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Description

FIELD OF THE INVENTION

[0001] This invention relates to a phase varying apparatus for an automobile engine, having a four-link mechanism
consisting of substantially circular members for varying the valve timing of the engine by advancing or retarding the
phase angle (or simply phase) of a camshaft relative to the crankshaft of the engine.

BACKGROUND ART

[0002] A phase varying apparatus for automobile engine utilizing helical splines has been disclosed in Patent Document
1 cited below. (See for example Figs. 1 and 2 of Patent Document 1.) The apparatus of Patent Document 1 consists of:
an outer hollow cylindrical portion 10 subjected to a torque transmitted from the crankshaft; an inner hollow cylindrical
portion 20 integrally connected with the camshaft; and an intermediate member 30 in engagement with helical splines
(17, 32, 32, 33) provided between the outer hollow cylindrical portion 10 and inner hollow cylindrical portion 20, the
intermediate member 30 having a square male screw portion 31 that engages with the female screw 45 formed inside
a brake drum 44. The intermediate member 30 is moved by the square male and female screws (31 and 45) in the axial
direction of the camshaft (to the right in Fig. 1) when a brake drum 44 is acted upon by a braking force exerted by an
electromagnetic braking means 40, which causes the helical splines (17, 23, 32, and 33) to rotate the inner hollow
cylindrical portion 20 (camshaft 2) relative to the outer hollow cylindrical portion 10 (sprocket 12). As a consequence,
the phase angle of the camshaft is changed relative to the crankshaft, thereby changing the valve timing.

PATENT DOCUMENT 1 JPA Early Publication H2002-364314

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0003] The range of variable phase of the phase varying apparatus disclosed in Patent Document 1 may be extended
by extending the movable range of the intermediate member 30 in the axial direction by extending the axial lengths of
the inner hollow cylindrical portion 20 and helical splines (17, 23, 32, and33). However, the axial length of the phase
varying apparatus will be then necessarily increased, so that it will be difficult to use the apparatus with a small engine.
[0004] To overcome this problem, the applicant of the present invention has made an application for patent
(PCI/JP2008/66082, which will be referred to as Prior Art Document 1) on an axially shorter phase varying apparatus
for use with a small engine This prior art apparatus has: a drive rotor 71 (having a sprocket 71a) driven by a crankshaft;
a camshaft (or a center shaft 72 integral therewith); a first intermediate rotor 73 movable only in the radial direction of
the camshaft; a first control rotor 74 for displacing the first intermediate rotor 73 in the radial direction; and a torque
means The first control rotor 74 has a circular eccentric cam 76 that is integral therewith and engages with a cam guide
77 that extends in a radial direction of the first intermediate rotor 73. The flat engagement face 72d of the center shaft
72 engages with an oblong rectangular hole 80 formed in the first intermediate rotor to extend in the direction perpendicular
to the cam guide 77. Thus, when the first intermediate rotor 73 is slidably moved in the radial direction, the phase angle
of the camshaft relative to the drive rotor is changed by the displacement of the shaft member 81 (formed on the first
intermediate rotor 73) within the guide groove 79 formed in the drive rotor 71 and extending in a substantially circum-
ferential direction with a decreasing radius.
[0005] In this phase varying mechanism, the intermediate rotor is moved in the radial direction while changing the
phase. Since the variable range of phase is determined by the configuration of a guide groove formed in the circumferential
direction, the axial length of the apparatus can be shortened by appropriately choosing the configuration of the guide
groove.
[0006] On the other hand, the first control rotor 74 can be rotated in the opposite direction relative to the drive rotor
71 by a torque means that comprises a reverse rotation mechanism for rotating the first control rotor 74 in the direction
opposite to that caused by the first electromagnetic clutch 75. This reverse rotation mechanism includes such elements
as a first and a second ring member (83 and 86), second intermediate rotor 84, rod member 85, second control rotor
87, and second electromagnetic clutch 90. When the second electromagnetic clutch 90 puts a brake on the second
control rotor 87, the first and second ring members (83 and 86) rotate within the circular eccentric holes (74d and 87d)
of the first and second control rotors (74 and 87), respectively. The rod member 85 connecting the first and second ring
members (83 and 86) together is displaced in a radial guide groove 84b formed to extend in a quasi-radial direction
(quasi-radial direction hereinafter referred to as quasi-radial direction) in the second intermediate rotor 84, so that the
reverse rotation mechanism causes the first control rotor 74 to be rotated in the reverse direction relative to the drive rotor.
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[0007] Since the prior art phase varying apparatus consists of circular members that are displaceable and/or rotatable
primarily in the direction perpendicular to the axis of the apparatus, the apparatus can be advantageously manufactured
easily in an axially short form In the prior art apparatus, however, the phase varying mechanism and reverse rotation
mechanism are provided independently along the axis and across the first control rotor. Further, there are some members,
e.g. the first and second ring members (83 and 86) and intermediate rotor 84, that are arranged along the axis in a
stacking condition. The inventors of this application have found it possible to utilize the phase varying mechanism also
as the reverse rotation mechanism of the first control rotor and vise versa to realize a still shorter phase varying apparatus
having less elements This can be done by forming a four-link mechanism using multiple circular members.
[0008] Thus, it is an object of the present invention to provide a phase varying mechanism having a multiplicity of
circular members serving as a four-link mechanism, which is shorter in axial length and easier to manufacture than
conventional ones.

MEANS FOR CARRYING OUT THE INVENTION

[0009] To achieve the object above, the invention provides a phase varying apparatus for use with an automobile
engine as defined in claim 1, which comprises: a camshaft; a drive rotor driven by the crankshaft of the engine; a first
and a second control rotor which are rotatable relative to each other and arranged coaxially between the camshaft and
drive rotor; first and second torque means for respectively providing the first and second control rotor with a torque for
causing rotation relative to the drive rotor; and a phase angle varying mechanism for varying the phase angle of the
camshaft relative to the drive rotor in response to the rotation of either the first or second control rotor relative to the
drive rotor, the phase varying apparatus characterized in that the phase angle varying mechanism comprises:

a circular eccentric cam integral with the camshaft;
a first link in the form of a substantial cylinder which is supported by the circular eccentric cam for rotation about the
cam center of the circular eccentric cam;
a second link in the form of a substantial cylinder which is rotatably supported by the first link for eccentric rotation
about the first axis of the first link and supported by the first control rotor for rotation about a second axis of the
second link that is offset from the rotational axis of the camshaft;
a guide mechanism extending in a quasi-radial direction (hereinafter referred to as quasi-radial guide mechanism)
for keeping movable the first or second link in the quasi-radial direction of the respective rotor; and
displacement forcing means for applying a force to, and displacing, the first or second link in the quasi-radial guide
mechanism in the quasi-radial direction.

