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(57) Abstract: A control apparatus for a hybrid vehicle includes: a motor (MG)
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coupled to a drive wheel (12); an engine (12) coupled to a drive wheel (22) via a

transmission (16); a energy storage device that exchanges power with the motor;
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and a controller (40) configured to cause the motor to perform a regeneration
operation when the vehicle decelerates. The controlled is configured to set the
gear ratio of the transmission depending on the charge state of the energy stor-
age device, in particular to set a high gear when regeneration capacity is high.
Engine is drag is minimized and energy recuperation is increased.
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1
CONTROL APPARATUS FOR HYBRID VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The invention relates to a control apparatus for a hybrid vehicle including
an engine and a motor, wherein the engine is coupled to a drive wheel via a transmission, a
energy storage device performs power exchange with the motor, and a regeneration
operation is performed by the motor when the vehicle decelerates, and more particularly to
a technique for securing a degree of deceleration required by a driver during vehicle

deceleration while improving fuel efficiency.

2. Description of Related Art

[0002] In a conventional hybrid vehicle including an engine and a motor, the
engine is coupled to a drive wheel via a transmission, a energy storage device performs
power exchange with the motor, and a regeneration operation is performed by the motor
when the vehicle decelerates. An example of this type of hybrid vehicle is a so-called
single motor type hybrid vehicle such as that disclosed in Japanese Patent Application
Publication No. 09-009415 (JP 09-009415 A).

[0003] When the single motor type hybrid vehicle of JP 09-009415 A decelerates,
a shift point of the transmission during regenerative braking by the motor is shifted to a
lower vehicle speed side than normal. In other words, an operation region in which-a gear
position on a high gear sidf: of the transmission is selected is enlarged. Hence, a gear
position on the high gear side of the transmission is selected during braking, leading to a
reduction in engine rotation and a reduction in engine braking, and therefore a braking
force generated during regeneration by the motor can be increased correspondingly. As a
result, a regeneraticn efficiency of the motor can be improved, enabling an improvement in

fuel efficiency.
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2
SUMMARY OF THE INVENTION

[0004]  Braking force is obtained in the hybrid vehicle during deceleration from
the braking force generated during regeneratiori by the motor and the engine brake.
When, at this time, regeneratibn by the motor is limited due to a restriction on an input
current input into the energy storage devicz or the like, for exainple, the braking force
generated during regeneration by the motor may decrease. When, at this time, the
braking force generated by the engine brake is reduced during ‘regenerative braking in
accordance with the gear position selecticn, the braking force of the hybrid vehicle,
combining the braking force generated during regeneration by the motor and the braking
force generated by the engine'brake, may decrease.

[0005]  The invention provides a control apparatus for a hybrid vehicle with which
a reduction in a braking force is suppressed and a fuel efficiency is improved when the
hybrid vehicle decelerates.

[0006] A control apparatus for a hybrid vehicle according to an aspect of the
invention includes: a motor coupled to a drive wheel; an engine coupled to a drive wheel
via a transmission; a energy storagé device.that exchanges power with the motor; and a |
cantroller configured to perform a regeneration operation by the motor when the vehicle
decelerates, the controller being configured to select, as a gear position of the transmission,
a higher gear position as a regeneration capecity permitted in the motor increases while the
vehicle decelerates.

[0007] In the control apparatus for a hybrid vehicle thus configured, the vehicle is
decelerated by selecting, as the gear position of the transmission, a higher gear position as
the allowable regeneration capacity of the motor increases. Since the higher gear position
of the transmission is selected, a braking force generated by an engine brake decreases, and
therefore an amount of regeneration psrformed by thé motor can be increased
correspondingly, leading to an improvement in fuel efficiency. ‘Further, when the
allowable regeneration capacity of the motor is small, a. lower gear position of the
transmission can be selected, and therefore the braking force generated by the engine brake

can be increased in accordance with the reduction in the braking force generated during



10

15

20

25

WO 2014/155193 PCT/IB2014/000490

3
regeneration by the motor, whereby a sufficient braking force can be secured in the vehicle.
As a result, a reduction in braking force when the hybrid vehicle decelerates can be
suppressed, and an improvement in fuel efficiency can be achieved.

