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(57) Abstract: The valve timing control is executed by an ECU (4000) that controls an engine and an electric-motor ECU (4100)
&= that control an electric motor (2060). The ECU (4000) and the electric-motor EDU (4100) serve different functions. The ECU
& (4000) sets the target phase of an intake valve based on the engine operating state, and prepares the rotational speed command value
o (Nmref) for the electric motor (2060) that serves as an actuator such that a phase feedback control loop (7000), in which the intake
valve phase is caused to match the target phase, is formed. The electric-motor EDU (4100) forms a feedback control loop (7100)
for the motor speed, in which the electric power (PW) supplied to the electric motor (2060) is controlled such that the electric motor
(2060) rotates in accordance with the rotational speed command value (Nmref).
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VARIABLE VALVE TIMING SYSTEM

BACKGROUND OF THE INVENTION
1. Field of the Invention
. [0001] The invention irelates generally to a variable valve timing system, and, more
specifically, to a variable valve timing system that uses an electric motor as an actvator.
2. Description of the Related Art )

[0002] A variable valve timing (VVT) system that changes the phase (i.e., crank
angle), at which an intake valve or an exhaust valve is opened/closed, based on the
engine operating state has been used. Such variable valve timing system changes the
phase of the intake valve or the exhaust valve by rotatiné a camshaft, which opens/closes
the intake valve or the exhaust valve, relative to, for example, a sprocket. The camshaft
is rotated hydraulically or by means of an actuator, for example, an electric motor.

[6003] With, especially, a variable valve timing system that hydraulically drives a
camshaft, the variable valve timing control is sometimes not executed as accurately as it
should be, in a cold environment or at the time of engine starting. . Such inconvenience

is. caused because the hydraulic pressure used to drive the camshaft is insufficient or the

response of the camshaft to the hydraulic control is slow in such occasions. To obviate

such inconveniences, a variable valve timing system. that drives a carnshaft by means of
an electric motor has been suggested, as described in, for example, Japanese Patent
Application Publication No. JP-05-104978 (JP-A-05-104978), US Patent Application
Publication No. US2005/0252469A1, Japanese Patent Application Publication Nb.
JP-2004-190663 (JP-A-2004-190663).

[0004] JP-A-05-104978 describes a variable valve timing system that uses a step
motor as an actuator, The described variable valve timing system is provided with a
VVT ECU (Electronic Control Unit) that controls the variable valve timing system in
a&dition to an engine ECU that comrols an engine. The VVT ECU operates

independently of the e‘;ngine ECU. US Patent Application Publication No.

PCT/IB2007/002483
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US2005/0252469A 1 describes a system (i.c.; a variable valve timing control system) that

controls the rotational angle of a camshaft with respect to a crankshaft, using a motor‘as"

an actuator. ‘The described system is provided with-a control unit for an electric motor

that serves as an actuator for the variable valve timing system (i.e., a control unit for the

“variable valve timing system), in addition to an engine control element. The control unit

for the electric motor operates independently of the engine control eiement.

[0005] JP-A-2004-190663 describes a variable valve timing system that changes the
valve timing by changing the motor speed with respect to th? rotational speed of a
camshaft.

[0006] However, in the system described in JP-A-05-104978, the VVT ECU
calculates an appropriate amount of valve overlap, namely, the appropriate valve timing,
upon reception of a signal indicating the.o;:)erating state of the engine, and also, outputs a
control signal for the step motor to achieve the appropriate valve timing. The VVT
ECU produces a signal used to select a magnetizing coil of the step motor. Accordingly,
the VVT ECU serves many functions including setting of the target value of the valve
timing and creation of a cc;ntrol signal which is used to control the step motor to execute
the valve timing control appropriately. This increases the processing load placed on the
VVT ECU, which is designed to execute software processing by executing a program.
Therefore, the brocessihg power of the ECU needs to be‘increased to control the variable
valve timing at a higher spéed.

[0007] With the system described in US Patent Publication‘U82005/0252469A1, a
signal indicating the rotatiqnal angle of the crankshaft and a signal indicating the
rotational angle of the camshaft are transmitted to the variable valve timing control unit.
The variable valve timin,c;r control unit executes a feedback control to match the actual
valve timing with the desirable valve timing. This may increase in the processing load
placed on the control unit for the variable valve timing system, as in the case of the
variable valve timing system described in Japanese Patent Application Publication No,
JP-A-05-104978.

[0608] According to JP<A-2004—190663, an ECU; which serves as an eggine control

[ SN
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circuit, calculates the target valve timing and the actual valve timing, and calculates a
motor control value (for example, the voltage applied to the motor and value of the fi nal
duty ratio for the motor) based on the deviation of the actual valve timing from the target -
valve timing. In such a.configuration, the processing load placed on the ECU that
executes the engine control excessively increases. In -JP-A-2004-190663, the ECU is
designed to execute software processing, Therefor'e,'the processilig power of the ECU
needs to be increased to control the variable valve timiﬁg at a higher speed.

[0009] Furthermore, in variable valve timing control described in the above
publications, the feedback loop of the valve timing phase control (the control over the
position of the valve) is formed for the total system including even the motor controI‘.
Accordingly, the control speed may be increased if reﬁnements are introduced to the

configuration of the feedback loop.

SUMMARY OF THE INVENTION

[0010] The invention- provides a variable valve timing system that has a control
configuration which increases a control speed without excessively increasing the |
processing load placed on each controller.

[0011] An aspect of the invention relates to a vaﬁable valve timing system that
changes opening/closing timing of at least one of an intake valve and an exhaust valve
provided in an engine, and that includes a changing meehanism, a first sensor, a second
sensor, a first controller, and a second controller. The changing mechanism changes the
opening/closing timing of the valve by an amount of change corresponding to the
rotational speed of an electric motor that is used as an actuator relative to the rotational
speed of a camshaft that drives the valve. The first sensor detects the rotational speed of
the camshaft. The second sensor detects the rotational speed of the electric motor. The
first controller calculates a current value of the opening/closing timing of the valve based
on at least a signal from the first sensor and a signal from the second sensor, and prepares
a rotational speed command value for the electric motor based on the de\./iation of the

current value of the opening/closing timing from: a target value of the opening/closing
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_timing, which is set based on the Operating state of the engine, such that the
opening/closing timing changes in accordance with the target value. The second
controller receives a signal indicafing the rotational speed command value from the first
controller, and controls the electric power supply to the electric motor based on the -

5  rotational speed of the electric motor, which is detected by the second sensor, such thatj
the electric motor operates in accordance with the rotational speed command value.
[0012] With the variable valve timing system according to the first aspect of the
invention, the first controller executes the feedback control over the valve phase, while
the second controller controls the rotational speed of the actuator. Thus, it is possible to
_10 execute the valve timing control at a high speed by controlling the electric motor, which
Serves as an actuator, at a high speed without complicating the functions of the coﬁtrollers
or excessively increasing the processing load placed on the controllers.
[0013] In the first aspect of the invention, the second controller may control the
rotational speed of the electric motor by executing, in ‘combination, a setting control
15 based on the rotational speed command value set by the first controller and a feedback
control based on the deviation of the actual rotational speed of the electric motor from the

- rotational speed command value.

