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(57) In an engine electromagnetic valve operating
device (20), an intake valve (17) is opened and closed
by means of a first electromagnet (21), which is fixed to
a cylinder head, and a second electromagnet (22), which
is pivotably supported on the cylinder head by a fixed
shaft (38) so as to be capable of swinging, attracting a
first attraction face (23b) and a second attraction face
(23c) respectively of an armature (23) having one end
pivotably supported on the cylinder head by the fixed
shaft (38) so that it can swing and having the other end

abutting against a stem (18) of the intake valve (17). In
this arrangement, by changing the angle between the
first and second electromagnets (21, 22) by swinging the
second electromagnet (22), the amount of lift of the intake
valve (17) can be changed freely. Furthermore, since on-
ly atleast one of the first and second electromagnets (21,
22) needs to be made to swing and, moreover, it is un-
necessary to move the position of the armature (23), it
is possible to form the electromagnetic valve operating
device (20) compactly.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an engine elec-
tromagnetic valve operating device for opening and clos-
ing a valve by means of an armature that is alternately
attracted by a first electromagnet and a second electro-
magnet so as to swing.

BACKGROUND ART

[0002] An arrangement in which supported on a disk
base are an upper disk (armature) and a lower disk (ar-
mature) having extremities connected to a drive valve
provided in a cylinder head of an engine and having base
ends pivotably supported on the disk base, an electro-
magnet disposed inside the two disks, and a pair of per-
manent magnets disposed outside the two disks, the disk
base being movable in a direction perpendicular to an
open/close direction of the drive valve, and in which the
two disks are alternately attracted by the electromagnet
and the permanent magnet and made to swing to-and-
fro by controlling the passage of current to the electro-
magnet thus opening and closing the drive valve, the
amount of lift of the drive valve being varied by changing
a lever ratio of the two disks by moving the disk base by
means of an actuator, is known from Patent Publication
1 below.

Patent Publication 1: Japanese Patent Application
Laid-open No. 2006-22776.

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0003] In the above-mentioned conventional arrange-
ment, since it is necessary to move the disk base, which
supports one electromagnet, two permanent magnets,
and two disks (armatures), by means of the actuator, the
overall electromagnetic valve operating device increases
in size, thus causing the problem that there are significant
restrictions on its disposition in the confined space within
the cylinder head of the engine.

[0004] The present invention has been accomplished
in the light of the above-mentioned circumstances, and
it is an object thereof to make a compact electromagnetic
valve operating device that opens and closes a valve with
any amount of lift by means of an electromagnet.

MEANS FOR SOLVING THE PROBLEMS

[0005] In order to attain the above object, according to
a first aspect of the present invention, there is provided
an engine electromagnetic valve operating device com-
prising an armature having one end pivotably supported
on an engine main body so as to be capable of swinging
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and having the other end abutting against a stem of a
valve, a first electromagnet that can attract a first attrac-
tion face of the armature, and a second electromagnet
that can attract a second attraction face of the armature,
at least one electromagnet of the first and second elec-
tromagnets being supported so as to be capable of swing-
ing around a fixed shaft whose position is fixed relative
to the engine main body.

[0006] According to a second aspect of the present
invention, in addition to the first aspect, the one electro-
magnet causes the valve to lift, and defines the amount
of lift of the valve.

[0007] According to a third aspect of the present in-
vention, in addition to the first or second aspect, the de-
vice comprises a pair of valve springs for urging the ar-
mature to a neutral position, a spring seat supporting one
valve spring being fixed to the engine main body and a
spring seat supporting the other valve spring moving in
response to swinging of the one electromagnet.

[0008] According to a fourth aspect of the present in-
vention, in addition to the third aspect, the other valve
spring and the spring seat supporting the valve spring
are disposed on the outer periphery of the stem of the
valve, and the spring seat is integrally connected to and
moves with the one electromagnet.

[0009] According to afifth aspect of the present inven-
tion, in addition to any one of the first to fourth aspects,
the armature is pivotably supported via the fixed shaft.
[0010] According to a sixth aspect of the present in-
vention, in addition to the fifth aspect, the other electro-
magnet of the first and second electromagnets is provid-
ed with a fixing part for fixing the fixed shaft.

[0011] According to a seventh aspect of the present
invention, in addition to the first aspect, the device com-
prises a first valve spring for urging the valve in a valve-
closing direction and a second valve spring for urging the
valve in a valve-opening direction, the second valve
spring urging a lever provided on the one end side of the
armature.

[0012] According to an eighth aspect of the present
invention, in addition to the seventh aspect, the one elec-
tromagnet comprises a lever provided on one end side
via which the electromagnet is pivotably supported on
the fixed shaft, an urging force of the second valve spring
on the one end side acting on the lever of the armature,
and an urging force of the second valve spring on the
other end side acting on the lever of the one electromag-
net.

[0013] According to a ninth aspect of the present in-
vention, in addition to the eighth aspect, at least parts of
the lever of the armature and the lever of the one elec-
tromagnet overlap when viewed in a cylinder line direc-
tion.

[0014] According to a tenth aspect of the present in-
vention, in addition to the eighth or ninth aspect, a guide
rod having one end pivotably supported on the lever of
the armature and having a first spring seat provided at
the other end runs through a second spring seat provided
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in the lever of the one electromagnet, and one end and
the other end of the second valve spring supported on
the outer periphery of the guide rod abut against the first
spring seat and the second spring seat respectively.
[0015] According to an eleventh aspect of the present
invention, in addition to any one of the eighth to tenth
aspects, an actuator making the one electromagnet
swing drives the other end side of the electromagnet.
[0016] A cylinder head 12 and a head cover 13 of em-
bodiments correspond to the engine main body of the
presentinvention, an intake valve 17 of the embodiments
corresponds to the valve of the present invention, first
electromagnets 21 of the embodiments correspond to
the other electromagnet of the present invention, second
electromagnets 22 of the embodiments correspond to
the one electromagnet of the presentinvention, an inside
block member 27 of the embodiments corresponds to
the fixing part of the present invention, and a first valve
spring 47 and a second valve spring 51 of the embodi-
ments correspond to the valve spring of the present in-
vention.