[0008]  In the control apparatus for a hybrid vehicle aécqrding to this aspect of the
invention, the regeneration capacity permitted in the motor may set a higher value as a
state of charge of the energy storage device decreases while the vehicle decelerates. In
this case, the amount of regeneration performed by the motor can be increased as the state
of charge of the energy storage device decreases, while the braking force generated by the
engine brake can be increased as the state of charge of the energy storage dévice increases.

As a result, a reduction in braking force when the hybrid vehicle decelerates can be

- suppressed, and an improvement in fuel efficiency can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Features, advantages, anc technical and industrial significance of
exemplary embodiments of the invention will be described below with referéence to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a conceptual diagram showing a configuration of a drive system and a
control system pertaining to a hybrid vehicle to which the invention is favorably applied;
| FIG. 2 is a functional block diagram illustrating méin parts of control functions
provided in anlelectronic control apparatus cf the hybrid vehicle shown in FIG. 1; and

FIG. 3 is a flowchart illuétrating an example of a control operation executed by the
electronic control apparatus shown in FIG. 1 to control regeneration by a motor and a speed

change by an automatic transmission during vehicle deceleration.

DETAILED DESCRIPTION OF EMBODIMENTS
[0010]  An embodiment of the invention will be described in detail below on the
basis of the drawings.
[0011] FIG. 1 is a conceptual diagram Showing a configuration of a drive system

and a control system pertaining to a hybrid vehicle driving apparatus 10 (to be referred to
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hereafter simply as the driving apparatus 10) according to this embodiment of the
invention. As shown in FIG. 1, the driving apparatus 10 includes an engine 12 and a
motor MG that respectively function as drive sources, and is configured such that driving
force generated by the engine 12 and the motor MG is transmitted to a left-right pair of
drive wheels 22 via a torque converter 14, an automatic transmission (a transmission) 16, a
differential gear apparatus 18, and a left-right pair of axles 20. In other words, the driving
apparatus 10 includes the engine 12 and the motor MG, and the engine 12 is coupled to the
drive wheels 22 via the automatic transmission 16 to be capable of transmitting power
thereto. Further, the motor MG, the torque converter 14, and the automatic transmission
16 are all housed in a transmission case 24 (to be referred to hereafter as the case 24).

[0012]  The automatic transmission 16, which is provided on a power transmission
path between the motor MG and the drive wheels 22, is a planetary gear type speed change
mechanism that includes a plurality of hydraulic frictional engagement devices and
establishes a plurality of predetermined shift positions selectively in accordance with
engagement and disengagement combinations of the frictional engagement devices. Note
that reépective engagement conditions of the plurality of hydraulic frictional engagement
devices are controlled between engagement (full engagement), slip engagement, and
disengagement (full disengagement) in accordance with oil pressure supplied from an oil
pressure control circuit 26. Further, a mechanical oil pressure pump 28 is coupled to a
pump impeller 14p of the torque converter 14 so that as the pump impeller 14p rotates, oil
pressure generated by the oil pressure pump 28 is supplied to the oil‘ pressure control
circuit 26 as source pressure.

[0013]  The motor MG is a motor/generator that includes a rotor 30 supported by
the case 24 to be cabable of rotating axiallv and a stator 32 fixed integrally to the case 24
on an outer peripheral side of the rotor 30, and functions as both a motor that generates
driving force and a generator that generates counterforce. The motor MG is connected to
a energy storage device 36 such as a batterv or a capacith via an inverter 34 to be capable
of exchanging power therewith, and electric energy generated by the motor MG during

regeneration, for example, is charged to the energy storage device 36 via the inverter 34.
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[0014] A clutch KO is provided on a power transmission path between the engine
12 and the motor MG to control power transmission on the power transmission path in
accordance with an engagement condition thereof. In other words, a crankshaft 38
serving as an output member of the engine 12 is coupled selectively to the rotor 30 of the
motor MG via the clutch KO0.

