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(54) CONTROL DEVICE FOR ELECTRIC VEHICLE, SYSTEM FOR CONTROLLING ELECTRIC 
VEHICLE, AND METHOD FOR CONTROLLING ELECTRIC VEHICLE

(57) Provided is a control device for an electric vehi-
cle, the device being capable of suppressing vehicle
destabilization caused by the rear wheels locking first or
suppressing a deterioration in driving performance
caused by the front wheels locking too soon. The control
device comprises: a regenerative braking force calculat-
ing unit that calculates regenerative braking force gen-
erated by a front motor and a rear motor on the basis of
demanded braking force demanded by the electric vehi-

cle; a power limiting unit that reduces the regenerative
braking force on the basis of the power limit of a power
source; and a friction braking force outputting unit that
outputs, to a brake device, a command to generate fric-
tion braking force in accordance with a regenerative brak-
ing force reduction amount, which is the amount by which
the regenerative braking force is reduced by the power
limiting unit.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a control appa-
ratus, a control system, and a control method for an elec-
tric vehicle.

BACKGROUND ART

[0002] As a conventional technique, there is a control
apparatus for an electric vehicle discussed in PTL 1. This
control apparatus includes a front motor capable of con-
trolling and driving a front wheel and a rear motor capable
of controlling and driving a rear wheel. Then, PTL 1 dis-
closes a technique that calculates an ideal braking force
distribution ratio between a braking torque on the front
wheel and a braking torque on the rear wheel and a tol-
erance for the ideal braking force distribution ratio, cor-
rects the ideal braking force distribution ratio so as to
increase power generation efficiency within a range of
this tolerance, and outputs a torque instruction to each
of the motors based on the acquired distribution ratio.

CITATION LIST

PATENT LITERATURE

[0003] [PTL 1] Japanese Patent Application Public Dis-
closure No. 2004-135471

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] However, PTL 1 fails to take into consideration
a control method regarding a front-rear torque distribution
when a regenerative torque is limited due to a power
limitation on a battery, thereby involving a possibility that
a combined braking force of a frictional braking force and
a regenerative braking force may deviate from the ideal
braking force distribution ratio, causing the rear wheel to
be locked first to destabilize the vehicle or the front wheel
to be locked early to reduce drivability.
[0005] An object of the present invention is to provide
a control apparatus for an electric vehicle capable of pre-
venting the vehicle from being destabilized because the
rear wheel is locked first or the drivability from reducing
because the front wheel is locked early.

SOLUTION TO PROBLEM

[0006] According to one aspect of the present inven-
tion, a control apparatus includes a regenerative braking
force calculation portion configured to calculate a regen-
erative braking force to be generated on each of a front
motor and a rear motor based on a request braking force
requested to an electric vehicle, a power limit portion con-

figured to reduce the regenerative braking force based
on a power limit on a power source, and a frictional brak-
ing force output portion configured to output an instruc-
tion for generating a frictional braking force according to
a regenerative braking force reduction amount, which is
an amount of a reduction in the regenerative braking force
by the power limit portion, to a brake apparatus.
[0007] Therefore, the control apparatus can prevent
the braking force generated on the vehicle from deviating
the request braking force, thereby preventing the vehicle
behavior from being destabilized. Further, the control ap-
paratus can prevent the vehicle from being destabilized
because the rear wheel is locked first and the drivability
from reducing because the front wheel is locked early.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

Fig. 1 is a system diagram of an electric vehicle ac-
cording to a first embodiment.
Fig. 2 is a control block diagram of the electric vehicle
according to the first embodiment.
Fig. 3 is a control block diagram illustrating a wheel
load estimation portion according to the first embod-
iment.
Fig. 4 is a control block diagram illustrating a distri-
bution ratio calculation portion according to the first
embodiment.
Fig. 5 is a control block diagram illustrating a power
consumption estimation portion according to the first
embodiment.
Fig. 6 is a control block diagram illustrating a power
distribution portion according to the first embodi-
ment.
Fig. 7 illustrates a characteristic of a braking force
for facilitating better understanding of a function at
a frictional braking force distribution portion accord-
ing to the first embodiment.
Fig. 8 is a control block diagram illustrating a regen-
eration limit braking force compensation portion ac-
cording to the first embodiment.
Fig. 9 illustrates a map set in a driver request brake
hydraulic pressure calculation portion 401 according
to the first embodiment.
Fig. 10 is a control block diagram illustrating a hy-
draulic pressure instruction reception portion ac-
cording to the first embodiment.
Fig. 11 is a control block diagram illustrating a re-
generative cooperation control portion according to
the first embodiment.
Fig. 12 is a timing chart illustrating processing for
distributing a braking force according to the first em-
bodiment.
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DESCRIPTION OF EMBODIMENTS

[First Embodiment]

