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(54) VALVE OPENING AND CLOSING TIMING CONTROL APPARATUS

(57) A valve opening and closing timing control ap-
paratus (A) includes: a driving side rotor (20) synchro-
nously rotating with a crankshaft (1) of an internal com-
bustion engine (E); a driven side rotor (30) disposed co-
axially with a rotary axis (X) of the driving side rotor and
synchronously rotating with a camshaft (5); a connecting
bolt (50) disposed coaxially with the rotary axis, and con-
necting the driven side rotor to the camshaft; and a po-
sition determination unit (FB, RB) performing positioning

between the driven side rotor and the camshaft, or in a
case where an intermediate member (9) is provided be-
tween the driven side rotor and the camshaft, between
the driven side rotor and the intermediate member, or
between the camshaft and the intermediate member,
wherein the position determination unit includes an en-
gaging pin (71, 72), first and second hole portions (FH1,
RH1, FH2, RH2), and a deformation absorbing unit (R).
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Description

TECHNICAL FIELD

[0001] This disclosure relates to a valve opening and
closing timing control apparatus to be provided with a
driving side rotor that synchronously rotates with a crank-
shaft of an internal combustion engine and a driven side
rotor that synchronously rotates with a camshaft of the
internal combustion engine.

BACKGROUND DISCUSSION

[0002] An apparatus with a configuration enclosing a
driven side rotor relatively rotatable with respect to a driv-
ing side rotor as a valve opening and closing timing con-
trol apparatus, connects and fixes the driven side rotor
to a camshaft by a connecting bolt, and thus the camshaft
and the driven side rotor are maintained at a determined
relative phase relationship and the driving side rotor is
relatively rotatably supported to the camshaft.
[0003] In JP 2002-295208A (Reference 1) as a specific
example of the valve opening and closing timing control
apparatus with such a configuration, a technology is dis-
closed in which a pin press-fitted into an end surface of
a camshaft is inserted in a positioning hole of a driven
side rotor in order to determine the relative phase rela-
tionship between the camshaft and the driven side rotor
(vane rotor).
[0004] In JP 2006-183590A (Reference 2), a technol-
ogy in which a camshaft and a driven side rotor (vane
rotor) are connected via a press-fitted member and a
positioning pin is fitted between the press-fitted member
and the driven side rotor is disclosed.
[0005] Furthermore, JP 2012-172558A (Reference 3)
has a configuration in which a connecting member is
sandwiched between a camshaft and a driven side rotor
(internal rotor). In Reference 3, a technology is disclosed
in which a pin that passes through a pin inserting hole of
the connecting member is provided, one end of the pin
is inserted in the pin inserting hole of the driven side rotor,
and the other end of the pin is inserted in the pin inserting
hole of the camshaft.
[0006] In the apparatus that is provided with the pin
which is fitted in the driven side rotor and the camshaft
as illustrated in Reference 1, a relative rotational phase
can be appropriately set in a case of connecting the driv-
en side rotor to the camshaft by the connecting bolt.
[0007] However, in the apparatus in which the pin is
press-fitted into the camshaft as illustrated in Reference
1, the vicinity of a portion of the camshaft where the pin
is inserted is deformed in some cases by the press fitting.
In a case where deformation is caused in this manner, a
portion of a threaded hole portion of the camshaft is re-
duced in diameter due to the deformation, and thus an
insertion of the connecting bolt becomes difficult, or an
engagement with a male screw is not smoothly per-
formed. Therefore, there is room for improvement.

[0008] In the configuration in which an intermediate
member in contact with an end surface of the driven side
rotor is provided and the pin is fitted between the inter-
mediate member and the driven side rotor as illustrated
in Reference 2 or Reference 3, it is considered that in a
case of adopting the configuration in which the pin is
press-fitted into one of hole portions of the driven side
rotor and the intermediate member, deformation is
caused in the same way as described above and the
insertion of the connecting bolt is difficult.
[0009] Specifically, an advance angle flow passage
communicating with an advance angle chamber and a
retard angle flow passage communicating with a retard
angle chamber are formed in the driven side rotor, and
thus in a case where the pin is press-fitted into the driven
side rotor, it is considered that a sectional area of the
flow passage is reduced due to the deformation and de-
terioration of a response performance is caused.
[0010] Although it is considered to increase accuracy
between an outer diameter of the pin and an inner diam-
eter of a hole portion into which the pin is press-fitted to
eliminate such inconvenience, in a case of performing
processing with high precision, an increase in cost is
caused, and thus there is room for improvement.
[0011] In a configuration in which positioning is per-
formed using a pin, dropping of the pin is prevented by
press-fitting the pin into one member and the pin is stably
held, and thus transition to a process when the pin is
inserted in a hole portion formed in the other member is
easily performed.
[0012] For this reason, when connecting members
configuring a valve opening and closing timing control
apparatus to each other in a positioning state, it is re-
quired to eliminate the inconvenience caused by press-
fitting of an engaging pin. Specifically, in a case where a
member such as a rotor into which the engaging pin is
press-fitted is low strength material such as aluminum,
deformation is large at the time of the press-fitting, and
thus the deformation becomes a problem.