EFFECTS OF THE INVENTION

[0017] In accordance with the first aspect of the
present invention, since the first and second electromag-
netics respectively attract the first attraction face and the
second attraction face of the armature having one end
pivotably supported so that it can swing around the fixed
shaft whose position is fixed relative to the engine main
body and having the other end abutting against the stem
of the valve, the amount of lift of the valve can be changed
freely by making at least one of the first and second elec-
tromagnets swing. Furthermore, since only at least one
of the first and second electromagnets needs to be made
to swing and, moreover, it is unnecessary to move the
position of the armature, it is possible to form the elec-
tromagnetic valve operating device compactly. In partic-
ular, since the amount of lift of the valve is varied by
making the one of the electromagnets swing, the elec-
tromagnetic valve operating device can be made com-
pact in the axial direction of the valve.

[0018] Furthermore,inaccordance withthe second as-
pect of the present invention, since the electromagnet
that swings makes the valve lift and defines the amount
of lift of the valve, not only is it possible to reliably open
the valve, but it is also possible to vary the amount of lift
of the valve while suppressing any degradation in colli-
sion noise when the valve closes.

[0019] Moreover, in accordance with the third aspect
of the present invention, since, among the pair of valve
springs for urging the armature to the neutral position,
the spring seat supporting one of the valve springs is
fixed to the engine main body, and the spring seat sup-
porting the other valve spring is moved in response to
swinging of the one electromagnet, even if the engine
stops, regardless of the swing position of the one elec-
tromagnet at that time, the armature is prevented from
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being greatly displaced from the neutral position, and it
is possible to reliably attract the armature by the first elec-
tromagnet or the second electromagnet when the engine
is started.

[0020] Furthermore, in accordance with the fourth as-
pect of the presentinvention, since the other valve spring
and the spring seat supporting the valve spring are dis-
posed on the outer periphery of the stem of the valve,
not only is it possible to make the electromagnetic valve
operating device compact, but it is also possible to reli-
ably urge the armature to the neutral position since the
spring seat is connected integrally to the one electromag-
net and moves in response to swinging of the one elec-
tromagnet.

[0021] Moreover, in accordance with the fifth aspect
of the present invention, since the one electromagnet
and the armature are pivotably supported on the same
fixed shaft, the positional relationship between the one
electromagnet and the armature attracted to the electro-
magnet is unchanged even if the electromagnet swings,
and it is easy to control the attraction faces of the elec-
tromagnet and the armature.

[0022] Furthermore, in accordance with the sixth as-
pect of the present invention, since the fixing part via
which the fixed shaft is fixed is provided in the other elec-
tromagnet among the first and second electromagnets,
the positional relationship between the other electromag-
net and the armature is stabilized, and not only is it easy
to control the attraction faces of the other electromagnet
and the armature, butitis also unnecessary to separately
ensure that there is a member on which the fixed shaft
is provided.

[0023] Moreover, in accordance with the seventh as-
pect of the present invention, since among the first valve
spring for urging the valve in a valve-closing direction
and the second valve spring for urging it in a valve-open-
ing direction, the second valve spring urges the lever
provided on the one end side via which the armature is
pivotably supported on the fixed shaft, it is possible to
eliminate the necessity for disposing the second valve
spring on a line extended from the stem of the valve,
thereby reducing the size of the electromagnetic valve
operating device.

[0024] Furthermore, in accordance with the eighth as-
pect of the present invention, since the urging force from
one end of the second valve spring and the urging force
from the other end thereof act on the lever provided on
one end side of the armature and the lever provided on
one end side of the one electromagnet respectively, the
armature can be made to swing by means of the resilient
force of the second valve spring in response to swinging
of the one electromagnet; even if the engine stops, re-
gardless of the swing position of the one electromagnet
at that time, the armature is prevented from being greatly
displaced from the neutral position, and it is possible to
reliably attract the armature by the first electromagnet or
the second electromagnet when the engine is started.
[0025] Moreover, in accordance with the ninth aspect
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of the present invention, since the disposition is such that
at least parts of the lever of the armature and the lever
of the one electromagnet overlap when viewed in the
cylinder line direction, it is possible to reduce the size of
the electromagnetic valve operating device.

[0026] Furthermore, in accordance with the tenth as-
pect of the present invention, since the guide rod having
one end pivotably supported on the lever of the armature
and having the first spring seat provided on the other end
runs through the second spring seat provided on the lever
of the one electromagnet, and one end and the other end
of the second valve spring supported on the outer pe-
riphery of the guide rod are made to abut against the first
spring seat and the second spring seat respectively, it is
possible to reduce the number of components by utilizing
the guide rod as a support member for the second valve
spring.

[0027] Moreover, in accordance with the eleventh as-
pect of the present invention, since the actuator making
the one electromagnet swing drives the other end side
of the electromagnet, that is, the side that is distant from
the fixed shaft pivotably supporting the electromagnet, it
is possible to reduce the burden on the actuator and en-
hance the positioning precision of the swing position of
the electromagnet.

BRIEF DESCRIPTION OF DRAWINGS
[0028]

[FIG. 1] FIG. 1 is a sectional view of an engine cyl-
inder head provided with an electromagnetic valve
operating device related to a first embodiment (first
embodiment).

[FIG. 2] FIG. 2 is an enlarged view of an essential
part of FIG. 1 (first embodiment).

[FIG. 3] FIG. 3 is an exploded perspective view of
the electromagnetic valve operating device (firstem-
bodiment).

[FIG. 4] FIG. 4 is an exploded perspective view of a
swinging part of a second electromagnet (first em-
bodiment).