[0009] Fig. 1 is a system diagram of an electric vehicle
according to a first embodiment. The electric vehicle ac-
cording to the first embodiment is a four-wheel drive ve-
hicle, in which front wheels FL and FR are driven by a
front motor 1f and rear wheels RL and RR are driven by
a rear motor 1r. A differential gear 3f is connected to the
front motor 1f via a speed reduction mechanism 2f. A
drive shaft 4f is connected to the differential gear 3f. The
front wheels FL and FR are connected to the drive shaft
4f. An inverter 5f includes a motor control unit MCUf,
which controls the front motor 1f. Similarly, a differential
gear 3r is connected to the rear motor 1r via a speed
reduction mechanism 2r. A drive shaft 4r is connected to
the differential gear 3r. The rear wheels RL and RR are
connected to the drive shaft 4r. An inverter 5r includes a
motor control unit MCUr, which controls the rear motor 1r.
[0010] A high-voltage battery BAT includes a battery
control unit BCU, which controls supply power. The high-
voltage battery BAT is a battery module formed by con-
necting a plurality of batteries, and the battery control
unit BCU controls power to be supplied from one battery
module to a plurality of motors (the front motor 1f and the
rear motor 1r).
[0011] The electric vehicle includes a stroke sensor 6,
an accelerator position sensor 7, resolvers 8f and 8r, an
acceleration sensor 12, and a steering angle sensor 13.
The stroke sensor 6 outputs a brake pedal stroke signal.
The accelerator position sensor 7 outputs an accelerator
position signal. The resolvers 8f and 8r each output a
motor rotational speed signal including a rotational direc-
tion of the electric motor 1. The acceleration sensor 12
detects a longitudinal acceleration Xg and a lateral ac-
celeration Yg of the vehicle. The steering angle sensor
13 detects a steering angle θ of a steering wheel. A ve-
hicle control unit CU receives a range position signal from
a shift lever, the brake pedal stroke signal from the stroke
sensor 6, the accelerator position signal from the accel-
erator position sensor 7, and a steering angle signal from
the steering angle sensor 13. Further, the vehicle control
unit CU receives the motor rotational speed signals from
the resolvers 8f and 8r via the motor control units MCUf
and MCUr, respectively. The vehicle control unit CU cal-
culates a driving torque instruction value directed to the
electric motors 1 based on the accelerator position and
the like, and drives the front motor 1f and the rear motor
1r according to the drive torque instruction value.
[0012] A brake hydraulic unit 90 is a unit that supplies
a brake hydraulic pressure to each of wheel cylinders
W/C(FL), W/C(FR), W/C(RL), and W/C(RR), which press
brake pads against calipers mounted on the respective
wheels. The brake hydraulic unit 90 is connected to a
not-illustrated master cylinder, and also includes a pump
and a plurality of electromagnetic valves. Then, the brake
hydraulic unit 90 can supply a desired brake hydraulic

pressure to each of the wheels independently of a master
cylinder pressure by driving the pump and also activating
the electromagnetic valves based on an instruction signal
from a brake controller 9, which will be described below.
By this operation, the brake hydraulic unit 90 generates
a desired frictional braking force on each of the wheels.
The brake controller 9 is connected to wheel speed sen-
sors 10FL, 10FR, 10RL, and 10RR (hereinafter also re-
ferred to as simply 10) mounted on the respective wheels,
and receives rotational speed signals of the respective
wheels. The wheel speed sensors 10 each detect a wheel
speed from a cycle of an electromagnetic pulse. The
brake controller 9 adjusts brake fluid to be supplied to a
brake unit using a hydraulic pressure at each of the
wheels to control a braking torque on each of the wheels
based on a driver’s brake operation amount detected by
the stroke sensor 6. Information communication among
the motor control units MCUf and MCUr, the vehicle con-
trol unit CU, and the brake controller 9 is carried out via
a CAN communication line 11.
[0013] Fig. 2 is a control block diagram of the electric
vehicle according to the first embodiment. The control
block diagram illustrates a control block of the vehicle
control unit CU and the brake controller 9.

(Details of Brake Controller)

[0014] A driver request brake hydraulic pressure cal-
culation portion 401 inputs a driver’s brake pedal stroke
Stroke detected by the stroke sensor 6, and calculates
a driver request brake hydraulic pressure Pbp based on
a preset map. Fig. 9 illustrates the map set in the driver
request brake hydraulic pressure calculation portion 401
according to the first embodiment. As illustrated in Fig.
9, the driver request brake hydraulic pressure calculation
portion 401 includes the map adapted to the pedal stroke
in advance. This map is a map set while a running feeling
is checked from an experiment or the like.
[0015] A hydraulic pressure instruction reception por-
tion 402 outputs a total hydraulic pressure instruction Px
based on a braking force compensation hydraulic pres-
sure instruction value Py calculated by a regeneration
limit braking force compensation portion 400 in the vehi-
cle control unit CU, which will be described below, and
the driver request brake hydraulic pressure Pbp. Fig. 10
is a control block diagram illustrating the hydraulic pres-
sure instruction reception portion according to the first
embodiment. The hydraulic pressure instruction recep-
tion portion 402 outputs a value acquired by adding the
braking force compensation hydraulic pressure instruc-
tion value Py to the driver request brake hydraulic pres-
sure Pbp, as the total hydraulic pressure instruction
Psum. The braking force compensation hydraulic pres-
sure instruction value Py will be described below.
[0016] A regenerative cooperation control portion 403
outputs a request regenerative torque Trg and a brake
hydraulic pressure instruction Px based on the vehicle
speed VSP, the total hydraulic pressure instruction