SUMMARY

[0013] A valve opening and closing timing control ap-
paratus according to an aspect of this disclosure includes
a driving side rotor that synchronously rotates with a
crankshaft of an internal combustion engine, a driven
side rotor that is disposed coaxially with a rotary axis of
the driving side rotor and synchronously rotates with a
camshaft for valve opening and closing, a connecting
bolt that is disposed coaxially with the rotary axis, and
connects the driven side rotor to the camshaft, and a
position determination unit that performs positioning be-
tween the driven side rotor and the camshaft, or in a case
where an intermediate member is provided between the
driven side rotor and the camshaft, between the driven
side rotor and the intermediate member, or between the
camshaft and the intermediate member. The position de-
termination unit includes an engaging pin that is in a pos-
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ture parallel to the rotary axis, a first hole portion into
which one end of the engaging pin is fitted is provided in
any one of two members performing the positioning, a
second hole portion in which the other end of the engag-
ing pin is inserted is provided in the other one, and a
deformation absorbing unit that suppresses deformation
at a time when the engaging pin is fitted is provided in
the vicinity of the first hole portion.
[0014] According to this configuration, by fitting the one
end side of the engaging pin in the first hole portion, it is
possible to support stably the engaging pin. By inserting
the other end side of the engaging pin in the second hole
portion, a positional relationship between a member in
which the first hole portion is formed and a member in
which the second hole portion is formed is determined.
In a case where the engaging pin is fitted in the first hole
portion, even if the member in which the first hole portion
is formed is low strength material such as aluminum, and
is significantly deformed at the time when the engaging
pin is press-fitted, the deformation absorbing unit sup-
presses the deformation of the member in which the first
hole portion is formed.
[0015] Accordingly, the valve opening and closing tim-
ing control apparatus in which when connecting the mem-
bers to each other in the positioning state, the inconven-
ience caused by the press-fitting of the engaging pin is
eliminated is configured.
[0016] In the aspect of this disclosure, the deformation
absorbing unit may be configured with a groove that is
formed in a posture parallel to the rotary axis at a position
adjacent to an outer periphery of the first hole portion.
[0017] According to this configuration, in a case where
the engaging pin is fitted in the first hole portion, and even
in a case where an error between the inner diameter of
the first hole portion and the outer diameter of the en-
gaging pin is large and thus the deformation is caused
around the first hole portion, it is possible to concentrate
stress generating the deformation on the groove. There-
by, for example, in the configuration in which the first hole
portion is formed in parallel to the hole portion in which
the connecting bolt is inserted, a groove portion is formed
along the first hole portion on a side opposite to the po-
sition of the hole portion. Therefore, it is possible for the
vicinity of the groove portion to be significantly deformed
more than other portions, and thus the deformation of
the hole portion in which the connecting bolt is inserted
can be suppressed.
[0018] In the aspect of this disclosure, the deformation
absorbing unit may be configured with a space extending
outward from an outer periphery of the first hole portion.
[0019] According to this configuration, in a case where
the engaging pin is fitted in the first hole portion, and even
in a case where an error between the inner diameter of
the first hole portion and the outer diameter of the en-
gaging pin is large and thus the deformation is caused
around the first hole portion, it is possible to concentrate
the stress generating the deformation in the space ex-
tending outward from the outer periphery of the first hole

portion. Thereby, for example, in the configuration in
which the first hole portion is formed in parallel to the hole
portion in which the connecting bolt is inserted, the space
extending outward from the outer periphery of the first
hole portion is formed along the first hole portion. There-
fore, it is possible for the vicinity of the space to be sig-
nificantly deformed more than other portions, and thus
the deformation of the hole portion in which the connect-
ing bolt is inserted can be suppressed. The space ex-
tending outward from the outer periphery of the first hole
portion includes a space formed in a slit shape so as to
cut and open the outer periphery of the first hole portion,
and a space formed in a groove shape extending outward
only by setting value in the radial direction from the outer
periphery of the first hole portion.
[0020] In the aspect of this disclosure, a flow passage
that supplies and discharges a hydraulic oil to an advance
angle chamber or a retard angle chamber formed be-
tween the driving side rotor and the driven side rotor is
formed in the driving side rotor or the intermediate mem-
ber, and a sectional shape of the flow passage along the
rotary axis direction may be different from a sectional
shape of the engaging pin.
[0021] According to this configuration, for example, in
a work fitting artificially the engaging pin in the first hole
portion in a manufacturing process, even in a case where
an attempt for fitting the engaging pin erroneously in the
advance angle flow passage and the retard angle flow
passage, the engagement is not possible, and thus the
inconvenience that performs erroneously a fitting oper-
ation is eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The foregoing and additional features and char-
acteristics of this disclosure will become more apparent
from the following detailed description considered with
the reference to the accompanying drawings, wherein:

Fig. 1 is a cross-sectional view illustrating an entire
configuration in a valve opening and closing timing
control apparatus;
Fig. 2 is a sectional view taken along line II-II in Fig. 1;
Fig. 3 is a sectional view illustrating a spool in a neu-
tral position;
Fig. 4 is a sectional view illustrating a spool in an
advance angle position;
Fig. 5 is a sectional view illustrating a spool in a retard
angle position;
Fig. 6 is an exploded perspective view illustrating a
bolt body and a sleeve;
Fig. 7 is a sectional view illustrating a position of a
rear connecting pin;
Fig. 8 is a sectional view illustrating a position of a
front connecting pin;
Fig. 9 is an exploded perspective view illustrating an
engagement of the front connecting pin; and
Fig. 10 is an exploded perspective view illustrating
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an engagement of the rear connecting pin.

DETAILED DESCRIPTION

[0023] Hereinafter, an embodiment disclosed here will
be described with reference to drawings.