[0015]  The driving apparatus 10 includes a control system éuch as that shown in
FIG. 1. An electronic control apparatus 40 shown in FIG. 1 is constituted by a so-called
microcomputer having a central processing unit (CPU), a random access memory (RAM),
a read only memory (ROM), and an input/output interface, wherein the CPU executes
varibus types of control, such as regeneration control of the motor MG and speed change
control of the automatic transmission 16, for example, by performing signal processing in
accordance with a program stored in advance in the ROM while using a temporary storage
function of the RAM. In an embodiment of the invention, the electronic control apparatus
40 corresponds to a control apparatus‘for a hybrid vehicle (the driving apparatus 10).

[0016]  As shown in FIG 1, various input signals detected by respective sensors
provided in the driving apparatus 10 are supplied to the electronic control apparatus 40.
For example, a signal representing an accelerator depression amount Acc (%) detected by
an accelerator depression amount sensor 42 in accordance with a depression amount of an
accelerator pedal, not shown in the drawing, a signal representing a vehicle speed V (km/h)
detected by a vehicle speed sensor 44, a signal representing a state of charge SOC (%) of
the energy storage device 36, detected by a SOC sensor 46, and so on are input into the
electronic control apparatus 40. |

[0017] . Further, V‘arious output signals are supplied to various devices provided in
the driving apparatus 10 from the electronic control apparatus 40. For example, a signal
supplied to the inverter 34 to control regeneration by the motor MG, a signal supplied to a

plurality of solenoid control valves in the oil pressure control circuit 26 to control a speed

- change by the automatic transmission 16, and so on are supplied to respective parts from

the electronic control apparatus 40.

‘[0018] FIG 2 is a functional block diagram illustrating main parts of control
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functions provided in the electronic control apparatus 40. A deceleration determination
unit 50 shown in FIG. 2 determines whether or not the vehicle is decelerating from the
accelerator depression amount Acc (%) deiected by the accelerator depression‘ amount
sensor 4‘2, for example. For example, the deceleration determination unit 50 determines
that the vehicle is decelerating when a depression operation of an accelerator pedal,. not
shown in the drawings, is stopped, or in other words when an accelerator OFF- operation is
performed.

[0019] A regeneration possibility determination unit 52 determines whether or not
régeneration by the motor MG is possible. For example, the regeneration possibility
determination unit 52 determines that regensration by the motor MG is impossible wlhen
the S’OC. (%) of the energy storage device 36, detected by the SOC sensor 46, equals or
exceeds a predetermined value, more specifically an upper limit value SOCy at which the
energy storage device 36 cannot be charged further,‘ or when a temperature of the motor
MG or the energy storage device 36 reaches or exceeds a predetermined temperature, or in
other words when the motor MG or the energy storage device 36 enters an overheated
condition. |

| [0020]  When the deceleration determination unit 50 determines that the vehicle is
decelerating and the regeneration possibility determination unit 52 determines that
regeneration by the motor MG is possible, a target deceleratic;n control unit 54 calculates a
target rotary braking torque Tg at which a target deceleration G réquired by the driver
during vehicle deceleration is realized, and co‘ntrols a regenerative torque Ty of the motor
MG and an engine brake torque Tg to realize the calculated target rotéry braking torque Tg.
Note that the target deceleration co;ltrol unit 54 calculates the target rotary braking torque
Te for use during vehicle deceleration on the basis of the actual vehicle speed V detected
by the vehicle speed sensor 44 from a stored relationship between the vehicle speed V and
the target rotary braking torque Tg, which is determined in advance through experiment
such that the target deceleration G, or in other words the target rotary braking torque Tg,
increases as the vehicle speed V increases, for example.