3 4 



EP 3 632 732 A1

4

5

10

15

20

25

30

35

40

45

50

55

Psum, a front wheel torque instruction value Tt5f and a
rear wheel torque instruction value Tt5r that are torque
instructions before vibration damping control, which will
be described below, a speed reduction ratio Gf of the
speed reduction mechanism 2f on the front wheel side,
and a speed reduction ratio Gr of the speed reduction
mechanism 2r on the rear wheel side. Fig. 11 is a control
block diagram illustrating the regenerative cooperation
control portion according to the first embodiment. A re-
generative torque limit value calculation portion 403a cal-
culates a regenerative torque limit value based on the
vehicle speed VSP. This limit value is a value prepared
for setting an upper limit on a generatable regenerative
torque according to the vehicle speed in advance, and
is set in such a manner that the upper limit on the regen-
erative torque reduces as the vehicle speed increases.
Further, at an extremely low vehicle speed, the upper
limit on the regenerative torque is set to zero because it
is difficult to control a rotational state of the motor. The
regenerative torque limit value is a value leading to gen-
eration of the braking force when being a negative value.
[0017] A hydraulic braking force conversion portion
403b converts the total hydraulic pressure instruction
Psum, which indicates the braking force requested to the
vehicle, from the hydraulic pressure into the braking
force. The hydraulic pressure instruction is a value lead-
ing to generation of the braking force when being a pos-
itive value. A braking force-axle torque conversion por-
tion 403c converts the converted braking force into an
axle torque. The axle torque is a value leading to gener-
ation of the braking force when being a negative value.
A limit portion 403d outputs larger one of the regenerative
torque limit value set to a negative value and the axle
torque set to a negative value as the request regenerative
torque Trg. Therefore, no request is issued for a braking
force greater than a braking force generated according
to the regenerative torque limit value.
[0018] A front wheel axle torque calculation portion
403e calculates a front wheel axle torque by multiplying
the motor torque instruction value Tt5f calculated in the
motor control units MCUf and MCUr, which will be de-
scribed below, by the gear ratio Gf of the speed reduction
mechanism 2f. The motor torque instruction value Tt5f
is a torque before a vibration damping torque is added
by a vibration damping control portion 303f, and indicates
an actual regenerative braking torque. Similarly, a rear
axle torque calculation portion 403f calculates a rear axle
torque by multiplying the motor torque instruction value
Tt5r by the gear ratio Gr of the speed reduction mecha-
nism 2r. An addition portion 403g calculates an axle
torque of the vehicle by adding the front wheel axle torque
and the rear wheel axle torque. This axle toque has a
positive value for a torque on an acceleration side, and
has a negative value for a torque on a deceleration side
(a regenerative side).
[0019] A torque extraction portion 403h selects and
outputs smaller one of the calculated axle torque of the
vehicle and zero. This selection is intended to extract

only the axle torque calculated as a negative value and
ignore the acceleration torque calculated as a positive
value. An axle torque-braking force conversion portion
403i converts the extracted axle torque into the braking
force. When the axle torque is a negative value, the brak-
ing force is converted as a positive value.
[0020] A difference calculation portion 403j calculates
a hydraulic pressure difference, which is a braking force
corresponding to insufficiency that would occur when the
regenerative torque is used alone, by subtracting the val-
ue converted into the braking force from the motor torque
instruction values Tt5f and Tt5r from the value converted
into the braking force from the total hydraulic pressure
instruction Psum. Now, when the hydraulic pressure dif-
ference is a positive value, this means a state in which
the regenerative braking force falls short of the request
braking force, and the braking force should be secured
by supplying the brake hydraulic pressure. On the other
hand, when the hydraulic pressure difference is a nega-
tive value, this means that the regenerative braking force
is sufficiently secured for the request braking force, and
the brake hydraulic pressure does not have to be sup-
plied. Therefore, a braking force calculation portion 403k
extracts larger one of zero and the hydraulic pressure
difference as a braking force that should be secured by
supplying the brake hydraulic pressure. A braking force-
hydraulic pressure conversion portion 4031 converts the
braking force that should be secured by supplying the
brake hydraulic pressure into the brake hydraulic pres-
sure, and outputs it to the brake hydraulic unit 90 as the
brake hydraulic pressure instruction Px. The brake hy-
draulic unit 90 generates a hydraulic pressure based on
the brake hydraulic pressure instruction Px in each of the
wheel cylinders. The braking forces generated on the
front and rear wheels at this time satisfy a front braking
force : a rear braking force = (1 - Kbd): Kbd based on a
rear reference distribution ratio Kbd, respectively.

(Details of Vehicle Control Unit)

[0021] A driver request torque calculation portion 101
calculates a driver’s request torque Td based on the ac-
celerator position APO and the vehicle speed VSP. The
driver’s request torque Td is set to a larger value as the
accelerator position APO increases. Further, when the
acceleration position APO is equal to or lower than a
predetermined value indicating a release of a foot, a
torque on the deceleration side (a negative value) imitat-
ing an engine brake is set.
[0022] A regenerative torque reception portion 102 re-
ceives the request regenerative torque Trg based on the
request braking torque calculated by the regenerative
cooperation control portion 403, and corrects the driver
request torque Td.
[0023] A request torque reception portion 103 receives
a request driving torque Tof calculated by another calcu-
lation portion, and corrects the driver request torque Td.
A total axle torque instruction value of the front motor 1f
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and the rear motor 1r acquired from the respective in-
struction values of the driver request torque calculation
portion 101, the regenerative torque reception portion
102, and the request torque reception portion 103 is out-
put as the request torque Tt of the vehicle.
[0024] A wheel load estimation portion 500 calculates
estimated wheel loads Wfl^, Wfr^, Wrl^, and Wrr^ of the
respective wheels based on the vehicle speed VSP, the
steering angle θ, the longitudinal acceleration sensor val-
ue Xg, and the lateral acceleration sensor value Yg. Fig.
3 is a control block diagram illustrating the wheel load
estimation portion according to the first embodiment.

