder head in an internal combustion
chamber. An internal rotor is provided at a tip end of the
camshaft. Rotation transmitting members are also pro-
vided, including an external rotor, fitted on the outside
of the internal rotor with the camshaft for relative rotation
within a given range: a front plate; a cap: a rear plate
and a timing sprocket. Six vanes attached to the internal
rotor and a lock mechanism attached to the external ro-
tor also constitute the valve opening/closing timing con-
troller.
[0004] It is known that the timing sprocket receives
rotational power transmitted from a crank sprocket
through a resin or rubber timing belt in a given direction.
[0005] The camshaft has well-known cams for open-
ing/closing intake valves. Inside of the camshaft, a tim-
ing-advance path and a timing-retard path are provided,
which extend in the axial direction of the camshaft.
These paths are connected to their respective connec-
tion ports of a directional control valve. The directional
control valve allows a spool to move against urging force
of a spring by energizing a solenoid. When the solenoid
is not energized, an oil delivery port connected to an oil
pump driven by the internal combustion chamber is
communicated with one of the connection ports while
the other connection port is communicated with an oil
drain port. In contrast to the above, when the solenoid
is energized, moving the spool allows the oil delivery
port to be communicated with the aforementioned other
connection port, while allowing the aforementioned one
connection port to be communicated with the oil drain
port.
[0006] When the solenoid is not energized, operating
oil, or lubricant oil in the internal combustion chamber,
is delivered to the timing-retard path and then to a tim-
ing-retard oil chamber partitioned by each vane. When
the solenoid is energized, the operating oil is delivered
to the timing-advance path and then to a timing-advance
oil chamber.
[0007] Thus, the internal rotor and the external rotor
relatively rotate by a given angle between when the so-
lenoid is energized and when the solenoid is not ener-
gized, thereby changing the phases of the crankshaft
and the camshaft to control the opening/closing timing
of the intake valves.
[0008] However, in the above conventional type valve
timing controller, the internal rotor and the external rotor
are attached to the end of the camshaft. But, attaching
these internal rotor and the external rotor around the

camshaft causes the outside diameter of the valve tim-
ing controller to increase due to various reasons, result-
ing in a problem with the increased size of the engine.
[0009] In view of the above, the object of the present
invention is to provide a mounting structure of the valve
timing controller for an engine, which keeps the outside
diameter of the valve timing controller, that is, the out-
side diameter of the external rotor to a minimum, while
securing the functions of the valve timing controller,
even when it is attached around the camshaft.
[0010] The above objective is solved in an inventive
manner by an engine having a valve timing controller,
wherein a camshaft is provided with a mounting struc-
ture for the valve timing controller comprising a boss and
a flange adjacent to the boss and radially protruding,
wherein the valve timing controller is mounted to the
flange with the boss fitted into the through hole.
[0011] It is preferable if the valve timing controller is
provided around the camshaft for changing phases of
relation between a crankshaft and the camshaft.
[0012] Further preferably, the through hole of the
valve timing controller is provided in the center thereof
and has a circular shape, with a diameter slightly larger
than a value equivalent to a sum of a radius of a base
circle of a cam and a height of a cam nose of the cam-
shaft.
[0013] Still further preferably, the valve timing control-
ler has an internal rotor provided on the camshaft and
an external rotor provided rotatably around the internal
rotor, that the external rotor is provided with a driven sec-
tion to which driving force from the crankshaft is input-
ted, and that the internal rotor is formed with the through
hole while being mounted to the flange.
[0014] Beneficially, the internal rotor has a female
thread, and the flange has a through hole with male
thread, in order for the internal rotor to be fixed from the
flange side with a mounting bolt.
[0015] Further beneficially, the valve timing controller
is provided on at least one of the camshafts in pairs, and
the external rotor of the valve timing controller is provid-
ed with a camshaft driving section for driving the other
camshaft.
[0016] Therein, it is still further beneficial if the cam-
shaft driving section has an outside diameter smaller
than that of the driven section.
[0017] Therein, it is yet further preferable if the exter-
nal rotor is arranged so as to slide on the internal rotor
provided around the outer periphery of the boss, and the
camshaft driving section, formed as a separate body
from the external rotor, is slidably mounted to the flange,
wherein a clearance between the camshaft driving sec-
tion and the flange is designed smaller than the one be-
tween the internal rotor and the external rotor.
[0018] Also, the external rotor may be arranged so as
to slide on the internal rotor provided around the outer
periphery of the boss, and the camshaft driving section,
formed integral with the external rotor as a single unit,
might be slidably mounted to the flange, wherein a clear-
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ance between the camshaft driving section and the
flange is designed smaller than the one between the in-
ternal rotor and the external rotor.
[0019] According to a further preferred embodiment,
on that side of the flange of the camshaft, from which
the bolt is mounted, a position of the mounting bolt is
arranged at a position out of phase of the cam nose in
the circumferential direction of the camshaft.
[0020] In the following, the present invention is ex-
plained in further detail with respect to several embodi-
ments thereof in conjunction with the accompanying
drawings, wherein:

