wo 2007/074367 A2 |10 0 00O 0O O

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

(19) World Intellectual Property Organization f ‘1”1‘

) IO O T O O 000

International Bureau

(43) International Publication Date
5 July 2007 (05.07.2007)

(10) International Publication Number

WO 2007/074367 A2

(51) International Patent Classification:
B60K 6/04 (2006.01)

(21) International Application Number:
PCT/IB2006/003728

(22) International Filing Date:
21 December 2006 (21.12.2006)

English
English

(25) Filing Language:

(26) Publication Language:

(30) Priority Data:
2005-371590 26 December 2005 (26.12.2005) JP

(71) Applicant (for all designated States except US): TOY-
OTA JIDOSHA KABUSHIKI KAISHA [JP/IP]; 1, Toy-
ota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).

(72) Inventor; and

(75) Inventor/Applicant (for US only): AMAMIYA, Sumiko
[JP/JP]; c/o TOYOTA JIDOSHA KABUSHIKI KAISHA,
1, Toyota-cho, Toyota-shi, Aichi-Ken 471-8571 (JP).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: HYBRID VEHICLE AND CONTROL METHOD THEREOF

START )

INPUT CONTROL
VARIABLES

S100

/

/

$102

IS EV

NO

(57) Abstract: A hybrid vehicle is
provided with means (60) for setting a
four-wheel drive condition which is a
condition for switching from two-wheel
drive to four-wheel drive, and an EV
switch (64) which, when turned on
by an occupant of the vehicle, places
the vehicle in an EV driving mode in
which only an electric motor is used

SWITCH ON ? as the power source. The four-wheel
drive condition setting means (60)
S104 changes (step S 114) the four-wheel
SELEGTED EV NORMAL dI‘i\'/e conditio'n to reduce' a region in
RUNNING RUNNING which the vehicle operates in four-wheel
drive when the EV switch (64) is on
(step S 102) as compared to when the
EV switch (64) is off. As a result, the
IS CHANGE vehicle operates in two-wheel drive
IN FOUR-WHEEL more frequently, thus reducing power
DRIVE GONDITION :
ALLOWED 2 consumption.
YES S114 S116 S106
SET TO FUEL
CONSUMPTION SET TO NORMAL SET TO NORMAL
EMPHASIZING FOUR-WHEEL FOUR-WHEEL
FOUR-WHEEL DRIVE CONDITION DRIVE CONDITION
DRIVE CONDITION

( RETURN )



WO 2007/074367 A2 | NI DA 000 0T 000000 0 0 00 O

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



10

15

20

25

WO 2007/074367 PCT/IB2006/003728

HYBRID VEHICLE AND CONTROL METHOD THEREOF
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a hybrid vehicle provided with an internal .
combustion engine and an electric motor as power sources, in which front wheels and
rear wheels are driven independently from each other by the electric motor, and a control
method of that hybrid vehicle. More particularly, the invention relates to a switching
control apparatus which switches between two-wheel drive in which either the front
wheels or the rear wheels are driven, and four-wheel drive in which both the front wheels
and the rear wheels are driven, as well as a control method thereof.
2. Description of the Related Art

[0002] Some hybrid vehicles provided with an internal combustion engine and
an electric motor that can also generate electricity (hereinafter referred as “electric
motor”) as power sources are structured such that the front wheels and the rear wheels are
driven independently from each other using the electric motor. For example, one known
hybrid vehicle is structured such that the front wheels are driven by the internal
combustion engine and the electric motor and the rear wheels are driven by another
electric motor other than one that drives the front wheels. In such a hybrid vehicle, two
driving methods can easily be realized simply by switching between operating and not
operating one of the electric motors from among the electric motor provided for the front
wheels and the electric motor provided for the rear wheels. These driving methods are
two-wheel drive in which either only the fr(Snt wheels or only the rear wheels are driven,
and four-wheel drive in which both the front wheels and the rear wheels are driven.

