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APPARATUS AND METHOD FOR CONTROLLING HYBRID VEHICLE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from Japanese Patent Application No. 2010-

164192, filed July 21, 2010, which is herein incorporated by reference in its entirety.
TECHNICAL FIELD

[0002] The present invention relates to an apparatus and method for controlling a

hybfid vehicle provided with a hybrid vehicle mode (hereinafter, also referred to as an HEV

mode) and an electric vehicle mode (hereinafter, also referred to as an EV mode) as traveling

modes and that executes a méde transition between the HEV mode and the EV mode.
BACKGROUND

[0003] Japanese Patent Application Publication No. 2009-234565 (Which corresponds

to United States Patent Application Publication No. US2010/0312427) exemplifies a
previously proposed mode transition control apparatus for a hybrid vehicle in which mode
transition from the HEV mode to the EV mode is deferred for a prescribed time by estimating
that, as a speed for an accelerator to be returned toward zero (release) position during the
HEV mode becomes faster, a frequency of subsequent re-depression operations of the

accelerator is high.
BRIEF SUMMARY

[0004] In the previously proposed mode transition control apparatus, mode transition
from the HEV mode to the EV mode is delayed oﬁly when accelerator return speed AAPO is
fast during traveling in the HEV mode. Therefore, during the HEV mode while traveling in a
high vehicle speed area, mode transition to the EV mode is immediately carried out in
response to a slow accelerator return operation. Thereafter, mode transition to the. HEV mode
is again carried out when an insufficient driving force is brought out in the EV mode. Under
“such conditions, a hunting of engine start and stop occurs. In addition, if traveling during the
HEV mode in a low vehicle speed area in which mode transition to the EV mode is desired to
be carried out at an early timing, and accelerator return speed AAPO is fast, mode transition
to the EV mode is delayed, worseﬁing fuel consumption.
[0005] It is, therefore, an object of the present invention to provide an apparatus for

controlling a hybrid vehicle that can achieve compatibility between prevention of hunting of
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the engine start and stop and improvement of the fuel consumption (a fuel economy) while
traveling with mode transitions.

[0006] To achieve the above-described object, embodiments of an apparatus for
controlling a hybrid vehicle can comprise an engine, a motor-generator, mode switching
means or device and mode transition control means.

[0007] The motor-generator is disposed in a drive system that extends from the
engine to a driving wheel for performing a start of the engine and a drive for the driving
wheel based on a motor acceleration and a power generation according to a regeneration
driven by the driving wheel.

[0008] The mode switching means is disposed in a linkage section between the engine
and the motor-generator for switching between the hybrid vehicle mode, in which the hybrid
vehicle is powered by both the engine and the motor-generator, and the electric vehicle mode,
in which the hybrid vehicle is powered by the motor-generator.

[0009] The mode transition control means introduces a delay into a period extending
from a time at which an engine stop allowance (or permission) condition is established to a
time at which the mode transition is initiated when the mode transition from the hybrid
vehicle mode to the electric vehicle mode is effected based on whether the vehicle is
operating in a high vehicle speed area or is operating in another vehicle speed area.

[0010] During HEV mode traveling in the high vehicle speed area, the mode
transition control means implements a delay time from the time at which the engine stop
allowance condition is established to the time at which the mode transition is initiated when
the mode transition from the hybrid vehicle mode to the electric vehicle mode is effected.
[0011] For example, suppose a case where, even if the engine stop allowance
condition is established in the hybrid vehicle mode traveling in the high vehicle speed area,
the accelerator depression operation is carried out during the delay time and the engine stop
allowance condition becomes, in turn, un-established. In this case, the hybrid vehicle mode is
continued. Hence, the mode transition to the electric vehicle mode is delayed on condition
that the vehicle travels in the high vehicle speed area, irrespective of the accelerator operation,
so that hunting of the engine start and stop can be prevented.

[0012] On the other hand, the mode transition control means performs control to
initiate the mode transition from the hybrid vehicle mode to the electric vehicle mode without
delay when the engine stop allowance condition is established during traveling in a low

vehicle speed area.
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[0013] For example, if the mode transition from the electric vehicle mode is
immediately carried out during traveling in the low vehicle speed area, the frequency of
holdings in the hybrid vehicle mode is decreased as compared with a case where the mode
transition with delay is carried out. In addition, since an engine friction is separated in the
electric vehicle mode after the mode transition, regenerative energy is increased as compared
with regeneration in the hybrid vehicle mode. Therefore, fuel consumption (fuel economy)
can be improved when the mode transition to the electric vehicle mode is effected without
delay with the low vehicle speed area traveling as a condition.

[0014] Consequently, compatibility between the prevention of hunting of the engine
start and stop and the improvement in fuel consufnption can be achieved at the time of the

vehicular runs with mode transitions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The description herein makes reference to the accompanying drawings

wherein like reference numerals refer to like parts throughout the several views, and wherein:
[0016] FIG. 1 is a schematic view of a power train of a hybrid vehicle to which
embodiments of a control apparatus taught herein can be applied;

[0017] FIG. 2 is a schematic view of a control system according to certain
embodiments of the invention;

[0018] FIG. 3 is a block diagram of one embodiment of an integrated controller

according to FIG. 2;

[0019] FIG. 4A is a steady-state target torque map for use in the control system

accordingly to FIG. 2; »

[0020] FIG. 4B is a MG assistance torque map for use in the control system according
" to FIG. 2;

[0021] FIG. 5 is a map representing engine start and stop lines used in the control

system according to FIG. 2;

[0022] FIG. 6 is a graph representing a power generation output required during
travel; '
[0023] FIG. 7 is a graph representing an optimum fuel consumption line used in the

control system according to FIG. 2;