FIG. 1 is a vertical sectional view on a cylinder head
side of a valve timing controller according to
a first embodiment;

FIG. 2 is a cross sectional view on the cylinder head
side of the valve timing controller according
to the first embodiment;

FIG. 3 illustrates a timing chain and the like accord-
ing to the first embodiment;

FIG. 4 is a sectional view showing internal and ex-
ternal rotors according to the first embodi-
ment;

FIG. 5 is a sectional view showing an oil delivery
structure to journals according to the first
embodiment;

FIG. 6 is a sectional view showing a spool and the
like according to the first embodiment;

FIG. 7 is a counterpart of FIG. 1, according to a sec-
ond embodiment;

FIG. 8 is a counterpart of FIG. 1, according to a third
embodiment;

FIG. 9 is a counterpart of FIG. 8, showing the ex-
haust side, according to the third embodi-
ment; and

FIG. 10 is a counterpart of FIG. 3, viewed from the
side, according to the third embodiment.

[0021] Description of the embodiments of the present
invention is as follows.
[0022] FIGs. 1 through 6 show the first embodiment.
[0023] A configuration is first described. An engine of
the first embodiment, which is mounted to a motorcycle,
is a four-valve two-cylinder four-stroke engine. This en-
gine, provided with a valve timing controller, is disposed
with its crankshaft (not shown) arranged along a vehicle
width direction.
[0024] To be more specific, FIG. 1 is a sectional view

showing an upper side of the engine (intake side of a
cylinder head), in which a reference numeral 11 denotes
an intake-side camshaft, which is provided along the ve-
hicle width direction. Cam caps 13 are secured to a cyl-
inder head 12 with bolts 20 shown in FIG. 5 so that the
camshaft 11 is rotatably supported by journals 14, 15,
16, 17 which are formed on the cam caps as shown in
FIG. 1. The camshaft 11 has plural cams 11a formed to
push each of four intake valves 18 down against urging
force of springs 19 in order to open their respective in-
take ports at a predetermined timing.
[0025] The cylinder head 12 is secured to a cylinder
block (not shown) with stud bolts 21 and nuts 22 provid-
ed for the adjacent journals 15, 16 while a head cover
24 is attached to the cam caps 13 through screws 23.
A periphery 24a of the head cover 24 and an upper pe-
riphery 12a of the cylinder head 12 are sealed via a gas-
ket 25.
[0026] The camshaft 11 has a valve timing controller
disposed between two cylinders A, B.
[0027] More specifically, the camshaft 11 has a boss
11b formed at its approximately middle section in the
vehicle width direction, and a flange 11c with a prede-
termined diameter, radially protruding from a position
adjacent to and the right of the boss 11b in FIG. 1.
[0028] A ring-shaped internal rotor 26 of the valve tim-
ing controller is provided on the outer periphery of the
boss 11b of the camshaft 11. The internal rotor 26 has
a perfect circular through hole 26f with no cut at the cent-
er point, or the middle of the valve timing controller. The
through hole 26f has a diameter slightly larger than a
value, L1 (a radius of a base circle 11n of the cam 11a)
+ L2 (a height of a cam nose 11p). More specifically, the
through hole 26f may have a diameter in a range be-
tween the value, L1 + L2, and a value, 2*L2, for example.
[0029] In FIG. 4, a chain double-dashed line (a) shows
the cam 11a wholly arranged within the through hole 26f
for comparison purpose, and in contrast to that, a
dashed line (b) shows a tip end of the cam nose 11p
extending off the through hole 26f when viewed in the
axial direction, with the through hole 26f fitted through
the boss 11b. The through hole 26f has a diameter large
enough to be fitted through the outside of the boss 11 b
with the boss 11 b fitted into the through hole 26f.
