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(67)  To provide a variable phaser for an automobile
engine including a self-locking mechanism which does
not hinder an operation of changing a relative phase an-
gle of acam shaft with respect to a drive rotating member. (a) 61

In a variable phaser for an automobile engine including 1 L3184

a drive rotating member having a cylindrical section and L2 \-H-\/F F-sindy
driven by a crank shaft, a cam shaft coaxially supporting 9‘U == j‘s‘pmﬁe b1
the drive rotating member in a coaxial and relatively ro- i = 20
tating fashion, a relative phase angle changing mecha- L},1 C
nism, and a self-locking mechanism preventing the mis- 17a
alignment of the relative phase angle due to the cam
torque by means of pressing the lock plate held on a
holding section integral with the cam shaft to an inner
circumferential surface of the cylindrical section, plate-
pressing surfaces disposed at a plurality of positions al-
most equally separated along an outer circumferential
direction of an outer circumference of the holding section,
and a plurality of lock plates equally separated in corre-
spondence to the plate-pressing surfaces are formed,
and the respective plate-pressing surfaces are formed
by first and second pressing surfaces for delivering the
cam torques along advance and lag directions to the re-
spective lock plates.
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Description
Technical Field

[0001] The presentinvention is a technique relating to
a variable phaser for anautomobile engine in which a
self-locking mechanism for preventing the misalignment
of relative phase angles caused by a cam torque gener-
atedinacamshaftis equipped on aphase variable mech-
anism for changing the opening-closing timing of an en-
gine valve by means of changing the above relative
phase angle of the cam shaft with respect to a crank shaft.

Background Art

[0002] The variable phaser for the automobile engine
in which the self-locking mechanism for preventing the
misalignment of the relative phase angles caused by the
cam torque input to the cam shaft from the engine valve
side is mounted in the phase variable mechanism for
changing the opening-closing timing of the engine valve
by means of changing the relative phase angles of the
cam shaft with respect to the crank shaft is described in
Patent Publication 1..

[0003] Inthe variable phaser for the automobile engine
of Patent Publication 1 which is shown in Fig. 1, a cam
shaft is arranged in a coaxial and relatively rotating fash-
ion with respect to a drive rotating member driven by a
crank shaft, and rotates along the same direction togeth-
erwith the drive rotating member upon receipt of the driv-
ing force of the crank shaft.. In case of changing the open-
ing-closing timing of the engine valve, a first control ro-
tating member integrated with the cam shaft via a center
shaft in a coaxial and relative rotation disabling fashion
relatively rotates along either of an advance direction (the
same direction as that of the drive rotating member, here-
inafter similarly applied) or a lag direction (the direction
reverse to the advance direction, hereinafter similarly ap-
plied) with respect to the drive rotating member 2 driven
by a crank shaft (not shown) accompanied with the ac-
tuation of a first electromagnetic clutch or a second elec-
tromagnetic clutch viaareverse rotation mechanism. The
opening-closing timing of the engine valve is changed by
changing, with respect to the drive rotating member of
the crank shaft side, the relative phase angle of the cam
shaft connected to the first control rotating member, as
described above.

[0004] On the other hand, the cam shaft is subject to
cam torques generated alternatively along the advance
direction and the lag direction from the engine valve due
to the impact of the opening-closing of the engine valve.
The cam torque is a cause of generating the misalign-
ment in the relative phase angle of the cam shaft with
respect to the drive rotating member Accordingly, in a
variable phaser of an engine of Patent Publication 1, a
self-locking mechanism is mounted for preventing the
above misalignment of the relative phase angle by lock-
ing the cam shaft in a relative rotation disabling fashion
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with respect to the drive rotating member at a time of
generation of the cam torque. The self-locking mecha-
nism is mainly composed of an eccentric circular cam
integrated with the center shaft, a lock plate, a lock plate
bush equipped to the eccentric circular cam, and a pair
of lock plates hold on the eccentric circular cam via the
lock plate bush. The pair of the lock plates are held on
the eccentric circular cam in a relative rotation disabling
fashion by the eccentric circular cam, and are contacted
internally to an inner circumference surface of a circular
section of the drive rotating member (refer to Fig. 5 of
Patent Publication 1).

[0005] In case of changing the relative phase angle of
the cam shaft with respect to the drive rotating member,
the pair of the lock plates connected to the first control
rotating member relatively rotates with respect to the
drive rotating member together with the center shaft (cam
shaft) integrated with the eccentric circular cam. On the
other hand, the self-locking mechanism works as follows
The cam torque generated in the cam shaft generates
an eccentric rotating torque around a rotating central
shaft line of the cam shaft. The eccentric circular cam
generates a self-locking force such that the eccentric cir-
cular cam receiving the cam torque of the advance di-
rection presses one of the lock plates onto the inner cir-
cumferential surface of a cylindrical section of the drive
rotating member via the lock plate bush while the eccen-
tric circular cam receiving the cam torque of the lag di-
rection presses the other lock plates onto the inner cir-
cumferential surface of the cylindrical section of the drive
rotating member.

[0006] The self-locking mechanism of Patent Publica-
tion 1 generates the self-locking mechanism such that
the self-locking force from the cam torque is alternately
transmitted to the pair of the lock plates from the eccentric
circular cam, and the cam shaft is locked in a relative
rotation disabling fashion with respectto the drive rotating
member by pressing the pair of the lock plates, alternate-
ly, to the cylindrical section of the drive rotating section.

Prior Technical Publications
Patent Publications

[0007] Patent Publication 1: WO2011/145175

Summary of Invention
Problems to Be Solved by Invention

[0008] In the self-locking mechanism of Patent Publi-
cation 1, the self-locking force of the cam torque is trans-
mitted to only one of the pair of the lock plates based on
the direction of the cam torque (advance or lag direction)
so that only one of the lock plates can be pressed on the
cylindrical section of the drive rotating member.. In case
of pressing only one of the lock plates on the cylindrical
section of the drive rotating member, the lock plate is
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likely to dig into the inner circumferential surface of the
cylindrical section of the drive rotating member as a
wedge. The lock plate dug into the inner circumferential
surface prevents the release of the self-locking function.
In case of generating the self-locking function in only one
of the lock plates, the drive rotating member rotatably
supported by the center shaft (cam shaft) produces a
slant with respect to the rotating central shaft line of the
cam shaft. The slanted drive rotating member generates
friction on the support section of the drive rotating mem-
ber mounted on the center shaft

[0009] The prevention of the deactivation of the self-
locking function and the generation of the friction be-
tween the drive rotating member and the center shaft are
problematic in terms of the prevention of the operation
of changing the relative phase angle of the drive rotating
member with respect to the cam shaft.

[0010] The present invention provides a variable
phaser of an automobile engine having a self-locking
function free of preventing the operation of changing a
relative phase angle of a cam shaft with respect to a drive
rotating member of a crank shaft side.

Means of Solving Problems

[0011] An variable phaser for an automobile engine of
claim 1 includes, a drive rotating member having a cylin-
drical section and driven by a crank shaft; a cam shaft
coaxially and supporting the drive rotating member in a
coaxial and relatively rotating fashion, a relative phase
angle changing mechanism for changing an opening-
closing timing of a valve by means of changing a relative
phase angle of the cam shaft with respect to the drive
rotating member; and a self-locking mechanism including
a holding section integrally formed in a shape of a flange
on an outer periphery of the cam shaft, and a lock plate
held to the cam shaft in a relative rotation disabling fash-
ion by the holding section and contacted internally to an
inner circumference surface of the cylindrical section, in
which the holding section prevents misalignment of the
relative phase angle by means of pressing the lock plate
onto the inner circumference surface of the cylindrical
section upon receipt of a cam torque generating along
an advance direction or a lag direction, characterized in
that, plate-pressing surfaces pressing the lockplates are
disposed at a plurality of positions almost equally sepa-
rated along an outer circumferential direction of the hold-
ing section; the lock plates are mounted the same number
as the plate-pressing surfaces at a plurality of positions
almost equally separated along an outer circumferential
direction, and include pressure receiving sections at po-
sitions opposing to the plate-pressing surfaces; and the
plurality of the plate-pressing surfaces are configured by
a first pressing surface pressing the lock plate upon re-
ceipt of the cam torque generating along the advance
direction and a second pressing surface pressing the lock
plate upon receipt of the cam torque generating along
the lag direction.
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(Function)

[0012] When the cam torque in the advance direction
(the same direction as the drive rotating member) is input
from the engine valve to the cam shaft, all of the plurality
of the lock plates are pressed onto the inner circumfer-
ential surface of the cylindrical section of the drive rotating
member upon receipt of the self-locking forces in a nearly
radius direction of the cam shaft from the first pressing
surfaces formed on the respective holding sections. Also
when the cam torque in the lag direction (the reverse
rotating direction with respect to the advance direction)
is input from the engine valve to the cam shaft, all of the
plurality of the lock plates are pressed onto the inner cir-
cumferential surface of the cylindrical section of the drive
rotating member upon receipt of the self-locking forces
in a nearly radius direction of the cam shaft from the sec-
ond pressing surfaces formed on the respective holding
sections.

[0013] That is, when the cam torque is generated, all
of the plurality of the lock plates are pressed on the inner
circumferential surface of the cylindrical section of the
drive rotating member regardless of the direction of the
cam torque so that the self-locking function uniformly acts
to the inner circumferential surface of the cylindrical sec-
tion of the drive rotating member.