[0003] Which of these two driving methods is to be used depends on control ~
variables relating to vehicle running, such as vehicle speed, the gradient of the road on
which the vehicle is running, the driving force required by the vehicle, vehicle steering

angle, and the difference in rotation speed between the front and rear wheels.
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Four-wheel drive is used when a large driving force is required such as when taking off
from a standstill, accelerating, or climbing a hill, or when running on a road with a low
coefficient of friction such as an icy road. By distributing the driving force required by
the vehicle between all four wheels, driving force is able to be reliably transmitted
between each wheel and the road surface. On the other hand, two-wheel drive is
generally used when not much driving force is required by the vehicle and the vehicle is
driven on roads with a sufficiently high coefficient of friction. Running in two-wheel
drive consumes less fuel and power than running in four-wheel drive as long as the
wheels do not slip. With a hybrid vehicle such as that described above, two-wheel drive
only requires that electric power be supplied to the electric motor for only one set of
wheels, i.e., only either the electric motor for the front wheels or the electric motor for the
rear wheels. Therefore, the electrical loss between the secondary battery and the electric
motor is low, thereby enabling power consumption to be reduced when driving the
vehicle. |

[0004] Also, hybrid vehicles realize various driving modes by using the
internal combustion engine and the electric motor selectively or in combination. Some
examples of these driving modes include an “HV driving mode” which uses the internal
combustion engine and the electric motor together as the driving source, an “engine
driving mode” which uses only the internal combustion engine as the driving source, and
an “EV driving mode” which uses only the electric motor as the driving source. These
driving modes can be automatically switched successively depending on the
state-of-charge (hereinafter simply referred to as “SOC”) of the secondary battery that
supplies electric power to the electric motor, and the required driving force and the like.

[0005] Some hybrid vehicles having these kinds of driving modes are provided
with an “EV switch” in the vehicle cabin to enable an occupant to intentionally select the
“EV driving mode”. When thé EV switch is turned on, the vehicle is placed in the EV
driving mode. For example, international publication No. 00/05094 pamphlet proposes
providing a lever in the vehicle which enables an occupant to switch from driving using

the internal combustion engine as the driving source (i.e., engine driving mode and HV
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driving mode) to the EV driving mode. The occupant forcibly places the vehicle in the
EV driving mode by operating this EV switch or lever. As a result, vehicle is able to run
quietly because it is running in the EV driving mode, i.e., without using the internal
combustion engine. Accordingly, this EV switch is useful at times such as when driving
through residential districts at night.

[0006] When the hybrid vehicle is running in the EV driving mode, i.e.,
running using only the electric motor as the power source, the electric power supplied
from the secondary battery to the electric motor becomes the power that drives the
vehicle. Therefore, the cruising distance of the vehicle when driving in the EV driving
mode is determined by the SOC of the secondary battery. When the SOC of the
secondary battery decreases from continuously driving in the EV driving mode, the
internal combustion engine must be operated to charge the secondary battery. At this
time, the EV driving mode is automatically cancelled by a control apparatus of the
vehicle. That is, the EV switch is turned off and the internal combustion engine is
started.

[0007] In this way, even if the occupant selects the EV driving mode with the
EV switch, the EV driving mode may soon be cancelled due to a low SOC of the
secc.)ndary battery, which is problematic in terms of merchantability. To counteract this,
it is possible to increase the cruising distance in the EV driving mode by increasing the
size of the secondary battery but this would increase the weight of the secondary battery
and the space required to mount the secondary battery. Therefore, when the driver
operates the EV switch and switches the driving mode to the EV driving mode, it is
desirable to reduce the power consumption of the electric motor as much as possible in
order to increase the cruising distance in the EV driving mode. |

[0008] In a hybrid vehicle which is able to run while switching successively
between four-wheel drive and two-wheel drive such as that described above as well, the
condition for switching between two and four wheel drive, i.e., the region in which the
vehicle operates in four-wheel drive, is set appropriately beforehand by testing

corresponding to control variables relating to vehicle running. The region in which the



10

15

20

25

WO 2007/074367 PCT/IB2006/003728
4

vehicle operates in four-wheel drive is normally set to emphasize power performance and
does not consider reducing power consumption when driving in the EV driving mode that
was selected by the occupant operafing the EV switch. Therefore, there is a demand for
technology that enables power consumption to be reduced in the EV driving mode that
was selected with the EV switch while satisfying the power performance during normal

driving.
SUMMARY OF THE INVENTION

[0009] This invention provides a hybrid vehicle in which power consumption
is able to be reduced when an EV switch is on, as well as a control method of that hybrid
vehicle.

[0010] A first aspect of the invention relates to a hybrid vehicle. This hybrid
vehicle is provided with four-wheel drive condition setting means for setting a four-wheel
drive condition which is a condition for switching from two-wheel drive in which one set
of wheels, from among front wheels and rear wheels, is driven to four-wheel drive in
which both the front wheels and the rear wheels are driven, and an EV switch which,
when turned on by an occupant of the vehicle, places the vehicle in an EV driving mode
in which only an electric motor is used as the power source. The four-wheel drive
condition setting means changes the four-wheel drive condition to reduce a region in
which the vehicle operates in four-wheel drive when the EV switch is on as compared to
when the EV switch is off. When the EV switch is on, i.e., when the vehicle is running
in the EV driving mode that was selected by the occupant of the vehicle operating the EV
switch, the region in which the vehicle operates in four-wheel drive is reduced compared
to when running normally, and the region in which the vehicle operates in two-wheel
drive increases proportionately. As a result, the vehicle operates in two-wheel drive
more frequently, thus reducing power consumption.

