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CONTROL DEVICE AND CONTROL METHOD OF ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The present invention relates to a control device and a control method of

an engine.

2. Description of Related Art

[0002] It is known that the intake air amount of an engine, mounted on a vehicle,
is adjusted by the throttle valve. Continued use of an engine may form a deposit on the
throttle valve, sometimes resulting in a decrease in the intake air amount even when the
throttle angle remains the same. Meanwhile, technology has been developed to correct
the throttle angle according to the number of engine stalls or the engine speed and to store
the resulting learning value for preventing permanent performance degradation.

[0003] The stored learning value may be cleared to the initial value, when the
battery is removed or replaced for vehicle maintenance. In this case, if the throttle valve
1s replaced or cleaned, a desired air amount can be obtained sufficiently, however, if a
deposit is remains formed on the throttle valve, the air intake amount will be insufficient.

[0004] As one of the methods to avoid the insufficiency of the intake air amount,
Japanese Patent Application Publication No. 2010-127212 (JP 2010-127212 A) discloses a
method. According to this method, if the learning value is cleared, the throttle valve is
controlled so that the insufficiency of the intake air amount can be avoided when the

engine is started later.

SUMMARY OF THE INVENTION

[0005]  An increase in the throttle angle could avoid a stall but may result in an

excessive engine speed.

CONFIRMATION COPY
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[0006] The present invention provides a control device and a control method of
an engine that can maintain a proper intake air amount even after the learning value is
cleared.

[0007] According to a first aspect of the present invention, a control device of an
engine includes an adjustment mechanism and a controller. The adjustment mechanism is
éonﬁgured to adjust an intake air amount. ‘The controller is configured toi save a first
learning value in a volatile storage me_:dilim. The _ﬁrst learning value is obtained by
learning .an operation amount of the adjustment mechanism when the engine is idle. The

controller iS'c-onﬁgured to control the adjustment mechanism accordi‘ng‘ to the first learning

value. The “controller is configured to save a second learning value in a non-volatile

storage medium. The second learning value is equal to the first learning value. The

controller is configured to correct the first learning value using the second learning value

“after the learning value saved in the volatile storage medium is cleared.

| [0008] The second learning value stored in the non-volatile storage medium is not
cleared even when the battery is removed and the power supply is stopped. Therefore,
even when the ﬁfst learning value stored in the 'volatile'stor_age medium is cleared, the
second learning yaiu’e stored in the non-volatile storage medium éan be used to operate the
adjustmént mechanism based on the operation. amount obtained from the result of learning.
Thus, the above configuration ensufes an appropriate intake air amount even after the
learning value is cleared. |

[0009] ‘fn the control device, the controller may be configured to stop updating of |
the second learning valué after the ﬁfst learning value is cleared.‘\ This allows the second
learning value in the non-{/olatile storage medium to Be maintained at the value before the
first learning value in the volatile storage medium is cleared.- _

[0010] In the control device, the controller may be configured to correct the first
learning value if, after the first learni_ng value is cleared, the operation amount of the
adjustment mechanism is an Qpe_r_atioh amount corresponding to .an iniﬁal value of the first
learning value and an outpuf torque of the engine is smaller than a.predetermined value.

This allows the adjustment mechanism to be controlled suitably using the second learning
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value, obtained from the learning result, if the adjustment mechanism cannot be controlled
properly by the first learning value that is initialized to the initial value.

[0011]  In the control device, the controller may be configured to correct the first
learning value if, after the first learning value is cleared, the operation amount of the
adjustment mecharism is an operation amount corresponding to an initial value of the first
learning value and the engine is not be started. This allows the adjustment mechanism to
be controlled suitably using the second learning value, obtained from the learning result, if
the adjustment mechanism cannot be controlled properly by the first learning value that is
initialized to the initial value. | ‘

[0012] - In the control device, the controller may be configured to correct the first
learning value by adding a difference between the second learning value and the first
learning value to the first leaming value. This allows the cleared learning value to be
returned to the first learning value before it is cleared.