.[0014] In the first asbect of the invention, the second controller may include an

electric power conversion circuit, a first setting unit, a second setting unit, and a drive

20  unit. The electric power conversion circuit controls the electric power supply to the
electric motor. The first setting unit sets an adjustment amount by which the amount of
electric power supplied to the electric motor is controlled based on the deviation of the
rotational speed of the electric motor, which is detected by the second sensor, from. the
rotational speed command value indicated by the signal from the first controller. The

25  second setting unit sets an adjustment amount in accordance with the rotational spcéd
command value indicated by the signal from the first controller based on a predetermined
characteristic. The drive unit prepares a control signal for the electric power conversion
circuit based on the sum of the adjustment amount set by the first setting unit and the

adjustment amount set by the second setting unit,
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[0015] With this configuration, the motor speed control is executed using both the
feedback term used in the first setting unit and the preset term used in the second setting
unit in combination, In this way, the rotational speed of the electric motor is caused to
match the rotational speed command value, even if it changes, more promptly than in a

5  simple feedback control, namely, the rotational speed control executed using only tfze |
feedback term used in the first setting unit.

[0016] In the first aspect of the invention,'thé second controhlller may be forméd
integrally with the electric motor and include the second sensor. Also, the first
controller may receive the signal indicating the rotational speed of the electric motor

16 from the second sensor via a signal line that extends from the first controller to the
second controller, . h

[0017] Thus, the space in which the sensors are arranged is reduced to reduce the
size of the system. In the first aspect of the invention, the first controller may be formed
of an electronic control unit that has a function of executing a program to control the

15 engine.

[0018] The aspect of the invention provides the variable valve timing system having

the control configuration which increases a control speed without excessively increasing

the processing load placed on each controller.

20 : BRIEF DESCRIPTION OF THE DRAWINGS
[0019] The ’foregoing and further objects, features and advantages of the invention
Will become apparent from the following description of an embodiment with reference to
the accompanying drawings, wherein the same or corresponding elements will be denoted‘
by the same reference nurr;erals and wherein:
25 FIG. 1 is a view schematically showing the structure of a vehicle engine provided'wifh
a variable valve timing system according to an embodiment of the invention;
FIG. 2 is a graph showing the map that defines the phase of an intake camshaft;
FIG. 3 is a cross-sectional view showing an intake VV'T mechanism;

FIG. 4 is a cross-sectional view taken along the line IV-IV in FIG, 3;
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FIG. 5 is a first cross-sectional view taken along the line V-V in FIG. 3;

FIG. 6 is a second cross-sectional view taken along the line V-V in FIG. 3;

FIG. 7 is a cross-sectional view taken along the line VII-VII in FIG, 3;

FIG. 8 is a cross-sectionial view taken along the liné VVIII-VIII in FIG. 3;

FIG. 9 is a graph shoWing the speed reduction ratio ‘that the elements of the intake -
VVT mechanism realize in cooperation;

FIG. 10 is a graph showing the relationship between the phase of a guide plate relative
to a sprocket and the phase of the intake camshaft; |

FIG. 11 is a schematic block diagram illustrating the configuration of the control over
the phase of an intake valve, executed by the variable valve timing system according to
the embodiment of the invention; i

FIG. 12 is a schematic block diagram illustrating formation of the feedback control
loop in the control configuration shown in FIG, 11;

FIG. 13 is a fonctional block diagram illustrating the feedback control executed by an .
ECU over the phase of the intake valve;

FIG. 14 is a graph illustrating the rotational speed control over an electric motor; and’

FIG. 15 is a functional block diagram illustrating the configuration of an electric-motor

EDU.

DETAILED DESCRIPTION OF THE EMBODIMENT
[0020] Hereafter, an embodiment of the invention will be described with reference to

the accompanying drawings. In the following description, the same or corresponding

' elements will be denoted by the same reference numerals. The names and functions of

the elemenfs having the same reference numerals are also the same. Accordingly, the
descriptions concerning the elements having the -same reference numerals will b
provided only once below, .
[0021] First, a vehicle engine provided with a variable valve timing system
according to the embodiment of the invention will be described with reference to FIG. 1.

[0022] An engine 1000 is an eight-cylinder V-type engine including a first bank 1010
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and a second bank 101~2‘ cach of which has four cylinders therein. Note ihat, tﬁe
variable valve timing system according to the embodiment of the invention may be
applied to any types of engines. Namely, the variable valve timing system may be
applied to engines other than an eight-cylinder V-type engine.

[0023] Air that has passed through an air cleaner 1020 is suppligd to the engine 1006. :
A throttle valve 1030 adjusts the amount of air supplied to the engine 1000. The throttle
valve 1030 is an electromcally—controlled throttle valve that is dnven by a motor.

[0024] The air is introduced into a cylinder 1040 through an intake passage 1032,
The air is then mixed with fuel in a combustion chamber formed within the cylinder 1040.
The fuel is injected from an injector 1050 directly into the cylinder 1040, ‘Namely, the
injection hole of the injector 1050 is positioned within the cylinder 1040.

[0025] The fuel is injected into the cylinder 1040 in the intake stroke. The time at

, Which the fuel is injected need not be in the intake stroke. The description concerning

the embodiment of the invention will be provided on the assumption that the engine 1000
is a direct-injection engine where the injection hole of the injector 1050 is positioned
within the cylinder 1040. 'In addition to the injector 1050 for direct-injection, an injector
for port-injection may be provided. Alternatively, only an injector for port-injection
may be provided. ‘

[0026] The air-fuel nﬁxmre in the cylinder 1040 is ignited by a spark plug 1060, and
then burned. The burned air-fuel mixture, namely, the exhaust gas is purified by a

three-way catalyst 1070, and then discharged to the outside of the vehicle. A piston

- 1080 is pushed down due to combustion of the air-fuel mixture, whereby a crankshaft

1090 is rotated.