Basic configuration

[0024] As illustrated in Fig. 1 to Fig. 3, a valve opening
and closing timing control apparatus A is configured to
include an external rotor 20 as a driving side rotor, an
internal rotor 30 as a driven side rotor, and a solenoid
control valve 40 controlling a hydraulic oil as a working
fluid.
[0025] The internal rotor 30 (one example of the driven
side rotor) is disposed coaxially with a rotary axis X of an
intake camshaft 5, and is screwed and connected to the
intake camshaft 5 by a connecting bolt 50 so as to rotate
integrally. The external rotor 20 (one example of the driv-
ing side rotor) is disposed coaxially with the rotary axis
X, and is relatively rotatably supported to the internal rotor
30 by containing the internal rotor 30. The external rotor
20 synchronously rotates with a crankshaft 1 of an engine
E as an internal combustion engine.
[0026] The solenoid control valve 40 is provided with
an electromagnetic solenoid 44 supported by the engine
E, and is provided with a spool 41 and a spool spring 42
accommodated in a spool chamber 51 S of the connect-
ing bolt 50.
[0027] The electromagnetic solenoid 44 is provided
with a plunger 44a disposed at the coaxial core with the
rotary axis X so as to abut on an outer end portion of the
spool 41, and sets the amount of projection of the plunger
44a to set an operation position of the spool 41 by control
of electric power to be supplied to the inside of a solenoid.
Thereby, a relative rotational phase of the external rotor
20 and the internal rotor 30 is set by controlling the hy-
draulic oil (one example of the working fluid). Therefore,
control of an opening and closing timing of an intake valve
5V is realized.
[0028] Engine and the valve opening and closing tim-
ing control apparatus.
[0029] The engine E (one example of the internal com-
bustion engine) of Fig. 1 indicates an engine that is pro-
vided in a vehicle such as a passenger car. The engine
E accommodates a piston 3 in the inside of a cylinder
bore in a cylinder block 2 of the upper position, and is
configured with four-cycle type to connect the piston 3
and the crankshaft 1 with a connecting rod 4. The intake
camshaft 5 opening and closing the intake valve 5V and
an exhaust camshaft (not illustrated) are provided in up-
per side of the engine E.
[0030] In an engine constituting member 10 rotatably
supporting the intake camshaft 5, a supply flow passage
8 is formed to supply the hydraulic oil from a hydraulic
pump P (one example of the fluid pressure pump) driven
by the engine E. The hydraulic pump P supplies lubricat-

ing oil stored in the oil pan of the engine E to the solenoid
control valve 40 as the hydraulic oil (one example of the
working fluid) via the supply flow passage 8.
[0031] A timing chain 7 is wound over an output sprock-
et 6 formed in the crankshaft 1 of the engine E and the
timing sprocket 22S of the external rotor 20. Thereby,
the external rotor 20 synchronously rotates with the
crankshaft 1. A sprocket is provided to the front end of
the exhaust camshaft of exhaust side, and the timing
chain 7 is wound in the sprocket.
[0032] As illustrated in Fig. 2, the external rotor 20 ro-
tates toward a driving rotational direction S by the driving
force from the crankshaft 1. The direction in which the
internal rotor 30 is relatively rotated in the same direction
as the driving rotational direction S with respect to the
external rotor 20 is referred to as an advance angle di-
rection Sa, and the reverse direction thereof is referred
to as a retard angle direction Sb. In the valve opening
and closing timing control apparatus A, relationship be-
tween the crankshaft 1 and the intake camshaft 5 is set
so as to increase an intake air compression ratio in ac-
cordance with increase of the amount of displacement
when the relative rotational phase is displaced in the ad-
vance angle direction Sa, and so as to reduce the intake
air compression ratio in accordance with the increase of
the amount of displacement when the relative rotational
phase is displaced in the retard angle direction Sb.
[0033] Although the valve opening and closing timing
control apparatus A is provided in the intake camshaft 5
in the embodiment, the valve opening and closing timing
control apparatus A may be provided in the exhaust cam-
shaft, or may be provided in both of the intake camshaft
5 and the exhaust camshaft.
[0034] The external rotor 20 includes the external rotor
main body 21, a front plate 22, and a rear plate 23, and
these portions are integrated by engagement of a plural-
ity of fastening bolts 24. The timing sprocket 22S is
formed on an outer periphery of the front plate 22. An
intermediate member 9 is disposed on an inner periphery
of the front plate 22, and a bolt head 52 of the connecting
bolt 50 is crimped with respect to the intermediate mem-
ber 9. Therefore, the intermediate member 9, the internal
rotor main body 31, and the intake valve 5V are integrat-
ed.

Rotor configuration

[0035] A plurality of projecting portions 21 T projecting
towards the inside in a radial direction is integrally formed
in the external rotor main body 21. The internal rotor 30
includes the cylindrical internal rotor main body 31 which
is brought into close contact with the projecting portion
21T of the external rotor main body 21, and four vane
portions 32 which project towards the outside in the radial
direction from the outer periphery of the internal rotor
main body 31 so as to come into contact with an inner
peripheral surface of the external rotor main body 21.
[0036] Thereby, the external rotor 20 contains the in-
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ternal rotor 30, and the plurality of the fluid pressure
chambers C are formed on the outer periphery side of
the internal rotor main body 31 at an intermediate position
of the projecting portion 21T adjacent to each other in
the rotation direction. These fluid pressure chambers C
are partitioned by the vane portion 32, and an advance
angle chamber Ca and a retard angle chamber Cb are
partitioned and formed. A plurality of advance angle flow
passages 33 (four) communicating with the advance an-
gle chamber Ca are formed in the internal rotor 30, and
a plurality of retard angle flow passages 34 (four) com-
municating with the retard angle chamber Cb are formed
in the internal rotor 30.
[0037] As illustrated in Fig. 1, a torsion spring 28 as-
sisting a displacement of the relative rotational phase
between the external rotor 20 and the internal rotor 30
(hereinafter, referred to as the relative rotational phase)
to the advance angle direction Sa by the action of biasing
force from most retarded angle phase to the advance
angle direction Sa is provided over the external rotor 20
and the intermediate member 9.
[0038] A locking mechanism L locking (fixing) the rel-
ative rotational phase between the external rotor 20 and
the internal rotor 30 in the most retarded angle phase is
provided. The locking mechanism L is configured to be
provided with a locking member 26 supported freely mov-
able in the direction along the rotary axis X with respect
to the one vane portion 32, a locking spring (not illustrat-
ed) projected and biased the locking member 26, and a
locking recess portion (not illustrated) formed on the rear
plate 23. The locking mechanism L may be configured
to be provided with the locking member 26 guided so as
to be moved along a radial direction.
[0039] The relative rotational phase reaches the most
retarded angle phase. Therefore, the locking member 26
is engaged with the locking recess portion by the biasing
force of the locking spring, and the locking mechanism
L serves to maintain the relative rotational phase to the
most retarded angle phase. In a case where the advance
angle flow passage 33 communicates with the locking
recess portion, and the hydraulic oil is supplied to the
advance angle flow passage 33, the locking mechanism
L is also configured to perform lock releasing to detach
the locking member 26 from the locking recess portion
by a hydraulic oil pressure.