(Regarding Longitudinal Acceleration)

[0025] A longitudinal acceleration estimation portion
501 calculates a longitudinal acceleration estimated val-
ue Xg^ based on the request torque Tt. At this time, a
torque-acceleration conversion constant is determined
based on a tire dynamic radius, an assumed vehicle
weight, and speed reducer efficiency. A slope correction
portion 502 adds a longitudinal acceleration Rθ generat-
ed due to an estimated slope to the longitudinal acceler-
ation estimated value Xg^ calculated based on the re-
quest torque Tt. A longitudinal acceleration estimated
value Xg^^ is acquired while being corrected in such a
manner that the vehicle longitudinal acceleration reduces
when the vehicle is running on an uphill road and increas-
es when the vehicle is running on a downhill road. A low-
pass filter 503 performs low-pass filter processing on the
longitudinal acceleration sensor value Xg detected by
the acceleration sensor 12, thereby removing noise.
[0026] A selection portion 504 selects and outputs
smaller one of the longitudinal acceleration estimated
value Xg^^ and the longitudinal acceleration sensor value
Xg. A margin addition portion 505 adds such a margin
amount Mag that a load movement to the front wheel
side increases to prevent the rear wheel side from having
a lock tendency first, and outputs a longitudinal acceler-
ation Xg1 to be used to eventually calculate the wheel
load. In this manner, the wheel load can be estimated
before actual occurrence of the wheel load movement
based on the longitudinal acceleration, by estimating the
longitudinal acceleration based on the request torque Tt.
However, the stability of the wheel load estimated value
is secured by comparing the estimated value with the
sensor value of the acceleration sensor 12 and selecting
larger one to take an error in the estimated value into
consideration.

(Lateral Acceleration)

[0027] A lateral acceleration estimation portion 506
calculates a lateral acceleration estimated value Yg^
based on the steering angle θ and the vehicle speed VSP.
This lateral acceleration estimated value can be easily
calculated from a generally known vehicle model, and
details of the calculation will not be described herein. An

absolute value calculation portion 507 calculates an ab-
solute value of the lateral acceleration estimated value
Yg^. A sign extraction portion 508 extracts a sign of the
lateral acceleration estimated value Yg^. A low-pass filter
509 performs low-pass filter processing on the lateral ac-
celeration sensor value Yg detected by the acceleration
sensor 12, thereby removing noise. An absolute value
calculation portion 510 calculates an absolute value of
the lateral acceleration sensor value Yg. A sign extraction
portion 511 extracts a sign of the lateral acceleration sen-
sor value Yg. The sign is assumed to be positive when
the vehicle is turning right, and negative when the vehicle
is turning left. A sign check portion 512 determines wheth-
er the sign of the lateral acceleration estimated value Yg^
and the sign of the lateral acceleration sensor value Yg
match each other, and outputs a Yes signal when they
match each other and a No signal when they do not match
each other. An estimated value verification portion 513
outputs the absolute value of the lateral acceleration es-
timated value Yg^ when the sign check portion 512 out-
puts the Yes signal and outputs zero when the sign check
portion 512 outputs the No signal. In other words, the
mismatch of the sign between the estimated value and
the sensor value can be determined to be a counters-
teering state. In this case, the output of zero indicates
discarding the lateral acceleration estimated value Yg^.
A selection portion 514 outputs larger one from the ab-
solute value of the lateral acceleration estimated value
Yg^ and the absolute value of the lateral acceleration
sensor value Yg. A sign multiplication portion 523 multi-
plies the value selected by a selection portion 522 by the
sign extracted from the sensor value, and outputs a lat-
eral acceleration Yg1 to be used to eventually calculate
the wheel load. In this manner, estimating the lateral ac-
celeration based on the vehicle speed VSP and the steer-
ing angle θ allows the wheel load to be estimated before
the actual occurrence of the wheel load movement based
on the lateral acceleration, thereby contributing to real-
izing a torque distribution according to load balance.
However, the stability of the wheel load estimated value
is secured by comparing the estimated value with the
sensor value of the acceleration sensor 12 and selecting
larger one to take an error in the estimated value into
consideration.