[0030] On an end face on the flange 11c side of the
internal rotor 26, three female threads 26a formed in the
axial direction are individually provided. A section cor-
responding to each female thread 26a on the flange 11c
has a through hole 11m with male thread. A position of
the through hole 11m with male thread on the flange 11c
is arranged at a position out of phase of the cam nose
11p in the circumferential direction of the camshaft 11.
[0031] The internal rotor 26 is tightly secured to the
side face on the boss 11 side of the flange 11c with three
mounting bolts 27 extending in the direction parallel to
the axis of the camshaft 11. These mounting bolts 27
are inserted to the through hole 11m with male thread
from the flange 11c side with a male thread 27a engaged
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with a female thread 26a of the inner rotor 26 and with
a head 27a fitted into a recess 11d of the flange 11c,
formed in the through hole 11m with male thread.
[0032] An approximately ring-shaped external rotor
28 is provided on the outside of the internal rotor 26 for
relative rotation about the axis of the camshaft 11 with
a clearance allowing the external rotor to slide on the
outer periphery of the internal rotor 26.
[0033] On the right side of the external rotor 28 in FIG.
1, an intake-side gear member 31 as a camshaft driving
section is mounted for relative rotation about the axis of
the camshaft 11 with a clearance allowing the intake-
side gear member 31 to slide on the outer periphery of
the flange 11c. This clearance is designed smaller than
the one between the external rotor 28 and the internal
rotor 26.
[0034] On the left side of the external rotor 28 in FIG.
1, a shield plate 32 is provided, which is fastened to-
gether with the intake-side gear member 31 by means
of a common bolt 33. Both side surfaces of the internal
rotor 26 are slidably sandwiched between the intake-
side gear member 31 and the shield plate 32. The ex-
ternal rotor 28, the intake-side gear member 31 and the
shield plate 32 are integrally arranged for relative rota-
tion about the internal rotor 26 by a predetermined an-
gle.
[0035] The external rotor 28 has a sprocket 28a as a
driven section formed around its periphery. The sprock-
et 28a has a diameter larger than that of the intake-side
gear member 31. As shown in FIG. 3, a timing chain 35
is installed on the sprocket 28a and a crank sprocket 34
provided on the crankshaft side. The timing chain 35 has
a fixed chain guide 37 provided on one side, and a mov-
able chain guide 38 provided on the other side. The
movable chain guide 38 is moved by a chain tensioner
39 to adjust its tension to a predetermined value.
[0036] The intake-side gear member 31 engages with
the exhaust-side gear member 41 of the same size di-
ameter as the intake-side gear member as shown in
FIGs. 2 and 3. An exhaust-side camshaft 91 rotates in
synchronization with rotation of the exhaust-side gear
member 41. The exhaust-side camshaft 91 has cams
91a for opening and closing exhaust valves 93, as well
as the exhaust-side gear member 41 and a scissors
gear 42 mounted to an intermediate section in the lon-
gitudinal direction of this camshaft. The exhaust-side
gear member 41 and the scissors gear 42 are mounted
to the aforementioned camshaft with a stepped bolt 40.
The exhaust-side gear member 41 has a chamfered
section 41a for preventing interference with the external
rotor 28.
[0037] Description of a hydraulic mechanism for al-
lowing the internal rotor 26 and the external rotor 28 for
relative rotation is as follows.
[0038] The external rotor 28 has total eight recess
sections 28b as shown in FIGs. 3 and 4. There are total
eight hydraulic chambers 43 formed between these re-
cess sections 28b and an outer periphery 26b of the in-