[0011] The four-wheel drive condition may include a condition that a slip ratio

calculated by the difference in rotation speeds between the front wheels and the rear
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wheels be equal to or greater than a determining slip ratio which is a predetermined
threshold value, and the four-wheel drive condition setting means may set the
determining slip ratio to a higher value when the EV switch is on than when the EV
switch is off.

[0012] The four-wheel drive condition may also include a condition that, when
the vehicle is taking off from a standstill, a road gradient at that time be equal to or
greater than a determining road gradient which is a predetermined threshold value, and a
condition that a speed of the vehicle be equal to or less than a determining vehicle speed
which is a predetermined threshold value, and the four-wheel drive condition setting
means may set the determining road gradient to a higher value and set the determining
vehicle speed to a lower value when the EV switch is on than when the EV switch is off.

[0013] Also, the four-wheel drive condition setting means may include
condition change determining means for determining whether the four-wheel drive
condition when the EV switch is off should be changed to the four-wheel drive condition
when the EV switch is on. The condition change determining means prohibits the
four-wheel drive condition from being changed when the slip ratio is equal to or greater
than the predetermined threshold. value or when the road gradient is equal to or greater
than the predetermined threshold value.

[0014] This first aspect of the invention enables power consumption to be
reduced in a hybrid vehicle when running in the EV driving mode selected with the EV
switch.

[0015] A second aspect of the invention relates to a control method of a hybrid
vehicle which is provided with an internal combustion engine and an electric motor as
power sources and in which front wheels and rear wheels are driven independently from
each other by the electric motor. This control method is characterised by including the

steps of determining whether an EV switch which, when turned on by an occupant of the

. vehicle, places the vehicle in an EV driving mode in which only the electric motor is used

as the power source, is turned on; and changing a four-wheel drive condition, which is a

condition for switching from two-wheel drive in which one set of wheels, from among
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the front wheels and the rear wheels, is driven to four-wheel drive in which both the front
wheels and the rear wheels are driven, to reduce a region in which the vehicle operates in
four-wheel drive when the EV switch is on as compared to when the EV switch is off.
[0016] This second aspect of the invention enables power consumption to be
reduced in a hybrid vehicle when running in the EV driving mode selected with the EV

switch.
BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The foregoing and further objects, features and advantages of the
invention will become apparent from the following description of preferred embodiments
with reference to the accompanying drawings, wherein like numerals are used to
represent like elements and wherein:

FIG. 1 schematically shows a hybrid vehicle according to one example
embodiment of the invention; and

FIG. 2 is a flowchart illustrating control executed in the hybrid vehicle according

to the example embodiment.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] In the following description and the accompanying drawings, the
present invention will be described in more detail in terms of exemplary embodiments.
A hybrid vehicle in which the front wheels are driven by an internal combustion' engine
and an electric motor and the rear wheels are driven by another electric motor will be
described as one example.

[0019] First the structure of a hybrid vehicle 1 according to this example
embodiment will be described with reference to FIG. 1. FIG. 1 is a representative view
of the schematic structure of the hybrid vehicle 1. In order to drive the hybrid vehicle 1,

it is provided with a front wheel drive unit 3 that drives front wheels 48f apd a rear wheel
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drive unit 5 that drives rear wheels 48r. The front wheel drive unit 3 includes as power
sources an internal combustion engine 10 and electric motors MG1 and MG2 which are
capable of generating electricity. Meanwhile, the rear wheel drive unit 5 includes as a
power source an electric motor MG3. Accordingly, the front wheels 48f and the rear
wheels 48r are driven independently from one another.

[0020] The internal combustion engine 10 has a fuel injection device, an
ignition device, and a throttle valve, none of which are shown. These devices are
controlled by an engine electronic control unit (hereinafter referred to as “engine ECU”).
Therefore, the engine ECU can adjust the power generated by the internal combustion
engine 10 which is then output from a crankshaft 12.