[0013] According to a second aspect of the present invention, a control method of
an engine including an intake air amount adjustment mechanism, the control method
includes: saving a first learning value in a volatile storage medium, the first learning value
being obtained by learning an opération amount of the adjustment mechanism when the
engine is idle; controlling the adjustment mechanism according to the first learning value;
saving a second learning value in a non-vo}atile storage medium, the second learning value
being equal to the first learrﬁng value; and correcting the first learning value using the

second learning value after the first learning value is cleared.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Features, advantages, and technical and industrial significance of
exemplary embodiments of the -invention will be described below with reference to the
accompanying drawings, in which like nhumerals denote like elements, and wherein:

FIG. 1 is a general diagram showing a vehicle in an exemplary embodiment of the
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present invention;
FIG. 2 is a collinear diagram showing the relation among the number of rotations
established by a p‘ower split mechanism in the exemplary gmbodiment;
FIG. 3 is a general diagram showing an engine in the exemplary embodiment: and
FIG 4 is a ﬂowchart‘ showing the processing executed by an EFI-ECU in the

exemplary embodiment.
DETAILED DESCRIPTION OF EMBODIMENTS

[0015]  An exemplary embodiment of the present invention is described below
with reference to thé drawings. In the descriﬁtio’n below, the like -reference numeral is
given to the like domponent. The Components having the like reférenceﬁnumeral have'the
like name and the like function and, therefqre, the repetitive description will not be given.

[0016] "~ Referring to FIG. 1, a vehicle includes an engine 10, a ﬁrét motor
generator 11., a second motor generator 12, a power split mechanism 13, a reduction gear
14, and a driving battery 15. Thé power train of this vehiclé includes the engine 10, the
first motor generator 11, and the second motor generator 12.

[0017] .The vehicle travels by the driving force from at leést one of the engine 10
and the second motor generator 12.

[0018] The engine 10, first motor generator 11, and second motor generator 12
are connected via the power split mechanism 13. The motive power generated by the
engine 10 is divided into two paths by the power split mechanism 13. One is a path for
driving the wheels via the reduction gear 14. The other is a path for generating electric
power by driving the first motor generator 11.

[0019] The first motor generator 11 is a three-phase AC rotary electric machine
that includes a U-phase coil, a V-phase coil, and a W-phase coil. The first motor
generator 11 generates electricity by the motive power of the engine 10 divided by the
power split mechanism 13. The électric power generated by the first motor generator 11

is used for different purposes depending on the traveling state of the vehicle or the State Of
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Charge (SOC) of the driving battery 15. For example, when the vehicle is traveling in the
usual state, the electric power generated by the first motor generatér 11 is used directly as
the electric power for driving the second motor generator 12. On the oiher hand, when
the SYOC' of the driving battery 15 1s lower than é predetermined value, the electric power
generated by the first motor generator 11 is stored in the driving battery 15.

[{0020] When s'tarting" the engine 10, the first mdt_or generator 11 functions as a
motor and crénks the eng.ine 10. During crénking, the first mdtor generator 11 generates a
torque to increése the engine speed.

[0021]. The second motor generator 12 is a three-phase AC rotary electric
machine that includes a U-phase coil, a V-phase coil, and 5 W-phase coil. The -second
motor géneratbr 12 is driven by at least one of the electric power stored in thé dri‘ving
battery 15 and thé electric power generated by the first mofor generator 11.

[0022] The drivihg force of the second motor generator 12 is transmitted to the
wheels via the reduction gear 14. In this manner, the second motor geﬁerator 12 assists
the engine 10 in driving the vehicle or drives fhe vehicle by the driving force obtained from
the second motor generator 12 itself.

