
A valve timing control apparatus includes a driving-side rotary body, a driven-side 

rotary body, a fluid pressure chamber partitioned into a retard angle chamber and an advance 

angle chamber by a partitioning portion provided in at least one of the driving-side rotary body 

and the driven-side rotary body, a fluid control mechanism for controlling feeding of working 

fluid from a working fluid pump for feeding the working fluid to the fluid pressure chamber and 

controlling also discharging of the working fluid from the fluid pressure chamber, a first lock 

mechanism capable of restraining a relative rotational phase to a first predetermined phase 

between a most retarded angle phase and a most advanced angle phase, and a second lock 

mechanism capable of restraining the relative rotational phase to a second predetermined 

phase different from the first predetermined phase. 



CLAIMS 

[claim 1] A valve timing control apparatus comprising: 

a driving-side rotary body rotatable in synchronism with a crankshaft of an intemal 

combustion engine; 

a driven-side rotary body mounted coaxial relative to the driving-side rotary body and 

rotatable in synchronism with a valve opening/closing camshaft of the intemal combustion 

engine; 

a fluid pressure chamber fonned by the driving-side rotary body and the driven-side 

rotary body and partitioned into a retard angle chamber and an advance angle chamber by a 

partitioning portion provided in at least one of the driving-side rotary body and the driven-side 

rotary body; 

a fluid control mechanism for controlling feeding of a working fluid from a working fluid 

pump for feeding the wori<ing fluid to the fluid pressure chamber and controlling also 

discharging of the worthing fluid from the fluid pressure chamber; 

a first lock mechanism capable of restraining a relative rotational phase of the 

driven-side rotary body relative to the driving-side rotary body to a first predetermined phase 

between a most retarded angle phase and a most advanced angle phase; and 

a second lock mechanism capable of restraining the relative rotational phase to a 

second predetermined phase different from the first predetennined phase. 

[claim 2] The valve timing control apparatus according to claim 1, wherein at the time 

of restraint by the first lock mechanism, the second lock mechanism releases its restraint of the 

relative rotational phase. 

[claim 3] The valve timing control apparatus according to claim 1 or 2, wherein the 

first lock mechanism and the second lock mechanism respectively include: 

a lock groove formed in either one of the driving-side rotary body and the driven-side 

rotary body and 

a lock member provided in the other one of the driving-side rotary body and the 

driven-side rotary body having the lock groove to be projectable/retractable into/from the lock 

groove, the lock member being projectable into the lock groove to be retained in this lock 

groove, thereby to restrain relative rotational movement of the driven-side rotary body relative 

to the driving-side rotary body. 

[claim 4] The valve timing control apparatus according to claim 1 or 2, wherein the 
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first lock mechanism and the second lock mechanism respectively include a lock groove 

fomried in either one of the driving-side rotary body and the driven-side rotary body, and 

the first lock mechanism and the second lock mechanism share a common lock 

member provided in the other one of the driving-side rotary body and the driven-side rotary 

body having the respective lock groove to be projectable/retractable into/from the lock groove, 

the lock member being projectable into the respective lock groove to be retained in this lock 

groove, thereby to restrain relative rotational movement of the driven-side rotary body relative 

to the driving-side rotary body to either the first predetermined phase or the second 

predetermined phase. 

[claim 5] The valve timing control apparatus according to claim 3 or 4, wherein an 

advance angle passage connecting the fluid control mechanism to the advance angle chamber 

is connected to the lock groove in the second lock mechanism. 

[claim 6] The valve timing control apparatus according to any one of claims 1-4, 

further comprising one fluid switchover mechanism for switching over the feeding/discharging 

of the working fluid to/from the first lock mechanism from/to the second lock mechanism. 

[claim 7] The valve timing control apparatus according to any one of claims 1-6, 

wherein the second predetermined phase is set to a phase on more retarded side than the first 

predetermined phase. 

[claim 8] The valve timing control apparatus according to any one of claims 1-6, 

wherein the second predetermined phase is set to a phase which is more retard angle side 

than the first predetermined phase and which is at the most retarded angle phase or adjacent 

the most retarded angle phase. 
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DESCRIPTION 

Title of Invention: Valve Timing Control Apparatus 

Technical Field 

[0001] The present invention relates to a valve timing control apparatus for controlling 

opening/closing timings of an intake valve and an exhaust valve of an internal combustion 

engine for use in an automobile. 

Background Art 

[0002] Conventionally, as shown in PTL 1, there is known a valve timing control apparatus 

including a driving-side rotary body ("a rotation transmitting member" in the document), a 

driven-side rotary body ("a rotary member" in the document), a fluid pressure chamber formed 

by the driving-side rotary body and the driven-side rotary body and partitioned into a retard 

angle chamber and an advance angle chamber by a partitioning portion ("a vane" in the 

document) provided in the driven-side rotary body, and a fluid control mechanism ("a control 

valve" in the document) for controlling feeding of the wori<ing fluid from a worthing fluid pump 

("an oil pump" in the document) for feeding wori<ing fluid and controlling also discharging of the 

working fluid from the fluid pressure chamber. 

[0003] The invention described in PTL 1 further includes a flrst relative rotation restricting 

means for restricting relative rotational phase of the driven-side rotary body relative to the 

driving-side rotary body to a range from a most retarded angle phase to a predetermined 

phase between the most retarded angle phase and a most advanced angle phase and a 

second relative rotation restricting means for restricting the relative rotational phase from the 

most advanced angle phase to the predetermined phase. The first relative rotation restricting 

means includes a first lock pin provided on the side of the driving-side rotary body and a first 

restricting groove formed in the driven-side rotary body and having a predetermined width 

along the relative rotation direction. In operation, when the first lock pin protrudes into the first 

restricting groove, the relative rotational phase can be restricted within the range from the most 

retarded angle phase to the predetermined phase. Further, similariy to the above, the second 

relative rotation restricting means too includes a second lock pin and a second restricting 

groove. In operation, when the second lock pin protrudes into the second restricting groove, 

the relative rotational phase can be restricted within the range from the most advanced angle 

phase to the predetermined phase. 

[0004] In association with feeding of wori<ing fluid into the fluid pressure chamber, the 

wori<ing fluid is fed also into the first restricting groove and the second restricting groove, 
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whereby the first lock pin and the second locl< pin are respectively retracted from the first 

restricting groove and the second restricting groove. On the other hand, when the engine is 

stopped and the working fluid is discharged from the first restricting groove and the second 

restricting groove, the first lock pin and the second lock pin both protrude into the first restricting 

groove and the second restricting groove. Namely, the relative rotational phase is restrained 

to the predetermined phase. 

[0005] With this arrangement, the engine can be restarted with the relative rotational phase 

being restrained to the predetermined phase in a reliable manner. Therefore, with setting of 

the predetermined phase to a desired phase, the relationship tjetween the air intake timing and 

the ignition timing can be optimized, thereby to improve the starting perfomiance of the engine. 

For instance, it is possible to obtain an engine with low emission of hannful combustion 

exhaust product such as hydrocarbon (HC). 

[0006] Incidentally, with hybrid vehicles which recently attract increasing attention, in order to 

alleviate the shock (transfer shock) at the time of switchover from a traveling operation using a 

motor to a traveling operation using an intemal combustion engine, an an-angement is 

sometimes made such that at the time of startup from the stopped condition of the intemal 

combustion engine, the relative rotational phase is set to a phase capable of delayed closing of 

the intake valve (this phase will be referred to as "a decompression phase" hereinafter), 

thereby to decompress the inside of the combustion chamber (decompression). However, 

even when the intemal combustion engine is stopped at this decompression phase, it is 

sometimes difficult to maintain the relative rotational phase to the decompression phase due to 

torque variation at the time of startup of the intemal combustion engine. Then, if a 

predetermined phase is set to the decompression phase, it is possible to maintain the relative 

rotational phase to the decompression phase reliably, thereby to improve the reliability in 

alleviation of the transfer shock. 