[0027] An intake valve 1100 and an exhaust valve 1110 are.provided on the top of
the cylinder 1040, The intake valve 1100 is driven by an intake camshaft 1120, and the
exbaust valve 1110 is-driven by an exhaust camshaft 1136. The intake camshaft 1120
and the exhaust camshaft 1130 are connected to each other by, for example, a chain or a
gear, and rotate at the same number of revolutions (at one-half the number of revolutions

of the crankshaft 1090). Because the number of revolutions (typically, the number of
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revolutions per minute (rpm)) of a rotating body, for exémple, a shaft is usnally referred
to as the rotational speed, the term “rotational speed” will be used in the following
description.

[0028] The phase (opening/closing timing) of the intake valve 1100 is controlled by

an intake VV'T mechanism 2000 which is fitted to the intake camshaft 1120. The phase

. (opening/closing timing) of the exhaust valve 1110"is controlled by an exhaust VVT

mechanism 3000 which is ﬁtted to the exhaust camshaft 1130.

[0029] In the embodiment of the invention, the intake camshaft 1120 and the exhaust
camshaft 1130 are rotated by the VVT mechanisms 2000 and 3000, respectively, whereby
the phase of the intake valve 1100 and the phase of the ekhaust valve 1110 are controlled.
However, the method for c:ontrolling the phase is not limited to this.

[0030] The intake VVT mechanism 2000 is operated by an electric motor 2060
(shown in FIG. 3). The electric motor 2060 is controlled by an electronic control unit
(ECU) 4000. The magnitude of electric current passing through the electric motor 2060
is detected by an ammeter (not shown) and the voltage applied to the electric motor 2060
is detected by a voltmeter (not shown), and a signal indicating the magnitude of electric
current and a signal indicating the voltage are transmitted to the ECU 4000.

[6031] The exhaust VVT mechanism 3000 is hydraulically operated. Note that, the

intake VVT mechanism 2000 may be hydraulically operated. Note that, the exhaust

VVT mechanism 3000 may be operated by means of an electric motor.

[0032] The ECU 4000 receives signals indicating the rotational speed and the crank
angle of the crankshaft 1090, frqm a crank angle sensor 5000, The ECU 4000 also
receives a signal indicating the phase of the intake camshaft 1120 and a signal indicating
the phase of the exhauét camshaft 1130 (the positions of these camshafts in the rotational
direction), from a camshaft poéition sensor 5010. . .

[0033] In addition, the ECU 4000 receives a signal indicating the temperature of a
coolant for the engine 1000 (the coolant temperature) from a coolant temperature sensor
5020, and a signal, indicating the amount of air supplied to the engine 1000, from an

airflow meter 5030.
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[0034] The ECU 4000 controls the throttle valve opening amount, the ignition timing,
the fuel injection timing, the fuel injection amount, the phase of the intake valve 1100, the
phase of the exhaust valve 1110, etc. based on the signals received from the
above-mentioned sensors and the maps and programs stored in memory (not shown) so

5  that the engine 1000 is brought into the desired operating state,

[0035] According to thc embodiment of the mventlon, the ECU 4000 sets the target
phase of the intake valve 1100 based on the map that uses parameters indicating the '
engine operating state, typ;cally, the map that uses the engine speed NE and the intake air
amount KL as parameters, as shown in FIG. 2. Gencréliy, multiple maps, used to set the

10  phase of the intake valve 1100 at multiple coolant temperatures, are stored in the memory.

[0036] Hereafter, the intake VVT mechanism 2000 will be described in more detail.
Note that, the exhaust VVT mechanism 3000 may have the same structure as the intake
VVT mechanism 2000 describcd below, Altcmaﬁvely, each of the intake VVT
mechanism 2000 and the exhaust VVT mechanism 3000 may have the same structure as

156 the intake VVT mechanism 2000 described below.
- [0037] As shown in FIG. 3, the intake VVT mechanism 2000 includes a sprocket
2010, a cam plate 2020, link mechanisms 2030, a guide plate 2040, a speed reducer 2050,
and the electric motor 2060. An electric-motor EDU 4100 used to control the electric
motor 2060 is formed incegrally with the electric motor 2060. The electric motor 2060
20  and the electric-motor EDU 4100 may be housed in the same case. Alternatively, the
electric motor 2060 and the electric-motor EDU 4100 may be accommodated in thc
individual cases, and then connected to each other. '

[0038] The sprocket 2010 is connected to the crankshaft 1090 via, for example,
chain. The rotational speed of the sprocket 2010 is one-half the rotational speed of the

25  crankshaft 1090, as in the case of the intake camshaft 1120 and the exhaust camshaft
1130. The intake camshaft 1120 is provided such that the h;take camshaft 1120 is
coaxial with the sprocket 2010 and rotates relative to the sprocket 2010.

{0039] The cam plate 2020 is connected to the intake cémshaft 1120 with a first pin

2070. In the sprocket 2010, the cam plate 2020 rotates together with the intake
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camshaft 1120, The cam plate 2020 and the intake camshaft 1120 may be formed
integrally with each other.

[0040] Each link mechanism 2030 is formed of a ﬁrsIt arm 2031 aod a second arm
2032. As shown in FIG. 4, that is, a cross-sectional view taken along the line IV-IV in
FIG. 3, paired first arms 2031 are arranged in the sprocket 2010 so as to be symumetric
with respect to the axis of the intake camshaft 1120, Each first arm 2031 is connected to
the sprocket 2010 so as to i)ivot about a second pin 2072. .

[0041] As shown in FIG. 5, that is, a cross-sectional view taken along the hne V-V in
FIG. 3, and FIG. 6 that shows the state achieved by advancmg the phase of the intake
valve 1100 from the state shown in FIG, 5, the first arms 2031 and the cam plate 2020 are
connected to each other bj the second arms 2032.

[0042] Each second arm 2032 is supported so as to pivot about a third pin 2074, with
respect to the first arm 2031.  Each second arm 2032 is supported 0 as to pivot about a
fourth pin 2076, with rcspcct to the cam plate 2020, ’

[0043] The intake camshaft 1120 is rotated relative to the sprocket 2010 by the pair
of link mechanisms 2030, whereby the phase of the intake valve 100 is changed.
Accordingly, even if one of the link mechanisms 2030 breaks and snaps, the phase of the
intake valve 1100 is changed by the other link mechanism 2030.