[0021] Meanwhile, the electric motors MG1, MG2, and MG3 are all so-called
motor-generators which are able to function as both electric motors that convert the
supplied electricity into power and generators that convert input power into electricity.
An inverter 51, 52, and 53 provided for each of the electric motors MG1, MG2, and MG3,
respectively, control the switching of these functions and the mechanicél power generated
by the electric motors MG1, MG2, and MG3 or the power recovered by the electric
motors MG1, MG2, and MG3. These inverters 51, 52, and 53 are all connected to a
secondary battery 56 such that electricity can be transferred between the secondary
battery 56 and each of the electric motors MG1, MG2, and MG3. This transfer of
electricity is controlled by a motor electronic control unit (hereinafter referred to as
“motor ECU”) 54.  Accordingly, the motor ECU 54 can control the electric motors MG1,
MG2, and MG3 via the inverters 51, 52, and 53. Power generated by the electric motors
MG1, MG2, and MGS3 is then output from rotating shafts 31a, 32a, and 33a which are
coupled to rotors 31, 32, and 33 of the electric motors MG1, MG2, and MGS3,
respectively.

[0022] In the front wheel drive unit 3, in addition to the internal combustion
engine 10 and the electric motors MG1 and MG2 described above, a planetary gear set 20
which divides the power output from the internal combustion engine 10, a reduction gear

40f which increases torque by slowing the rotation transmitted from the planetary gear set
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20, and a differential gear 45f which distributes power transmitted from the reduction
gear 40f to left and right drive axles 46f are integrally coupled together. The electric
motor MG1 is mainly used as a generator while the electric motor MG2 is mainly used as
an electric motor.

[0023] The crankshaft 12 of the internal combustion engine 10 is coupled to a
planetary carrier 28 of the planetary gear set 20, the rotor 31 of the electric motor MG1 is
coupled to a sun gear 22 of the planetary gear set 20, and the rotor 32 of the electric
motor MG2 is coupled to a ring gear 24 of the planetary gear set 20. Power output by
the internal combustion engine 10 from the crankshaft 12 is divided into power
transmitted to the sun gear 22 and power transmitted to the ring gear 24. The power
transmitted from the internal combustion engine 10 to the sun gear 22 is transmitted to
the electric motor MG1 where it is used to generate electricity. Meanwhile, the power
transmitted from the internal combustion engine 10 to the ring gear 24 is combined with
power output from the electric motor MG2 and then transmitted from the ring gear 24 to
the reduction gear 40f. The power transmitted from the reduction gear 40f to the
differential gear 45f is then distributed to the left and right drive axles 46f to drive the
front wheels 48f.

[0024] By structuring the front wheel driving unit 3 in this way, the electric
motor MG2 generates mechanical power from the electricity supplied by the secondary-
battery 56. That mechanical power is then used to drive the front wheels 48f, thus
propelling the vehicle 1. Also, during deceleration of the vehicle, the mechanical power,
transmitted from the front wheels 48f to the electric motor MG?2 can be converted into
electricity and recovered by the secondary battery 56.

[0025] On the other hand, in the rear wheel drive unit 5, in addition to the
electric motor MG3 described above, a reduction gear 40r that increases torque by

slowing the rotation transmitted from the electric motor MG3 and a differential gear 45r

“that distributes power transmitted from the reduction gear 40r to left and right drive axles

46r are integrally coupled together. Power output from the electric motor MG3 is

transmitted from the reduction gear 40r to the differential gear 45r where it is distributed
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to the left and right drive axles 46r to drive the rear wheels 48r.

[0026] By structuring the rear wheel driving unit 5 in this way, the electric
motor MG3 generates mechanical power from the electricity supplied by the secondary
battery 56, similar to the electric motor MG2. That mechanical power is then used to
drive the rear wheels 48r, thus propelling the vehicle 1.  Also, during deceleration of the
vehicle, the mechanical power transmitted from the rear wheels 48r to the electric motor
MG3 caﬁ be converted into electricity and recovered by the secondary battery 56.

[0027] The hybrid vehicle 1 is also provided with a hybrid electronic control
unit (hereinafter referred to as “hybrid ECU”) 60 that controls the entire system of the
vehicle 1. In addition, the vehicle 1 is provided with an accelerator position sensor 62
that detects a depression amount of an accelerator pedal and outputs an accelerator
opening amount signal to the hybrid ECU 60. The hybrid ECU 60 then calculates a
driving force required by the vehicle (hereinafter referred to as “required driving force”)
according to the accelerator opening amount signal that was input. Based on this
calculated required driving force, the hybrid ECU 60 then determines the power to be
generated by the internal combustion engine 10 and the electric motors MG1, MG2, and
MGS3, and outputs commands indicative thereof to the engine ECU 50 and the motor
ECU 54 described above. Upon receiving the commands, the engine ECU 50 and the
motor ECU 54 control the internal combustion engine 10 and the electric motors (MG1,
MG2, MG3) accordingly. In this way, the internal combustion engine 10 and the
electric motors (MG1, MG2, MG3) are controlled to operate in coordination with one
another according to the running state of the vehicle, including when the vehicle is
stopped.