[0007] Meanwhile, normally, during an engine operation, displacement forces in the retard 

angle direction and the advance angle direction due to torque variations of the camshaft are 

applied to the drive-side rotary body. When averaged, the resultant displacement force is 

effective in the retard angle direction, so that the driven-side rotary body tends to be displaced 

in the retard angle direction. In the following discussion, the averaged displacement force of 

the displacement forces in the retard angle direction and the advance angle direction due to 

torque variations of the camshaft will be referred to as "the averaged displacement force in the 

retard angle direction based on torque variations of the camshaft". In the case of the valve 

timing control apparatus described in PTL 1, by provision of a torsion spring for applying torque 

in the advance angle direction to the driven-side rotary body, it is made possible to displace the 

relative rotational phase in the advance angle direction in a smooth and speedy manner, in 
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spite of the averaged displacement force in the retard angle direction based on torque 

variations of the camshaft. 

Citation List 

Patent Literature 

[0008] PTL 1: Japanese Unexamined Patent Application Publication No. 2001-241307 

gazette 

Summary of Invention 

Technical Problem 

[0009] In recent years, there is a need for improvement of fuel consumption performance of 

intemal combustion engines in order to cope with e.g. environmental problems or the like, so 

that size reduction and capacity reduction of a working fluid feeding pump are being 

contemplated, whereby the feeding pressure of working fluid to the fluid pressure chamber is 

becoming lower. Further, research and development are being made also for reduction in the 

rotational speed of the intemal combustion engine at the time of idling operation. With these, 

there is a need for development of a valve timing control apparatus that allows an appropriate 

operation condition to be obtained even when the feeding pressure is low. 

[0010] Further, in the case of a valve timing control apparatus wherein the most retarded 

angle phase is set to a valve timing suitable for idling stability, at the time of low speed rotation 

such as an idling operation, the relative rotational phase is often set to the most retarded angle 

phase or to a phase adjacent the most retarded angle phase. Further, at the time of high oil 

temperature, low speed rotation, the feeding pressure of the working fluid is considerably low. 

Therefore, if size reduction/capacity reduction of the pump is done, this will lead to further 

reduction in the feeding pressure of the working fluid at the time of low speed rotation such as 

an idling operation, so that it becomes difficult to maintain the relative rotational phase to a 

desired phase. As a result, with the displacement forces in the retard angle direction and the 

advance angle direction based on torque variations, there occurs fluttering of the driven-side 

rotary body in the retard angle direction and the advance angle direction, whereby stable 

operation condition cannot be obtained. 

[0011] In the valve timing control apparatus described in PTL 1, if size reduction/capacity 

reduction of the pump is made, this will result not only in reduction in the feeding pressure of 

the working fluid at the time of idling operation, but also because of the provision of the torsion 

spring described above, the displacement force in the retard angle direction based on the 

feeding pressure of the working fluid acting on the driven-side rotary body will be alleviated by 

the urging force of the torsion spring in the advance angle direction. As a result, it becomes 

3 



even more difficult to stably maintain the relative rotational phase to the phase adjacent the 

most retarded angle phase. Therefore, the driven-side rotary body will flutter, whereby stable 

idling operation cannot be obtained, or noise (hitting noise) due to the fluttering of the 

partitioning portion can occur. 

[0012] In order to solve such problems as above, it is conceivable to increase the 

pressure-receiving area of the partitioning portion subject to the fluid pressure through e.g. 

enlargement of the fluid pressure chamber and the partitioning portion or inaease the number 

of the fluid pressure chambers. However, these will lead to enlargement of the valve timing 

control apparatus, thus being contradictory to the above-described technical object. 

[0013] The object of the present invention is to provide a valve timing control apparatus 

capable of restraining the relative rotational phase to a predetermined phase between a retard 

angle chamber and an advance angle chamber, and capable also of stably maintaining the 

relative rotational phase to a phase different from the predetermined phase even when the 

feeding pressure of the working fluid is low. Further, in the case of a hybrid vehicle, the object 

of the invention is to provide a valve timing control apparatus capable of reliably allowing 

startup of the intemal combustion engine at the decompression phase by restraining the 

relative rotational phase to the decompression phase and capable also of preventing 

generation of hitting noise at the time of startup of the intemal combustion engine. 

Solution to Problem 

[0014] According to the first characterizing feature of a valve timing control apparatus 

according to the present invention, the valve timing control apparatus comprises: 

a driving-side rotary body rotatable in synchronism with a crankshaft of an intemal 

combustion engine; 

a driven-side rotary body mounted coaxial relative to the driving-side rotary body and 

rotatable in synchronism with a valve opening/closing camshaft of the intemal combustion 

engine; 

a fluid pressure chamber formed by the driving-side rotary body and the driven-side 

rotary body and partitioned into a retard angle chamber and an advance angle chamber by a 

partitioning portion provided in at least one of the driving-side rotary body and the driven-side 

rotary body; 

a fluid control mechanism for controlling feeding of a working fluid from a wori<ing fluid 

pump for feeding the worthing fluid to the fluid pressure chamt)er and controlling also 

discharging of the working fluid from the fluid pressure chamber; 

a first lock mechanism capable of restraining a relative rotational phase of the 

driven-side rotary body relative to the driving-side rotary body to a first predetermined phase 

4 



between a most retarded angle phase and a most advanced angle phase; and 

a second lock mechanism capable of restraining the relative rotational phase to a 

second predetemriined phase different from the first predetermined phase. 

[0015] With the above-described an-angement, by means of the first lock mechanism and the 

second lock mechanism, the relative rotational phase can be restrained to two phases of 

different valve timings such as the first predetemriined phase and the second predetermined 

phase. Therefore, for example, a control arrangement is made possible such that the intemal 

combustion engine can be started in a favorable manner at the first predetermined phase and 

at the time of the idling operation subsequent thereto, the rotational phase can be retrained to 

the second predetermined phase. That is, even if there are exerted displacement forces in the 

retard angle direction and the advance angle direction based on torque variations of the 

camshaft, there occurs no fluttering of the driven-side rotary body relative to the driving-side 

rotary body, whether the feeding pressure of the working fluid is high or low. In this way, a 

favorable startup condition for the intemal combustion engine can be obtained and also at the 

time of a desired operation different from the startup, a stable operation condition can be 

realized. 

[0016] According to the second characterizing feature of the valve timing control apparatus 

relating to the present invention, at the time of restraint by the first lock mechanism, the second 

lock mechanism releases its restraint of the relative rotational phase. 

[0017] With the above-described arrangement, at the time of restraint by the first lock 

mechanism, the restraint of the relative rotational phase by the second lock mechanism is 

released. Hence, condition of one lock mechanism does not affect the condition of the other 

lock mechanism, so that valve timing can be controlled with high accuracy. 

[0018] According to the third characterizing feature of the valve timing control apparatus 

relating to the present invention, the first lock mechanism and the second lock mechanism 

respectively include a lock groove formed in either one of the driving-side rotary body and the 

driven-side rotary body and a lock member provided in the other one of the driving-side rotary 

body and the driven-side rotary body having the lock groove to be projectable/retractable 

into/from the lock groove, the lock member being projectable into the lock groove to be 

retained in this lock groove, thereby to restrain relative rotational movement of the driven-side 

rotary body relative to the driving-side rotary body. 

