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(57) Abstract: In a controller and a control method for a power converter of a vehicle, the power converter has a first operation
mode and a second operation mode detining power supply modes of first and second DC power supplies with respect to a load. The
first operation mode is an operation mode set when the first and second DC power supplies are electrically connected in series to an
electric wire electrically connected to the load. The second operation mode is an operation mode set when the first and second DC
power supplies are electrically connected in parallel to the electric wire. The controller includes an electronic control unit. The elec -
tronic control unit is contfigured to execute warm-up promotion control of a catalytic device. The electronic control unit is con -
figured to set the operation mode of the power converter to the second operation mode when executing the warm-up promotion con-

trol.
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CONTROLLER AND CONTROL METHOD FOR POWER CONVERTER
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a technical field of a controller and a

control method for a power converter.

2. Description of Relat_-ed Art

[0002] As a power converter that is applicabl'e to a vehicle including\ a plurality
of direct current (DC) power supplies, the power éonverter has been available that can
switch among relations of electrical ‘connections between the plurality of DC power
supplies and a load (see Japanese Paten't Application Publication No‘..-2012-'0705'14. Jp
2012-070514 A)). As operation modes for defiﬁing these relations of electrical
conn_e'ctions; JP 2012-070514 A discloses a series mode in which the plurality bf DC
power supplies and the load are electrically connected in series and a parallel mode in
which these are ele.ctrically connected in parallel. .

[0003] -_In.addition, a configuration that inclu&eé a mode in which the two DC

power supplies are connected in parallel to supply power to the load is also disclosed in

'Japanese Patent Application Publication No. 2000-295715 (JP 2000-295715 A).‘

However, a‘device described in JP 2000-295715 A cannot perform voltége copversion
processing on both of the two DC power supplies. | |

: [0004] Furthermore, Japanese Patent Application Publication No. 2008-054477
(JP 2008-054477 A) discloses a coﬁfiguration that incliudes a mode in which a power

supply voltage of each of the two DC power sources is lowered to supply power to the

[0005] JP 2012-070514 A’dis'cl(')ses that the series mode excels at efficiency and
usability of stored energy and that the parallel mode excels at responsiveness to load"

power and a power management property. However, clear switching conditions for

1
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these in view of characteristics of the each operat‘ion mode are not disclosed at all.
These Switching conditions are not disclosed in othér patent literature, either.

[0006] Here, there is a tendency in recent years that the efficiency is emphasized
for hybrid vehicles from the perspective .of efficient use of power resources.
Accordingly, when any of these types of 'power converters is applied to a hybrid vehicle,
it is _estimatéd that the series mode, which is superior to the parallel mode in terms of the
efficiency, is more likely to be selected than the parallel mode. |
| [0007] By the way, in the series mode, an output current of thé power converter
is restricted to an output _cufrent of the DC power supply whose maximum output current
value is the smallest of the plurality of DC power supplies. Thus, during a trével as an
electric vehicle (EVj in which request output of a drive axle coupled to drive wheels is
completely generated by a motor, if the power converter is operated in the series mode
simply from the perspective of the efficiency, actuation of an internal combustion engine

tends to be required to offset a shortage of the output. In other words, a switching

request from an EV travel to a hybrid vehicle (HV) travel tends to be made.

[0008] Meanwhile, exhaust purification performance of a catalytic device that is
provided in the internal combustion engine is low when the catalytic device isin_ot
sufficiently warmed. Thus, when warming of the catalytic devicé has ,ﬁot been
completed, control for promoting warming of the catalytic device, such as retardation
control of ignition timing, tends to be executed.

[0009] Here, especially when the HV travel is requested during execution of the

| - control for warming the catalytic devicle, the power has to be supplied from the internal

combustion engine to the drive axle in a state that the exhaust purification performance of

the catalytic device is not ensured. In this case, there is a possibility that exhaust

emissions of a vehicle deteriorate. In a conventional device in which a clear suggestion

is not made on how to control the operation modes of the power converter in accordance
with a driving condition of the vehicle, it may be impossible to avoid such deterioration

of the emissions.
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SUMMARY OF THE INVENTION
[0010] The present inr/ention provides a controller and a con'trol method for a
power converter that can suppress deterioration of emissions when a catalyst has not been
warmed in a vehicle mounted with a power converter that can select a series mode and a
[0011] The controller for the power converter according to the present invention

is a controller for a power converter of a vehicle. The vehicle has an internal

‘ combustion engine, a motor, a first DC power su.pply and a second DC power supply.

The internal combustion engine inclndes a catalytic device. The power converter has a
first operatron mode and a second operation mode that define power supply modes of the
first and second DC power supplree for aload. The first operation mode is an operation
mode set when the first' DC power supply and the second DC power supply are
electrically connected in series to an electric wire. The second operation mode is an

operatron mode set when the first DC power supply and the second DC power supply are

electrically connected in parallel to the electric wire. The electric wire is electrrcally

connected to the load. Thev controller includes an electronic control unit. - The

electronic control unit is configured to execute warm-up .promotion control wof tlre
catalytic device. The electronic control unit is confignred to set the operation mode of
tlle power converter to | the second operation' mode when executing the warm-up
promotion control. | |

[0012] The controller for the poWer converter according to the present invention
is a device for controlling the power converter that has, as the Operatlon modes, the first
operation mode (that is, a series mode) and the second operation mode (that is, a parallel
mode). A physical configuration and an electrical configuration of the power converter
for realizing the first operation mode’and the second operation mode do ’notv affect
concept : of the present inyentlon. In “other words, any physiCal. and electrical
configurations can be adopted. - | ‘

[0013] ‘ According to the controller for the power converter according to,the

present invention, the operation mode of the power converter is controlled to the second



10

15

20

25

WO 2015/079303 PCT/IB2014/002563

operation mode, that is, the parallel mode when an electronic control unit executes the
warm-up promotion control of the catalytic device. In the second operation mdde,
maximum output current of the power converter is not restricted by a siate of eacﬁ of the
DC power supplies. In other .words, maximum output of the motor that constitutes a
part of the load of the power converter or the motor that is connected to the load of the
power convértér is higher in the parallel mode.

: .[0014] Thus, according to the controller for the power converter according to
the present invention, in an e.xecution period of the warm-up promotion control of the
ca_talylic device, in' other words, in a period that the catalytic device is not warm, EV
travel, in which requested output of a drivé shaft is covered only by output of the motor,

can be continued as long as possible. An opportunity that an actuation request of the

internal combustion engine to compensate for a shortage of the output is made is

inevitably reduced. T hus, the warm-up promotion control of the catalytic device can be
continued as long as possible. The actua_tion‘requ'est of the internal combustion engine
can also be said as a switching request to HV travel. As a result, actuation frequency of
the internal combustion engine can be redﬁced before warﬁling of the catalyst is
completed. = Thus, deterioration of emissions of the vehicle can be suppressed.

[0015] Noted that the warm-up prorﬁotion control includes control for relatively

increasing an exhaust temperature of the internal combustion engine and the like, for

example. For example, the catalyst warm-up control includes retardation control of
ignition timing, imbalance control of an air-fuel ratio,A and the like. .
[0016] One aspect of the controller for the power converter according to the

present invention further includes determination means for determining whether the

‘

warm-up promotion control is being executed. The mode control means may control the

operation mode to the second operation mode when it is determined by the determination

" means that the warm-up promotion control is being executed.

[0017] According to this aspect, it is determined whether the "warm-up-

promotion control is being executed. ' Thus, such a case is prevented that the second
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operation mode is unnecessarily selected when the warm-up promotion control is not

executed.

[00181 In another aspect of the controller for the power converter according to
the present invention, the rﬁode control means may prohibit control in the first operation
mode during execution of the warm-up promotion control.

[0019]  According to this aspect, when the warm-up promotion control is
executed, the control of the power converter in the firét operation mode is prohibited.
When a plurality of switching condi‘tions for the operation mode of the power converter is
present, indépcndently of a control r‘equirément _Of the electronic control unit, the
operation mode may be switched to the first operation mode by another requirement.
According to this aspect, the control of the power convérter in the.first operation mode is
prohibited.  Accordingly, the operation mode is either switched to the second operation
mode or maintained to the second operation mode. Thus, >thé deterioratioh of thel
emissions of the vehicle can reliably be prévented.‘ : | |

[0020] - In yet another aspect of the controller for the power converter according
to the present invention, the mode control means may éwitch the operation mode in" ‘
accordance with the‘ driving condition of the vehicle when the first operation mode is
selected as a previous operation ’mode during an execution period of the warm-up

promotion control, and when a specified condition is established except for a condition

 related to presence or absence of the execution of the warm-up promotion control.

[0021] According to this aspect, when the warm-up promotion control is
executed, and when the first operation mode is selected as the previous operation 'mode,
the first operation mode i‘s"continued‘ depending. on another condition (a specified

conditioﬁ) except for the condition related to pfesence or absence of the execution of the

- warm-up promotion control. .