Connecting bolt

[0040] As illustrated in Fig. 1 to Fig. 6, the connecting
bolt 50 is provided with a bolt body 51 of which a portion
is cylindrical, a cylindrical sleeve 55 fitted in a cylindrical
portion of the bolt body 51, and a regulation pin 57 as an
engagement member positioning these portions.
[0041] In the intake camshaft 5, a female threaded por-
tion 5S is formed around the rotary axis X, and an inside
space of the shaft 5T as a larger diameter than the female
threaded portion 5S is formed so that the sleeve 55 is
tightly fitted. The inside space of the shaft 5T communi-

cates with the supply flow passage 8 as described above.
The hydraulic oil is supplied from the hydraulic pump P
to the inside space of the shaft 5T.
[0042] The bolt head 52 is formed on the outer end
portion of the bolt body 51 and a male threaded portion
53 is formed on an inner end portion. Based on the con-
figuration, the male threaded portion 53 of the bolt body
51 is screwed to the female threaded portion 5S of the
intake camshaft 5, and the internal rotor 30 is fastened
to the intake camshaft 5 by rotational operation of the
bolt head 52. In the fastening state, an inner end side of
the outer periphery (male screw side) of the sleeve 55
being fitted in the bolt body 51 is in close contact with the
inner peripheral surface of the inside space of the shaft
5T, and the outer peripheral surface of an outer end side
(bolt head side) of the sleeve 55 is in close contact with
the inner peripheral surface of the internal rotor main
body 31.
[0043] In the inside of the bolt body 51, the hole-shaped
inner space is formed towards in the direction of the male
threaded portion 53 from the bolt head 52, a retainer 54
is press-fitted and fixed to the inner space. Therefore,
the inner space is divided by the retainer 54, and the
spool chamber 51 S and a hydraulic oil chamber 51 T as
a fluid chamber are formed in a non-communicated state.
[0044] The spool chamber 51 S is formed in a cylinder
inner surface shape and the spool 41 is reciprocally mov-
ably accommodated along the rotary axis X in the spool
chamber 51 S. Therefore, the spool spring 42 is disposed
between the inside end of the spool 41 and the retainer
54. Thereby, the spool 41 is biased so as to project in
the direction of the outer end side (direction of the bolt
head 52).
[0045] In the bolt body 51, the plurality of acquisition
flow passages 51m communicating the hydraulic oil
chamber 51 T and the inside space of the shaft 5T are
formed and the plurality of intermediate flow passages
51n are formed between the hydraulic oil chamber 51 T
and the outer peripheral surface of the bolt body 51.
[0046] A check valve CV is provided in the flow pas-
sage sending the hydraulic oil from the acquisition flow
passage 51 m to the intermediate flow passage 51 n in
the hydraulic oil chamber 51 T. This check valve CV is
configured with a ball holder 61, a check spring 62, and
a check ball 63.
[0047] In this check valve CV, the check spring 62 is
disposed between the retainer 54 and the check ball 63
and the check ball 63 is in pressure contact with an open-
ing of the ball holder 61 by the biasing force of the check
spring 62 to close the flow passage. An oil filter 64 re-
moving dust from the hydraulic oil flowing toward the
check ball 63 is provided in the ball holder 61.
[0048] In a case where the pressure of the hydraulic
oil supplied to the hydraulic oil chamber 51 T exceeds
the predetermined value, the check valve CV opens the
flow passage against the biasing force of the check spring
62 and in a case where the pressure is decreased less
than the predetermined value, the check valve CV closes
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the flow passage by the biasing force of the check spring
62. By this operation, when the pressure of the hydraulic
oil is decreased, reverse flow of the hydraulic oil from the
advance angle chamber Ca or the retard angle chamber
Cb is prevented and variation of the phase of the valve
opening and closing timing control apparatus A is sup-
pressed. Even in a case where the pressure of a down-
stream side of the check valve CV exceeds the prede-
termined value, this check valve CV performs closing op-
eration.