[0019] With the above-described an-angement, as the first lock mechanism and the second 

lock mechanism respectively have such simple arrangement as a lock member and a lock 

groove, there occurs no complexity of flow passages, or the like. And, it is easy to arrange 

such that an operation of one lock mechanism does not affect an operation of the other lock 

mechanism. As a result, individual control of each lock mechanism is made easy and relative 
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rotational phase of the driven-side rotary body can be restrained to phases at desired two 

positions in a reliable manner. Further, since the restraint of the relative rotational movement 

of the driven-side rotary body is provided by physical restraint between the lock member and 

the lock groove, a large restraining force is provided so that the reliability thereof is high also. 

[0020] It should be noted, however, that the lock member may be provided in the driving-side 

rotary body and the lock groove may be provided in the driven-side rotary body. Alternatively, 

the lock member can be provided in the driven-side rotary body and the lock groove can be 

provided in the driving-side rotary body. Further, in the first lock mechanism and the second 

mechanism, the lock member or the lock groove respectively thereof need not be provided in 

the same side of rotary body and the rotary body including the lock member or the lock groove 

may be in reverse from each other. 

[0021] According to the fourth characterizing feature of the valve timing control apparatus 

relating to the present invention, the first lock mechanism and the second lock mechanism 

respectively include a lock groove formed in either one of the driving-side rotary body and the 

driven-side rotary body, and the first lock mechanism and the second lock mechanism share a 

common lock member provided in the other one of the driving-side rotary body and the 

driven-side rotary body having the respective lock groove to be projectable/retractable 

into/from the lock groove, the lock member b)eing projectable into the respective lock groove to 

be retained in this lock groove, thereby to restrain relative rotational movement of the 

driven-side rotary body relative to the driving-side rotary body to either the first predetermined 

phase or the second predetermined phase. 

[0022] With the above-described an'angement, the first lock mechanism and the second lock 

mechanism respectively have a lock groove and share one same lock member at the same 

time. Therefore, the arrangement can be made simple and the number of parts can be 

reduced, thus making manufacturing cost reduction possible. Further, with the sharing of the 

lock member, sufficient margin of space can be provided in one of the driving-side rotary body 

and the driven-side rotary body which one rotary body includes the lock member. 

[0023] For instance, in the case of exemplary arrangement wherein the lock member is 

provided in the driving-side rotary body and the lock groove is provided in the driven-side rotary 

body and the two lock mechanisms are disposed along the peripheral direction, spare space is 

created along the peripheral direction. Hence, it becomes possible to increase the number of 

fluid pressure chambers thereby to increase the force for displacing the relative rotational 

phase. Further, it becomes also possible to increase the width of the fluid pressure chamber 

in the peripheral direction, thereby to extend the displaceable range of the relative rotational 

phase. 

[0024] According to the fifth characterizing feature of the valve timing control apparatus 
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relating to the present invention, an advance angle passage connecting the fluid control 

mechanism to the advance angle chamber is connected to the lock groove in the second lock 

mechanism. 

[0025] With the above-described arrangement, when the working fluid is fed to the advance 

angle passage, the working fluid is fed also to the lock groove of the second lock mechanism. 

Further, when the working fluid is discharged from the advance angle chamber through the 

advance angle passage, the working fluid is discharged also from the lock groove of the 

second lock mechanism. That is, only with execution of control for displacing the relative 

rotational phase to the most retarded angle phase, the lock member can be caused to protrude 

into the lock groove in the second lock mechanism. Also, only with execution of control for 

displacing the relative rotational phase to the advance angle side from the most retarded angle 

phase, the lock member can be caused to retract from the lock groove in the second lock 

mechanism. In this way, the control for displacing the relative rotational phase can be 

operatively linked with the restraint/restraint release of the relative rotational phase by the 

second lock mechanism required therefor. Hence, operations of the second lock mechanism 

according to the control situation of the relative rotational phase can be realized easily. 

[0026] According to the sixth characterizing feature of the valve timing control apparatus 

relating to the present invention, the apparatus further comprises one fluid switchover 

mechanism for switching over the feeding/discharging of the working fluid to/from the first lock 

mechanism from/to the second lock mechanism. 

[0027] With the above-described an-angement, the control of the second lock mechanism 

can be effected, without any dependence on the fluid control mechanism for controlling the 

relative rotational phase. As a result, it becomes possible to set the second predetermined 

phase to any other phase than the most retarded angle phase. Further, as both the first lock 

mechanism and the second lock mechanism are controlled by one fluid switchover mechanism, 

there is no increase in the number of components. 

[0028] According to the seventh characterizing feature of the valve timing control apparatus 

relating to the present invention, the second predetermined phase is set to a phase on more 

retarded side than the first predetermined phase. 

[0029] With the above-described arrangement, e.g. in the case of setting the relative 

rotational phase suitable for idling operation to a phase on more retarded side than the relative 

rotational phase suitable for timing immediate after startup of the internal combustion engine, a 

favorable valve opening/closing timing can be realized. 

[0030] According to the eighth characterizing feature of the valve timing control apparatus 

relating to the present invention, the second predetermined phase is set to a phase which is 

more retard angle side than the first predetermined phase and which is at the most retarded 
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angle phase or adjacent the most retarded angle phase. 

[0031] With the above-described arrangement, in an intake-side valve timing control 

apparatus with its most retarded angle phase b)eing set to a valve timing suitable for idling 

stability, even during an idling operation with the feeding pressure of the wori<ing fluid being low, 

the relative rotational phase can be set to the most retarded angle phase. Hence, stable idling 

operation can be realized. 

Brief Description of Drawings 

[0032] [Fig. 1] is a view showing the general constmction of a valve timing control apparatus 

relating to the present invention, 

[Fig. 2] is a section view taken along ll-ll in Fig. 1 showing the valve timing control 

apparatus under an intermediate locked state, 

[Fig. 3] is a section view showing the valve timing control apparatus when the 

intermediate locked state shown in Fig. 2 is released, 

[Fig. 4] is a section view showing the valve timing control apparatus when the relative 

rotational phase is at the most retarded angle phase, 

[Fig. 5] is a section view showing the valve timing control apparatus when the relative 

rotational phase is set to a phase on more advance angle side than a lock phase, 

[Fig. 6] is an exploded perspective view of the valve timing control apparatus, 

[Fig. 7] is a timing chart illustrating operations of the valve timing control apparatus, 

[Fig. 8] is a section view of a valve timing control apparatus relating to a first 

altemative embodiment, showing the valve timing control apparatus under an intermediate 

locked state, 

[Fig. 9] is a section view showing the valve timing control apparatus when the 

intermediate locked state shown in Fig. 8 is released, 

[Fig. 10] is a section view of the valve timing control apparatus relating to the first 

altemative embodiment, showing the valve timing control apparatus when the relative 

rotational phase is at the most retarded angle phase, 

[Fig. 11] is a view showing the general construction of a valve timing control 

apparatus relating to a second altemative embodiment, 

[Fig. 12] is a section view taken along XII-XII in Fig. 11, showing the valve timing 

control apparatus under an intermediate locked state, and 

[Fig. 13] is a timing chart illustrating operations of the valve timing control apparatus 

relating to the second altemative embodiment. 

Description of Embodiments 
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[0033] Embodiments wherein the present invention is applied to a valve timing control 

apparatus for the intake valve side of an automobile engine will be described with reference to 

Figs. 1 through 7. Namely, the automobile engine con-esponds to "an intemal combustion 

engine" in the present invention. 

[0034] [General Construction] 

This valve timing control apparatus, as shown in Fig. 1, includes a housing 1 as a 

"driving-side rotary body" which is rotated in synchronism with a aankshaft of an unillustrated 

engine, and an inner rotor 2 which is mounted coaxial relative to the housing 1 and acting as a 

"driven-side rotary body" which is rotated in synchronism with a camshaft 101. The camshaft 

101 is a rotary shaft for an unillustrated cam which controls opening/closing of the intake valve 

of the engine. Incidentally, the camshaft 101 is rotatably assembled to the cylinder head of 

the unillustrated engine. 