[0022] Here, whether the second operation mode should be selected d'uring‘the
execution period of the warm-up promotion control is determined in accordance with a
relation between the maximum output of the motor and the réquested output of the drive

A\

shaft (or requested output of the vehicle). In other words, if it is determined that the
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shortage of the output does not occur even vin the first operation mocie, in which the
maximﬁm output of motor is restricted, necessity to select the second operation mode
whose effiéiency is inferior to the first operation mode- becomes'low. Here, the
épecified condition is a condition that is experimentally, expérientially, or theoretically
set in advance by being associated with such a rational reason for selecting the second
operation mode. |
[0023] - According to this aspect, when the specified condition is satisfied, it is
determined that the selection of the operation mod'e from a perspective of warming of the
catalyst is not necessarily required.. Thus, the appropriate operation mode that
corresponds to the driving condition of the vehicle is selected. vTherefore, the power .

converter can flexibly and efficiently be operated while the deterioration of the emissions-

is suppressed.

[0024] Méanwhilé, the control method for the power converter according to the

present invention is a control method for a power converter of a vehicle. The vehicle

includes an internal combustion engine, a motor, a first DC bower supply, a second DC
power supply, the power converfer and an electronic control unit. The ihternal '
combustibn engine includes a catalytic device. The power converter has a first
operation mode and a second operation mode for defining pdwer supply modes of lthe

first and second DC power supplies to a load. The first operation mode is an operation

mode set when the first DC power supply and the second DC powef supply are

electrically conrnected in series to an electric wire. The second operavtion mode is an
oberation mode set when the first DC power supply and the second DC power supply are
electrically connected in parallel to the electric wire. The electric wire is electrically
connected to the load The control method includes executing, byvt_he electronic control

unit, warm-up promotion control of the catalyﬁc device; and setting, by the electronic
control unit, the power converter to the second operzition mode . when the warm-up,

promotion control is executed by the electronic control unit.
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[0025] Thus, aécording to the control method for the power cor'wert_ervaccording
to the present invention, in a period that the catalytic device is not wérm, the warm-up
promotion control of the catalytic device can be continued as long as possible. As a
result, the deterioration of the emissions of the vehicle can be Suppressed.

. [0026] Such advéntages and other effects of the present invéntion will become -

apparent from embodiments which will be described next.

BRIEF DESCRIPTION OF THE DRAWINGS
{0027 Féaturéé, advantages; and techuical' and indﬁstrial significance 0f
exemplafy embodiments of the invention will be described below with reference to the
accompariyir}g drawings, in which like nurhérals denote iik'e elements, and wherein:
o FIG. 1 is a' schematic configuration diagram 'fobr, schematically - showing a
configuratioh of a hybrid vehicle according to a first embodiment of the present
invention; | |

FIG. 2 is a cross-sectional view for schematically showing a side view of an engine

“in the vehicle shown in FIG. 1;

FIG.3is a scl‘lem.atic configuration diagram of a PCU in the vehicle shown in FIG.
1; o '

FIG. 4 is a circuit configuration diagram of a boosting system in the PCU shown in
FIG. 3;

FIG. 5 is a circuit diagram of a general boosting ciréuit;

FIG. 6A is é pattern diagram 0f a current path in thé parallel mode of the boosting
system shown in FIG. 4;

FIG. 6B is a pattern diagram of a current path in the series mode of the boosting

_ system shown in FIG. 4;

FIG. 7 is a flowchart of operation mode control according to the first embodiment;
FIG. 8 is a chart for illustrating a temporal transition of output in relation to an .

effect of the operation modé control;
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FIG. 9 is a flowchart of the opération mode control according to a second
embodiment of the present invention; |

FIG. 10 is a flowchart of the operation mode control according to a third
embodiment of the present invention; amd |

FIG. 11 is a schematic configuration diagram for schematically showing a
configuration of a drive system in a hybrid vehicle according to a fourth embodiment of

the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
- [0028] Various embodiments of the present invention wili hereinafter be
described withA reference‘to the drawings. . ‘
[0029]  First, reférri_ng to FIG. 1, a con‘figuration of a hybrid Vehicle 1 according
to a first _embodiment of the bresent.invention will be described. Here, FIG. 1 is :a

schematic configuration diagram for schematically showing the configuration of the

hybrid vehicle 1.

[0030] In FIG. 1, tl;e hybrid vehicle 1 is a hybrid vehicle as an example of the

"vehicle" according to the present invention, and includes an electronic control unit

(ECU) 100, an engine 200, a poWer control unit (PCU) 300, an electronic controlled

transmission (ECT) 400, a motor generator MG, a reduction gear mechanism RG, a first
power supply B1, and a second power supply B2.
[0031]  Noted that a hybrid vehicle of so-called one motor type is illustrated in

this embodiment. However, the vehicle according to the present invention may be a

hybrid vehicle of two-motor type that includes two motor generators or a vehicle that

“includes three or more motor generators.

[0032] The ECU 100 is an eleCtronic‘ control unit that includes a CPU, a ROM, a
RAM, and the like and that is configured to be ablf: vto control an operation of an each
component of the hybrid vehicle 1. The ECU 100 is configured to be able to execute
operatioh mode control, which will be deécribed below, by executing a control program

stored in the ROM. Noted that the ECU 100 in this embodiment is a single controller;

8
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however, the electronic control unit according to the present invention may be configured

_by including a plurahty of the controllers.

[0033] The engine 200 is a multrcylrnder gasoline engme as an example of the

"internal combustion engine" according to the present invention. Referring to FIG. 2, a

rdetailed con\figuration of the engine 200 will be described. Here, FIG. 2 is a

cross-sectional view for schematically showing a side view of the engine 200.
[0034]  In FIG. 2, the engine 200 includes a plurality of cylinders 201 that is

stored in a cylinder block CB. 'Noted- that in FIG. 1, the cyhnders 201 are arranged in a

_ ‘depth drrectron of the sheet and that the 201 is shown in FIG. 1.

[0035] Thrs cylinder 201 houses a piston 202 that produces re‘ciprocal motion in

-a vertical direction of the drawing in accordance with explosive power that is generated

when air-fuel mixture of gasoline as fuel and intake ‘air is combusted. The reciprocal
motion of: the piston 202 is converted to rotational motion of a crankshaft 204 via a
cennecting rod 203 and used as power of the hybrid vehicle 1.

[0036] A crank position sensor 205 that can detect a crank angle CA is installed

* in the vicinity of the crankshaft 204, the crah_k angle CA representing a rotational angle of .

the crankshaft 204. . This crank position sensor 205 is electrically connected to the ECU

100, and the ECU 100 appropriately refers to the detected crank angle CA. This crank

‘ angle CA is used to calculate an engine speed NE, control fuel injection timing, and the

like, for example. _
[0037)  In the engine 200, the air suctioned from the outside is purified by a

cleaner, which is not shown, and is then introduced into an intake pipe 206 that is

* common for all the cylinders:

[0038] A throttle valve 207 is disposed in the intake pipe 206. Together wrth '

“an actuator, which is not shown and drives the throttle valve 207 for opening and closing,

the throttle valve 207 constitutes a known eleetronically controlled throttle device. This
actuator is electrically connected to the ECU 100, and openmg and closrng operatlons of

the throttle valve 207 are controlled by the ECU 100. -
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[0039]  An intake pipe pressure sensor 208 that is configured to be able to detect
an intake pipe pfessure Pim, which is a pressure of the intake pipe 206, is installed on a
downstream side of the thfottle valve 207. The intake pipe pressure sensor 208 is
electrically connected to thé ECU 100, and the ECU 100 appropriately refers to the
detected intake pipe pressure Pim. - | |

[0040] An intake port 209 that communicates with each of the cylinders is

“formed on a downstream side of an installed section of the intake pipe pressure sensor

208. The intake air that has passed the throttle valve 207 passes this intake port 209 that
corfesﬁonds to each of the cylinders 201, and is suctioned into each of the cylinders 201
during opening of an intake valve 21 1, opening and closing timing of which is
determined ‘in accordance with a cam profile of an intake cam 210, the intake cam 210
having a substantially oval shape in a cross-sectional view.

[0041] | Here, in the intake port 209, a fuel injection valve of an intake port

injector 212 for injecting the fuel is exposed. The intake port injector 212 is connected

to a fuel tank and a fuel supply passage, .whiéh are not shown. The intake port injector
212 can supply spray of the gasoline és the fuel to the intake port 209 at appropriately
timing since opening and closing operations of the fuel injection valve are controlled.by
the ECU 100. The gasoline that is ihjected from the intake port injector 212 is suctioned
as the air-fuel mjxture, in which the intake air and the gasoline are mixed, into each of the
cylinders 201. |

[0042]  Noted that the appropriate timing is timing at Which the gasoline is

mixed with the intake air evenly and suctioned as the even air-fuel mixture into each of

~ the cylinders 201. = Here, the appfopriate timing varies in accordance with a fuel

injection amount, the engine speed NE, and the like. Noted thaf fuel injéction to the
intake port 209 is a known operation that is normally done in the gasoline engine, and the
details of which will not be described herein.

[0043] . Ina combu’stion chamber of the cylinder 201, a spark plug of an igniter

219 is exposed. The igniter 219 is a known spark type igniter, and can produce a spark

- for ignition in the spark plug in accordance with a control signal that is supplied from the

10
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éleétrically connected ECU 100. Ignition timing of the igniter 219 is controlled by the
ECU 100 1n acéordance with any of various types of known ignition timing control.