ternal rotor 26. Each hydraulic chamber 43 is divided
into a timing-advance-side hydraulic chamber 44 and a
timing-retard-side hydraulic chamber 45 by a vane 46.
The vane 46 has a base end 46a retained in a retaining
slot 26c formed into the internal rotor 26. The vane is
disposed so as to freely extend and retract in a radial
direction of the internal rotor 26 while being urged to-
ward the outside by an unillustrated spring disposed
within the retaining slot 26c. A tip end 46b of the vane
46 therefore comes into contact with a bottom wall 28c
of the recess section 28b of the external rotor 28.
[0039] A timing-advance-side oil path 48 communi-
cating with the timing-advance-side hydraulic chamber
44 to deliver/drain oil, and a timing-retard-side oil path
49 communicating with the timing-retard-side hydraulic
chamber 45 to deliver/drain oil are formed.
[0040] As shown in FIGs. 1, 3 and 4, the timing-ad-
vance-side oil path 48 has: a timing-advance path 31 a
formed in the intake-side gear member 31 and facing
the timing-advance-side hydraulic chamber 44; a tim-
ing-advance path 11e formed in the flange 11c of the
camshaft 11 to communicate with the timing-advance
path 31a; a timing-advance path 11 formed along the
axial direction of the camshaft 11 to communicate with
the timing-advance path 11e; a timing-advance path 11g
formed on the camshaft 11 to communicated with the
timing-advance path 11f; and a timing-advance path 16a
formed in the journal 16 to communicate with the timing-
advance path 11g. Furthermore, as shown in FIGs. 5
and 6, the timing-advance path 16a is communicated
with a timing-advance path 12b formed extending out-
ward of the cylinder head 12, which is connected to a
directional control valve 76.
[0041] In contrast, the timing-retard-side oil path 49
has: a timing-retard path 26d formed in the internal rotor
26 and facing the timing-retard-side hydraulic chamber
45; a timing-retard path 11h formed in the boss 11b of
the camshaft 11 to communicate with the timing-retard
path 26d; a timing-retard path 11i formed along the axial
direction of the camshaft 11 to communicate with the
timing-retard path 11h; a timing-retard path 11j formed
on the camshaft 11 to communicated with the timing-
retard path 11i; and a timing-retard path 15a formed in
the journal 15 to communicated with the timing-retard
path 11j. Furthermore, as shown in FIGs. 5 and 6, the
timing-retard path 15a is communicated with a timing-
retard path 12c formed on the cylinder head 12, which
is connected to a directional control valve 76.
[0042] As described above, the timing-advance path
11f and the timing-retard path 11i, which are formed in
the axial direction of the camshaft 11, are separately
provided on the right and left sides relative to the layout
position of the internal rotor 26 and the external rotor 28
on the common axis of the camshaft 11. These timing-
advance path 11f and timing-retard path 11i are formed
by drilling a hole to the midsection of the camshaft 11
from its both ends and disposing their respective lids 77
thereto. If a pair of left and right paths, used as the tim-
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ing-advance path 11f and the timing-retard path 11i,
have different longitudinal dimensions, one of the paths
with a shorter dimension would be used as the timing-
advance path 11f.
[0043] As shown in FIGs. 5 and 6, the directional con-
trol valve 76 is configured such that a solenoid 79 caus-
es a spool 80 to move forward and backward in the left
and right direction in FIG. 6. The spool 80 is moved to
a position shown by a chain double-dashed line in FIG.
6. Therefore, an oil delivery hole 81, to which oil is de-
livered from an oil pump driven by the engine, is com-
municated with the timing-advance path 12b of the tim-
ing-advance-side oil path 48. This allows the oil to be
delivered to the timing-advance-side oil path 48. In turn,
the timing-retard path 12c of the timing-retard-side oil
path 49 is communicated with a drain opening 12d. As
shown by the arrow of chain double-dashed line in FIG.
6, the oil in the timing-retard-side hydraulic chamber 45
is drained out into the cylinder head 12 from the drain
opening 12d. The drain opening 12d is positioned higher
than a bottom edge of the camshaft 11 at the journals
14, 15, 16, 17 as shown in FIG. 5. A reference symbol
O in FIG. 5 denotes a horizontal line.
[0044] The spool 80 is further moved to a position
shown by a solid line in FIG. 6. Therefore, the oil delivery
hole 81 is communicated with the timing-retard path 12c
of the timing-retard-side oil path 49 to which oil is deliv-
ered. In turn, the timing-advance path 12b of the timing-
advance oil path 48 is communicated with the drain
opening 12d. As shown by the arrow of solid line in FIG.
6, the oil in the timing-advance-side hydraulic chamber
44 is drained out into the cylinder head 12 from the drain
opening 12d.
[0045] In contrast, the shield plate 32 mounted to the
external rotor 28 shields the side of the retaining slot
26c of the internal rotor 26 in order to prevent the oil
from leaking from a side opening of the retaining slot
26c. Between the shield plate 32 and the internal rotor
26, a stopper pin 83 for locking/unlocking relative rota-
tion of the internal rotor 26 and the external rotor 28 is
provided movably in the left and right direction in FIG. 1.
[0046] The stopper pin 83 is subject to hydraulic pres-
sure by the oil in the timing-advance-side oil path 48 de-
livered through a communication passage 26e shown in
FIG. 4, and then moved toward the right in FIG. 1 against
the urging force of the unillustrated spring. This allows
an engaging projection 83a of the stopper pin 83 to be
disengaged from an engaging hole 32a of the shield
plate 32, thereby unlocking the internal rotor 26 and the
external rotor 28.
[0047] Each cam cap 13 is formed with an oil path 13a
for the journals 14, 17, except the journals 15, 16 adja-
cent to the internal rotor 26. Oil is delivered to the jour-
nals 14, 17 through this oil path 13a and used as lubri-
cant oil.
[0048] Effects of the invention are next described.
[0049] In the valve timing controller configured as
above, in order to advance the valve timing in FIG. 4,