[0035] Further, the valve timing control apparatus includes an intermediate lock mechanism 

6 as a "first lock mechanism" configured to restrain the relative rotational phase of the inner 

rotor 2 relative to the housing 1 to a first predetennined phase between a most retarded angle 

phase and a most advanced angle phase, by restraining the relative rotational movement of 

the inner rotor 2 relative to the housing 1. The valve timing control apparatus still further 

includes a most retarded angle lock mechanism 7 as a "second lock mechanism" capable of 

restraining the relative rotational phase to a second predetermined phase different from he first 

predetermined phase. 

[0036] [Inner Rotor and Housing] 

The inner rotor 2, as shown in Fig. 1, is integrally assembled with the leading end of 

the camshaft 101. The inner rotor 2 is fastened and fixed to the leading end of the camshaft 

101 by means of a bolt. 

[0037] The housing 1 includes a front plate 11 on the opposite side to the side to which the 

camshaft 101 is connected, an outer rotor 12 integrally including a timing sprocket 15 and a 

rear plate 13 to the side the camshaft 101 is connected. The outer rotor 12 is mounted 

externally to the inner rotor 2 and clamped by the front plate 11 and the rear plate 13, with the 

front plate 11, the outer rotor 12 and the rear plate 13 being fastened together with bolts. 

[0038] When the aankshaft is driven to rotate, this rotational force is transmitted to the timing 

sprocket 15 via a force transmission member 102, whereby the housing 1 is rotatably driven 

along a rotation direction S shown in Fig. 2. In association with this rotational drive of the 

housing 1, the inner rotor 2 is driven to rotate in the rotational direction S thereby to rotate the 

camshaft 101, whereby a cam mounted to the camshaft 101 pushes down and opens the 

intake valve of the engine. 

[0039] As shown in Fig. 2, the outer rotor 12 forms a plurality of projecting portions 14 
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projecting in the radially inward direction and spaced apart from each other along the rotation 

direction S. The outer rotor 12 and the inner rotor 2 together form fluid pressure chambers 4. 

The projecting portion 14 functions as a "shoe" relative to an outer peripheral face 2a of the 

inner rotor 2. In the instant embodiment, the fluid pressure chambers 4 are provided at three 

positions. But, the invention is not limited thereto. 

[0040] In the outer peripheral face 2a at a position thereof facing the fluid pressure chamber 

4, a vane groove 21 is formed. And, in this vane groove 21, a vane 22 as a "partitioning 

portion" is disposed to extend to the radially outer side. The fluid pressure chamber 4 is 

partitioned by the vane 22 into an advance angle chamber 41 and a retard angle chamber 42 

along the rotational direction S. A spring 23 is disposed between the vane groove 21 and the 

vane 22 to urge the vane 22 radially outward, thereby to prevent leak of a wori<ing fluid 

between the advance angle chamber 41 and the retard angle chamljer 42. 

[0041] As shown in Fig. 1 and Fig. 2, in communication with each advance angle chamber 41, 

an advance angle passage 43 is formed in the inner rotor 2 and the camshaft 101. Also, in 

communication with each retard angle chamber 42, a retard angle passage 44 is formed in the 

inner rotor 2 and the camshaft 101. As shown in Fig. 1, the advance angle passage 43 and 

the retard angle passage 44 are connected to unillustrated predetermined ports of an OCV 9 

as a fluid control mechanism. 

[0042] By controlling the OCV 9, the working fluid is fed/discharged to/from the advance 

angle chamber 41 and the retard angle chamber 42 or the feeding/discharging amount thereof 

is maintained, thereby to apply a fluid pressure to the vane 22. In this way, the relative 

rotational phase is displaced to the advance angle side or the retard angle side or the phase is 

maintained to a desired phase. Meanwhile, the advance angle direction is the direction in 

which the vane 22 effects relative rotational movement relative to the housing 1 to increase the 

capacity of the advance angle chamber 41 and this direction is indicated by an an-ow SI in Fig. 

2. The retard angle direction is the direction in which the capacity of the retard angle chamber 

42 is increased and this direction is indicated by an an̂ ow S2 in Fig. 2. 

[0043] With the above-described construction, the inner rotor 2 can effect smooth relative 

rotational movement relative to the housing 1 within a predetermined range ab)out the rotational 

axis X. The predetermined range where the housing 1 and the inner rotor 2 can effect relative 

rotational movement, that is, the phase difference between the most advanced angle phase 

and the most retarded angle phase, con-esponds to the range wherein the vane 22 is 

displaceable inside the fluid pressure chamber 4. Incidentally, the most retarded angle phase 

is the phase where the capacity of the retard angle chamber 42 is at its maximum. The most 

advanced angle phase is the phase where the capacity of the advance angle chamber 41 is at 

its maximum. 
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[0044] pntermediate Lock Mechanism] 

The intermediate locl< mechanism 6 retains the housing 1 and the inner rotor 2 at 

predetermined phase positions in a situation when the fluid pressure of the working fluid is 

unstable immediately after startup of the engine, thereby to restrain the relative rotational 

phase to an intennediate lock phase as a "first predetermined phase" tjetween the most 

retarded angle phase and the most advanced angle phase. With this, the rotational phase of 

the camshaft 101 is maintained appropriate relative to the rotational phase of the crankshaft, 

thus realizing stable rotation of the engine. Incidentally, in the instant embodiment, the 

intermediate lock phase is set as a phase where the valve opening timing of the unillustrated 

intake valve is partially overiapped with the valve opening timing of the unillustrated exhaust 

valve. As a result, reduction in the amount of hydrocarbon (HC) at the time of startup of the 

engine is made possible, so that the engine can be rendered a low-emission engine. 

[0045] The intemiediate lock mechanism 6, as shown in Fig. 1 and Fig. 2, includes an 

intermediate lock passage 61, an intermediate lock groove 62, an accommodating portion 63, 

a plate-like intermediate lock member 64 and a spring 65. 

[0046] The intermediate lock passage 61 is formed in the inner rotor 2 and the camshaft 101 

and connects the intermediate lock groove 62 with an OSV 10 as "a fluid switchover 

mechanism" which will be described later. By controlling the OSV 10, the feeding/discharging 

of the worthing fluid to/fi-om the intermediate lock groove 62 can be switched over 

independently. The intermediate lock groove 62 is formed in the outer peripheral face 2a of 

the inner rotor 2 and has a flxed width along the relative rotational direction. The 

accommodating portion 63 is formed at two positions in the outer rotor 12. Two intermediate 

lock members 64 are disposed within the respective accommodating portions 63 and can 

radially project/retract into/from the respective accommodating portions 63. The spring 65 is 

mounted within the accommodating portion 63 and urges each intermediate lock member 64 

toward the radially inward direction, that is, toward the intermediate lock groove 62. 

[0047] When the wori<ing fluid is discharged from the intermediate lock groove 62, each 

intermediate lock member 64 is caused to protmde into the intermediate lock groove 62. As 

shown in Fig. 2, when the both intermediate lock members 64 protrude into the intermediate 

lock groove 62, these respective intermediate lock members 64 will be retained simultaneously 

at the peripheral opposed ends of the intermediate lock groove 62. As a result, the relative 

rotational movement of the inner rotor 2 relative to the housing 1 is restrained and the relative 

rotational phase is restrained to the intermediate lock phase. When the wori<ing fluid is fed to 

the intermediate lock groove 62 by controlling the OCV 10, as shown in Fig. 3, the both 

intermediate lock member 64 will be retracted from the intermediate lock groove 62 into the 

respective accommodating portions 63, thus releasing the restrain of the relative rotational 
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phase, whereby the relative rotational movement of the inner rotor 2 is made possible. In the 

following discussion, the condition in which the intermediate lock mechanism 6 restrains the 

relative rotational phase to the intermediate lock phase will be referred to as "the intermediate 

lock phase". Also, the condition where the intermediate lock phase is released will be referred 

to as "an intermediate lock released state". 