[0010] The circular eccentric cam integral with the camshaft and substantially cylindrical first and second links constitute
a four-link mechanism via the quasi-radial guide mechanism, as described in detail below The four nodes of this four-
link mechanism consists of the rotational axis of the camshaft, cam center of the circular eccentric cam, and the axes
of the first and second links.
[0011] When a torque is exerted to the first control rotor by the first torque means, the substantially cylindrical second
link is rotated about the second axis of the first control rotor and eccentrically rotates about the axis of the camshaft,
thereby exerting a torque to the substantially cylindrical first link and causes the substantially cylindrical first link to be
eccentrically rotated about the second axis. By the torque exerted by the second link, the first link is rotated about the
first axis, and exerts a torque to the circular eccentric cam, thereby causing the circular eccentric cam to be eccentrically
rotated about the axis of the camshaft
[0012] In this instance, either one of the substantially cylindrical first link and second link is displaced by the quasi-
radial guide mechanism in the quasi-radial direction of the associated rotor. Thus, the four links work together as a four-
link mechanism When the second control rotor is acted upon by a torque exerted by the second torque means, the first
or second link is displaced in the quasi-radial direction of the associated rotor in response to the force (referred to as
displacement force) acted upon by the displacement forcing means in collaboration with the quasi-radial guide mecha-
nism. Thus, the circular eccentric cam is put in an eccentric rotation in the direction opposite to that caused by the first
torque means
[0013] The phase angle of the camshaft relative to the drive rotor (crankshaft) is advanced in the phase advancing
direction or retarded in the phase retarding direction under the action of the first torque means.. Under the action of the
second torque means, however, the phase angle is changed in the reverse direction as compared with the change
caused by the first torque means.
[0014] (Function) The four-link mechanism doubles as a phase angle varying mechanism for varying the phase angle
of the camshaft in one direction relative to the crankshaft via the first control rotor and as a reverse rotation means for
reversing the rotation of the first control rotor in the opposite direction The phase angle varying apparatus of claim 1 has
less components in a simplified configuration, and thus has a short axial length.
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[0015] It is noted that the circular eccentric cam and the first and second links are not stacked in the axial direction,
but rather they lie in the same plane perpendicular to the rotational axis of the camshaft. It is noted that the circular
eccentric cam and the first and second links operate on the same plane, so that no axial space is needed for these
components to operate. Since the circular eccentric cam and the first and second links have simple circular outlines
and/or inner configurations to form the four-link mechanism, they can be easily manufactured and assembled.
[0016] As defined in claim 2, the phase varying apparatus of claim 1 may be configured in such a way that
the quasi-radial guide mechanism is a first link guide groove, formed in the drive rotor, for guiding the first link in the
quasi-radial direction; and
the drive rotor has a cylindrical portion for supporting the outer periphery of the first control rotor
[0017] (Function) The first link guide groove is a simple, quasi-radial groove formed in the drive rotor, which can be
fabricated at low cost. When either the first torque means or second torque means is enabled, the first link is guided by
the first link guide guiding the opposite sides of the first link, and displaced within the first link guide groove in a quasi-
radial direction of the drive rotor. As a consequence, the first and second links and the circular eccentric cam operate
together as a four-link. On the other hand, when the first and second torque means are disabled, the camshaft is directly
subjected to an external disturbing torque arising from the reactive force of a valve spring. Such external disturbing
torque can give rise to an unexpected change in phase angle between the camshaft and the drive rotor (or crankshaft).
To prevent this a preventive mechanism is needed.
[0018] In the mechanism defined in claim 2, when the circular eccentric cam of the camshaft is acted upon by an
external disturbing torque, the torque is transmitted from the first link guide groove, via the first link guide groove and
second link, to the outer periphery of the first control rotor as a force that forces the first control rotor to abut against the
inner circumferential wall of the drive rotor. This abutment gives rise to a local frictional force between the outer periphery
of the first control rotor and the inner circumferential wall of the drive rotor. This frictional force immovably locks the first
control rotor and the drive rotor, and further immovably locks the second link, first link, and the circular eccentric cam,
hence immovably locking the camshaft and the drive rotor. In other words, the phase angle between the camshaft and
the drive rotor is kept unchanged if the camshaft is subjected to an external disturbing torque.
[0019] The phase varying apparatus for an automobile engine defined in claim 2 may be configured, as recited in
claim 3, such that
a bush having a circular hole and parallel cutaway portions on the opposite sides thereof is provided between the first
link and the first link guide groove;
the first link is slidably inscribed in the circular hole of the bush without touching the first link guide groove; and
the cutaway portions formed on the opposite sides of the bushes are guided by the first link guide groove so that the
bush is displaced along the first link guide groove together with the first link.
[0020] (Function) The first link is displaced within the first link guide groove without touching it, since the cutaway
portions of the opposite sides of the bush are guided by the first link guide groove. In this case, since the bush is in face
contact with the first link guide groove, the contact stress acting on the first link is reduced as compared with the first
link where the outer periphery of the first link is in direct planar contact with the inner wall of the first link guide groove.
[0021] The phase varying apparatus for an automobile engine as defined in claim 2 or 3 may be configured to have
the first link guide groove inclined through an angle with respect to a radius of the drive rotor, as defined in claim 4.
[0022] (Function) In this configuration, the component of the force exerted by the first or second torque means to the
first link, and hence to the first link guide groove, is enhanced When the first and second torque means are disabled,
the reaction of the first link guide groove acting on the first link is larger in the radial direction, so that the outer periphery
of the first control rotor is pushed still harder against the cylindrical inner surface of the drive rotor.
[0023] As defined in claim 5, the phase varying apparatus defined in claim 1 may be configured such that the quasi-
radial guide mechanism of claim 1 has
a slide member protruding from the second link; and
a slide member guide groove in the form of a groove formed in the drive rotor to extend in a quasi-radial direction for
holding the slide member movably in the quasi-radial direction (the groove referred to as radial guide groove);
the positions of the center axes of the first link, second link, and of the slide member with respect to the axis L0 may be
aligned with substantially the same line; and
the first control rotor has a circular eccentric hole for rotatably inscribing the second link.
(Function) When the first or second torque means is enabled, the slide member provided on the second link is displaced
in the slide member guide groove formed in the drive rotor in a quasi-radial direction, which in turn causes the second
link to be displaced in the quasi-radial direction of the drive rotor and causes the first and second links and the circular
eccentric cam to operate as a four-link system.
[0024] On the other hand, according to claim 5, when the camshaft is subjected to an external disturbing torque, the
second link is subjected to a reactive force in the quasi-radial direction via the circular eccentric cam and the first link,
since the slide member is held within the slide member guide groove that extends in the quasi-radial direction. This
reactive force pushes the outer periphery of the second link against the inner circumferential wall of the circular eccentric
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hole of the first control rotor, thereby giving rise to a frictional force between the outer periphery of the second link and
the inner circumferential wall of the circular eccentric hole. This local frictional force locks the camshaft unrotatable on
the drive rotor, thereby maintaining the relative phase angle between the camshaft and drive rotor unchanged. In this
arrangement, the local frictional force can be enhanced in a mid range of the domain of variable phase angle of the
camshaft relative to the drive rotor

RESULTS OF THE INVENTION

[0025] According to claim 1, the present invention provides an axially short, structurally simple, and cost effective
phase varying apparatus utilizing a four-link mechanism formed of substantially cylindrical members. The apparatus is
suitable especially for a small engine.
[0026] The invention defined in claim 2 provides a phase varying apparatus having a self-locking mechanism that
maintains the relative angular phase between the camshaft and drive rotor invariable if the camshaft is subjected to an
external disturbing torque.
[0027] The inventive phase varying apparatus defined in claim 3 has good durability, since uneven wear will not take
place with the first link in contact with the first link guide groove.
[0028] In the phase varying apparatus defined in claim 4, the phase angle of the camshaft relative to the drive rotor
can be smoothly changed. Further, performance of the self-locking mechanism for preventing any change in phase
angle due to an external disturbing torque
is enhanced.
[0029] The invention defined in claim 5 provides a phase varying apparatus having a self-locking mechanism for
maintaining the phase angle of the camshaft relative to the drive rotor unchanged if the camshaft is subjected to an
external disturbing torque In this arrangement, the self-locking performance can be enhanced in a mid range of the
domain of variable phase angle of the camshaft relative to the drive rotor. Accordingly, if the relative phase of the camshaft
is reset in the mid range of the phase domain immediately before stopping the engine, the engine can be restarted
without accompanying any phase gap between the camshaft and the drive rotor, and hence without providing any control
torque to the camshaft. That is, the invention provides a reliable locking mechanism capable of performing the same
intermediate locking function as conventional locking mechanisms without using any special parts

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Fig. 1 is an exploded perspective view of a phase varying apparatus in accordance with a first embodiment of the
invention.
Fig. 2 is a view of the apparatus shown in Fig. 1, taken from the position of the drive rotor.
Fig.. 3 is a front view of the apparatus shown in Fig. 1.
Fig. 4 is a cross sectional view taken along Line A-A of Fig. 3.
Fig. 5 shows radial cross sections of a phase varying apparatus (in phase retarding mode) before any phase change
has taken place. More particularly, Fig. 5(a) shows the cross section taken along Line D-D of Fig. 4; Fig. 5(b) the
cross section taken along Line C-C of Fig. 4; and Fig. 5(c) cross section taken along Line B-B of Fig. 4.
Fig. 6 shows radial cross sections of the apparatus of the first embodiment after a phase change has taken place
More particularly, Fig. 5(a) shows the cross section taken along Line D-D of Fig. 4; Fig. 5(b) the cross section taken
along Line C-C of Fig. 4; and Fig. 5(c) cross section taken along Line B-B of Fig. 4.
Fig. 7 shows in schematic diagram illustrating operations of the four-link mechanism used in the phase varying
apparatus in accordance with a first embodiment of the invention. More particularly, Fig.. 7(a) shows an arrangement
before any phase change has taken place; Fig. 7(b) illustrates a first electromagnetic clutch in operation; and Fig.
7(c) illustrates a second electromagnetic clutch in operation.
Fig. 8 shows operations of the self-locking mechanism used in the first embodiment. More particularly, Fig. 8(a)
shows an external disturbing torque acting on the self-locking mechanism in the phase retarding direction; and Fig.
8(b) shows an external disturbing torque acting on the self-locking mechanism in the phase advancing direction.
Fig. 9 shows a radial cross section of a phase varying apparatus in accordance with a second embodiment of the
invention having a bush between the second link and a substantially-radial guide groove.
Fig. 10 shows a four-link mechanism of a phase varying apparatus in accordance with a third embodiment of the
invention having an inclined quasi-radial guide groove
Fig. 11 is an exploded perspective view of a phase varying apparatus for an automobile engine as viewed from the
front end of the apparatus in accordance with a fourth embodiment of the invention.
Fig. 12 is an exploded perspective view of the phase varying apparatus of Fig. 11 as viewed from the position of
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the drive rotor.
Fig. 13 is a axial cross section of a phase varying apparatus in accordance with a fourth embodiment of the invention.
Fig. 14 shows radial cross sections of the apparatus of the fourth embodiment. More particularly, Fig. 14(a) is a
cross section taken along Line F-F of Fig. 13, and Fig. 14(b) taken along Line E-E of Fig. 13.
Fig. 15 shows radial cross sections of the apparatus of the fourth-embodiment More particularly, Fig. 15(a) is a cross
section taken along Line H-H of Fig. 13, and Fig. 15(b) a cross section taken along Line G-G of Fig. 13
Fig. 16 illustrates operations of the four-link mechanism of the fourth embodiment. More particularly, Fig. 16(a)
shows an arrangement of the four-link system before the first electromagnetic clutch is enabled; Fig. 16(b) operation
of the first electromagnetic clutch; and Fig. 16(c) the first electromagnetic clutch in operation
Fig. 17 illustrates the function of the self-locking mechanism of the fourth embodiment.
Fig. 18 shows a relationship between the friction angle and the self-locking force.