[0024] FIG. 8 is a shift map showing one example of gear shift lines in an automatic

transmission according to FIG. 1;
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[0025] FIG. 9 is a flowchart of a mode transition control process executed by the
integrated controller according to FIG. 3;

[0026] FIG. 10 is a graph representing an EV traveling enabling torque in a motor-
generator in an embodiment of the invention;

[0027] FIG. 11 is a map used to explain a delay time set for a mode transition from
the_HEV mode to the EV mode in mode transition control in an embodiment;

[0028] FIG. 12 is a map used to explain the delay time set for the mode transition
from the HEV mode to the EV mode in mode transition control in an embodiment; and
[0029] FIG. 13 is a timing chart of a traveling example in which the mode transition

control of FIGS. 11 and 12 occurs.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0030] FIG. 1 shows a configuration view of a power train representing the power

train of a hybrid vehicle to which a control apparatus in certain embodiments of the invention
is applicable. FIG. 1 includes an engine 1, a motor-generator 2, an automatic transmission 3,
a first clutch 4 (also called mode switching means), a second clutch 5, a differential gear 6
and tire (or driving) wheels 7.

[0031] The power train configuration includes engine 1, motor-generator 2 and two
(first and second) clutches 4, 5.

[0032] An output shaft of engine 1 is coupled with an input shaft of motor-generator 2
(abbreviated as MG) via first clutch 4 (abbreviated as CL1), whose torque capacity is variable.
An output shaft of motor-generator 2 is coupled with an input shaft of automatic transmission
3 (abbreviated as AT). An output shaft of automatic transmission 3 is coupled with tire
wheels 7 via differential gear 6.

[0033] An engagement element of torque capacity variable clutches and brakes that
play a role of different power transmissions within automatic transmission 3 in accordance
with its shift state is used for second clutch 4 (abbreviated as CL2). Thus, automatic
transmission 3 synthesizes the power of engine 1 inputted via first clutch 4 and the power
inputted from motor-generator 2 and outputs the synthesized power to tire wheels 7.

[0034] First clutch 4 and second clutch 5, for example, may be a wet-type multiple
plate clutch that can continuously control an oil flow quantity and a hydraulic pressure by
means of a proportional solenoid. This power train (drive system) has two driving (traveling)
modes in accordance with a connection state of first clutch 4, namely, an EV mode in which

the vehicle travels only with power of motor-generator 2 in a disconnection (release) state of
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first clutch 4, and an HEV mode in which the vehicle travels with power of both of engine 1
and motor-generator 2 in a connection (engagement) state of first clutch 4.

[0035] Various sensors for this power train include an engine speed sensor 10 that
detects a revolution speed of engine 1, an MG revolution sensor 11 that detects a revolution
speed of motor-generator 2, an AT input revolution sensor 12 that detects an input shaft
revolution speed of automatic transmission 3 and an AT revolution speed sensor 13 that
detects an output shaft revolution speed of automatic transmission 3.

[0036] FIG. 2 shows a control system configuration view of the hybrid vehicle to
which the control apparatus in the preferred embodiment is applicable. The control system
configuration will, hereinafter, be described on a basis of FIG. 2.

[0037] As shown in FIG. 2, a control system (or control apparatus) according to
certain embodiments of the invention includes an integrated controller 20, an engine
controller 21, a motor controller 22, an inverter 8, a battery 9, a solenoid valve 14, a solenoid
valve 15, an accelerator opening angle sensor 17, a brake hydraulic pressure sensor 23 and an
SOC sensor 16.

[0038] Integrated controller 20 integrally controls an operating point of the power
train (the drive system). This integrated controller 20 selects a driving mode that can realize
the driving force that a vehicle driver desires in accordance with accelerator opening angle
APO, a battery charge state SOC and a vehicle speed VSP (which is proportional to the
output shaft revolution speed of the automatic transmission). Then, integrated controller 20
issues a target MG torque or a target MG revolution speed to motor controller 22, a target
engine torque to engine controller 21 and a drive signal to each or either of solenoid valves
14, 15.

[0039] Engine controller 21 controls engine 1. Motor controller 22 controls motor-
generator 2. Inverter 8 drives motor-generator 2. Battery 9 stores electrical energy. Solenoid
valve 14 controls the hydraulic pressure of first clutch 4. Solenoid valve 15 controls the
hydraulic pressure of second clutch 5. Accelerator opening angle sensor 17 detects
accelerator opening angle APO. Brake hydraulic pressure sensor 23 detects a brake hyaraulic
pressure BPS. SOC sensor 16 detects a charge state of battery 9.

[0040] FIG. 3 shows a block diagram representing integrated controller 20 in an
embodiment. Integrated controller 2 and the other controllers described herein generally
consist of a respective microcomputer including central processing unit (CPU), input and
output ports (I/O) receiving certain data described herein, random access memory (RAM),

keep alive memory (KAM), a common data bus and read only memory (ROM) as an
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electronic storage medium for executable programs and certain stored values as discussed
herein. The functional (or processing) sections of the integrated controller 10 described
herein (and the other controllers where appropriate) could be, for example, implemented in
software as the executable programs, or could be implemented in whole or in part by separate
hardware in the form of one or more integrated circuits (IC). Integrated controller 10 can be
an engine control unit (ECU) as known in the art programmed as described herein. Other
controllers described herein can be similarly structured. Also, although multiple controllers
are shown, fewer or more are possible.

[0041] ~Integrated controller 20 includes a target drive torque calculation section 100,
a mode selection section 200, a target power generation output calculation section 300, an
operating point command section 400 and a shift control section 500.