[0048] Incidentally, as the shape of the intermediate lock memb)er 64, any other shape such 

as a pin-like shape can be employed, instead of the plate-like shape shown in the instant 

embodiment. 

[0049] [Most Retarded Angle Lock Mechanism] 

The most retarded angle lock mechanism 7 maintains the housing 1 and the inner 

rotor 2 at predetermined relative positions at the time of a low speed rotation such as an idling 

operation, thereby to restrain the relative rotational phase to the most retarded angle phase as 

"a second predetermined phase". More particularly, as the inner rotor 2 will not effect relative 

rotational movement regardless of the displacement force in the retard angle direction or the 

advance angle direction based on torque variations of the camshaft, so that stable idling 

operation condition can be realized. Incidentally, in the instant embodiment, the most 

retarded angle phase is the phase where the valve closing timing of the exhaust valve is 

almost same as the valve opening timing of the intake valve and this is the phase where the 

idling operation condition is stable. Even when the relative rotational phase is at the most 

retarded angle phased, the engine can be started. 

[0050] The most retarded angle lock mechanism 7, as shown in Fig. 1, Fig. 2 and Fig. 6, 

includes a most retarded angle lock passage 71, a most retarded angle lock groove 72, an 

accommodating portion 73, a plate-like most retarded angle lock member 74 and a spring 75. 

[0051] The most retarded angle lock passage 71 acts also as one of the advance angle 

passages 43 described above and connects the most retarded angle lock groove 72 with the 

OCV 9. Further, in the outer peripheral face 2a of the inner rotor 2, there is formed an 

advance angle communication passage 76 as a groove extending along the peripheral 

direction to the most retarded angle lock groove 72 and one of the vane grooves 21. In 

response to feeding/discharging of the working fluid to/from the advance angle chamber by the 

OSV 10, the wori<ing fluid is fed/discharged to/from the most retarded angle lock groove 72 as 

well. The accommodating portion 73 is formed in the outer rotor 12. The most retarded 

angle lock member 74 is accommodated in the accommodating portion 73 and can radially 

protrude/retract into/from the accommodating portion 73. The spring 75 is mounted within the 

accommodating portion 73 and urges the most retarded angle lock member 74 to the radially 

inward, that is, toward the most retarded angle lock groove 72. 

[0052] When the wori<ing fluid is discharged from the most retarded angle groove 72, the 
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most retarded angle lock member 74 is caused to protrude into the most retarded angle lock 

groove 72. As shown in Fig. 4, when the most retarded angle lock member 74 protrudes into 

the most retarded angle lock groove 72, the most retarded angle lock member 74 will be 

retained in the most retarded angle lock groove 72, whereby relative rotational movement of 

the inner rotor 2 relative to the housing 1 is restrained and the relative rotational phase is 

restrained to the most retarded angle phase. When the relative rotational phase is made to 

be displaced toward the advance angle side through control of the OCV 9, the working fluid will 

be fed into the most retarded angle lock groove 72, whereby the most retarded angle lock 

member 74 will be retracted from the most retarded angle groove 72 into the accommodating 

portion 73. That is, the restrain of the relative rotational phase is released. In the following 

discussion, the condition where the most retarded angle lock mechanism 7 restrains the 

relative rotational phase to the most retarded angle phase will be refen'ed to as "most retarded 

angle lock state". And, the condition where the most retarded angle lock state is released will 

be referred to as "most retarded angle lock released state". 

[0053] When the relative rotational phase is at a phase other than the most retarded angle 

phase, the most retarded angle lock member 74 is out of positional alignment with the most 

retarded angle lock groove 72, so the former only comes into slidable contact with the outer 

peripheral face 2a of the inner rotor 2. At these phases, that is, when the most retarded angle 

lock member 74 is retracted from the most retarded angle lock groove 72, the most retarded 

angle lock passage 71 and the advance angle chamber 41 are in constant communication with 

each other via the advance angle chamber communication passage 76. 

[0054] Incidentally, as the shape of the most retarded angle lock member 74, any other 

shape than the plate-like shape shown in the instant embodiment can be employed. Further, 

the advance angle chamber communication passage 76 need not be the groove-like, but, 

though not shown, can be a shape formed by chamfering the outer peripheral comer portion of 

the inner rotor 2. 

[0055] [Oil Pump] 

The oil pump 5 as "a working fluid pump", when driven by the engine, effects feeding 

of the working oil, an example of the "worthing fluid". The oil pump 5 is a mechanical hydraulic 

pump which is driven by receiving the rotational drive force of the crankshaft. The oil pump 5, 

as shown in Fig. 1, draws in an amount of wori<ing fluid reserved in an oil pan 5a and 

discharges this woricing fluid to the downstream side. The discharged worthing fluid is fed to 

the fluid pressure chamber 4 via a fluid control mechanism and a fluid switchover mechanism 

which will be described later. Also, the worthing fluid discharged from the fluid pressure 

chamber 4 is retumed to the oil pan 5a via the fluid control mechanism and the fluid switchover 

mechanism. Incidentally, an arrangement is provided such that an amount of working fluid 
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leaking from the valve timing control apparatus is collected also at the oil pan 5a. 

[0056] [OCV.OSV] 

As shown in Fig. 1 and Fig. 2, the valve timing control apparatus includes the 

electromagnetic type OCV (oil control valve) 9 acting as the "fluid control mechanism" and the 

electromagnetic type OSV (oil switching valve) 10 acting as the "fluid switchover mechanism". 

The OCV 9 and the OSV 10 are connected respectively to the oil pump 5. With the OCV 9, it 

is possible to control feeding, discharging and maintenance of feeding amount of the working 

fluid to/from/at the advance angle passage 43, the most retarded angle lock passage 71, and 

the retard angle passage 44. By controlling the ODSV 10, switching of the 

feeding/discharging of the working fluid to/from the intemriediate lock passage 61 is possible. 

[0057] The OCV 9 is constmcted as a spool type, which is operated under control of electric 

power supply by the ECU 8 (engine control unit). With this OCV 9, controls are made 

possible such as working oil feeding to the advance angle chamber 41, working oil discharging 

from the retard angle chamber 42, working oil discharging from the advance angle chamber 41, 

working oil feeding to the retard angle chamber 42, and blocking of feeding/discharging of 

working oil to/from the advance angle chamber 41 and the retard angle chamber 42. The 

control of working oil feeding to the advance angle chamber 41 and the working oil discharging 

from the retard angle chamber 42 is the "advance angle control". If this advance angle control 

is effected, the vane 22 effects relative rotational movement in the advance angle direction SI 

relative to the outer rotor 12, so that the relative rotational phase is displaced toward the 

advance angle side. The control of working oil discharging from the advance angle chamber 

41 and the working oil feeding to the retard angle chamber 42 is the "retard angle control". If 

this retard angle control is effected, the vane 22 effects relative rotational movement in the 

retard angle direction S2 relative to the outer rotor 12, so that the relative rotational phase is 

displaced toward the retard angle side. If the control of blocking feeding/discharging of 

working oil to/from the advance angle chamber 41 and the retard angle chamber 42, the vane 

22 does not effect any relative rotational movement, so that the relative rotational phase can be 

set to any desired phase. 

[0058] If the advance angle control is effected, working oil is fed to the advance angle 

passage 43 and the most retarded angle lock passage 71. Under the most retarded angle 

state, as shown in Fig. 4, the most retarded angle lock passage 71 is closed by the lock 

member 74. If the lock member 74 is retracted from the most advanced angle lock groove 72 

to provide the most retarded angle lock released state with execution of the advance angle 

control, the most retarded angle lock passage 71 is opened. With this, through the advance 

angle chamber communication passage 76, the working oil is fed also to the advance angle 

chamber 41 adjacent the most retarded angle lock mechanism 7, whereby the inner rotor 2 
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effects a relative rotational movement toward the advance angle side. 