(Regarding Wheel Load Map)

[0028] An FL wheel load map 516, an FR wheel load
map 517, an RL wheel load map 518, and an RR wheel
load map 519 calculate estimated wheel loads Wfl^, Wfr^,
Wrl^, and Wrr^ of the respective wheels based on the
longitudinal acceleration Xg1 and the lateral acceleration
Yg1. For example, the estimated wheel loads Wfl^, Wfr^,
Wrl^, and Wrr^ are calculated in such a manner that the
wheel load increases on the front right wheel and reduces
on the rear left wheel when the longitudinal acceleration
Xg1 is high on the deceleration side and the lateral ac-
celeration Yg1 is a lateral acceleration generated when
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the vehicle is turning left. The estimated wheel loads Wfl^,
Wfr^, Wrl^, and Wrr^ may be calculated from not only the
maps but also from a vehicle model.
[0029] A distribution ratio calculation portion 104 de-
termines a front wheel torque distribution ratio Kftd to be
used when the request torque Tt is distributed to the front
motor 1f and the rear motor 1r based on the estimated
wheel loads Wfl^, Wfr^, Wrl^, and Wrr^ of the respective
wheels. Fig. 4 is a control block diagram illustrating the
distribution ratio calculation portion according to the first
embodiment. A front wheel selection portion 104a selects
and outputs smaller one of the estimated wheel load Wfl^
of the front left wheel and the estimated wheel load Wfr^
of the front right wheel. A rear wheel selection portion
104b selects and outputs smaller one of the estimated
wheel load Wrl^ of the rear left wheel and the estimated
wheel load Wrr^ of the rear right wheel. The vehicle ac-
cording to the first embodiment includes the two motors,
i.e., the front motor 1f and the rear motor 1r but includes
no motor on each of the wheels, and therefore selects
smaller one of the estimated wheel loads on each of the
front wheel side and the rear wheel side. Smaller one of
the estimated wheel loads is selected because this allows
the electric vehicle to deal with a wheel load on a wheel
that more likely slip. This is because a frictional force
between the vehicle wheel and the road surface is pro-
portional to the wheel load (a normal force), considering
them based on the same frictional coefficient.
[0030] An addition portion 104c adds the front wheel-
side estimated wheel load and the rear wheel-side esti-
mated wheel load. A front wheel torque distribution ratio
calculation portion 104d calculates the front wheel torque
distribution ratio Kftd by dividing the front wheel-side es-
timated wheel load by a value acquired by adding the
front wheel-side estimated wheel load and the rear
wheel-side estimated wheel load. A rear wheel torque
distribution ratio is (1 - Kftd).
[0031] A torque distribution portion 105 calculates a
reference front motor torque instruction value Ttf and a
reference rear motor torque instruction value Ttr based
on the request torque Tt and the front wheel torque dis-
tribution ratio Kftd. Hereinafter, the front motor 1f and the
rear motor 1r will be collectively referred to as reference
motor torque instruction values Ttfr. These reference mo-
tor torque instruction values Ttfr correspond to a target
torque when the front motor 1f and the rear motor 1r are
controlled.
[0032] A torque limit portion 106 calculates a first front
motor torque instruction value Ttf1 and a first rear motor
torque instruction value Ttr1 (hereinafter, these instruc-
tion values will be referred to as first torque instruction
values Ttl) limited based on positive torque limit values
Tplimf and Tplimr and negative torque limit values Tnlimf
and Tnlimr (hereinafter, these limit values will be referred
to as torque limit values Tlim) selected by a torque limit
value selection portion 205, which will be described be-
low. In other words, acceleration reference motor toque
instruction values Ttfry are corrected so as to fall within