[0044] As shown in FIG. 3, a control pin 2034 is fitted on one face of each link
mechanism 2030 (more specifically, the second arm 2032), the face .being proximal to the
guide plate 2040. The control pin 2034 is arranged coaxially with the third pin 2074,
Each control pin 2034 slides within a guide groove 2042 formed in the guide plate 2040, |

[0045] Each control pin 2034 moves in the radial direction while shdmg within the
guide groove 2042 formed in the gu1de plate 2040. The movement of each control pin
2034 in the radial direction rotates the intake camshaft 1120 relative to the sprocket 2010,

[0046] As shown in FIG 7, that is, a cross-sectional view taken along the line
VI-VII in FIG 3, the guide groove 2042 js formed in a splral fashion such that the
control pin-2034 moves in the rad1a1 direction in accordance with the rotation of the guide

plate 2040. However, the shape of the guide groove 2042 is not limited to this.
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[0047] As the distance between tl3e control pin 2034 and the axis of the guide plate
2040 increases in the radial direction, the phase of the intake valve 1100 is more delayed. .
Namely, the amount of change in the phase corresponds to the amount by which each link
mechanism 2030 is operated in accordance with the movement of the control pin 2034 in
the radial direction. Note that, as the distance between the control pin 2034 and the axis
of the guide plate 2040 increases in the radial direction, the phase of the intake valve
1100 may be more advanced. '

[0048] As shown in FIG. 7, when the control pin J2034 reaches the end of the guide
groove 2042, the operation of the link mechanism 2030 is restricted. Accordingly, the
phase at which the control 'pin 2034 reaches the end of tﬁe guide groove 2042 is the most
advanced phase or the mos‘:t delayed phase of the intake valve 1100. -

[0049] As shown in FIG. 3, multiple recesses 2044 are formed in one face of the
guide plate 2040, the face being pfoximal to the speed reducer 2050; The recesses 2044
are used to connect the guide plate 2040 and the speed reducer 2050 to each other.

[0050] The speed reducer 2050 is formed of an externally-toothed gear 2052 and an

. intérnally—toothed gear 2054. The externally-toothed gear 2052 is fixed to the sprocket

2010 so as to rotate together with the sprocket 2010.

[0051] Multiple projections 2056, which are fitted in the recesses 2044 of the guide
plate 2040, are formed on the internally-toothed gear 2054, The internally-toothed gear
2054 is supported 50 as to be rotatable about an eccentric axis 2066 of a coupling 2062 of
which the axis deviates from an axis 2064 of the output shaft of the electric motor 2060.

[0052] FIG.-8 shows a cross-sectional Viev;/ taken along the line V]]I—‘VHI in FIG. 3.
The internally-toothed gear 2054 is arranged such that part of the multiple teeth thereof
mesh with the externally-toothed gear 2052.. Wl'leﬁ the rotational speed of the output
shaft of the electric motor 2060 is equal to the rotational speed of the sprocket 2010, the

coupling 2062 and the internally-toothed gear 2054 rotate at the same rotational speed as

. the externally-toothed gear 2052 (the sprocket 2010). In this case, the guide plate 2040

rotates at the same rotational speed as the sprocket 2010, and the phase of the intake

valve 1100 is maintained.
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[0053] When the coupling 2062 is rotated about the axis 2064 relative to the
externally-toothed gear 2052 by the electric motor 2060, the entirety of the
internally-toothed gear 2054 turns around the axis 2064, and, at the same time, the

internally-toothed gear 2054 rotates about the eccentric axis 2066. The rotational

. movement of the internally-toothed gear 2054 causes the guide plate 2040 to rotate

relative to the sprocket 2010, whereby the phase of the intake valve 1100 is changed.

[0054] The phase of the intake valve 1100 is changed by reducing the relative
rotational speed (the operation amount of the electric motor 2060) between the output
shaft of the electric motor 2060 and the sprocket 2010 using the speed reducer 2050, the
guide plate 2040 and the Iink mechanisms 2030, Alteynativcly, the phase of the intake
valve 1100 may be changed by increasing the relative rotational speed between the output
shaft of the electric motor‘2060 and the sprocket 2010. The output shaft of the electric
motor 2060 is provided with a motor rotational angle sér}sor 5050 that outputs a signal
indicating the rotational aﬁgle (the position of the output shaft in its rotational direction)
of the output shaft. Generally, the motor rotational angle sensor 5050 produces a pulse
signal each time the outpﬁt shaft of the electric motor 2060 is rotated by a predetermined
angle. The rotational speed of the output shaft of the electric motor 42060 (hereinaftér,
simply referred to as the “rotational speed of the electric motor 2060” where appropriate)
is detected based on the signal output from the motor rotational angle sensor 5050.

[0055] As shown in FIG. 9, the speed reduction ratio R(@) that tﬁe elements of the
intake VVT mechanism 2000 realize in cooperation, namely, the ratio of the relative
rotational speed between the output shaft of the electﬁc; motor 2060 and the sprocket
2010 to the amount of ch%mge in the phase of the intake valve 1100 may take a value
corresponding to the phase of the intake valve 1100. According to the embodiment of
the invention, as the speed reduction ratio increases, the amount of change in the phase
with respect to the relative rotational speed between the output shaft of the electric motor
2060 and the sprocket 2010 decreases. .

[0056] When the phase of the intake valve 1100 is within the first region that extends

from the most delayed phase to CAl, the speed reduction ;atio that the elements of the
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intake VVT mechanism 2000 realize in cooperation is R1.  When the phase of the intake
valve 1100 is within the second region that extends from CA2 (CAZ is the phase more
advanced than CAl) to the most advanced phase, the speed reduction ratio that the
elements of the intake VVT mechaﬁism 2000 realize in cooperation is R2 (R1>R2).
[0057] When the phase of the intake valve 1100 is within the third region that
extends from CA1 to CA2, the speed reduction ratio that the elements of the intake VVT
mechanism 2000 realize in cooperation changes at a predetermined rate ((R2 - RD)
(CA2-CA1)). |
[0058] The effects of the thus configured intake VVT mechanism 2000 of the .
variable valve timing system according to the embodiment of the invention will be
described below. “ |
[0059] When the phajse of the intake valve 1100 (the intake camshaft 1120) is
advanced, the electric motor 2060 is operated to rotate the guide plate 2040 relative to the
sprocket 2010. Asa resul't, the ﬁhase of the intake valve 1100 is advanced, as shown in
FIG. 10.
[0060] When the phase of the intake valve 1100 is within the first region that extends

from the most delayed phase to CALl, the relative rotational speed between the output

shaft of the electric motor 2060 and the sprocket 2010 is reduced at the speed reduction

ratioRI. Asa rgsult, the phase of the intake valve 1100 is advanced.