[0059] Incidentally, in the instant embodiment, it is configured such that in response to power 

supply (ON) to the OCV 9, the retard angle control is enabled whereas in response to stop 

(OFF) of power supply to the OCV 9, the advance angle control is enabled. Also, the OCV 9 

is configured to set the valve opening ratio through adjustment of the duty ratio of electric 

power to be supplied to an electromagnetic solenoid. With this, fine adjustment of 

feeding/discharging mount of working oil is made possible. 

[0060] The OSV 10 is constructed as a spool type and operates based on switchover of 

power supply/stop of power supply by the ECU 8. With the OSV 10, it is possible to switch 

over between feeding of working oil to the intermediate lock groove 62 and the discharging of 

working oil from the intermediate lock groove 62. Meanwhile, in the instant embodiment, the 

OSV 10 is configured to enable discharging of working oil from the intemriediate lock groove 62 

in response to power supply (ON) thereto and configured to enable feeding of working oil to the 

intermediate lock groove 62 in response to stop of power supply (OFF) thereto. 

[0061] [Other Arrangements] 

Though not shown, there are provided a crank angle sensor for detecting a rotational 

angle of the crankshaft of the engine and a camshaft angle sensor for detecting a rotational 

angle of the camshaft 101. The ECU 8 detects a relative rotational phase based on the 

results of detection by these crank angle sensor and the camshaft angle sensor and 

detennines at which phase the relative rotational phase is cun-ently located. Further, the ECU 

8 incorporates signal lines for obtaining ON/OFF information of the ignition key, infonnation 

from an oil temperature sensor for detecting the oil temperature of the working oil, etc. Also, a 

memory provided in the ECU 8 stores therein control information of optimum relative rotational 

phase according to operational conditions of the engine. The ECU 8 controls the relative 

rotational phase, based on the information of operational conditions (engine rotational speed, 

cooling water temperature, etc.) and the above-describ)ed control information. 

[0062] As shown in Fig. 1, a torsion spring 3 is provided between the inner rotor 2 and the 

front plate 11. The torsion spring 3 urges the inner rotor 2 toward the advance angle side so 

as to resist the averaged displacement force in the retard angle direction based on torque 

variation of the camshaft. With this, it is possible to displace the relative rotational phase to 

the advance angle direction in a smooth and speedy manner. 

[0063] [Operations of Valve Timing Control Apparatus] 

Operations of the valve timing control apparatus will be explained with reference to 

Figs. 2 through 5. Fig. 7 shows a timing chart of displacement of relative rotational phase 

from engine startup to engine stop, state of the intermediate lock mechanism 6, the state of the 

most retarded angle lock mechanism 7, control by the OCV 9 and control by the OSV 10. 

15 



[0064] Before engine startup, the intermediate locl<ed state is provided by the intermediate 

locl< mechanism 6. And, in response to an ON operation of the unillustrated ignition key, the 

engine starts under a condition with the relative rotational phase being restrained to the 

intermediate locked phase (intermediate locked state), as shown in Fig. 2 and then an idling 

operation (before catalyst warming-up) is initiated. Incidentally, simultaneously with the ON 

operation of the ignition key, electric power is supplied to the OSV 10 and the intermediate 

locked state is maintained. 

[0065] Upon completion of the catalyst warming-up, in order to shift the relative rotational 

phase to the most retarded angle phase suitable for the idling operation, power is supplied to 

the OCV 9 for executing the retard angle control and also power supply to the OSV 10 is 

stopped to feed the working oil to the intermediate lock groove 62. With this, as shown in Fig. 

3, the intermediate lock member 64 is retracted from the intemriediate lock groove 62, thus 

realizing the intermediate lock released state. By this retard angle control, the working oil in 

the most retarded angle lock groove 72 is discharged therefrom. Incidentally, subsequently to 

the above, as shown in Fig. 7, the stop of power supply to the OSV 10 is continued for 

maintaining the intemriediate lock released state. 

[0066] As shown in Fig. 4, when the relative rotational phase is displaced to the most 

retarded angle phase suitable for idling operation and the most retarded angle lock member 74 

is caused to face the most retarded angle lock groove 72, the most retarded angle lock 

member 74 protrudes into the most retarded angle lock groove 72 as shown in Fig. 4, thus 

realizing the most retarded angle lock state. As a result, no fluttering occurs in the inner rotor 

2 and stable idling operation condition can be obtained. 

[0067] Thereafter, when the operational condition kjecomes the normal traveling operational 

condition, in accordance with e.g. the load of the engine or the rotational speed, the retard 

angle control will be executed to displace the relative rotational phase to a phase on more 

retard angle side than the lock phase or as shown in Fig. 5, the advance angle control will be 

executed for displacing the relative rotational phase to a phase on more advance angle side 

than the lock phase or with execution of power supply with duty ratio adjustment, the relative 

rotational phase will be maintained to a desired phase. With each occun^nce of the relative 

rotational phase becoming the most retarded angle phase, the most retarded angle locked 

state is provided. However, since this can be immediately rendered into the most retarded 

angle lock released state with execution of the advance angle control, there occurs no 

inconvenience. 

[0068] Normally, a vehicle stopping operation is effected b)efore engine stopping, so there is 

provided an idling operation. The relative rotational phase becomes the most retarded angle 

phase and the most retarded angle locked state is provided. In this embodiment, in response 
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to an OFF operation of the ignition l<ey, tlie ECU 8 renders the engine into the stop mode. 

Namely, the ECU 8 executes a so-called delay control. More particularly, the ECU 8 does not 

immediately issue a stopping instruction to the oil pump 5 (engine). Rather, as shown in Fig. 

7, the ECU 8 stops the power supply to the OCV 9 and executes the advance angle control. 

With this, there is provided the most retarded angle lock released state and the relative 

rotational phase is displaced toward the advance angle side. Also, the ECU 8 initiates power 

supply to the OSV 10 and discharges the working oil from the intennediate lock groove 62. 

With this, the relative rotational phase becomes the intemriediate locked phase, whereby both 

of the two intemiediate lock members 64 protrude into the intermediate lock groove 62, thus 

providing the intermediate locked state. Upon lapse of a predetermined period after the OFF 

operation of the ignition key, the oil pump 5 (engine) is stopped. 

[0069] Incidentally, with occurrence of an engine stall, the engine may be stopped under the 

intennediate lock released state. However, when the engine is re-started and it is determined 

that the relative rotational phase is not the intemiediate locked state, the ECU 8 will execute 

the advance angle control or the retard angle control to render the relative rotational phase to 

the intermediate lock phase, thus realizing the intermediate locked state reliably. In this way, 

since the engine can be started under the condition of the relative rotational phase being 

always restrained to the intennediate lock phase, the engine can operate as a low emission 

engine. However, since the engine relating to this embodiment can be started even when the 

relative rotational phase is at the most retarded angle phase as described above, an 

an'angement of not executing such control at the time of abnonnal stop will pose no significant 

problem. 

[0070] In the instant embodiment, there was explained the example wherein the OCV 9 

enables the retard angle control in response to power supply thereto and enables the advance 

angle control in response to stop of power supply thereto. The invention is not limited thereto. 

The OCV 9 may be alternatively configured such that the advance angle control is enabled in 

response to power supply thereto and the retard angle control is enabled in response to stop of 

power supply thereto. 

