WO 2006/024927 A1 |00 000 0 000 A A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f 5/" | [ )

525 | 00 O 0O

International Bureau

(43) International Publication Date
9 March 2006 (09.03.2006)

(10) International Publication Number

WO 2006/024927 Al

(51) International Patent Classification:
FOIL 9/04 (2006.01) HOIF 7/14 (2006.01)

(21) International Application Number:
PCT/IB2005/002579

(22) International Filing Date:
1 September 2005 (01.09.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

2004-257593 3 September 2004 (03.09.2004) JP
(71) Applicant (for all designated States except US): TOY-
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1, Toy-

ota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).

(72) Inventors; and

(75) Inventors/Applicants (for US only): NISHIDA,

(81)

(84)

Hideyuki [JP/JP]; c/o Toyota Jidosha Kabushiki Kaisha,
of 1, Toyota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).
YOKOTA, Mikio [JP/JP]; c/o Toyota Jidosha Kabushiki
Kaisha, of 1, Toyota-cho, Toyota-shi, Aichi-ken 471-8571
JP).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, I, IN, IS, KE, KG,
KM, KP, KR, KZ, LC,LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[Continued on next page]

(54) Title: CONTROL UNIT FOR ELECTROMAGNETICALLY DRIVEN VALVE

HAS
REQUEST TO
START DRIVING DRIVE

VALVE BEEN NO

ATTRACTION
CURRENT [=1(0)

DRIVE VALVE

COME CLOSE TO

VALVE OPENING

POSITION
?

51100

ATTRACTION
GURRENT I =1 (h)
(HOLDING CURRENT)

ATTRACTION
CURRENT I=0

RETURN )

(57) Abstract: When a request to start driving a drive
valve has been made ("YES" in step S 1000), the ECU
(200) performs a program including a step (S 1010) in
which time-measurement using a timer is started; a step
(81020) in which an electric current I (0) is supplied to
an open/close coil; a step (S1070) in which a supply of
an electric current is stopped when a period of T/4 has
elapsed ("YES" in step S1050); a step (S1020) in which
the electric current I (0) is supplied to the open/close coil
when another period of T/4 has elapsed ("YES" in step
S1090); and a step (SHOO) in which a holding current I
(h) is supplied to the open/close coil when the drive valve
comes close to the valve opening position ("YES" in step
S 1040).



WO 2006/024927 A1 [N A0VOH0 AT 000 000 AR

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,  For two-letter codes and other abbreviations, refer to the "Guid-
RO, SE, S, SK, TR), OAPI (BF, BJ, CE, CG, CI, CM, GA, ance Notes on Codes and Abbreviations" appearing at the begin-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.

Published:

—  with international search report



5

10

15

20

25

30

WO 2006/024927 PCT/IB2005/002579
1

CONTROL UNIT FOR ELECTROMAGNETICALLY DRIVEN VALVE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a control unit for an electromagnetically driven valve.
More specifically, the invention relates to a control unit which controls an
electromagnetically driven valve of an internal combustion engine such that a drive valve
is moved to a desired position.

2. Description of the Related Art

[0002] A conventional type of electromagnetically driven valve is disclosed in, for
example, United States Patent No. 6467441. United States Patent No. 6467441 discloses
a rotary driven type electromagnetic actuator in which a valve of an internal combustion
engine operates by using both electromagnetic force and elastic force of a spring. The -
electromagnetic actuator includes a valve having a stem, and an oscillating arm having a
first end portion that is movably supported by a support frame and a second end portion
that contacts an end of the stem.

[0003] An electromagnet formed of an iron core and a coil wound around the iron core
is provided on each of both sides of the oscillating arm. The electromagnetic actuator
further includes a torsion bar that is provided at the first end portion of the oscillating arm
and that applies force for moving the valve to the valve opening position, and a spiral
spring that is provided at the outer periphery of the stem and that applies force for moving
the valve to the valve closing position. The oscillating arm oscillates using the first end
portion as a supporting point due to the elastic force of the torsion bar and the elastic force
of the spiral spring. The movement of the oscillating arm is transferred to the stem via
the second end portion, causing the valve to reciprocate between the valve opening
position and the valve closing position.

[0004] An operation method of an electromagnetically driven valve is disclosed in, for
example, Japanese Patent Application Publication No. 09-195736 A. Japanese Patent
Application Publication No. 09-195736 A discloses the operation method of an
electromagnetically driven valve, for improving a response to the operation, reducing
electric power consumption, and realizing an operation suitable for a supply voltage.
According to the operation method of an electromagnetically driven valve, a plunger is

moved, due to electromagnetic force, from the neutral position, at which a balance is kept
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between the forces of springs provided on both sides of the plunger connected to a valve,
in a first direction or a second direction that is opposite to the first direction. The
operation method includes a starting step, a holding step, and an operating step. In the
starting step, a self-excited oscillation of the plunger is caused due to electromagnetic force
formed based on a first current value. In the holding step, the plunger whose amplitude
has been increased due to the self-excited oscillation is attracted in the first direction and
then kept attracted in the first direction due to electromagnetic force formed based on a
second current value that is smaller than the first current value. The operating step
includes a process in which the plunger that has been attracted in the first direction is
moved in the second direction, or the plunger that has been attracted in the second
direction is moved in the first direction due to electromagnetic force formed based on a
third current value; a process in which the plunger is attracted in the sec¢ond direction or in
the first direction while the current value decreases from the third current value to a fourth
current value that is smaller than the third current value; and a process in which the plunger
1s kept attracted in the second direction, or the plunger is kept attracted in the first direction
due to electromagnetic force formed based on the fourth current value.

[0005] According to an operation method disclosed in United States Patent No.
6467441, when the step is shifted from the starting step to the operating step, the plunger is
moved with high response. In the operating step, the plunger is gently attracted in the
first or second direction, and, therefore, electric power consumption can be suppressed.

[0006] Japanese Patent Application Publication No. 09-195736 A discloses a parallel
driven type electromagnetically driven valve in which two electromagnets are arranged in
the axial direction of a valve stem. Accordingly, the height of the electromagnetically
driven valve becomes high, makin g it difficult to satisfy a requirement concerning a height
of the electromagnetically driven valve to be mounted in an engine when the
electromagnetically driven valve is used as an intake/exhaust valve of the engine for a
vehicle or the like. Concerning the rotary driven type electromagnetic actuator disclosed
in United States Patent No. 6467441, the height of the actuator is reduced to some extent
by providing the torsion bar at the second end portion of the oscillating arm. However, as
in the case of the electromagnetically driven valve disclosed in Japanese Patent Application
Publication No. 09-195736 A, since the spiral spring is provided at the outer periphery of
the stem, the height of the actuator cannot be made sufficiently low.

[0007] In the electromagnetic actuator disclosed in United States Patent No. 6467441,

two electromagnets are arranged in the axial direction of the stem. Similarly, in the
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electromagnetically driven valve disclosed in Japanese Patent Application Publication
No.09-195736 A, two electromagnets are arranged in the axial direction of the valve stem.
The electromagnets one of which is provided for opening the valve and the other of which
is provided for closing the valve contribute an increase in the height of the electromagnetic
actuator or the electromagnetically driven valve.

[0008] Accordingly, it is considered that, for example, one of the two electromagnets
is omitted in order to reduce the height of the electromagnetically driven valve. In this
case, however, even if the operation method of the electromagnetically driven valve
disclosed in Japanese Patent Application Publication No. 09-195736 A is applied to the
case where only one electromagnet is provided, the drive valve cannot be controlled to a

desired position.

SUMMARY OF THE INVENTION

[0009] The invention is made in order to solve the above-mentioned problems. It is,
therefore, an object to provide a control unit for an electromagnetically driven valve which
performs efficient control based on a structure of an electromagnetically driven valve.

[0010] According to an aspect of the invention, there is provided a control unit for an
electromagnetically driven valve which operates by using both electromagnetic force and
elastic force, and which is provided with a drive valve that includes a valve stem and that
reciprocates between a first position and a second position in a direction in which the valve
stem extends; an oscillation member which is connected to the valve stem; an elastic
member which applies elastic force to the oscillation member such that the drive valve is
held at a predetermined position between the first position and the second position; and
magnetic force generating means for applying electromagnetic force to the oscillation
member based on electric power supplied to the magnetic force generating means. In the
electromagnetically driven valve, the magnetic force generating means applies
electromagnetic force for moving the drive valve toward the first position and
electromagnetic force for moving the drive valve toward the second position, which is
equal to the electromagnetic force for moving the drive valve toward the first position, to
the oscillation member, if the electric power is applied to the magnetic force generating
means when the drive valve is at a center position between the first position and the second
position. The predetermined position is deviated from the center position toward the first
position or the second position. The control unit for this electromagnetically driven valve

is characterized by including electric power supplying means for supplying electric power
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to the magnetic force generating means; detecting means for detecting a movement amount
of the drive valve; and control means for controlling a supply of electric power to the
magnetic force generating means according to one of an oscillation cycle based on the
elastic force and the movement amount of the drive valve.

[0011] The control means may control an electric power supply period and an
electric power supply stopped period according to the oscillation cycle based on the elastic
force, and may perform control such that an amount of electric power supplied to the
magnetic force generating means becomes equal to a predetermined amount of electric
power, when the movement amount becomes equal to a predetermined movement amount.

[0012] With the control unit for an electromagnetically driven valve having the above-
mentioned structure, the drive valve reciprocates between the first position and the second
position. The drive valve is held at the predetermined position between the first position
and the second position by the elastic member. The mégnetic force generating means (e.g.
an electromagnet) applies the electromagnetic force for moving the drive valve toward the
first position and the electromagnetic force for moving the drive valve toward the second
position, which is equal to the electromagnetic force for moving the drive valve toward the
first position, to the oscillation member, if the electric power is applied to the magnetic
force generating means when the drive valve is at the center position between the first
position and the second position. In the control unit for controlling the
electromagnetically driven valve thus configured, the electric power supplying means
supplies electric power to the magnetic force generating means (e.g. the electromagnet),
and the control means controls the supply of the electric power to the magnetic force
generating means according to one of the oscillation cycle T based on the elastic force and
the movement amount of the drive valve. The control means controls the electric power
supply period and the electric power supply stopped period according to the oscillation
cycle T based on the elastic force. The electric power supply period in which electric
power is supplied to the magnetic force generating means is a period of T/4 corresponding
to a period from when the drive valve starts moving from the center position until when the
drive valve reaches a position (extreme value) at which the drive valve is furthest from the
center position, when the drive valve reciprocates. The electric power supply stopped
period in which electric power supply to the magnetic force generating means is stopped is
a period of T/4 corresponding to a period from when the drive valve starts moving from the
position (extreme value) at which the drive valve is furthest from the center position until

when the drive valve reaches the center position.