Solenoid control valve

[0049] As described above, the solenoid control valve
40 is provided with the spool 41, the spool spring 42, and
the electromagnetic solenoid 44.
[0050] A plurality of pump ports 50P communicating
the spool chamber 51 S and the outer peripheral surface
of the bolt body 51 are formed as a through hole in the
bolt body 51. The plurality of advance angle ports 50A
and a plurality of retard angle ports 50B communicating
the spool chamber 51 S and the outer peripheral surface
of the sleeve 55 are formed as the through hole over the
bolt body 51 and the sleeve 55 in the connecting bolt 50.
[0051] The advance angle port 50A, the pump port
50P, and the retard angle port 50B are disposed in the
inner end side from the outer end side of the connecting
bolt 50 in this order. The advance angle port 50A and the
retard angle port 50B in the direction as viewed along
the rotary axis X are formed in the overlapping positions
with each other and the pump port 50P is formed in a
position that does not overlap with these ports.
[0052] On the outer periphery of the sleeve 55, an an-
nular groove is formed in which the plurality of the ad-
vance angle ports 50A communicate and the plurality of
the advance angle ports 50A communicate with the plu-
rality of the advance angle flow passages 33 from the
annular groove. In the same way, on the outer periphery
of the sleeve 55, the annular groove is formed in which
the plurality of the retard angle ports 50B communicate
and the plurality of the retard angle ports 50B communi-
cate with the plurality of the retard angle flow passages
34 from the annular groove. Furthermore, a plurality of
introduction flow passages 56 communicating the inter-
mediate flow passage 51n and the pump port 50P are
formed in a groove shape on the inner peripheral surface
of the sleeve 55.
[0053] That is, the sleeve 55 is shaped at a dimension
reaching a position covering the intermediate flow pas-
sage 51 n from the bolt head 52 of the bolt body 51 and
the introduction flow passage 56 is formed in a region
avoiding the advance angle port 50A and the retard angle
port 50B.
[0054] A first engaging portion 51f as a hole with a bag
shape is formed at a position deviated from a press-fitted
and fixed position of the retainer 54 in the direction along
the rotary axis X in the bolt body 51, a second engaging
portion 55f having a hole shape penetrating in the radial

direction is formed, and the regulation pin 57 to engage
with both portions is provided in the sleeve 55. The reg-
ulation pin 57 is press-fitted and fixed to the first engaging
portion 51 f.
[0055] Specifically, the second engaging portion 55f is
formed in a long hole shape of which the direction along
the rotary axis X is larger than the direction perpendicular
thereto. A slight gap to allow relative movement in the
direction along the rotary axis X of the bolt body 51 and
the sleeve 55 is formed between the second engaging
portion 55f and the regulation pin 57 from the configura-
tion.
[0056] That is, the sleeve 55 is configured to be mov-
able respectively only by an amount corresponding to
the gap between the second engaging portion 55f and
the regulation pin 57 in the direction along the rotary axis
X with respect to the bolt body 51, while maintaining a
relative posture of the rotation around the rotary axis X
of the bolt body 51 and the sleeve 55. Thereby, by the
pressure of the hydraulic oil acting at the end of the sleeve
55 from the hydraulic oil chamber 51 T, the entire sleeve
55 is moved in the direction of the outer end side, the
end of the outer end side of the sleeve 55 is in close
contact to move until the end abuts on the back surface
of the bolt head 52 of the bolt body 51 (portion of the
driven side rotor), and thus the leakage of the hydraulic
oil at this portion is suppressed.
[0057] Thereby, the relative posture of the rotation
around the rotary axis X of the bolt body 51 and the sleeve
55 and a relative position thereof along the rotary axis X
are determined. Accordingly, the hydraulic oil from the
hydraulic oil chamber 51T may be supplied to the pump
port 50P via the acquisition flow passage 51 m, the check
valve CV, the intermediate flow passage 51 n, and the
introduction flow passage 56.
[0058] The spool 41 forms an abutting surface on
which the plunger 44a abuts on the outer end side, forms
land portions 41 A at two positions in the direction along
the rotary axis X, and forms a groove portion 41 B at an
intermediate position of these land portions 41 A. The
spool 41 is formed in a hollow and a drain hole 41 D is
formed on a projecting end of the spool 41. The spool 41
abuts on a stopper 43 provided on an inner peripheral
opening of the outer end side of the connecting bolt 50,
so that a position of a projecting side is determined.
[0059] The solenoid control valve 40 causes the plung-
er 44a to abut on the abutting surface of the spool 41 and
controls the amount of projection. Therefore, as illustrat-
ed in Fig. 3, Fig. 4, and Fig.5, the solenoid control valve
40 is configured to be capable of setting the spool 41 at
a neutral position, a retard angle position, and an ad-
vance angle position.
[0060] The spool 41 is set at the neutral position illus-
trated in Fig. 3, so that the advance angle port 50A and
the retard angle port 50B are closed at the same time by
a pair of the land portions 41A of the spool 41. As a result,
the feeding and discharging of the hydraulic oil to the
advance angle chamber Ca and the retard angle cham-
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ber Cb is not preformed and the phase of the valve open-
ing and closing timing control apparatus A is maintained.
[0061] The plunger 44a is retracted (operated out-
wards) on the basis of the neutral position by the control
of the electromagnetic solenoid 44, so that the spool 41
is set at the advance angle position illustrated in Fig. 4.
The pump port 50P communicates with the advance an-
gle port 50A via the groove portion 41 B at the advance
angle position. At the same time, the retard angle port
50B communicates with the spool chamber 51 S from
the inner end of the spool 41. Thereby, the hydraulic oil
is supplied to the advance angle chamber Ca, the hy-
draulic oil flows to the inside of the spool 41 from the
retard angle chamber Cb, and the hydraulic oil is dis-
charged from the drain hole 41 D (flow of the hydraulic
oil is illustrated by an arrow in Fig. 4). As a result, a rotation
phase of the intake camshaft 5 is displaced in the ad-
vance angle direction Sa. The retard angle position co-
incides with the position in which the spool 41 abuts on
the stopper 43 by the biasing force of the spool spring 42.
[0062] In a state where the locking mechanism L is in
a lock state, the spool 41 is set at the advance angle
position and in a case where the hydraulic oil is supplied
to the advance angle flow passage 33, the hydraulic oil
is supplied to the locking recess portion of the locking
mechanism L from the advance angle flow passage 33.
Therefore, the locking member 26 is detached from the
locking recess portion and the lock state of the locking
mechanism L is released.
[0063] The plunger 44a is projected (operated in-
wards) on the basis of the neutral position by the control
of the electromagnetic solenoid 44, so that the spool 41
is set at the retard angle position illustrated in Fig. 5. The
pump port 50P communicates with the retard angle port
50B via the groove portion 41 B at the retard angle po-
sition. At the same time, the advance angle port 50A com-
municates with a drain space (space continued to the
outer end side from the spool chamber 51 S). Thereby,
the hydraulic oil is supplied to the retard angle chamber
Cb and at the same time the hydraulic oil is discharged
from the advance angle chamber Ca (flow of the hydraulic
oil is illustrated by an arrow in Fig. 5). As a result, the
rotation phase of the intake camshaft 5 is displaced in
the retard angle direction Sb.