[0061] When the phase of the intake valve 1100 is within the second region that extends
from CA2 to the most advanced phase, the relative rotational speed between the output
shaft of the electric motor 2060 and the sprocket 2010 is reduced at the speed reduction
ratio R2.  As a result, the phase of the intake valve 1100 is advanced.

[0062] When the phase of the intake valve 1100 is :delayed, the output shaft of the'
electric motor 2060 is rotated relative to the sprocket'2010 in the direction opposite to the
direction in which the phase of the intake valve 1100 is advanced. When the phase is .
delayed, the relative rotational speed between the output shaft of the electric motor 2060
and the sprocket 2010 is reduced in the manner similar to that when the phase is

advanced. When the phase of the intake valve 1100 is within the first region that
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extends from the most delayed phase to CA1, the relative rotational speed between tfxe
output shaft of the electric motor 2060 and the sprocket 2010 is reduced at the speed
reduction ratio R1. As a.result, the phase of the intake valve 1100 is delayed. When
the phase of the intake valve 1100 is within the second region that extends from CA2 to
the most advanced phase, the relative rotational speed between the output shaft of the
electric motor 2060 and the sprocket 2010 is reduced at the speed reduction ratio R2.
As a result, the phase of the intake valve 1100 is delayed.

[0063] Accordingly, as long as the direction of the relative rotation between the
output shaft of the electric motor 2060 and the sprdcket 2010 remains unchanged, the
phase of the intake valve 1100 may be advanced or delayed in both the first regxon that
extends from the most delayed phase to CA1 and the second region that extends from the
CA2 to the most advanced phase. In this case, in the second region that extends from
CAZ to the most advanced phase, the phase is advanced or delaye'd‘ by an amount larger
than that in the first reéion that extends from the most delayed phase to CAlL.
Accordingly, the second region is broader in the phase change width than the first region.

[0064] In the first region that extends from the most delayed phase to CA1, the speed
reduction ratio is high. Accordingly, a high torque is required to rotate the output shaft
of the electric motor 2060 using the torque applied to the intake camshaft 1120 in
accordance with the operation of the engine 1000. Therefore, even when the electric
motor 2060 does not produce a torque, for example, even when the electric motor 2060 is
not operating, the rotation of the output shaft of the electric motor 2060, which is caused
by the torque applied to the intake camshaft 1120,‘ is restricted. This restricts the
deviation of the actual phasé from the phase used in the control. n addition, occurrence
of an undesirable phase change is restricted when the’ supply of electric power to the
electric motor 2060 that serves as the actuator is stopped.

{0065] Preferably, the relationship between the direction in which the electric motor
2060 rotates relative to the sprdcket 2010 and the advance/delay of the phase is set such
that the phase of the intake valve 1100 is delayed when the output shaft of the electric

motor 2060 is lower in rotational speed than the sprocket 2010. ‘Thus, when the electric
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motor 2060 that serves as the actuator becomes inoperative while the engine is operatmg,
the phase of the intake valve 1100 is gradually delayed, and finally agrees with the most
delayed phase. Namely, even if the intake valve phase control becomes inexecutable,
the phase of the intake valve 1100 is brought into a state in which combustion stably
takes place in the engine 1000. )

[0066] When the phase of the intake valve 1100 is within the third region that
extends from CA1 to CA2, the relative rotational speed between the output shaft of the
electric motor 2060 and the sprocket 2010 is reduced at the speed reduction ratio that
changes at a predetermined rate. As a result, the phase of the intake valve 1100 is
advanced or delayed. )

[0067] When the phase of the intake valve 1100 is shifted from the first region to the ’
second region, or from thq second region to the first region, the amount of change in the
phase with respect to the relative rotational speed betwee::ri the output shaft of the electri'c

motor 2060 and the sprocket 2010 is gradually incfeased or reduced. Accordingly, an

" abrupt stepwise change in the amount of change in the phase is restricted to restrict an

abrupt change in the phase. As airesult, the phase of the intake valve 1100 is controlled
more appropriately. |

t0068] With the intake VVT mechanism 2000 of the variable Valve timing system the
embodiment of the invention, when the phase of the intake valve 1100 is within the first
region that extends from the most delayed phase to CAl, the speed reduction ratio that
the elements of the intake VV'T mechanism 2000 realize in cooperation is R1. When the -
phase of the intake valve 1100 is within the second region that extends from CA2 to the
most advanced phase, the speed reduction ratio that the elements of the intake VVT
mechanism 2000 realize in cooperation is R2 that is lower than R1 (RI > R2).
Accordingly, as long as the direction of the relative rotation between the output shaft of
the electric motor 2060 and the sprocket 2010 remains unchanged, the phase of the mtake
valve 1100 may be advanced or delayed in both the first region that extends from the

most delayed phase to CA1 and the second region that extends from the CAZ2 to the most

advanced phase.
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[0069] In this case, in-the second region that extends from CA2 to the most advancéd
phase, the phase is advanced or delayed by an amount larger than that in the first region
that extends from the most delayed phase to CAl. Aécordingly, the second region is
broader in the phase change width than the first region. - | |

[0070] Inthe first regfon that extends from the most delayed phase to CA1, the speed
reduction ratio is high. Accordipgly, it is possible td restrict the rotation of the output
shaft of the electric motof 2060, which is caused by the torque applied to the intake
camshaft 1120 in accordance with the operation of the éngine 1000. This resiricts the
deviation of the actual phase from the phase used in the conirol. As a result, it is
possible to change the phase by a large amount, and to control the phase accurately.

[0071] FIG 11 is a schematic block diagram illustrating the configuration of the
control over the phase of the intake valve 1100, executed by the variable valve timing
system according to the embodiment of the invention.