[0044] The air-fuel mixture is igni>ted by an ignition operation of the igniter 219
during a compression stroke, for example, and combusted during a combustion stroke, for
exarﬁple. During an exhaust stroke.th'at follows the combustion stroke, the air-fuel
rﬁixture is exhausted to an exhaust po‘rt 215 during opening of an exhaust valve 214.
The exhaust valve 214 is driven to be opened and closed by following opening and
closing tiin.ing’ thereof that is defined in accordance with a cam ’profile of an exhaust cam
213, the exhaust cam 213 being indirectly coupled to the crankshaft 204. |

[0045] .The ex‘haust pért 215 in each of ‘thc cylinders comfnunicates with an

exhaust pipe 216 via an exhaust manifold, which is not shown. A catalytic device 217

“as an example of the "catalytic device" according to the present invention is installed in

the exhaust pipe 216.

[0046] ‘The catalytic device 217 is @ known three-way catalyst as an example of

- the "catalytic device" according to the present invention, in which a noble metal, such as

platinum, is carried on a catalyst carrier, for example. The catalytic device 217 is .

~ configured to be able to purify the exhaust gas by causing a reduction reaction of nitrogen

oxide NOx and oxidation and combustion reactions of total hydrocarbon (THC)‘_and
carbon monoxide CO,. which are non-combusted'composifions, at the substantially same
ti}me when a catalyst atmosphere is in a state near a stoichiometric condition (for example,
an air-fuel,;fatio_ = 14.7 = about 0.2). ‘

[0047] In the\engine‘Z(.)O, a coolant ._temperature sensor 218 that can detect a
coolant temperature Tw as a temperature of a-‘coo-lant\ (LLC) is disposed in a water jacket
that is installed to surround the - cylinder block CB, the coolant being circulated and
supplied to cool‘vthe engine 200. The coolant temperature sensor 218 is electrically
connected to the ECU 100, and the ECU 100,appropfiately refers to the detected coolant
temperature Tw. | ' | | l

'[0048] Noted that the multicylinder gasoline engine is used as the éngine 200 in

this embodignent. However, configurations of the engine 200 can freely be selected,

11
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such as the number of cylinders, larrangement of cylinders, a fuel type, a fuel supply

mode, a configuration of a drive valve system, and presence or absence of a‘supercharge’r.
[0049] Returning to FIG. 1, the PCU 300 is a power control unit for controlling
a driving state of the motor generator MG. A configuration of the PCU 300 will be
described below with reference to FIG. 3. | _
[0050] The ECT 400-is a known stepped tfansmission that has a plurality of

physfcal speed-changing gears between an input shaft IS and a drive shaft DS, the input

“shaft IS being coupléd to the crankshaft 204 of the engine 200 and the drive shaft DS

being coupled to the reduction gear meéchanism RG. This plurality of physical
spécd-changing gears is configure-disuch that rotational speed ratios betwech the input
shaft IS and the drive shaft DS, that 1s, speed-changing ratios differ from eaéh other and
that the gear is appropriately ‘»switél‘hed by the ECU 100. | ‘ _

[0051] - The motor generator MG is a thrée-phase alternate-current (AC).mqfor
generator as an example of the "motor" according to the present invention. The motor
generatdr MG has a power generation function for converting electrical energy to kinetic
energy and a regeneration function for converting kinetic energy to electrical energy; .

[0052] An output rotational shaft of the motor generator MG is coupled to the

above-described drive shaft DS. An output rotational speed Nout, which is a rotational

- speed of the drive shaft DS, is equal to an. MG rotational; speed Nmg, which is a

rotational speed of the motor generator MG. Noted that a reduction gear or a
transmission may appropriately be interposed b;atween the motor generator MG and the
drive shaft DS.

| [0053] A resolver v for detecting a rotational angle of the motor generator MG

is added to the output rotational shaft of the motor generator MG. The rotational angle

of the motor generator MG that is detected by this resolver rv is used for calculation of

the MG rotational speed Nmg.
R [0054]  The reduction gear mechanism RG is a gear device that is interposed
between the drive shaft DVS‘ an’d dr‘i've wheels DW and includes various reduction gears, a

differential, and the like.

12
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- [0055]  The first povtfe[ supnly B1 is a DC power supply device at a power
supply vt)ltage VB1 (2OOV, for example), in which a plurality (hundreds, for. example) of
any of various types of secondary battery cells (of a cell voltage V, for example), such as
mckel -hydrogen batterles and lithium-ion batteries, are connected in series. The first

power supply Bl is an example of the "first power supply" according to the present

invention. .

[0056] The second power Supply B2 is an electric double-léyered capacitor, for

~example, and is a DC power supply device at a power supply voltage VB2.  The second

power supply B2 is an example of the "second power supply" according to the present

invention.

[0057]  Noted that the first power supply Bl and the second power supply B2
have different configurations from each other in this embodiment. However, these may

not necessarily be different from each other. In addition, as these DC power supphes

configurations such as a large-capacity capacitor and a flywheel can be adopted in

addition to“ .these types of the secondary batteries and the electrtc double-layered
capacitot. | | |

[0058]  Next, a configuration of the PCU 300 will be described with reference to
FIG: 3. Here, FIG. 3 is a schematic configuration diagram of the PCU 300. Neted that,
in this drawing,‘portions that overlap with those in FIG. 1 are denoted by the same
reference numerals and descnptlons thereof will appropriately be omitted. )

[0059] In FIG. 3, the PCU 300 is a power control unit that is configured to be
able to control input and output of power between the motor generater MG and each of
the first power supply B1 and the second power supply B2 and that 1ncludes a boostmg
converter 310 and an inverter 320,

[0060] The inverter 320 is a switching device as an eXample of the "load"
according to the present invention, and includes a U-phase arm 320U, a V-phase arm
320V, and a W-phase arm 320W that are connected in parallel between a power supply

wire 321 and a ground wire 322.
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[0061]  The U-phase arm 320U includes a posifive-sicle switching element Q11
and a negative-side switching element Q12. The V-phé'se arm 320V includes a
positive-side switching element Q13 a.nd a negative-side sWitching element Q14. The
W-phase arm 320W includes a positive-side switching element le- and a nggative-sjde
sWitching element Q16. Each of the switching -elements is configured as an insulated
gate bipolar transistor (IGBT) with a self—protection circuit, for example. | HoWeve;r,
each of these switchin‘g‘elements may be a power metal oxide semiconductor (MOS)
trahsistor or the like. |

[0062] Noted that rectifying diodés D11 to D16, each of which passes the
current from an emitter side to a collector side, are réspectively connected‘to‘ the
switching elements Q11 to Q16. An électriéal connecting point between an upper arm
(the positive-side switching element) and a lower arm (the negative-sid'e switching
element) in each of the phase arms of the inverter 320 is connected to each of phase coils -
of the motor generator MG.. |

[0063] Next, a configuration of the bboéting converter 310 will be described
with reference to FIG. 4. Here, FIG. 4 i§ a schematic circuit diagram of the boosting
converter 310. Noted.that, in this drawing, portions that ovgrlap with those in FIG. 1 are
denoted by the same reference numerals and descriptions thereof will appropriately be
omitted. \

[0064] ’l;he boosting converter 310 is an example of the "power converter”

according to the present invention that includes reactors L1 and L2 and swifching

 elements Q1, Q2, 03, and Q4.

[0065] Similar to each of the switching elements in the above-described inverter
320, each of the switching élements in the boosting converter 310 is configured as the
IGBT with the self-protection circuit, the power MOS transistor, or the like. ~ In addition,
rectifying diodes D1 to D4, each of which passes the current from the emitter side to the
collector side, are respectively connected to the switching elements Q1 to Q4. Noted

that a switching state (that is, an ON/OFF state) of each of these switching elements in
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the boosting converter 310 is controlled in accordance with a control signal that is

supplied from the ECU 100.

[0()66] A power supply wire 311 and a ground wire 312 of the boosting

converter 310 are respectively connected to the power supply wire 321 and the ground

wire 322 of the above-described inverter 320. A potential difference between the power
supply wire 321 and the ground wire 322 corresponds to an dutput voltagelVH of the
boosting converter 310.

[0067] In the boosting converter 310, the switching element Q1 is electrically

connected between the power supply wire 311 and a node N1. The switching element

Q2 is electrically connected between the node N1 and a node N2. The switching

element Q3 is electrically connected between the node N2 and a node N3. The

switching element Q4 is eleetrically connected between the node N3 and the ground wire

312. _
[0068] In addition, in the boosting converter 310, the reactor L1 is electricaily

connected between the node N2 and a positive electrode terminal of the‘/first‘ power

supply B1. The reactor L2 is electrically connected between the node N1 and a positive

electrode terminal of the second power supply B2.
[0069] The boosting converter 310 includes boosting circuits that respectively

correspond to both of the first power supply B1 and the second power supply B2. These

, boosting circuits are formed by the above reactors L1 and L2, the switching elements Q1

to Q4, and the rectifying diodes D1 to D4.
 [0070] Next, an operation of the embodiment will be described.
[0071]  First, in order to ‘explain boesting principle of a DC poWer supply
voltage in the boosting converter 310, a description will be made on a general boosiing

circuit with reference to FIG. 5. Here, FIG. 5 is a circuit diagram of the general -

. boosting circuit.

[0072] In FIG. 5, a general boosting circuit BC is exemplified. The boosting
circuit BC includes a switching element Qu of an upper arm (hereinafter, appropriately

expressed as the "upper arm element Qu"), a switching element Q1 of a lower arm
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(hereinafter, appropriately expressed as a "lower arm element Q1"), and a reactor L.
The boosting circuit BC is connected to a load 330.