a range defined by the torque limit values Tlim.
[0033] A torque redistribution portion 107 calculates a
second front motor torque instruction value Ttf2 and a
second rear motor torque instruction value Ttr2 (herein-
after, these instruction values will be referred to as sec-
ond torque instruction values Tt2) resulting from redis-
tributing the torque to a motor corresponding to the first
torque instruction value Tt1 smaller than the torque limit
value Tlim within such a range that a sum of the first
torque instruction values Tt1 of the respective motors
does not exceed the request torque Tt, when the sum of
the first torque instruction values Tt1 of the respective
motors falls below the request torque Tt. At the time of
the regeneration, the torque is not redistributed in light
of prioritizing the vehicle stability.
[0034] A slip control portion 108 determines whether
a slip has occurred on a wheel based on the wheel speed
sv, the longitudinal acceleration Xg, and torque instruc-
tion values of temperature protection portions 302f and
302r, which will be described below, and calculates a
torque limit amount directed to a motor torque connected
to the wheel that has slipped when the slip has occurred
(including both a driving slip and a braking slip).
[0035] A final torque limit portion 109 outputs, to each
of the motors 1f and 1r, a final torque instruction value
Tt3 determined based on the torque limit amount calcu-
lated by the slip control portion 108 for the second torque
instruction value Tt2.
[0036] A maximum torque limit value calculation por-
tion 200 calculates positive torque limit values Tplimtf
and Tplimtr and negative torque limit values Tnlimtf and
Tnlmitr (hereinafter, Tplimtf, Tplimtr, Tnlimtf, and Tnlimtr
will also be referred to as maximum torque limit values
Tlimax) of the respective motors based on a rotational
speed Vmf of the front motor 1f and a rotational speed
Vmr of the rear motor 1r. A torque characteristic with
respect to the number of rotations of the motor is prede-
termined, and these limit values are determined by set-
ting a maximum outputtable torque value with respect to
some rotational speed based on a map or the like.
[0037] A power consumption estimation portion 201
calculates a front motor power consumption estimated
value Wfmw and a rear motor power consumption esti-
mated value Wrmw based on a battery voltage Vbat of
the high-voltage battery BAT, the rotational speed Vmf
of the front motor 1f, the rotational speed Vmr of the rear
motor 1r, and the reference front motor torque instruction
value Ttf and the reference rear motor torque instruction
value Ttr calculated by the torque distribution portion 105.
Fig. 5 is a control block diagram illustrating the power
consumption estimation portion according to the first em-
bodiment. A front motor power consumption estimation
portion 200a calculates the front motor power consump-
tion estimated value Wfmw consumed by the inverter 5f
and a motor 8f based on a preset map, based on the front
motor torque instruction value Ttf, the rotational speed
Vmf, and the battery voltage Vbat. A rear motor power
consumption estimation portion 200b calculates the rear
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motor power consumption estimated value Wrmw con-
sumed by the inverter 5r and a motor 8r based on a preset
map, based on the rear motor torque instruction value
Ttr, the rotational speed Vmr, and the battery voltage
Vbat. Each of the power consumption values is calculat-
ed as a negative value when the front motor 1f and the
rear motor 1f generate the regenerative torque. This
means a calculation of charging power for charging the
high-voltage battery BAT.
[0038] A power distribution portion 202 calculates a
first power limit value Wlimf1 of the front motor 1f and a
first power limit value Wlimr1 of the rear motor 1r (here-
inafter, Wlimf1 and Wlimr1 will also be referred to as first
power limit values Wlim1) based on a battery power limit
value Wlim, which is an upper limit value on power sup-
plied from the high-voltage battery BAT, and the front
wheel torque distribution ratio Kftd. Similarly, the power
distribution portion 202 calculates a charging power limit
value Wilimf of the front motor 1f and a charging power
limit value Wilimr of the rear motor 1r (hereinafter, Wilimf
and Wilimr will also be referred to as charging power limit
values Wilim) based on the front motor power consump-
tion estimated value Wfmw, the rear motor power con-
sumption estimated value Wrmw, and a battery charging
power limit value Wilim, which is an upper limit value on
power for charging the high-voltage battery BAT. The
battery power limit value Wlim and the battery charging
power limit value Wilim are values set in light of reducing
heat generation and preventing overcharging.
[0039] Fig. 6 is a control block diagram illustrating the
power distribution portion according to the first embodi-
ment. An upper side in Fig. 6 illustrates a flow for calcu-
lating the first power limit values Wlim1. A front power
limit value calculation portion 202a calculates the first
power limit value Wlimf1 of the front motor 1f by multi-
plying the battery power limit value Wlim by the front
wheel torque distribution ratio Kftd. A rear power limit
value calculation portion 202b calculates the first power
limit value Wlimr1 of the rear motor 1r by subtracting the
first power limit value Wlimf1 from the battery power limit
value Wlim. More specifically, when power is supplied
from the single high-voltage battery BAT to the plurality
of motors, determining the power consumption of each
of the motors individually may cause total power con-
sumption to exceed a battery discharge power limit value
Wolim. Further, it is also conceivable to correct the torque
of each of the motors so as to prevent the power con-
sumption from exceeding the battery power limit value
Wolim after determining the power consumption of each
of the motors individually, but this method necessitates
a repetition of the calculation. On the other hand, in the
first embodiment, each of the motor torques can be ef-
fectively controlled without exceeding the battery dis-
charge power limit value Wolim, by distributing the power
in advance and setting the first power limit value Wolim1
of each of the motors based on this power distribution.
Motor efficiency is approximately the same between the
front motor 1f and the rear motor 1r, which allows the

power to be distributed according to the torque distribu-
tion ratio.
[0040] On the other hand, a lower side in Fig. 6 illus-
trates a flow for calculating the charging power limit val-
ues Wilim. A power consumption addition portion 202c
calculates a total power consumption estimated value
Wmw by adding the rear motor power consumption es-
timated value Wrmw and the front motor power consump-
tion estimated value Wfmw. A difference calculation por-
tion 202d calculates a difference between the total power
consumption estimated value and the battery charging
power limit value Wilim. A charging request determina-
tion portion 202e compares the difference and zero, and
outputs smaller one of them. In other words, when the
difference between the power with which the motor
charges the high-voltage battery BAT by generating the
regenerative torque, and the battery charging power limit
value Wilim is a negative value, this means that the charg-
ing power is generated by an amount unacceptable by
the high-voltage battery BAT side (hereinafter referred
to as excessive charging power). The braking force cor-
responding to this excessive charging power Wover
should be supplemented by generating the frictional
braking force by the brake hydraulic unit 90. When the
difference is a positive value, this means that the charging
power can be entirely accepted by the high-voltage bat-
tery BAT side, and therefore zero is output.
[0041] A frictional braking force corresponding distri-
bution portion 202f calculates a front-side excessive
charging power Wfover by multiplying the excessive
charging power Wover by (1 - Kbd) with use of the rear
reference distribution ratio Kbd, which is the braking force
ratio between the front and rear individual brakes when
the same brake hydraulic pressure is applied to the four
wheels by the brake hydraulic unit 90. A rear-side exces-
sive charging power calculation portion 202h calculates
a rear-side excessive charging power Wrover by sub-
tracting the front-side excessive charging power Wfover
from the excessive charging power Wover. A rear-side
charging power limit value calculation portion 202i out-
puts a rear-side charging power limit value Wilimr1 by
subtracting the rear-side excessive charging power
Wrover from the rear motor power consumption estimat-
ed value Wrmw. A front-side charging power limit value
calculation portion 202j outputs a front-side charging
power limit value Wilimf1 by subtracting the front-side
excessive charging power Wfover from the front motor
power consumption estimated value Wfmw. As a result,
a ratio when the excessive charging power Wover is sub-
tracted from the front motor power consumption estimat-
ed value Wfmw and the rear motor power consumption
estimated value Wrmw can be subtracted according to
the ratio at which the frictional braking force is distributed
to the front wheel side and the rear wheel side.
[0042] Fig. 7 illustrates a characteristic of the braking
force for facilitating better understanding of a function at
the frictional braking force distribution portion according
to the first embodiment. A horizontal axis represents the