[0072] As shown in FIG. 11, the engine 1000 is configured such that the power is
transferred from the crank shaft 1090 to the intake camshaft 1120 and the exhaust
camshaft 1130 via the sprécket 2010 and a sprocket 2012; respectively, by a timing chain
1200 (or a timing belt), aé previously described with reférence to FIG. 1. The camshaft
position sensor 5010 that outputs a cam angle signal Piv each time the intake camshaft
1120 rotates by a predetermined cam angle is fitted on the outer periphery of the intake
camshaft 1120. The crank angle sensor 5000 that outputs a crank angle signal Pca each

time the crankshaft 1090 rotates by a predetermined crank angle is fitted on the outer

_.periphery of the crankshaft 1090. The motor rotational angle sensor 5050 that outputs a

motor rotational angle sigﬂal Pmt each time the electric motor 2060 rotates by a

predetermined rotational angle is fitted to the electric motor 2060. These cam angle
signal Piv, crank angle signal Pca and motor rotational angle sigﬁal Pmt are transmitted to
the ECU 4000. ' |
[0073] The ECU 4000 controls the operation of the engine IOOQ based on the signals
output from the sensors that detect the operating state of the engine 1000 and the

operation conditions (the pedal operations performed by the driver, the current vehicle



PCT/IB2007/002483

WO 2008/026041

Ct

10

15

20

25

17

speed, etc.) such that the engine 1000 produces a requiréd output power,  As part of the

engine contrdl, the ECU 4000 sets the target value of the phase of the intake valve 1100

- and the target value of the phase of the exhaust valve 1110 based on the map shown in

FIG. 2. In addition, the ECU 4000 prepares the rotauonal speed command value Nmref
for the electric motor 2060 that serves as the actuator for the mtake VvT mechamsm
2000. If the electric motor 206Q rotates at the rotational speed command value Nmref,
the phase of the intake jvalve 1100 matches the target value (target phase). The
rotational speed command value Nmref is set based on the relative rotational speed
between the output shaft of the electric motor 2060 and the Sp;rocket 2010 (the intake
camshaft 1120), which corresponds to the operation amount of the actuator, as described
in detail below.

[0074] The electric-motor EDU (Electronic Drive Unit) 4100 controls the rotational
speed of the electric motor 2060 based on the rotatlonal speed command value Nmzref
indicated by a signal from the ECU 4000.

[0075] In the intake valve phase control executed by the variable valve timing
system according to the exﬁbodiment of the invention, a feedback control loop 7000 for

the intake valve phase is formed by the ECU 4000, as shown FIG.-12. In the feedback

. control loop 7000, the ECU 4000 detects the phase of the intake valve 1100 and maiches

the intake valve phase with the target phase. The electric-motor EDU 4100 forms a
feedback control loop 7100 for the motor Speed. In the feedback control loop 7100, the
electric power PW supplied to the electric motor 2060 is controlled such that the
rotational speed of the electric motor 2060 matches the rotational speed command value
Nﬁ]ref indicated by a signal from the ECU 4000. More specifically, the electric-motor
EDU 4100 forﬁs the feedba.ck control Ioop 7100 as a minor loop which is a part of the
total feed back control loop 7000.

[0076] In addition, when the electric-motor EDU 4100 is formed integrally with the
electric motor 2060 as shown in FIG. 3, the motor rotational angle sensor 5050 formed of
a hall element, etc. may be arranged in the electn'c—motpr EDU 4100. In this way, the

size of the intake VVT meéchanism 2000 is reduced. The motor rotational angle signal
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Pmt from the rotational angle sensor 5050 and the diagnostic information which indicates
an unusual condition of :the motor rotational angle signal Pmt due to, for example,
breaking of wire are transmitted to the ECU 4000 @hfqugh a signal line 4005 which A
extends from the ECU 4000 to the electric-motor EDU 4100.

[0077] FIG. 13 is a functional block diagram illustréting the feedback control whiéh
is executed by the ECU 4000 over the intake valve phase

[0078] As shown in FIG 13, an actuator operation amount setting unit 6000, which
executes the feedback control over the intake valve phase, includes a valve phase
detection unit 6010; a carﬁshaft phase change amount calculation unit 6020; a relative
rotational speed setting unit 6030; a camshaft rotational speed detection unit 6040; and a
rotational speed command value preparation unit 6050, The actuator operation amount
setting unit 6000 corresponds to the functional block implemented by the ECU 4006.
Usually, the function of the actuator operation amouht setting unit 6000 is exhibited by
executing the control routine according to a predetermined program stored in ad\'/ance in
the ECU 4000 in predetermined control cycles.

[0079] The valve phasé detection unit 6010 calculates the actual phase IV(6) of the
intake valve 1100 (hereinafter, referred to as the “actual intake valve phase IV(0)) based
on the crank angle signal Pca from the crank angle sensor 5000, the cam angle signal P1v

from the camshaft position sensor 5010, and the motor rotatlonal angle signal Pmt from

‘the rotational angle sensor 5050 for the electric motor 2060.

[0080] The valve phase detection unit 6010 calculates the current phase IV(0) of the
intake cainshaft 1120 based on the crank angle signal Pca and thf: cam angle signal Piv.
For example, the current valve phase IV(6) is calculated, when the cam angle signal Piv
is produced, by converting the time difference between the production of the cam angle
signal Piv and the production of the crank angle signal Pca into the rotational phase
diffe%ence between the crank shaft 1090 and the intake cam shaft 1120 (first phase
calculation method).

[0081] Alternatively, with the intake VVT mechanism 2000 according to the

embodiment of the invention, it is possible to accurately keep a track of the amount of
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change in the intake valve phase based on the operation amount (the relative rotational
speed ANm) of the electric motor 2060 that serves as the actuator.  More specifically, the
actual relative rotational speed ANm is calculated b,;ased:on the signals output from the
sensors, and the amount of the change dIV(0) in the intake valve phase per unit time

(during one contro] cycle) is then calculated by the’ calculauon process based on the

calculated actual relative rotational speed ANm. Accordingly, the valve phase detection

unit 6010 may successively calculate the current phase IV(9) of the intake camshaft 1120
by accumulating the phase change amounts dIV(9) (second phase calculation method).
The valve phase detection unit 6010 may calculate the current valve phase IV(0) by
appropriately using the first phase calculation method or the second phase calculation
method in consideration of, for example, the stability of the”engine speed and the
calculation load on the ECU.

[0082] The camshaft phase change amount calculation unit 6020 includes a
calculation unit 6022 and a required phase change amount calculation unit 6025. The
calculation unit 6022 calculates the deviation AIV(9) (AN(O) = IV(0) — IV(©)r) of the
actual intake valve phase IV (0) from the target phase v (B)r. The required phasé change
amount calculation unit 6025 calculates the amount AQ by which the phase of the intake
camshaft 1120 is required to change (hereinafter, referred to as the “required phase
change amount A for the intake camshaft 1120”) in the current control cycle based on
the deviation AIV (6) calculated by the calculation unit 6022.

| [0083] For example, the maximum value of the reqiiired phase change amount A9 in
a single control cycle is set in advance. The required phase change amount calculation
unit 6025 sets the required phase change amount A9, which corresponds to the deviation
AIV(0) and which is equal to or smaller than the maximum value. The maximum value
may be a fixed value. Alternatively, the maximum value may be variably set by the
required phase change amount calculation unit 6025 based on the operating state of the
engine 1000 (the engine speed, the Intake air am(-)unt, etc.) and the deviation AIV(©) of
the actual intake valve phase IV(0) from the target phase IV(@)r.