NOTATIONS

[0031]

100 and 140 phase varying apparatus for automobile engine
101 and 141 drive rotor
102 and 142 first control rotor
103 and 143 second control rotor
105 and 145 first electromagnetic clutch (first torque means)
106, 146 second electromagnetic clutch)(second torque means)
107, 147 phase angle varying mechanism
110, 150 circular eccentric cam
111, 151 first link
112, 152 second link
113, 113’ first link guide groove)(quasi-radial guide mechanism)
115 drive cylinder of drive rotor
115d cylindrical portion
130, 149 displacement forcing means
130a crescent-shaped guide wall
130b semi-circular guide wall
132 bush
132a, 132b cutaway portions on the opposite sides of bush
133 circular hole
153 slide member guide groove(quasi-radial guide mechanism)
155 slide member(quasi-radial guide mechanism)
166 quasi-radial guide mechanism
174 first through-hole(quasi-radial guide mechanism)
175 third link (displacement forcing means)
177 fifth circular eccentric hole)(displacement forcing means)
178 second through-hole (displacement forcing means)
D1 rotational direction of drive rotor (phase advancing direction)
D2 direction opposite to D1 (phase retarding direction)
D3 and D4 quasi-radial direction of drive rotor.
L10 (rotational) axis of camshaft
L1, L1’ cam center of circular eccentric cam
L2, L2’ central axis of first link
L3, L3’ central axis of second link
L10 central axis of slide member

BEST MODE FOR CARRYING THE INVENTION

[0032] Referring to the accompanying drawings, the invention will now be described in detail by way of example. Any
of the phase varying apparatuses shown in the following examples is mounted on an automobile engine to transmit the
rotation of the crankshaft to the camshaft in synchronism with the crankshaft of the engine to open/close intake/exhaust
valves, the phase varying apparatuses being designed to vary open/close timing of the valves in accordance with the
engine load and rpm for example.
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[0033] Referring to Figs. 1 through 8, there is shown a phase varying apparatus in accordance with a first embodiment
100. The apparatus 100 has a drive rotor 101 driven by the crankshaft, first control rotor 102, second control rotor 103,
center shaft 104 integrally coupled to the camshaft (not shown), first electromagnetic clutch (first torque means) 105,
second electromagnetic clutch (second torque means) 106, and a phase angle varying mechanism 107.
[0034] The phase angle varying mechanism 107 is provided to vary the phase angle of the camshaft (center shaft
104) relative to the drive rotor 101 (crankshaft). The phase angle varying mechanism 107 consists of a four-link mechanism
108 and a displacement forcing means 130. The four-link mechanism 108 includes a circular eccentric cam 110 integral
with the center shaft 104; first and second links 111 and 112, respectively, in the forms of substantial cylinders; and a
first link guide groove 113 formed in the drive rotor 101. (This link guide groove is the quasi-radial guide mechanism
defined in claims 1 through 4). The displacement forcing means 130 consists of a crescent-shaped guide wall 130a and
a semi-circular guide wall semi-circular guide wall 130b formed in the second control rotor 103. In what follows one end
of the apparatus 100 having second electromagnetic clutch 106 will be referred to as the front end, and the other end
of the apparatus 100 having drive rotor 101 will be referred to as rear end. The rotational direction of the drive rotor 101
as viewed from the front end will be referred to as phase advancing direction D1 (which is the clockwise direction), and
the opposite direction as phase retarding direction D2 (which is the counterclockwise direction).
[0035] The drive rotor 101 includes a sprocket 114 and a drive cylinder 115 which are integrally assembled by means
of coupling pins 26 passed through a multiplicity of mounting holes (114a and 115a) formed in the 115. The sprocket
114 has a circular through-hole 117 and a stepped circular hole 118 The drive cylinder 115 is formed with a cylindrical
section 115b and a bottom 115c. Formed at the center of the bottom 115c is a rectangular through-hole extending in a
quasi-radial direction to serve as a first link guide groove 113.
[0036] The center shaft 104 has a circular eccentric cam 110, central through-hole 119, large cylindrical portion 120,
stepped circular hole 121 formed in the rear end of the large cylindrical portion 120, flange portion 122, and small
cylindrical portion 123. The circular eccentric cam 110, flange portion 122, and large cylindrical portion 120 are integrally
coupled with the flange portion 122 sandwiched between the circular eccentric cam 110 and large cylindrical portion
120. The circular eccentric cam 110 has a cam center L1 offset from the rotational axis L0 of the center shaft Provided
ahead of the eccentric cam 110 is a small cylindrical portion 123 which is rotatable about the rotational axis L0.
[0037] The camshaft (not shown) is fitted in the stepped circular hole 121 formed in the rear end of the center shaft
104 and coaxially coupled integrally with the center shaft 104. By inserting the large cylindrical portion 120 and the flange
portion of the center shaft 104 in the circular through-hole 117 and stepped circular hole 118 of the sprocket 114, the
drive rotor 101 is supported by the center shaft 104 rotatably about the rotational axis L0. The circular eccentric cam
110 projects forward from the first link guide groove 113 and eccentrically rotates about the rotational axis L0 together
with the camshaft (not shown).
[0038] The first link 111 has a substantially cylindrical shape and has a first central axis L2 and a first circular eccentric
through-hole 124 offset from the first central axis L2. The first circular eccentric through-hole 124 has substantially the
same inner diameter as the outer diameter of the circular eccentric cam 110, allowing the circular eccentric cam 110 to
rotate in the first circular eccentric through-hole 124. The first link 111 is rotatably supported by the circular eccentric
cam 110 by inserting the circular eccentric cam 110 in the first circular eccentric through-hole 124, thereby allowing the
first link 111 itself to eccentrically rotate about the cam center L1.
[0039] The first link 111 has an outer diameter, which is substantially the same as the width of the first link guide
groove 113 The first link 111 is inserted in the first link guide groove 113. The first link 111 abuts against the flat faces
113a and 113b formed on the opposite sides of the first link guide groove 113 so that the first link 111 can move along
the direction of the quasi-radial guide first link guide groove 113
[0040] Like the first link 111, the second link 112 also has a substantially cylindrical form and has a second circular
eccentric through-hole 125 offset from the second central axis L3 of the second link. The second circular hole 125 has
an inner diameter which is substantially the same as the outer diameter of the first link 111, allowing the inserted first
link 111 to rotate in the second circular hole 125. The second link 112 is rotatably supported by the first link 111 by
inserting the first link 111 in the second circular hole 125. The second link 112 is rotatable about the first central axis L2
of the first link 111.
[0041] The first control rotor 102 has a front section in the form of a small cylindrical portion small cylindrical portion
126 and a hind section in the form of a large cylindrical portion 127 integrated together. The small cylindrical portion 126
is rotatably inscribed in the inner circumferential wall 115d of the cylinder drive cylinder 115, which makes it possible to
support the first control rotor 102 by the drive cylinder 115 As a consequence, the first control rotor 102 is coaxial with
the drive rotor 101 and rotates about the rotational axis L0
[0042] The 102 has a third circular eccentric through-hole 128 formed in the small cylindrical portion 126, offset from
the rotational axis L0. The inner diameter of the third circular hole 128 is substantially the same as the outer diameter
of the second link 112. The second link 112 inserted in the third circular hole 128 is thus rotatably inscribed therein. The
second link 112 is supported by the first link 111 via the second circular hole 125 on one hand. On the other hand, its
outer periphery is held by the third circular hole 128. The second link 112 eccentrically rotates about the first central axis
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L2 of the first link 111, and at the same time eccentrically rotates about the rotational axis L0 of the first control rotor 102.
[0043] In this configuration, the circular eccentric cam 110, first link 111, and second link 112 linked together by the
third circular hole 128 (rotatably holding therein the inscribed second link 112) and the first link guide groove 113 (quasi-
radial guide mechanism holding the first link 111 movable in a quasi-radial direction) establish a four-link mechanism
having four nodes at the cam centers L1, L2, central axis L3 of the second link, and the rotational axis L0
[0044] The first electromagnetic clutch 105 is securely fixed to the engine (not shown), ahead of the first control rotor
102. The first control rotor 102 has a front surface 102a, which can be attracted onto the friction member 105a when
attracted by the first electromagnetic clutch 105, whence the first control rotor 102 is rotated relative to the 101 and
changes the phase angle of the camshaft relative to the drive rotor 101 in a predetermined direction.
[0045] The center shaft 103 is arranged inside the large cylindrical portion of the first control rotor 102, while the second
electromagnetic clutch 106, also securely fixed to the engine, is arranged ahead of the center shaft 103. The center
shaft 103 has at the center thereof a circular through-hole 129 for rotatably inscribing therein the center shaft 104.
Formed on the outer periphery of the center shaft 103 are a guide wall 130a in the form of a substantially crescent-
shaped protrusion that extends rearward, and a semi-circular guide wall 130b protruding rearward from the opposite
end of the second control rotor across the rotational axis L0. These guide walls 130a and 130b constitute a displacement
forcing means 130, as recited in claims 1 through 4.
[0046] The small cylindrical portion 123 is inserted in the circular through-hole 129 to rotatably support the center shaft
104 The guide walls 130a and 130b support the opposite sides of the outer periphery of the first link 111 extending
forward from the second circular hole 125 of the second link 112 The center shaft 103 is rotated relative to the drive
rotor 101 when the front end 103a of the center shaft 103 is attracted onto the friction member 106a of the second
electromagnetic clutch 106, thereby changing the phase angle of the camshaft relative to the drive rotor 101 in the
opposite direction as compared with the rotation caused by the first electromagnetic clutch..
[0047] A holder (or bush) 132 is arranged on the leading end of the small cylindrical portion 123 of the center shaft
104 that protrudes forward from the circular through-hole 129. The holder 132 and center shaft 104 are fixed to the
leading end of the camshaft (not shown) with a bolt (not shown) inserted into the central holes formed in these members..
[0048] Next, referring to Figs. 5 through 7, operation of the phase varying apparatus in accordance with the first
embodiment will now be described. Under the initial condition where the first and second electromagnetic clutches are
turned off, the camshaft (center shaft 104), first control rotor 102, center shaft 103, first link 111, and second link 112
are operably coupled to the sprocket 114 (drive rotor 101) driven by the crankshaft (not shown) and are rotated in the
clockwise direction D1 as shown in Fig. 1.
[0049] When the 105 is enabled, the central axis L3 acting as a node of the four-link mechanism 108 rotates about
the rotational axis L0 in the counterclockwise direction D2, thereby moving the node (first central axis L2) upward in the
direction D3, that is, along the first link guide groove 113. As a consequence, the phase varying apparatus changes its
configuration shown in Fig. 5(a)-(c) to a configuration shown in Fig. 6(a)-(c), for example.
[0050] In other words, when the first control rotor 102 shown in Fig. 5(b) is subjected to a braking torque exerted by
the first electromagnetic clutch 105, it is retarded in rotation relative to the drive rotor 101, so that it is relatively rotated
in the phase retarding direction D2. During this rotation, the central axis L3 of the second link, acting as one node of the
four-link system, is rotated in the counterclockwise direction D2 about the rotational axis L0, together with the third
circular eccentric hole 128. Since the first link 111 is inscribed in the second circular hole 125 and the opposite sides of
the first link 111 are supported by the first link guide groove 113, the first central axis L2 of the first link acting as another
node of the four-link system is moved along the quasi-radial first link guide groove 113 in the upward direction D3, as
shown in Fig. 5(c). The guide walls 130a and 130b integral with the center shaft 103 of Fig. 5(a), subjected to a torque
(for causing rotation in the clockwise direction D1) exerted by the first link 111 that goes up in the direction D3, are
rotated in the clockwise direction D1 relative to the 101.
[0051] As the first central axis L2 moves upward, the cam center L1 of the circular eccentric cam 110 acting as still
another node of the four-link system is rotated in the clockwise direction D1 about the rotational axis L0 together with
the first circular eccentric through-hole 124. The circular eccentric cam 110 of shown in Fig. 5(b) eccentrically rotates
about the rotational axis L0 relative to the drive rotor 101 (the drive cylinder 115 that has the first link guide groove 113)
As a consequence, the center shaft 104 (camshaft not shown) integral with the circular eccentric cam 110 is rotated in
the phase advancing direction D1 relative to the drive rotor 101 (crankshaft not shown), thereby advancing the phase
angle of the camshaft in the direction D1 relative to the drive rotor 101
[0052] On the other hand, when the second electromagnetic clutch 106 is enabled, the crescent-shaped guide wall
130a and the semi-circular guide wall 130b, both rotating in the D2 direction, push the node (first central axis L2) along
the first link guide groove 113 in the D4 direction, thereby rotating the node (central axis L3) in the clockwise direction
D1, but rotates the node (central axis L1) in the counterclockwise direction D2 relative to the central axis L3, As a
consequence, configuration of the four-link system shown in Fig. 6 returns to the configuration shown in Fig. 5, while
the configuration shown in Fig. 7(b) returns to the configuration shown in Fig. 7(c), thereby returning the center shaft
104 (camshaft) relative to the drive rotor 101 in the phase retarding direction D2.