[0073] The reactor L is electrically connected between a positive electrode
terminal of a DC power supply B and a connection point between the upper arm element
Qu and the lower arm element Q1. The upper arm element Qu and the lower arm
element Q1 are inserted in series between a power supply wire LP and a grbund wire LG. |

- [0074]1 In the boosting circuit BC with such a configuration, an ON period of the
upper arm element Qu and an ON period of the lower arm eiement Q1 are alternately
provided. Noted that, during the ON period of one element, the other element is OFF.

[0075] Here, during the ON period of the lower arm element Q1, a current path
that runs through the DC powér supply B, the reactor L, and the lower arm element Q1 is
formed. Thus, enérgy is stored in the reactor L. On the other hand, duringrthe ON

period of the upper arm element Qu when the lower arm element Q1 is OFF, a current

. path that runs through the DC poWer supply B, the reactor L, the upper arm element Qu,

and the load 330is formed. Accordingly, the energy stored in the reactor L durihg the
ON period of the lower ér{m element Q1 and enérgy from the DC power supply B are
supplied to the load 330. 'As,a result; an output voltage to the load 330 (that is, a voltage
between ,thé power supply wire LP and the ground wire VLG) is booéted with respect to a
power Supply Voltage of the D‘C’power supply B. | .

[0076] In additioh, during the ON period of the upper arm element Qu,

bidireétional power transfer is possible between the load 330 and the upper arm element

‘Qu. In other words, the upper arm element Qu can also receive regenerative power

- from the load 330 side.

25

[0077] An outp.ut voltage VH of the boosting circuit BC is defined by the
following expression (1) that useé a powér supplly voltage VB of the DC power supply B .
and a duty ratio DT of the lower arm element Q1 |

[0078] VH = 1/(1 - DT) x VB...(1) Accor‘dirigly, a boosting ratio r of the

boosting circuit BC (that is, VH/VB) can be given by the following expression (2).
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[0079] r = 1/(1 - DT)...(2) In the general boosting circuit, for example, the
power supply voltage VB is boosted as described above. |

-[0080] . In FIG. 4, an upper arm element that corfesponds to the ﬁpper arm
element Qu in the abovc-‘described general the boosting circuit is formed at a position

between the first power supply Bl and the power supply wire 311 by the 'swit»chi‘ng

“elements Q1 and Q2. ,Meanwh‘ile, a lower arm element that corresponds to the lower

arm element Q1 in the above-described general the boosting circuit is formed at a
position by the switching elements Q3 and Q4. A first boosﬁng circuit is formed by
these. o | | |

[0081]  Similarly, in FIG. 4, a lower arm element that corresponds to the lower

arm element Q1 in the above-described general boosting circuit is formed at a position

‘between the second power supply B2 and the power supply wire 311 by the switching

elements Q2 and Q3. In addition, an upper arm element that corresponds to the upper

afm elcm;nt Qu in the above-described general boosting circuit is formed by the
switching elements Ql‘and Q4. A second boosting circuit is formed by these.

[0082] In the boosting con\}erter 3_10, as described above, both of the first and
second boosting circuits are formed by the switching elements Ql to Q4. In other \&;ords,
the switching elements Q1 to Q4 are contained in both of a power conversion path‘
between the first power supply B1 and the power supply wire 311 by the first boostiﬁg

circuit and a power conversion path between the second power supply B2 and the power

“supply wire 311 by the second boosting circuit. }

[0083] The boosting cOnvertcr 310 is operated‘ in one operafion mode of two
operation modes by control of the switéhing state of each of the switching elements Q1 to
Q4, the two operation modes including: a series mode in which the first power Suppiy B1
and the second power supply B2 are electrically connected in series with respéct to theA _
load (that is, the inverter 320); and é pqrallel mode in which the firsf power supply Bl
and the second power supply B2 are electrically connected in parallel With respect to the

load. The series mode is an example of the "first operation mode" according to the
P - opera g
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present invention, and the parallel mode is an éxample of the "second operation 'mode"v
according to the present invention. ’

[0084] Here, the series mode and the parallel mode will be deécribed wifh
reference to FIG. 6A and 6B.. Here, FIG.Y 6A and 6B are the pattern diagram of current
paths in each of the operation modes of the boosting converter. Noted that, in this
drawing, portions that overlap with those in FIG. 4 aré denoted by the same reference
numeralé and descriptions thereof will appropriately be omitted.

[0085] FIG. 6A shows an oﬁtput current pafh,of the bdosting converter 310 in
the parallel mode (that is, a current circulation path with réspect to the reactor).

[0086]  In the pérallel mode, the switching ¢lemen't Q2 or Q4 is controlled in an

ON state. Noted that which of the switching elements Q2 and Q4 is turned ON is

- determined in accordance with a magnitude relation between the power supply voltage

VB1 bf the first power supply B1 and .-the power supply voltage VB2 of the second pOWer
supply B2. | That is, thn the magnitud‘e ‘relation of VB1 > VB2 is established (when thev
power supply vol;t'ag.e of the first power supply B1 is larger), the switching element Q2 is
turned ON. Oh the contrary, when the magnitude relation of VB2 > VB is established
(when the power supply voltage of the second power supply B2 is larger), the switching
element Q4 is turned ON | : ' o

[0087]  When the magnitude‘relatior.l of VB1 > VB2 is e.stablvished, and thus the
switching element Q2 is controlled in the ON state, the first power supply Bl and the
second power supply B2 are electrically connected iﬁ paréllel \fia' the sWitching elements
Q3 and Q4. o |

[0088]  In this case, the output current path of the first boosting circuit that
corresponds to the first power supp'ly B1 (that is, the current circulation path with respect
’to the reactor L1) becomes to a path that runs through the rectifying diode D2, the
rectif_ying diode D1, the power supply wire 311, the load (the inverter 320 and the motor
generator MG), and the ground wire 312 (s'ée a ‘path that is shown by a broken line).', In
addition, the outpﬁt current. path of the second boosting circuit that corresponds to the

second power supply B2 (thlat is, the current circulation path with respect to the reactor

18



10

15

20

25

WO 2015/079303 PCT/IB2014/002563

L2) becomes a path that runs through the rectifying diode D1, the power supply wire 311,
the load, the ground wire 312, and the rectifying diode D4 (s'ee a path‘that is shown by a
solid line). | ‘
| [0089] Noted that the description is made here on-the curreﬁt paths during
power generatibn driving of the motor generator MG that cdnstitutes a part of the load.
As for a time dur.ing.regeneration driving, the switching element Q1 for regeneration
control is turned ON. The current is circulated in the current path that runs through the
rectifying diodes D4 and D3 for the reacfor L1 and in the current path that runs through
the rectifying diode D3 for the reactor L2. |
[0090] Also, in this case, as for the above-described first boosting circuit that
corresponds to the first power supply B1, the ON period of the lower arm element and the

ON period of the upper arm élement can alternatively be set by éonfrolling both of the

~ switching elements Q3 and Q4 to the ON states or the OFF states. As for the second '

bbosting circuit that corresponds to the second power supply B2, the ON period of the

lower arm element and the ON period of the upper arm element can alternatively be set

by controlling the switching element Q3 to the ON state or the OFF state. In other

words, in thé parallel mode, the power source voltages of the first.power supply Bl and
the second péwer supply B2 can be boosted in an independent. manner from each othef.
[0091) On the other hand, when the magnitude relation of VVB 2 > VBl is

established, and thus the ‘s'witching element Q4 is controlled in the ON state, the\first
power ‘su[‘)ply B1 and the second power supply B2 are eleétrically connected in parallel
via the switching elementsQZl and Q3.

| [0092]- In this. case, the output current path of ‘thé first boosting circuit that
c;)rresponds to the first power supply B1 becomes a path that runs through the rectifying‘
diode D2, the rectifying diode D1, the power sﬁpply wire 311, the load, and the ground -

wire 312 (see the path that is shown by the broken line). In addition, the output current

~ path of the second boosting circuit that corresponds to the second power supply B2

becomes a path that runs through the rectifying diode D1, the power supply wire 311, the
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loéd, the ground wire 312, and the rectifying diode D4 (see the path that is shown by the
solid line). | |

[0093] Noted .that the description is‘ made here on the current paths during
power generation driving of the motor generator MG that constitutes a part of the load.

As for the time during regeneration driving, the switching element Q1 for the

* regeneration control is turned ON. The current is circulated in the current path that runs

fhrough the rectifying diode D3 for the feactor L1 and in the current path that runs
through the rectifying diodes D3 and D2 for the reactor L2. .

[0094] Also, in this éase, as for the above~described _first boosting circuit thét
corresponds to the first power supply B1, the ON period of the lower arm element and the
ON period of the upper arm element-can‘alternativély’ be set by controlling the switéhing
element Q3 to the ON state or the OFF state. As for the second boosting circuit that

corrésponds to the second power supply B2, the ON period of the lower arm element and

'the ON period of the upper arm element can alternatively be set by controlling both of the

switching elements Q2 and Q3 to the ON.state or the OFF state. .In other words, in the
parallel mode, the power source voltages of the first power supply B1 and the second
power supply B2 can be boosted in the independent manner -from each other.

[0095] FIG. 6B shows fhe output current path of the boosting converter 310 in
the series mode (that is, the current circulation path with respeét to the reactor).