[0084] The relative rotational speed setting unit 6030 calculates the rotational speed
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ANm of the output shaft of the electric motor 2060 relative to the rotational speed of the

sprocket 2010 (the intake camshaft 1120). The relative rotational speed ANm needs to

be achieved in order to obtain the required phase change amount AQ calculated by the
required phase change amount calculation unit 6025. For example, the relati?e
rotational speed ANm is set to a positive value (ANm > 0) when the phase of the intake
valve 1100 is advanced. On the other hand, when the i}hase of the intake valve 1100 :is
delayed, the relative rotational speed ANm is set to a negative value (ANm < Oj. When
the-current phase of the iﬁtake valve 1100 is maintained (A© = 0), the relative rotational
speed ANm is set to a value substa}ntially equal to zero (ANm = 0).

[0085] The relationship between the required phase change amount A per unit time

AT corresponding to one control cycle and the relative rotational speed ANm is expressed

by Equation 1 shown below. In Equation 1, R(9) is the speéd reduction ratio that

' changes in accordance with the phase of the intake valve 1100, as shown in FIG. 9.

[0086] AGcANm x 360° x (1/R(8)) x AT Equation 1

According to Equation 1, the relative rotational speed setting unit 6030 calculates the
rotational speed ANm of the electric motor 2060 relative to the rotational speed of the
sprocket 2010, the relative rotational speed ANm being required to be achieved to obtain
the required phase change amount A8 of the camshaft during the control cycle AT.

[0087] The camshaft rotational spéed detection unit 6040 calculates the rotational
speed of the sprocket 2010, namely, the ‘actual rotaﬁonal speed IVN of the intake
camshaft 1120 by dividing the rotational speed of the c;ankshaft 1090 by two.
Alternatively, the camshaft rotational speed detection unit 6040 may' calculate the actﬁal
rotational speed IVN of the intake camshaft 1120 based on the cam angle signal Piv from
the camshaft position sensor 5010. Generally, the number of cam angle signals outpuf:
during one rotation of the intake camshaft 1120 is smaller than the number of crank angle
signals output during one rotation of the crankshaft 1090. Accordingly, the accuracy of

detection is enhanced by detecting the camshaft rotational speed IVN based on the

rotational speed of the crankshaft 1090.

[0088}] The rotational speed command value preparation unit 6050 prepares the
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rotational speed command value Nmref for the electric motor 2060 by adding the actual
rotational speed IVN of the intake camshaft 1120, which is calculated by the camshaft
rotational speed detection unit 6040, to the relative rotational speed ANm set by the
relative rotational speed setting ﬁnit 6030. A signall indicating the rotational speed
command value Nmref, which is prepared by the rotational speed command valie
preparation unit 6050, is transmitted to the clectric-motor EDU 4100. Thus, the
feedback control loop 7000 for the intake valve phase, shown in FIG. 12, is
accomplished.

[0089] The electric-motor EDU 4100 executes the rotational speed control such that
the rotational speed of the electric motor 2060 matches the rotational speed command
value Nmref. For example, the electric-motor EDU 4100 controls the on/off state of a
power semiconductor element (e.g. a transistor) to control the electric power supplied to
the electric motor 2060 (typically, the magnitude of electric current Ime¢ passing through
the electric motor and the gmplitude of the voltage applied to the electric motor) based on
the deviation (Nmref — Nm) of the actual rotational speed Nm of the electric motor 2060
from the rotational speed command value Nmref, ' For examplé; the duty ratio used in
the on/off operation of the power semiconductor element is controlled.

[0090] In order to control the electric motor 2060 more efficiently, the electric-motor
EDU 4100 controls the duty ratio DTY that is the adjustment amount by which the
electric power supplied to the electric motor 2060 is controlled, according to Equatjon 2
shown below.

[0091] DTY=DTY(ST) + DTY(FB)  Equation 2

In Equation 2, DTY(FB) is a feedback term based on the control calculation using the
above-described deviation and a predetermined control géin (typically, common P control
or PI control).

[0092] DTY(ST) in Equation 2 is a preset term that is set based on the rotational
speed command value Nmref for the electric motor 2060, and the calculated relative
rotational speed ANm, as shown in FIG. 13.

[0093] FIG. 14 is a graph illustrating the rotational speed control over the electric
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motor 2060.  As shown in FIG, 14, a duty ratio characteristic 6060 corresponding to the
motor current value required when the relative rotational fspeed ANlﬁ is zero (ANm = 0),
namely, when the electric motor 2060 is rotated at the same rotational speed as the
sprocket 2010 based on the rotational speed command value Nmref is presented in a table
in advance. DTY(ST) in Equation 2 is set based on the duty raEio characteristic 6060.
Alternatively, DTY(ST) in Equation 2 may be set by relatively increasing or decreasing
the value of the duty ratio corresponding to the relative rotational speed ANm from t-he
reference value based on the duty ratio characteristic 606Q.'

[0094] The rotational speed control, in which the electric power supplied to the
electric motor 2060 is conjtrolied using both the preset term and the feedback term in
combination, is executed. In this way, the electﬁc—rﬁotor EDU 4100 causes thé
rotational speed of the elec:tric motor 2060 to match the rotational speed command value
Nmref, even if it changes, more prompily than in a simpi:e feedback control, namely, thé
rotational speed conirol in which the electric power supplied to the electric motor 2060 is
controlled using only the feedback term DTY(FB) in Equétion 2.

[0095] FIG. 15 is a functional block diagram illustrating the configuration of the
electric-motor EDU 4100. As shown in FIG. 15, the electric-motor EDU 4100 includes
pulse counters 4110 and 4120, a subtraction circuit 4130, a control calculation circuit

4140, a duty preset circuit 4150, an addition circuit 4155, a drive circuit 4160, a DC/DC .

converter 4170, and an inverter 4180.

[0096] The pulse counter 4110 counts the number of pulses of the pulse signal Pref
indicating the rotational speed command value Nmref from the ECU 4000. The pulse
signal Pref has a frequency corresponding to the rotational speed command value Nmref, |
The pulse counter 4120 counts the number of pulses of the motor rotational angle signal .
Pmt. The subtraction circuit 4130 outputs a signal -indicating the difference ANp
between the number of pﬁlses counted by the pulse counter 4110 and the number of
pulses counted by the pulse counter 4120. Namely, the signal output from the‘
subtraction circuit 4130 corresponds to the (icviation of the rotational speed of the electric

motor 2060 from the rotational speed command value Nmref.