11 12 



EP 3 632 732 A1

8

5

10

15

20

25

30

35

40

45

50

55

front wheel braking force, and a vertical axis represents
the rear wheel braking force. Some point illustrated in
Fig. 7 will be referred to as a braking point. A request
braking force line in Fig. 7 indicates a relative relationship
between the front wheel braking force and the rear wheel
braking force that realizes the request torque Tt. A charg-
ing power limit line in Fig. 7 indicates a relative relation-
ship between the front wheel regenerative braking force
and the rear wheel regenerative braking force that cor-
responds to the charging power limit value Wilim, and
means that the regenerative braking force can be gen-
erated only in a region below the charging power limit
value. A target distribution line in Fig. 7 indicates an ideal
characteristic of the distribution of the braking force to
the front wheel and the rear wheel. A frictional braking
force line in Fig. 7 indicates a relative relationship be-
tween the front wheel-side frictional braking force and
the rear wheel-side frictional braking force generated by
the brake hydraulic unit 90. A safety prioritizing charac-
teristic for securing the vehicle stability and other various
characteristics can be set by establishing a lock tendency
on the front wheel side preferentially as the target distri-
bution line without being limited to the ideal distribution
characteristic.
[0043] A braking point should be located at an inter-
section point (A) between the request braking force line
and the target distribution line to satisfy the request brak-
ing force and realize the ideal distribution of the braking
force to the front and rear wheels. However, even if an
attempt is made to realize the braking point (A) only by
means of the regenerative braking force for both the front
wheel and the rear wheel, the braking point (A) would be
unable to be realized because exceeding the charging
power limit line. This leads to a necessity of adjusting the
regenerative braking force onto some braking point on
the charging power limit line and compensating for the
insufficiency with the frictional braking force. One possi-
ble method therefor is to set the regenerative braking
force at an intersection point (P) between the charging
power limit line and the target distribution line and pro-
viding the frictional braking force, thereby achieving a
braking point (Q) on the request braking force line. How-
ever, although satisfying the request braking force, the
braking point (Q) results in excessive distribution of the
braking force to the front wheel side compared to the
braking point (A) corresponding to the ideal braking force
distribution and thus fails to achieve the appropriate brak-
ing force distribution, thereby being unable to sufficiently
stabilize the vehicle behavior.
[0044] Therefore, the first embodiment is configured
to shift the braking point at the ratio that matches the rear
reference distribution ratio Kbd indicated by the frictional
braking force line when shifting the braking point from
the braking point (A) onto the charging power limit line.
In other words, the first embodiment is configured to
match up a regenerative braking force reduction ratio,
which is a ratio of the amount of the reduction in the re-
generative braking force of the rear motor 1r to the