~ [0023] During the regenerative braking of the vehicle, the second motor generator.
12, which is driven by the Whgels via the reduction gear 14, operates'as a generator. This
allows the second motor generator 12 to operate as a regenerative brake that converts
braking energy to electric power. The electric power generated by the second motor
generator 12 is stored in the driving battery 15.
| [0024] The power split mechanism 13 is composed of a planetary gear that
includes a sun gear, a pinion gear, a carrier, and a fing gear. The pinion gear is engaged
with the sun gear and the ring gear. The carriér supports the pinion gear so that it can
rotate on its axis. ~The sun gear is coupled to the rotation axis of the first motor generator -
11. The carrier is coupled to the crankshaft of the eﬁgine 10. The ring gear is'coupled to
the rotation axis of ‘the second motor generator 12 and to the reduction gear 14.
[0025] . The engine 10, first motor generator 11, and second motor generator 12

are coupled via the power split mechanism 13 composed of the planetary gear. This
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6
configuration establishes the relation of the number of rotations among the engine 10, first
motor generator 11, and second motor generator 12 as shgwn by the straight line in the
collinear diagram in FIG. 2.

[0026]  Returning to FIG. 1, the driving battery 15 is a battery pack composed of a

plurality of cells. The driving battery 15 is composed of battery modules in each of

which'a piurality of cells are integrated. A plurality of battery modules are connected in
series. An example of the driving battery 15 is a lithium ion battery. The voltage of the
fully charged driving battery 15 is about 200V.

[0027]  In this exemplary embodiment, the engine 10 is controlled by an electronic

fuel injection (EFI) - electronic control unit (ECU) 300. The first motor generator 11 and

| the second motor generator 12 are controlled by a motor generator (MG) - ECU 400. The

EFI-ECU 300 and the MG-ECU 400 are connected to a powertrain manager (PM) — ECU
500 in such a way that two-way communication is possible.

[0028]  The PM-ECU 500 outputs a command signal to the EFI-ECU 300 about
the target output and the target torque of the engine 10. The PM-ECU 500 also outputs a
command signal to the MG-ECU 400 about the generation power of the first motor
generator 11 and the driving power of the second motor generator 12.  This means that the
PM-ECU 500 regarded as a controller that integrally controls the power train of the
vehicle. | | |

 [0029]  Referring to FIG. 3, the following ‘describes the engine 10 more in detail.

Although FIG. 3 shows an inline four-cylinder gasoline engine as the engine 10, the present -

_invention is not limited to such an engine this but is applicable to various types of engines

such aé a V6 engine or a V8 engine.
[0030] iThe engine 10 is an internal combustion engine. As shown in FIG. 3, the
engine 10 includes four cylinders 112. Each cylinder 112 is connected to a common
surge tank 30 via a corresponding intake manifold 20. The surge tank 30 is connected to

an air cleaner 50 via an air intake duct 40.
- [0031] A throttle \}alve 70, driven by an electric motor 60, is provided in the air_

intake duct 40.- The throttle valve 70 is controlled so that the thfotﬂe angle TA is changed
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accordiﬁg vto a change in the accelerator position. When the engine 10 is idle, the throttle
angle is coﬁtrolled by‘ the idle speed control (ISC) so that the engine speed becomes equal
to the target idling speed. The idle-timé throttle angle TAISC is corrected according to

the driving condition Qf the engine. |
’ [0032] For example, if the idle-time engine speed is lower than a threshold NE1,
the idle-time throttle‘an\gle TAISC is corrected so that it is increased by a predetermined
value. Conversely, if the idle-timé_engine speed is higher than a threshold NEZ, ‘the
idle-time throttle angle TAISC is corrected so that it is decreased by a predetermined value.
| [0033]  When the predetermined learning condition is satisﬁed, a ﬁfst learning -
value EQG of the idle-time £hrottle angle TAISC, or the intake airﬂdw rate learning value,
is calculated. F‘or‘example, if the idle-time throttle angle TAISC becomes higher than a
threshold TAISCI, the first learning value EQG is increased by a predeterm'i‘ne value.
Conversely, if the idle-tim,é throttle angle TAISC becomes lower than a threshold TAISC2,
the first learning value EQG is deéreased‘by a predetermine value. The first leafning