[0014] In claim 2, each of the plate-pressing surfaces
and the lock plates are disposed at three or more posi-
tions almost equally separated along the outer circum-
ferential direction in the variable phaser for the automo-
bile engine of claim 1.

(Function)

[0015] By disposing the three or more lock plates at
the plurality of the positions almost equally separated
along the circumferential direction on the inner circum-
ferential surface of the cylindrical section of the drive ro-
tating member, the respective lock plates are pressed
toward the outside in a radius direction of the drive rotat-
ing member at the plurality of the positions almost equally
separated along the circumferential direction so as to be
pressed more uniformly on the all periphery of the above
inner circumferential surface.

[0016] Inclaim 3, each of the first pressing surface and
the second pressing surface are formed on the plate-
pressing surface as two surfaces separated by a virtual
surface passing a central shaft line of the cam shaft and
perpendicular to the plate-pressing surface, the pressure
receiving sections include a first acting section to which
a pressing force by the first pressing surface is exerted
and a second acting section to which a pressing force by
the second pressing surface is exerted; and the first act-
ing section and the second acting section are formed on
the pressure receiving section such that a first distance
from the virtual surface to the first acting section is dif-
ferent from a second distance from the virtual surface to
the second acting section in the variable phaser for the
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automobile engine of claim 2.

[0017] The self-locking force when the cam torque is
generated in the cam shaft in the advance direction is
delivered to the drive rotating member via the first acting
section of the lock plate side from the first pressing sur-
face of the cam shaft side, and the self-locking force when
the cam torque is generated in the lag direction is deliv-
ered to the drive rotating member via the second acting
section from the second pressing surface..

(Function)

[0018] The self-locking force acting between the lock
plate and the drive rotating member passes through the
central shaft line of the cam shaft and strongly exerts in
proportion to the distance from the lock plate to the acting
section fromthe virtual surface perpendicular to the plate-
pressing surface.

[0019] Generally, the cam torque in the lag direction in
the cam shaft is generated by an elastic force the cam
receives from a valve spring when the cam presses down
the engine valve, and the cam torque in the advance
direction is generated by an elastic force the valve spring
receives when the valve spring presses up the cam via
the engine valve. Since the friction preventing the rotation
(torque in lag direction) is added on a slide surface be-
tween the cam and the valve, the cam torque in the lag
direction is usually larger than the cam torque in the ad-
vance direction In this case, by making the second dis-
tance fromthe virtual surface to the second acting surface
shorter than the first distance from the virtual surface to
the first acting surface, the self-locking force based on
the cam torque generated in the lag direction is stronger
than the self-locking force based on the cam torque gen-
erated in the advance direction.

[0020] Depending on the kind of the engine, the cam
torque in the advance direction is sometimes larger than
the cam torque in the lag direction. In this case, by making
the first distance from the virtual surface to the first acting
surface shorter than the second distance from the virtual
surface to the second acting surface, the self-locking
force based on the cam torque generated in the advance
direction is stronger than the self-locking force based on
the cam torque generated in the lag direction.

[0021] Inclaim4,the firstacting section and the second
acting section are formed on the pressure receiving sec-
tion such that the second distance (passing through the
central shaft line of the cam shaft, and from the virtual
surface perpendicular to the plate-pressing surface to
the second acting section) is shorter than the fist distance
(from the virtual surface to the first acting section) in the
variable phaser for the automobile engine of claim 3

(Function)
[0022] Since the second distance is shorter than the

first distance, the strong self-blocking force is generated
according to the cam torque in the lag direction when the
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self-blocking force is exerted on the second acting sec-
tion, and the self-blocking force is generated according
to the cam torque in the advance direction when the self-
blocking force is exerted on the first acting section. In
other words, the appropriate self-locking force is gener-
ated according to the strength of the cam torque between
the lock plate and the drive rotating member..

[0023] In claim 5, the pressure receiving section is
mounted on the lock plate in a freely attaching and de-
taching fashion in the variable phaser for the automobile
engine of claim 3 or 4.

(Function)

[0024] The pressurereceiving section can be replaced
depending on the strength of the torque generating in the
advance direction and the lag direction by preparing the
plurality of the various pressure receiving sections having
the different combinations of the first distance from the
virtual surface to the first acting section and the second
distance from the virtual surface to the second acting
section.

Effects of Invention

[0025] In accordance with the variable phaser for the
automobile engine of claim 1, since the self-locking func-
tion is uniformly exerted on the inner circumferential sur-
face of the cylindrical section of the drive rotating mem-
ber, the lock plate takes no dig on the inner circumferen-
tial surface of the cylindrical section. The drive rotating
member at the time of generating the self-locking function
makes no slant with respect to the central shaft line of
the cam shaft. As a result, according to the variable
phaser for the automobile engine of claim 1, the operation
of changing the relative phase angle of the cam shaft
with respect to the drive rotating member of the crank
shaft side is not hindered.

[0026] In accordance with the variable phaser for the
automobile engine of claim 2, since the self-locking func-
tion is exerted on the inner circumferential surface of the
cylindrical section of the drive rotating member further
uniformly, the lock plate is difficult to take the dig on the
inner circumferential surface of the cylindrical section and
the drive rotating member is further difficult to make the
slant with respect to the central shaft line of the cam shaft.
As a result, the operation of changing the relative phase
angle of the cam shaft with respect to the drive rotating
member of the crank shaft side is further difficult to be
hindered.

[0027] In accordance with the variable phaser for the
automobile engine of claim 3, since the sufficient self-
locking force is obtained which corresponds to the cam
torque having the different strength depending on the
direction, the misalignment of the relative phase angle
of the cam shaft with respect to the drive rotating member
can be securely presented.

[0028] In accordance with the variable phaser for the
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automobile engine of claim 4, since the sufficient self-
locking force is obtained which corresponds to the
strength of the cam torque even when the cam torque in
the advance direction is stronger than the cam torque in
the lag direction, the misalignment of the relative phase
angle of the cam shaft with respect to the drive rotating
member can be securely prevented.

[0029] In accordance with the variable phaser for the
automobile engine of claim 5, the strength of the self-
locking force can be adjusted in correspondence with the
strength of the cam torque by replacing the pressure re-
ceiving sect ion based on the strength of the cam torque.

Brief Description of Drawings
[0030]

[Fig,7.] A broken perspective view of a variable
phaser of an automobile engine of a first Example
viewed from the front of the phaser.

[Fig.2] A broken perspective view of the variable
phaser of the automobile engine of the first Example
viewed from the rear of the phaser.

[Fig.3] A front elevational view of the variable phaser
of the automobile engine of the first Example.

[Fig. 4] A cross-sectional view taken along a line A-
A of Fig. 3.

[Fig.5] (a) A cross-sectional view taken along a line
B-B of Fig.4. (b) A cross-sectional view taken along
a line C-C of Fig.4. (c) A cross-sectional view taken
along a line D-D of Fig.4.

[Fig.6] (a) A cross-sectional view taken along a line
E-E of Fig.4. (b) A cross-sectional view taken along
a line F-F of Fig.4.

[Fig.7] (a) An enlarged partial cross-sectional view
of a first lock plate and a holding section of Fig.6(a).
(b) An enlarged partial cross-sectional view of a sec-
ond lock plate and the holding section of Fig.6(a).
(c) An enlarged partial cross-sectional view of a third
lock plate and the holding section of Fig.6(a).
[Fig.8] (a) A diagram of a self-lock mechanism when
a cam torque in an advance direction (D1 direction)
is generated in a cam shaft in the first Example (b)
A diagram of a self-lock mechanism when a cam
torque in a lag direction (D2 direction) is generated
in a cam shaft.

[Fig.9] A broken perspective view of a variable
phaser of an automobile engine of a second Example
viewed from the front of the phaser.

[Fig.10] A cross-sectional view of the variable phaser
for the automobile engine taken at a position corre-
sponding to E-E of Fig.4, which shows a shape of a
lock plate of the second Example.

[Fig.11] (a) An enlarged partial cross-sectional view
of a first lock plate and a holding section of Fig.10,
(b) An enlarged partial cross-sectional view of a sec-
ond lock plate and the holding section of Fig.10.
[Fig 12] (a) A diagram of a self-lock mechanism when
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a cam torque in an advance direction (D1 direction)
is generated in a cam shaft in the second Example.
(b) A diagram of a self-lock mechanism when a cam
torque in a lag direction (D2 direction) is generated
in a cam shaft.

(Fig.13] A broken perspective view of a variable
phaser of an automobile engine of a third Example
viewed from the front of the phaser..

[Fig.14] A broken perspective view of the variable
phaser of the automobile engine of the third Example
viewed from the rear of the phaser.

[Fig.15] A cross-sectional view of the variable phaser
for the automobile engine taken at a position corre-
sponding to E-E of Fig. 4, which shows a shape of
a lock plate of the third Example.

[Fig 16] (a) An enlarged partial cross-sectional view
of a first lock plate and a holding section of Fig. 15.
(b) An enlarged partial cross-sectional view of a sec-
ond lock plate and the holding section of Fig.15. (c)
An enlarged partial cross-sectional view of a third
lock plate and the holding section of Fig.15.

Embodiments for Implementing Invention

[0031] Variable phasers of an automobile engine
shown in the respective Examples are apparatuses
which are mounted in the engine and transmits the rota-
tions of a crank shaft to a cam shaft such that intake and
exhaust valves are open or closed in synchronization with
the rotation of the crank shaft, and further changes the
opening-closing timing of the intake and exhaust valves
of the engine depending on the driving conditions such
as the load of the engine and the number of rotations.
[0032] A variable phaser 1 of an automobile engine of
a first Example includes, as shown in Fig.1 to Fig 6, a
drive rotating member 2 driven and rotated by a crank
shaft, a first control rotating member 3, a cam shaft 6, a
relative phase angle changing mechanism 10, and a self-
locking mechanism 11.