10

15

20

25

30

WO 2006/024927 PCT/1B2005/002579
5

[0013] Since drive valve is held at a position which is deviated from the center
position toward the first position or the second position (e.g. a position below the center
position), the drive valve is attracted by the electromagnetic force generated by the
magnetic force generating means and moves downward from the center position in the first
electric power supply period of T/4. In the electric power supply stopped period of T/4,
since electromagnetic force is not applied to the drive valve, force for returning the drive
valve to the center position is applied to the drive valve due to the elastic force of the
elastic member. When electric power is supplied to the magnetic force generating means
again after the period of T/4 that corresponds to a period from when the supply of electric
power is stopped until when the drive valve is returned to the center position has elapsed,
the drive valve moves upward due to an inertiforce and the electromagnetic force. If
supplying electric power during the period of T/4 and stopping the supply of electric power
during the period of T/4 are repeated in this manner, the extreme value of the movement
amount of the drive valve can be increased. Therefore, the drive valve can be moved to a
desired position from among the first position and the second position (e.g. the valve
opening position and the valve closing position). Since supplying electric power during
the period of T/4 and stopping the supply of electric power during the period of T/4 are
repeated, electric power consumption can be suppressed.

[0014] When the movement amount becomes equal to the predetermined movement
amount, control is performed such that the amount of electric power supplied to the
magnetic force generating means becomes equal to the predetermined amount of electric
power. The amount of electric power required to keep the drive valve attracted at the
valve opening position or the valve closing position is smaller than the amount of electric
power supplied when the movement of the drive valve is controlled. Accordingly, for
example, when the movement amount becomes equal to the predetermined movement
amount corresponding to the valve opening position or the valve closing position, the
amount of electric power supplied to the magnetic force generating means is set to the
amount of electric power required to keep the drive valve attracted at the valve opening
position or the valve closing position, whereby electric power consumption can be
suppressed. It is, therefore, possible to provide the control unit for an electromagnetically
driven valve which performs efficient control based on the structure of the
electromagnetically driven valve.

[0015] The control means may control the electric power supply period and the

electric power supply stopped period according to the oscillation cycle based on the elastic
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force; may determine whether the movement amount is in a predetermined range; may
perform control such that the electric power is supplied to the magnetic force generating
means, when it is determined that the movement amount is changed from a value in the
predetermined range to a value outside the predetermined range; may determine whether a
time-change-rate of the movement amount is in a predetermined range, and may perform
control such that the supply of electric power to the magnetic force generating means is
stopped, when it is determined that the time-change-rate is changed from a value outside
the predetermined range to a value in the predetermined range.

[0016] With the control unit for an electromagnetically driven valve having the above-
mentioned structure, the drive valve reciprocates between the first position and the second
position.  The drive valve is held at the predetermined position between the first position
and the second position by the elastic member. The magnetic force generating means (e.g.
an electromagnet) applies the electromagnetic force for moving the drive valve toward the
first position and the electromagnetic force for moving the drive valve toward the second
position, which is equal to the electromagnetic force for moving the drive valve toward the
first position, to the oscillation member, if the el‘ectric power is applied to the magnetic
force generating means when the drive valve is at the center position between the first
position and the second position. In the control unit for controlling the
electromagnetically driven valve thus configured, the electric power supplying means
supplies electric power to the magnetic force generating means (e.g. the electromagnet),
and the control means controls the supply of the electric power to the magnetic force
generating means according to the oscillation cycle T based on the elastic force. The
drive valve is held at a position which is deviated from the center position toward the first
position or the second position (e.g. a position below the center position). ~Accordingly,
controlling the electric power supply period and the electric power supply stopped period
according to the oscillation cycle makes it possible to cause the drive valve to perform a
self-excited oscillation.

[0017] When it is determined that the movement amount of the drive valve is changed
from a value in the predetermined range to a value outside the predetermined range,
control is performed such that electric power is supplied to the magnetic force generating
means. For example, if the predetermined range is set by using the center position as a
reference position, when the movement amount is changed from a value in the
predetermined range to a value outside the predetermined range, the drive valve is near the

center position and is moving toward the first position or the second position (e.g. the
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valve opening position or the valve closing position). At this time, if electric power is
supplied to the magnetic force generating means, thereby causing the magnetic force
generating means to generate electromagnetic force, a resultant force of the
electromagnetic forces is applied to the drive valve in the same direction as the direction in
which the drive valve moves. Accordingly, the extreme value of the movement amount of
the drive valve is increased. When it is determined that a time-change-rate of the
movement amount of the drive valve is changed from a value outside the predetermined
range to a value in a value in the predetermined range, control is performed such that the
supply of electric power to the magnetic force generating means is stopped. For example,
if the predetermined range is set to a rage for a low speed region, the position at which the
time-change-rate is changed from a value outside the predetermined range to a value in the
predetermined range is a position at which the time-change-rate of the movement amount
of the drive valve becomes lower. The position at which the time-change-rate becomes

lower is a position at which the movement amount of the drive valve becomes the extreme

‘value. Therefore, the supply of power to the magnetic force generating means is stopped.

Accordingly, electromagnetic force is not applied to the drive valve, and only the elastic
force of the elastic member for attempting to hold the drive valve at the center position is
applied to the drive valve. Accordingly, the time-change-rate of the movement amount of
the drive valve increases as the drive valve comes closer to the center position. If the
electromagnetically driven valve is controlled in this manner, the extreme value of the
movement amount of the drive valve is increased, and the drive valve can be moved to a
desired position from among the valve opening position and the valve closing position.
Since supplying electric power and stopping the supply of electric power are repeated,
electric power consumption can be suppressed. It is, therefore, possible to provide the
control unit for an electromagnetically driven valve which performs efficient control based
on the structure of the electromagnetically driven valve.

[0018] The oscillation member may be formed of a first oscillation member and a
second oscillation member which are provided at a predetermined distance from each
other; and the control means may control an electric power supply period and an electric
power supply stopped period according to the oscillation cycle based on the elastic force,
may calculate a first distance between the first oscillation member and a predetermined
reference position based on the movement amount, may calculate a second distance
between the second oscillation member and the reference position based on the movement

amount, may perform control such that the electric power is supplied to the magnetic force
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generating means when an absolute value of a difference between the first distance and the
second distance is larger than a predetermined distance, and may perform control such that
the supply of electric power to the magnetic force generating means is stopped wﬁen the
absolute value of the difference between the first distance and the second distance is equal
to or smaller than the predetermined distance.

[0019] With the control unit for an electromagnetically driven valve having the above-
mentioned structure, the drive valve reciprocates between the first position and the second
position.  The drive valve is held at the predetermined position between the first position
and the second position by the elastic member. The magnetic force generating means (e. g.
an electromagnet) applies the electromagnetic force for moving the drive valve toward the
first position and the electromagnetic force for moving the drive valve toward the second
position, which is equal to the electromagnetic force for moving the drive valve toward the
first position, to the first oscillation member and the second oscillation member, if the
electric power is applied to the magnetic force generating means when the drive valve is at
the center position between the first position and the second position. In the control unit
for controlling the electromagnetically driven valve thus configured, the electric power
supplying means supplies electric power to the magnetic force generating means (e.g. the
electromagnet), and the control means controls the supply of the electric power to the
magnetic force generating means according to the oscillation cycle T based on the elastic
force. The drive valve is held at a position which is deviated from the center position
toward the-first position or the second position (e.g. a position below the center position).
Accordingly, controlling the electric power supply period and the electric power supply
stopped period according to the oscillation cycle makes it possible to cause the drive valve
to perform a self-excited oscillation.

[0020] The first distance between the first oscillation member and the predetermined
reference position (e.g. a core of the electromagnet) is calculated based on the movement
amount of the drive valve. Also, the second distance between the second oscillation
member and the reference position is calculated based on the movement amount of the
drive valve. When the absolute value of the difference between the first distance and the
second distance is smaller than the predetermined value, the drive valve is near the center
position. ~ While the drive valve is near the center position, even if electric power is
supplied to the magnetic force generating means so as to cause the magnetic force
generating means to generate electromagnetic force, a resultant force of the

electromagnetic forces applied to the drive valve is small, and electric power consumption
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is increased.  Accordingly, supplying electric power to magnetic force generating means
(e.g. the electromagnet) when the absolute value of the difference between the first
distance and the second distance is larger than the predetermined value makes it possible to
increase the resultant force of the electromagnetic forces applied to the drive valve, thereby
increasing the extreme value of the movement amount of the drive valve. Therefore, the
drive valve can be moved to the desired position from among the valve closing position
and the valve opening position. Also, stopping the supply of electric power to the
magnetic force generating means (e.g. the electromagnet) when the absolute value of the
differencé between the first distance and the second distance is equal to or smaller than the
predetermined value makes it possible to suppress electric power consumption. It is,
therefore, possible to provide the control unit for an electromagnetically driven valve
which performs efficient control based on the structure of the electromagnetically driven
valve.

[0021] The control means may supply the electric power to the magnetic force
generating means until the movement amount becomes equal to a predetermined
movement amount; may perform control such that the supply of electric power to the
magnetic force generating means is stopped, when the movement amount becomes equal to
the predetermined movement amount, and may perform control such that the electric
power is supplied to the magnetic force generating means, when a position of the drive
valve based on the movement amount becomes the center position.