PCT/IB2007/002483
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[0097] The contrél calculation circuit 4140 outputs a signal indicating the adjustment
amount based on the deviation of the rotational speed of the electric motor 2060 from the
rotational speed command value Nmref, namely, thé cc:mtrol voltage Vib that indicates
the feedback term DTY(FB) in Equation 2 according to a known control calculation
method, for example, P control or PI control. The duty preset circuit 4150 outputs a
signal indicating the control voltage Vst that indicates the preset term DTY in Equation 2
based on the duty ratio characteristic 6060 shown in FIG. 14, according to the signal
output from the pulse counter 4110,

[0098] The addition circuit 4155 outputs a signal indicating the control voltage Vdty
that is the sum of the control voltage Vfb indicated .b‘y the signal from the control
calculation circuit 4140 and the control voltage Vst indicated by the signal from the duty
preset circuit 4150, The.control voltage Vdty is the voltage indicating the duty rat1o
DTY in Equation 2.

[0099] The DC/DC cbnverter 4170 is formed of, for example, a chopper circuit.
The source voltage VB is stepped up or stepped down in accordance with the duty ratio
of the power semiconductor element in the circuit. The inverter 4180 is formed of, for
example, a common three-phase inverter, and applies an alternating-current voltage of
which the peak amplitude matches the output voltage Vac from the DC/DC converter
4170.

[0100] The drive circuit 4160 controls the duty ratio (DTY) of the drive control
signal Sdv for the power semiconductor element in the DC/DC converter 4170 in
accordance with the control voltage Vdty from the addition circuit 4155. Thus, the
feedback control loop 7100 for the motor rotational speed, shown in FIG 12, is
accomplished.

[0101] In the intake valve phase control executed by the variable valve tunmg
system according to the embodiment of the invention descnbed above, the electric-motor .
EDU 4100 controls the rotational speed of the electric motor 2060, as the minor loop that -
is a part of the feedback control executed by the BCU 4000 over the jntake valve phase.

[0102] Accordingly, both the élecu'ic-motor EDU 4100 and the ECU 4000 which are
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the control units for the actuator can execute the valve timing control at a high speed by
controlling the electric motor 2060 which serves as the actuator at a high speed without
complicating their functions or causing an excessive incr_éase in the pmcéssing load.

[0103] As described above, the ECU 40QO includes memory (RAM, ROM) that -
stores the programs, maps, etc., and the central processfng unit (CPU) that executes the
programs. Therefore, the control process executed by the ECU 4000 is basically a
software process. On theA other hand, the control process executed by the electric-motor
EDU 4100 is preferably implemented by means of hardware, for example, an electronic
circuit which is IC-compatible (integrated circuit-compatible). This makes it possible to
control the rotational speed of the electric motor 2060 at a higher speed. Therefore, it is
possible to enhance the control stability of the entire feedback control over the intake
valve phase. ‘ .

[0104] In the embodiment of the invention, the ECU 4000 may be regaided as a .
“first controller” according to the invention, and the clectric-moto.r EDU 4100 may be
regarded as a “second controller” according to the invention. The control calculation
circuit 4140 shown in FIG. 15 may be regarded as a “first setting unit” according to the
invention, the duty preset circuit 4150 in FIG, 15 may be regarded as a “second setting
unit” according to the invention, t.:he drive circuit 4160 in FIG 15 may be regarded as a
“drive unit” according to the invention, and the DC/DC converter 4170 in FIG. 15 may be
regarded as an “electric power conversion circuit” according to the invention.

[0105] 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 (PCT)

1. A variable valve timing system that changes opening/closing timing of at least one of
an intake valve and an exhaust valve provided in an engine, comprising:

a changing mechanism that changes the opening/closing timing of the valve by an
amount of change corresponding to a rotational speed of an electric motor that is used as
an actuator relative to a rotational speed of a camshaft that drives the valve;

a first sensor that detects the rotational speed of the camshaft;

a second sensor that detects the rotational speed of the electric ﬁotor;

a first controller that calculates a current value of tﬁe opening/closing timing of the
valve based on at least a signal from the first sensor and a signal from the second sensor,
and that prepares a rotational speed command value for the electric motor based on a
deviation of the current value of the opening/closing timing from a target value of the
opening/closing timing, which is set based on an operating state of the engine, such that
the opening/closing timing changes in accordance with the target value; and |

a second controller thaf receives a signal indicating the rotational speed command
value from the first controller, and controls an electric power supply to the electric motor
based on the rotational speéd of the electric motor, which is detected by the second sensor,

such that the electric motor operates in accordance with the rotational speed command

value.

2. The variable v.alve timing system according to claim 1, wherein

‘the second controller controls the rotaéiornal speed of the electric motor by executing,
in combination, a setting control based on the rotational speed command value set by the
first controller and a feedback control based on a deviation of the actual rotational speed

of the electric motor from the rotational speed command value.

3. The variable valve timing system according to claim 2, wherein

the second controller includes:
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" an electric power conversion circuit that controls the electric power supply to the
electric motor; |

a first setting unit that sets an adjustment amount by which an amount of electric
power supplied to the electric motor is controlled baéé'd on the deviation of the r;)tation:al.‘
speed of the electric motor, which is detected by the second sensor, from the rotational
speed command value indiéated by the signal from the first controller;

a second setting unit that sets an adjustment amoﬁnt in accordance with the rotational
speed command value indicated by the signal from ‘the ﬁrst controller based on a
predetermined characteristic; and '

- a drive unit that prepafes a control signal for the electric power conversion circuit
based on a sum of the adjustment amount set by the first setting unit and the adjustment

amount set by the second setting unit.

4. The variable valve timing system according to claim 3, wherein
the adjustment amount is a duty ratio used to control the amount of electric power

supplied to the electric motor.

5. The variable valve timing system according to claim 1, wherein

tﬁe second controller is formed integrally with the electric motor and includes the
second sensor, and the first controller receives the signal indicaﬁng the rotational speed of
tﬂe electric motor from the second sensor via a sigoal line that extends from the first

controller to the second controller.

6. The variable valve timing system according to any one of claims 1 to 5, wherein
the first controller is formed of an electronic control unit that has a function of

executing a program to control the engine.
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FIG.5
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