EP 2 439 382 B1

9

5

10

15

20

25

30

35

40

45

50

55

[0053] In other words, when the second electromagnetic clutch 106 is enabled, the center shaft 103 is subjected to a
braking torque, which causes the drive rotor 101 to be retarded in rotation relative to the drive rotor 101, and rotated in
the phase retarding direction D2 about the rotational axis L0 together with the guide walls 130a and 130b. In this instance,
the guide walls 130a and 130b exert a downward force to the first link 111 (in the D4 direction), thereby lowering the
first link 111 held in the first link guide groove 113 in the downward direction D4 along the first link guide groove 113.
[0054] As the first link 111 and first central axis L2 moves downward, the central axis L3 of the second link 112 rotates
in the clockwise direction D1, and the cam center L1 of the circular eccentric cam 110 rotates in the counterclockwise
direction D2. As a consequence, the center shaft 104 (camshaft not shown) integral with the circular eccentric cam 110
rotates in the phase retarding direction D2 relative to the drive rotor 101 (crankshaft not shown), thereby returning the
camshaft in the phase retarding direction D1 relative to the drive rotor.
[0055] Next, referring to Fig. 8(a)-(b), there is shown a self-locking mechanism for preventing an external disturbing
torque from generating a gap in phase angle between center shaft 104 (camshaft) and the drive rotor 101 (crankshaft)
if the camshaft is subjected to an external disturbing torque, where an external disturbing torque is a torque that arises
from a reaction of a valve spring and forces the camshaft (center shaft 104) in rotation to rotate relative to the drive rotor
101 when transmitted to the camshaft. Fig. 8(a) shows an external disturbing torque causing camshaft rotation in the
counterclockwise direction D2, and Fig. 8(b) shows an external disturbing torque causing camshaft rotation in the clock-
wise direction D1.
[0056] When the circular eccentric cam 110 integral with the camshaft is subjected to an external disturbing torque
causing rotation in the direction D2 or D1, the second link 112 is acted upon by a force F1 or F2 exerted by the first link
111 (which is guided by the first link guide groove 113 in a quasi-radial direction) in the direction of the line L4 connecting
the first central axis L2 of the first link and the central axis L3 of the second link. An external disturbing torque causing
rotation in the direction D2 results in a force F1 in the direction from the first central axis L2 to the central axis L3 as
shown in Fig. 8(a), while an external disturbing torque causing rotation in the direction D1 results in a force F2 in the
direction from the first central axis L3 to the central axis L2 as shown in Fig. 8(b) The forces F1 and F2 transmitted to
the respective intersections P1 and P2 of the line L4 and the circumference of the small cylindrical portion 126 (first
control rotor 102) acts from the outer periphery of the small cylindrical portion 126 (first control rotor 102) to the inner
circumferential wall 115d of the drive cylinder 115. As a consequence, there arises between the outer periphery of the
small cylindrical portion 126 and the inner circumferential wall 115d of the drive cylinder a local frictional force that
prevents the rotation of the small cylindrical portion 126 relative to the drive cylinder 115.
[0057] This frictional force can be calculated as follows. Let line L5 be the tangent to the small cylindrical portion 126
passing through the intersection P1 (or P2), line L6 be the normal perpendicular to line L5 at the intersection P1 (or P2),
θ1 and θ2 be the angles of inclination of the respective lines L4 and L6, and m be the friction coefficient between the
small cylindrical section 126 and the inner circumferential wall 115d in contact with each other. A gap in phase angle
between the drive rotor 101 and camshaft is caused by the component of the force in the tangential direction at the
respective intersection P1 and P2, which is given by F1*sinq1 and F2*sinq2. The local frictional forces that prevent
slidable motions of the outer periphery of the small cylindrical portion 126 from slipping on the inner circumferential wall
115d are given by m*F1*cosq1 and m*F2*cosq2.
[0058] If the frictional force exceeds the force that can cause slipping (and hence a phase gap), the first control rotor
102 and center shaft 104 will be locked together, since in this case no rotation of first control rotor 102 relative to the
center shaft 104 takes place. As a consequence, by setting θ1 and θ2 to satisfy the following conditions 