[0028] The hybrid vehicle 1 is also provided with a battery monitoring unit
(hereinafter referred to as “battery ECU”) 58 that monitors the state of the secondary
battery and outputs a signal indicative of the state-of-charge (hereinafter referred to as
“SOC”) of the secondary battery 56 to the hybrid ECU 60. Then based on this SOC of
the secondary battery and the calculated required driving. force, the hybrid ECU 60

automatically switches the driving mode appropriately between an “HV driving mode” in
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which the internal combustion engine 10 and the electric motors (MG1, MG2, MG3) are
used together as the power source, an “engine driving mode” in which only the internal
combustion engine 10 is used as the driving source, and an “EV driving mode” in which
only the electric motors (MG1, MG2, MG3) are used as the power source.

[0029] The hybrid vehicle 1 is also provided with an EV switch 64 that enables
an occupant of the vehicle 1 to intentionally select the EV driving mode.  This EV
switch 64 is provided in a location accessible by the occupant of the vehicle, such as on
an instrument panel in the vehicle cabin. When the occupant turns the EV switch 64 on,
it is detected by the hybrid ECU 60. The hybrid ECU 60 which has detected that the EV
switch 64 has been turned on then controls the internal combustion engine 10 so that it is
not operated, while performing control to achieve the required driving force by operating
only the electric motors MG2 and MG3. In this manner, by turning the EV switch 64 on,
the vehicle can be forcibly placed in the EV driving mode in which only the electric
motors MG2 and MG3 are used as the power source.

[0030] The EV driving mode which is selected by the occupant of the vehicle
switching the EV switch 64 on in this manner will hereinafter be referred to as “selected
EV driving mode”. In contrast, the EV driving mode that is established when the hybrid
ECU 60 automatically switches from another driving mode (such as the engine driving
mode or the HV driving mode) will be referred to as “automatic EV driving mode” in
order to distinguish it from the selected EV driving mode.

[0031] When the SOC of the secondary battery 56 is low due to continuous
running in the selected EV driving mode or when a driving force of a magnitude unable
to be achieved in the EV driving mode is required, the hybrid ECU 60 automatically turns
off the EV switch 64 and the hybrid vehicle 1 switches to the HV driving mode or the
engine driving mode. |

[0032] A wheel speed sensor, not shown, which detects the rotation speed of a
wheel is provided for all four wheels (48f and 48r) of the hybrid vehicle 1. The hybrid
ECU 60 receives wheel rotation speed signals from these wheel speed sensors and then

calculates a front wheel rotation speed, which is the average value of the rotation speeds
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of the left and right front wheels 48f, and a rear wheel rotation speed, which is the
average value of the rotation speeds of the left and right rear wheels 48r. The speed of
the vehicle 1 (hereinafter referred to as “vehicle speed”) is then determined from either
the calculated front wheel rotation speed or the calculated rear wheel rotation speed.

[0033] Moreover, the hybrid ECU 60 also calculates é slip ratio from the
difference between the front wheel rotation speed and the rear wheel rotation speed.
When the front wheel rotation speed is greater than the rear wheel rotation speed, the
quotient of the front wheel rotation speed divided by the rear wheel rotation speed
becomes the front wheel slip ratio. When the rear wheel rotation speed is greater than
the front wheel rotation speed, the quotient of the rear wheel rotation speed divided by
the rotation speed of the front wheels 48f becomes the rear wheel slip ratio. Hereinafter,
the front Wﬁeel slip ratio and the rear wheel slip ratio will simply be referred to as “slip
ratio”. The slip ratio may be calculated by another electronic control unit, not shown,
and the calculation results may be input to the hybrid ECU 60.

[0034] Further, the hybrid vehicle 1 is also provided with gradient detecting
means 66 for detecting a gradient of the road under the vehicle 1. This gradient
detecting means 66 outputs a signal indicative of the road gradient to the hybrid ECU 60.
A sensor, not shown, that can detect acceleration of the vehicle 1 may output a signal
indicative of acceleration in the longitudinal direction of the vehicle to the hybrid ECU
60 which may then estimate the road gradient based on the acceleration signal when the
vehicle is stopped.