the solenoid 79 moves the spool 80 to a position shown
in the chain double-dashed line in FIG. 6. This allows
the oil to be delivered to the timing-advance-side hy-
draulic chamber 44 through the timing-advance-side oil
path 48, while allowing the oil in the timing-retard-side
hydraulic chamber 45 to be drained out from the drain
opening 12d through the timing-retard-side oil path 49.
[0050] The oil is delivered to the timing-advance-side
oil path 48 and then to the stopper pin 83. The engaging
projection 83a of the stopper pin 83 is therefore disen-
gaged from the engaging hole 32a of the shield plate
32, resulting in the internal rotor 26 and the external rotor
28 being unlocked from each other.
[0051] This allows each vane 46 in the hydraulic
chamber 43 to move to a position shown by the chain
double-dashed line in FIG. 4, which increases the ca-
pacity of the timing-advance-side hydraulic chamber 44
while decreasing the capacity of the timing-retard-side
hydraulic chamber 45.
[0052] Under this condition, the internal rotor 26 and
the external rotor 28 relatively rotate, which changes the
phases, or rotation angles, of the crankshaft and the
camshaft 11, thereby advancing the valve timing.
[0053] In contrast, in order to retard the valve timing,
the solenoid 79 moves the spool 80 to a position shown
in the solid line in FIG. 6. This allows the oil in the timing-
retard-side hydraulic chamber 45 to be delivered
through the timing-retard-side oil path 49, while allowing
the oil in the timing-advance-side hydraulic chamber 44
to be drained out from the drain opening 12d through
the timing-advance-side oil path 48.
[0054] This allows each vane 46 in the hydraulic
chamber 43 to move to a position shown by the solid
line in FIG. 4, which increases the capacity of the timing-
retard-side hydraulic chamber 45 while decreasing the
capacity of the timing-advance-side hydraulic chamber
44.
[0055] Under this condition, the internal rotor 26 and
the external rotor 28 relatively rotate in the reverse di-
rection to the above, which changes the phases, or ro-
tation angles, of the crankshaft and the camshaft 11,
thereby retarding the valve timing.
[0056] Advancing or retarding the valve timing as de-
scribed above allows the intake valves 18 to be open/
closed at a predetermined timing.
[0057] In this mechanism, the valve timing controller
has a given through hole 26f in its center to be fixed to
the flange 11c with the through hole 26f fitted through
the boss 11 b of the camshaft 11. This allows the valve
timing controller to be fixed around the camshaft 11. In
addition, the through hole 26f of the valve timing con-
troller has a diameter slightly larger than a value, L1 (a
radius of the base circle 11 n of the cam 11a) + L2 (a
height of the cam nose 11p). This allows the cam 11a to
pass through the through hole 26f when the valve timing
controller is fixed to the camshaft 11. Thus, the valve
timing controller could be mounted to the camshaft 11.
At the same time, minimizing the diameter of the through
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hole 26f keeps the outside diameter of the valve timing
controller to a minimum while easily ensuring its func-
tions. This also allows securing a sufficient area for the
vane 46 to which hydraulic pressure is applied without
increasing the outside diameter of the external rotor 28
when the valve timing controller is operated by hydraulic
pressure provided for the timing-advance-side hydraulic
chamber 44 or the timing-retard-side hydraulic chamber
45.
[0058] The internal rotor 26 has the female thread
26a, and the flange 11c is provided with the through hole
11m with male thread, in order for the internal rotor 26
to be fixed from the flange 11c side with the mounting
bolts 27. This can make the size of the hole formed on
the internal rotor 26 smaller compared to the case that
the internal rotor 26 is fixed with the mounting bolts 27
from the internal rotor 26 side, thereby easily reducing
the diameter of the internal rotor 26.
[0059] The internal rotor 26 is provided with the plural
oil flow paths 11g, 11h and the like. If the internal rotor
26 with a limited space is formed with a hole large
enough for the mounting bolt 27 to insert through, this
unexpectedly makes the size of the internal rotor 26
larger.
[0060] Particularly, if the recess 11d for receiving the
head 27b of the mounting bolt 27 is provided, this sig-
nificantly makes the size of a part of the through hole
11m with male thread larger, compared to the size of the
female thread 26a. This makes the size of the internal
rotor 26 larger, resulting in an increased size of the valve
timing controller. Thus, if the internal rotor 26 is provided
with the female thread 26a having a diameter smaller
than the one of the through hole 11 m with male thread,
this results in a reduced size of the internal rotor 26, ac-
cordingly.
[0061] In addition, the valve timing controller is pro-
vided on the camshaft 11, and the external rotor 28 of
the valve timing controller is provided with the intake-
side gear member 31 for rotating the exhaust-side cam-
shaft 91, thereby the external rotor 28 is efficiently used.
[0062] Furthermore, the intake-side gear member 31
and the exhaust-side gear member 41 are engaged with
each other in order to transmit the rotation force to the
exhaust-side camshaft 91. This allows the intake-side
camshaft 11 and the exhaust-side camshaft 91 to be ar-
ranged close to each other, compared to the case of
winding the timing chain across the intake side and the
exhaust side. Also, the intake-side gear member 31 is
designed smaller than the sprocket 28a, allowing both
of the shafts to be further closer to each other.
[0063] This results in a reduced distance and angle
between unillustrated intake-side valves and exhaust-
side valves, which are arranged corresponding to the
camshafts 11, 91, thereby obtaining a good combustion
chamber shape.
[0064] The clearance between the intake-side gear
member 31 and the flange 11c is designed smaller than
the one between the internal rotor 26 and the external