[0096] In the series mode, the sWitching element Q3 is control_led in the ON '

~ state. When the swiic_hing element Q3 is controlled in the ON state, the first power

“supply B1 and the scéond ‘power supply B2 are electrically connected in series with

respect to the power supply wire 311.  In other words, in the boosting converter 310, the
output current flows in a path that is shown by a solid line.

[0097] In addition, in the series mbde, the ON period of the lower arm element

- and the ON period of the upper arm element can alternatively be set by controlling both

of 'thevswitching elements Q2 and Q4 to the ON states or the OFF states.  In other words,
in the series mode, the power source voltages of the first power supply B1 and the second

power supply B2 can be boosted.
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[0098] A system maximum output value Wmax that is a maximum output value
of the boosting converter 310 can differ between a time when the operation mode is the
parallel mode and a time when the operation mode is the series mode.

[0099] A system maximum output value Wmaxp of the boosting converter 310

in the parallel mode is defined by the following expression (3).

[0100] Wmaxp = Woutb1 + Woutb2...(3) Here, Woutb1 is an output limit value
of the first pdwer supply B1. Woutbl is defined by the power supply voltage VB1 of
the first power supply B1 and a maximum output currént value ;;er unit time of the first
power supply B1l. - This maximum output current value is an inherent Valué to the firsf
powef supply B1, and is influenced by a temperature of the first power supply B1. Thus,
the maximum output current value is relatively lowered when the femperature of the first -
power supply B1 is low or hiéh with respect to a certain referénce range. |

[0101]  Woutb2 is an output limit value of the second -power supply B2.
Woutb?2 is defined"by the vaWéI’ supply voltage VB2 of the second power supply B2 and

the maximum output current value per unit time of the second power supply B2. This -

maximum output current value is an inherent value to the second power supply B2, and is -
influenced by a temperature of the second power supply B2. Thus, the maximum outpLIt
current value is relatii/ely lowered when the temperature of the second power supply 32
is low or hi_ghv\with respect to a certain r‘eference range. |

[0102] | As described above, in the parallel‘ mode, the maximum output of each of
the power supplies is Supplied to the load. . | o

[0103] Meanwhile, a system maximum output value Wmaxsvof the boosting
converter 310 in the series mode is defined by the following expression (4) or expression
©). | |

[0104] Wmaxs = Woutbl + Woutb2'...(4) Wmaxs = Woutb1' + Woutb2...(5)
Hére, Woutb1' is a pérmissible output limit value of the first power supply B1, and
Woutb2' is a permissible output limit value of the second fpower supply B2.

[0105] 7 As shown in FIG. 6B, in the series mo‘de, the first power s‘upply B1 and

the second power supply B2 are electrically connected in series with respect to the power
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supply wire 311. Accordingly, the maximum output current value of the bodsting
cdnverter 310 s restricted to smaller one of the maximum output current value of the first
power supply B1 and the maximufn output curfent value of the second power suppiy B2.

[0106] The ab’ove’ expression (4) corresponds to a case} where thé maximum
output current value of the first power supply Bl vis,s'maller than the.maximum output
current value of the secénd powef supply B2. That is, the above expression (4)
corresponds to a case where the méximum output current value of the second power
supply B2 is restricted to the maximum out‘putv current value of the fifst power supply Bl.
In other words, in this case, the second power supply B2 cannot nECeSsarily output the
output limit value Woutb2, and the maximu»ml output value thereof. becomes the
permissib'le' output limit value Woutb2' that is at most equal to the output limit value
Woutb2. | |

[0107] The above expression (5) éorresponds to a case where the maximum
output current value of the second pkower supply B2 is smaller than the maxir_num output
current value of the first power supply Bl1. * That is, the above expression (5)
corresponds to a caée whf;re the maximum output curreﬁt value of the first power supply
B1 isirestricted to the maxir_nufn output current value of the second power ‘supply B2. In
other words, in this case, the first power supply Bl cahnot necessarily output the butput
limit value Woutbl, and the maximum output value thereof becomes the pefmissible
output limit Valﬁe Woutb1' that is at most equal to the output limit value Woutb1.

[0108]  As apparent from the above expressions (3) and (4) or (5), the parallel
inode is supefior to the series mode in terms of the system maximum output.

[0109] .\Meanwhile, in the series mode, when .load conditions are the same, the
CUrrent flowing through the switching elements Q1 to Q4 of the boosting éonvert‘cr 310is
smaller than that in the parallel ' mode. This is because a DC voltage of the boosting
converter 310 in the series mode is converted with respect to a sum of thé power supply

voltages of both of the DC power supplies (that is, VB1 + VB2). In the parallel mode, a

“sum of the current that is generated by the DC voltage conversion with respect to the

power supply voltage VB1 and the current that is generated by the DC voltage conversion
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with respect to the pdwer supply voltage VB2 flows through each of the switching
elements. Accordingly, the current flowing through the switching. elements is l‘arger
than that in the series mode. Thus, boosting loss in the series mode (electric loss in
conjunction with a switching operation of each of thé switching elements) is lower than
that in the parallel mode. In other words, the series mode is an operation mode in a
higher efficiency than the parallel mode.

[0110] Noted that, from another perspective, in the parallel mode, even when a
situation arises where it is difficult to secure the output of one of the DC power supplies,
the output of the other DC power Supply’ can be provided to obtain energy that is réquired
to drive the load. In other words, the parallel mode is superior to the series mode in
terms of stability. In addition, from yet another perspective, in the series mode, the
stored energy in one of the DC power supplies éan be used up. Thus, the series mode is
superior to the parallel mode in terms of efficient use of energy. :

[0111] Effects of each of these operation modes are merely examples. Various
adyantageé. and disadvantages of each of the series mode and the parallel mode are
known. | |

[0112] In order for the catalytic cievice 217 included in the enginev 200 to exert
the exhaust purification performance expected in advance therefor, in addition to the
air-fuel ratio of the gas with the catalyst that flows into the catalytic device 217, a
temperature of the cétalytic device 217 (hereinafter, appropriately éxpressed as a "catalyst
temperatur_e") is im_portant. ‘More sp‘ecifically,- a catalyst activation temperaﬁire is set for
the cétalytic device 217. In arvllunwarm state that the catalyst temperature is lower than
the catalyst activation temperature, exhaust purification efficiency of the catalytic devicc
217 is 10v§e_red. Thus, in the engine 200, catalyst warm-up control is executed during-an

unwarm period of the catalytic device 217. The catalySt warm-up control is an example

- of the "warm-hp promotion control" according to the present invention.

[0113]  The catalyst warm-up control is, simply speaking, control for increasing
a temperature of the gaé with the catalyst (that is, the exhaust). In other words, all types

of control that are associated with an increase in the exhaust temperature can be handled
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as the f;atalyst warm-up control according to the present invention. For example, the
catalyst warm-up control includes retardation control of the ignition timing, imbalance -
control of the air-fuel rétio, and the like.

[0114] The retardation control of the ignition timing is control for de‘layin.g the
ignition timing in the igniter 219 in comparison with a normal ﬁme. During normal
control of the engine 200, the 'ignition’timing is controlled to a value (for example,
minimum advance for best torque (MBT)) that is optimized in advance for a driving

condition so that engine torque Te becomes the maximum. When the ignition timing is

delayed with respect to this optimum ignition timing, combustion efficiency is lowered.

As a result, a relatively large amount of non-combusted gas is supplied to the exhaust

pipe 216. In a’dditi’on, when the ignition timing is delayed, a combustion period is also

~ delayed in the retardation side. Thus, the temperature of the exhaust from the cylinder

becomes relatively high. As a result, this non-combusted gas is combusted in the
exhaust pii)e .216. That is, the retardatibn of the ignition timing is contfol in which a
part of combustion heat that should normally be extracted as the kinetic energy ié used to
increase the exhaust'temperatufe. | |

[0115] In addition, upon execution of the retardation control of the.ignition

.timing, such a measure may be taken that an intake air amount is increased to be larger

than usual by controlling the throttle valve 207, so as to secure an amount of oxygen that

‘is sufficient for oxidation and combustion of the non-combusted compositions.

| [0116] Meanwhile, the imbalancé control of the air-fuel ratio is air-fuel ratio
control for the ‘eac‘h cylinder that can be realized in é inulticylinder engine. In other
words, in order to secufe the exhaust pﬁrif_ication efficiéncy of the cafalytic device 217,
the atmosphere of the catalytic device 217 needs to be in the state near the stoichiometric .
condition. In other words, the air-fuel ratio of the gas with the catalyst is ‘desirably in
the state near the stoichiometyic conditi'on.{ |
[0117] . HoweVer, a method for keeping the air-fuel ratio of ‘the gas with ‘the :

catalyst to the state near the stoichiometric condition is not limited to controlling the

controlled air-fuel ratios of all the cylinders to the states near the stoichiometric condition.
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In other words, the controlled air-fuel _ratio is set to be richer than a stoichiometric ratio
for some of the cylinders, while the controlled air-fuel ratio is set to be leaner than the
stoichiometric ratio for the other cylinders. -Accordingly, the air-fuel ratio of the entire
gas with the catalyst can be kept to the state near the stoichiometric condition. |

[0118] As described above, when' the controlled air-fuel ratio is varied by the
cylinder, an excess amount of O, is exhausted from the Cylinder whose air-fuel ratio is
leaner than the stoichiometric ratio, that is, a high air excess ratio, and HC and CO as
non-combusted or incompletely combusted compositions are exhausted from the cylinder
whose air-fuel ratio is richer than the stoichiometric ratio, that, is, the low air excess ratio. |
Since these components cause the oxidation and combustion reactions in tbe exhaust pipe
216 or the catalytic device 217, they can heat the catalytic device 217.