[0071] Similarly, in the instant embodiment, there was shown the example wherein the OSV 

10 is rendered into the condition enabling discharging of working oil from the intennediate lock 

groove 62 in response to power supply thereto and is rendered into the condition enabling 

feeding of working oil to the intennediate lock groove 62 in response to stop of power supply 

thereto. The invention is not limited thereto. The OSV 10 may be altematively configured 

such that OSV 10 is rendered into the condition enabling feeding of wor1<ing oil from the 

intennediate lock groove 62 in response to power supply thereto and is rendered into the 

condition enabling discharging of working oil from the intermediate lock groove 62 in response 
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to stop of power supply thereto. 

[0072] [First Alternative Embodiment] 

In the foregoing embodiment, there was explained the exemplary arrangement 

wherein the intermediate lock mechanism 6 and most retarded angle lock mechanism 7 

respectively include the lock groove 62 and the lock member 64, or the lock groove 72 and the 

lock member 74. Altematively, the lock member can be shared by the intermediate lock 

mechanism 6 and the most retarded angle lock mechanism 7. That is, according to such 

an'angement, the intermediate lock mechanism 6 and the most retarded angle lock 

mechanism 7 respectively include a lock groove formed in the inner rotor 2 and share a 

common lock member which is provided in the outer rotor 12 to be projectable/retractable 

into/from the respective lock groove, so that when protruded into the lock groove, the lock 

member is retained in this lock groove to restrain the relative rotational phase of the inner rotor 

2 relative to the housing 1 to the intermediate locked phase or the most retarded angle phase. 

This altemative embodiment will be described next with reference to Figs. 8 through 10. 

Explanation of identical an'angement to the foregoing embodiment will be omitted. Further, 

identical members or components will be denoted with same reference marks/numerals. 

[0073] The intermediate lock mechanism 6, as shown in Fig. 8, includes an intemiediate lock 

passage 61, two intermediate lock grooves 62, an accommodating portion 63, a plate-like 

intermediate lock member 64, and a spring 65. Of the two intermediate lock grooves 62, the 

intermediate lock groove 62 (the groove for restricting displacement of the relative rotational 

phase in the angle advance direction SI) on the retard angle direction S2 side is configured to 

have a ratchet construction with the depth thereof being increased in the radial direction 

stepwise along the angle retard direction S2. With this, the lock member 64 is regulated 

stepwise, so that the intermediate lock memt)er 64 can easily protrude into the intermediate 

lock groove 62. Incidentally, the intermediate lock passage 61 is branched into two parts in 

the midst of the inner rotor 2 to be connected to the respective intermediate lock grooves 62. 

[0074] The most retarded angle lock mechanism 7, as shown in Fig. 8, includes a most 

retarded angle lock passage 71, a most retarded angle lock groove 72, an accommodating 

portion 73, a plate-like most retarded angle lock member 74 and a spring 75. The most 

retarded angle lock passage 71, unlike the foregoing embodiment, is branched from the 

advance angle passage 43. The most retarded angle lock member 74 is the same as the one 

intermediate lock member 64 (the member for restricting displacement of the relative rotational 

phase in the angle retard direction S2) of the two intermediate lock members 64 which one 

intermediate lock member 64 is disposed on the advance angle direction SI side. Similariy, 

the accommodating portion 73 is identical to the one accommodating portion 63 of the two 

accommodating portions 63 which one accommodating portion 63 is disposed on the advance 
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angle direction S1 side. Tlie spring 75 is identical to the spring 65 disposed within this 

accommodating portion 63. 

[0075] In these arrangements, like the foregoing embodiment, control operations as shown in 

Fig. 7 are executed. In the intermediate locked state shown in Fig. 8, if the power supply to 

the OSV 10 is stopped, there is provided the intermediate lock released state as shown in Fig. 

9. Thereafter, as long as the stop of the power supply to the OSV 10 is continued, feeding of 

the working oil to the intermediate lock groove 62 is continued. Hence, the intermediate lock 

members 64 will not protoide into the intennediate lock groove 62. 

[0076] As shown in Fig. 10, when the relative rotational phase is displaced to the most 

retarded angle phase and the most retarded angle lock member 74 is brought into opposition 

to the most retarded angle lock groove 72, the most retarded angle lock member 74 (64) 

protrudes into the most retarded angle lock groove 72 (62), thus providing the most retarded 

angle locked state. 

[0077] With the above an-angement of the present embodiment, the constmction can be 

simplified and also the number of parts (components) can be reduced, so that manufacturing 

cost reduction is made possible. Further, thanks to the co-use of the intermediate lock 

member 64 and the most retarded angle lock member 74, there is provided spare space in the 

outer rotor 12 in the peripheral direction. Hence, as shown in Fig. 8, it has been made 

possible to provide the fluid pressure chambers 4 at four positions. As a result, the force for 

displacing the relative rotational phase is increased, thus realizing speedy phase displacement. 

Further, it becomes also possible to inaease the peripheral width of the fluid pressure chamber 

4, thereby to extend the displaceable range of the relative rotational phase. 

[0078] [Second Alternative Embodiment] 

In the foregoing embodiment, the intermediate lock mechanism 6 is controlled by the 

OSV 10 and the most retarded angle lock mechanism 7 is controlled by the OCV 9. The 

invention is not limited thereto. Alternatively, both the intermediate lock mechanism 6 and the 

most retarded angle lock mechanism 7 can be controlled by the OSV 10 alone. This 

altemative embodiment will be described next with reference to Figs. 11 through 13. 

Explanation of identical arrangement to the foregoing embodiment will be omitted. Further, 

identical members or components will be denoted with same reference mari<s/numerals. As 

shown in Fig. 11, the layouts of the housing 1, the inner rotor 2, the oil pump 5, the OCV 9, the 

OSV 10, etc. are identical to those in the foregoing embodiment. 

[0079] As shown in Fig. 12, the intermediate lock passage 61 is branched on the side of the 

inner rotor 2, with one of them being connected to the intermediate lock groove 62, the other 

thereof being connected to the most retarded angle lock groove 72. That is, the intermediate 

lock passage 61 is configured to act also as the most retarded angle lock passage 71. Hence, 
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when the working oil is fed to the intermediate locl< passage 61 by controlling the OSV 10, the 

working oil is fed to both the intemnediate lock grove 62 and the most retarded angle lock 

groove 72. Also, when the OSV 10 is controlled to discharge the working oil from the 

intermediate lock groove 62, the working oil is discharged also from the most retarded angle 

lock groove 72. 

[0080] Next, operations of the valve timing control apparatus will be explained. Fig. 13 

shows a timing chart showing displacement of relative rotational phase from engine startup to 

engine stop, state of the intennediate lock mechanism 6, state of the most retarded angle lock 

mechanism 7, control of the OCV 9 and control of the OSV 10. Explanation will be given with 

reference to the timing chart of Fig. 13. The states of the intermediate lock mechanism 6 and 

the most retarded angle lock mechanism 7 at each phase are identical to the states of the 

intermediate lock mechanism 6 and the most retarded angle lock mechanism 7 in the 

foregoing embodiment, therefore, such section views as Figs. 2 through 5 will be not shown in 

particular. 

[0081] Prior to engine startup, the intermediate locked state is provided by the intermediate 

lock mechanism 6. Hence, in response to an ON operation of the unillustrated ignition key, 

the engine will be started under the state of relative rotational phase being restrained to this 

intermediate lock phase (intermediate locked state) and an idling operation is initiated. 

Incidentally, simultaneously with the ON operation of the ignition key, power supply to the OSV 

10 is effected and the intermediate locked state is maintained. 

[0082] Upon completion of catalyst warming-up, in order to shift the relative rotational phase 

to the most retarded angle phase suitable for idling operation, power is supplied to the OSV 9 

for executing the retard angle control. Also, the power supply to the OSV 10 is stopped and 

the working oil is fed to the intennediate lock groove 62 and the most retarded angle lock 

groove 72. With this, txjth of the intennediate lock members 64 are retracted from the 

intennediate lock groove 62, thus realizing the intennediate lock released state. As the 

relative rotational phase begins to displace toward the retard angle side, power supply to the 

OSV 10 is initiated, whereby the working oil is discharged from the intennediate lock groove 62 

and the most retarded angle lock groove 72 In this, there is the possibility of one of the 

intennediate lock members 64 protruding again into the intermediate lock groove 62. 