[FIG. 5] FIG. 5 is a diagram for explaining the oper-
ation (neutral state) at a time of low lift and at a time
of high lift (first embodiment).

[FIG. 6] FIG. 6 is a diagram for explaining the oper-
ation (maximum lift state) at a time of low lift and at
a time of high lift (first embodiment).

[FIG. 7] FIG. 7 is a sectional view of an engine cyl-
inder head provided with an electromagnetic valve
operating device related to a second embodiment
(second embodiment).

[FIG. 8] FIG. 8 is an enlarged view of an essential
part of FIG. 7 (second embodiment).

[FIG. 9] FIG. 9 is a view from arrowed line 9-9 in FIG.
8 (second embodiment).

[FIG. 10] FIG. 10 is an exploded perspective view of
the electromagnetic valve operating device (second
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embodiment).

[FIG. 11] FIG. 11 is an exploded perspective view of
a second electromagnet and its swinging part (sec-
ond embodiment).

[FIG. 12] FIG. 12 is a diagram for explaining the op-
eration (neutral state) at a time of low lift and at a
time of high lift (second embodiment).

[FIG. 13] FIG. 13 is a diagram for explaining the op-
eration (maximum lift state) at a time of low lift and
at a time of high lift (second embodiment).

EXPLANATION OF REFERENCE NUMERALS AND
SYMBOLS

[0029]

12 Cylinder head (engine main body)
13 Head cover (engine main body)

17 Intake valve (valve)
18 Stem
21 First electromagnet (other electromagnet)

22 Second electromagnet (one electromagnet)
23 Armature

23b  First attraction face

23c  Second attraction face

23d  Lever

27 Inside block member (fixing part)
34d Lever

38 Fixed shaft
44 Spring seat
47 First valve spring (valve spring)
49 Spring seat

51 Second valve spring (valve spring)
43 Actuator

150 Guide rod

151  First spring seat

152
153

Second spring seat
Second valve spring

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] Modes for carrying out the presentinvention are
explained below by reference to the attached drawings.

EMBODIMENT 1

[0031] FIG. 1to FIG. 6 show a first embodiment of the
present invention.

[0032] AsshowninFIG. 1, acylinder head 12 is joined
to a top face of an engine cylinder block 11, and a head
cover 13 is joined to a top face of the cylinder head 12.
An intake port 14 is formed in the cylinder head 12, and
a stem 18 of an intake valve 17 for opening and closing
a valve hole 16 via which the intake port 14 opens in a
combustion chamber 15 is slidably guided by a valve
guide 19 provided in the cylinder head 12.

[0033] AsshowninFIG.1toFIG.4,anelectromagnetic
valve operating device 20 for opening and closing a pair
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of the intake valves 17 with the same timing and the same
amount of lift includes a pair of first electromagnets 21,
a pair of second electromagnets 22, a pair of armatures
23, and a pair of urging rods 24.

[0034] The first electromagnets 21 include a core 25
formed by laminating a large number of steel sheets, a
pair of coils 26 wound around four coil grooves 25a
formed in the core 25, an inside block member 27 super-
imposed on the inner end of the core 25, and an outside
block member 28 superimposed on the outer end of the
core 25, the inside block member 27, the core 25, and
the outside block member 28 being integrally secured by
means of four bolts 29. The first electromagnets 21 are
fixed to the cylinder head 12 by securing three mounting
arms 27a of the inside block member 27 to a mounting
portion 12a of the cylinder head 12 by bolts 30 and se-
curing three mounting arms 28a of the outside block
member 28 to a mounting portion 12b of the cylinder head
12 by bolts 31.

[0035] The second electromagnets 22 include a core
32 formed by laminating a large number of steel sheets,
a pair of coils 33 wound around four coil grooves 32a
formed in the core 32, an inside block member 34 super-
imposed on the inner end of the core 32, and an outside
block member 35 superimposed on the outer end of the
core 32, the inside block member 34, the core 32, and
the outside block member 35 being integrally secured by
means of four bolts 36. The inside block member 34 is
provided with two hinge arms 34a and two link arms 34b,
and the outside block member 35 is provided with three
spring seat support arms 35a.

[0036] The armatures 23 are plate-shaped members;
two hinge arms 23a are provided at the inner end, and
two rollers 37 are rotatably and axially supported at the
outer end. A fixed shaft 38 is press-fitted into the three
mounting arms 27a of the inside block member 27 of the
first electromagnets 21, and the two hinge arms 23a of
the armatures 23 and the two hinge arms 34a of the inside
block member 34 of the second electromagnets 22 are
fitted around the outer periphery of the fixed shaft 38 in
a relatively rotatable manner. The armatures 23 and the
second electromagnets 22 are therefore pivotably sup-
ported so that they can swing around the fixed shaft 38
independently from each other. The fixed shaft 38 re-
ferred to here means that its position does not move rel-
ative to the cylinder head 11, and it may rotate at the
same position.

[0037] Two link arms 39a provided on a control shaft
39 rotatably supported on the cylinder head 12 and the
two link arms 34b of the inside block member 34 of the
second electromagnets 22 are pivotably supported at op-
posite ends of a control link 40 via pins 41 and 42 re-
spectively. Therefore, when the control shaft 39 is rotated
to-and-fro by means of an actuator 43 such as an electric
motor, it makes the second electromagnets 22 swing
around the fixed shaft 38 via the control link 40.

[0038] A cylindrical spring seat 44 is slidably fitted into
a guide recess 12c¢ formed in the cylinder head 12 coax-
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ially with the intake valve 17, and a pin 45 provided on
the spring seat 44 engages with an oblong hole 35b pro-
vided in the extremity of the spring seat support arm 35a
of the outside block member 35 of the second electro-
magnets 22. Therefore, when the second electromag-
nets 22 swing, this is tracked by the spring seat 44 moving
vertically along the guide recess 12c. The reason for the
arrangement in which it is the oblong hole 35b that the
pin 45 provided in the spring seat support arm 35a en-
gages with is because the spring seat support arm 35a
of the outside block member 35 swings around the fixed
shaft 38 whereas the spring seat 44 moves linearly along
the guide recess 12c.