that is, 

the self-locking effect will prevent any phase gap between the drive rotor 141 and center shaft 144 if the camshaft is
subjected to an external disturbing torque.
[0059] Referring to Fig. 9, there is shown a phase varying apparatus in accordance with a second embodiment of the
invention defined in claim 3. This phase varying apparatus differs from the first phase varying apparatus in that the a
bush 132 is provided between the first link 111 and first link guide groove 113, in contrast to the first embodiment in
which the first link guide groove 113 is in contact with the opposite sides of the first link 111.
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[0060] The bush 132 has a circular hole 133 for rotatably inscribing therein the first link 111 and parallel cutaway
portions 132a and 132b, respectively, formed on the opposite sides of the bush 132. The distance between the cutaway
portions 132a and 132b is substantially the same as the distance between the flat support surfaces 113a and 113b of
the first link guide groove 113. The bush 132 is disposed in the first link guide groove 113 with the first link 111 inscribed
in the circular hole 133
[0061] When one of the first electromagnetic clutch 105 and 106 is turned on, the bush 132 is acted upon by a force
exerted by the first link 111 inscribed in the circular hole 133, and displaced in the first link guide groove 113 together
with the first link 111. During this displacement of the bush 132, the first link 111 is not in contact with the first link guide
groove 113, and the cutaway portions 132a and 132b in face contact with the flat supportive surfaces 113a and 113b
slide on the surfaces 113a and 113b. As a consequence, the phase varying apparatus of the second embodiment is
subjected to a less contact stress than the first embodiment in which the first link 111 is directly in contact with the first
link guide groove 113 (circular object in line contact with a surface)
[0062] Referring to Fig. 10, a phase varying apparatus in accordance with a third embodiment of the invention will
now be described. In the third embodiment, the first link guide groove 113 of the first and second embodiments are
replaced by a first link guide groove 113’ which is inclined through an angle θ3 in the counterclockwise direction D2 with
respect to the line passing through the Axes L0 and L2.
[0063] Denoting by L7 the direction of the groove of the first link guide groove 113’ , by L8 the line passing through
the axis L1 of the circular eccentric cam 110 and axis L2 of the first link 111, and by L9 the line passing through the
central axes L3 and L2 of the second link 112 and first link 111, respectively, the first link guide groove 113’ is acted
upon by a force in the direction from the first link 111 along the line L8 when the circular eccentric cam 110 is acted
upon by a torque about the rotational axis L0 for rotation in D1 direction shown in Fig. 10. On the other hand, the first
link guide groove 113’ is acted upon by a force F4 exerted by the first link 111 in the direction of line L8 when the first
electromagnetic clutch 105 puts a brake on the first control rotor 102, so that the second link 112 is subjected to a torque
about the rotational axis L0.
[0064] The forces F3 and F4 may be split into the components acting in the direction along the first link guide groove
113’ (the component will be referred to as tangential component, which forces the first link 111 to be displaced in the
groove) and the components acting in the direction perpendicular to the groove 113’ (the component will be referred to
as vertical component, which generates friction between the first link 111 and first link guide groove 113’). The more the
angle between the tangent to the guide groove 113’ and the direction of the acting force decreases, the more the
tangential component increases, but the frictional force decreases, whence displacement of the first link 111 can take
place more easily in the guide groove 113’.
[0065] In a third embodiment, in order to make the angle θ4 between the lines L7 and L8 larger while making the angle
θ5 between the lines L7 and L9 smaller, the guide groove 113’ is inclined through an angle of θ3 with respect to a radial
direction in the counterclockwise direction D2. As a consequence then, when the first electromagnetic clutch 105 is
enabled to give the second link 112 a torque, the first link 111 can move in the first link guide groove 113 more easily
due to the fact that the friction between the first link 111 and first link guide groove 113 is small, thereby facilitating a
change in phase angle between the center shaft 104 and drive rotor 101.. On the other hand, in the event that an external
disturbing torque is inputted to the circular eccentric cam 110, the friction between the first link 111 and 113’ is large
enough to prevent the displacement of the first link 111 in the guide groove 113’ , thereby preventing a change in the
phase angle to occur. It is noted that the guide groove 113’ may be designed to have a curvature that can maintain a
constant angle between the guide groove 113’ and the acting force F3 or F4.
[0066] Next, referring to Figs. 11-16, a phase varying apparatus in accordance with the fourth embodiment of the
invention and recited in claim 5 will now be described. A phase varying apparatus 140 of the fourth embodiment has a
drive rotor drive rotor 141 driven by the crankshaft of the engine; a first control rotor 142; a second control rotor 143; a
center shaft 144 integrally connected to the camshaft (not shown); a first electromagnetic clutch 145 (first torque means);
a second electromagnetic clutch 146 (second torque means); and a phase angle varying mechanism 147..
[0067] The phase angle varying mechanism 147 consists of a four-link system 148 and a relative-phase varying means
described in detail later. The four-link system 148 consists of a circular eccentric cam 150 integral with the center shaft
144, a substantially cylindrical first link 151, a substantially cylindrical second link 152, and a quasi-radial guide mechanism
166.
[0068] The drive rotor 141 consists of a sprocket 156 and a drive disc 157 integrated with the sprocket 156 by means
of coupling pins 158 passing through mounting holes 156a and 156b. The sprocket 156 has at the center thereof a
circular through-hole 159 and a stepped circular hole 160. The drive disc 157 is provided with a central circular through-
hole 161 and a slide member guide groove 153 which is contiguous to the inner circumference of the circular through-
hole 161 The slide member guide groove 153 is a linear quasi-radial groove inclined with respect to a radial direction of
the rotary disc 141, and is adapted to guide the slide member 155 in the groove. The slide member is formed by fitting
a hollow cylindrical shaft 155b onto one end of the thin circular shaft 155a. The transverse width of the slide member
guide groove153 is substantially the same as the outer diameter of the thick hollow circular shaft 155b of the slide
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member. The slide member guide groove153 guides the thick hollow circular shaft 155b (fitted in the slide member guide
groove153) along the slide member guide groove153.
[0069] The first control rotor 142 is shaped in the form of a cylinder having a bottom 162 The bottom 162 has a third
circular eccentric hole 163, central circular hole 164, and an insertion groove 154 in the form of a through-hole for passing
therethrough the slide member 155. The third circular eccentric hole 163 has substantially the same inner diameter as
the outer diameter of the second link 152, and is adapted to rotatably receive therein the second link 152.
[0070] The insertion groove 154 is an escape groove for preventing the slide member that moves within the slide
member guide groove153 from touching the bottom 162. Thus, the insertion groove 154 has a width wider than the outer
diameter of the thin circular shaft 155a The insertion groove 154 extending in the rotational direction D1 of the drive
rotor has a continuously decreasing radius. It is noted that the opposite ends 154a and 154b of the insertion groove 154
function as stoppers for limiting the displacement of the thin circular shaft 155 in the insertion groove 154 so as to define
the displacement of the slide member.
[0071] The center shaft 144 has a circular eccentric cam 150, central circular through-hole 167,
large cylindrical portion 168, stepped circular hole 169 behind the large cylindrical portion 168, flange portion 170, middle
cylindrical portion 171, and small cylindrical portion 165 The large cylindrical portion 168, flange portion 170, middle
cylinder portion 171, and small cylindrical portion 165 are coaxially integrated together to rotated about the rotational
axis L0. The circular eccentric cam 150 is sandwiched between the middle cylinder portion 171 and small cylindrical
portion 126 and integrated together, with its eccentric cam center L1’ offset from the rotational axis L0 so as to rotate
eccentrically about the rotational axis L0.
[0072] The camshaft (not shown) is integrally coupled to the center shaft 144 across the stepped circular hole 169,
so that the camshaft and the center shaft 144 can rotate together about the rotational axis L0. The large cylindrical
portion 168 of the center shaft 144is slidably and rotatably inscribed in the circular through-hole 159 of the sprocket 156,
and the middle cylindrical portion 171 is passed through the stepped circular hole 160 of the drive disc 157, so that the
drive rotor 141 is supported by the center shaft 144 rotatably about the rotational axis L0. The middle cylinder portion
171 is rotatably and slidably inscribed in the circular through-hole 164, so that the first control rotor 142 is supported by
the center shaft 144 rotatably about the rotational axis L0.
[0073] The first link 151 has a substantially cylindrical form and has a first circular eccentric through-hole 172 offset
from the first central axis L2’ of the first link.. The inner diameter of the first circular eccentric through-hole 172 is
substantially the same as the outer diameter of a circular eccentric cam 150 rotatably inscribed in the first circular
eccentric through-hole 172. The first link 151 is supported by the circular eccentric cam 150 inscribed in the first circular
eccentric hole 172 so as to eccentrically rotate about the cam center L1’ of the first electromagnetic clutch 105.
[0074] The substantially cylindrical second link 152 is provided thereon with a second circular eccentric hole 173 and
a small first insertion hole 174. The second circular eccentric hole 173 is formed at a position offset from the second
central axis L3’ of the second link, and has an inner diameter substantially the same as the outer diameter of the first
link 151 so that the first link 151 is rotatably inscribed therein. The second link 152 is supported by the first link 151
inscribed in the second circular eccentric hole 173, and eccentrically rotates about the first central axis L2’. Further,
while sliding in the third circular eccentric hole 163 of the first control rotor 142, the second link 152 eccentrically rotates
about the rotational axis L0 together with the third circular eccentric hole 163.
[0075] A third link 175 is provided in the form of a substantial cylinder. This third link 175 has a fourth circular through-
hole 176 formed at a position offset from the third central axis L4’ of the third link, and a second small insertion hole 178.
The fourth circular through-hole 176 allows the protruding circular eccentric cam 150 to pass through it without touching it.
[0076] The first and second insertion holes 174 and 178, respectively, of the second and third links 152 and 175,
respectively, are through-holes having an inner diameter substantially the same as the outer diameter of the thin circular
shaft 155a. The circular thin shaft 155a of the slide member 155 is rotatably inscribed in the first and second insertion
holes 174 and 178, respectively.