» [0119] Noted that the imbalance control of the air-fuel ratio is executed by
referring to an output value of a_sensor that can detect a value corresponding to the
air-fuel ratio, such as an air-fuel ratio sensor and an O2 sensor, which are not shown in
FIG. 2. |

[0120]  The catalyst warm-up control is executed in accordance with a catalyst -
warm-up request as a control signal. The catalyst \;varm-up request is: rnade in the
following case, forexample.

'[0121]  When the catalyst temperature is lower than a specified value, the‘
specified value refers to, for example, the catalyst activation temperature that is a
temperature at which the higher exhaust purification efficiency than specified efficiency
can be achieved in the catalytic device 217. When the catalyst temp-erature is used as a
determination index, a sensor for detecting the catalyst temperature and the like are
installed in the hybrid vehicle 1. Noted that, when the catalyst temperature can be

estimated under another condition, there is no need to install the sensor and the like, and

~ this estimated catalyst temperature may be used for the control. When the catalyst

temperature is used as the.determination index, needless to say, the warm state of the

catalytic device 217 can be determined most accurately.
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10122] When the coolant temperature is loyver than a spec_ified_ value, the coolant

- temperature Tw of the engine 200 can be used as an alternative index for the catalyst

temperature.  Although the coolant temperature Tw and the catalyst temperature are in a

constant correlation with each other, they are not necessarily in an unambiguous relation.

~ Thus, when the coolant temperature is used as the determination index, determination -

accuracy on whether the catalytic device 217 is in the unwarm state is lowered than the

- case described in the above paragraph. However, when the coolant temperature Tw is

used as the determination index, there is no need of providing a specra] \deVice
crmﬁgﬁration for deteeting the catalyst temperatﬁre. Thus, t-h‘is case rlas an advantage in
terms of cest. »

[0123] Noted that, whé_n_the coolant temperature is used as the determination
index, a condition to terminate the catalyst Warm-up control, that is, a condition to cancel

the catalyst warm-ﬁp request may ‘be defined by length of an execution period r)f the

- catalyst warm-up control. In other words, if driving conditions of the.engine (for

example, the intake air amount, the engine speed, the fuel injection amount, and the like)
in the catalyst warm-up control are known, an amount of heat that is supplied to the
catalytic device 217 per unit time during the catalyst warm-up control can also be known.

If the amount of heat that is required for the catalytie device 217 to reach a catalyst

activation ‘state from a cold state is known, it becomes possible with the length of the

execution period of the catalyst Warrn-up control to'determ'i,ne whether the catalytic
device 217 has been shifted to the warm state. | | |

[0124} The hyl?rid vehicle 1 has a plurality o'f.travel‘modes.' Here, as an'
example of such :travel modes, an EV travel mode and an HV travel mode will be
described. - \

[0125] _The EV travel mode is a travel mode in which drfve shaft requested
torque Tdn that is requested to the drive shaft DS is covered only by MG torque Tmg that
is output 'rorque of the motor generator MG; In the EV travel mode, the hybrid vehicle 1

can perform an EV travel.
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© [0126] Here, in the EV tra\./el mode, the ECT 400 is maintained in a neutral state.
In the neutral state, power transmission in the ECT 400 is blocked. That is, the rotation
of the input shaft IS is not transmitted to the drive shaft DS. When such a configuration
is adopted, the lowered efficiency that is caused by friction of the engine 200 can be
suppressed during the EV travel. In addjtion, in view of the configuratvion- that the
rotation of the engine is not transmitted to the drive shaft DS, the above-described
catalyst wafm—up control can be executed in the EV travel mode. N

[0127] Meanwhile, the HV travel mode is a travel mode in which the enginé 200

~ is used as a primary power supply source for the drive shaft DS and the motor generator

MG is used as an auxiliary power source. In other words, in the HV travel mode, the

hybrid vehicle 1 can perform an HV travel by controlling the engine 200 and the motor

generator MG collaboratively. ,

[0128] | In the hybrid vehicle 1,'regardless of a mode of the catalyst warm-up
control, tHé HV travel in which the engine torque Te is supplied to the drive shaft DS
should be avoided as mﬁch as poséible before the catalyst warm-up control is compleied.
When the engine 200 is actuated before the completion of the catalyst warm-up control,
thé exhaust pur'ification perfo‘rmanée of the catalytic device 217 is not sufficient.

Accordingly, the emissions of the hybri_d vehicle 1 may be deteriorated. Actuation

mentioned here has a different meaning from actuation or activation for the catalyst

20

warm-up control. In addition, the unwarm period of the catalytic device 217 overlaps a
cold period of the engine 200 in many cases. Since the combustion efficiency of the

engine 200 in the cold state is low, fuel consurhption efficiency generally tends to be

deteriorated. Also in this point, continuation of the EV travel is desired during the

execution period of the catalyst warm-up control.
[0129]  Accordingly, the operation modes of the boosting converter 310 have to
be managed such that the travel mode of the hybrid vehicle 1 is not shifted to the HV

travel mode during the catalyst warm-up control. In this embodiment, such-

‘management is realized by the operation mode control that is executed by the ECU 100.
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- [0130]  Here, the operation mode control will be described with reference to FIG.
7. Here, FIG. 7is a flowchart of the operation mode control. Noted that the operation
mode contfol is ah example of operation control of the boosting converter 310 that is
executed by the ECU 100. | | |
[0131] In FIG. 7, the ECU 100 determines whether the catalyst warm-up coﬁtrol
is being executed (step S110). As described above, the catalyst warm-up control is
executed separately by the ECU 100 in accordance with the various c‘o'nditjons.‘
[0132] If the catalyst warm-up control is being executed (step S110: YES), the

ECU. 100 selects the parallel mode as the operation mode of the boosting converter 310

‘(step S120). In other words, each of the switching elements Q1 to Q4 of the boosting

converter 310 is controlled to be in the switching state that corresponds to the parallel
mode that has already been described.

- [0133] On the contrary, if the catalyst vwarr.'n-Up‘ coﬁtrol is not being executed
(step S110: NO), simply speéking, when warming of the catalyst is completed, the ECU

100 controls the operation mode of the boosting converter 310 to the operation mode that

- corresponds to the driving condition of the hybrid vehicle 1 (step S130). The operation -

mode control is terminated once either step S120 or S130 is executed.

- [0134] Noted that the operation modé that corresponds to the driving condition
of the hybrid Vehicle 1 will not be described here. In other words, it is defined m .step
S130 that there is at least no correlation between the.state of the catalytic device 217 and
the operation mode of the boosting converter 310. it is because such an operation mode
can be set in any way on the basis of thq above-described. effects of each of the operation
modes. | | |

[0135] Noted that, if a supplementary description is made here, the series mode

“has an advantage over the parallel mode when the efficiency of the bbosting converter

310 is taken into consideration. The efficiency tends to be emphasized for the hybrid
vehicle. In this point, it is usually preferred to operate the boosting converter 310 in the
series mode. That is, the dperation mode that corresponds to the driving condition of

the vehicle in step S130 can mean the series mode in many cases.
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[0136] Meanwhile, as it has already been des'cribe.d, the one output current value
is restricted to ;he other maximum output current value in the series mode. Accordingly,
there ié a case where the parallel mode, the system maximum oﬁtput value Wmax of
which is large, is advantageous-over the series mode, such és when the relatively large
output is requested to the motor generator MG during a high load travel and the like. In‘
such a case, the parallel mode can be selected as the operation mode that cofresponds to
the driving condition of the vehicle in step S130. |

[0137] Here, effects of the operation mode control will be described with -

reference to FIG. 8. FIG. 8 is a chart for exemplifying temporal transitions of various

types of the output in tﬁe execution period of the operation mode control.

[0138] In FIG. 8,‘ a vertical axis indicates the eutput, and a horizontal axis N
indicates time. In addition, a temporal transition of drive shaft requested output Pdn that
represents output requested to the drive shaft DS is indicated by L_Pdﬂ in the drawing

(see a solid line). Noted that the drive shaft requested output Pdn is obtained .by

- converting requested driving force Ft of the hybrid vehicle 1 to an output value. The

drive shaft requested output Pdn may be treated as being equivalent to requested output
Pn of the hybrid vehicle 1 when requeSted power by various electric auxiliary machines
inClﬁded in the hybrid vehicle 1 is ignored. |

[0139]  In a time region before time t1 in FIG. 8, it is set that the operation mede
of the bokosting' converter 310 is the parallel mode (see PQD_p in the drawing). In this |

case, the system maximum output value Wmax of the boosting converter 310 becomes a

' ~ system maximum output value Winaxpl that is according t‘(’)‘*Wmaxp defined by the

above expression (3).

[0140] Here, at the time t1, it is set that the operation mode of the boosting
converter 310 is switched to the series mode (see (a) in the drawing). . In other words, in
a time region on and after the time t1, the opération mode of the b'oosting converter 310
becomes the series mode (see POD _s iﬁ the drawing). |

[0141] Once the operation mode is switched to the series mode, the system

maximum output value Wmax of the boosting converter 310 is reduced to a system
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maximum output value Wmaxsl (Wmaxsl < Wmaxpl) that is according to Wmaxs

defined by the above expression (4) or (5) (see (b) in the drawing). A temporal
transition of the system maximum output value vaax in this case is indicated by
L_Wmax2 in the drawing (see a broken line).