[0039] A first valve spring 47 is provided in a com-
pressed state between the spring seat 44 and a spring
seat 46 provided at the upper end of the stem 18 of the
intake valve 17. The first valve spring 47 urges the intake
valve 17 in a valve-closing direction (upward), and the
urging force makes the upper end of the stem 18 of the
intake valve 17 abut against the roller 37 of the armature
23.

[0040] The urging rod 24, which is disposed coaxially
with the stem 18 of the intake valve 17, is slidably sup-
ported in a rod guide 48 provided on a support portion
13a of the head cover 13. A second valve spring 51 is
provided in a compressed state between a spring seat
49 formed integrally with the rod guide 48 and a spring
seat 50 provided on a lower part of the urging rod 24,
and the lower end of the urging rod 24, which is urged
downward by the second valve spring 51, abuts against
the roller 37 of the armature 23. A hydraulic cushion
mechanism 52 for cushioning the impact when the intake
valve 17 is seated is provided in an upper part of the rod
guide 48.

[0041] The operation of the first embodiment of the
present invention having the above-mentioned arrange-
ment is now explained.

[0042] When the second electromagnets 22 are made
to swing around the fixed shaft 38 via the control shaft
39 and the control link 40 by the actuator 43, the angle
formed between the lower face of the first electromagnets
21 fixed to the cylinder head 12 and the upper face of
the second electromagnets 22 that have been made to
swing changes. FIG. 5 (A) corresponds to a case in which
the angle is a small angle o and the intake valve 17 is
driven with a small amount of lift, and FIG. 5 (B) corre-
sponds to a case in which the angle is a large angle 3
and the intake valve 17 is driven with a large amount of lift.
[0043] When the first and second electromagnets 21
and 22 are not energized, regardless of whether the sec-
ond electromagnets 22 are in a low lift state or in a high
lift state, the armature 23 always stops at a substantially
neutral position of the wedge-shaped space formed be-
tween the first and second electromagnets 21 and 22.
The reason therefor is as follows.

[0044] In the low lift state, the armature 23 is pushed
upward by the stem 18 of the intake valve 17, which is
urged upward by the first valve spring 47, and is pushed
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downward by the urging rod 24, which is urged downward
by the second valve spring 51, and the armature 23 stops
at the neutral position at which the upward-pushing force
and the downward-pushing force are balanced. The re-
silient forces of the first and second valve springs 47 and
51 are adjusted so that at the neutral position the arma-
ture 23 stops substantially midway between the first and
second electromagnets 21 and 22.

[0045] When the second electromagnets 22 descend
from this state to the high lift state, since the spring seat
44, which supports the lower end of the first valve spring
47, descends together with the second electromagnets
22, the first and second valve springs 47 and 51 expand
equally. As a result, the armature 23 swings downward
from the low lift state, and in the high lift state it also stops
at a neutral position that is in substantially the middle of
the space between the first and second electromagnets
21 and 22.

[0046] If the lower end of the first valve spring 47 were
to be supported on the cylinder head 12 so that it could
not move, in the high lift state even if the second electro-
magnets 22 were to swing downward the armature 23
would not move from the position in the low lift state, and
the clearance between the armature 23 and the second
electromagnets 22 would increase relative to the clear-
ance between the armature 23 and the first electromag-
nets 21, which would be a problem.

[0047] In such an arrangement, if when the engine
stops the armature 23 does not stop at around the mid-
point between the first and second electromagnets 21
and 22, in a cylinder with a timing in which at the moment
of starting the engine the second electromagnets 22 are
energized and the armature 23 is attracted, a large at-
traction force would be required for the second electro-
magnets 22, which are at an increased distance from the
armature 23, and problems such as an increase in the
dimensions of the second electromagnets 22 and an in-
crease in power consumption would occur.

[0048] In contrast thereto, in the present embodiment,
since the armature 23 reliably stops substantially midway
between the first and second electromagnets 21 and 22
when the engine stops, whichever of the first and second
electromagnets 21 and 22 is first energized when the
engine is started, an especially large attraction force is
not required, and the above-mentioned problems are
therefore eliminated.

[0049] Furthermore, not only is it possible to achieve
a compact size since the first valve spring 47 and the
spring seat 44 are disposed on the outer periphery of the
stem 18 of the intake valve 17, but since the spring seat
44 is connected to the second electromagnets 22 via the
pin 45 and the oblong hole 35b it is also possible to make
the spring seat 44 move in response to swinging of the
second electromagnets 22, thus reliably urging the ar-
mature 23 to the neutral position regardless of the swing
position of the second electromagnets 22.

[0050] When the first electromagnets 21 are ener-
gized, a first attraction face 23b of the armature 23 is
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attracted to the lower face of the first electromagnets 21,
and the armature 23 is thereby swung upward around
the fixed shaft 38, thus pushing the urging rod 24 upward
by means of the roller 37 while compressing the second
valve spring 51. At the same time as this, the intake valve
17, whose stem 18 is pushed upward by means of the
resilient force of the first valve spring 47, is seated on the
valve hole 16 and closed. The dimensional relationships
between the parts are set so that the first attraction face
23b of the armature 23 comes into intimate contact with
the lower face of the first electromagnets 21 in a state in
which the intake valve 17 is closed. The impact at the
moment when the intake valve 17 is seated on the valve
hole 16 is cushioned by the hydraulic cushion mechanism
52, which suppresses upward movement of the upper
end of the urging rod 24.