rotor 28. This allows the intake-side gear member 31 for
rotating the exhaust-side camshaft 91 to be attached to
the camshaft 11 with high accuracy. The intake-side
gear member 31 can thus be attached coaxially to the
flange with higher accuracy compared to the sprocket
28a, which reduces gear mesh sound produced by the
intake-side gear member 31.
[0065] A position of the mounting bolt 27 is arranged
at a position out of phase of the cam nose 11 p in the
circumferential direction of the camshaft 11. Therefore,
the internal rotor 26, that is, the valve timing controller,
can be easily attached even if the position of the mount-
ing bolt 27 is made closer to the camshaft 11 in order to
reduce the size of the internal rotor 26, which may cause
the mounting bolt to interferer with the cam nose.
[0066] In the aforementioned first embodiment, the in-
take-side gear member 31, which is formed into a sep-
arate body from the external rotor 28 and fixed with the
bolt 33, is described. However, the intake-side gear
member 31 and the external rotor 28 may be formed into
a single unit, which can also result in the same effects
as those obtained in the aforementioned first embodi-
ment.
[0067] Fig. 7 shows a second embodiment.
[0068] In the second embodiment, an internal rotor 26
and an external rotor 28 (a valve timing controller) are
provided outside of plural cylinders A, B.
[0069] To be more specific, a camshaft 11 extends
outward of the cylinders to the right in the figure. A right-
side end 11k outward of the internal rotor 26 and the
external rotor 28 is rotatably supported by a journal 86
while a portion between these internal and external ro-
tors 26, 28 and the cylinders A, B is rotatably supported
by a journal 87. The journal 87 is provided with a stud
bolt 21 and a nut 22.
[0070] As with the first embodiment, a timing-ad-
vance-side oil path 48 and a timing-retard-side oil path
49 are separately provided on the right and left for these
journals 86, 87.
[0071] The rest of the second embodiment as well as
its effects are the same as obtained in the first embod-
iment so the detailed descriptions will be omitted as ap-
propriate.
[0072] FIGs. 8 through 10 show the third embodiment.
[0073] The third embodiment is different from the first
embodiment in the point that a timing chain 35 is wound
around an exhaust-side camshaft 91.
[0074] To be more specific, on the exhaust-side in
FIG. 9, the exhaust-side camshaft 91 is rotatably sup-
ported on a cylinder head 12 by means of cam caps 13.
Cams 91 a formed on the exhaust-side camshaft 91 al-
low their respective exhaust valves 93 to be open
against urging force of each spring 94.
[0075] The camshaft 91 has a flange 91b formed in
its middle section between a pair of cylinders A, B. A
sprocket member 92 is secured to the flange 91b with
plural bolts 95.
[0076] The sprocket member 92 has a sprocket 92a
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around which the timing chain 35 is wound, and a gear
92b formed adjacent to the sprocket 92a. A scissors
gear 96 is secured to a side surface of the sprocket
member 92 with a stepped bolt 98.
[0077] In contrast, on the intake side in FIG. 8, the
external rotor 28 has a gear 28d on its outer periphery
in place of the sprocket 28a, and a ring-shaped member
97 is disposed in place of the intake-side gear member
31 of the first embodiment. The ring-shaped member 97
is formed with a width smaller than the intake-side gear
member 31 together with a timing-advance path 97a.
[0078] The gear 28d of the intake-side external rotor
28 and the gear 92b of the exhaust-side sprocket mem-
ber 92 are engaged with each other.
[0079] In such a configuration, rotating the crankshaft
allows the exhaust-side camshaft 91 to rotate via a tim-
ing chain 35. At the same time, this also allows the in-
take-side camshaft 11 to rotate via the sprocket member
92, the external rotor 28 and the like, since the gear 92
of the sprocket member 92 on the exhaust-side cam-
shaft 91 and the gear 28d of the external rotor 28 on the
intake-side camshaft 11 are engaged with each other.
[0080] In this mechanism, on the intake side on which
the valve timing controller is provided, it is unnecessary
to dispose the intake-side gear member 31 having a re-
quired predetermined width for strength on the side of
the external rotor 28 having a required predetermined
width to secure capacity of a hydraulic chamber 43. In-
stead, it is possible to provide the ring-shaped member
97 with a smaller width. This allows making a width of a
flange 11c of the camshaft 11 smaller, thereby reducing
a total width H of these elements. The entire engine can
thus be made compact by its width reduced in the vehi-
cle width direction.
[0081] The rest of the third embodiment as well as its
effects are the same as obtained in the embodiment 1
so descriptions of overlapped parts between these em-
bodiments will be omitted as appropriate.
[0082] The description above (amongst others) refers
to a mounting structure of a valve timing controller for
engine having a camshaft provided with a cam for open-
ing/closing engine valves, and a valve timing controller
provided around the camshaft for changing rotational
speeds of a crankshaft and the camshaft, wherein the
valve timing controller has a perfect circular through
hole provided in its center, with a diameter slightly larger
than a value equivalent to the sum of a radius of a base
circle of the cam and a height of a cam nose; wherein
the camshaft has a boss fitted into the through hole of
the valve timing controller and a flange adjacent to the
boss and radially protruding; and wherein the valve tim-
ing controller is mounted to the flange with the through
hole fitted through the boss.
[0083] Preferably, the valve timing controller has an
internal rotor provided on the camshaft and an external
rotor provided rotatably around the internal rotor, the ex-
ternal rotor is provided with a driven section to which
driving force from the crankshaft is inputted, and the in-