[0142] Here, if the system _maximu‘m output value Wmaxsl and the drive shaft

" requested output Pdn are compared, a relation of Pdn < Wmaxsl is established in the time

region before time t2. In other words, the entire drive shaft requested output Pdn can |
theoretically be covered by the eutput of the fnotof generator MG.

[0143] Meanwhile, when Pdn = Wmax1 is established at the time t2 (see -(c) in
the'drawing), a relation of Pdn > Wmaxsl1 is establishedbi'n a time region from the time t2

to ti_fne t3. In other words, the entire drive shaft requested output Pdn can no 10nger be

covered by the output of the motor generator MG. Visually, a hatched portion in the

drawing where L_Pdn exceeds L Wmax2 in the drawing corresponds to an output
shortage with fesf)ect to the requested outpvut.

[0144] in other words, if it is assumed that the Hybrid vehicle 1 is in the EV
travel in the time region before the time t2, in .a'situeyltion exemplified in FIG. §, tile travel
mode of the hybrid vehicle 1 needs to be switched to the HV travel mode at the time tZ.

[0145] Accordingly, if it is essumed that the catalyst warm-up control is

executed in the time region before the time 12, the catalyst warm-up control is terminated

at the time t2 (see (d) in the drawing). That is, a catalyst warm-up peribd corresponds to
POD_wupl in the drawing (see a broken line). If the catalytic device 217 has not

reached to be in the warm state (that is, the catalyst activation temperature), emissions of

‘ the hybrid vehicle 1 are deteriorated.

- [0146] On the contrary, according to the ope_ratioh mode control of this

embodiment, the operation mode of the boosting converter 310 is kept in the parallel

mode or switched 'during the ‘execution period of the catalyst warm-up control. That is,

in the situation exemplified in FIG. 8, the operation mode is kept as the parallel mode.

“As a result, the system maximum output value Wmax of the boosting converter 310 is.
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kept at Wmaxpl. The temporal transition of the system maximum output value Wmax

'in this case is shown as . Wmax1 in the drawing (see a charn line).

.[0147] As‘ shown in the drawing, L. Pdn never exceeds L_'Wmaxl in this eaSe.
In other words, if it is assumed that the hybrid vehicle 1 is in the EV travel in the time -
region before the time 2, there is no need to switch the travel mode-of the hybrid vehicle
1 to the HV travel mode at the time t2. | |

[0148] Thus, according to the ‘ope‘ration' mode control of this embodiment, the-
catalyst warm-up control can be contin’uved in both of the time region before the time t2
and the time region on and after the time t2. Thus, the catalyst warm-up period‘.
correépOnds to POD_wup?2 in the drawing (see a chain line). In other words, according
to the voperation mode control of this embodiment, the travel mode is not shifted to the |
HV travel mode in the situation where the catalytic device 217 has not reached to be in
the warrn state (that is, the catalyst activation temperature). Therefore, the deterioration
of the emissions of the hybrid vehicle 1is prevented. | |

[0l49] ' Note(l that, it is configUred in this embodiment that the determination on .
whether}‘ the catalyst warm-up control is being executed is made in step S110. However,

in some cases, the operation mode of the boosting converter 310 may be controlled to the

~ parallel'mode without going through a determination operation on presence or absence of

the execution of the catalyst warm- up control.

[0150]  For example, at a trme when the engine is 1n1t1ally started in the hybrld

vehicle 1, both of the engine 200 and the catalytic device 217 are highly likely to be in

“the cold states immediately after the engine start. Under such a condition that it is

assumed in advance that the catalytic device 217 is highly likely to be in the cold,‘ state,
eyen when the boosting‘converter 310 is controlled to be in the parallel mode without
making the determination on t)vhether the catalySt warm-up control is being executed, the
operation of the ECU 100 of the present invention to control the boosting converter-310
to be in the parallel mode during the execution period of the catalyst warm-up control is
secured. In other words, ‘the operatrons of the ECU 100 according to the present'

invention include an operation that does not go through the determination operation on
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presence or absence of the execution of the catalyst warm-up control as described above.
Noted that the "time when the engine is started"‘ may be a time when the hybrid vehicle is
in a READY-ON status. In this case, "immediately after the engine start" may be
immediately after READY-ON.

[0151] - Next, a description will be made on operation mode control according to
a second embodiment of the present invention with reference to FIG. 9. Here, FIG. 9 is
a flowchart of the operation mode control according to the second embodiment. Noted
that, in this drawing, portions that overlap with those in FIG. 7 are denoted by the same
reterence numerals and descriptions thereof will approprlately be omltted

f0152] In FIG. 9, if the catalyst warm-up control is being executed (step S110:
YES), the ECU 100 prohibits the operation of the 'bo?)sting converter 310 in the series
mode (step S140). In other words, when the series mode has been selected as the .

previous operation mode, the operation mode is unconditionally switched to the pztrallel

" mode. In addition, when the parallel mode has been selected as the previous operation

mode, the operation mode will never be switched to the series mode for any reason

whatsoever.

[0153] As described above, according to this embodiment, the operation mode
of the boosting converter 310 is controlled to the parallel mode "during the catalyst
warm-up control like the first embodiment.  Accordingly, similar to the first
embodiment, generation frequency of the switching re'quest from the EV travel mode to
the HV travel mode in the catalyst warm-up period is reduced. Therefore, the
deterioration of the emissions of the hybrid vehicle 1 is prevented.

[0154] Fbrthennore, according to this embodiment, the operntion in the series
mode is prohibited during the catalyst warm-up control. Thus, even when such a
determination is established by another requirement that the series mode should be

selected, the parallel mode is reliably maintained. In other words, switching from the

-EV travel mode to the HV travel mode is further strictly prevented; -

[0155]  Next, a description will be made on operation mode control according to

a third embodiment of the present invention with reference to FIG. 10. Here, FIG. 10 is
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a flowchart of the operation mode control according to the third embodiment. Noted
that, in this drawing, portions that overlap with those in FIG. 7 are denoted by the same
reference numerals and descriptions thereof will appropriately be omitted.

[0156]  In FIG. 10, if the catalyst warm-up control is being executed (step S110:

’ YES), the ECU 100 determines whether the o}utput\vsh'ortvage will occur (step S150).

[0157] Here, a purpose of step S150 will be described. A purpose of setting

- the operation mode of the boosting converter 310 to the parallel mode in the execution

period of the catalyst warm-up control is to prevent a decrease of the system maximum
output value Wmax of the boosting converter 310. Furthermore, the purpose is to

prevent generation of the switching r'equesi from the EV travel mode to the HV. travel

- mode or to delay the generation thereof.

[0158] - Accordingly, if it is rationally determined that the switching request from

‘the EV travel mode to the HV travel mode will not be generated even when the operation

mode is maintained to be the series mode, need for the operation mode control of the
boosting converter 310 at least in view of warming of the catalyst is reduced. .

[0159] Thus, in the operation mode control according to this embodiment, it is
determined whether the drive shaft requested output Pdn will exceed a system maximum

output value Wmaxs of the boosting converter 310 in the series mode in the immediate

future (for example, during a period until thé catalyst v‘varm-'up‘control is terminated with

no trouble).

[0160] | In other words_, if it is determined in step S150 that the oixtput shortage
will occur (step S150: YES), the ECU 100 contfols the operation, modé of the boosting
converter 310 to the parallel mode' (step S120). On the other hand, if it is determined
that the output shortage will not occur (step S150: NO), the,ECQ 100 selects the
operatibn mode that corresponds to the driving con'dition of .the hybrid vehicle 1 (step
$130). | |

: [0161] Here, various modes are available for the determination operation
a_ccording to step S150. For examplé, the driving state of the vehicle in the immeaiate

future can be determined by a car navigation system, a road-to-vehicle communication
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system, and the like. In such a case, if it is determined that the requested output of the

- drive shaft will not be changed substantially, a determination that the first operation mode

can be continued can be established. In addition, when a change in the requested output

. of the drive shaft in the immediate past in the vehicle is converged in a specified range, a

determination that the first operation mode can be continued can be \(_tstablished.(
Alternatively, if it is estimated that the catalyst warm-up control is terminated before. the
output shortage, which is‘ caused by continuation of the first ‘operation mode, becomes
ap‘parentv by being recognized by a driver or the like, the determination that the first

operation mode can be continued can be e‘styablished.' More specifically, when any of

‘various known car navigation systems is equipped in the hybrid vehicle 1, a temporal

transition of the drive shaft requested output Pdn can be estimated from a position of the
host vehicle identified by a positioning system such as a GPS and surrounding léndscape

around the host vehicle (for example, a gradient of a road surface and the like) or a shape

of a road around the host vehicle and the like. Since the system maximum output value

Wmaxs has already been known from the output limit values o‘f the first power supply B1
and the second power supply B2 at the tiﬁle,v it is possible by comparing both of the
output limit values to determine whether the output shortage will occur with a certain
level of reliability. |

[0162] Alternatively, in a simpler manner, it can also be deterfnined whether the

‘output shortage will occur on the basis of the temporal transition of the drive shaft

" . requested output Pdn in the immediate past of the hybrid vehicle 1.~ For example, when

the drive shaft requested output Pdn hardly changed in the immediate past, the hybrid
Vehiqle 1 is in a so-called steady traveling state. ~Accordingly, a determination that the
drive shaft requested output Pdn will not be changed substantiélly ini the immediate future
can be established. |

| [016\3]‘ | Further alternatively, it_ can also be’ deterniined whether the -outpu’t
shortage will occur on the basis of progress of the catalyst warin-uﬁ control. In other
Wdrds, the catalyst warm-up control is thc control executed in the finite. time region for a

purpose-of warming the catalytic device 217 in an early stage. If the intake air amount,
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the fuel injection amount, the, delayed amount of the ignition fiming are already known, it
is'possiblle to estimate the amount of heat that is supplied t6 the fcatalytlicj device 217 per .
unit time during the execution period of the cat'alyst‘war‘m-up control. Thus, if the
amount of heat that is req{xired to. warm the catalyst is found out éxpe‘rimentally,_
experientially, of theoreticajly in advance, a remaining time until the completion of the
catalyst warm-up control can be found out. - If this remaining time is short, the possible

occurrence of the output shortage during the catalyst warm-up control is low. In

addition, if this remaining time is short, and the output shortage temporarily occurs, the

~ catalyst warm-up control is terminated before the driver actually feels the output shortage.