[0035] As described above, the hybrid ECU 60 inputs or calculates the control
variables related to vehicle running, such as the vehicle speed, the road gradient, and the
slip ratio. Then based on these control variables, the hybrid ECU 60 switches between
two-wheel drive in which only either the front wheels 48f or the rear wheels 48r are
driven and four-wheel drive in which both the front wheels 48f and the rear wheels 48r
are driven. The hybrid ECU 60 switches between two-wheel drive and four-wheel drive
by determining whether the running state of the vehicle 1 corresponds to a two-wheel

drive operating region or a four-wheel drive operating region based on the values of the
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control variables related to running. The condition for switching between two-wheel
drive and four-wheel drive (hereinafter referred to as “four-wheel drive condition™)
includes a plurality of predetermined conditions. Each condition is defined by the
relationship between a control variable relating to running that was either received by the
hybrid ECU 60 or calculated by the hybrid ECU 60 and a predetermined threshold value,
i.e., a control constant, which was set in advance. The control constant is stored in
ROM 60a of the hybrid ECU 60 beforehand.

[0036] Hereinafter, the method for setting the four-wheel drive condition of
this example embodiment, i.e., the control constant that makes up that condition, will be
described with reference to FIG. 2. FIG. 2 is a flowchart illustrating control for setting
the four-wheel drive condition, which is executed by the hybrid ECU 60. In this
example embodiment, when the EV switch 64 is turned on, the control constant of the
four-wheel drive condition changes so that the region in which the vehicle operates in
four-wheel drive (i.e., the four-wheel drive operating region) becomes smaller.

[0037] First, the hybrid ECU 60 inputs control variables related to vehicle
running from the various sensors and electronic control units described above (step S100).
In addition to the vehicle speed, road gradient, and slip ratio, the control variables also
include information relating to, for example, the SOC of the secondary battery 56, the
required driving force, and whether the EV switch 64 is on or off.

[0038] The hybrid ECU 60 then determines whether the EV switch 64 is on
(step S102). If an occupant of the vehicle has turned the EV switch 64 on, the process
continues on to step S110. If, on the other hand, the EV switch 64 has not been turned
on, i.e., is off, or the hybrid ECU 60 has automatically turned the EV switch 64 off due to
a low SOC of the secondary battery 56 regardless of whether it was originally turned on
by the occupant, the process proceeds on to stei) S104.

[0039] When the EV switch 64 is off, the hybrid vehicle 1 runs in a “normal
driving mode” (step S104). The “normal driving mode” in this case includes the engine
driving mode in which only the internal combustion engine 10 is selected and used as the

power source, the HV driving mode in which the internal combustion engine 10 and the
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electric motors (MG1, MG2, MG3) are used together as the power source, and the
automatic EV driving mode in which only the electric motors (MG1, MG2, MG3) are
selected and used as the power source due to the hybrid ECU 60 switching modes
automatically, i.e., this mode is not initiated by the occupant turning the EV switch on.
The hybrid ECU 60 automatically switches between these modes successively depending
on the SOC of the secondary battery 56 and the required driving force.

[0040] At this time, the hybrid ECU 60 sets the four-wheel drive condition to a
“normal four-wheel drive condition” (step S106). This normal four-wheel drive
condition includes both a condition that the slip ratio (a control variable) be equal to or
greater than a determining slip ratio (control constant), which is a predetermined
threshold value, of 0.05, and a condition that the road gradient (a control variable) when
the vehicle takes off from a standstill on a hill be equal to or greater than a deterﬁlining
road gradient, which is a predetermined threshold value, of 6 degrees and the vehicle
speed (a control variable) be equal to or less than a determining vehicle speed (a control
Variabie), which is a predetermined threshold value, of 25 km/h. When at least one of
these conditions is satisfied, the hybrid ECU 60 performs control to drive both the front
wheels 48f and the rear wheels 48r such that the hybrid vehicle 1 operates in four-wheel
drive.

[0041] If, on the other hand, it is determined in step S102 that the EV switch
64 is on, then the hybrid vehicle 1 runs in the selected EV driving mode (step S110).
The hybrid vehicle 1 continues to run in the selected EV driving mode until the SOC of
the secondary battefy 56 drops to‘equal to or less than a predetermined value or unless
power that is greater than can be achieved in the EV driving mode is required.