[0042] Target drive torque calculation section 100 calculates a target steady state
drive torque and a MG assistance torque from accelerator opening angle APO and vehicle
speed VSP using the target steady state drive torque map shown in FIG. 4A and the MG
assistance torque map shown in FIG. 4B, respectively. In the maps shown by example in
FIGS. 4A and 4B, vehicle speed VSP is represented on the horizontal axis as revolutions.
[0043] Mode selection-section 200 calculates the desired driving mode of HEV mode
or EV mode using an engine start-and-stop line map set according to accelerator opening
angle APO for each vehicle speed shown by example in FIG. 5. The engine start line and the
engine stop line are set such that, as battery SOC becomes lower, they are reduced in a
direction in which accelerator opening angle APO becomes small. As represented by the
characteristics of the engine start lines (high SOC, low SOC) and the engine stop lines (high
SOC, low SOC), engine start/stop varies with battery SOC (state of charge).

[0044] It should herein be noted that, in an engine start process, integrated controller
20 controls a torque capacity of second clutch 5 such that second clutch 5 is slipped at a time
point at which accelerator opening angle APO exceeds the engine start line shown in FIG. 5
in the EV mode state. Then, after a determination that second clutch 5 has started the slip,
engagement of first clutch 4 is initiated to raise the engine revolutions. If the engine
revolutions have reached a revolution speed at which engine 1 can be in an initial explosion
state, engine 1 is in a combustion state. When the motor revolution speed and the engine
speed become close to each other, first clutch 4 is completely engaged. Thereafter, second
clutch 5 is locked up, and the mode transition to the HEV mode is carried out.

[0045] Target power generation output calculation section 300 calculates a target

power generation output from battery SOC using a power generation output required during
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travel map shown by example in FIG. 6. In addition, target power generation output
calculation section 300 calculates an output required to increase an engine torque from its
existing operating point to an optimum fuel consumption line shown in FIG. 7, for example,
and compares the calculated required output with the target power generation output. Then,
target power generation output calculation section 300 adds the lesser of the two compared
output values to the engine output.

[0046] - Operating point command section 400 receives accelerator opening angle
APO, the target steady state torque, the target MG assistance torque, the target driving mode,
vehicle speed VSP and the required power generation output. Then, operating point command
section 400 calculates a transient target engine torque, a target MG torque, a target CL2
torque capacity, a target gear shift ratio and a CL1 solenoid current command.

[0047] Shift control section 500 drivingly controls the solenoid valves within
automatic transmission 3 to achieve the target CL2 torque capacity and the target gear shift
ratio. FIG. 8 shows one example of a shift line map used in the gear shift control. Shift
control section 500 determines to which stage the vehicle should be shifted from the present
shift stage using vehicle speed VSP and accelerator opening angle APO in the shift line map
and performs a gear shift to the subsequent stage by controlling a shift clutch if a shift request
oceurs. |

[0048] FIG. 9 shows a flowchart of a mode transition control process executed in
integrated controller 20 in an embodiment of the invention. In first step S1,

[0049] In first step S1, integrated controller 20 calculates vehicle speed VSP,
accelerator opening angle APO and battery SOC.

[0050] Next, integrated controller 20 determines whether the traveling mode presently
selected is the HEV mode or not in step S2. If Yes (HEV mode is selected), the routine goes
to step S7. If No (EV mode is selected), the routine goes to step S3.

[0051] At step S3, integrated controller 20 determines an engine start line
characteristic in FIG. 5 according to the battery SOC. Then, based on the engine start line
characteristic and vehicle speed VSP, an engine start allowance opening angle is calculated
and the routine goes to step S4. The engine start allowance opening angle is the angle
accelerator opening angle APO muSt meet or exceed in order to start engine 1 for HEV mode.
[0052] After this calculation, integrated controller 20 determines whether accelerator
opening angle APO is equal to or larger (wider) than the calculated engiﬁe start allowance
opening angle in step S4. If APO is equal to or largef than the engine start allowance

opening angle, the routine goes to step S6 to perform mode transition from the EV mode to
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the HEV mode with a passage of the engine start control. If APO is less than engine start
allowance opening angle, the routine goes to step S5 to continue operation in the EV mode.
The routine goes to a return whether step S5 or S6 is performed.

[0053] Returning to step S2, after a determinatioh that the HEV mode is selected,
integrated controller 20 determines the engine stop line characteristic in FIG. 5 according to
battery SOC in step S7. Then, integrated controller 20 calculates an engine stop allowance
opening angle based on the engine stop line characteristic and vehicle speed VSP and the
routine goes to step S8. The engine stop allowance opening angle is the angle accelerator
opening angle APO must be no higher than in order to stop engine 1 for EV mode.

[0054] At step S8, integrated controller 20 determines whether accelerator

opening angle APO is equal to or smaller (narrower) than the calculated engine stop
allowance opening angle. If APO is equal to or smaller than the engine stop

allowance opening angle, the routine goes to step S10. Otherwise (APO > the engine

stop allowance opening angle), the routine goes to step S9 to continue operation in the
HEV mode and proceed to return.

[0055] In APO is less than or equal to the engine stop allowance opening angle,
integrated controller 20 determines whether a range position selected at automatic
transmission 3 is a R range (reverse speed) in step S10.

[0056] If the response at step S10 is yes (meaning that the range selection is the R
range), integrated controller 20 sets a delay time from a time at which an engine stop
allowance condition is established (namely, APO = engine stop allowance opening angle in
step S8) to a time at which the mode transition to the EV mode is initiated in step S11. It
should be noted that the delay time established given the R range selection is a long fixed
time without regard to the magnitude of the vehicle speed.