Position determination unit

[0064] The valve opening and closing timing control
apparatus A is provided with a front position determina-
tion unit FB that determines a positional relationship
around the rotary axis X of the internal rotor 30 and the
intermediate member 9, and a rear position determina-
tion unit RB that determines the positional relationship
around the rotary axis X of the internal rotor 30 and the
intake camshaft 5. The front position determination unit
FB is provided with a front engaging pin 71 in a posture
parallel to the rotary axis X, and the rear position deter-
mination unit RB is provided with a rear engaging pin 72

in a posture parallel with the rotary axis X. An aluminum
alloy is used in the internal rotor main body 31, and a
steel material is used in the intermediate member 9 and
the intake camshaft.
[0065] As illustrated in Figs. 7 to 10, a cylindrical portion
9A and a connecting wall portion 9B are integrally formed
in the intermediate member 9, and a circular opening
portion 9C is formed around the rotary axis X in the con-
necting wall portion 9B. A connecting contact surface 9s
is formed on a surface facing the internal rotor main body
31 of the connecting wall portion 9B. An abutting contact
surface 5p is formed on the surface facing the internal
rotor main body 31 of the intake camshaft 5.
[0066] As illustrated in Figs. 8 and 9, a front contact
surface 31f is formed in a recessed shape in which the
connecting wall portion 9B is fitted, on a side where the
intermediate member 9 is disposed of the internal rotor
main body 31, and the connecting contact surface 9s of
the connecting wall portion 9B is disposed in a contact
state to the front contact surface 31f. As illustrated in
Figs. 7 and 10, a rear contact surface 31 r is formed in a
recessed shape in which the intake camshaft 5 is fitted,
on a side where the intake camshaft 5 is disposed of the
internal rotor main body 31, and the abutting contact sur-
face 5p of the intake camshaft 5 is disposed in a contact
state to the rear contact surface 31 r.
[0067] As illustrated in Fig. 7 and 10, the advance angle
flow passage 33 is configured with a first advance angle
flow passage 33a that is formed along a boundary part
between the front contact surface 31f of the internal rotor
main body 31 and the connecting contact surface 9s of
the intermediate member 9 in the radial direction, a sec-
ond advance angle flow passage 33b that is formed in
the internal rotor main body 31 in a posture parallel to
the rotary axis X from the outer end position of the first
advance angle flow passage 33a, and a third advance
angle flow passage 33c that is formed in the internal rotor
main body 31 from the second advance angle flow pas-
sage 33b in the radial direction.
[0068] Thereby, a portion of four first advance angle
flow passages 33a is formed in a groove shape along
the radial direction on the connecting contact surface 9s.
A portion of four first advance angle flow passages 33a
is formed in a groove shape along the radial direction on
the front contact surface 31f of the internal rotor main
body 31. The second advance angle flow passage 33b
and the third advance angle flow passage 33c commu-
nicating with the first advance angle flow passage 33a
are formed in the inside of the internal rotor main body 31.

Position determination unit: front position determination 
unit

[0069] A front first hole portion FH1 into which one end
of the front engaging pin 71 is press-fitted (fitted) is
formed on the connecting contact surface 9s of the con-
necting wall portion 9B, and a deformation absorbing unit
R which is configured with a slit continuing to cut and
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open the front first hole portion FH1 in the direction of
the opening portion 9C is formed. A front second hole
portion FH2 in which the other end of the front engaging
pin 71 is inserted is formed on the front contact surface
31f. In this manner, the front position determination unit
FB is provided with the front engaging pin 71, the front
first hole portion FH1, the front second hole portion FH2,
and the deformation absorbing unit R. The deformation
absorbing unit R, without being limited to the slit, may be
formed as the space with a non-slit shape extending out-
ward of the front first hole portion FH1 (space with the
groove shape continuing to the outer periphery of the
front first hole portion FH1) from the outer periphery of
the front first hole portion FH1.
[0070] An inner diameter of the front first hole portion
FH1 is set to a value slightly smaller than an outer diam-
eter of the front engaging pin 71, the outer peripheral
surface of the front engaging pin 71 is in close contact
with the inner peripheral surface of the front first hole
portion FH1 (becomes a tight-fitted state) by the press-
fitting, and a state that the front engaging pin 71 is fixed
to the intermediate member 9 is maintained. In a case
where the front engaging pin 71 is fitted in the front first
hole portion FH1, the intermediate member 9 in the vi-
cinity of the front first hole portion FH1 is deformed, and
thus a portion of the opening portion 9C is inflated toward
the rotary axis X in some cases.
[0071] The deformation absorbing unit R is formed to
be the slit shape in order to suppress an inconvenience,
in a case of being press-fitted in order to fit the front en-
gaging pin 71, internal stress of the intermediate member
9 is applied in a direction to expand a width of the slit of
the deformation absorbing unit R, and thus the deforma-
tion inflating the inner periphery of the opening portion
9C is suppressed. Thereby, the fitting accuracy of the
sleeve 55 which is disposed in close contact with the
inner periphery of the opening portion 9C is maintained
in good state.
[0072] The inner diameter of the front second hole por-
tion FH2 is set to a value slightly larger than the outer
diameter of the front engaging pin 71, and is configured
so that the slight gap is formed between the inner surface
of the front second hole portion FH2 and the outer surface
of the front engaging pin 71 in an inserted state.
[0073] Furthermore, the front engaging pin 71 is a pin
of which a sectional shape is formed in a circular shape,
and is formed in noncircular shape tapering the shape of
an end position 33t of the first advance angle flow pas-
sage 33a (reducing the width by the outer periphery side
of the intermediate member 9) formed on the connecting
contact surface 9s in order to suppress an erroneous
insertion of the front engaging pin 71. Such a shape of
the end position 33t is different from the sectional shape
of the front engaging pin 71 (sectional shape viewed in
the direction along the rotary axis X). Therefore, it is not
possible to insert the front engaging pin 71 in the portion
of the end position 33t, and thus the inconvenience of
mistaking the insertion position of the front engaging pin