[0051] When the first electromagnets 21 are de-ener-
gized and the second electromagnets 22 are energized
in a state in which the intake valve 17 is closed, a second
attraction face 23c of the armature 23 is attracted to the
upper face of the second electromagnets 22. The arma-
ture 23 swings downward around the fixed shaft 38 and
pushes the stem 18 downward via the roller 37 while
compressing the first valve spring 47, thus opening the
intake valve 17. In this process, the urging rod 24 de-
scends so as to follow the armature 23 by virtue of the
resilient force of the second valve spring 51. When the
second attraction face 23c of the armature 23 comes into
intimate contact with the upper face of the second elec-
tromagnets 22, the amount of lift of the intake valve 17
becomes a maximum amount of lift, and as shown in FIG.
6 the maximum amount of lift is freely changed by the
swing position of the second electromagnets 22.

[0052] Since the second electromagnets 22 and the
armature 23 swing around the common fixed shaft 38, in
both the low lift state of FIG. 6 (A) and the high lift state
of FIG. 6 (B), the second attraction face 23c of the arma-
ture 23 can be made to come to intimate contact with the
upper face of the second electromagnets 22, and it be-
comes easy to control the upper face of the second elec-
tromagnets 22 and the second attraction face 23c of the
armature 23. Furthermore, since the fixed shaft 38 is pro-
vided on the first electromagnets 21, which are fixed to
the cylinder head 11, not only is it unnecessary to ensure
a location on the cylinder head 11 for providing the fixed
shaft 38, but also the positional relationship between the
first electromagnets 21 and the armature 23 is stabilized,
and control of the lower face of the first electromagnets
21 and the first attraction face 23b of the armature 23
becomes easy.

[0053] In this way, by changing the swing position of
the second electromagnets 22, the maximum amount of
lift of the intake valve 17 can be varied freely, and by
changing the timing with which the first and second elec-
tromagnets 21 and 22 are energized and de-energized,
the valve timing of the intake valve 17 can be varied freely.
In this process, since only the position of the second elec-
tromagnets 22 need be changed, without the positions
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of the first electromagnets 21 and the armature 23 being
changed, compared with an arrangement in which all of
the first and second electromagnets 21 and 22 and the
armature 23 are moved, the electromagnetic valve op-
erating device 20 can be made more compact. Moreover,
since the first electromagnets 21, which restrict the valve
closing position of the intake valve 17, is fixed so that it
cannot move, the intake valve 17 can be seated with
good precision.

EMBODIMENT 2

[0054] FIG. 7 to FIG. 13 show a second embodiment
of the present invention.

[0055] AsshowninFIG.7,acylinder head 12is joined
to a top face of an engine cylinder block 11, and a head
cover 13 is joined to a top face of the cylinder head 12.
An intake port 14 is formed in the cylinder head 12, and
a stem 18 of an intake valve 17 for opening and closing
a valve hole 16 via which the intake port 14 opens in a
combustion chamber 15 is slidably guided by a valve
guide 19 provided in the cylinder head 12.

[0056] As shownin FIG. 7 to FIG. 11, an electromag-
netic valve operating device 20 for opening and closing
a pair of the intake valves 17 with the same timing and
the same amount of lift includes a pair of first electromag-
nets 21, a pair of second electromagnets 22, and a pair
of armatures 23.

[0057] The first electromagnets 21 include a core 25
formed by laminating a large number of steel sheets, a
pair of coils 26 wound around four coil grooves 25a
formed in the core 25, an inside block member 27 super-
imposed on the inner end of the core 25, and an outside
block member 28 superimposed on the outer end of the
core 25, the inside block member 27, the core 25, and
the outside block member 28 being integrally secured by
means of four bolts 29. The first electromagnets 21 are
fixed to the cylinder head 12 by securing three mounting
arms 27a of the inside block member 27 to a mounting
portion 12a of the cylinder head 12 by bolts 30 and se-
curing three mounting arms 28a of the outside block
member 28 to a mounting portion 12b of the cylinder head
12 by bolts 31.

[0058] The second electromagnets 22 include a core
32 formed by laminating a large number of steel sheets,
a pair of coils 33 wound around four coil grooves 32a
formed in the core 32, an inside block member 34 super-
imposed on the inner end of the core 32, and an outside
block member 35 superimposed on the outer end of the
core 32, the inside block member 34, the core 32, and
the outside block member 35 being integrally secured by
means of four bolts 36. The inside block member 34 is
provided with four hinge arms 34a and four levers 34c
extending from these hinge arms 34a.

[0059] The two armatures 23 are plate-shaped mem-
bers having a first attraction face 23b and a second at-
traction face 23c; two hinge arms 23a and two levers 23d
extending therefrom are provided at the inner end, and
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two rollers 37 are rotatably and axially supported at the
outer end. A fixed shaft 38 is press-fitted into the four
mounting arms 27a of the inside block member 27 of the
first electromagnets 21, and the total of four hinge arms
23a of the armatures 23 and four hinge arms 34a of the
inside block member 34 of the second electromagnets
22 are fitted around the outer periphery of the fixed shaft
38 in a relatively rotatable manner. The armatures 23
and the second electromagnets 22 are therefore pivota-
bly supported so that they can swing around the fixed
shaft 38 independently from each other. The fixed shaft
38 referred to here means that its position does not move
relative to the cylinder head 11, and it may rotate at the
same position.

[0060] Two link arms 39a provided on a control shaft
39 rotatably supported on the cylinder head 12 and the
outside block member 28 of the second electromagnets
22 are pivotably supported at opposite ends of a control
link 40 via pins 41 and 42 respectively. Therefore, when
the control shaft 39 is rotated to-and-fro by means of an
actuator 43 such as an electric motor, it makes the sec-
ond electromagnets 22 swing around the fixed shaft 38
via the control link 40. In this way, since the end part of
the second electromagnets 22 that is distant from the
fixed shaft 38 is driven by the actuator 43, not only is it
possible to employ an actuator 43 that has a low output,
but it is also possible to suppress rattling of the second
electromagnets 22 around the fixed shaft 38.