[0057] In contrast, if the response at step S12 is no (meaning that the range selection
is other than the R range, integrated controller 20 calculates the delay time from the time at
which the engine stop allowance condition is established (step S8) to the time at which the
mode transition to the EV mode is initiated from the vehicle speed in step S12.

[0058] As shown in FIG. 11 and FIG. 12, the delay time when any one of the ranges
other than the R range (for example, a D range) is selected is calculated as a time that
becomes longer as the vehicle speed becomes higher in a high vehicle speed area than a
vehicle speed threshold value (or a criterion vehicle speed). Then, the vehicle speed

threshold value is set to the vehicle speed equal to or higher than a vehicle speed at which a
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constant speed (also called a cruise) run in the EV mode can be made or to the vehicle speed
equal to or higher than a vehicle speed at which constant acceleration can be carried out from
a constant speed run in the EV mode. It should be noted that the vehicle speed threshold
value in a preferred embodiment is set to the vehicle speed when the engine stop line is
placed at a position above an accelerator opening angle line at which the constant speed run
can be made at each vehicle speed as shown in FIG. 12, but the vehicle speed threshold value
can be set to the vehicle speed when the engine stop line is placed at a position above an
accelerator openiﬁg angle line at which constant acceleration can be carried out as shown in
FIG. 11.

[0059] After setting of the delay time in step S11 or in step S12, integrated controller
20 initiates a count by means of a timer to measure a time of the timer in step S13.

[0060] In next step S14, integrated controller 20 determines whether the timer time
measured from the time at which the engine stop allowance condition is established (at step
S8) is equal to or greater than the delay time set at step S11 or calculated at step S12. If the
response to the query of step S14 is No (timer time < delay time), the routine goes to step S9
to continue operating in the HEV mode and then proceeds to return.

[0061] If the response to the query of step S14 is Yes (timer time > delay time), the
routine goes to step S15, where integrated controller 20 initiates mode transition from the
HEV mode to the EV mode. Specifically, integrated controller 20 determines the
engagement states of first and second clutches 4, 5 and initiates a fuel cutoff to engine 1 with
the vehicular state and driving situation of the driver as parameters. Preferably, after an
engagement torque capacity of second clutch 5 is reduced in such a way that a shock along
with the engine stop can be absorbed, the supply of fuel to engine 1 is stopped and, finally,
first clutch 4 is opened (released). After this mode transition of step S15, the routine
proceeds to return.

[0062] Next, operation of the embodiment described above is made by dividing the
operations into various actions as described below. First, an explanation of an assumed
comparative example is made.

[0063] In the comparative example, mode transition control in which the transition
from the HEV mode to the EV mode is deferred for a prescribed time is performed by
estimating that, as accelerator return speed AAPO becomes faster during HEV mode traveling,
the frequency of subsequent re-depressions on the accelerator becomes increased.

[0064] However, even when accelerator return speed AAPO is small, it may often be

‘better to elongate the travel in the HEV mode when the accelerator is returned toward zero
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position in the high vehicle speed area. For example, since, the motor revolution speed is
high in the high vehicle speed area and it is necessary to secure the engine start torque during
the traveling in the EV mode in the hybrid vehicle of one-motor-and-two-clutch system
configuration as in the case of the illustrated embodiment, the motor torque used for the drive
during the traveling in the EV mode becomes reduced. Therefore, a traveling region in which
the vehicle travels in the EV mode becdmes narrowed, and, in the high vehicle speed area, a
driving force needed to obtain the constant cruise speed cannot be achieved when traveling in
the EV mode.

[0065] In other words, in the one-motor-and-two-clutch configured hybrid vehicle, it
is necessary to leave the motor torque required for the engine start during the traveling in the
EV mode as shown in FIG. 10. Then, in the region in which the motor revolution speed is
high, a motor maximum torque is decreased. Hence, a torque (EV enabling torque upper
limit), which is a subtraction of the engine start torque from the motor maximum torque,
becomes reduced.

[0066] In such a case, there is a request to transit the mode to the EV mode when the
accelerator is in an OFF state (the driver releases the accelerator) in order to improve the fuel
consumption in the high vehicle speed area (if, during deceleration, first clutch CLI is
released to separate an engine friction, regeneration energy is increased to improve the fuel
consumption). On the other hand, when the mode transition to the EV mode is allowed during
the accelerator OFF state in the high vehicle speed area in order to improve the fuel
consumption, the traveling region in the EV mode becomes narrowed as described above.
Hence, it is necessary to perform the mode transition to the HEV mode with an immediate
start of the engine if the driver tries to make the constant speed run. In addition, in the high
speed range, the frequency of such constant speed runs is high. However, few drivers drive a
vehicle with the accelerator opening angle constant. Many more drivers drive with repetitive
accelerator releases and depressions.

[0067] Hence, in the high vehicle speed area, it is necessary to delay the mode
transition for the prescribed time when the mode transition from the HEV mode to the EV
mode is effected irrespective of the accelerator OFF or irrespective of accelerator return
speed AAPO. However, the mode transition to the EV mode cannot be delayed only when
accelerator return speed AAPO is fast in the comparative example. As a result, hunting of
engine start-and-stop occurs.

[0068] In contrast, even though accelerator return speed AAPO value is large, it may

often be better to effect the mode transition from the HEV mode to the EV mode as early as
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possible. Since the motof revolution is low in the low vehicle speed area in contrast to that in
the high vehicle speed area, sufficient EV driving force can be secured even though the
engine start torque has been secured. Therefore, one can set the accelerator opening angle
through which the mode transition to the EV mode is carried out to be large (wide). In this
case, even though an immediate mode transition to the EV mode is carried out when
accelerator return speed AAPQ is large, hunting of the engine start-and-stop has difficultly
occurring.