f0021] = When the deceleration determination unit 50 determines that the vehicle is
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decelerating and the regeneration possibility determination unit 52 determines that
regeneration by the motor MG is possible, an engine brake torque calculation unit 56
calculates an engine rotation speed NE from a current gear position of the automatic
transmission 16 during vehicle travel and the vehicle speed V detected by the vehicle speed
sensor 44, and calculates a current engine brake torque Tgl from the engine rotation speed
NE. Note that the engine brake torque calculation unit 56 calculates the aétual engine
brake torqﬁe Tl oﬁ the basis of the actual engine rotation speed NE from a stored
relationship between the engine rotation speed NE and the engine brake torqué Tgl, which
is determined in advance through experiment such that the engine brake torque Tegl
increases as the engine rotation spéed NE increases, for example. Further, the engine
brake torque calculation unit 56 determines the current gear position of the automatic
transmission 16 from the’signal supplied by the electronic cdntrol apparatus 40 to the
plurality of solenoid control valves in the oil nressure control circuit 26.

[0022] When the deceleration determination unit 50 determines that the vehicle is
decelerating and the regeneration ‘possibility determination unit 52 deétermines that
regeneration by the motor MG is possible, a regenerative torque calculation unit 58
calculates an allowable regenerative torque, as a regeneration capacity, Tvmg1 not éxceeding
a chargeable power Win of the energy storage device 36 from the SOC (%) of the energy
storage device 36, detected by the SOC sensor 46. Note that the regenerative torque
calculation unit 58 calculates the allowable regenerative torque Tygl on the basis of the
actual SOC (%) 6f the energy storage device 36 from a stored relationship between the
SOC (%) and the allowable regenerative tcrque Twygl, which is determined in advance
through experjment such that the allowable regenerative torque Tyl increases as the SOC
(%) decreases, for example.

[0023] = When the target rotary braking torque Tg has been calculated by the target
deceleration control unit 54, the actual engine brake torque Tgl has been calculated by the
engine brake torque calculation unit 56, and the allowable regenerative torque Tyl has
been calculated by the regenerative torque calculation unit 58, a gear position calculation

unit 60 calculates a gear position of the automatic transmission 16 to be used during
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8
deceleration on the basis of the ca‘lculated‘ target rotary braking torque Tg, actual engine
brake torque Tgl, and allowable regenerative torque TM(}I‘. More specifically, the gear
position calculation unit 60 calculates a target engine brake torque (= target rotary braking
torque Tg — allowable regenerative torque Tygl) Tgl’ from the targef rotary braking torque.
Ts and the allowable regenerative torque Tygl, calculated respectively by the target
deceleration control unit 54 and the regenerative torque calculation unit 58, on the basis of
Equation (1) below. The gear position calculation unit‘ 60 then compares the calculated
target engine brake torque Tgl’ with the actual engine brake torqué Tgl calculated by the
engine brake torque calculation unit 56, and calculates a gear position of the automatic
transmission 16 at which the actual engine brake torque TEIl ‘during deceleration
approaches the target engine brake torque Tgl’. Fof éxample, when the target engine
brake torque Tgl’ is smaller than the actual engine braké torque Tgl by at least a

predetermined amount, a gear position at which a gear position on a high gear side of the

~current gear position of the automatic transmission 16 is selected, or in other words a gear

position at which the current gear position of the automatic transmission 16 is upshifted, is
calculated so that the actual engine brake torque Tgl during curre_nt travel decreases.
Conversely, when the target engine brake torque Tg1’ is larger than the actual engine brake
torque Tg1 by at least a predetermined amount, a gear position at which a gear position on
a low gear side of the current gear position of the automatic transmission 16 is selected, or
in other words a gear position at which the current gear position of the automatic
transmission 16 is downshifted, is calculated so that the actual engine brake torque Tgl
during current travel increases. |

target rotary braking torque Tg = engine brake torque Ty + regenerative torque Ty

O | |

[0024]  When the gear position for use during deceleration has been calculated by
the gear position calculation unit 60, a regenerative torque calculation unit 58 calculates an
engine brake torque Tg2 obtained at the calculated gear position, and recalculates the
régenerative torque Tygl® from the calculated engine brake torque Tg2 and the farget

rotary braking torque Tg using Equation (1). In other words, the regenerative torque
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9
calculation unit 58 calculates the regenerative torque (= target rotary braking torque Tg —
engine brake torque Tg2) Tmgl’ by inserting the engine brake torque Tg2 and the target
rotary braking torque Tg into Equation (1).