[0077] The second control rotor 143 has a fifth circular and stepped eccentric hole 177 offset from the rotational axis
L0 for rotatably inscribing the third link 175, along with the central circular through-hole 179. By inserting the small
cylindrical portion 165 of the center shaft 144 in the circular through-hole 179 of the second control rotor 142, the second
control rotor 142 is supported by the center shaft 144 rotatably about the rotational axis L0. The third link 175, slidable
in the fifth circular eccentric hole 177, eccentrically rotates about the rotational axis L0 together with the fifth circular
eccentric hole 177. The displacement forcing means 149 is constituted of the third link 175, and the fifth circular eccentric
hole 177, and the second insertion hole second through-hole 178 for receiving therein the thin circular shaft 155a of the
slide member. The displacement forcing means 149 provides the second link 152 with a force in a substantially radial
direction
[0078] One end of the thin circular shaft 155a of the slide member is inserted and passed through the insertion groove
154 of the first control rotor 142, first insertion hole 174 of the second link 152, and second through-hole 178 of the first
insertion hole 174 in the order mentioned, while the thick hollow circular shaft 155b located at the other end is inserted
in the insertion groove 154 The thin circular shaft 155a couples the second and third links 152 and 175, respectively,
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rotatably about the first and second insertion holes 174 and 178, respectively, and is slidably supported by the insertion
groove 154. At the same time, the thick hollow circular shaft 155b is held in the slide member guide groove153 slidably
in a quasi-radial direction.
[0079] The quasi-radial guide mechanism 166 defined in claim 5 consists of the first insertion hole 174, the slide
member guide groove153, and the slide member 155 inserted into these holes. Incidentally, the first link 151, second
link 152, and slide member 155 are assembled on the center shaft 144 such that the central axes L2’ , L3’ , and L10 of
the first link 151, second link 152, and slide member 155, respectively, are coaxially aligned The quasi-radial guide
mechanism 166 can displace the second link 152 along the slide member guide groove153 in collaboration with the
displacement forcing means 149.
[0080] In collaboration with a third circular eccentric hole 163 for slidably receiving the inscribed second link second
link 152, the circular eccentric cam 150, first link 151, second link 152, and quasi-radial guide mechanism 166 form the
four-link mechanism 148 having four nodes that include the cam center L1’, and center axes L2’ , L3’ , and the rotational
axis L0.
[0081] Arranged ahead of the first and second control rotors 142 and 143, respectively, are the first and second
electromagnetic clutches 145 and 146, respectively. By attracting the front ends 142a and 143a of the first and second
control rotors, respectively, to the frictional members 145a and 146a of the electromagnetic clutches 145 and 146,
respectively, the first and second control rotors 142 and 143, respectively, are rotated relative to the drive rotor 141 so
as to vary the phase angle of the camshaft in a predetermined direction
[0082] Mounted at the leading end of the small cylindrical portion 165 of the center shaft 144 protruding from a circular
through-hole 179 is a holder 180 having a circular hole 180a for receiving a bolt. The holder 180 and center shaft 144
are securely fixed to the leading end of the camshaft by means of the bolt (not shown) passed through the central holed
formed in these members and screwed into the leading end of the camshaft.
[0083] Next, referring to Figs. 14-16, operation of the phase varying apparatus of the fourth embodiment will now be
described. Under the initial condition where the first and second electromagnetic clutches are turned off, the camshaft
(center shaft 144), first control rotor 142, second control rotor 102, first link 151, second link 152, and third link 175 rotate
in the clockwise direction D1 as shown in Fig. 11 together with the sprocket 156 (drive rotor 141) driven by the crankshaft.
[0084] Upon enablement of the first electromagnetic clutch 145, the central axis L3’ of the second link acting as a
node of the four-link system 148 is rotated about the rotational axis L0 in the counterclockwise direction D2, as shown
in Fig. 16. The central axis L2’ acting as another node, central axis L10 of the slide member, and the central axis L3’
are aligned in the same straight line, and displaced together while keeping their linear alignment, thereby rotating the
axis L1’ (acting as a further node) in the clockwise direction D1. As a consequence, the phase angle of the center shaft
144 (camshaft) relative to the drive rotor 141 is varied in the phase advancing direction D1. On the other hand, if the
second electromagnetic clutch 146 is enabled, the cam center L1’ of the circular eccentric cam acting as a node of the
four-link system 148 is rotated in the counterclockwise direction D2 as shown in Fig 16(c), that is, in the opposite direction
caused by the first electromagnetic clutch 145, thereby returning the drive rotor 141 in the phase retarding direction D2
relative to the center shaft 144.
[0085] More specifically, under the braking torque exerted by the first electromagnetic clutch 145, the first control rotor
142 is retarded in rotation relative to the drive rotor 141 as shown in Fig. 15(a), and rotated in the phase retarding
direction D2 relative to the drive rotor 141 together with the insertion groove 154. As the insertion groove 154 having a
radius continuously decreasing in the phase retarding direction D2 is rotated in the direction D2, the thick hollow circular
shaft 155b is guided by the slide member guide groove153 as shown in Fig. 15(b), so that the slide member 155 is
displaced in the slide member guide groove153 in the radially inward direction D5.
[0086] At the same time, the central axis L3’ of the second link 152 is rotated in the phase retarding direction D2
together with the third circular eccentric hole 163 as shown in Fig. 14(b). Since the second link 152 is coupled to the
slide member that moves in the D5 direction in the slide member guide groove153, the first link 151 is subjected to a
force exerted by the wall of the second circular eccentric hole 173 and is moved from the phantom position to the solid
position shown in Fig. 16(b) while keeping the linear alignment condition between the central axis L2’ of the first link,
central axis L3’ of the second link, and central axis of the L5’ of the slide member. It is noted that when the thin circular
shaft 155a is displaced in the direction D5 shown in Fig 15(b), the third link 175 connected to the thin circular shaft 155a
is rotated in the clockwise direction D1 together with central axis L4’ as shown in Fig. 145(a).
[0087] In this instance, the cam center L1’ of the circular eccentric cam 150 is eccentrically rotated in the phase
advancing direction D1 about the rotational axis L0 together with the first circular eccentric through-hole 172. Thus, the
circular eccentric cam 150, inscribed in the first circular eccentric through-hole 172 and sliding therein, eccentrically
rotates in the phase advancing direction D1about the rotational axis L0. As a consequence, the phase angle of the center
shaft 144 (camshaft) relative to the drive rotor 141 is advanced in the D1 direction.
[0088] On the other hand, when the second electromagnetic clutch 146 is enabled, the second control rotor 143 is
rotated in the phase retarding direction D2 as shown in Fig. 14(a). The third link 175 eccentrically rotates in the D2
direction about the rotational axis L0 together with the fifth circular eccentric hole 177 and the central axis L4’, thereby
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exerting a force in a quasi-radial direction of the second control rotor 102 to the slide member The slide member155 is
displaced within the slide member guide groove153 in a radially outward direction D6 shown in Fig. 15(b).
[0089] In this motion, the central axis L3’ of the second link 152 connected to the slide member 155 is rotated in the
phase advancing direction D1. The first link 151 is then subjected to a force exerted by the second circular eccentric
hole 173, and is moved from a position shown in Fig 16(c) by phantom lines to the position shown by a solid line. In this
instance, the axis L1’ of the circular eccentric cam 150 eccentrically rotates in the phase retarding direction D2 about
the rotational axis L0 together with the first circular eccentric through-hole 172, so that the circular eccentric cam 150
inscribed in the first circular eccentric through-hole 172 is eccentrically rotated about the rotational axis L0 in the phase
retarding direction D2 while sliding in the first circular eccentric through-hole 172. As a consequence, the camshaft is
returned in the phase retarding direction D2 relative to the drive rotor.
[0090] Next, referring to Fig. 17, there is shown a self-locking mechanism for preventing a phase gap to occur between
the drive rotor 141 (crankshaft) and the center shaft 144 (camshaft) subjected to an external disturbing torque.
[0091] Since the slide member 155 is supported by the slide member guide groove153, if an external disturbing torque
is transmitted to the circular eccentric cam 150 integral with the camshaft (not shown) in the phase advancing direction,
the second link 152 is acted upon by a force F6, via the wall of the first circular eccentric through-hole 172, first link 151,
and the wall of the second circular eccentric hole 173, in the direction of the line L11 tangent to the trajectory of motion
of the first link 151 and passing through the axis L2’. The force F6 acts on the first control rotor 142 at the point of
intersection of the line L11 with the third circular eccentric hole 163 On the other hand, if an external disturbing torque
is applied to the circular eccentric cam 150 in the phase retarding direction D2, the second link 152 is acted upon by a
force F7 in the opposite direction along the tangent to the trajectory of the motion of the first link 151 and passing through
the central axis L2’ of the first link 151 The force F7 acts on the first control rotor 142 at the intersection P7 of the line
L11 and the circumferential line of the third circular eccentric hole 163. These forces F6 and F7 give rise to local frictional
forces between the outer periphery of the second link 152 and the third circular eccentric hole of the first control rotor
142 that prevents relative rotational motion between them.
[0092] Such local frictional force as discussed above can be given as follows. Let L12 be the line tangent to the second
link 152 passing through the point P6, L13 the normal to the line L12 passing through the point P6, L14 the tangent to
the second link 152 passing through the point P7, L15 the normal to the line L14 passing through P7, θ6 the angle
between the lines L11 and L13, θ7 the angle between the lines L11 and L15, and m’ be the frictional coefficient of the
surfaces in contact..
[0093] The force that can give rise to a phase gap between the drive rotor 141 and the camshaft is the tangential
component of the frictional force at the point P7, the magnitude of which is given by F7*sinθ7. The magnitude of the
local frictional force at the point P6 that prevents the slipping of the outer periphery of the second link 152 on the inner
circumferential wall of the third circular eccentric hole 163, is given by m’*F6*cosθ6 and, at the point P7, is given by
m*F7*cosθ7. When the frictional force exceeds the force that can give rise to the phase gap, the first link 111 and first
control rotor 142 cannot undergo relative rotation. Accordingly, then, the first control rotor 142 and center shaft 144 will
be securely locked. As a consequence, no phase gap will take place between the drive rotor 141 (crankshaft) and the
center shaft 144 (camshaft) Thus, if θ6 and θ7 are chosen such that the following relationships hold, 