ternal rotor is formed with the through hole while being
mounted to the flange.
[0084] Therein, the term, driven section to which the
driving force from the crankshaft is inputted, include not
only a section of the structure which receives the driving
force directly from the crankshaft via a chain or the like,
but also those of the structure which receive it through
an idler shaft or another camshaft.
[0085] According to the above described embodi-
ments, the valve timing controller has a given through
hole provided in its center to be fixed to the flange with
the through hole fitted through the boss of the camshaft,
allowing the valve timing controller to be fixed around
the outer periphery of the camshaft. Also, the valve tim-
ing controller has the through hole with its diameter
slightly larger than a value equivalent to the sum of a
radius of the base circle of the cam, and a height of the
cam nose. This allows the cam to pass through the
through hole when the valve timing controller is fixed to
the camshaft. Thus, the valve timing controller could be
mounted to the camshaft. At the same time, minimizing
the diameter of the through hole keeps the outside di-
ameter of the valve timing controller to a minimum while
easily ensuring its functions. This also allows securing
a sufficient area to which hydraulic pressure is applied
without increasing the outside diameter of the valve tim-
ing controller operated by hydraulic pressure provided
for the hydraulic chamber, for example.
[0086] Beneficially, the internal rotor has a female
thread, and the flange has a through hole with male
thread, in order for the internal rotor to be fixed from the
flange side with a mounting bolt.
[0087] If the internal rotor has a female thread, and
the flange has a through hole with male thread, in order
for the internal rotor to be fixed from the flange side with
a mounting bolt, it is unnecessary to form a recess for
receiving the head of the mounting bolt, accordingly, re-
ducing the size of the hole formed on the internal rotor,
and therefore easily decreasing the diameter of the in-
ternal rotor, compared to the case of fixing from the in-
ternal rotor side.
[0088] According to another preferred embodiment,
the valve timing controller is provided on at least one of
the camshafts in pairs, and the external rotor of the valve
timing controller is provided with a camshaft driving sec-
tion for driving the other camshaft.
[0089] Therein, it is beneficial if the camshaft driving
section has an outside diameter smaller than that of the
driven section.
[0090] If the valve timing controller is provided on at
least one of the camshafts in pairs, and the external rotor
of the valve timing controller is provided with a camshaft
driving section for driving the other camshaft, this allows
the camshaft driving section to have an outside diameter
smaller than that of the driven section, accordingly, re-
ducing the size of a camshaft follower attached to the
other camshaft as with the camshaft driving section, and
therefore decreasing the distance between the paired
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camshafts. This results in a reduced distance and angle
between the plural valves, thereby obtaining a good
combustion chamber shape.
[0091] According to yet another preferred embodi-
ment, the external rotor is arranged so as to slide on the
internal rotor provided around the outer periphery of the
boss, and the camshaft driving section, formed as a sep-
arate body from the external rotor, is slidably mounted
to the flange; and wherein a clearance between the
camshaft driving section and the flange is designed
smaller than the one between the internal rotor and the
external rotor.
[0092] Also, the external rotor might be arranged so
as to slide on the internal rotor provided around the outer
periphery of the boss, and the camshaft driving section,
formed integral with the external rotor as a single unit,
might be slidably mounted to the flange, and wherein a
clearance between the camshaft driving section and the
flange might be designed smaller than the one between
the internal rotor and the external rotor.
[0093] If the clearance between the camshaft driving
section and the flange is designed smaller than the one
between the external rotor and the internal rotor, the
camshaft driving section can thus be attached coaxially
to the flange with higher accuracy compared to the driv-
en section, which reduces gear mesh sound produced
by the camshaft driving section engaged with a trans-
mitting element such as a gear.
[0094] According to yet another preferred embodi-
ment, on the side of the flange of the camshaft, from
which the bolt is mounted, a position of the mounting
bolt is arranged at a position out of phase of the cam
nose in the circumferential direction of the camshaft.
[0095] If a position of the mounting bolt is arranged at
a position out of phase of the cam nose in the circum-
ferential direction of the camshaft, thus, the valve timing
controller can be easily attached even if the position of
the mounting bolt 27 is made closer to the camshaft 11
than the cam nose.
[0096] Briefly summarizing the above, the description
in particular refers to a mounting structure of a valve tim-
ing controller, which keeps an outside diameter of the
valve timing controller to a minimum, while securing its
functions even when it is attached around a camshaft.
Said mounting structure of a valve timing controller com-
prises a camshaft 11 provided with a cam 11a for open-
ing/closing engine valves, and a valve timing controller
provided around the camshaft 11 for changing rotational
speeds of a crankshaft and the camshaft 11, wherein
the valve timing controller has a substantially perfect cir-
cular through hole provided in its center, with a diameter
slightly larger than a value equivalent to the sum of a
radius of a base circle 11n of the cam 11a, and a height
of a cam nose 11p; wherein the camshaft 11 has a boss
11b fitted into the through hole 26f of the valve timing
controller and a flange 11c adjacent to the boss 11b and
radially protruding; and wherein the valve timing control-
ler is mounted to the flange 11c with the through hole