[0022] With the control unit for an electromagnetically driven valve having the above-
mentioned structure, the drive valve reciprocates between the first position and the second
position.  The drive valve is held at the predetermined position between the first position
and the second position by the elastic member. The magnetic force generating means (e.g.
an electromagnet) applies the electromagnetic force for moving the drive valve toward the
first position and the electromagnetic force for moving the drive valve toward the second
position, which is equal to the electromagnetic force for moving the drive valve toward the
first position, to the oscillation member, if the electric power is applied to the magnetic
force generating means when the drive valve is at the center position between the first
position and the second position. In the control unit for controlling the
electromagnetically driven valve thus configured, the electric power supplying means
supplies electric power to the magnetic force generating means (e.g. the electromagnet),
and the control means performs control until the movement amount of the drive valve

becomes equal to the predetermined movement amount.  Since the drive valve is held at a
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position which is deviated from the center position toward the first position or the second
position (e.g. a position below the center position), the drive valve moves downward when
the electromagnetic force generated by the magnetic force generating means is applied.
The control means performs control such that the supply of electric power to the magnetic
force generating means is stopped, when the movement amount of the drive valve becomes
equal to the predetermined movement amount (e.g. the distance between the center
position and the valve opening position). Thus, the drive valve moves toward the center
position due to the elastic force of the elastic member for attempting to hold the drive valve
at the center position. The control means performs control such that electric power is
supplied to the magnetic force generating means, when the position of the drive valve
based on the movement amount becomes the center position. Thus, the electromagnetic
force generated by the magnetic force generating means and an inertiforce are applied to
the drive valve after the drive valve passes the center position. At this time, a resultant
force of the electromagnetic forces is applied in the same direction as the direction in
which the drive valve moves. Accordingly, the drive valve can be controlled to move to
one of the first position and the second position (e.g. the valve closing position). It is,
therefore, possible to provide the control unit for an electromagnetically driven valve
which performs efficient control based on the structure of the electromagnetically driven
valve.

[0023] The control means may perform control such that an amount of the electric
power supplied to the magnetic force generating means becomes equal to a predetermined
amount of electric power, when the movement amount becomes equal to the predetermined
movement amount.

[0024] In this case, the amount of electric power required to keep the drive valve
attracted at the valve opening position or the valve closing position is smaller than the
amount of electric power supplied when the movement of the drive valve is controlled.
Accordingly, for example, when the movement amount becomes equal to the
predetermined movement amount corresponding to the valve opening position or the valve
closing position, the amount of electric power supplied to the magnetic force generating
means (e.g. the electromagnet) is set to the amount of electric power required to keep the
drive valve attracted at the valve opening position or the valve closing position, whereby
electric power consumption can be suppressed.

[0025] Electromagnetic force for stopping reciprocation of the drive valve may be

applied to the drive valve by supplying the predetermined amount of electric power.



10

15

20

25

30

WO 2006/024927 PCT/1B2005/002579
11

[0026] In this case, the electromagnetic force for stopping reciprocation of the drive
valve is applied to the drive valve by supplying the predetermined amount of electric
power. Since the amount of electric power required to keep the drive valve attracted to
the valve opening position or the valve closing position is supplied in order to stop
reciprocation of the drive valve, electric power consumption can be suppressed.

[0027] The magnetic force generating means may be an electromagnet formed of a
piece of coil.

[0028] In this case, the magnetic force generating means is the electromagnet formed
of a piece of coil, that is, a mono-coil. When the invention is applied to the
electromagnetically driven valve using the electromagnet having such a structure, it is
possible to perform efficient control based on the structure of the electromagnetically
driven valve.

[0029] The electromagnetically driven valve may be a parallel link type
electromagnetically driven valve.

[0030] In this case, since the invention is applied to the electromagnetically driven
valve including the rotary driven type parallel link mechanism in which plural oscillation
members are provided and the drive valve is reciprocated due to the oscillating movement
of the oscillation members, it is possible to perform efficient control based on the structure

of the electromagnetically driven valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The features, advantages thereof, and technical and industrial significance of
embodiments of the invention will be better understood by reading the following detailed
description of exemplary embodiments, when considered in connection with the
accompanying drawings, in which:

FIG. 1 illustrates a cross sectional view of an electromagnetically driven valve in a first
embodiment of the invention;

FIG. 2 illustrates a perspective view of a lower disk (an upper disk) in FIG. 1;

FIG. 3 illustrates a view of an electromagnet in FIG. 1;

FIG. 4 illustrates a schematic view of the upper disk and the lower disk that have been
displaced to the fullest extent so that the valve is opened;

FIG 5 illustrates é schematic view of the upper disk and the lower disk that are at the
center position;

FIG. 6 illustrates a schematic view of the upper disk and the lower disk that have been
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displaced to the fullest extent so that the valve is closed;

FIG. 7 illustrates a flowchart of a control structure of a program performed by an ECU
that is a control unit for an electromagnetically driven valve according to the first
embodiment;

FIG. 8 illustrates a timing chart showing an operation of the electromagnetically driven
valve controlled by the ECU that is the control unit for an electromagnetically driven valve
according to the first embodiment;

FIG. 9 illustrates a flowchart of a control structure of a program performed by an ECU
that is a control unit for an electromagnetically driven valve according to a second
embodiment of the invention;

FIG. 10 illustrates a timing chart showing an operation of the electromagnetically driven
valve controlled by the ECU that is the control unit for an electromagnetically driven valve
according to the second embodiment;

FIG. 11 illustrates a flowchart of a control structure of a program performed by an ECU
that is a control unit for an electromagnetically driven valve according to a third
embodiment of the invention;

FIG. 12 illustrates a timing chart showing an operation of the electromagnetically driven
valve controlled by the ECU that is the control unit for an electromagnetically driven valve
according to the third embodiment;

FIG. 13 is a flowchart showing a control structure of a program performed by an ECU
that is a control unit for an electromagnetically driven valve according to a fourth
embodiment of the invention; and

FIG. 14 is a timing chart showing an operation of the electromagnetically driven valve
controlled by the ECU that is the control unit for an electromagnetically driven valve

according to the fourth embodiment.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
[0032] In the following description and the accompanying drawings, the invention will
be described in more detail in terms of exemplary embodiments. In the following
description, the same reference numerals will be assigned to the same components. The
components having the same reference numerals have the same names and the same
functions. Accordingly, the detailed description concerning the components having the
same reference numerals will be made only once.

[0033] A first embodiment of the invention will be described in detail. An
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electromagnetically driven valve 100 in the first embodiment forms an engine valve (an
intake valve or an exhaust valve) of an internal combustion engine such as a gasoline
engine or a diesel engine.

[0034] As shown in FIG. 1, the electromagnetically driven valve 100 in the first
embodiment is a rotary driven type electromagnetically driven valve, and a parallel link
mechanism is used as a motion mechanism of the electromagnetically driven valve 100.
The electromagnetically driven valve 100 includes a drive valve 140 having a stem 120
extending in one direction; a lower disk 210 and an upper disk 310 which are connected to
the stem 120 at different positions and which oscillate by using electromagnetic force and
elastic force that are applied thereto; an open/close electromagnet 600 which generates the
electromagnetic force (hereinafter, simply referred to as an “electromagnet 600”); and a
lower spring 260 and an upper spring 360 each of which has the elastic force. The drive
valve 140 reciprocates in the direction in which the stem 120 extends (the direction shown
by an arrow 102) due to the oscillating movement of the lower disk 210 and the upper disk
310.

[0035] The drive valve 140 is provided in a cylinder head 410 in which an intake port
170 is formed. The drive valve 140 further includes a bell portion 130 formed at an end
of the stem 120. As the drive valve 140 reciprocates, the bell portion 130 contacts the
intake port 170 or moves away from the intake port 170, whereby the intake port 170 is
closed or opened, respectively. More specifically, when the stem 120 moves upward, the
drive valve 140 is moved to the valve closing position, and when the stem 120 moves
downward, the drive valve 140 is moved to the valve opening position.

[0036] The stem 120 is formed of a lower stem 126 that extends from the bell portion
130, and an upper stem 122 that is connected to the lower stem 126 via a lash adjuster 124.
The lash adjuster 124 serves a buffering member between the upper stem 122 and the
lower stem 126, and is likely to stretch and unlikely to shrink. A connection pin 132,
which protrudes from the outer surface of the upper stem 122, is provided for the upper
stem 122. A connection pin 134, which protrudes from the outer surface of the upper
stem 122, is provided for the upper stem 122 at a predetermined distance from the
connection pin 132.

[0037] A valve guide 350 that slidably guides the lower stem 126 in the axial direction
is provided in the cylinder head 410. A stem guide 450 that slidably guides the upper
stem 122 in the axial direction is provided, at a position at a predetermined distance from

the valve guide 350. The valve guide 350 and the stem guide 450 are made of metal
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material such as stainless so as to endure sliding with the stem 120 at a high speed.

[0038] In a disk base 510, a lift amount detection sensor 250 is provided so as to face
the upper stem 122. The lift amount detection sensor 250 detects an amount of vertical
movement of the upper stem 122. The lift amount detection sensor 250 is connected to an
ECU (Electronic Control Unit) 200, and a signal indicating the detected amount of vertical
movement is transmitted to the ECU 200. The lift amount detection sensor 250 is not
particularly limited to a certain type of sensor, as long as the sensor can detect an amount
of vertical movement of the upper stem 122. For example, a sensor which optically
detects the amount of movement of the upper stem 122 may be used.

[0039] As shown in FIG. 2, the lower disk 210 has a first end 220 and a second end
230, and extends from the first end 220 toward the second end 230 in the direction that
crosses the direction in which the stem 120 extends. The lower disk 210 includes a flat
plate shaped portion having rectangular surfaces 210A and 210B, in the first end 220 side.
Also, the lower disk 210 includes a hollow cylindrical portion in which a hole 270 is
formed, in the second end 230 side. A notched portion 280 is formed in the lower disk
210 in the first end 220 side, and a long hole 240 is formed in each of wall surfaces of the
notched portion 280, which face each other.

[0040] The upper disk 310 has the same shape as that of the lower disk 210. In the
upper disk 310, a first end 320, a second end 330, a surface 310B, a surface 310A, a hole
370, a notched portion 380, and a long hole 340 are formed, which correspond to the first
end 220, the second end 230, the surface 210A, the surface 210B, the hole 270, the notched
portion 280, and the long hole 240 in the lower disk 210, respectively. The lower disk
210 and the upper disk 310 are made of soft magnetic material.

[0041] The first end 220 of the lower disk 210 is movably connected to the upper stem
122 when the connection pin 132 is inserted into the long holes 240.  Similarly, the first
end 320 of the upper disk 310 is movably connected to the upper stem 122 when the
connection pin 134 is inserted into the long holes 340. The disk base 510 extending in
parallel with the stem 120 is provided on the top surface of the cylinder head 410. The
second end 230 of the lower disk 210 is supported by the disk base 510 such that the lower
disk 210 can oscillate with respect to the supporting point 270 in the disk base 510, as
shown in FIGS. 4, 5, and 6. Similarly, the second end 330 of the upper disk 310 is
supported by the disk base 510 such that the upper disk 310 can oscillate with respect to
the supporting point 370 in the disk base 510, as shown in FIGS. 4, 5, and 6. With such a

structure, the drive valve 140 can be reciprocated by oscillating the lower disk 210 with
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respect to the supporting point 270, and the upper disk 310 with respect to the supporting
point 370.