[0042] In this case, it is determined whether the four-wheel drive condition
should be changed from the normal four-wheel drive condition to a “fuel consumption
emphasizing four-wheel drive” which will be described later (step S112). For example,
when the slip ratio is equal to or greater than 0.07 or when the gradient of the road on
which the vehicle is traveling is equal to or greater than 7 degrees, the condition is

prohibited from changing from the normal four-wheel drive condition to the fuel
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consumption emphasizing four-wheel drive condition and the process proceeds on to step
S116. In any other case, however, the change in the four-wheel drive condition is
allowed and the process proceeds on to step S114.

[0043] In step S114, the hybrid ECU 60 sets the four-wheel drive condition to
the fuel consumption emphasizing four-wheel drive condition (step S114). This fuel
consumption emphasizing four-wheel drive condition includes, for example, a condition
that the slip ratio be equal to or greater than a determining slip ratio, which is a
predetermined threshold value, of 0.10, and a condition that the road gradient when the
vehicle is taking off from a standstill on a hill be equal to or greater than a determining/
road gradient, which is a predetermined threshold value, of 8 degrees and the vehicle
speed be 5 km/h or less. In this fuel consumption emphasizing four-wheel drive
condition, the determining slip ratio and the determining road gradient at which the mode
is switched from two-wheel drive to four-wheel drive are set at higher values than they
are in the normal four-wheel drive condition. In addition, the determining vehicle speed
at which the mode is switched from four-wheel drive to two-wheel c.lrive when taking off
from a standstill on a hill is set to a lower value than it is in the normal four-wheel drive
condition.

[0044] By changing the condition to this kind of fuel consumption
emphasizing four-wheel drive condition, with the vehicle 1 that is operating in two-wheel

drive, even if the values of the control variables such as the slip ratio and the road

~ gradient increase due to a change in the running state, it is more difficult to reach the

determining slip ratio and the determining road gradient so the vehicle 1 does not switch
into four-wheel drive as readily as it does in the normal four-wheel drive condition. In
addition, with the vehicle 1 that was operating in four-wheel drive when taking off from a
standstiil on a hill, if the vehicle speed is increased, it is easier to reach the determining
vehicle speed and thus easier to return to two-wheel drive from four-wheel drive in the
fuel consumption emphasizing four-wheel drive condition than it is in the normal
four-wheel drive condition. That is, the fuel consumption emphasizing four-wheel drive

condition changes the values of the control constants that make up the four-wheel drive
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condition compared with the ‘normal four-wheel drive condition to reduce the region in
which the vehicle 1 operates in four-wheel drive and proportionately increase the region
in which the vehicle 1 operates in two-wheel drive.

[0045] Meanwhile in step 3116, the hybrid ECU 60 sets the four-wheel drive
condition to the normal four-wheel drive condition, just as it does when the EV switch 64
is off. This prevents the vehicle that was operating in four-wheel drive from suddenly
switching to two-wheel drive due to the four-wheel drive condition changing from the
normal four-wheel drive condition to the fuel consumption emphasizing four-wheel drive
condition when the EV switch 64 is turned on while running with a high slip ratio or
traveling someplace where the road gradient is steep. As a result, it is possible prevent
the drivability from being adversely affected by a change in the four-wheel drive
condition when the EV switch 64 has been turned on.

[0046] In the foregoing example embodiment, the four-wheel drive condition
is changed to decrease the region in which the vehicle 1 operates in four-wheel drive
when the EV switch 64 is on as compared to when that EV switch 64 is off. When the
EV switch 64 is on, i.e., when the vehicle 1 is running in the selected EV driving mode
that was selected by an occupant of the vehicle 1 operating the EV switch 64, the region
in which the vehicle is operated in four-wheel drive is reduced compared to when the
vehicle is trziveling normally, and the region in which the vehicle is operated in
two-wheel drive is increased proportionately. By changing the four-wheel drive
condition in this manner, the frequency with which the vehicle 1 operates in two-wheel
drive increases, thereby reducing power consumption in the selected EV driving mode.
As a result, the cruising distance in the selected EV driving mode can be increased.

[0047] In this example embodiment, the four-wheel drive condition is changed
by changing the values of the control constants such as the determining slip ratio, the
determining road gradient, and the determining vehicle speed. The invention is not
limited to this, however, as long as the four-wheel drive condition is changed such that
the region in which the vehicle operates in four-wheel drive is reduced. For example,

the region in which the vehicle operates in four-wheel drive may be reduced by changing
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the actual type of parameter that makes up the four-wheel drive condition.