[0025]  When the gear position for use during deceleration has been calculated by
the gear position calculation unit 60 and the regenerative torque Tmgl’ has been
recalculated by the regenerative torque calculation .unit 58 from the gear position
calculated by the gear position calculation unit 60, the target deceleratidn control unit 54
controls engagement and disengagement of the plurality of hydraulic frictional engagement
devices in the automatic transmission 16 via the oil pressure control circuit 26 so that the
gear position calculated by the gear position calculation unit 60 is eétablishéd, and controls
the regenerative torque Tg of the motor MG so that the regenerative torque Tygl’
recalculated by the regenerative torque calculation unit 58 ‘is achieved.

[0026] FIG. 3 is a flowchart illustrating an example of a control operation
executed by the electronic control apparatus 40 to contrbl regeneration by the motor MG
and a speed change by the automatic transmission 16 during vehicle deceleration.

[0027]  First, in step (step is omitted hereafter) S1 corresponding to the

deceleration determination unit 50, a determination is made as to whether or not the

- vehicle is decelerating. When the determination of S1 is negative, the routine is

terminated, but when the determination is affirmative, S2 corresponding to the
regeneration possibility determination unit 52 is executed. In S2, a determination is made
as to whether or not regeneration by the motor MG is possible. When the determination
of S2 is negative, the routine is terminated, but when the determination is affirmative, S3
corresponding to the engine brake torque calculation unit 56 is executed.

[0028]  In S3, the engine rotation speed NE is calculated from the gear position of

the automatic transmission 16 during vehicle travel and the vehicle speed V, and the actual

~engine brake torque Tl is calculated from the calculated engine rotation speed NE. Next,

'in S4 corresponding to the regenerative torque calculation unit 58, the allowable

regenerative torque Tygl not exceeding the chargeable power Win of the energy storage

device 36 is calculated from the SOC (%) of the energy storage device 36.
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[0029]  Next, in S5 corresponding to the target deceleration control unit 54 and the
gear position calculation unit 60, the target rotary braking torque Tg for realizing the target
deceleration G reqﬁired by the driver during vehicle deceleration is calcﬁlated, and the
target engine brake tofque Tgl” is calculated from the calculated target rotary braking
torque T and the allowable regenerative torque Tyl calculated in S4 using Equation (1).
The geér pdsition of the automatic transmission 16 for use during deceleration is then
calculated such that the actual engine brake torque Tg1 approaches the calculated target
engine brake torque Tgl’.

[0030]  Next, in S6 corresponding to the target deceleration control unit 54 and the
reoenerative torque calc{llation unit 58, the engine brake torque TEZ obtained at the gear
pc'smon calculated in S5 is calculated, and the regenerative torque Tmgl® 1s recalculated
using the calculated engme brake torque TEZ Further, in S6, the regenerative torque of
the motor MG is controlled so that the recalculated regenerative torque Tygl’ is achieved,
and engagement and disengagement of the plurality of hydraulic frictional engagément
devices in the automatic transmission 16 ars controlled via the oil pressure control circuit
26 so that the gear position calculated in S5 is established.

[0031]  Furthermore, when, in the flowchart of FIG. 3, the SOC (%) of the energy -
storage dévice 36 is comparatively low, for example, such that the allowable regenerative
torque Tygl is calculated to be comparatively large in S4, the target engine brake torque
Tel” is calculated in S5 to be smaller then the actual engine braké torque Tgl during
current travel, calculated in SB, and accordingly, a gear position on the high gear side of
the current gear position of the automatic transmission 16 is calculated so that the actual
engine brake torque Tgl approaches the calculated target 'engine brake forque Tel’.
Conversely, when the SOC (%) of the energy storage device 3‘6 is comparatively high, for

example, such that the allowable regenerative torque Tmgl is calculated to be

* comparatively small in S4, the target engine brake torque Tgl’ is calculated in S5 to be

larger than the actual engine brake torque Tg1 during current travel, calculated in S3, and
accordingly, a gear position on the low gear side of the current gear position of the

automatic transmission 16 is calculated so that the actual engine brake torque Tgl
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11
approaches the calculated target engine brake torque Tg1’.