and 

the self-rocking function becomes effective, preventing such phase gap caused by an external disturbing torque.
[0094] It is noted that the four-link system of the fourth embodiment is operated in an anomalistic way in that the angle
between the normal to the circumference of the third circular eccentric hole 163 at P6 and the tangent to the trajectory
line L11 of the first link 151 changes with the phase angle of the camshaft. Thus, the friction angle θ6 and θ7 change
with the phase angle. Because of this feature, it is possible to set the friction angle θ6 and θ7 to 0 degree near the mid
point of the phase varying range, as shown in Fig. 18.. In this case, each of m’*F6*cosθ6 and m’*F7*cosθ7 becomes
maximum, while F6*sinθ6 and F7*sinθ7 become 0. Thus, in the fourth embodiment, the local frictional force can be
maximized near the mid point of the phase varying range for the camshaft and drive rotor.
[0095] It should be understood that each of the foregoing examples are presumably in "Phase Advancing Mode" in
which the phase angle between the drive rotor and center shaft is changed in the phase advancing direction D1 upon
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enablement of the first electromagnetic clutch, and returned in the phase retarding direction upon enablement of the
second electromagnetic clutch. However, by changing the arrangement of the four-link mechanism the apparatus can
be set to "Phase Retarding Mode" in which the phase angle is changed in the phase retarding direction D2 upon
enablement of the first electromagnetic clutch. It should be also understood that the second electromagnetic clutch for
returning the phase angle may be replaced by an alternative return mechanism that utilizes, for example, an elastic
member such as a torsion spring. It is noted that if no limitation is imposed on the angular range of rotation of the four-
link system about the rotational axis L0, "Phase Advancing-Retarding Mode" can be established in which the phase
angle can be changed in the phase advancing mode as well as in the phase retarding mode solely by the first electro-
magnetic clutch.

Claims

1. A phase varying apparatus for use with an automobile engine including: a camshaft (104), a drive rotor (101, 141)
driven by the crankshaft of the engine; a first (102, 142) and a second (103, 143) control rotor which are rotatable
relative to each other and arranged coaxially between the camshaft (104) and drive rotor (101, 141); first and second
torque means (105, 145 and 106, 146) for respectively providing the first and second control rotor with a torque for
causing a rotation relative to the drive rotor (101, 141), and a phase angle varying mechanism (107, 147) for varying
the phase angle of the camshaft (104) relative to the drive rotor (101, 141) in response to the rotation of the first or
second control rotor relative to the drive rotor, the phase varying apparatus (100, 140) characterized in that the
phase angle varying mechanism (107, 147) comprises:

a circular eccentric cam (110, 150) integral with the camshaft (104),
a first link (111, 151) in the form of a substantial cylinder which is supported by the circular eccentric cam for
rotation about the cam center of the circular eccentric cam (110, 150),
a second link (112, 152) in the form of a substantial cylinder which is rotatably supported by the first link (111,
151) for eccentric rotation about the first axis of the first link and supported by the first control rotor (102, 142)
for rotation about a second axis of the second link (112, 152) that is offset from the rotational axis of the camshaft
(104),
a quasi-radial guide mechanism (166) for keeping movable the first (111, 151) or second link (112, 152) in the
quasi-radial direction of the respective rotor; and
displacement forcing means (130, 149) provided in the second control rotor (103, 143) for applying a force on,
and displacing, either one of the first link (111, 151) and second link (112, 152) in the quasi-radial guide mech-
anism (166) in the quasi-radial direction.

2. The phase varying apparatus according to claim 1, wherein
the quasi-radial guide mechanism (166) is a first link guide groove (113, 113’) formed in the drive rotor (101, 141)
to extend in a quasi-radial direction, for guiding the first link (111, 151) in the quasi-radial direction; and
the drive rotor (101, 141) has a cylindrical portion for supporting the outer periphery of the first control rotor (102, 142).

3. The phase varying apparatus according to claim 2, wherein
a bush (132) having a circular hole (133) and parallel cutaway portions (132a, 132b) on the opposite sides thereof
is provided between the first link (111, 151) and the first link guide groove (113, 113’),
the first link is slidably inscribed in the circular hole (133) of the bush (132) without touching the first link guide
groove; and
the cutaway portions (132a, 1312b) formed on the opposite sides of the bush (132) are guided by the first link guide
groove (113, 113’) so that the bush is displaced along the first link guide groove together with the first link (111, 151).

4. The phase varying apparatus according to claim 2 or 3, wherein the first link guide groove (113, 113’) is inclined
with respect to a radial direction of the drive rotor (101, 141).

5. The phase varying apparatus according to claim 1, wherein
the quasi-radial guide mechanism (166) comprises:

a slide member (155) protruding from the second link (112, 152), and
a slide member guide groove (153) in the form of a groove formed in the drive rotor (101, 141) to extend in a
quasi-radial direction for holding the slide member (155) movably in the quasi-radial direction;
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the positions of the center axes of the first link (111, 151), second link (112, 152), and of the slide member (155)
with respect to the axis L0 are aligned with substantially the same line; and
the first control rotor (102, 142) has a circular eccentric hole (177) for rotatably inscribing therein the second link
(112, 152).