[0033] The description proceeds in the respective
drawings such that a second electromagnetic clutch side
is a front side (direction of symbol Fr) of the apparatus
and the drive rotating member side is a rear side (direc-
tion of symbol Fe) of the apparatus. Further, the descrip-
tion proceeds such that upper side : lower side : right
side : leftside = Up, Dw, Le, Ri. With regard to the rotating
direction of the drive rotating member 2 rotating around
a central shaft line LO of the cam shaft, a clockwise di-
rection viewed from the front of the apparatus is define-
das an advance direction (direction of symbol D1), and
an anti-clockwise direction is defined as a lag direction
(direction of symbol D2) for the present description.
[0034] As shown in Fig.1 and Fig.2, the drive rotating
member 2 includes a sprocket 4 and a drive cylinder 5
which receive a driving force from the crank shaft The
sprocket 4 has a central circular aperture 4a and a plu-
rality of uneven penetration apertures 4b. The rotating
cylinder 5 has a bottomed cylindrical shape including a
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bottom 5¢ and a cylindrical section 20 As shown Fig.1
and Fig.6(b), a central circular aperture 5a, a plurality of
female screw apertures 5b, a fixation aperture 5d and
bottomed circumferential-direction extending trenches
5e in the bottom 5c are formed. A thick round shaft 32a
of an shaft-shaped element 32 composed of the thick
round shaft 32a and a thin round shaft 32b is inserted
into the fixation aperture 5d and fixed. The sprocket 4
and the drive cylinder 5 are integrated by inserting a plu-
rality of bolts 2a through the uneven penetration aper-
tures 4b and threadably mounting to the female screw
apertures 5b.

[0035] AsshowninFig.1, Fig.2, Fig.4 and Fig 5(c), the
first control rotating member 3 is formed by a cylindrical
section 3b having a flange section 3a at its front end, and
a bottom section 3c continuously formed from the cylin-
drical section 3b along a rear direction. A central pene-
tration circular aperture 3d, a pair of first pin apertures
28, a circumferential-direction extending trench 30
formed on a circle having a specified radius around the
central shaft line LO, and a curved first size-decreasing
guide trench 31 in which a distance from the central shaft
line LO to the guide trench decreases along the lag di-
rection D1 are formed in the bottom section 3c.

[0036] As shown in Fig.1, Fig.2 and Fig. 4, a center
shaft 7 includes a first cylindrical section 7a continuously
extending along the central shaft line LO in a front-back
direction, aflange section 7b, a second cylindrical section
7c, and a third cylindrical section 7d. A flange-shaped
holding section 12 of the lock plate is formed around the
base of the third cylindrical section 3d, and a circular
aperture 7e is formed at the center of the center shaft 7.
As shown in Fig.4, the cam shaft. 6 having the cam 6b
is integrated with the rear end of the center shaft 7 in a
coaxial and relative rotation disabling fashion by inserting
a bolt 37 into the circular aperture 7e and a female screw
aperture 6a which is open toward the front of the cam
shaft 6.

[0037] As shown in Fig.1 and Fig. 6(a), the outer cir-
cumferential surface of the holding section 12 is formed
by six surfaces in a shape of regular hexagon having the
central shaft line LO at its center. The six outer circum-
ferential surfaces of the holding section 12 act as plate-
pressing surfaces (12a to 12c) every other surface, and
the plate-pressing surfaces (12a to 12c) are disposed at
a plurality of positions almost equally separated along an
outer circumferential direction of the cam shaft..

[0038] As shown in Fig. Fig. 2 and Fig.4, the drive ro-
tating member 2 is formed by integrating the sprocket 4
formed by inserting the first cylindrical section 7ainto the
circular aperture 4a, and the drive cylinder 5 formed by
inserting the second cylindrical section 7cinto the circular
aperture 5a, by using the bolts 2a. As a result, the drive
rotating member 2 is rotatably supported around the cent-
er shaft. The third cylindrical section 7d is inserted into
the central circular aperture 3d of the first control rotating
member 3. The drive rotating member 2, the first control
rotating member 3, the cam shaft 6 and the center shaft
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7 are disposed coaxially around the central shaft line LO.
[0039] The relative phase angle changing mechanism
10 shown in Fig.1, Fig.2 and Fig.4 is a mechanism in
which the cam shaft 6 is relatively rotated along either of
the advance direction D1 or the lag direction D2 with re-
spect to drive rotating member 2 which interlocks with
the rotation of the crank shaft. The relative phase angle
changing mechanism 10 is configured by the first control
rotating member 3, the center shaft 7 integrated with the
cam shaft 6, the self-locking mechanism 11, and a con-
necting mechanism 16, a first electromagnetic clutch 21
which relatively rotates the first control rotating member
3 with respect to the drive rotating member 2 by means
of braking the first control rotating member 3, and a re-
verse rotating mechanism 22 which relatively rotates the
first control rotating member 3, with respect to the drive
rotating member 2, in a direction reverse to that at the
actuation of the first electromagnetic clutch 21

[0040] The self-locking mechanism 11, which is ar-
ranged between the drive rotating member 2 and the
center shaft 7, is a mechanism for preventing occurrence
of the misalignment of the mounting angle of the cam
shaft 6 with respect to the drive rotating member 2 caused
by the cam torque which is received by the cam shaft 6
from a valve spring not shown in the drawings. The self-
locking mechanism 11 is configured by the holding sec-
tion 12 of the center shaft 12, the lock plate 14 and the
cylindrical section 20 of the drive rotating member 2.
[0041] The lock plates 14 are mounted the same
number as the plate-pressing surfaces (12a to 12c) of
the holding section 12 As shown in Fig.1, Fig.2 and
Fig.6(a), the lock plate 14 is formed by a first lock plate
14a, a second lock plate 14b and a third lock plate 14c
by equally dividing the circular plate having a nearly tri-
angle-shaped penetration aperture 14d on its center into
three parts which coincide with the number of the plate-
pressing surfaces (12ato 12c} , Inside of the first to third
lock plates (14ato 14c), pressure receiving sections (15a
to 15¢) formed by surfaces parallel to plate-pressing sur-
faces (12a to 12c) are formed at the positions corre-
sponding to the plate-pressing surfaces (12a to 12c).
[0042] AsshowninFig.1, Fig.2and Fig.6(a), a circum-
ferential-direction extending trench 14h which penetrates
in a front-back direction at a position corresponding to
the circumferential-direction extending trench 30 is
formed in the first lock plate 14a. Pin apertures 14i are
formed in the second and third lock plates (14b, 14c) at
the positions corresponding to the pair of pin apertures
28 of the first control rotating member 3.

[0043] As shown in Figs.7(a) to (c), the plate-pressing
surface 12a of the holding section 12 is formed by first
and second pressing surfaces (13a, 13b), the pressing
surface 12b is formed by first and second pressing sur-
faces (13c, 13d), and the pressing surface 12c is formed
by first and second pressing surfaces (13e, 13f). When
virtual surfaces (S1 to S3) perpendicular to the plate-
pressing surfaces (12a to 12c) at the intersection lines
(C1 to C3) are presumed, the first and the second press-
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ing surfaces (13a, 13b), (13c, 13d), (13e, 13f) are divided
into the respective tworegions on each ofthe plate-press-
ing surfaces (12a to 12c) separated by the virtual surfac-
es (S1to S3).

[0044] As shown in Fig.6 (a) and Figs.7 (a) to (c), first
and second acting sections (17a, 17b), (17c, 17d), (17e,
17f) processed to minute arc shapes are arranged at the
respective ends of the pressure receiving sections (15a
to 15c). The first acting sections (17a, 17b, 17c) are ar-
ranged at positions corresponding to the first pressing
surfaces (13a, 13b, 13c), and, as shown in Fig.8(a), re-
ceive a self-locking force F by the cam torque in the ad-
vance direction, in contact with the first pressing surface
13a (refer to Fig.8(a)). The second acting sections (17b,
17d, 17f are arranged at positions corresponding to the
second pressing surfaces (13b, 13d, 13f), and, as shown
in Fig 8(b), receive a self-locking force F by the cam
torque in the lag direction (D2 direction) in contact with
the second pressing surface 13b. As shown in Figs. 7 (a)
to (c), the first and the second acting sections (17a, 17b)
are formed on the pressure receiving sections (12a to
12c¢) such that a second distance d2 from the virtual sur-
face S1 to the second acting section 17b is shorter than
a first distance d1 from the virtual surface S1 to the first
acting section 17a.