[0069] However, in the comparative example, in a case where accelerator return
speed AAPO is large, the mode transition to the EV mode is delayed for the prescribed time.
Hence, the frequency of the traveling in the HEV mode is increased and the fuel consumption
becomes accordingly worsened. In addition, if a regeneration of power is carried out in the
HEV mode, the regenerative energy is decreased due to the energy consumption
corresponding to the engine friction. Worsening of fuel consumption is introduced. -

[0070] In contrast to the comparative examplé, embodiments described herein set a
delay time irrespective of a returning speed of the accelerator (accelerator return speed
AAPO). For example, an embodiment herein performs a mode transition control action from
the EV mode to the HEV mode as follows with reference to FIG. 9.

[0071] During EV mode traveling where the engine start allowance condition is not
established, the flow of steps from step S1 — step S2 — step S3 — step S4 — step S5 to
return is repeated so that the EV mode is continued.

[0072] In EV mode traveling, when the engine start allowance condition is
esfablished by carrying out an accelerator depression operation or so forth, the flow of steps
from step S1 — step S2 — step S3 — step S4 — step S6 to return is repeated. At step S6, if
the engine start allowance condition is established, the mode transition from the EV mode to
the HEV mode is immediately initiated without time waiting along with the engine start
control described above.

[0073] In the way described above, when the accelerator depression operation is
carried out during the traveling in the EV mode or when battery SOC is lowered so that the
engine start allowance condition is established, even with the accelerator maintained in a
depression state, the mode transition from the EV mode to the HEV mode is immediately
carried out. Hence, the control apparatus in the embodiment can sufficiently respond to the

request for driving force by the driver and to the charge request to charge battery 9.
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[0074] As shown with reference to FIG. 9, the present embodiment also performs a
mode transition control action from the HEV mode to the EV mode at a time of high vehicle
speed forward travel.

[0075] Specifically, when the engine stop allowance condition is not established
during the HEV mode forward travel, the flow of steps from step S1 — step S2 — step S7 —
step S8 — step S9 to return is repeated so that the HEV mode is continued.

[0076] In contrast, at the time of the HEV mode forward travel and where the engine
stop allowance condition is established, the flow of steps from step S1 — step S2 — step S7
— step S8 — step S10 — step S12 is performed. At step S12, in a case where the traveling
vehicle speed is in the high vehicle speed area equal to or above the vehicle speed threshold
value, a longer delay time is calculated as the vehicle speed becomes higher. Hence, until the
calculated delay time lapses, the flow of steps from step S12 — step S13 — step S14 — step
S9 to return is repeated so that the HEV mode is continued.

[0077] Thereafter, when the calculated delay time has expired, the flow of steps from
step S13 — step S14 — step S15 is carried out. Then, at step S15, the mode transition from
the HEV mode to the EV mode is initiated at a timing delayed by the delay time from a time
at which the engine stop allowance condition is established. It should be noted that, in the
delay time, repetitive determinations of whether the engine stop allowance condition is
established or not are made. As a result, for example, in a case where an accelerator
operation is carried out during the delay time, the engine stop allowance condition is not met
and, thus, the HEV mode is continued.

[0078] In this way, in this embodiment, mode transition control is based on the engine
stop allowance condition (a mode transition allowance condition from the HEV mode to the
EV mode) set according to accelerator opening angle APO and a motor characteristic. Then,
when the mode transition from the HEV mode to the EV mode is carried out, the time from a
time at which the engine stop allowance condition is established to the time at which the
mode transition is initiated, in the high vehicle speed area, is set to be longer than that set in
another vehicle speed area. Hence, the problem in the comparative example where the
traveling region in which the vehicle travels in the EV mode is narrowed is solved so that
hunting of the engine start-and-stop can be prevented.

{0079] In an embodiment, the vehicle speed threshold value can be set equal to or
higher than the vehicle speed at which a constant speed run can be made in the EV mode or
the vehicle speed at which a constant acceleration is made from a constant speed run. The

delay time from the time at which the engine stop allowance condition is established to the
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time at which the mode transition is initiated is set to be longer as the vehicle speed becomes
higher in the vehicle speed area equal to or higher than the vehicle speed threshold value.
FIGS. 11 and 12are used to explain a reason for setting the delay time from the time at which
the engine stop allowance condition is established to the time at which the mode transition
from the HEV mode to the EV mode is initiated longer in the high vehicle speed area than in
the other vehicle speed area (e.g., low vehicle speed area).
[0080] In a case where the engine start line has a sufficient margin against the
accelerator opening angle through which a constant speed run can be made, an engine start is
not generated if acceleration is carried out to some degree. Hence, engine start hunting does
not occur. However, if the engine start line approaches or becomes equal to the accelerator
opening angle through which a constant speed run or constant acceleration from a constant
speed run can be made, operation becomes more complicated since an engine start and stop
frequently occur responsive to the accelerator being frequently switched between ON and
OFF by a driver trying to maintain the vehicle speed or acceleration.