[0048] Also in the foregoing example embodiment, the condition for
determining whether to change the four-wheel drive condition (hereinafter referred to as
“condition change determination”) is determined by the slip ratio and the road gradient
while the vehicle is running. The condition change determination is not limited to this
condition, however, as long as the four-wheel drive condition is prohibited from changing
when the drive method attempts to change to two-wheel drive at the moment when the
four-wheel drive condition changes to the fuel consumption emphasizing four-wheel
drive condition when the EV switch 64 has been turned on. For example, when the EV
switch is turned on while the vehicle is operating in four-wheel drive, the change in the
four-wheel drive condition may be deferred until after the running state of the vehicle
changes and the vehicle has switched from four-wheel drive according to the normal
four-wheel drive condition to two-wheel drive.

[0049] While the invention has been described with reference to exemplary
embodiments thereof, it is to be understood that the invention is not limited to the
exemplary embodiments or constructions. To the contrary, the invention is intended to
cover various modifications and equivalent arrangements. In addition, while the various
elements of the exemplary embodiments are shown in various combinations and
configurations, which are exemplary, other combinations and configurations, including

more, less or only a single element, are also within the spirit and scope of the invention.
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CLAIMS:
1. A hybrid vehicle including an internal combustion engine as a first power
source;

an electric motor as a second power source which drives front wheels and rear
wheels independently from each other;

four-wheel drive condition setting means for setting a four-wheel drive condition
which is a condition for switching from two-wheel drive in which 6ne set of wheels, from
among the front wheels and the rear wheels, is driven to four-wheel drive in which both
the front wheels and the rear wheels are driven; and

an EV switch which, when turned on by an occupant of the vehicle, places the
vehicle in an EV driving mode in which only the electric motor is used as the power
source, characterised in that:

the four-wheel drive condition setting means changes the four-wheel drive
condition to reduce a region in which the vehicle operates in four-wheel drive when the

EV switch is on as compared to when the EV switch is off.

2. The hybrid vehicle according to claim 1, wherein the four-wheel drive condition
includes a condition that a slip ratio calculated by the difference in rotation .speeds
between the front wheels and the rear wheels be equai to or greater than a determining -
slip ratio which is a predetermined threshold value; and the four-wheel drive condition
setting means sets the determining slip ratio to a higher value when the EV switch is on

than when the EV switch is off.

3. The hybrid vehicle according to claim 1 or 2, wherein the four-wheel drive
condition includes a condition that, when the vehicle is taking off from a standstill, a road
gradient at that time be equal to or greater than a determining road gradient which is a
predetermined threshold value, and a condition that a speed of the vehicle be equal to or

less than a determining vehicle speed which is a predetermined threshold value; and the
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four-wheel drive condition setting means sets the determining road gradient to a higher
value and sets the determining vehicle speed to a lower value when the EV switch is on

than when the EV switch is off.

4. The hybrid vehicle according to any one of claims 1 to 3, wherein the four-wheel
drive condition setting means has condition change determining means for determining
whether the four-wheel drive condition when the EV switch is off should be changed to
the four-wheel drive condition when the EV switch is on; and the condition change
determining means prohibits the four-wheel drive condition from being changed when the
slip ratio is equal to or greater than the predetermined threshold value or when the road

gradient is equal to or greater than the predetermined threshold value.

5. A control method of a hybrid vehicle which is provided with an internal
combustion engine and an electric motor as power sources and in which front wheels and
rear wheels are driven independently from each other by the electric motor, characterised
by comprising the steps of:

determining whether an EV switch which, when turned on by an occupant of the
vehicle, places the vehicle in an EV driving mode in which only the electric motor is used
as the power source, is turned on; and

changing a four-wheel drive condition, which is a condition for switching from
two-wheel dﬁvc in which one set of wheels, from among the front wheels and the rear
wheels, is driven to four-wheel drive in which both the front wheels and the rear wheels
are driven, to reduce a region in which the vehicle operates in four-wheel drive when the

EV switch is on as compared to when the EV switch is off.

6. A hybrid vehicle comprising:
an internal combustion engine as a first power source;
an electric motor as a second power source which drives front wheels and rear

wheels independently from each other;
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an EV switch which, when turned on by an occupant of the vehicle, places the
vehicle in an EV driving mode in which only the electric motor is used as the power
source; and

a four-wheel drive condition setting device which sets a four-wheel drive
condition, which is a condition for switching from two-wheel drive in which one set of
wheels, from among the front wheels and the rear wheels, is driven to four-wheel drive in
which both the front wheels and the rear wheels are driven, to reduce a region in which
the vehicle operates in four-wheel drive when the EV switch is on as compared to when

the EV switch is off.
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