Value EQG is calculated in this manner. The method for correcting the idle-time throttle

: ahgle TAISC and the method for calculating the first learning value EQG are not limited to

those described above. |

| [0034]  Each cylinder 112 is coupled to a Common exhaust manifold‘SO, which is-
coupled‘to a three-way catalyst converter 90.  For each cylinder 112, a spark plug 110 and
an injector 12“0, which injects fuel into the intake port and/or the intake passage, are
provided. vThe spark plug 110 and the injecto'r 120 are controlled based on the output
signal from thé electronic fﬁel injection (EFI)-ECU 300.

| [0035] Each injector 120 is connected to a delivery pipe 130, which is connected.

- to an electric-motor-driven fuel pump 150 via a fuel pressure regulator 140. The fuel

pressure fegulator 140 is conﬁgured to return a part of the fuel, discharged from the fuel
pump 150:, to a fuel fank 200 if thé fuel pressure of the fuel, discharged from the fuel pump
150, becomes higher than a predeterminéd fuel pressure setting. This configuration
therefore preventé the pressure of the fuél, supplied to the injector 120, from becoming

higher than the fuel pressure setting.
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[0036] A pipe-210, connected to the fuel pump 150, is inserted in the fuel tank
200. - The fuel pump 150 sucks the fuel, stored in the fuel tank 200, via the pipe 210.
The larger the number of rotations of the fuel pump 150 is, the larger the fuel suction
amount of the fuel becomes.

[0037] . The EFI-ECU 300, configured by a digital computer, includes a clock 310,

a read-only memory (ROM) 320, a volatile random access memory (RAM) 330, a
-non-volatilevRAM 332, and a central processing unit (CPU) 340.

[0038] The ROM 320 stores a program executed by the EFI-ECU 300. The
volatile RAM 330 stores, for example, the first learning value EQG of the idle-time throttle
angle TAISC. ' The non-volatile RAM 332 stores, forbexar,nple, a second learning value
EQGDEP that is updated to a value equal to the first learning value EQG. Unless
inhibited, the second learning Qalue EQGDEP is updated at a regular interval so that its |
value becomes equal to the first learning yalué EQG.

o [0039] | The CPU 340 executes the program stored in the ROM 320 and, using f[he
values stored in the RAM 330 and the RAM.332, controls the throttle angle TA and the

fuel injection amount.

[0040] In this eXemplary embodiment, the EFI-ECU 300 is powered by an

- auxiliary battery 302. Therefore, when the auxiliary battery 302 is removed for repairing

the vehicle, the first learning value EQG, stored in the volatile RAM 330, is cleared to the

initial value. That is, the first learning value EQG is reset in such a case. On the other

| hand, the second learning value EQGDEP stored in the non-volatile RAM 332 is not

cleared.

[0041] “ If the throttle valve 70 is replaéed or cleaned when the first learning value
EQG is cleared and, as a result, no ‘deposit is formed on the throttle valve 70, the intake air
amount of the engine 10 may be suitable. |

'[0042]  In contrast, if the throttle valve 70 is neither replaced nor cleaned when the

first learning value EQG is cleared and a deposit remains formed on the throttle valve 70, ‘

the first learning value EQG is returned to the initial value. This may results in the

insufficient intake air amount of the engine 10. In this exemplary embodiment, the
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second learning value EQGDEDP, stored in the non-volatile RAM 332, is used to correct the
first learning value EQG after it is cleared. |

[0043] Referring to FIG. 4, the folloWing describes the processing executed By ‘ghe
EFI-ECU 300. Note that the processing described bellow,_is executed repeatedly at a
predetermined interval. Also note that the processing described below is executed after
the engine 10 is started. :