| [0081] More specifically, and with initial reference to FIG. 11, at a vehicle high speed
area, a gap between the engine start line and a constant acceleration line (e.g. 0.1G line)
becomes small, so that an engine stop/start hunting easily occurs if no time delay is provided.
For example, the constant acceleration line (the dot-dash line) is a characteristic line the
driver wishes to keep by regulating the accelerator pedal. In this example, it is drawn in
parallel with the line R/L, which is a running characteristic curve indicating the necessary
accelerator opening angle needed to keep a constant travel speed (i.e., it represents the
accelerator opening angle through which a constant speed run can be made at each vehicle
speed). Accordingly, the constant acceleration line represents a speed from the line R/L that
would achieve a constant acceleration. When operating in a high speed area, and in the
absence of a time delay, a mode change to the EV mode occurs when crossing the engine stop
line responsive to the driver releasing the accelerator pedal. Then, when a driver wishes to
keep to the constant acceleration line and presses the accelerator pedal, the vehicle returns to
the HEV mode by crossing the engine start line before reaching the constant acceleration line.
This zigzag operation is shown in FIG. 11. By providing a time delay that increases over
threshold speed V1, the zigzag operation (frequent engine starts/stops) is minimized. The
vehicle speed threshold is set at the vehicle speed V1 at which the constant acceleration line
crosses the engine start line. At a lower speed area, when the mode is changed to EV and the
driver subsequently presses the accelerator pedal, the vehicle approaches the constant

acceleration line first, i.e., before reaching the engine start line, so that hunting does not occur.
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[0082] Similarly, FIG. 12 demonstrates the same principles where the line R/L is used
to set the vehicle speed threshold. At a vehicle high speed area, a gap between the engine
start line and the line R/L becomes small, so that an engine stop/start hunting easily occurs if
no time delay is provided. When operating in a high speed area, and in the absence of a time
delay, a mode change to the EV mode occurs when crossing the engine stop line responsive
to the driver releasing the accelerator pedal. Then, when a'driver wishes to keep to the line
R/L representing a constant speed run by pressing the accelerator pedal, the vehicle returns to
the HEV mode by crossing the engine start line before reaching the line R/L. By providing a
time delay that increases over threshold speed V2, the zigzag operation (frequent engine
starts/stops) is minimized. The vehicle speed threshold is set at the vehicle speed V2 at
which the line R/L crosses the engine start line. At a lower speed area, when the mode is
changed to EV and the driver subsequently presses the accelerator pedal, the vehicle
approaches the constant speed line R/L first, i.e., before reaching the engine start line, so that
hunting does not occur.

[0083] In an embodiment, the vehicle speed threshold value is set to a lower vehicle
speed as battery SOC becomes lowered. That is, as the battery SOC becomes lowered, as
shown in FIG. 5, the engine start line moves in the low opening angle direction so as to come
near to the accelerator opening angle through which the constant speed run or constant
acceleration can be made. Therefore, it is necessary to set the vehicle speed threshold value
that elongates the time from a time at which the engine start allowance condition is
established to a time at which the mode transition is initiated toward the low vehicle speed
side. Hence, even though the battery SOC is lowered, hunting resulting in engine start-and-
stop can be prevented.

[0084] As also shown with reference to FIG. 9, the present embodiment performs a
mode transition control action from the HEV mode to the EV mode at a time of low-vehicle
speed forward travel as follows.

[0085] When the engine stop allowance condition is not established during the
forward traveling in the HEV mode, the flow of steps from step S1 — step S2 — step S7 —
step S8 — step S9 to return is repeated. Thus, the HEV mode is continued.

[0086] If the engine stop allowance condition is established during forward traveling
in the HEV mode, the flow of steps from step S1 — step S2 — step S7 — step S8 — step
S10 — step S12 is performed.

[0087] If, the traveling vehicle speed is in the low vehicle speed area lower than the

vehicle speed threshold value at step S12, the delay time can be calculated as zero. Hence, if
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the engine stop allowance condition is met in step S8, the flow of steps of step S1 — step S2
— step S7 — step S8 — step S10 — step S12 — step S13 — step S14 — step S15 is
advanced. In this case, the mode transition from the HEV mode to the EV mode is
immediately initiated at step S15.

[0088] As described above, in this embodiment, the delay time from the time at which
the engine stop allowance condition is established to the time at which the mode transition is
initiated is set to zero time in the low vehicle speed area when the mode transition from the
HEV mode to the EV mode is carried out. Hence, worsened fuel consumption in the
comparative example caused by more frequent traveling in the HEV mode when mode
transition to the EV mode is delayed unnecessary is solved. Further, tﬁe increase in the -
regenerative energy due to a decrease in the frequency of the HEV mode using engine 1
(increase in the frequency of the EV mode) and the separation of the engine friction due to
the release of first clutch 4 in the low vehicle speed region improves the fuel consumption.
[0089] The present embodiment further performs a mode transition control action
from the HEV mode to the EV mode at the time of reverse travel as follows with reference to
FIG. 9.

[0090] When the engine stop allowance condition is not established during reverse
traveling in the HEV mode, the flow of steps from step S1 — step S2 — step S7 — step S8
— step S9-— return is repeated so that the HEV mode is éontinued.

[0091] When the engine stop allowance condition is established during HEV mode
reverse traveling, the flow of steps from step S1 — step S2 — step S7 — step S8 — step-S10
— step S11 is carried out.- At step S11, a long delay time is set irrespective of the vehicle
speed. Hence, the flow of steps from step S11 — step S13 — step S14 — step S9 to return is
repeated so that the HEV mode is continued as long as the time does not reach the delay time.
It should be noted that the determination of whether the engine stop allowance condition is
established or not is repeated during the delay time. For this reason, for example, the HEV
mode is continued since the engine stop allowance condition is not established in a case
where the accelerator depression operation is carried out during the delay time.