[0042] The lower spring 260 is provided in the second end 230 of the lower disk 210,
and the upper spring 360 is provided in the second end 330 of the upper disk 310. The
lower spring 260 applies elastic force to the lower disk 210 in the clockwise direction
around the supporting point 270. The upper spring 360 applies elastic force to the upper
disk 310 in the counterclockwise direction around the supporting point 370. In the state
where electromagnetic force is not applied by the after-mentioned electromagnet 600, the
lower disk 210 and the upper disk 310 are placed at the center position by the lower spring
260 and the upper spring 360. The center position is between the position, at which the
lower disk 210 and the upper disk 310 have been displaced to the fullest extent so that the
valve is opened, and the position, at which the lower disk 210 and the upper disk 310 have
been displaced to the fullest extent so that the valve is closed.

[0043] As shown in FIG 1 and FIG. 3, the disk base 510 is provided with the
electromagnet 600 such that the electromagnet 600 is positioned between the lower disk
210 and the upper disk 310. The electromagnet 600 includes an open/close coil 620, and
an open/close core 610 which is made of magnetic material and which has an attraction
surface 610A facing the surface 310A of the upper disk 310, and an attraction surface 610B
facing the surface 210A of the lower disk 210. The open/close core 610 has a shaft
portion 612 that extends in a direction from the first end toward the second end of the
lower disk 210 or the upper disk 310. The open/close coil 620 is provided so as to be
wound around the shaft portion 612. The open/close coil 620 is formed of a mono-coil.

[0044] The disk base 510 further includes a valve opening permanent magnet 550, and
a valve closing permanent magnet 560 that is opposed to the valve opening permanent
magnet 550 with the electromagnet 600 interposed therebetween. The valve opening
permanent magnet 550 has an attraction surface 550A that faces the surface 210B of the
Jower disk 210. A space 720 in which the lower disk 210 oscillates is defined between the
attraction surface 550A and the attraction surface 610B of the electromagnet 600. The
valve closing permanent magnet 560 has an attraction surface 560A that faces the surface
310B of the upper disk 310. A space 710 in which the upper disk 310 oscillates is defined
between the attraction surface 560A and the attraction surface 610A of the electromagnet
600.

[0045] As shown in FIG. 4, when the drive valve 140 is at the valve opening position,

an electric current, which flows around the shaft portion 612 of the open/close core 610 in
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the direction shown by an arrow 1110, is supplied to the open/close coil 620. At this time, ‘
the electric ’current flows in a circular path from the fear to the front as viewed in FIG. 4
and back again. Accordingly, on the side of the upper disk 310, the electric current flows
from the rear to the front as viewed in FIG. 4. Thus, a magnetic flux flows in the
open/close core 610 in a direction shown by an arrow 1120, whereby electromagnetic force
for attracting the upper disk 310 to the attraction surface 610A of the electromagnet 600 is
generated. Meanwhile, the lower disk 210 is attracted to the attraction surface 550A by
the valve opening permanent magnet 550.  As a result, as shown in FIG. 4, the upper disk
310 and the lower disk 210 are displaced to the fullest extent so that the valve is opened,
and maintained in this state against the elastic force of the lower spring 260 provided
around the supporting point 270.

[0046] Next, when the supply of an electric current (i.e., electric power) to the
open/close coil 620 is stopped, the electromagnetic force generated by the electromagnet
600 disappears. Thus, as shown in FIG. 5, the upper disk 310 and the lower disk 210
move away from the attraction surfaces 610A and 550A, respectively, due to the elastic
force of the lower spring 260, and start to oscillate toward the center position. The elastic
force of the lower spriﬁg 260 and the upper spring 360 attempts to hold the upper disk 310
and the lower disk 210 at the center position. Accordingly, when the upper disk 310 and
the lower disk 210 oscillate and exceed the center position, force is applied to the upper
disk 310 and the lower disk 210 by the upper spring 360 in the direction opposite to the
direction in which the upper disk 310 and the lower disk 210 oscillate. However, since an
inertiforce is applied to the upper disk 310 and the lower disk 210 in the direction in which
the upper disk 310 and the lower disk 210 oscillate, the upper disk 310 and the lower disk
210 oscillate and exceed the center position.

[0047] Next, an electric current is supplied to the open/close coil 620 again in the
direction shown by the arrow 1110, when the upper disk 310 and the lower disk 210
exceed the center position. At this time, the electric current flows in a circular path from
the front to the rear as viewed in FIG. 6 and back again. Accordingly, on the side of the
lower disk 210, the electric current flows from the front to the rear as viewed in FIG. 6.
Thus, a magnetic flux flows in the open/close core 610 in the direction shown by an arrow
1320, whereby electromagnetic force for attracting the lower disk 210 to the attraction
surface 610B of the electromagnet 600 is generated. Meanwhile, the upper disk 310 is
attracted to the attraction surface 560A by the valve closing permanent magnet 560.

[0048] At this time, the upper disk 310 is attracted to the attraction surface 610A of
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the electromagnet 600 due to electromagnetic force generated by the electromagnet 600.
However, the electromagnetic force acts more strongly as the distance between the lower
disk 210 and the electromagnet 600 becomes smaller. Accordingly, the upper disk 310
and the lower disk 210 that have exceeded the center position are displaced to the fullest
extent so that the valve is closed, as shown in FIG. 6.

| [0049] Then, the supply of the electric current to the open/close coil 620 is repeatedly
started and stopped at the above-mentioned timing. Thus, the upper disk 310 and the
lower disk 210 are oscillated so as to be repeatedly displaced to the fullest extent so that
the valve is opened and displaced to the fullest extent so that the valve is closed. The
drive valve 140 can be reciprocated due to this oscillating movement. Starting and
stopping the supply of an electric current to the open/close coil 620, and an amount of
electric current supplied to the open/close coil 620 are controlled by the ECU 200 that is
the control unit for an electromagnetically driven valve 100 according to the first
embodiment.

[0050] Here, initial driving of the drive valve 140 from the center position will be
described. The upper disk 310 and the lower disk 210 are held at substantially the center
position by the upper spring 360 and the lower spring 260. Accordingly, when the engine
is started, the drive valve 140 needs to be moved to the valve opening position or the valve
closing position. For example, in the case of an intake valve, the engine is started when
the drive valve 140 is at the valve closing position. On the other hand, in the case of an
exhaust valve, the engine is started when the drive valve 140 is at the valve opening
position.

[0051] The control unit for an electromagnetically driven valve according to the first
embodiment performs control such that the drive valve 140 is moved to the valve opening
position or the valve closing position when the drive valve 140 is initially driven from the
center position. Namely, the ECU 200 that is the control unit for an electromagnetically
driven valve according to the first embodiment controls an electric current supply period
and an electric current supply stopped period according to an oscillation cycle T based on
the elastic force of the upper spring 360 and the lower spring 260.

[0052] A movable portion formed of the upper disk 310, the lower disk 210, and the
stem 120 is held at a predetermined position by the elastic force of the upper spring 360
and the lower spring 260. In the first embodiment, the “predetermined position” is a
position that is slightly below the center position that is the midpoint between the valve

opening position and the valve closing position. Since the movable portion performs a
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simple harmonic oscillation, a natural oscillation cycle T can be calculated based on a mass
of the movable portion, and a total spring constant of the upper spring 360 and the lower
spring 260.

[0053] If an electric current is supplied to the open/close coil 620 when the movable
portion is at the center position, electromagnetic force for opening the valve is applied to
the movable portion, and also electromagnetic force for closing the valve, which is equal to
the electromagnetic force for opening the valve, is applied to the movable portion.
Namely, a resultant force of the electromagnetic forces applied to the movable portion
becomes zero. Before driving of the drive valve 140 is started, since the lash adjuster 124
has been shrunk to the bottom position, the movable portion is held at a position slightly
below the center position. Accordingly, when an electric current is supplied to the
open/close coil 620, force is applied to the stem 120 in the downward direction as viewed
in FIG. 1, that is, the direction in which the valve is opened.

[0054] An electric current is supplied to the open/close coil 620 for a period of T/4 in
order to cause a self-excited oscillation by using the upper spring 360, the lower spring 260,
and a simple harmonic oscillation of the movable portion. Then, the supply of an electric
current to the open/close coil 620 is stopped for the subsequent period of T/4 in order to
use a restoring force of the upper spring 360 and the lower spring 260.

[0055] With reference to FIG. 7, a description will be made concerning a control
structure of a program performed by the ECU 200 that is the control unit for an
electromagnetically driven valve according to the first embodiment.

[0056] In step S1000, the ECU 200 determines whether a request to start driving the
drive valve 140 has been made. An example of a state where a request to start driving the
drive valve 140 has been made is a state where a driver operates an IG switch so that the
engine can be started. However, the state where a request to start driving the drive valve
140 is not particularly limited. When it is determined that a request to start driving the
drive valve 140 has been made (“YES” in step S1000), step S1010 is performed. On the
other hand, when it is determined that a request to start driving the drive valve 140 has not
been made (“NO” in step S1000), the ECU 200 is placed in a standby mode until a request
to start driving the drive valve 140 1s made.

[0057] In step S1010, the ECU 200 replaces a value K with “0”, that is, starts time-
measurement using a timer. In step S1020, the ECU 200 performs control such that an
electric current I (0) is supplied to the open/close coil 620. The electric current I (0) is

not particularly limited. Note that, the electric current I (0) is, for example, an electric
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current for generating electromagnetic force required to cause the movable portion to
perform a self-excited oscillation. In step S1030, the ECU 200 sets the value K to a value
obtained by adding “1” to the value K.

[0058] In step S1040, the ECU 200 determines whether the drive valve 140 has come
close to the valve opening position. Whether the drive valve 140 has come close to the
valve opening position is determined based on a coordinate point indicating the position of
the drive valve 140, the coordinate point corresponding to a movement amount of the drive
valve 140 detected by the lift amount detection sensor 250. Namely, when the coordinate
point corresponding to the detected movement amount of the drive valve 140 is lower than
a predetermined value —X (0) that is close to the valve opening position, it is determined
that the drive valve 140 has come close to the valve opening position. When it is
determined that the drive valve 140 has come close to the valve opening position (“YES”
in step S1040), step S1100 is performed. On the other hand, when it is determined that
the drive valve 140 has not come close to the valve opening position (“NO” in step S1040),
step S1050 is performed.