[0032]  With the electronic control apparatus 40 of the driving apparatus 10
according to this embodiment of the invention, as described above, the target deceleration
control unit 54 decélerates the vehicle by selecting a gear position further toward the high
gear side of the automatic transmission 16 when the allowable regenerative torque Tyl of
the motor MG is large than when the allowable regenerative torque Tmgl is small. 'Since
a gear position on the high gear side of the automatic transmission 16 is selected, the actual
engine brake torque Tg1 decreases, and therefore an amount of regeneration performed by
the motor MG can be increased correspondingly, leading to an improvement in fuel
efficiency. Further, when the allowable regenerative torque Tyl of the motor MG is
small, a gear position on the low gear side ‘of the automatic transmission 16 is selected,'and
therefore the actual engine brake torque Tg1 increases in accordance with the reduction in
the allowable regenerative torque Tigl of the motor MG such that sufficient braking force
can be secured in the vehicle. As a result, the deceleration required by the driver when

the hybrid vehicle decelerates can be secured, and an improvement in fuel efficiency can

‘be achieved.

[0033)  Further, with the electronic control apparatus 40 of the driving apparatus
10 according to this embodiment of the invention, vehicle travel is perforfnéd by selecting
a gear position further toward the high gear side of the automatic transmiss\ion 16 when the
SOC (%) of the energy storage device 36 during vehicle deceleration is low than when the
SOC (%) is high. Therefore, the amount of regeneration performed by the motor MG can
be-increésed as the SOC (%) of the energy storage device 36 decreases, while the actual
engine brake torque TEI can be increased as the SOC (%) of the energy storage device 36
increases. As a result, the deceleration required by the driver when the hybrid vehicle
decelerates can be secured favorably while achieving an improvement in fuel efficiency.

[0034] An embodiment of the invention was described in detail above on the
basis of the drawings, but the invention may be applied to other embodiments.

[0035] In the driving apparatus 10 according to the above embodiment, the engine

12 and the motor MG are coupled to the drive wheels 22 via the automatic transmission 16
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to be capable of transmitting power, but tie motor MG may be provided between the
automatic transmission 16 and the drive wheels 22, for example. In other words, the
inventiqn may be applied to the driving apparatus 10 as long as the driving apparatus 10
includes the engine 12 and the motor MG and the engine 12 is coupled to the drive wheels
22 via the automatic transmission 16 to b.e capable of transmitting power. -

[0036] Further, the engine brake torque calculation unit 56 according to the above
embodiment calculates the‘ engine rotation speed NE from the gear position of the
automatic transmission 16 during vehicle travel and the vehicle speed V detected‘by the
vehicle speed sensor 44, but the engine rotation speed NE may be measured directly by
providing the engine 12 with an engine rotation speed sensor, for example.

[0037]  Note that the above embodiments are merely examples, and the invention
may be implemented in various modified and amended embodiments on the basis of the

knowledge of persons skilled in the art.
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CLAIMS:

1. A control apparatus for a hybrid vehicle, the control apparatus comprising:

a motor coupled to a drive wheel;

an engine coupled to a drive wheel via a transmission;

a energy storage device that exchanges power with the motor; and

a controller configured to perform a regeneration operation by the motor when the
vehicle decelerates, the controller being configured to select, as a gear position of the
transmission, a higher gear position as a regeneration capacity permitted in the motor

increases while the vehicle decelerates.

2. The control apparatus according to claim 1, whercin the regeneration capacity
permitted in the motor is set a higher value as a state of charge of the energy storage device

decreases while the vehicle decelerates.
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