Thus, the travel mode of Fhe hybrid vehicle 1 can be shifted to th¢ HV travel mode
without causing the deterioration of the emissions. Noted-that, in this case, the amount
of heat that is supplied to the catalytic device 217 during the cafalyst warm-up control
need not necessarily be esvtimat'ed. As é furthér simple method, the progress of the
catalyst warfh-up control may be determined simply‘by an execution time of the catalyst
warm-up control. | | |

[0164] While these methods cohétitute a mere example, it is possible to
objectively. determine whether the output shortage will occur in the execution period of
fhe ‘catalyst warm-up control at least on bthe, basis of various known ‘al'gorithms.‘
Therefore, for éxample, “a specified condition” may set as “whether the whether the‘

output shortage of the boosting converter 310 will occur in the execution period of the

'catalyst warm-up control”.

[0165] | According to this efnbodiment, ‘the series mode can be selected as the
opération rﬁbde of the boosting converter 310 even during the catalyst §varm-up control. |
In other Words, the operation mode of the boosting converter 310 can be managed further
flexibly by following the driving condition of the hybrid vehicle 1. | ‘

[0166] Noted that the hybrid vehicle 1 according to the firsf to third -
embodiments is.a so-called hybrid Vehicle of one motor type. However, the controller
for the power converter aécording to the present invention can be applied to any vehicle

regardless of a configuration"thereof as long as the vehicle is a hybrid vehicle that

35



10

15

. 20

25

WO 2015/079303 PCT/IB2014/002563

includes an engine and a motor. For example, the controller for the power converter
according to the present invention can alsé be applied to a hybrid. veh‘icle.2 according to a
fourth embodimént of the present invention that is exemplified in FIG. 11. Here, FIG. .
11 is a schematic configuration diagram for schematically showing a configﬁration bf a
drive system of the hybrid vehicle 2. Noted that, in this drawing, portions that overlap
with those in FIG. 1 are denoted by the same referencé numerals and descriptions thereof
will appropriately be omitted. ‘

[0167] In FIG. 11; the hybrid vehicle 2 is an example of the "vehicle" according

to the present invention that includes the engine 200, a motor generator MG1, a motor

' generator MG2, a poWer dividing mechanism PG, and the reduction géar mechanism RG.

[0168] The motor generator MG1 is a three-phase AC motor generator as an

example of the "motor" according to the present invention, and has the power generation

- function for converting electrical energy to kinetic energy and the regeneration function

for converting kinetic energy to electrical enefgy.
[0169] The motor generator MG2 is a three-phase AC ‘mQto'r generator as

another example of the "motor” according to the present invention, and has the power

-generation function for converting .electriCal energy to kinetic energy and the

regeneration function for converting kinetic energy. to electrical energy like the motor
generator MG1. | |

[0170] The power dividing mechanism PG is a planetary geér mechanism with
two rotational degrees of freedom, th€ power dividing mechanism PG including: a sun
gear S1 that is provided at the center; a ring gear Rl that is concentrically provided 6n an

outer periphery of the sun geér S1; a plurality of pinion gears P1 that is arranged between

_the sun gear S1 and the 'ring gear R1 and each of which revolves around the outer

periphery of the sun gear S1 while rotating; and a carrier C1 that supports rotational axis
of each of these pinion gears. \ | _ |

[0171] | In the power dividing mechanism PG, the sun gear S1 is coupled to an
output rotational shaft of the motor generator MG1, and a rotational speed thereof is

equivalent to MG1 rotational speed Nmgl as a rotational speed of the motor generator
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MG1. In addition, the ring gear Rli is fixecl to the drive shaft DS of the power diviiding
mechanism PG, and a rotational speed thereof is equivalent to the output rotational speed
Nout as the'rotational speed of the drir/e shaft DS. Furthermore, the carrier C1 is
coupled to the input shaft IS of the power dividing mechanism PG, WthhI is coupled to
the crankshaft 204 of the engine 200, elnd a rotational speed thereof is equivalent to an
engine speed Ne of the engine 200. |

[0172] An output rotational shaft of the motor generator MG2 is.coupled to the

drive shaft DS, and the above-described output rotational speed Nout is equal to an MG2

rotational speed Nmg?2 as a rotiation‘al speed of the motor generator MG2.

[0173].  Although not shown, the motor generators MG1 and MGZ are driven by

inverters that are provided to respectively correspond thereto. These plural inverters are

~an example of the "load" according to the present invention. The controller for the

power converter according to the present invention can favorably be actuated for such a
hybr1d vehicle of so-called two-motor type. -

[0174'], Lastly, the controller for the power converter according to the present
invvention is applied to the power converter that has the series mode and the parallel mode
as the operation modes. However, a problem to be solved by the present invention is
attributed to fundamental portions of the series mode anrl the parallel mode, but is not
attributed to an electrical connection method of the switching elements in the power
converter. Thus, in what kind of a physical configuration the series mode and the
parallel mode are realized has no correlation with advantages of the controller for the
power converter accordlng to the present 1nvent10n In other words, the controller for
the power converter according to the present invention is-not limited to the configuration
of the boosting converter 310 that is exemplified in each of the above embodiments, but
can be applied for controlling various types of the power converter, each ‘of' which has the
series mode and the paralle] mode as the operation modes. |

[0175] | The present invention is not limited to the above-described embodiments,
and can appropriately be n_lodified within the gist or thought of the invention which can

be understood from the claims and the entire specification, and the controller for the
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power converter involving such a modification is also included in the technical scope of

~ the present invention.
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CLAIMS:

1. A controller for a power converter, of a vehicle, the vehicle having an internal
combustion engine, a motor, a first DC pdwer ‘supply and a second DC power supply, the .
internal combustion engine including‘ a catalytic device, the pvoWer converter héving a
first operation mode and a second operation mode that define. power supply modes of the
first and second DC power supplies for a load, the first operation mode being an
operation mode set whenvvthe first DC péwe_r supplyvand the second DC ‘power supply are
ele‘ctrically connected in series to an electrié"wire,' and the second operétion mode being
an operation mode set when the firét DC power supply and thé second DC power supply
are electrically connected in parallel to the electric wire, the electric wire befng
electrically connected to the load, and the controller comprising:

an electroﬁic control unit configured to: |

execute warm-up promotion control of the caialytic device; and
-set fhe operation mode of the pQwef converter to the seéénd operation mode

when executing the warm-up promotion control.

2. The controller accordihg to claim 1, wherein

the é‘lectronic control unit is configured to determine whether the warm-up
promotion control is executed, and

the electronic control unif is configured to set the operation mode to the'second
operation mode when the electronic control unit determines thatv the warm-up promotion

control is executed.

3. The controller according to claim 1 or 2, wherein
- the electronic control unit is configured to prohibit settihg of the operation mode to

the first operation mode during execution of the warm-up promotion control.

4. The controller according to according to any one of claims 1 to 3, wherein
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) fhe electronic control unit is éonfigurqd to switch the operation mode in accordance
with a driving conditioni of the vehicle when all of following conditions i) to iii) are
satisfied,

i) when the warm-up promotion control is exécutgd,
ii) when the first operation mode is selected as a preﬁous operation mode, and
iii) when a specified condition is establiéhed except for a condition related to

presence or absence of the execution of the warm-up promotion control.
. 1

5 A control method for a power converter of a vehicle, the vehicle including an
internal combustion engihe, a motor, a first DC power supply, a second DC power supply,
the power éonverter and an electronic control ‘unit, the internal combusﬁon engine
including a catalytic device, the power converter héving zi first operation mode and a
~ second operation mdde- for definingpower,, supply modes of the first and second DC
- power supplies to a load, the first operatio_ri m_ode‘being-an operation mode set when the
tirst DC power supply and the second DC power supply are electrically connected in
series to an electric wire, and the second 6perati0n modé being an operation mode set
when the first DC power sﬁpply and the second DC power supply are electrically
connected in paréllé} to thé electric wire, the eleét‘rAic wire being electrit;all‘y connected to
~the load; and the control method comprising; - |
~executing, by the electronic control unit, warm-up promotion control of the_ catalytic
‘.devicve; and , o | |
setting, by the electronic control unit, the-deer coﬁverter to the second operation

mode when the warm-up promotion control is executed by the electronic control unit.
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