[0061] A first valve spring 47 is provided in a com-
pressed state between an upper face of the cylinder head
12 and a spring seat 46 provided at the upper end of the
stem 18 of the intake valve 17. The first valve spring 47
urges the intake valve 17 in a valve-closing direction (up-
ward), and the urging force makes the upper end of the
stem 18 of the intake valve 17 abut against a lower face
of the roller 37 of the armature 23 via a lash adjuster 145.
Furthermore, a hydraulic cushion mechanism 148 pro-
vided on the cylinder head 12 abuts against an upper
face of the roller 37 of the armature 23.

[0062] A base end of a guide rod 150 is pivotably sup-
ported via a pin 149 between extremities of the pair of
levers 23d extending from the pair of hinge arms 23a of
each of the armatures 23, and a first spring seat 151 is
integrally formed with the extremity of the guide rod 150.
[0063] On the other hand, two squared U-shaped sec-
ond spring seats 152 are pivotably supported via two pins
54 and 54 between the two pairs of levers 34c extending
from the two pairs of hinge arms 34a of the inside block
member 34 of the second electromagnets 22, and two
of the guide rods 150 run loosely through guide holes
152a formed in the middle of the second spring seats
152. One end of a second valve spring 153 provided in
a compressed state so as to be fitted around the outer
periphery of the guide rod 150 abuts against the first
spring seat 151, and the other end abuts against the sec-
ond spring seat 152. Since the second valve spring 153
is supported on the outer periphery of the guide rod 150,
not only is the structure compact, but it is also possible
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to stabilize the shape of the second valve spring 153,
thus reliably urging the first and second spring seats 151
and 152.

[0064] A spring guide 55 is fixed to an upper face of
the inside block member 27 of the first electromagnets
21 via two bolts 56 and 56, and the two second valve
springs 153 and 153 are slidably fitted into two spring
guide holes 55a and 55a formed in the spring guide 55.
When the axis of the pin 149 coincides with the axes of
the pins 54 and 54, the guide rod 150 swings around the
pin 149 and the second spring seat 152 swings around
the pins 54 and 54 at the same time, and there is a pos-
sibility that the position of the second valve spring 153
will not be defined, but by restricting the positions of the
second valve springs 153 and 153 by means of the spring
guide holes 55a and 55 of the spring guide 55 the above-
mentioned problem can be solved.

[0065] The operation of the second embodiment of the
present invention having the above-mentioned arrange-
ment is now explained.

[0066] When the second electromagnets 22 are made
to swing around the fixed shaft 38 via the control shaft
39 and the control link 40 by the actuator 43, the angle
formed between the lower face of the first electromagnets
21 fixed to the cylinder head 12 and the upper face of
the second electromagnets 22 that have been made to
swing changes. FIG. 12 (A) corresponds to a case in
which the angle is a small angle o and the intake valve
17 is driven with a small amount of lift, and FIG. 12 (B)
corresponds to a case in which the angle is a large angle
B and the intake valve 17 is driven with a large amount
of lift.

[0067] When the first and second electromagnets 21
and 22 are not energized, regardless of whether the sec-
ond electromagnets 22 are in a low lift state or in a high
lift state, the armature 23 always stops at a substantially
neutral position of the wedge-shaped space formed be-
tween the first and second electromagnets 21 and 22.
The reason therefor is as follows.

[0068] In the low lift state, the armature 23 is pushed
upward by the stem 18 of the intake valve 17, which is
pushed upward by the first valve spring 47. On the other
hand, the guide rod 150, which has the first spring seat
151 pushed by means of the one end of the second valve
spring 153 that has its other end supported on the second
spring seat 152 of the second electromagnets 22, in-
creases in the amount by which it projects from the guide
hole 152a of the second spring seat 152, and the arma-
ture 23 is urged downward around the fixed shaft 38, that
is, urged so as to push down the stem 18 of the intake
valve 17. In this way, by adjusting so that the resilient
force of the first valve spring 47 urging the intake valve
17 toward the valve-closing direction balances the resil-
ient force of the second valve spring 153 urging it toward
the valve-opening direction, the armature 23 stops at a
neutral position that is substantially midway between the
first and second electromagnets 21 and 22.

[0069] When the second electromagnets 22 descend
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from this state to the high lift state via the control shaft
39 and the control link 40, which are operated by the
actuator43, asshowninFIG. 12 (B), thelever 34d integral
with the second electromagnets 22 swings around the
fixed shaft 38 in the clockwise direction and compresses
the other end of the second valve spring 153 via the sec-
ond spring seat 152 provided on the lever 34d. The guide
rod 150 is then pushed upward together with the first
spring seat 151 abutting against the one end of the sec-
ond valve spring 153, and the armature 23 having the
lever 23d pulled by the guide rod 150 swings downward
around the fixed shaft 38.

[0070] As a result, the roller 37 of the armature 23
pushes down the upper end of the stem 18 of the intake
valve 17, thus opening the intake valve 17 while com-
pressing the first valve spring 47. In this process, since
the resilient force of the compressed first valve spring 47
that pushes up the intake valve 17, that is, the armature
23, and the resilient force of the compressed second
valve spring 153 that pushes down the armature 23 are
balanced, in this high lift state also the armature 23 stops
at a neutral position that is in substantially the middle of
the space between the first and second electromagnets
first and second electromagnets 21 and 22.

[0071] When the engine is stopped in a state in which
the second electromagnets 22 are swung downward in
order to change the valve lift, if the armature 23 does not
stop at the neutral position that is in substantially the mid-
dle of the space between the first and second electro-
magnets first and second electromagnets 21 and 22 but
is at a position at which it is in contact with the first elec-
tromagnets 21, in a cylinder with a timing in which at the
moment of starting the engine the second electromag-
nets 22 are energized and the armature 23 is attracted,
a large attraction force would be required for the second
electromagnets 22, which are at an increased distance
from the armature 23, and problems such as an increase
in the dimensions of the second electromagnets 22 and
an increase in power consumption would occur.