[0045] As shown in Fig.6 (a), the lock plates (14a to
14c) are held on the holding section 12 by contacting the
pressure receiving sections (15a to 15c) onto the plate-
pressing surfaces (12ato 12c). The outer circumferential
surfaces (14e to 149g) of the lock plate (14a to 14c) are
internally contacted with the inner circumferential surface
20a of the cylindrical section 20 of the drive cylinder 5.
[0046] As shown in Fig.6(a), the thick round shaft 32a
of the shaft-shaped element 32 fixed to the drive cylinder
5 is inserted into the circumferential-direction extending
trench 14h of the first lock plate 14a. The connecting
mechanism 16 is formed by a pair of connecting pins (27,
27), the pair of the first pin apertures (28, 28) formed on
the bottom section 3b of the control rotating member 3,
and a pair of second pin apertures (14i, 14j) formed in
the second and third lock plates (14b, 14c), respectively.
The pair of the connecting pins (27, 27) inserted into the
second pin apertures (14i, 14j) from the rear side are
fixed to the second and third lock plates (14b, 14c). As
shown in Fig.6(b), the rear end of the connecting pin 27
is inserted into the circumferential-direction extending
trench 5e of the drive cylinder 5. The first control rotating
member is connected to the second and the third lock
plates (14b, 14c) by inserting the front ends of the pair
of the connecting pins 27 into the first pin apertures 28
shown in Fig.5(c).

[0047] AsshowninFig.6(a), acircularcylinder-shaped
pin 33 is disposed between the first lock plate 14a and
the second lock plate 14b, and a circular cylinder-shaped
pin 34 is disposed between the first lock plate 14a and
the third lock plate 14c. A helical compression spring 35
which biases the second lock plate 14b along a direction
so as to be departed from the third lock plate 14c is dis-
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posed between the second lock plate 14b and the third
lock plate 14c. The first lock plate receives the biasing
force of the helical compression spring 35 via the pins
(33, 34) in contact with the second and the third lock
plates (14b, 14c). As a result, the first to the third lock
plates (14a to 14c) are tightly in contact with the inner
circumferential surface 20a of the cylindrical section 20.
[0048] As shown in Fig.1, Fig. 2 and Fig.4, a first elec-
tromagnetic clutch 21 which is fixed on a covering mem-
ber 36 fixed in the interior of the engine not shown in the
drawings is positioned in a forward direction of the first
control rotating member 3. The first electromagnetic
clutch 21 during the working sucks a front surface 3e of
the flange section 3a of the first control rotating member
3 and brings into contact with a friction material 21a. A
reverse rotating mechanism 22 is configured by the first
size-decreasing guide trench 31 of the first control rotat-
ing member 3, the shaft-shaped element 32, a second
electromagnetic clutch 38, the second control rotating
member 39, the size-decreasing guide trench 40 of the
second control rotating member 39, a crank member 41
and first and second pin mechanisms (42, 43).

[0049] As shown in Fig.1, Fig. 2 and Fig.5(a), the sec-
ond control rotating member 39 is disc-shaped and in-
cludes a central penetration circular aperture 39a and
the size-decreasing guide trench 40. The second control
rotating member 39 is rotatably supported by a third cy-
lindrical section 7d of the center shaft 7 via the penetra-
tion circular aperture 39a. The second size-decreasing
guide trench 40 is a bottomed trench open toward a rear
direction, and further is a curved trench in which a dis-
tance from the central shaft line LO to the second size-
decreasing guide trench 40 decreases toward the lag D2
direction. As shown in Fig 4, front surfaces (3e, 39b) of
the first and the second control rotating members (3, 39)
are disposed to be aligned with each other, and the first
and the second control rotating members (3, 39) are re-
tained toward the front direction by a holder equipped to
a bolt 37. The second electromagnetic clutch 38 is dis-
posed in front of the second control rotating member 39
inside of the first electromagnetic clutch 21. The second
electromagnetic clutch 38 during the working sucks the
front surface 39b of the second control rotating member
39 and brings into contact with a friction material 38a.
[0050] As shown in Fig. 1 and Fig. 5 (b), the crank
member 41 disposed in the front direction of the first con-
trol rotating member 3 includes a ring main body 45 hav-
ing thickness thicker toward a radius direction, a project-
ing section 46 projecting toward the outside of the radius
direction from the ring main body 45, and a notch section
47 formed by removing part of an outer circumference of
the ring main body 45 to make a thinner section. The
notch section 47 is formed from the projecting section 46
to the region in the advance direction (D1 direction). A
pin aperture 48 penetrating in the front-back direction is
formed in the projecting section 46. First and second pin
apertures (49, 50) penetrating in the front-back direction
are formed in the ring main body 45. The first and the
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second pin apertures (49, 50) are formed from the pro-
jecting section to the region in the lag direction (D2 di-
rection) in Fig.5(b)

[0051] AsshowninFig.1,Fig.5(c)and Fig.6(a), the thin
round shaft 32b of the shaft-shaped element 32 fixed to
the fixation aperture 5d of the drive cylinder 5 projects
toward the front direction from the circumferential- -di-
rection extending trench 14h of the first lock plate 14a
and from the circumferential-direction extending trench
30 of the first control rotating member 3, and is engaged
with the pin aperture 48 of the crank member 41. As its
result, the crank member 41 is rotatably supported by
the thin round shaft 32b fixed to the drive cylinder 5.
[0052] AsshowninFig.1 and Fig.2, the first pin mech-
anism 42 is configured of a shaft-shaped member 42a
and a first hollow oblong shaft 42b The shaft-shaped
member 42a is fixed to a pin aperture 49 of the crank
member 41 via a small-sized member 42c from the rear,
and the first hollow oblong shaft 42b is rotatably support-
ed by the shaft-shaped member 42a at the rear of the
crank member 41 A second pin mechanism 43 is config-
ured of a shaft-shaped member 43a and a second hollow
oblong shaft 43b. The shaft-shaped member 43a is fixed
to a pin aperture 50 of the crank member 41 via a small-
sized member 43c from the front, and the second hollow
oblong shaft 43b is rotatably supported by the shaft-
shaped member 43a at the front of the crank member
41. The first hollow oblong shaft 42b is engaged with the
first size-decreasing guide trench 31, and is held along
the first size-decreasing guide trench 31 inadisplaceable
manner. The second hollow oblong shaft 43b is engaged
with the second size-decreasing guide trench 40, and is
held along the second size-decreasing guide trench 40
in a displaceable manner.

[0053] At this stage, an operation of changing the rel-
ative phase angle of the center shaft 7 (cam shaft 6) with
respect to the drive rotating member 2 will be described.
When the first and the second electromagnetic clutches
(21, 38) do not work, the first and the second control
rotating members (3, 39) rotate along the D1 direction
together with the drive rotating member 2 driven by a
crank shaft (not shown). The cam shaft 6 is connected
to the first control rotating member 3 via the lock plate
14 held on the holding section 12 of the center shaft 7.
Accordingly, also the cam shaft 6 (refer to Fig.4) con-
nected to the first control rotating member 3 rotates along
the D1 direction together with the drive rotating member
[0054] When the relative phase angle of the center
shaft 7 (cam shaft 6) with respect to the drive rotating
member 2 is changed to the lag D2 direction, the first
electromagnetic clutch 21 is actuated.. The control rotat-
ing member 3 sucked by the first electromagnetic clutch
21 is braked by means of the contact with the friction
material 21a, and a rotation delay along the D2 direction
is produced with respect to the drive rotating member 3
together with the center shaft 7 (cam shaft 6). As a result,
the relative phase angle of the center shaft 7 (cam shaft
6) with respect to the drive rotating member 2 (crank

10

15

20

25

30

35

40

45

50

55

shaft) is changed along the lag D2 direction, and the
opening-closing timing of the engine valve not shown in
the drawings is changed.

[0055] At this stage, as shown in Figs.5(b) and (c), the
first hollow oblong shaft 42b supported by the shaft-
shaped member 42a moves along the D3 direction in a
nearly clockwise fashionin the first size-decreasing guide
trench 14 guided by the first size-decreasing guide trench
31. At this stage, the crank member 41 rotates around
the shaft-shaped member 32 along the D2 direction in-
ananti-clockwise fashion because the shaft-shaped
member 42a connected to the first pin aperture 49 moves
toward the inner side in the radius direction of the first
control rotating member 3 along the first size-decreasing
guide trench 31. When, on the other hand, the shaft-
shaped member 43a connected to the second pin aper-
ture 50 moves by means of the crank member 41, the
second hollow oblong shaft 43b provides aninward force
along the radius direction onto the inner circumferential
surface of the second size-decreasing guide trench 40
by the movement along a D4 direction in a nearly anti-
clockwise fashion in the second size-decreasing guide
trench 40. As a result, the second control rotating mem-
ber 39 relatively rotates along the advance D1 direction
with respect to the center shaft 7.

[0056] When, on the other hand, the relative phase an-
gle of the center shaft 7 (cam shaft 6) with respect to the
drive rotating member 2 is changed to the advance D1
direction, the second electromagnetic clutch 38 is actu-
ated. The second control rotating member 39 sucked by
the second electromagnetic clutch 38 is braked by means
of the contact with the friction material 38a.

[0057] As shown in Fig.5(a), the second control rotat-
ing member 39 braked by the second electromagnetic
clutch 38 produces a rotation delay along the lag D2 di-
rection with respect to the center shaft 7. The second
hollow oblong shaft 43b moves along a D5 direction in a
nearly clockwise fashion in the second size-decreasing
guide trench 40 on receipt of a force from the inner cir-
cumference surface of the second size-decreasing guide
trench 40, and the shaft-shaped member 42a connected
to the crank member 41 moves toward the outer side
along the radius direction of the first control rotating mem-
ber 3. At this stage, the first hollow oblong shaft 39 shown
in Fig.5(c) moves along a D6 direction in a nearly anti-
clockwise fashion in the first size-decreasing guide
trench 31, and provides an outward force along the radius
direction onto the inner circumferential surface of the first
size-decreasing guide trench 31. As aresult, the first con-
trol rotating member 3 and the center shaft 7 relatively
rotate in the advance D1 direction with respect to the
drive rotating member 2. As a result, the relative phase
angle of the center shaft 7 (cam shaft 6) with respect to
the drive rotating member 2 (crank shaft) is returned
along the advance D1 direction, and the opening-closing
timing of the engine not shown in the drawings is changed
again.