[0059] In step S1050, the ECU 200 determines whether the valve K is equal to or
larger than T/4. When it is determined that the value K is equal to or larger than T/4
(“YES” in step S1050), step S1060 is performed. On the other hand, when it is
determined that the value K is smaller than T/4 ("NO” in step S1050), step S1020 is
performed.

[0060] In step S1060, the ECU 200 replaces the value K with “0”, that is, starts time-
measurement using the timer. In step S1070, the ECU 200 performs control such that the
supply of an electric current to the open/close coil 620 is stopped. In step S1080, the
ECU 200 sets the value K to a value obtained by adding “1” to the value K. In step
S1090, the ECU 200 determines whether the value K is equal to or larger than T/4. When
it is determined that the value K is equal to or larger than T/4 (“YES” in step S1090), step
S1010 is performed. On the other hand, when it is determined that the value K is smaller
than T/4 (“NO” in step S1090), step S1070 is performed. In step S1100, the ECU 200
performs control such that an electric current I (h) is supplied to the open/close coil 620.
The electric current I (h) is not particularly limited, as long as the electric current I (h) is a
current value at which an amount of electric power required to stop reciprocation of the
drive valve 140 and keep the reciprocation of the drive valve 140 stopped can be supplied.

[0061] An operation of the ECU 200 that is the control unit for an electromagnetically

driven valve according to the first embodiment based on the above-mentioned structure
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and flowchart will be described with reference to FIG. 8. In the first embodiment, a
description is made on the assumption that the electromagnetically driven valve 100 is an
exhaust valve. Namely, when a request to start driving the drive valve 140 has been made,
the ECU 200 performs control such that the drive valve 140 moves to the valve opening
position. In the case where the electromagnetically driven valve 100 is used as an intake
valve, when a request to start driving the drive valve 140 has been made, the ECU 200
performs control such that the drive valve 140 moves to the valve closing position.

[0062] As shown in a graph on the upper side in FIG. 8, when a request to start driving
the drive valve 140 is detected at time “t = 0” (“YES” in step S1000), the time-
measurement using the timer is started in step S1010, and the attraction current I (0) is
supplied to the open/close coil 620 in step S1020. When it is determined that the drive
valve 140 has not come close to the valve opening position (“NO” in step S1040), the
attraction current I (0) is supplied to the open/close coil 620 in step S1020 while the period
of T/4 has not elapsed (“NO” in steps S1040 and S1050). At this time, since the drive
valve 140 is held at a position slightly below the center position, electromagnetic force is
applied in the direction in which the valve is opened. When the period of T/4 has elapsed
(“YES” in step S1050), the time-measurement is restarted in step S1060, and the supply of
an electric current to the open/close coil 620 is stopped in step S1070. The supply of an
electric current to the open/close coil 620 is stopped while the period of T/4 has not
elapsed (“NO” in steps S1080 and S1090).

[0063] When the supply of an electric current to the open/close coil 620 is stopped at
time “t = T (0)”, as shown in a graph on the lower side in FIG. 8, the coordinate point
indicating the position of the drive valve 140 is close to the extreme value. Accordingly,
if the supply of an electric current to the open/close coil 620 is stopped, electromagnetic
force is not applied to the drive valve 140, and only the elastic force of the upper spring
360 and the lower spring 260 for attempting to hold the drive valve 140 at the center
position is applied to the drive valve 140. A time-change-rate (a movement speed) of the
drive valve 140 increases as the drive valve 140 moves toward the center position. When
the period of T/4 has elapsed (“"YES” in step S1090), an electric current is supplied to the
open/close coil 620 again. When the drive valve 140 is near the center position and the
position of the drive valve 140 is on the valve opening side with respect to the center
position at “time t = T (1)”, a resultant force of an inertiforce, force for returning the drive
valve 140 to the center position by using elastic force, and electromagnetic force applied in

the direction in which the drive valve 140 moves is applied to the drive valve 140. The
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extreme value of the movement amount of the drive valve 140 is gradually increased by
repeatedly supplying an electric current to the open/closé coil 620 during the period of T/4
and stopping the supply of an electric current to the open/close coil 620 during the period
of T/4.  When the coordinate point corresponding to the movement amount of the drive
valve 140 becomes lower than the predetermined value —X (0) (“YES” in step S1040), the
electric current I (h) is supplied to the open/close coil 620 at time “t = T (h)”. Thus,
electromagnetic force for stopping the reciprocation of the drive valve 140 is applied to the
drive valve 140.

[0064] As described so far, with the control unit for an electromagnetically driven
valve 100 according to the first embodiment, an electric current is supplied to the
open/close coil 620, and the ECU 200 controls the electric current supply period and the
electric current supply stopped period according to the oscillation cycle T based on the
elastic force. The period of T/4, which cérresponds to a period from when the drive valve
140 starts moving from the center position until when the drive valve 140 reaches the
position corresponding to the extreme value of the movement amount of the drive valve
140, is the electric current supply period in which an electric current is supplied to the
electromagnet 600. The subsequent period of T/4, which corresponds to a period from
when the drive valve 140 starts moving from the position corresponding to the extreme
value of the movement amount of the drive valve 140 until when the drive valve 140
reaches the center position, is the electric current supply stopped period in which the
supply of an electric current to the electromagnet 600 is stopped. In this case, since the
drive valve 140 is held at a position slightly below the center position, in the first electric
current supply period of T/4, the drive valve 140 is attracted by electromagnetic force
generated by the electromagnet 600, and moves downward from the center position. In
the electric current supply stopped period of T/4, electromagnetic force is not applied to
the drive valve 140. Therefore, force for returning the drive valve 140 to the center
position is applied to the drive valve 140 due to the elastic force of upper spring 360 and
the lower spring 260. Then, an electric current is supplied again after the period of T/4
from when the supply of an electric current is stopped until when the drive valve 140 is
returned to the center position has elapsed. Accordingly, the drive valve 140 moves
upward due to an inertiforce and electromagnetic force. The extreme value of the
movement amount of the drive valve 140 can be increased by repeatedly supplying an
electric current to the open/close coil 620 during the period of T/4 and stopping the supply

of an electric current to the open/close coil 620 during the period of T/4 in the above-
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mentioned manner.  Accordingly, the drive valve 140 can be moved to a desired position
from among the valve opening position and the valve closing position. Since supplying
the electric current to the open/close coil 620 during the period of T/4 and stopping the
supply of the electric current to the open/close coil 620 during the period of T/4 are
repeated, electric power consumption can be suppressed. It is, therefore, possible to
provide the control unit for an electromagnetically driven valve that performs efficient
control depending on the structure of the electromagnetically driven valve.

[0065] Hereafter, a control unit for an electromagnetically driven valve according to a
second embodiment will be described. The electromagnetically driven valve in the
second embodiment has the same structure as that of the electromagnetically driven valve
100 in the first embodiment. The same reference numerals are assigned to the same
components. The components having the same reference numerals have the same
functions.  Accordingly, the detailed description concerning the components having the
same reference numerals as those in the first embodiment will not be made here.

[0066] The control unit for an electromagnetically driven valve according to the
second embodiment is the same as the control unit for an electromagnetically driven valve
100 according to the first embodiment except for a control structure of a program
performed by the ECU 200.

[0067] The ECU 200 that is the control unit for an electromagnetically driven valve
according to the second embodiment performs control so as to supply an electric current to
the open/close coil 620 in a manner in which supplying electric current to the open/close
coil 620 during the period of T/4 and stopping the supply of the electric current to the
open/close coil 620 during the period of T/4 are repeated in the first period of oscillation
cycle T of the movable portion, as in the case of the first embodiment. The ECU 200 then
causes the movable portion to perform a self-excited oscillation. Then, the ECU 200
determines whether a coordinate point corresponding to a movement amount “x” of the
drive valve 140 detected by the lift amount detection sensor 250 is in a predetermined
range (e.g. a range from a lower limit -Ax to an upper limit Ax). When it is determined
that the coordinate point corresponding to the movement amount “x” is changed from a
value in the predetermined range to a value outside the predetermined range, the ECU 200
performs control such that an electric current is supplied to the open/close coil 620. Then,
the ECU 200 determines whether the coordinate point corresponding to a time-change-rate
(a movement speed) v of the movement amount based on the detected movement amount

“x” is in a predetermined range (e.g. a range from a lower limit -Av to an upper limit Av).
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When it is determined that the time-change-rate “v”” is changed from a value outside the
predetermined range to a value in the predetermined range, the ECU 200 performs control
such that the supply of an eleciric current to the open/close coil 620 is stopped. The
predetermined range may be set such that the difference between the upper limit and “0” is
different from the difference between the lower limit and *0”".

[0068] Hereafter, a control structure of a program performed by the ECU 200 that is
the control unit for an electromagnetically driven valve according to the second
embodiment will be described with reference to FIG. 9. In a flowchart in FIG. 9, the same
reference numerals are assigned to the same steps as those in the flowchart in FIG. 7. The
processes in the steps having the same reference numerals are also the same. Accordingly,
the detailed description concerning the steps having the same reference numerals will not
be made here. :

[0069] In step S2000, the ECU 200 replaces a value N with “0”. Namely, counting
using a counter is started. In step S2010, the ECU 200 sets the value N to a value
obtained by adding “1” to the value N. In step S2020, the ECU 200 determines whether
the value N is equal to or larger than “2”.  When it is determined that the value N is equal
to or larger than “2” (“YES” in step S2020), step S2030 is performed. On the other hand,
when it is determined that the value N is smaller than “2” (“NO” in step S2020), step
S1010 is performed.

[0070] In step S2030, the ECU 200 regards the movement amount “x” stored in the
memory of ECU 200 as a previous movement amount x_old. Similarly, the ECU 200
regards the time-change-rate (the movement speed) v of the movement amount stored in
memory of the ECU 200 as a previous time-change-rate v_old.

[0071] In step S2040, the ECU 200 obtains a movement amount “x” of the drive valve
140 based on a detection signal transmitted from the lift amount detection sensor 250.
The ECU 200 then calculates a time-change-rate “v” of the movement amount based on the
movement amount “x”.