[0092] In an embodiment, when R range is selected, the time from the time at which
the engine stop allowance condition is established to the time at which the mode transition is
initiated is elongated in the whole vehicle speed area when the mode transition from the HEV
mode to the EV mode is effected. That is, since, in an R range (a reverse speed range), a
driving posture is unstable and a field of view of the driver becomes narrowed, it is not

desirable to change vehicular behavior. If the engine start and the engine stop are frequently
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repeated, vehicular behavior is often disturbed during the engine start or during the engine
stop. Hence, requests that transition to the EV mode and to the HEV mode are reduced to as
few as possible. Therefore, in the R range, the start of the mode transition from the HEV
mode to the EV mode is delayed for a constant time not dependent upon the vehicle speed so
that the number of times the engine has started and stopped can be suppressed. This
suppresses unstable vehicular behavior so as to make reverse travel easier.

[0093] Next explained with reference to FIG. 13 is a mode transition control action in
a traveling example. FIG. 13 shows a timing chart representing each characteristic of vehicle
speed, accelerator opening angle APO, and traveling mode in the traveling example in which
the mode transition control in an embodiment is carried out.

[0094] In an area A at time point t1, the vehicle speed is low and the accelerator is in
the OFF state. When the accelerator opening angle is reduced and crosses the engine stop
line, the mode transition from the HEV mode to the EV mode is immediately effected.
Thereafter, since at time point of t2 the accelerator depression operation causes a cross over
the engine start line, a mode transition from the EV mode to the HEV mode occurs. In an
area B at next time point t3, the vehicle speed is high. Hence, even if the accelerator opening
angle is reduced and crosses the engine stop line with the accelerator opening angle in the
OFF state, transition to the EV mode is deferred for the calculated delay time. Hence, in a
case where the accelerator is depressed while transition to the EV mode is deferred, the HEV
mode is continued.

[0095] At time point t4, the vehicle speed is high so that the mode transition to the
EV mode is deferred for the calculated delay time in area C, even if the accelerator is in the
OFF state and the accelerator opening angle is reduced and crosses the engine stop line.
When time point t5 is reached and the accelerator remains in the OFF state, the mode
transition to the EV mode is carried out after the passage of the calculated delay time (i.e., the
time between t4 and t5).

[0096] That is, even if the accelerator moves to the OFF state such that the accelerator
opening angle is reduced and crosses the engine stop line as in area B at time point t3, the
mode transition to the EV mode is deferred for the calculated delay time since the vehicle
speed is high. Here, while the mode transition to the EV mode is deferred, the accelerator is
depressed. Since the HEV mode is continued in this case, hunting of the engine start-and-
stop can be prevented.

[0097] In addition, in a case where the accelerator is in the OFF state so that the

accelerator opening angle is reduced and crosses the engine stop line as in area A at time
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point t1, the vehicle speed is low so that the immediate transition from the HEV mode to the
EV mode is carried out. Therefore, the regeneration at the time of deceleration due to the
accelerator OFF state causes an effective increase in battery SOC of battery 9 to increase the
amount of time in the EV mode and to improve the fuel consumption.

[0098] The apparatus for controlling the hybrid vehicle in certain embodiments can
achieve the following effects listed below.

[0099] The apparatus for controlling the hybrid vehicle in an embodiment comprises
an engine 1, a motor-generator 2 disposed in a drive system (the power train) from the engine
1 to driving wheels (tire wheels 7, 7) to perform a start of the engine 1 and a drive for the
driving wheels according to a motor acceleration and a power generation according to a
regeneration driven by the driving wheels, mode switching means (such as first clutch 4)
disposed in a linkage section between the engine 1 and motor-generator 2 for switching
between a hybfid vehicle mode (HEV mode), in which the hybrid vehicle is powered by both
of motor 1 and the motor-generator 2, and an electric vehicle mode (EV mode), in which the
hybrid vehicle is powered by the motor-generator 2, and mode transition control means
(shown in FIG. 9) for delaying a time from a time at which an engine stop allowance
condition is established to a time at which the mode transition is initiated in a high vehicle
speed area than another vehicle speed area, when a mode transition from the HEV mode to
the EV mode is effected. Therefore, during traveling along with mode transitions,
compatibility between the prevention of hunting of the engine start and stop and
improvement of fuel consumption can be achieved.

[00100] The mode transition control means sets one of a vehicle speed equal to or
higher than a vehicle speed at which a constant vehicle speed run can be made in the EV
mode or a vehicle speed equal to or higher than another vehicle speed at which constant
acceleration can be made from the constant vehicle speed run in the EV mode as a vehicle
speed threshold value. The delay time from the time at which the engine stop allowance
condition is established to the time at which the mode transition is initiated to be longer as the
vehicle speed becomes higher in the vehicle speed region equal to or higher than the vehicle
speed threshold value (see FIGS. 11 and 12).

[00101] As a result, during the traveling in the HEV mode hunting of the engine start-
and-stop can positively be prevented.

[00102] The mode transition control means sets the vehicle speed threshold value to be
directed toward the lower vehicle speed side as the battery charge capacity (battery SOC)

becomes lowered (see FIG. 5).
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[00103] Therefore, hunting of the engine start and stop can be prevented even if the
battery SOC is lowered.
[00104] The mode transition control means delays the time from the time at which the

engine stop allowance condition is established to the time at which the mode transition is
initiated in the whole vehicle speed area (that is, over an entire range of vehicle speeds) when
the mode transition from the HEV mode to the EV mode is effected during the selection of
the reverse run range (R range). This is seen in FIG. 9 by the transition from step S10 — step
S11.

[00105] Therefore, during reverse (speed) traveling, vehicular behavior is suppressed
from being unstable so that a reverse run characteristic can be improved.

[00106] The mode transition control means assumes the time from the time at which
the engine stop allowance condition is established to the time at which the mode transition is
initiated is the delay time set in accordance with the vehicle speed. If a timer activated upon
the establishment of the engine stop allowance condition becomes equal to or longer than the
set delay time, the mode transition control means initiates mode transition from the HEV
mode to the EV mode as described in steps S11 and S12 of FIG. 9. Therefore, in addition to
the effects described above, the delay time from the establishment of the engine stop
allowance condition to the initiation of the mode transition from the HEV mode to the EV
mode can accurately and precisely be controlled.