However, as there is no possibility of both two intermediate lock members 64 protruding into 

the intennediate lock groove 62, the intennediate lock released state does not change. 

Moreover, if an an-angement is made such that power supply to the OSV 10 is stopped with 

execution of the advance angle control, one intennediate lock member 64 which has protmded 

into the intennediate lock groove 62 will be retracted from this intennediate lock groove 62 

immediately. 
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[0083] When the relative rotational phase is displaced to the most retarded angle phase 

suitable for idling operation and the most retarded angle lock member 74 is brought into 

opposition to the most retarded angle lock groove 72, as shown in Fig. 12, the most retarded 

angle lock member 74 will protrude into the most retarded angle lock grove 72, thus providing 

the most retarded angle locked state. As a result, there occurs no fluttering in the inner rotor 2 

and stable idling operational condition can be obtained. 

[0084] Thereafter, with execution of the advance angle control for shifting to the nomrial 

traveling operation, the power supply to the OSV 10 is stopped and the most retarded angle 

locked state is released. Then, as long as the normal traveling operation is continued, the 

stopping of the power supply to the OSV 10 is continued, so that intemriediate lock released 

state and the most retarded angle lock released state are maintained. 

[0085] If a vehicle stopping operation before engine stop is effected, the relative rotational 

phase becomes the most retarded angle phase, so that the power supply to the OSV 10 is 

initiated and the most retarded angle locked state is provided. In response to an OFF 

operation of the ignition key, the ECU 8 renders the engine into the stopped mode. Namely, 

the ECU 8 executes a so-called delay control. More particularly, the ECU 8 does not issue stop 

instruction to the oil pump 5 (engine). Rather, as shown in Fig. 13, the ECU 8 issues an 

instruction for executing the advance angle control by stopping power supply to the OCV 9 and 

for stopping the power supply to the OSV 10. With this, there is provided the most retarded 

angle lock released state and the relative rotational phase is displaced toward the advance 

angle side. When the relative rotational phase begins to displace toward the advance angle 

side, the ECU 8 initiates power supply to the OSV 10, thus discharging the working oil from the 

intermediate lock groove 62. with this, as the relative rotational phase becomes the 

intermediate locked state, both the two intennediate lock members 64 protrude into the 

intermediate lock groove 62, thus providing the intermediate locked state. Upon lapse of a 

predetennined period after the OFF operation of the ignition key, the oil pump 5 (engine) is 

stopped. 

[0086] According to the instant embodiment, even when the second predetennined phase is 

not the most retarded angle phase, the relative rotational phase can be restrained to a phase 

different from the intennediate lock phase. Therefore, the second predetennined phase can 

be set variably, to suit an effect desired. 

[0087] In the instant embodiment, there was explained the example wherein the OCV 9 

enables the retard angle control in response to power supply thereto and enables the advance 

angle control in response to stop of power supply thereto. The invention is not limited thereto. 

The OCV 9 may be altematively configured such that the advance angle control is enabled in 

response to power supply thereto and the retard angle control is enabled in response to stop of 
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power supply thereto. 

[0088] Similarly, in the instant embodiment, there was shown the example wherein the OSV 

10 is rendered into the condition enabling discharging of working oil from the intennediate lock 

groove 62 in response to power supply thereto and is rendered into the condition enabling 

feeding of working oil to the intermediate lock groove 62 in response to stop of power supply 

thereto. The invention is not limited thereto. The OSV 10 may be alternatively configured 

such that OSV 10 is rendered into the condition enabling feeding of working oil from the 

intermediate lock groove 62 in response to power supply thereto and is rendered into the 

condition enabling discharging of working oil from the intermediate lock groove 62 in response 

to stop of power supply thereto. 

[0089] [Other Alternative Embodiments] 

(1) In the foregoing embodiment, there was provided the torsion spring 3 for urging 

the inner rotor 2 toward the advance angle side. The invention is not limited thereto. For 

instance, there may be provided a torsion spring for urging the inner rotor 2 toward the retard 

angle side. With this, the period of the most retarded angle lock member 74 being in 

opposition to the most retarded angle lock groove 72 will be extended or the opportunities of 

the opposition thereto will be increased. Whereby, protrusion of the most retarded angle lock 

member 74 into the most retarded angle lock groove 72 will be facilitated. Further, though not 

shown, the torsion spring per se may be omitted at all. 

[0090] (2) In the foregoing embodiment, in both the intermediate lock mechanism 6 and the 

most retarded angle lock mechanism 7, the lock member was provided in the outer rotor 1 to 

project/retract radially and the lock groove was provided in the inner rotor 2. The invention is 

not limited thereto. For instance, though not shown, the lock member may be provided in the 

front plate 11 or the rear plate 13, to project/retract along the direction of the rotational axis X. 

Further, in one lock mechanism or in both of the lock mechanisms, the lock member may be 

provided in the inner rotor 2 and the lock groove may be provided in a member on the side of 

the housing 1. In these cases, however, it will become necessary to form the lock passage on 

the housing 1 side or to provide another OSV in addition to the existing OSV 10. 

[0091] (3) In the foregoing embodiment, the intermediate lock phase is a phase wherein the 

valve opening timings of the intake valve and the exhaust valve are partially overtapped with 

each other and wherein HC reduction at the time of engine startup is possible, whereas the 

most retarded angle phase is a phase adjacent phase where the valve opening timings of the 

intake valve and the exhaust valve are hardly overlapped with each other and the idling 

operation is stable. The invention is not limited thereto. For instance, it is possible to configure 

that the most retarded angle phase is the phase wherein the valve opening timing of the intake 

valve is delayed relative to the valve closing timing of the exhaust valve, that is, a phase of the 
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so-called "Atkinson range". Further, the intermediate lock phase maybe a phase wherein the 

idling operation becomes stable and the most retarded angle phase may be a phase wherein 

the valve opening timing of the intake valve is delayed relative to the valve closing timing of the 

exhaust valve. 

[0092] Further, in the case of the hybrid vehicles, if the intermediate lock phase is set to the 

decompression phase wherein the intake valve can be closed with a delay, at the time of 

startup of the intemal combustion engine, the relative rotational phase can be restrained to the 

decompression phase by the intermediate lock mechanism 6. As a result, the shock (transfer 

shock) at the time of switchover from the traveling by the motor to the traveling operation by the 

intemal combustion engine can be alleviated reliably and also the generation of hitting noise at 

the time of startup of the intemal combustion engine can tje prevented also. 

Industrial Applicability 

[0093] The present invention may be applied not only to a valve timing control apparatus on 

the intake side, but also to a valve timing control apparatus on the exhaust side. Further, the 

invention may be applied to a valve timing control apparatus for an intemal combustion engine 

of an automobile or others. 

Reference Signs List 

[0094] 1 housing (driving-side rotary body) 

2 inner rotor (driven-side rotary body) 

4 fluid pressure chamber 

5 oil pump (working fluid pump) 

6 lock mechanism (first lock mechanism) 

7 most retarded angle lock mechanism (second lock mechanism) 

9 OCV (fluid control mechanism) 

10 OSV (fluid switchover mechanism) 

22 vane (partitioning portion) 

41 advance angle chamber 

42 retard angle chamber 

43 advance angle passage 

62 intennediate lock passage (lock groove) 

64 intennediate lock member (lock member) 

72 most retarded angle lock groove (lock groove) 

74 most retarded angle lock member (lock member) 

101 camshaft 
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