[0058] When the first control rotating member 3 and
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the center shaft 7 relatively rotate with respect to the drive
rotating member 2, the shaft-shaped member 32 displac-
es in the circumferential-direction extending trench 30,
and the connecting pin 27 displaces in the circumferen-
tial-direction extending trench 5e. The both ends (5e1,
5e2) of the circumferential-direction extending trench 5e
act as stoppers for disabling further relative rotation of
the first control rotating member 3 and the center shaft
7 with respect to the drive rotating member 2, by contact-
ing the connecting pins 27 to the both ends.

[0059] Then, the self-locking mechanism 11 will be de-
scribed. A cam torque by a valve spring (not shown in
the drawings) is alternately input in the advance D1 di-
rection and the lag D2 direction onto the cam shaft 6
rotating together with the drive rotating member 2. The
cam torque may derange the opening-closing timing of
the valve by means of generating the misalignment of
the relative phase angle of the cam shaft 6 with respect
to the drive rotating member 2 at the time of stopping the
first and the second electromagnetic clutches (21, 39).
The self-locking mechanism 11 prevents the misalign-
ment of the above relative phase angle by means of the
self-locking effects which hold the center shaft 7 having
the holding section 12 unrotatably with respect to the
drive rotating member 2 by pressing the outer circumfer-
ential surfaces (14e to 14g) of the first to the third lock
plates (14a to 14c) at the time of generating the cam
torque on the inner circumferential surface 20a of the
cylindrical section 20 of the drive cylinder 5.

[0060] Fig.8 (a) shows the self-locking effects when
the cam torque is generated along the advance D1 di-
rection in the cam shaft 6 (center shaft 7). When the cent-
er shaft 7 connected to the cam shaft receives the cam
torque in the advance D1 direction, the holding section
12 having a regular hexagonal section tries to rotate
along thee D1 direction. At this stage, the first acting sec-
tions (17a, 17c. 17e) of the first to the third lock plates
(14a to 14c) receive a self-locking force F in a direction
perpendicular to the central shaft line LO of the cam shaft
from the first pressing surfaces (13a, 13c, 13e) of the
plate-pressing surfaces (12a to 1c).

[0061] In Fig 8(a), when virtual surfaces passing
through the first acting sections (17a, 17¢, 17¢e) and par-
allel to the virtual sections (S1t0S3) are presumed to be
(S4 to S6), and intersection lines between the virtual sur-
faces (S4 to S6) and the outer circumferential surfaces
(14e to 149) of the first to the third lock plates (14a to
14c) are presumed to be (P1 to P3), the inner circumfer-
ential surfaces 20a of the cylindrical section 20 receives
a force F at the intersection lines (P1 to P3) from the
outer circumferential surfaces (14e to 149) of the first to
the third lock plates (14a to 14c). The force F produces
afriction force between the inner circumferential surfaces
20a of the cylindrical section 20 and the outer circumfer-
ential surfaces (14e to 14g) of the first to the third lock
plates (14a to 14c).

[0062] Theabovefrictionforceis expressed as follows.
In Fig.8(a), linear lines passing through the intersection
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lines (P1 to P3) and extending to the tangential direction
of the outer circumferential surfaces (14e to 14 g) of the
first to the third lock plates (14a to 14c) are presumed to
be L1, linear lines perpendicular to the virtual surfaces
(S4 to S6) are presumed to be L2, linear lines perpen-
dicular to the linear lines L1 are presumed to be L3, a
slope between L3 and the virtual surfaces (S4 to S6) is
presumed to be 61 (hereinafter, 81 isreferred to as friction
angle), and a friction coefficient of the friction surface is
presumed to be .. The force producing the misalignment
of the relative phase angle of the center shaft (cam shaft
6) with respect to the drive rotating member 3 by the cam
torque is expressed as a force F.sin61 in a tangential
direction of the outer circumferential surfaces (14e to
149) at the intersection lines (P1 to P3). On the other
hand, the friction forces generated between the inner cir-
cumferential surface 20a of the cylindrical section 20 and
the outer circumferential surfaces (14e to 149g) of the first
to the third lock plates (14a to 14c) are expressed as
w.F.cos61.

[0063] When the above friction force is larger than the
force producing the misalignment in the relative phase
angle, or the condition of F.sin61 < n..F.cos01 is satisfied,
the first to the third lock plates (14a to 14c) cannot rela-
tively rotate with respect of the inner circumferential sur-
face 20a of the cylindrical section 20 due to the friction
force based on the self-locking force F.. Accordingly,
when the friction angle 61 is established such that 61 <
tan-1pis satisfied, the center shaft 7 (cam shaft 6) holding
thefirst, to the third lock plates (14ato 14c) viathe holding
section 12 is held unrotatably with respect to the drive
rotating member 2 having the cylindrical section 20.
[0064] Ontheotherhand, Figt.8(b) shows the self-lock-
ing effects when the cam torque is generated along the
lag D2 direction in the cam shaft 6 (center shaft 7) When
the center shaft 7 receives the cam torque in the D2 di-
rection, the holding section 12 having a regular hexago-
nal section tries to rotate along thee D2 direction. At this
stage, the second acting sections (17b, 17d.. 17f) of the
first to the third lock plates (14a to 14c) receive a self-
locking force F in a direction perpendicular to the central
shaft line LO of the cam shaft from the second pressing
surfaces (13b, 13d, 13f) of the plate-pressing surfaces
(12a to 12c).

[0065] As shown in Figt.8(b), when virtual surfaces
passing through the second acting sections (17b, 17d,
17f) and parallel to the virtual sections (S1 to S3) are
presumed to be (S7 to S9), and intersection lines be-
tween the virtual surfaces (S7 to S9) and the first to the
third lock plates (14a to 14c) are presumed to be (P4 to
P7), the inner circumferential surfaces 20a of the cylin-
drical section 20 receives a force F at the intersection
lines (P4 to P7) from the outer circumferential surfaces
(14e to 149) of the first to the third lock plates (14a to
14c). The force F produces a friction force as specified
below between the inner circumferential surfaces 20a of
the cylindrical section 20 and the outer circumferential
surfaces (14e to 14q) of the first to the third lock plates
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(14a to 14c).

[0066] In Fig. 8(b), linear lines passing through the in-
tersection lines (P4 to P6) and extending to the tangential
direction of the outer circumferential surfaces (14e to 14
g) are presumed to be L4, linear lines perpendicular to
the virtual surfaces (S7 to S9) are presumed to be L5,
linear lines perpendicular to the linear lines L4 are pre-
sumed to be L6, and a slope between L6 and the virtual
surfaces (S7 to S9) is presumed to be 62 (hereinafter,
02 is referred to as friction angle). The force producing
the misalignment of the relative phase angle of the center
shaft (cam shaft 6) with respect to the drive rotating mem-
ber 2 by the cam torque is expressed as a force F.sin62
in a tangential direction of the outer circumferential sur-
faces (14e to 14g) at the intersection lines (P4 to P6) On
the other hand, the friction forces generated between the
inner circumferential surface 20a of the cylindrical section
20 and the outer circumferential surfaces (14e to 14g) of
the first to the third lock plates (14ato 14c) are expressed
as w.F.cos62.

[0067] When the condition of F.sin02 <p.F.cos02 is
satisfied, the first to the third lock plates (14a to 14c)
cannot relatively rotate with respect of the inner circum-
ferential surface 20a of the cylindrical section 20. Accord-
ingly, when the friction angle 02 is established such that
02 < tan-1. is satisfied, the center shaft 7 (cam shaft 6)
is held unrotatably with respect to the drive rotating mem-
ber 2 (crank shaft not shown in the drawings).

[0068] As shown in Figs.8(a) and (b), even if the cam
torque is generated in the cam shaft 6 in either of the
advance D1 direction or the lag D2 direction in the self-
locking mechanism 11, the self-locking effects are pro-
duced such that the relative phase angle of the cam shaft
6 with respect to the drive rotating member 2 (crank shaft
not shown in the drawings) is held without the misalign-
ment

[0069] As shown in Figs.8(a) and (b), the self-locking
functions are created in all of the first to the third lock
plates (14a to 14c) by means of the self-locking mecha-
nism 11 when the cam torque along either of the D1 di-
rection or the D2 direction is received. The first to the
third lock plates (14a to 14c) are arranged at a plurality
of positions equally separated along a circumferential di-
rection of the inner circumferential surface 20a of the
cylindrical section 20. Accordingly, the uniform self-lock-
ing effects are created on all of the inner circumferential
surface of the cylindrical section 20 of the drive rotating
member 5 by the uniform force F. When the uniform self-
locking effects are created on all of the circumferential
surface, the lock plates 14 do not dig into the inner cir-
cumferential surface 20a of the cylindrical section 20,
and the drive rotating member 2 does not slant with re-
spect to the central shaft line LO of the cam shaft Accord-
ingly, in case of changing the relative phase angle of the
cam shaft 6 with respect to the drive rotating member 2,
no superfluous friction force is generated between the
lock plates 14 and the cylindrical section 20, and no su-
perfluous friction force is generated also between the
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drive rotating member 5 and the center shaft 7 holding
the drive rotating member 5. As a result, the relative
phase angle of the cam shaft 6 with respect to the drive
rotating member 2 (crank shaft not shown in the draw-
ings) is smoothly changed without any influence of the
self-locking mechanism 11 during the working of the first
or the second electromagnetic clutch (21, 39)

[0070] The cam torque generated in the cam shaft 6
along thelag D2 direction which is generated by an elastic
force the cam receives from a valve spring when the cam
pushes down the engine valve is larger than the cam
torque generated along the advance D1 direction. Ac-
cordingly, the relative phase angle of the cam shaft 6 with
respectto the drive rotating member 2 is likely to generate
more misalignment in the D2 direction than in the D1
direction when the cam torque is received so that it is
desirable that the self-locking effects by the cam torque
in the D2 direction is produced more remarkable than the
self-locking effects by the cam torque in the D1 direction
in the self-locking mechanism 11.