[0072] In contrast thereto, in the present embodiment,
since the armature 23 reliably stops substantially midway
between the first and second electromagnets 21 and 22
when the engine stops, whichever of the first and second
electromagnets 21 and 22 are first energized when the
engine is started, an especially large attraction force is
not required, and the above-mentioned problems are
therefore eliminated.

[0073] When the first electromagnets 21 are ener-
gized, a first attraction face 23b of the armature 23 is
attracted to the lower face of the first electromagnets 21,
and the armature 23 is thereby swung upward around
the fixed shaft 38 while compressing the second valve
spring 153, and at the same time as this, the intake valve
17, whose stem 18 is pushed upward by means of the
resilient force of the first valve spring 47, is seated on the
valve hole 16 and closed. The impact at the moment
when the intake valve 17 is seated on the valve hole 16
is cushioned by the hydraulic cushion mechanism 148,
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and the intake valve 17 is seated on the valve hole 16
by means of the lash adjuster 145 in a state in which the
first attraction face 23b of the armature 23 is in intimate
contact with the lower face of the first electromagnets 21.
[0074] When the first electromagnets 21 are de-ener-
gized and the second electromagnets 22 are energized
in a state in which the intake valve 17 is closed, a second
attraction face 23c of the armature 23 is attracted to the
upper face of the second electromagnets 22. The arma-
ture 23 swings downward around the fixed shaft 38 and
pushes the stem 18 downward via the roller 37 while
compressing the first valve spring 47 and expanding the
second valve spring 153, thus opening the intake valve
17. When the second attraction face 23c of the armature
23 comes into intimate contact with the upper face of the
second electromagnets 22, the amount of lift of the intake
valve 17 becomes a maximum amount of lift, and as
shown in FIG. 13 the maximum amount of lift is freely
changed by the swing position of the second electromag-
nets 22.

[0075] Since the second electromagnets 22 and the
armature 23 swing around the common fixed shaft 38, in
both the low lift state of FIG. 13 (A) and the high lift state
of FIG. 13 (B), the second attraction face 23c of the ar-
mature 23 can be made to come to intimate contact with
the upper face of the second electromagnets 22, and it
becomes easy to control the upper face of the second
electromagnets 22 and the second attraction face 23c of
the armature 23. Furthermore, since the fixed shaft 38 is
provided on the first electromagnets 21, which are fixed
to the cylinder head 12, not only is it unnecessary to en-
sure a location on the cylinder head 12 for providing the
fixed shaft 38, but also the positional relationship be-
tween the first electromagnets 21 and the armature 23
is stabilized, and control of the lower face of the first elec-
tromagnets 21 and the first attraction face 23b of the ar-
mature 23 becomes easy.

[0076] In this way, by changing the swing position of
the second electromagnets 22, the maximum amount of
lift of the intake valve 17 can be varied freely, and by
changing the timing with which the first and second elec-
tromagnets 21 and 22 are energized and de-energized,
the valve timing of the intake valve 17 can be varied freely.
In this process, since only the position of the second elec-
tromagnets 22 need be changed, without the positions
of the first electromagnets 21 and the armature 23 being
changed, compared with an arrangement in which all of
the first and second electromagnets 21 and 22 and the
armature 23 are moved, the electromagnetic valve op-
erating device 20 can be made more compact. Moreover,
since the first electromagnets 21, which restrict the valve
closing position of the intake valve 17, are fixed so that
they cannot move, the intake valve 17 can be seated with
good precision.

[0077] Furthermore, the second valve spring 153 is
conventionally disposed on a line extended from the first
valve spring 47 on the outer periphery of the stem 18 of
the intake valve 17, but in the present embodiment since
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the second valve spring 153 is moved toward the fixed
shaft 38 side, it is unnecessary to ensure that there is
space for the second valve spring 153 to be disposed on
a line extended from the stem 18, and the electromag-
netic valve operating device 20 can be made compact.
Furthermore, since parts of the lever 23d of the armature
23 and the lever 34c of the second electromagnets 22
overlap when viewed in the cylinder line direction (see
FIG. 12 and FIG. 13), the electromagnetic valve operat-
ing device 20 can be formed more compactly.

[0078] Embodiments of the present invention are ex-
plained above, but the presentinvention may be modified
in a variety of ways as long as the modifications do not
depart from the spirit and scope thereof.

[0079] For example, in the embodiments, the present
invention is applied to the intake valve 17, but it may be
applied to an exhaust valve.

[0080] Furthermore, in the embodiments, among the
first and second electromagnets 21 and 22, only the sec-
ond electromagnets 22 are made to swing, but both the
firstand second electromagnets 21 and 22 may be made
to swing.

[0081] Moreover, in the embodiments, the pair of ar-
matures 23 are driven with the same timing and amount
of lift, but the armatures 23 may be driven with different
timings and amounts of lift for each intake valve 17.

Claims

1. An engine electromagnetic valve operating device
comprising an armature (23) having one end pivot-
ably supported on an engine main body (12) so as
to be capable of swinging and having the other end
abutting against a stem (18) of a valve (17), a first
electromagnet (21) that can attract a first attraction
face (23b) of the armature (23), and a second elec-
tromagnet (22) that can attract a second attraction
face (23c) of the armature (23),
at least one electromagnet (22) of the first and sec-
ond electromagnets (21, 22) being supported so as
to be capable of swinging around a fixed shaft (38)
whose position is fixed relative to the engine main
body (12).

2. The engine electromagnetic valve operating device
according to Claim 1, wherein said one electromag-
net (21) causes the valve (17) to lift, and defines the
amount of lift of the valve (17).

3. The engine electromagnetic valve operating device
according to Claim 1 or Claim 2, wherein the device
comprises a pair of valve springs (47, 51) for urging
the armature (23) to a neutral position, a spring seat
(49) supporting one valve spring (51) being fixed to
the engine main body (13) and a spring seat (44)
supporting the other valve spring (47) moving in re-
sponse to swinging of said one electromagnet (22).
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The engine electromagnetic valve operating device
according to Claim 3, wherein said other valve spring
(47) and the spring seat (44) supporting the valve
spring (47) are disposed on the outer periphery of
the stem (18) of the valve (17), and the spring seat
(44) is integrally connected to and moves with said
one electromagnet (22).