[0072] In step S2050, the ECU 200 determines whether the coordinate point
corresponding to the previous movement amount x_old is lower than the upper limit Ax
and the coordinate point corresponding to the movement amount “x” is higher than the
upper limit Ax. Also, the ECU 200 determines whether the coordinate point
corresponding to the previous movement amount x_old is higher than the lower limit -Ax

and the coordinate point corresponding to the movement amount “x” is lower than the
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lower limit -Ax. Namely, the ECU 200 determines whether the coordinate point
corresponding to the movement amount of the drive valve 140 is changed from a value in
the predetermined range (from the lower limit -Ax to the upper limit Ax) to a value outside
the predetermined range. When the coordinate point corresponding to the previous
movement amount x_old is lower than the upper limit Ax and the coordinate point
corresponding to the movement amount “x” is higher than the upper limit Ax, or when the
coordinate point corresponding to the previous movement amount x_old is higher than the
lower limit -Ax and the coordinate point corresponding to the movement amount “x” is
lower than the lower limit -Ax (“YES” in step S2050), step S2060 is performed. If not
(“NO” in step S2050), step S2030 is performed.

[0073] In step S2060, the ECU 200 performs control such that the electric current I (0)
is supplied to the open/close coil 620. In step S2070, the ECU 200 regards the movement
amount “x” stored in the memory of the ECU 200 as a previous movement amount x_old.
Similarly, the ECU 200 regards the time-change-rate (the movement speed) v of the
movement amount stored in memory of the ECU 200 as a previous time-change-rate v_old.
In step S2080, the ECU 200 obtains the movement amount “x” of the drive valve 140
based on a detection signal transmitted from the lift amount detection sensor 250. The
ECU 200 then calculates the time-change-rate (the movement speed) v based on the
movement amount “x”.

[0074] In step S2090, the ECU 200 determines whether the coordinate point
corresponding to the previous time-change-rate v_old is higher than the upper limit Av and
the coordinate point corresponding to the time-change-rate “v” is lower than the upper
limit Av.  Also, the ECU 200 determines whether the coordinate point corresponding to
the previous time-change-rate v_old is lower than the lower limit -Av and the coordinate
point corresponding to the time-change-rate “v” is higher than the lower limit -Av.
Namely, the ECU 200 determines whether the coordinate point corresponding to the time-
change-rate of the movement amount of the drive valve 140 is changed from a value
outside the predetermined range (the range from the lower limit -Av to the upper limit Av)
to a value in the predetermined range. When it is determined that the coordinate point
corresponding to the previous time-change-rate v_old is higher than the upper limit Av and
the coordinate point corresponding to the time-change-rate “v” is lower than the upper
limit Av, or when it is determined that the coordinate point corresponding to the previous
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corresponding to the time-change-rate “v” is higher than the lower limit -Av (“YES” in
step S2090), step S2100 is performed. If not (“NO” in step S2090), step S2070 is
performed.

[0075] Instep S2100, the ECU 200 performs control such that the supply of an eléectric
current to the open/close coil 620 is stopped. In step S2110, the ECU 200 determines
whether the coordinate point corresponding to the movement amount “x” detected by the
lift amount detection sensor 250 is lower than the predetermined value —X (0). When it is
determined that the coordinate point corresponding to the movement amount “x” is lower
than the predetermined value —X (0) (“YES” in step S2110), step S2120 is performed. If
not (“NO” in step S2110), step S2030 is performed. In step S2120, the ECU 200
performs control such that the holding current I (h) is supplied to the open/close coil 620.

[0076] An operation of the control unit for an electromagnetically driven valve
according to the second embodiment based on the above-mentioned structure and
flowchart will be described with reference to FIG. 10. In the second embodiment, a
description will be made on the assumption that the electromagnetically driven valve 100
is an exhaust valve. Namely, when a request to start driving the drive valve 140 has been
made, the ECU 200 performs control such that the drive valve 140 is moved to the valve
opening position.

[0077] As shown in a graph on the upper side in FIG. 10, when a request to start
driving the drive valve 140 is detected at time “t = 0” (“YES” in step S1000), counting
using the counter is started in step S2000. When time-measurement using the timer is
started in step S1010, and the attraction current I (0) is supplied to the open/close coil 620
in step S1020.  While the period of T/4 has not elapsed (“NO” in step S1050), the
attraction current I (0) is supplied to the open/close coil 620 in step S1020. At this time,
since the drive valve 140 is held at a position slightly below the center position, a resultant
force of the electromagnetic forces is applied in the direction in which the valve is opened.
When the period of T/4 has elapsed (“YES” in step S1050), time-measurement is restarted
in step S1060, and the supply of an electric current to the open/close coil 620 is stopped in
step S1070.  While the period of T/4 has not elapsed (“NO” in step $1090), the supply of
an electric current to the open/close coil 620 is stopped. In this manner, supplying an
electric current and stopping the supply of an electric current are repeated twice (“YES” in
step S2020). Thus, a self-excited oscillation is generated in the drive valve 140.

[0078] When the self-excited oscillation has been generated, if it is determined that the
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detected by the lift amount detection sensor 250 is changed from a value in the
predetermined range (from the lower limit -Ax to the upper limit AX) to a value outside the
predetermined range at time “t = T (0)”, as shown in a middle graph in FIG. 10 (“YES” in
step S2050), the electric current I (0) is supplied to the open/close coil 620 in step S2060.
At this time, a resultant force of the electromagnetic forces is applied from the open/close
coil 620 to the drive valve 140 in the direction in which the valve is opened.

[0079] Then, as shown in a graph on the lower side in FIG. 10, when the coordinate
point corresponding to the time-change-rate “v” based on the movement amount “x” of the
drive valve 140 is changed from a value outside the predetermined range (the
predetermined range being from the lower limit - Av to the upper limit Av) to a value in the
predetermined range (“YES” in step $2090) at time “t = T (1), the supply of an electric
current to the open/close coil 620 is stopped. At this time, a elastic force of the upper

spring 360 and the lower spring 260 for returning the drive valve 140 to the center position

.1s applied to the drive valve 140. If the coordinate point corresponding to the movement

amount “x” of the drive valve 140 is lower than the predetermined value —X (0) at time “t
=T (h)”, the holding current I (h) is supplied to the open/close coil 620.

[0080] As described so far, with the control unit for an electromagnetically driven
valve 100 according to the second embodiment, when it is determined that the coordinate
point corresponding to the detected movement amount “x” of the drive valve 140 is
changed from a value in the predetermined range (from the lower limit -Ax to the upper
limit Ax) to a value outside the predetermined range, control is performed such that the
current I (0) is supplied to the open/close coil 620. When the coordinate point
corresponding to the detected movement amount “x” is changed from a value in the
predetermined range to a value outside the range, the drive valve 140 is near the center
position and is moving toward the valve opening position. At this time, an electric
current is supplied to the open/close coil 620, and the open/close coil 620 is caused to
generate electromagnetic force. Thus, a resultant force of the electromagnetic forces is
applied to the drive valve 140 in the direction in which the drive valve 140 moves.
Accordingly, the extreme value of the movement amount “x” of the drive valve 140
increases.  On the other hand, when it is determined that the coordinate point
corresponding to the time-change-rate “v” of the movement amount of the drive valve 140
is changed from a value outside the predetermined range to a value in the predetermined

range, control is performed such that the supply of an electric current to the open/close coil
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620 is stopped. The position at which the coordinate point corresponding to the time-
change-rate “v” is changed from a value outside the predetermined range to a value in the
predetermined range is the position at which the time-change-rate “v” of the movement
amount of the drive valve 140 becomes lower. The position at which the time-change-
rate “v” becomes lower is the position at which the movement amount “x” of the drive
valve becomes the extreme value. Therefore, the supply of an electric current to the
open/close coil 620 is stopped. Accordingly, electromagnetic force is not applied to the
drive valve 140, and only the elastic force of the upper spring 360 and the lower spring 260
for attempting to hold the drive valve 140 at the center position is applied to the drive
valve 140. Accordingly, the time-change-rate “v” of the movement amount of the drive
valve 140 increases as the drive valve 140 comes closer to the center position. If the
electromagnetically driven valve 100 is controlled in this manner, the extreme value of the
movement amount “x” of the drive valve 140 is increased, and the drive valve 140 can be
moved to one of the valve opening position and the valve closing position.

[0081] Also, even when friction of the movable portion at a low temperature is high,
or even when the spring constant of the upper spring 360 and the lower spring 260 is
changed with time and therefore the actual oscillation cycle T deviates from the original
value, the movable portion can be always operated in the optimum oscillation cycles.
Therefore, an inappropriate self-excited oscillation does not occur, and, therefore, an
increase in electric power consumption can be suppressed. In addition, since the drive
valve 140 can be started reliably, the reliability can be improved.

[0082] Hereafter, a control unit for an electromagnetically driven valve according to a
third embodiment will be described. The electromagnetically driven valve in the third
embodiment has the same structure as that of the electromagnetically driven valve in the
second embodiment. The same reference numerals are assigned to the same components.
The components having the same reference numerals have the same functions.
Accordingly, the detailed description concerning the components having the same
reference numerals will not be made here.

[0083] The control unit for an electromagnetically driven valve according to the third
embodiment is the same as the control unit for an electromagnetically driven valve
according to the second embodiment except for a control structure of a program performed
by the ECU 200.

[0084] The ECU 200 that is the control unit for an electromagnetically driven valve

according to the third embodiment performs control so as to supply an electric current to



10

15

20

25

30

WO 2006/024927 s PCT/IB2005/002579

the open/close coil 620 in a manner in which supplying an electric current to the
open/close coil 620 during the period of T/4 and stopping the supply of an electric current
to the open/close coil 620 during the period of T/4 are repeated in the initial oscillation
cycle T of the movable portion, as in the case of the first embodiment. The ECU 200 then
causes the movable portion to perform a self-excited oscillation. Then, the ECU 200
calculates a first distance between the upper disk 310 and the attraction surface 610A of the
core 610 based on the movement amount “x” of the drive valve 140 detected by the lift
amount detection sensor 250. Then, the ECU 200 calculates a second distance between
the lower disk 210 and the attraction surface 610B of the core 610 based on the detected
movement amount “x”. When the absolute value of the difference between the first
distance and the second distance is larger than a predetermined distance, the ECU 200
performs control such that an electric current is supplied to the open/close coil 620. On
the other hand, when the absolute value of the difference between the first distance and the
second distance is equal to or smaller than the predetermined distance, the ECU 200
performs control such that the supply of an electric current to the open/close coil 620 is
stopped.