[0044] In step 100 (hereinafter, step is ébbreviatgd S), the EFI-ECU 300
determines whether the first learning valﬁe_ EQG is cleared and wﬁether a deposit is férmed )
on the throttle valve 70 before the ﬁrsf learning value EQG is cleared. For example, it is
determined that the first learning ValueEQG is cleared and that a deposit is f_orrned on the
throttle valve 70 before the first learning value EQG is cleared if the following four are
satisfied: (1) the second learning value EQGDEP is larger than thé initial value of the first
learning value EQG, (2) the first learning value EQG is equal to or larger than the initial
value of the first learning value EQG, (3) the learning of the throttle angle TAISC is not

cofnpl_eted, and (4) the amount of the residual fuel is a predetermined value or larger. It is

- determined that the leérning of the throttle angle TAISC is completed if the first learning

value EQG is not changed for a predetermined time or longer.

[0045]  If the first learning value EQG is not cleared (NO in SliOO) or if the first
learning value EQG is cleared but a deposit is not formed"o_n tﬁe throttle valve 70 before
the first llearning value EQG is rcleared (NO ‘i,n‘SlOO), the second learning value EQGDEP
is updated to the value eqﬁal to the first learning value EQG in S102.

[0046] On the other hand, if the first learning value EQG is cleared and a deposit.
is formed on the throttle valve 70 before the first 1earning value EQG is cleared (YES in
SI'OO), the update of the second learning value EQGDEDP is inhibited in S104.  After that,
the correction amount of the first learning value EQG is calculated in S106.  For example,
the correction amount of the first learning value EQG is the difference between the second
learning value EQGDEP and the first lqarning value EQG (second learning value EQGDEP
— first learning value EQG). | B 4 | 4 |

[0047]  After that, in S108, the EFI-ECU 300 determines whether the intake air
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amount of the engine 10 is insufficient. - At this time, because the first learning value
EQG is cleared, the throttle angle TAISC is a value corresponding to the initial value of the
first learning value EQG. That is, in controlling the throttle valve 70, the throttle angle
TAISC is determined based on the initial value of the first learning value EQG.

[0048]  For example, if the torque of the first motor generator 11 is a positive
value (engine speed is increased) or if the actual torque of the engine 10 is smaller than a
predetermined Vvalue, it is determined that the intake air amount is insufficient. The
tofqué of vthe first motor generator 11, if pdsitive, indicates that the ﬁ_fst motor generator 11
assists thé engine 10 to.maintain the engine speed of the ehgine 10 or to crank the engine
10 because the engine 10 cannot be started with the insufficient intake air amount. The

actual torque of the engine 10 can be calculated from the throttle‘anglev and the engine -

speed using the known technology.

[0049]  If the intake air amount is insufficient (YES in S‘l 08) and, in addition, the
intake air amount insufficiency time lasts a predetermine time or longer (YES in S1 10), the
cotrection amount calculated in S106 as described above is added to the ‘ﬁrst learning value
EQG in S112. The correction method of the first learning value EQG is not llimited‘to
this method. ' For example, the first learning Value EQG méy be corrected by incfeasing

the value a predetermined amount at a time. If the intake air amount is insufficient, S108

~and S110 are repeated‘ until- the intake air amount insufficiency time becomes a

predetermined time or longer.

| [0050] If the intake air amount is insufficient even after the first learning value
EQG is corrected (YES in S114) and the intake air ‘amount insufﬁciency ‘time lasts a
predetermined time or ldnger (YES in S116), it is considered that a malfunction of the
engine 10 is occurred due to a factor other than a deposit. In this case, the malfunction
indicafc)r laﬁlp (not shown).is turned on in S118. It is possible to use two different
malfunction indicator lamps, one for a case in which the torque of the first motor generator
11 is positive and the other for a case in which the actual torque of the engine 10 is lower
than a predetermined value. If a sufficient intake air amount is reserved in S108 and S114,

the processing is once terminated.
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[0051]  The embodiments disclosed herein are to be considered merely illustrative -

and not restrictive in any respect. The scope of the present invention is defined not by the
foregoing description but by the appended claims, and it is intended that the scope of the
present invention include all modifications that fall within the meaning and scope

equivalent to those of the appended claims.
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CLAIMS:

1. A control device of an engine comprising:

an adjustment mechanism configured to adjust an intake air amount; and

a controller configured to save a first learning value in a volatile stora:ge medium, the
first learning value being obtained by learhing an opefation amount of the adjustment
mechanism wheh the engine is idle, | |

the controller being configured to-control the adjustment r_nechanisfn according to the
first learning value, |

the confroller being configured to save a second leamiﬁg value in a non-volatile

storage medium, the second learning value being equal to the first learning value,

the controller bveing_conﬁgured to correct the first learning value using the second

learning value after the first learning value is cleared.

2. The control device according to claim 1 wherein
the controller is configured to stop updating of the second learning value after the

first learning value is cleared.

3. The control device according to claim 1 wherein

the controller is configured to correct the first learning value using the second
learning value if, after the first learning value is cleared, the operation amount of the
adjustment mechanism is an operation amount corresponding to an initial value of the first

learning value and an output torque of the engine is smaller than a predetermined value.

4. The control device according to claim 1 wherein

the controller is configured to correct the first learning value using the second
learning value if, after the first learning value is cleared, the operation amount of the
adjustment mechanism is an operation amount corresponding to an initial value of the first

learning value and the engine is not be started.
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5. The control device according to claim 1 wherein
the controller is configured to correct the first learning value by adding a difference

. between the second learning value and the first learning value to the first learning value.

6. A control method of an engine including an intake air amount adjustment
mechanism, the contfol method comprising:

éaving a first léaming value in a volatile étorage medium, the first learning value
being obtained by le_aming an operation amount of the adjustmént mechanism when the -
engine is idle; |

controlling the adj ustment rﬁechanism according to the first leéming Value;

s;a{vinlg asecond learning value in a non-volatile storage medium, the»_secoﬁd learning
value being equal to the first learning value; and

correcting: the first ledrning value using the second learning value after the first

learning value is cleared.

7. The control method according to claim 6 wherein
updating of the second learning value is stopped after the first learning value is

cleared.

‘8. . The control rﬁethod acéording to claim 6 wherein

the first learning value is corrected using the second learning value if, after the first
learning value is cleared, the operétion ambunt of the adjustment mechanism is an
operation amount .corresponding to an initial value of the first learning value and an outﬁut

‘torque of the engine is smaller than a predetermined value.

9. The control method according to claim 6 wherein
the first learning value is corrected using the second learning value if, after the first
learning value is cleared, the operation amount of the adjustment mechanism is an

operation amount corresponding to an initial value of the ‘ﬁr_st learning value and the
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engine is not be started.

10. The control method according to claim 6 wherein
the first learning value is corrected by adding a difference between the second

learning value and the first learning value to the first learning value.



WO 2014/096927 PCT/IB2013/002784
1/4

FIG. 1

14 13 11 0

- N

AY A

A
c:ff—ZjJ/

‘ D a;
12— —— @?oeoo

1 == 0

300
/\,/
400~——~ wmG-ECU EFI-ECU
I

900 —————— pm-tcu

DRIVING BATTERY

\)(//




WO 2014/096927 PCT/IB2013/002784
2/4

FIG.2

FIRST MG | ENGINE SECOND MG

SPEED SPEED SPEED

A A A

| | l

| ! I

| |

I |

I |

|

|

b ey e - ——— —— e ——
row . ———— ——

]
1
i
|

SUN GEAR CARRIER RING GEAR



WO 2014/096927 PCT/IB2013/002784
3/4

50 ~

Ar

(20 112

150 140

l 300
310 0 o

390 EFI-ECU !
~ :

ROM 330!
~
302 VOLATILE RAM |332:
Vad NON-VOLATILE
AUXILIARY | .
BATTERY ; ~340 310

CPU CLOGCK




WO 2014/096927

4/4

FIG.4

PCT/IB2013/002784

S100
IS EQG CLEARED AND IS\
DEPOSIT FORMED? / NO
YES S104 S102
7
INHIBIT UPDATING UPDATE EQGDEP
OF EQGDEP (EQGDEP = EQG)
S106
—~
CALCULATE
CORRECTION AMOUNT
(CORRECTION AMOUNT =
EQGDEP - EQG)
S1 08
IS INTAKE AIR AMOUNT \
INSUFFICIENT? /' NO
YES S110
DOES INTAKE