71 is eliminated.

Position determination unit: rear position determination 
unit

[0074] As illustrated in Figs. 7 and 10, a rear first hole
portion RH1 into which one end of the rear engaging pin
72 is press-fitted (fitted) is formed on the abutting contact
surface 5p in contact with the internal rotor main body 31
of the intake camshaft 5, and the deformation absorbing
unit R is formed in the groove of the posture along the
rotary axis X on the outer peripheral surface of the intake
camshaft 5 that becomes a vicinity position of the rear
first hole portion RH1. A rear second hole portion RH2
that is inserted in the other end of the rear engaging pin
72 is formed on the rear contact surface 31r in contact
with the abutting contact surface 5p of the internal rotor
main body 31.
[0075] In this manner, the rear position determination
unit RB is configured with the rear engaging pin 72, the
rear first hole portion RH1, the rear second hole portion
RH2, and the deformation absorbing unit R.
[0076] An inner diameter of the rear first hole portion
RH1 is set to a value slightly smaller than an outer diam-
eter of the rear engaging pin 72, the outer peripheral sur-
face of the rear engaging pin 72 is in close contact with
the inner peripheral surface of the rear first hole portion
RH1 (becomes the tight-fitted state) by the press-fitting,
and a state that the rear engaging pin 72 is fixed to the
intake camshaft 5 is maintained. In a case where the rear
engaging pin 72 is press-fitted into the rear first hole por-
tion RH1, the intake camshaft 5 in the vicinity of the rear
first hole portion RH1 is deformed, and thus a portion of
the outer periphery is inflated outward (direction away
from the rotary axis X) in some cases.
[0077] The deformation absorbing unit R in the groove
shape is formed to the outer periphery of the intake cam-
shaft 5 in order to eliminate the inconvenience, in a case
where the rear engaging pin 72 is press-fitted, internal
stress of the intake camshaft 5 is applied in a direction
to expand a width of the groove of the deformation ab-
sorbing unit R, and thus the deformation inflating the inner
periphery is suppressed. Thereby, although a portion of
the internal rotor main body 31 is externally fitted to the
outer periphery of the intake camshaft 5, a good fitted
state is maintained.
[0078] The inner diameter of the rear second hole por-
tion RH2 is set to a value slightly larger than the outer
diameter of the rear engaging pin 72, and is configured
so that the slight gap is formed between the inner surface
of the rear second hole portion RH2 and the outer surface
of the front engaging pin 71 in an inserted state.

Action and effect of the embodiment

[0079] According to such a configuration, in a case of
assembling the valve opening and closing timing control
apparatus A, the front engaging pin 71 is press-fitted and
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fixed (fitted) to the front first hole portion FH1 of the in-
termediate member 9, and the rear engaging pin 72 is
press-fitted and fixed (fitted) to the rear first hole portion
RH1 of the intake camshaft 5. Thereby, the front engag-
ing pin 71 and the rear engaging pin 72 can be stably held.
[0080] In a case of assembling the valve opening and
closing timing control apparatus A, the front engaging pin
71 is inserted in the front second hole portion FH2 of the
internal rotor main body 31, and thus a relative position
around the rotary axis X between the internal rotor main
body 31 and the intermediate member 9 is determined.
In the valve opening and closing timing control apparatus
A, although the sleeve 55 is disposed to be fitted in the
opening portion 9C of the intermediate member 9, as
described above, even if the front engaging pin 71 is
press-fitted, a phenomenon of deforming so as to inflate
the inner periphery of the opening portion 9C is sup-
pressed, and thus the sleeve 55 can be surely inserted.
Furthermore, a flow passage that supplies and discharg-
es the hydraulic oil is not narrowed by the deformation.
[0081] Furthermore, at the time of the assembly, the
rear engaging pin 72 is inserted in the rear second hole
portion RH2 of the internal rotor main body 31, and thus
a relative position around the rotary axis X between the
intake camshaft 5 and the internal rotor main body 31 is
determined. In the valve opening and closing timing con-
trol apparatus A, although a portion of the internal rotor
main body 31 is externally fitted to the outer periphery of
the intake camshaft 5, a phenomenon of deforming so
as to inflate the outer periphery of the intake camshaft 5
is eliminated, and thus a work for an external fitting is
smoothly performed and an accuracy of the fitting portion
is highly maintained.
[0082] In this state, the connecting bolt 50 is inserted
in the intermediate member 9 and the internal rotor main
body 31, the male threaded portion 53 of the connecting
bolt 50 is screwed to the female threaded portion 5S of
the intake camshaft 5, and the connecting bolt 50 is fas-
tened by the rotation operation. Therefore, the assembly
is completed. In the assembly, work of the process such
as the sleeve 55 being externally fitted to the connecting
bolt 50 and the spool 41 being set to the spool chamber
51 S is performed in advance.
[0083] Specifically, in this configuration, even in a case
where the press-fitted member is deformed larger than
expected as a case where the outer diameter of the front
engaging pin 71 is greater than a design value against
the inner diameter of the front first hole portion FH1, or
as a case where the outer diameter of the rear engaging
pin 72 is greater than a design value against the inner
diameter of the rear first hole portion RH1, reasonable
assembly is realized. Accordingly, it is not necessary to
increase the accuracy between the front position deter-
mination unit FB and the rear position determination unit
RB, and thus it is easy to manufacture.