[0085] Hereafter, a control structure of a program performed by the ECU 200 that is
the control unit for an electromagnetically driven valve according to the third embodiment
will be described with reference to FIG. 11. In the flowchart in FIG 11, the same
reference numerals are assigned to the same steps in the flowchart shown in FIG. 9. The
processes in the steps having the same reference numerals are also the same. Accordingly,
the detailed description concerning the steps having the same reference numerals will not
be made here.

[0086] In step S3000, the ECU 200 calculates an upper air gap and a lower air gap
based on the movement amount “x” of the drive valve 140 detected by the lift amount
detection sensor 250. Here, the “upper air gap” is the distance between the upper disk
310 and the attraction surface 610A of the core 610, and the “lower air gap” is the distance
between the lower disk 210 and the attraction surface 610B of the core 610. The
reference line used for calculating the upper air gap and the lower air gap is not particularly
limited as long as the reference line extends in the direction in which the drive valve 140
moves. In the third embodiment, the upper air gap is the vertical distance between an end
portion 630A of the attraction surface 610A of the core 610 and the upper disk 310. The
lower air gap is the vertical distance between an end portion 630B of the attraction surface

610B of the core 610 and the lower disk 210.
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[0087] In step S3010, the ECU 200 determines whether the absolute value of the
difference between the upper air gap and the lower air gap is larger than a predetermined
value AA/G.  When it is determined that the absolute value of the difference between the
upper air gap and the lower air gap is larger than the predetermined value AA/G (“YES” in
step S3010), step S3020 is performed. On the other hand, when it is determined that the
absolute value of the difference between the upper air gap and the lower air gap is equal to
or smaller than the predetermined value AA/G (“NO” in step S3010), step S3030 is
performed.

[0088] 1In step S3030, the ECU 200 performs control such that the supply of an electric
current to the open/close coil 620 is stopped. In step S3040, the ECU 200 determines
whether the coordinate point corresponding to the movement amount “x” detected by the
lift amount detection sensor 250 is lower than the predetermined value —X (0). When it is
determined that the coordinate point corresponding to the movement amount “x” of the
drive valve 140 is lower than the predetermined value —X (0) (“YES” in step S3040), step
S3050 is performed. If not (“NO” in step S3040), step S3000 is performed. In step
S$3050, the ECU 200 performs control such that the holding current I (h) is supplied to the
open/close coil 620.

[0089] An operation of the ECU 200 that is the control unit for an electromagnetically
driven valve according to the third embodiment based on the above-mentioned structure
and flowchart will be described with reference to FIG. 12. In the third embodiment, a
description will be made on the assumption that the electromagnetically driven valve 100
is an exhaust valve. Namely, when a request to start driving the drive valve 140 has been
made, the ECU 200 performs control such that the driving valve 140 is moved to the valve
opening position.

[0090] As shown in a graph on the upper side in FIG. 12, when a request to start
driving the drive valve 140 is detected at time “t = 0” (“YES” in step S1000), counting
using the counter is started in step S2000. When time-measurement using the timer is
started in step S1010, the attraction current I (0) is supplied to the open/close coil 620 in
step S1020. While the period of T/4 has not elapsed (“NO” in step S1050), the attraction
current I (0) is supplied to the open/close coil 620 in step S1020. At this time, since the
drive valve 140 is held at a position slightly below the center position, a resultant force of
the electromagnetic forces is applied to the drive valve 140 in the direction in which the

valve is opened. When the period of T/4 has elapsed (“YES” in step S1050), time-
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measurement is re-started in step S1060, and the supply of an electric current to the
open/close coil 620 is stopped in step S1070. While the period of T/4 has not elapsed
(“NO” in step S1090), the supply of an electric current to the open/close coil 620 is
stopped. In this manner, supplying an electric current to the open/close coil 620 and
stopping the supply of the electric current to the open/close coil 620 are repeated twice
(“YES” in step S2020). Thus, the drive valve 140 is caused to perform a self-excited
oscillation.

[0091] In the state where a self-excited oscillation is caused, as shown in a graph on
the lower side in FIG. 12, when the absolute value of the difference between the upper air
gap and the lower air gap based on the movement amount “x” of the drive valve 140
detected by the lift amount detection sensor 250 becomes larger than the predetermined
value AA/G (“YES” in step S3010), the electric current I (0) is supplied to the open/close
coil 620 in step S3020.

[0092] When the absolute value of the difference between the upper air gap and the
lower air gap becomes equal to or smaller than the predetermined value AA/G at time “t =
T (1)” (“NO” in step S3010) at time “t = T (0)”, the supply of an electric current to the
open/close coil 620 is stopped. When the coordinate point corresponding to the
movement amount “x” of the drive valve 140 is lower than the predetermined value —X (0)
at time “t = T (h)”, the holding current I (h) is supplied to the open/close coil 620.

[0093] As described so far, with the control unit for an electromagnetically driven
valve according to the third embodiment, the upper air gap between the upper disk 310 and
the attraction surface 610 A of the core 610 is calculated based on the detected movement
amount “x”. Also, the lower air gap between the lower disk 210 and the attraction surface
610B of the core 610 is calculated based on the detected movement amount “x”. When
the absolute value of the difference between the upper air gap and the lower air gap is
small, the drive valve 140 is near the center position. While the drive valve 140 is near
the center position, even if an electric current is supplied to the open/close coil 620 so as to
cause the open/close coil 620 to generate electromagnetic force, a resultant force of the
electromagnetic forces applied to the drive valve 140 is small, and electric power
consumption is increased. Accordingly, supplying an electric current to the open/close
coil 620 when the absolute value of the difference between the upper air gap and the lower
air gap is larger than the predetermined value AA/G makes it possible to increase the

resultant force of the electromagnetic forces applied to the drive valve 140, thereby



10

15

20

25

30

WO 2006/024927 31 PCT/IB2005/002579

increasing the extreme value of the movement amount “x” of the drive valve 140.
Therefore, the drive valve 140 can be moved to the desired position from among the valve
closing position and the valve opening position. Also, stopping the supply of an electric
current to the open/close coil 620 when the absolute value of the difference between the
upper air gap and the lower air gap is smaller than the predetermined value AA/G makes it
possible to suppress electric power consumption.

[0094] Hereafter, a control unit for an electromagnetically driven valve according to a
fourth embodiment of the invention will be described. The electromagnetically driven
valve in the fourth embodiment has the same structure as that of the electromagnetically
driven valve 100 in the first embodiment. The same reference numérals are assigned to
the same components. The functions of the components having the same reference
numerals are also the same. Accordingly, the detailed description concerning the
components having the same reference numerals will not be made here.

[0095] The control unit for an electromagnetically driven valve according to the fourth
embodiment is the same as the control unit for an electromagnetically driven valve
according to the first embodiment except for a control structure of a program performed by
the ECU 200.

[0096] The ECU 200 that is the control unit for an electromagnetically driven valve
according to the fourth embodiment performs control such that an electric current is
supplied to the open/close coil 620 until the movement amount “x” of the drive valve 140
detected by the lift amount detection sensor 250 becomes equal to a predetermined
movement amount. Then, when the detected movement amount “x” becomes equal to the
predetermined movement amount (when the drive valve 140 reaches the valve opening
position), the ECU 200 performs control such that the supply of an electric current to the
open/close coil 620 is stopped. When it is determined that the drive valve 140 reaches the
center position based on the detected movement amount, the ECU 200 performs control
such that an electric current is supplied to the open/close coil 620.

[0097] Hereafter, a control structure of a program performed by the ECU 200 fhat is
the control unit for an electromagnetically driven valve according to the fourth
embodiment will be described with reference to FIG. 13.

[0098] In step S4000, the ECU 200 determines whether a request to start driving the
drive valve 140 has been made. When it is determined that a request to start driving the
drive valve 140 has been made (“YES” in step S4000), step S4010 is performed. If it is

determined that the a request to start driving the drive valve 140 has not been made (“NO”
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in step S4000), the ECU 200 is placed in the stand-by mode until a request to start driving
the drive valve 140 is made.

[0099] In step S4010, the ECU 200 performs control such that the electric current I (0)
is supplied to the open/close coil 620. In step S4020, the ECU 200 determines whether
the drive valve 140 comes close to the valve opening position based on the movement
amount “x” of the drive valve 140 detected by the lift amount detection sensor 250. More
specifically, the ECU 200 determines whether the coordinate point corresponding to the
detected movement amount “x” of the drive valve 140 is lower than the predetermined
value —X (0) that is close to the valve opening position. When it is determined that the
drive valve 140 has come close to the valve opening position (“YES” in step S4020), step
54030 is performed. If it is determined that the drive valve 140 has not come close to the
valve opening position (“NO” in step $4020), step S4010 is performed.

[0100] In step S4030, the ECU 200 performs control such that the supply of an electric
current to the open/close coil 620 is stopped. In step S4040, the ECU 200 determines
whether the drive valve 140 is at the center position based on the detected movement
amount “x” of the drive valve 140. When it is determined that the drive valve 140 is at
the center position (“YES” in step S4040), step S4050 is performed. On the other hand,
when it is determined that the drive valve 140 is not at the center position (“NO” in step
S4040), the ECU 200 is placed in the stand-by mode until the drive valve 140 reaches the
center position.

[0101] In step S4050, the ECU 200 performs control such that the electric current I (0)

- 18 supplied to the open/close coil 620. In step S4060, the ECU 200 determines whether

the drive valve 140 comes close to the valve closing position based on the detected
movement amount “x” of the drive valve 140. More specifically, the ECU 200
determines whether the coordinate point corresponding to the detected movement amount
“x” of the drive valve 140 is higher than the predetermined movement value X (0) that is
close to the valve closing position. When it is determined that the drive valve 140 has
come close to the valve closing position (“YES” in step S4060), step S4070 is performed.
On the other hand, When‘it is determined that the drive valve 140 has not come close to the
valve closing position (“NO” in step S4060), step S4050 is performed.