26f fitted through the boss 11b.

Claims

1. Engine having a valve timing controller (26,28),
wherein a camshaft (11) is provided with a mounting
structure for the valve timing controller (26,28) com-
prising a boss (11b) and a flange (11c) adjacent to
the boss (11b) and radially protruding, wherein the
valve timing controller (26,28) is mounted to the
flange (11c) with the boss (11 b) fitted into the
through hole (26f).

2. Engine according to claim 1, characterized in that
the valve timing controller (26,28) is provided
around the camshaft for changing phases of rela-
tion between a crankshaft and the camshaft (11).

3. Engine according to claim 1 or 2, characterized in
that the through hole (26f) of the valve timing con-
troller (26,28) is provided in the center thereof and
has a circular shape, with a diameter slightly larger
than a value equivalent to a sum of a radius of a
base circle (11 n) of a cam (11a) and a height of a
cam nose (11p) of the camshaft (11).

4. Engine according to at least one of the claims 1 to
3, characterized in that the valve timing controller
(26,28) has an internal rotor (26) provided on the
camshaft (11) and an external rotor (28) provided
rotatably around the internal rotor (26), that the ex-
ternal rotor (28) is provided with a driven section
(28a) to which driving force from the crankshaft is
inputted, and that the internal rotor (26) is formed
with the through hole (26f) while being mounted to
the flange (11c).

5. Engine according to at least one of the claims 1 to
4, characterized in that the internal rotor (26) has
a female thread (26a), and the flange (11c) has a
through hole (11m) with male thread, in order for the
internal rotor (26) to be fixed from the flange (11c)
side with a mounting bolt (27).

6. Engine according to at least one of the claims 1 to
5, characterized in that the valve timing controller
(26,28) is provided on at least one of the camshafts
(11) in pairs, and the external rotor (28) of the valve
timing controller (26,28) is provided with a camshaft
driving section (31) for driving the other camshaft.

7. Engine according to claim 6, characterized in that
the camshaft driving section (31) has an outside di-
ameter smaller than that of the driven section (28).

8. Engine according to claim 6 or 7, characterized in
that the external rotor (28) is arranged so as to slide
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on the internal rotor (26) provided around the outer
periphery of the boss (11b), and the camshaft driv-
ing section (31), formed as a separate body from
the external rotor (28), is slidably mounted to the
flange (11c), wherein a clearance between the cam-
shaft driving section (31) and the flange (11c) is de-
signed smaller than the one between the internal
rotor (26) and the external rotor (28).

9. Engine according to claim 6 or 7, characterized in
that the external rotor (28) is arranged so as to slide
on the internal rotor (26) provided around the outer
periphery of the boss (11b), and the camshaft driv-
ing section (31), formed integral with the external
rotor (28) as a single unit, is slidably mounted to the
flange (11c), wherein a clearance between the cam-
shaft driving section (31) and the flange (11c) is de-
signed smaller than the one between the internal
rotor (26) and the external rotor (28).

10. Engine according to at least one of the claims 1 to
9, characterized in that on that side of the flange
(11c) of the camshaft (11), from which the bolt (27)
is mounted, a position of the mounting bolt (27) is
arranged at a position out of phase of the cam nose
(11p) in the circumferential direction of the camshaft
(11).
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