[0071] As shown in Figs.7(a) to (c), a second distance
d2 from the second acting sections (17b, 17d, 17f) of the
pressure receiving sections (15a to 15c) to the virtual
surfaces (S1to S3) is shorter than a first distance d1 from
the first acting sections (17a, 17c, 17e) to the virtual sur-
faces (S1 to S3). Accordingly, 61 > 02 is satisfied in the
self-locking mechanism 11 shown in Figs. 8 (a) and (b).
In this case, the friction force (n.F.cos62) by the cam
torque along the lag D2 direction is larger than the friction
force (n.F.cos61) by the cam torque along the advance
D1 direction. Accordingly, the self-locking effects by the
cam torque along the D2 direction is larger than the self-
locking effects by the cam torque along the D1 direction
so that the relative phase angle of the cam shaft 6 with
respect to the drive rotating member 2 is held without
misalignment even if the cam torque is received.
[0072] Then, a second Example of the variable phaser
for the automobile engine will be described referring to
Fig.9to Fig.12. The variable phaser 55 for the automobile
engine of the second Example possesses the same con-
figuration as those of the variable phaser 1 for the auto-
mobile engine of the first Example except that a holding
section 57 and lock plates 58 are different from the hold-
ing section 12 and the lock plates 14 of the first Example,
and the pins (33, 34) are not mounted.

[0073] A centershaft56 possessesthe commonshape
as that of the center shaft 7 of the first Example except
that the holding section 57 includes a different shape.
The center shaft 56 is configured by continuously forming
afirst cylindrical section 56a, a flange section 56b, a sec-
ond cylindrical section 56c¢, the holding section 57 of the
lock plate 58, and a third cylindrical section 57d along a
central shaftline LO in a front-back direction. The holding
section 57 is formed in a flange-shaped fashion around
the base of the third cylindrical section 57d

[0074] As shown in Fig.10, the outer circumferential
surface of the holding section 57 includes a sectional
shape formed by cutting out, in parallel to the central
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shaft line LO of the cam shaft, two parts of the outer cir-
cumference 2 of a cylinder having the central shaft line
LO of the cam shaft as its center. The cut-out parts of the
holding section 57 includes a symmetrical shape extend-
ing on the both sides of the central shaft line LO and forms
two plate pressing surfaces (57a, 57b) in parallel to each
other.

[0075] As shown in Fig. 9, the drive rotating member
2 is configured by integrating, by means of a bolt 2a, a
sprocket 4 formed by inserting the first cylindrical section
56a into a circular aperture 4a, and a drive cylinder 5
formed by inserting the second cylindrical section 56¢
into a circular aperture 5a. The drive rotating member 2
is rotatably supported around the center shaft 56..
[0076] AsshowninFig10, the lock plate 58 is mounted
of which the number is the same as that of the plate-
pressing surfaces (57a, 57b) of the holding section 57.
The lock plate 58 is formed by a first lock plate 58a and
a second lock plate 58b which are obtained by bisecting
acircular plate having a penetration trench 59 atits center
extending along a diameter direction. Pressure receiving
sections (59a, 59b) having surfaces in parallel to the
plate-pressing surfaces (57a, 57b) are mounted at posi-
tions corresponding to the plate-pressing surfaces (57a,
57b), respectively, and on the inside of the first and the
second lock plates (58a, 58b).

[0077] As shown in Figs.11(a) (b), the plate-pressing
surface 57a of the holding sections 57 are configured by
the first and the second pressing surfaces (60a, 60b),
and the plate-pressing surfaces 57b is configured by the
first and the second pressing surfaces (60c, 60d). When
a virtual surface (S10) perpendicular to the plate-press-
ing surfaces (57a, 57b) at the intersection lines (C4, C5)
is presumed, the first and the second pressing surfaces
(60a, 60b) and (60c, 60d) are divided into the respective
two regions on each of the plate-pressing surfaces (57a,
57b) separated by the virtual surface (S10)

[0078] As shown in Figs. 11 (a) (b), first and second
acting sections (61a, 61b) processed to minute arc
shapes and in contact with the first and the second press-
ing surfaces (60a, 60b) are arranged at the ends of the
pressure receiving section 59a, and first and second act-
ing sections (61c, 61d) processed to minute arc shapes
and in contact with the first and the second pressing sur-
faces (60c, 60d) are arranged at the ends of the pressure
receiving section 59b. The first and the second acting
sections (61a, 62b)and (61c, 61d) are formed atthe pres-
sure receiving sections (59a, 59b), respectively, such
that a second distance d4 from the virtual surface S10
to the second acting sections (61b, 61d) is shorter than
a first distance d3 from the virtual surface S10 to the first
acting sections (61a, 61c). The first acting sections (61a,
61c) receive a self-locking force F1 due to the cam torque
along the advance direction (D1 direction) from the first
pressing surfaces (60a, 60c) (refertoFig.11(a)). The sec-
ond acting sections (61b, 61d) receive a self-locking force
F1 due to the cam torque along the lag direction (D2
direction) from the second pressing surfaces (60b, 60d)
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(refer to Fig.11(a)). As shown in Fig.9 and Fig.10, a pair
of second pin apertures are formed at positions of the
first and the second lock plates (58a, 68b) corresponding
to the pair of the first pin apertures 28 of the first control
rotating member 3 shown in Fig.1.

[0079] AsshowninFig.10, thefirstand the second lock
plates (58a, 58b) are held on the holding section 57. The
outer circumferential surfaces (58d, 58e) of the first and
the second lock plates (58a, 58b) are internally contacted
with the inner circumferential surface 20a of the cylindri-
cal section 20 of the drive cylinder 5.

[0080] Further, as shownin Fig.10, a compression coil
spring 62 is placed in a space between the first lock plate
58a and the second lock plate 58b, and the first lock plate
58a receives, from the compression coil spring 62, a bi-
asing force in a direction separated from the second lock
plate 58b. As aresult, the first and the second lock plates
(58a, 58b) are tightly in contact with the inner circumfer-
ential surface 20a of the cylindrical section 20 without
any space.

[0081] Onthe otherhand, as shownin Fig9andFig.10,
the first and the second lock plates (58a, 58b) are con-
nected to and rotate with the first control rotating member
3 by means of inserting the front ends of the pair of the
connecting pins 27 each of which are fixed to the pair of
the second pin apertures 58c into the corresponding first
pin apertures 28. The rear ends of the connecting pins
are inserted into the circumferential-direction extending
trenches 5e of the drive cylinder 5.

[0082] Then, the self-locking mechanism 65 of the var-
iable phaser 55 for the automobile engine of the second
Example will be described referring to Fig.11 and Fig.12,
The self-locking mechanism 65 is configured by the hold-
ing section 57 of the center shaft 56, the lock plate 58,
and the cylindrical section 20 of the drive cylinder 5 of
the drive rotating member 2.

[0083] As shown in Fig.12(a), when the cam shaft co-
axially integrated with the center shaft. 56 (similar to the
cam shaft 6 of Fig.1) receives the cam torque in the ad-
vance D1 direction from the engine valve, the holding
section 57 tries to rotate along thee D1 direction. At this
stage, the first acting sections (61a, 61c) of the first and
the second lock plates (58a, 58b) receive the self-locking
force F1 in a direction perpendicular to the central shaft
line LO of the cam shaft from the first pressing surfaces
(60a, 60c) of the plate pressing surfaces (57a, 57b).
[0084] In Figt.12(a), when virtual surfaces passing
through the first acting sections (61a, 61c) and parallel
to the virtual surface S10 are presumed to be (S11, S12),
and intersection lines between the virtual surfaces (S11,
S12) and the outer circumferential surfaces (58d, 58¢)
of the first and the second lock plates (58a, 58b) are
presumed to be (P7, P8), the inner circumferential sur-
faces 20a of the cylindrical section 20 receive a force F1
at the intersection lines (P7, P8) from the outer circum-
ferential surfaces (58d, 58e) of the first and the second
lock plates (58a, 58b) The force F1 produces a friction
force between the inner circumferential surfaces 20a of
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the cylindrical section 20 and the outer circumferential
surfaces (58d, 58e)