AIR AMOUNT INSUFFICIENCY

NO\ TIME LAST PREDETERMINED
TIME OR LONGER?
YES S112
CORRECT EQG
S114
IS INTAKE AIR AMOUNT  \
INSUFFICIENT? /NO
YES S116
DOES INTAKE

NO

AIR AMOUNT INSUFFICIENCY
TIME LAST PREDETERMINED
TIME OR LONGER?

YES S118
L

TURN ON INDICATOR LAMP

( RETURN )



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2013/002784

A. CLASSIFICATION OF SUBJECT MATTER

INV. F02D41/24 FO2D41/00
ADD. FO02D41/16

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO2D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

10 June 2010 (2010-06-10)
cited in the application
abstract

paragraphs [0004] - [0009],
[0024], [0025]

21 August 2008 (2008-08-21)
paragraphs [0002], [0003],
[6011], [0021], [0023],
[0031], [0033]; figure 2

Y JP 2010 127212 A (TOYOTA MOTOR CORP)

[0022],
Y WO 2008/099276 Al (TOYOTA MOTOR CO LTD
[JP]; OI YASUHIRO [JP]; IDE KOJI [JP]) 10

[0009] -
[0029],

1,2,5-7,
10

1,2,5-7,

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 April 2014

Date of mailing of the international search report

08/04/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ducloyer, Stéphane

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2013/002784

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 6 062 198 A (LOEHR DIETHARD [DE])

16 May 2000 (2000-05-16)

column 1, lines 9-21, 35-37

column 1, line 57 - column 2, line 9
column 3, lines 12-36

US 5 033 431 A (POIRIER DAVID C [US] ET
AL) 23 July 1991 (1991-07-23)

column 1, lines 12-25, 40-42, 52-55, 65-68
column 2, lines 3-9

column 4, lines 49-67

column 7, lines 42-46

US 5 497 330 A (ISHIDA YASUHIKO [JP])

5 March 1996 (1996-03-05)

column 2, lines 2-26

US 2010,/088007 Al (FUWA NAOHIDE [JP] ET
AL) 8 April 2010 (2010-04-08)
paragraphs [0001], [0006], [0007]

EP 1 898 077 A2 (HITACHI LTD [JP])

12 March 2008 (2008-03-12)

paragraphs [0001], [0002], [0004],
[0005], [0009], [0010], [0023]; figure
6

3,4,8,9

1-10

1-10

1-10

1-10

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2013/002784
Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2010127212 A 10-06-2010  JP 5040900 B2 03-10-2012
JP 2010127212 A 10-06-2010

WO 2008099276 Al 21-08-2008 JP 2008196441 A 28-08-2008
WO 2008099276 Al 21-08-2008

US 6062198 A 16-05-2000  DE 19801187 Al 22-07-1999
JP 4445054 B2 07-04-2010
JP H11257144 A 21-09-1999
US 6062198 A 16-05-2000

US 5033431 A 23-07-1991  NONE

US 5497330 A 05-03-1996 DE 4206459 Al 27-08-1992
JP HO4269356 A 25-09-1992
US 5497330 A 05-03-1996

US 2010088007 Al 08-04-2010 CN 101646856 A 10-02-2010
DE 112008000621 T5 07-01-2010
JP 4636049 B2 23-02-2011
JP 2008267187 A 06-11-2008
US 2010088007 Al 08-04-2010
WO 2008133084 Al 06-11-2008

EP 1898077 A2 12-03-2008  EP 1898077 A2 12-03-2008
JP 2008057413 A 13-03-2008
US 2008059038 Al 06-03-2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