[0102] In step S4070, the ECU 200 performs control such that an amount of electric
current supplied to the open/close coil 620 is decreased. In step S4080, the ECU 200
determines whether the drive valve 140 has moved to the valve closing position. More

specifically, the ECU 200 determines whether the coordinate point corresponding to the
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detected movement amount “x” of the drive valve 140 is equal to the predetermined value
X (1) corresponding to the valve closing position. When it is determined that the drive
valve 140 has moved to the valve closing position (“YES” in step S4080), step S4090 is
performed. On the other hand, when it is determined that the drive valve 140 has not
moved to the valve closing position (“NO” in step S4080), the ECU 200 is placed in the
stand-by mode until the drive valve 140 moves to the valve closing position. In step
S4090, the ECU 200 performs control such that the holding current I (h) is supplied to the
open/close coil 620.

[0103] An operation of the ECU 200 that is the control unit for an electromagnetically
driven valve according to the fourth embodiment based on the above-mentioned structure
and flowchart will be described with reference to FIG. 14. In the fourth embodiment, a
description will be made on the assumption that the electromagnetically driven valve is an
intake valve. Namely, when a request to start driving the drive valve 140 has been made,
the ECU 200 performs control such that the drive valve 140 is moved to the valve closing
position.

[0104] As shown in a graph on the upper side in FIG. 14, when a request to start
driving the drive valve 140 is made at time “t = 0” (“YES” in step S4000), the electric
current I (0) is supplied to the open/close coil 620 in step S4010. Since the drive valve
140 is held at-a position slightly below the center position, the drive valve 140 moves in
the direction in which the valve is opened due to electromagnetic force generated by the
open/close coil 620.

[0105] As shown in a graph on the lower side in FIG. 14, when the drive valve 140
comes close to the valve opening position at time “t = T (0)” (when the coordinate point
corresponding to the movement amount “x” of the drive valve 140 becomes lower than the
predetermined value —X (0)) (“YES” in step S4020), the supply of an electric current to the
open/close coil 620 is stopped in step S4030. At this time, force for returning the drive
valve 140 to the center position is applied to drive valve 140 due to the elastic force of the
upper spring 360 and the lower spring 260. When the drive valve 140 passes the center
position at time “t = T (1)” (“YES” in step S4040), the electric current I (0) is supplied to
the open/close coil 620. When the drive valve 140 passes the center position, a resultant
force of an inertiforce, the elastic force of the upper spring 360 and the lower spring 260,
and electromagnetic force applied in the direction in which the drive valve 140 moves is
applied to the drive valve 140.

[0106] When the drive valve 140 comes close to the valve closing position at time “t =
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T (2)” (when the coordinate point corresponding to the movement amount “x” of the drive
valve 140 becomes higher than the predetermined value X (0)) (“YES” in step S4060), an
amount of electric current supplied to the open/close coil 620 is decreased in step S4070.
When the drive valve 140 reaches the valve closing position at time “t = T (h)” (when the
coordinate point corresponding to the movement amount “x” of the drive valve 140
becomes equal to the predetermined value X (1)) (“YES” in step S4080), the holding
current I (h) is supplied to the open/close coil 620.

[0107] As described so far, with the control unit for an electromagnetically driven
valve according to the fourth embodiment, the ECU 200 performs control such that an
electric current is supplied to the open/close coil 620 until the detected movement amount
“x” of the drive valve 140 becomes equal to the predetermined movement amount. Since
the drive valve 140 is held at a position slightly below the center position, if
electromagnetic force generated by the electromagnet 600 is applied to the drive valve 140,
the drive valve 140 moves downward. The ECU 200 performs control such that the
supply of an electric current to the open/close coil 620 is stopped when the position of the
drive valve 140 based on the detected movement amount “x” reaches the valve opening
position.  Thus, the drive valve 140 moves toward the center position due to the elastic
force of the upper spring 360 and the lower spring 260 for attempting to hold the drive
valve 140 at the center position. The ECU 200 performs control such that an electric
current is supplied to the open/close coil 620 when the position of the drive valve 140
based on the detected movement amount “x” reaches the center position. Thus, after the
drive valve 140 passes the center position, electromagnetic force is applied in the same
direction as the direction in which the drive valve 140 moves. Therefore, the drive valve
140 can be controlled to move to the valve closing position.

[0108] Also, since the drive valve 140 is once moved to the valve opening position,
stable conirol can be performed. In addition, the drive valve 140 can be moved to the
valve closing position. Therefore, for example, the situation can be prevented in which,
when the engine is started at a high temperature with the intake valve fully opened, new air
flows from an intake system to an exhaust system, and a catalytic reaction is promoted,
resulting in damage of a catalyst due to excessive overheating.

[0109] In the above-mentioned embodiments, the electromagnetically driven valve
includes the electromagnet formed of a piece of coil, that is, a mono-coil; and the rotary
driven type parallel link mechanism in which plural oscillation members are provided and

the drive valve is reciprocated due to the oscillating movement of the oscillation members.
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However, the structure of the electromagnetically driven valve is not particularly limited to
this.  Any type of an electromagnetically driven valve can be employed, as long as an
electromagnetically driven valve is employed in which, if an electric current is supplied to
the coil when the drive valve is at the neutral position, electromagnetic force for opening
the valve, and electromagnetic force for closing the valve that is equal to the
electromagnetic force for opening the valve are applied to the oscillation members, and the
neutral position of the drive valve is slightly below or slightly above the center position.
For example, the electromagnetically driven valve may include multiple coils. Also, a
parallel drive type electromagnetically driven valve may be used.

[0110] The embodiment of the invention that has been disclosed in the specification is
to be considered in all respects as illustrative and not restrictive. The technical scope of
the invention is defined by claims, and all changes which come within the meaning and

range of equivalency of the claims are therefore intended to be embraced therein.
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CLAIMS:

1. A control unit for an electromagnetically driven valve which is provided with:

a drive valve (140) that includes a valve stem (120) and that reciprocates between a first
position and a second position in a direction in which the valve stem (120) extends;

an oscillation member (210, 310) which is connected to the valve stem (120),

an elastic member (260, 360) which applies elastic force to the oscillation member (210,
310) such that the drive valve (140) is held at a predetermined position between the first
position and the second position; and

magnetic force generating means (600) for applying electromagnetic force to the
oscillation member (210, 310) based on electric power supplied to the magnetic force
generating means (600), wherein

the magnetic force generating means (600) applies electromagnetic force for moving the
drive valve (140) toward the first position and electromagnetic force for moving the drive
valve (140) toward the second position, which is equal to the electromagnetic force for
moving the drive valve (140) toward the first position, to the oscillation member (210, 310),
if the electric power is applied to the magnetic force generating means (600) when the
drive valve (140) is at a center position between the first position and the second position,
and the predetermined position is deviated from the center position toward the first
position or the second position, the electromagnetically driven valve operating by using
both the electromagnetic force and the elastic force, the control unit being characterized by
comprising:

electric power supplying means for supplying electric power to the magnetic force
generating means (600);

detecting means (250) for detecting a movement amount (x) of the drive valve (140);
and

control means (200) for controlling a supply of electric power to the magnetic force
generating means (600) according to one of an oscillation cycle (T) based on the elastic

force and the movement amount (x) of the drive valve (140).

2. The control unit for an ¢lectromagnetically driven valve according to claim 1,
characterized in that
the control means (200)

controls an electric power supply period (T/4) and an electric power supply stopped
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period (T/4) according to the oscillation cycle (T) based on the elastic force, and
performs control such that an amount of electric power supplied to the magnetic force

generating means (600) becomes equal to a predetermined amount of electric power, when

the movement amount (x) becomes equal to a predetermined movement amount.

3. The control unit for an electromagnetically driven valve according to claim 1,
characterized in that

the control means (200)

controls an electric power supply period (T/4) and an electric power supply stopped
period (T/4) according to the oscillation cycle (T) based on the elastic force,

determines whether the movement amount (X) is in a predetermined range,

performs control such that the electric power is supplied to the magnetic force
generating means (600), when it is determined that the movement amount (x) is changed
from a value in the predetermined range to a value outside the predetermined range,

determines whether a time-change-rate (v) of the movement amount (x) is in a
predetermined range, and

performs control such that the supply of electric power to the magnetic force generating
means (600) is stopped, when it is determined that the time-change rate (v) is changed

from a value outside the predetermined range to a value in the predetermined range.

4. The control unit for an electromagnetically driven valve according to claim 1,
characterized in that

the oscillation member is formed of a first oscillation member (310) and a second
oscillation member (210) which are provided at a predetermined distance from each other,
and

the control means (200)

controls an electric power supply period (T/4) and an electric power supply stopped
period (T/4) according to the oscillation cycle (T) based on the elastic force,

calculates a first distance between the first oscillation member (310) and a
predetermined reference position based on the movement amount (X),

calculates a second distance between the second oscillation member (210) and the
reference position based on the movement amount (x),

performs control such that the electric power is supplied to the magnetic force

generating means (600), when an absolute value of a difference between the first distance



10

15

20

25

30

WO 2006/024927 55 PCT/IB2005/002579
and the second distance is larger than a predetermined distance, and
performs control such that the supply of electric power to the magnetic force generating

means (600) is stopped, when the absolute value of the difference between the first

distance and the second distance is equal to or smaller than the predetermined distance.

5. The control unit for an electromagnetically driven valve according to claim 1,
characterized in that

the control means (200)

supplies the electric power to the magnetic force generating means (600) until the
movement amount (x) becomes equal to a predetermined movement amount,

performs control such that the supply of electric power to the magnetic force generating
means (600) is stopped, when the movement amount (x) becomes equal to the
predetermined movement amount, and

performs control such that the electric power is supplied to the magnetic force
generating means (600), when a position of the drive valve (140) based on the movement

amount (x) becomes the center position.

6. The control unit for an electromagnetically driven valve according to any one of claims
3 through 5, characterized in that

the control means (200) performs control such that an amount of electric power supplied
to the magnetic force generating means (600) becomes equal to a predetermined amount of
electric power, when the movement amount (x) becomes equal to the predetermined

movement amount,

7. The control unit for an electromagnetically driven valve according to any one of claims
2 through 6, characterized in that
electromagnetic force for stopping reciprocation of the drive valve (140) is applied to

the drive valve (140) by supplying the predetermined amount of electric power.

8. The control unit for an electromagnetically driven valve according to any one of claims
2 through 7, characterized in that
the magnetic force generating means (600) is an electromagnet formed of a piece of coil

(620).
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9. The control unit for an electromagnetically driven valve according to any one of claims
2 through 8, characterized in that
the electromagnetically driven valve (100) is a parallel link type electromagnetically

driven valve.
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