[0085] The abovefrictionforce is expressed as follows.
At first, in Fig.12(a), each of linear lines passing through
the intersection lines (P7, P8) and extending to the tan-
gential direction of the outer circumferential surfaces
(58d, 58e) of the first and the second lock plates (58a,
58b) are presumed to be L7, each of linear lines perpen-
dicular to the virtual surfaces (S11, S12) are presumed
to be L8, each of linear lines perpendicular to the linear
lines L7 are presumed to be L9, each of slopes between
L9 and the virtual surfaces (S11, S12) are presumed to
be 93 (hereinafter, 03 is referred to as friction angle), and
a friction coefficient of the friction surface is presumed to
be . The force producing the misalignment of the relative
phase angle of the center shaft 56 with respect to the
drive rotating member 2 by the cam torque is expressed
as a force F.sinB3 in a tangential direction of the outer
circumferential surfaces (58d, 58e) at the intersection
lines (P7, P8). On the other hand, each of the friction
forces generated between the inner circumferential sur-
face 20a of the cylindrical section 20 and the outer cir-
cumferential surfaces (58d, 58e) of the first and the sec-
ond lock plates (58a, 58b) are expressed as ..F1.cos63.
[0086] When the condition of F1.sinB3 <u.F1.cos03 is
satisfied, the first and the second lock plates (58a, 58b)
cannot relatively rotate with respect of the inner circum-
ferential surface 20a of the cylindrical section 20 due to
the self-locking effects based on the friction force.. Ac-
cordingly, when the friction angle 63 is established such
that 63 < tan-1p is satisfied, the center shaft 56 (cam
shaft not shown in the drawings) holding the first and the
second lock plates (58a, 58b) via the holding section 57
is held unrotatably with respect to the drive rotating mem-
ber 2 having the cylindrical section 20, and the relative
phase angle of the center shaft (cam shaft not shown in
the drawings) with respect to the drive rotating member
2 (crank shaft not shown in the drawings) is held without
misalignment by the cam torque

[0087] AsshowninFig. 12 (b), when the cam shaft not
shown in the drawings receives the cam torque in the lag
D2 direction from the engine valve, the holding section
57 tries to rotate along thee D2 direction. At this stage,
the second acting sections (61b, 61d) of the first and the
second lock plates (58a, 58b) shown in Figs.11(a)(b) re-
ceive the self-locking force F1in a direction perpendicular
to the central shaft line LO of the cam shaft from the sec-
ond pressing surfaces (60b, 60d) of the plate-pressing
surfaces (57a, 57b)

[0088] InFigt.12(b), wheneachof virtual surfaces pass-
ing through the second acting sections (61b, 61d) and
parallel to the virtual surface S10 are presumed to be
(813, S14), and each of intersection lines between the
virtual surfaces (S13, S14) and the outer circumferential
surfaces (58d, 58e) of the first and the second lock plates
(58a, 58b) are presumed to be (P9, P10), the inner cir-
cumferential surfaces 20a of the cylindrical section 20
receive a force F1 at the intersection lines (P9, P10) from
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the outer circumferential surfaces (58d, 58e) of the first
and the second lock plates (58a, 58b). The force F1 pro-
duces a friction force between the inner circumferential
surfaces 20a of the cylindrical section 20 and the outer
circumferential surfaces (58d, 58e).

[0089] The above friction force is expressed as follows.
At first, in Fig.12(b), each of linear lines passing through
the intersection lines (P9, P10) and (P7, P8) and extend-
ing to the tangential direction of the outer circumferential
surfaces (58d, 58e) of the first and the second lock plates
(58a, 58b) are presumed to be L10, each of linear lines
perpendicular to the virtual surface S10 is presumed to
be L11, each of linear lines perpendicular to the linear
lines L10 is presumed to be L12, a linear line perpendic-
ular to the linear line L10 is presumed to be L12, and a
slope between L12 and the virtual surface S10 is pre-
sumed to be 64 (hereinafter, 64 is referred to as friction
angle). The force producing the misalignment of the rel-
ative phase angle of the center shaft 56 with respect to
the drive rotating member 2 by the cam torque is ex-
pressed as a force F1.sin64 in a tangential direction of
the outer circumferential surfaces (58d, 58e) at the inter-
section lines (P9, P10). On the other hand, each of the
friction forces generated between the inner circumferen-
tial surface 20a of the cylindrical section 20 and the outer
circumferential surfaces (58d, 58e) of the first and the

second lock plates (58a, 58b) is expressed as
w.F1.cosb4.
[0090] When the condition of F1.sin64 <u.F1.cosb4 is

satisfied, the first and the second lock plates (58a, 58b)
cannot relatively rotate with respect of the inner circum-
ferential surface 20a of the cylindrical section 20 due to
the self-locking effects based on the friction force. Ac-
cordingly, when the friction angle 64 is established such
that 64 < tan-1p. is satisfied, the relative phase angle of
the center shaft (cam shaft not shown in the drawings)
with respect to the drive rotating member 2 (crank shaft
not shown in the drawings) is held without misalignment
by the cam torque.

[0091] The self-locking functions are created by the
self-locking mechanism 65 in both of the first and the
second lock plates (58a, 58b) arranged at a plurality of
positions equally separated along an outer circumferen-
tial direction in the inner circumferential surface 20a of
the cylindrical section 20 when the cam torque along ei-
ther of the D1 direction or the D2 direction is received
Accordingly, the uniform self-locking effects are created
on the inner circumferential surface of the cylindrical sec-
tion 20 of the drive rotating member 5 by the force F.
Accordingly, the lock plates 58 do not dig into the inner
circumferential surface 20a of the cylindrical section 20
at the time of the generation of the self-locking effects,
and the drive rotating member 2 does not slant with re-
spect to the central shaft line LO of the cam shaft.. Ac-
cordingly, in case of changing the relative phase angle
of the cam shaft 6 with respect to the drive rotating mem-
ber 2, no superfluous friction force is generated between
the lock plates 58 and the cylindrical section 20, and no
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superfluous friction force is generated also between the
drive rotating member 5 and the center shaft 56 holding
the drive rotating member 5. As a result, the relative
phase angle of the cam shaft 56 (cam shaft not shown
in the drawings) with respect to the drive rotating member
2 (crank shaft not shown in the drawings) is smoothly
changed without any inf luence of the self-locking mech-
anism 6 5 during the working of the first or the second
electromagnetic clutch (21, 38).

[0092] AsshowninFigs.11(a)(b),the seconddistance
d4 from the second acting sections (61b, 61d) of the pres-
sure-receiving sections (59a, 59b) to the virtual surface
S10 is shorter than the first distance d3 from the first
acting sections (61a, 61c) to the virtual surface S10 so
that 63>64 is satisfied in Figs.11(a) (b). In this case, the
friction forces (.F.1cos64) by the cam torque along the
lag D2 direction is larger than the friction force
(n..F1.cos03) by the cam torque along the advance D1
direction. Accordingly, the self-locking effects by the cam
torque along the D2 direction are larger than the self-
locking effects by the cam torque along the D1 direction..
As aresult, the relative phase angle of the cam shaft with
respect to the drive rotating member 2 is held without
misalignment even if the cam torque along the D2 direc-
tion is larger than the cam torque along the D1 direction.
[0093] Then, a third Example of the variable phaser for
the automobile engine will be described referring to Fig.
13 to Fig. 16. In a variable phaser 70 for the automobile
engine of the third Example, shapes of a first control ro-
tating member 71, a drive cylinder 72 and a lock plate 73
are different from the first control rotating member 3, the
drive cylinder 5 and the lock plate 14. In the variable
phaser 70 for the automobile engine, the connecting pins
27 of the first Example, and connecting pins (74 to 76)
in place of the pins (33, 34) are mounted.. The configu-
ration of the third Example other than the above is com-
mon to the variable phaser 1 for the automobile engine
of the first Example.

[0094] As shown in Figs. 13 and 14, the first control
rotating member 71 is formed by a cylindrical section 71b
having a flange section 71a at its front end, and a bottom
section 71 c continuously formed from the cylindrical sec-
tion 71b along a rear direction. The first control rotating
member 71 possesses the configuration common to that
of the first control rotating member 3 of the first Example
except that the shape of the bottom section 71c¢ is differ-
ent from the bottom section 3c shown in Fig.1 and
Fig.5(c). That is, a central penetration circular aperture
71d, a circumferential-direction trench 77 and a first size-
decreasing guide trench78 are formed on the bottom sec-
tion 71a, these shapes are same as the central penetra-
tion circular aperture 3d, the circumferential-direction ex-
tending trench 30 and the first size-decreasing guide
trench 31 shown in Fig.5(c). On the other hand, three pin
fixation apertures 79 are formed in the bottom section
71a instead of the pair of the pin apertures 27 formed in
the bottom section 3c. Thin rounded shafts (74b to 76d)
of connecting pins (74 to 76) are equipped to the three
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pin fixation apertures 79. The connecting pins (74 to 76)
are formed by thick rounded shafts (74 a to 76a) at the
rear end and thin rounded shafts (74b to 76b) at the front
end.

[0095] A drive cylinder 72 shown in Figs.13 and 14
includes the common configuration as that of the drive
cylinder 5 of the first example except that the former in-
cludes, in its bottom 72c, no bottomed circumferential-
direction extending trenches 5e in the bottom 5¢ shown
in Fig.6(b). The drive cylinder 72 has a bottomed cylin-
drical shape formed by the bottom 72c¢ and a cylindrical
section 80, and includes a central circular aperture 72
for securing it to a second cylindrical section 7c of the
center shaft 7, a plurality of female screw apertures 72b
and a fixation aperture 72d in the bottom 72c. Similarly
to the first example, the thick round shaft 32a of the shaft-
shaped element 32 shown in Fig.1 and Fig.6(b) is insert-
ed into and fixed to the fixation aperture 72d. The sprock-
et 4 and the drive cylinder 72 are integrated and config-
ures a drive rotating member 2’ by inserting the plurality
of the bolts 2 into the plurality of the uneven penetration
apertures 4b and threadably mounting on the female
screw apertures 72b.