[00107] As described hereinabove, the apparatus for controlling the hybrid vehicle
according to the present invention has been described on the basis of certain embodiments.
However, a specific structure is not limited to these embodiments.

[00108] For example, second clutch CL2 is selected from frictional elements built in
stepwise type automatic transmission AT as described herein. However, second clutch 2 may
be installed separately from automatic transmission AT. Second clutch CL2 may be installed
between the motor-generator MG and the transmission input shaft or second clutch CL2 may
be installed between the transmission output shaft and the driving wheels such that second
clutch CL2 is separate from automatic transmission AT.

[00109] The time from the time at which the engine stop allowance condition is
established to the time at which the mode transition is initiated is set herein to a delay time set
in accordance with the vehicle speed. However, the time for delaying transition to the EV
mode can be set by moving the engine stop line such that its value is smaller than that of the

former engine stop line.
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[00110] As described herein, first clutch 4 is used as the mode switching means for
switching the mode between the HEV mode and the EV mode. However, the mode
switching means for switching the mode between the HEV mode and the EV mode may be,
for example, a planetary gear or a differential unit or power split device that exhibits a clutch
function without use of the clutch.

[00111] The apparatus for controlling a hybrid vehicle herein is applied to a rear
wheel drive-type hybrid vehicle. However, embodiments of the invention can be applied

to a front wheel drive-type hybrid vehicle. In fact, the present invention can be applied

to any hybrid vehicle having the HEV mode and the EV mode as traveling modes.

[00112] Accordingly, the above-described embodiments have been described in
order to allow easy understanding of the invention and do not limit the ihvention. On

the contrary, the invention is intended to cover various modifications and equivalent
arrangements included within the scope of the appended claims, which scope is to be
accorded the broadest interpretation so as to encompass all such modifications and

equivalent structure as is permitted under the law.

-19-



WO 2012/010952 PCT/IB2011/001678

What is claimed is:

L. An apparatus for controlling a hybrid vehicle, comprising:

an engine; ,

a motor-generator disposed in a drive system extending from the engine to a
driving wheel for performing an engine start and a drive for the driving wheel according to a
motor acceleration and a power generation according to a regeneration driven by the driving
wheel;

a mode switching device disposed in a linkage section between the engine and
the motor-generator for switching between a hybrid vehicle mode, in which the hybrid
vehicle is powered by both of the engine and the motor-generator, and an electric vehicle
mode, in which the hybrid vehicle is powered by the motor-generator; and

mode transition control means for implementing a delay time from a time at
which an engine stop allowance condition is established to a time at which a mode transition
from the hybrid vehicle mode to the electric vehicle mode is initiated in a high vehicle speed
area that is higher than a delay time in another vehicle speed area, wherein the vehicle is
traveling in the high speed area when it is traveling at or above a vehicle speed threshold

level.

2.  The apparatus of claim 1, wherein the mode transition control means
sets a vehicle speed threshold value as a vehicle speed equal to or higher than a vehicle speed
at which, in the electric vehicle mode, a constant speed run can be made, or as a vehicle
speed equal to or higher than another vehicle speed at which a constant acceleration from the
constant speed run can be made; wherein the high vehicle speed area is equal to or higher
than the vehicle speed threshold value; and wherein the delay time is longer as the vehicle

speed becomes higher in the high vehicle speed area.

3. The apparatus of either claim 1 or 2, wherein the mode transition
control means sets the vehicle speed threshold value lower as a battery charge capacity

becomes lowered.
4. The apparatus of any one of claims 1 through 3, wherein the mode

transition control means sets a same delay time in all vehicle speed areas when the vehicle is

in a reverse run range.
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5. The apparatus of any one of claims 1 through 4, wherein the mode
transition control means initiates the mode transition from the hybrid vehicle mode to the
electric vehicle mode if a timer activated upon establishment of the engine stop allowance

condition becomes equal to or longer than the delay time.

6. The apparatus of claim 1, wherein the engine stop allowance condition

is established when an accelerator opening angle is equal to or below a predetermined value.

7. The apparatus of claim 6, wherein the predetermined value becomes

smaller as the vehicle speed becomes higher.

8. The apparatus of claim 1, wherein the delay time in the another vehicle

speed area is set to zero.

9. A method for controlling a hybrid vehicle, the hybrid vehicle including
an éngine, a motor-generator disposed between the engine and a driving wheel for starting the
engine and generating electricity by regenerative operation driven by the driving wheel, the
method comprising:

controlling a selection between a hybrid drive mode, in which the hybrid
vehicle is powered by driving force of both the engine and the motor-generator and an
electric drive mode, in which the hybrid vehicle is powered only by the motor-generator;

enabling a mode switching from the hybrid drive mode to the electric drive
mode based on a vehicle operating state; ' '

setting a delay time for timing initiation of the mode switching, the delay time
based on a vehicle speed when the vehicle is traveling forward at or above a vehicle speed
threshold value and that is higher than the delay time when the vehicle is traveling forward
below the vehicle speed threshold value; and

initiating the mode switching after the delay time has expired from a moment

when the mode switching has been enabled.
10.  The method of claim 9, further comprising:

increasing the delay time as the vehicle speed increases over the vehicle speed

threshold value.
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11.  The method of claim 10, further comprising:
initiating the mode switching immediately upon detection that the vehicle

speed is below the vehicle speed threshold value and the mode switching has been enabled.
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