Other embodiment

[0084] This disclosure may be configured as follows
except for the above-described embodiment (those hav-
ing the same functions as the embodiment are designat-
ed with the common numbers and reference numerals
as the embodiment).

(a) For example, in the valve opening and closing
timing control apparatus A configured to dispose the
intermediate member with a ring shape between the
internal rotor main body 31 and the intake camshaft
5 (it may be the exhaust camshaft), the configuration
of this disclosure may be applied to the position de-
termining unit that performs positioning in the rota-
tion direction between the intermediate member with
the ring shape and the internal rotor main body 31,
or to the position determining unit that performs po-
sitioning in the rotation direction between the mem-
ber with the ring shape and the intake camshaft 5.
(b) The deformation absorbing unit R may be any of
the inner periphery and the outer periphery of the
member in which a first hole portion is formed. The
deformation absorbing unit R may be formed respec-
tively on the inner periphery and the outer periphery
of the member.
(c) In a case where an engaging pin is press-fitted
into the member, insofar as a portion of the member
is configured to suppress the inflated deformation,
the deformation absorbing unit R may be the hole
portion or the recessed portion formed in the vicinity
of a first engaging hole portion, without being limited
to the slit or the groove. The deformation absorbing
unit R may be formed as a space (space with non-
slit shape) which is formed in a groove shape along
the first hole portion to the outer periphery of the first
hole portion, by extending outward from the outer
periphery of the first hole portion.

[0085] This disclosure may be used for the valve open-
ing and closing timing control apparatus positioning a
plurality of members disposed along the rotary axis by
the engaging pin.
[0086] The principles, preferred embodiment and
mode of operation of the present invention have been
described in the foregoing specification. However, the
invention which is intended to be protected is not to be
construed as limited to the particular embodiments dis-
closed. Further, the embodiments described herein are
to be regarded as illustrative rather than restrictive. Var-
iations and changes may be made by others, and equiv-
alents employed, without departing from the spirit of the
present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which
fall within the spirit and scope of the present invention as
defined in the claims, be embraced thereby.
[0087] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
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disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims

1. A valve opening and closing timing control apparatus
(A) comprising:

a driving side rotor (20) that synchronously ro-
tates with a crankshaft (1) of an internal com-
bustion engine (E);
a driven side rotor (30) that is disposed coaxially
with a rotary axis (X) of the driving side rotor (20)
and synchronously rotates with a camshaft (5)
for valve opening and closing;
a connecting bolt (50) that is disposed coaxially
with the rotary axis (X), and connects the driven
side rotor (30) to the camshaft (5); and
a position determination unit (FB, RB) that per-
forms positioning between the driven side rotor
(30) and the camshaft (5), or in a case where an
intermediate member (9) is provided between
the driven side rotor (30) and the camshaft (5),
between the driven side rotor (30) and the inter-
mediate member (9), or between the camshaft
(5) and the intermediate member (9),

wherein the position determination unit (FB, RB) in-
cludes an engaging pin (71, 72) that is in a posture
parallel to the rotary axis (X), a first hole portion (FH1,
RH1) into which one end of the engaging pin (71,
72) is fitted is provided in any one of two members
performing the positioning, a second hole portion
(FH2, RH2) in which the other end of the engaging
pin (71, 72) is inserted is provided in the other one,
and a deformation absorbing unit (R) that suppress-
es deformation at a time when the engaging pin (71,
72) is fitted is provided in the vicinity of the first hole
portion (FH1, RH1).

2. The valve opening and closing timing control appa-
ratus (A) according to claim 1,
wherein the deformation absorbing unit (R) is con-
figured with a groove that is formed in a posture par-
allel to the rotary axis (X) at a position adjacent to
an outer periphery of the first hole portion (FH1,
RH1).

3. The valve opening and closing timing control appa-

ratus (A) according to claim 1,
wherein the deformation absorbing unit (R) is con-
figured with a space extending outward from an outer
periphery of the first hole portion (FH1, RH1).

4. The valve opening and closing timing control appa-
ratus (A) according to any one of claims 1 to 3,
wherein a flow passage (33,34) that supplies and
discharges a hydraulic oil to an advance angle cham-
ber (Ca) or a retard angle chamber (Cb) formed be-
tween the driving side rotor (20) and the driven side
rotor (30) is formed in the driving side rotor (20) or
the intermediate member (9), and
wherein a sectional shape of the flow passage (33,
34) along the rotary axis direction is different from a
sectional shape of the engaging pin (71, 72).
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