[0096] As shown in Fig.15, a lock plate 73 is formed
by a first lock plate 73a, a second lock plate 73b and a
third lock plate 73c which are obtained by equally trisect-
ing a rounded plate including a penetration aperture 73
of a nearly triangular shape at its center. As shown in
Figs.16 (a) to (c), mounting sections (73e to 73g) are
equipped for freely attaching and detaching three pres-
sure-receiving plates (81a to 81c) having the same
shapes at the inner sides of the first to the third lock plates
(73a to 73c). The pressure-receiving plates (81a to 81c)
are fixed on the mounting sections (73e to 73g) by being
pressed by the plate-pressing surfaces (12a to 12c) to
the mounting sections (73e to 73g) under a situation be-
ing engaged to the mounting sections (73e to 73g). As
shown in Fig 15, a circumferential-direction extending
trench 73 penetrating the first lock plate 73a in an anter-
oposterior direction at a position corresponding to the
circumferential-direction extending trench 77 of the first
control rotating member 71 is formed.

[0097] AsshowninFig.15, the plate-pressing surfaces
(12a to 12c) of the holding section 12 are formed by the
first and the second pressing surfaces (13a, 13b) (13c,
13d) (13e, 13f), respectively The first and the second
pressing surfaces (13a, 13b) (13c, 13d) (13e, 13f) are
divided into the respective two regions on each of the
plate-pressing surfaces (12a to 12c) separated by the
virtual surfaces (S1to S3) perpendicular to the respective
plate-pressing surfaces (12a to 12c) at the intersection
lines (C1 to C3).

[0098] AsshowninFigs.16(a)and (b), firstand second
acting sections (82a, 82b) in contact with the first and the
second pressing surfaces (13a, 13b) are arranged at the
ends processed to minute arc shapes of the pressure-
receiving plate 81a, firstand second acting sections (82c,
82d) in contact with the first and the second pressing
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surfaces (13c, 13d) are arranged at the ends processed
to minute arc shapes of the pressure-receiving plate 81b,
and first and second acting sections (82e, 82f) in contact
with the first and the second pressing surfaces (13e, 13f)
are arranged at the ends processed to minute arc shapes
of the pressure-receiving plate 81c.

[0099] The first and the second acting sections (82a,
82b) (82c, 82d) (82e, 82f) are formed on the pressure-
receiving sections (81a to 81c) such that the respective
second distances d2 from the virtual surfaces (S1 to S3)
to the second acting sections (82b, 82d, 82f) are shorter
than the respective first distances d1 from the virtual sur-
faces (S1 to S3) to the first acting sections (82a, 82c,
82e).

[0100] As shown in Fig.15, the thick rounded shafts
(74 a to 76a) of the connecting pins (74 to 76) are posi-
tioned in adjacent gaps (73] to 73k) of the first to the third
lock plates (73a to 73c). A compression coil spring 83 is
positioned in the gap 73j between the second lock plate
73b and the third lock plate 73c. The second lock plate
73breceives, by the compression coil spring 83, a biasing
force along a direction separated from the third lock plate
73c, and the thick rounded shafts (74 a to 76a) of the
connecting pins (74 to 76), upon receipt of the biasing
force of the compression coil spring 83, are sandwiched
by the first to the third lock plates (73a to 73c).

[0101] Asshownin Fig.15, the lock plates (73a to 73c)
are held at the holding section 12 by contacting the pres-
sure-receiving plates (81a to 81c) to the plate-pressing
surfaces (12a to 12c), and the outer circumferential sur-
faces (14i to 14k) of the lock plates (73a to 73c) are in-
ternally contacted to the inner circumferential surface 80a
of the cylindrical section 80 of the drive cylinder 72. The
lock plates (73a to 73c) are connected with the first con-
trol rotating member 71 and rotate integrally with the first
control rotating member 71.

[0102] Thefirstactingmembers (82a, 82c, 82e) shown
in Figs.16(a) to (c) receive a force F perpendicular to a
direction extending the central shaft line L from the first
pressing surfaces (13a, 13c, 13 e) because of the gen-
eration of the cam torque of the advance direction (D1
direction) in the center shaft 7 from the first pressing sur-
faces (13a, 13c, 13e), and the second acting members
(82b, 82d, 82f) receive a force F perpendicular to a di-
rection extending the central shaftline LO from the second
pressing surfaces (13b, 13d, 13f) because of the gener-
ation of the cam torque of the lag direction (D2 direction)
in the center shaft 7 from the second pressing surfaces
(13b, 13d, 13f).

[0103] Inthe variable phaser 70 for the vehicle engine
of the third example, the self-blocking effects based on
the force F is generated similarly to the self-locking mech-
anism 11 of the first Example by making the friction an-
gles (01, 62) to B1<tan-1p and & 2<tan-1p. Since, as
shown in Figs 16 (a) to (c), the second distance d2 of the
pressure-receiving plates (81a to 81c) of the third Exam-
ple is shorter than the first distance d1 similar to the first
Example, the self-locking effects by the cam torque along
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the advance direction (D1 direction) is larger than the
self-locking force by the cam torque along the lag direc-
tion (D2 direction).

[0104] The shape of the holding section integrally
formed with the center shaftis not restricted to the holding
section 12 of the first Example and the third Example
having the regular hexagonal section, and it may be
shaped as a flange having a regular polygonal section

Description of Symbols
[0105]

1 variable phaser for automobile engine

2, 2’ drive rotating member

3 control rotating member

5 drive cylinder

6 cam shaft

10 relative phase angle changing mechanism
11 self-locking mechanism

12 holding section

13a, 13c, 13e first pressing surface

13b, 13d, 13f second pressing surface

14 lock plate

14a to 14c first to third lock plates

15a to 15c¢ pressure receiving section

17a, 17c, 17e first acting sections

17b, 17d, 17f second acting sections

20 cylindrical section

20a inner circumferential surface of cylindrical sec-
tion

22 reverse rotating mechanism

55 variable phaser for automobile engine

57 holding section

58 lock plate

58a, 58b first and second lock plates

59a, 59b pressure receiving section

60a, 60c first pressing surface

60b, 60d second pressing surface

14 lock plate

61a, 61c first acting section

61b, 61d second acting section

65 self-locking mechanism

70 variable phaser for automobile engine

73 lock plate

73a to 73c first to third lock plates

80 cylindrical section

80a inner circumferential surface of cylindrical sec-
tion

81ato 81c pressure-receiving plate (freely attaching
and detaching-pressure receiving section of claim 5)
82a, 82c, 81e first acting section

82b, 82d, 81f second acting section

d1 first distance

d2 second distance

LO central shaft line of cam shaft

D1 advance direction

D2 lag direction
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S1 to S3 virtual surfaces

Claims

A variable phaser for an automobile engine compris-
ing:

adrive rotating member having a cylindrical sec-
tion and driven by a crank shaft;

a cam shaft supporting the drive rotating mem-
ber in a coaxial and relatively rotating fashion;
a relative phase angle changing mechanism for
changing an opening-closing timing of a valve
by means of changing a relative phase angle of
the cam shaft with respect to the drive rotating
member; and

a self-locking mechanism including a holding
section integrally formed in a shape of a flange
on an outer periphery of the cam shaft, and a
lock plate held to the cam shaft in a relative ro-
tation disabling fashion by the holding section
and contacted internally to an inner circumfer-
ence surface of the cylindrical section, in which
the holding section prevents misalignmentofthe
relative phase angle by means of pressing the
lock plate onto the inner circumference surface
of the cylindrical section upon receipt of a cam
torque generating along an advance direction or
a lag direction, characterized in that:

plate-pressing surfaces pressing the lock
plates are disposed at a plurality of positions
almost equally separated along an outer cir-
cumferential direction of the holding sec-
tion;

the lock plates are mounted the same
number as the plate-pressing surfaces at a
plurality of positions almost equally sepa-
rated along an outer circumferential direc-
tion, and include pressure receiving sec-
tions at positions opposing to the plate-
pressing surfaces; and

the plurality of the plate-pressing surfaces
are configured by a first pressing surface
pressing the lock plate upon receipt of the
cam torque generating along the advance
direction and a second pressing surface
pressing the lock plate upon receipt of the
cam torque generating along the lag direc-
tion.

The variable phaser for the automobile engine as
claimed in Claim 1,

wherein each of the plate-pressing surfaces and the
lock plates are disposed at three or more positions
almost equally separated along the outer circumfer-
ential direction.
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The variable phaser for the automobile engine as
claimed in Claim 1 or 2,

wherein each of the first pressing surface and the
second pressing surface are formed on the plate-
pressing surface as two surfaces separated by a vir-
tual surface passing a central shaft line of the cam
shaft and perpendicular to the plate-pressing sur-
face;

the pressure receiving sections include a first acting
section to which a pressing force by the first pressing
surface is exerted and a second acting section to
which a pressing force by the second pressing sur-
face is exerted; and

the first acting section and the second acting section
are formed on the pressure receiving section such
that a first distance from the virtual surface to the
first acting section is differentfrom a second distance
from the virtual surface to the second acting section.

The variable phaser for the automobile engine as
claimed in Claim 3,

wherein the first acting section and the second acting
section are formed on the pressure receiving section
such that the second distance is shorter than the first
distance.

The variable phaser for the automobile engine as
claimed in Claim 3 or 4

wherein the pressure receiving section is mounted
on the lock plate in a freely attaching and detaching
fashion.
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