Patentansprüche

1. Phasenvariationsvorrichtung zur Verwendung mit einem Automobilmotor, enthaltend: eine Nockenwelle (104), einen
Antriebsrotor (101, 141), welcher durch die Kurbelwelle des Motors angetrieben wird; einen ersten (102, 142) und
einen zweiten (103, 143) Steuerrotor, welche relativ zueinander rotierbar und koaxial zwischen der Nockenwelle
(104) und dem Antriebsrotor (101, 141) angeordnet sind; eine erste und eine zweite Drehmomenteinrichtung (105,
145 und 106, 146) zum jeweiligen Versorgen des ersten und des zweiten Steuerrotors mit einem Moment zum
Bewirken einer Rotation relativ zu dem Antriebsrotor (101, 141), und einem PhasenwinkelVariationsmechanismus
(107, 147) zum Variieren des Phasenwinkels der Nockenwelle (104) relativ zu dem Antriebsrotor (101, 141) in
Antwort auf die Rotation des ersten oder zweiten Steuerrotors relativ zu dem Antriebsrotor, wobei die Phasenvari-
ationsvorrichtung (100, 140) dadurch gekennzeichnet ist, dass der Phasenwinkel-Variationsmechanismus (107,
147) umfasst:

eine zirkulär exzentrische Nocke (110, 150), die in die Nockenwelle (104) integriert ist,
eine erste Verbindung (111, 151) in der Form im Wesentlichen eines Zylinders, welche durch die zirkulär
exzentrische Nocke zur Rotation um das Nockenzentrum der zirkulär exzentrischen Nocke (110, 150) gehalten
wird,
eine zweite Verbindung (112, 152) in der Form im Wesentlichen eines Zylinders, welche drehbar durch die
erste Verbindung (111, 151) zur exzentrischen Rotation um die erste Achse der ersten Verbindung gehalten
wird und durch den ersten Steuerrotor (102, 142) zur Rotation um die zweite Achse der zweiten Verbindung
(112, 152) gehalten wird, die von der Rotationsachse der Nockenwelle (104) versetzt ist,
einen quasi-radialen Führungsmechanismus (166) zum beweglichen Halten der ersten (111, 151) oder zweiten
Verbindung (112, 152) in der quasiradialen Richtung des jeweiligen Rotors; und
eine Versetzungs-Kraftbeaufschlagungseinrichtung (130, 149), die in dem zweiten Steuerrotor (103, 143) vor-
gesehen ist, zum Ausüben einer Kraft auf und Versetzen von einer von der ersten Verbindung (111, 151) und
zweiten Verbindung (112, 152) in dem quasi-radialen Führungsmechanismus (166) in der quasi-radialen Rich-
tung.

2. Phasenvariationsvorrichtung nach Anspruch 1, wobei der quasi-radiale Führungsmechanismus (166) eine erste
Verbindungsführungsnut (113, 113’) ist, die in dem Antriebsrotor (101, 141) dahingehend ausgebildet ist, sich in
der quasi-radialen Richtung zu erstrecken, zum Führen der ersten Verbindung (111, 151) in der quasi-radialen
Richtung; und der Antriebsrotor (101, 141) einen zylindrischen Abschnitt zum Halten des Außenumfangs des ersten
Steuerrotors (102, 142) aufweist.

3. Phasenvariationsvorrichtung nach Anspruch 2, wobei eine Buchse (132) mit einer kreisförmigen Öffnung (133) und
parallelen Ausschnitts-Abschnitten (132a, 132b) auf den gegenüberliegenden Seiten davon zwischen der ersten
Verbindung (111, 151) und der ersten Verbindungsführungsnut (113, 113’) vorgesehen ist,
die erste Verbindung gleitfähig in der kreisförmigen Öffnung (133) der Buchse (132) ohne Berührung der ersten
Verbindungsführungsnut einbeschrieben ist;
und wobei
die Ausschnitts-Abschnitte (132a, 132b), die auf den gegenüberliegenden Seiten der Buchse (132) ausgebildet
sind, durch die erste Verbindungsführungsnut (113, 113’) geführt werden, sodass die Buchse entlang der ersten
Verbindungsführungsnut zusammen mit der ersten Verbindung (111, 151) versetzt wird

4. Phasenvariationsvorrichtung nach Anspruch 2 oder 3, wobei die erste Verbindungsführungsnut (113, 113’) bezüglich
einer radialen Richtung des Antriebsrotors (101, 141) geneigt ist.

5. Phasenvariationsvorrichtung nach Anspruch 1, wobei
der quasi-radiale Führungsmechanismus (166) umfasst:

ein Gleitelement (155), welches aus der zweiten Verbindung (112, 152) herausragt und
eine Gleitelement-Führungsnut (153) in der Form einer Nut, die in dem Antriebsrotor (101, 141) dahingehend
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ausgebildet ist, sich in einer quasi-radialen Richtung zu erstrecken, zum beweglichen Halten des Gleitelements
(155) in der quasi-radialen Richtung;
wobei die Positionen der zentralen Achsen der ersten Verbindung (111, 151),
der zweiten Verbindung (112, 152) und des Gleitelements (155) bezüglich der Achse L0 auf im Wesentlichen
der gleichen Linie ausgerichtet sind; und
der erste Steuerrotor (102, 142) eine zirkulär exzentrische Öffnung (177) zum drehbaren Einbeschreiben der
zweiten Verbindung (112, 152) darin aufweist.

Revendications

1. Appareil de variation de phase destiné à être utilisé avec un moteur d’automobile comprenant: un arbre à cames
(104) ; un rotor d’entraînement (101, 141) entraîné par le vilebrequin du moteur ; des premier (102, 142) et second
(103, 143) rotors de commande qui sont rotatifs l’un par rapport à l’autre et agencés de façon coaxiale entre l’arbre
à cames (104) et le rotor d’entraînement (101, 141) ; des premier et second moyens de couple (105, 145 et 106,
146) pour fournir respectivement aux premier et second rotors de commande un couple pour entraîner une rotation
par rapport au rotor d’entraînement (101, 141) ; et un mécanisme de variation d’angle de phase (107, 147) pour
varier l’angle de phase de l’arbre à cames (104) par rapport au rotor d’entraînement (101, 141) en réponse à la
rotation du premier ou du second rotor de commande par rapport au rotor d’entraînement, l’appareil de variation
de phase (100, 140) étant caractérisé en ce que le mécanisme de variation d’angle de phase (107, 14 7) comprend :

une came excentrique circulaire (110, 150) intégrée avec l’arbre à cames (104) ;
une première liaison (111, 151) sous forme de cylindre substantiel qui est supporté par la came excentrique
circulaire pour la rotation autour du centre de came de la came excentrique circulaire (110, 150) ;
une seconde liaison (112, 152) sous forme de cylindre substantiel qui est supporté de façon rotative par la
première liaison (111, 151) pour la rotation excentrique autour du premier axe de la première liaison et supporté
par le premier rotor de commande (102, 142) pour la rotation autour d’un second axe de la seconde liaison
(112, 152) qui est décalé par rapport à l’axe de rotation de l’arbre à cames (104) ;
un mécanisme de guidage quasi-xadial (166) pour maintenir mobile la première (111, 151) ou la seconde (112,
152) liaison dans la direction quasi-radiale du rotor respectif ; et
des moyens de forçage de déplacement (130, 149) prévus dans le second rotor de commande (103, 143) pour
appliquer une force sur, et déplacer, l’une ou l’autre de la première liaison (111, 151) et de la seconde liaison
(112, 152) dans le mécanisme de guidage quasi-radial (166) dans la direction quasi-radiale

2. Appareil de variation de phase selon la revendication 1, dans lequel le mécanisme de guidage quasi-radial (166)
est une rainure de guidage de première liaison (113, 113’) formée dans le rotor d’entraînement (101, 141) pour
s’étendre dans une direction quasi-radiale, pour guider la première liaison (111, 151) dans la direction quasi-radiale; et
le rotor d’entraînement (101, 141) comporte une partie cylindrique pour supporter la périphérie extérieure du premier
rotor de commande (102, 142).

3. Appareil de variation de phase selon la revendication 2, dans lequel une douille (132) comportant un trou circulaire
(133) et des parties découpées parallèles (132a, 132b) sur les côtés opposés de celle-ci est prévue entre la première
liaison (111, 151) et la rainure de guidage de première liaison (113, 113’) ;
la première liaison est inscrite de façon coulissante dans le trou circulaire (133) de la douille (132) sans toucher la
rainure de guidage de première liaison ; et
les parties découpées (132a, 132b) formées sur les côtés opposés de la douille (132) sont guidées par la rainure
de guidage de première liaison (113, 113’) pour que la douille soit déplacée le long de la rainure de guidage de
première liaison conjointement avec la première liaison (111, 151).

4. Appareil de variation de phase selon la revendication 2 ou 3, dans lequel la rainure de guidage de première liaison
(113, 113’) est inclinée par rapport à une direction radiale du rotor d’entraînement (101, 141)

5. Appareil de variation de phase selon la revendication 1, dans lequel le mécanisme de guidage quasi-radial (166)
comprend :

un élément coulissant (155) faisant saillie à partir de la seconde liaison (112, 152) ; et
une rainure de guidage d’élément coulissant (153) sous forme de rainure formée dans le rotor d’entraînement
(101, 141) pour s’étendre dans une direction quasi-radiale pour retenir l’élément coulissant (155) de façon
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mobile dans la direction quasiradiale ;
les positions des axes centraux de la première liaison (111, 151), de la seconde liaison (112, 152), et de l’élément
coulissant (155) par rapport à l’axe L0 sont alignées sensiblement avec la même ligne ; et
le premier rotor de commande (102, 142) comporte un trou excentrique circulaire (177) pour inscrire la seconde
liaison (112, 152) de façon rotative dans celui-ci
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