The engine electromagnetic valve operating device
according to any one of Claim 1 to Claim 4, wherein
the armature (23) is pivotably supported via the fixed
shaft (38).

The engine electromagnetic valve operating device
according to Claim 5, wherein the other electromag-
net (21) of the first and second electromagnets (21,
22) is provided with a fixing part (27) for fixing the
fixed shaft (38).

The engine electromagnetic valve operating device
according to Claim 1, wherein the device comprises
a first valve spring (47) for urging the valve (17) in a
valve-closing direction and a second valve spring
(153) for urging the valve (17) in a valve-opening
direction, the second valve spring (153) urging a le-
ver (23d) provided on said one end side of the ar-
mature (23).

The engine electromagnetic valve operating device
according to Claim 7, wherein said one electromag-
net (22) comprises a lever (34c¢) provided on one end
side via which the electromagnet (22) is pivotably
supported on the fixed shaft (38), an urging force of
the second valve spring (153) on said one end side
acting on the lever (23d) of the armature (23), and
an urging force of the second valve spring (153) on
the other end side acting on the lever (34d) of said
one electromagnet (22).

The engine electromagnetic valve operating device
according to Claim 8, wherein at least parts of the
lever (23d) of the armature (23) and the lever (34c)
of said one electromagnet (22) overlap when viewed
in a cylinder line direction.

The engine electromagnetic valve operating device
according to Claim 7 or Claim 8, wherein a guide rod
(150) having one end pivotably supported on the le-
ver (23d) of the armature (23) and having a first
spring seat (151) provided at the other end runs
through a second spring seat (152) provided in the
lever (34c) of said one electromagnet (22), and one
end and the other end of the second valve spring
(153) supported on the outer periphery of the guide
rod (150) abut against the first spring seat (151) and
the second spring seat (152) respectively.

The engine electromagnetic valve operating device
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according to any one of Claim 8 to Claim 10, wherein
an actuator (43) making said one electromagnet (22)
swing drives the other end side of the electromagnet
(22).

Amended claims under Art. 19.1 PCT

1. An engine electromagnetic valve operating device
comprising an armature (23) having one end pivot-
ably supported on an engine main body (12) so as
to be capable of swinging and having the other end
abutting against a stem (18) of a valve (17), a first
electromagnet (21) that can attract a first attraction
face (23b) of the armature (23), and a second elec-
tromagnet (22) that can attract a second attraction
face (23c) of the armature (23),

at least one electromagnet (22) of the first and sec-
ond electromagnets (21, 22) being supported so as
to be capable of swinging around a fixed shaft (38)
whose position is fixed relative to the engine main
body (12).

2. (amended) The engine electromagnetic valve op-
erating device according to Claim 1, wherein said
one electromagnet (22) causes the valve (17) to lift,
and defines the amount of lift of the valve (17).

3. The engine electromagnetic valve operating de-
vice according to Claim 1 or Claim 2, wherein the
device comprises a pair of valve springs (47, 51) for
urging the armature (23) to a neutral position, a
spring seat (49) supporting one valve spring (51) be-
ing fixed to the engine main body (13) and a spring
seat (44) supporting the other valve spring (47) mov-
ing in response to swinging of said one electromag-
net (22).

4. The engine electromagnetic valve operating de-
vice according to Claim 3, wherein said other valve
spring (47) and the spring seat (44) supporting the
valve spring (47) are disposed on the outer periphery
of the stem (18) of the valve (17), and the spring seat
(44) is integrally connected to and moves with said
one electromagnet (22).

5. The engine electromagnetic valve operating de-
vice according to any one of Claim 1 to Claim 4,
wherein the armature (23) is pivotably supported via
the fixed shaft (38).

6. The engine electromagnetic valve operating de-
vice according to Claim 5, wherein the other electro-
magnet (21) of the first and second electromagnets
(21, 22) is provided with a fixing part (27) for fixing
the fixed shaft (38).

7. The engine electromagnetic valve operating de-



19 EP 2 063 076 A1

vice according to Claim 1, wherein the device com-
prises a first valve spring (47) for urging the valve
(17) in a valve-closing direction and a second valve
spring (153) for urging the valve (17) in a valve-open-
ing direction, the second valve spring (153) urging a
lever (23d) provided on said one end side of the ar-
mature (23).

8. (amended) The engine electromagnetic valve op-
erating device according to Claim 7, wherein said
one electromagnet (22) comprises a lever (34d) pro-
vided on one end side via which the electromagnet
(22) is pivotably supported on the fixed shaft (38),
an urging force of the second valve spring (153) on
said one end side acting on the lever (23d) of the
armature (23), and an urging force of the second
valve spring (153) on the other end side acting on
the lever (34d) of said one electromagnet (22).

9. The engine electromagnetic valve operating de-
vice according to Claim 8, wherein at least parts of
the lever (23d) of the armature (23) and the lever
(34c) of said one electromagnet (22) overlap when
viewed in a cylinder line direction.

10. The engine electromagnetic valve operating de-
vice according to Claim 7 or Claim 8, wherein a guide
rod (150) having one end pivotably supported on the
lever (23d) of the armature (23) and having a first
spring seat (151) provided at the other end runs
through a second spring seat (152) provided in the
lever (34c) of said one electromagnet (22), and one
end and the other end of the second valve spring
(153) supported on the outer periphery of the guide
rod (150) abut against the first spring seat (151) and
the second spring seat (152) respectively.

11. The engine electromagnetic valve operating de-
vice according to any one of Claim 8 to Claim 10,
wherein an actuator (43) making said one electro-
magnet (22) swing drives the other end side of the
electromagnet (22).
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