amount of the reduction in the regenerative braking force
of the front motor 1f, and a frictional braking force in-
crease ratio, which is a ratio of the amount of the increase
in the frictional braking force to be generated on the rear
wheel to the amount of the increase in the frictional brak-
ing force to be generated on the front wheel. In this case,
as indicated by an arrow S1, the regenerative braking
force is set to a braking point (B), at which a line passing
through the braking point (A) and extending in parallel
with the frictional braking force line, and the charging
power limit line intersect each other. Then, as indicated
by an arrow S2, the frictional braking force is generated
according to a vector connecting braking points (C) and
(D). The braking point (A) can be acquired by combining
the braking point (B) to this vector, as indicated by an
arrow S3. Therefore, the present configuration can ac-
quire the request braking force at the ideal braking force
distribution on the target distribution line as the braking
force resulting from combining the regenerative braking
force and the frictional braking force, thereby stabilizing
the vehicle behavior. In addition, the present configura-
tion can prevent the drivability from reducing because
the front wheel is locked early, and prevent the vehicle
stability from reducing because the rear wheel is locked
early.
[0045] A power redistribution portion 203 calculates a
second power limit value Wlimf2 of the front motor 1f and
a second power limit value Wlimr2 of the rear motor 1r
(hereinafter, Wlimf2 and Wlimr2 will also be referred to
as second power limit values Wlim2) resulting from dis-
tributing extra power after subtracting actual power con-
sumption Wx (x = f or r) from the first power limit value
Wlim1 of one of these motors to the power limit value
Wlim1 of the other motor. At the time of the regeneration,
the power is not redistributed in light of prioritizing the
vehicle stability.
[0046] A first torque limit value calculation portion 204
calculates a positive torque limit value Tplimw and a neg-
ative torque limit value Tnlimw (hereinafter, Tplimw and
Tnlimw will also be referred to as first torque limit values
Tlimw) according to the battery potential Vbat of the high-
voltage battery BAT, the rotational speeds Vmf and Vmr,
and the second power limit values Wlim2.
[0047] A torque limit value selection portion 205 selects
lower one of the maximum torque limit value Tlimmax
and the first torque limit value Tlimw, and outputs it as
the torque limit value Tlim.
[0048] The regeneration limit braking force compensa-
tion portion 400 calculates the braking force compensa-
tion hydraulic pressure Py based on the second front
motor torque instruction value Ttf2, the second rear motor
torque instruction value Ttr2, and the driver request
torque Td. The regeneration limit braking force compen-
sation portion 400 functions at the time of the regenera-
tive braking without the torque instruction reception por-
tion 103 receiving another request driving torque Tof.
[0049] Fig. 8 is a control block diagram illustrating the
regeneration limit braking force compensation portion ac-
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cording to the first embodiment. A second motor torque
instruction value calculation portion 400a calculates a
torque after the torque redistribution by adding the sec-
ond front motor torque instruction value Ttf2 and the sec-
ond rear motor torque instruction value Ttr2. A difference
calculation portion 400b subtracts the torque after the
torque redistribution from the driver request torque Td,
and outputs a difference after the redistribution. A braking
force extraction portion 400c outputs smaller one of the
difference after the redistribution and zero. An axle
torque-hydraulic pressure conversion portion 400d con-
verts an axial torque according to the difference after the
redistribution into the brake hydraulic pressure, and out-
puts the braking force compensation hydraulic pressure
instruction value Py.
[0050] In other words, the difference after the redistri-
bution is output when the difference after the redistribu-
tion is a negative value, and zero is output when the dif-
ference after the redistribution is a positive value. When
the difference after the redistribution is a negative value
at the time of the regenerative braking, this indicates that,
when the driver is detected to be in a state releasing
his/her foot from the accelerator based on the accelerator
position sensor 7 and an acceleration off regenerative
torque request corresponding to the engine brake is out-
put, the reference motor torque instruction value Ttfr is
limited by the negative torque limit values Tnlimf and Tn-
limr and the first torque instruction value Tt1 (< Ttfr) is
output. At this time, the braking force corresponding to
the difference after the redistribution can be compensat-
ed for by the brake hydraulic pressure.
[0051] The motor control units MCUf and MCUr include
torque limit portions 301f and 301r, temperature protec-
tion portions 302f and 302r, and vibration damping con-
trol portions 303f and 303r, respectively. The torque limit
portions 301f and 301r each calculate a motor torque
instruction value Tt4 limited based on the final torque
instruction value Tt3 output from the final torque limit por-
tion 109 and the torque limit value Tlim output from the
torque limit value selection portion 205. The temperature
protection portions 302f and 302r each limit the motor to
a motor torque instruction value Tt5f or Tt5r limited in
such a manner that the motor has a predetermined or
lower temperature, according to a heat generation
amount calculated based on a value of a current supplied
to the motor and a value measured by a temperature
sensor mounted on the motor. The vibration damping
control portions 303f and 303r each calculate a vibration
damping torque for damping a vibration generated on the
drive shaft 4f or 4r, add the vibration damping torque to
the motor torque instruction value, and finally performs
the motor torque control.

[Processing for Distributing Braking Force]

[0052] Next, processing for distributing the braking
force will be described with reference to a timing chart.
Figs. 12(a) to (g) are timing charts illustrating the process-

ing for distributing the braking force according to the first
embodiment. Fig. 12(a) illustrates a state in which the
driver presses the brake pedal and the request braking
torque Tt is requested to the vehicle as the braking force.
From this state, the reference front motor torque instruc-
tion value Ttf, which is the regenerative torque on the
front wheel side, and the reference rear motor torque
instruction value Ttr, which is the regenerative torque on
the rear wheel side, are calculated with use of the esti-
mated wheel loads Wfl^, Wfr^, Wrl^, and Wrr^ as illus-
trated in Fig. 12(b).
[0053] Next, the front motor power consumption esti-
mated value Wfmw and the rear motor power consump-
tion estimated value Wrmw consumed by the respective
motors are calculated based on the reference front motor
torque instruction value Ttf and the reference rear motor
torque instruction value Ttr as illustrated in Fig. 12(c).
Then, the total power consumption estimated value Wmw
is calculated as illustrated in Fig. 12(d).
[0054] Next, the excessive charging power Wover in
the total power consumption estimated value Wmw that
cannot be used for the charging on the high-voltage bat-
tery BAT side is calculated based on the battery charging
power limit values Wilim as illustrated in Fig. 12(e). Then,
this excessive charging power Wover is divided into
Wfover and Wrover based on the rear reference distri-
bution ratio Kbd indicating the front-rear distribution ratio
of the friction braking force generated by the brake hy-
draulic unit 90. Then, the front-side charging power limit
value Wilimf1 and the rear-side charging power limit val-
ue Wilimr1 are calculated as illustrated in Fig. 12(f). Then,
the motor torque instruction values Tt5f and Tt5r, which
are the regenerative torques according to these limit val-
ues, are generated on the front motor 1f and the rear
motor 1r. Further, when Px is supplied into the front
wheel-side wheel cylinders W/C (FL and FR) and the rear
wheel-side wheel cylinders W/C (RL and RR) as illustrat-
ed in Fig. 12(h) to secure the braking force corresponding
to the excessive charging power Wover with the frictional
braking force, the front and rear frictional braking force
is distributed to the front side and the rear side according
to the distribution ratio Kbd. An upper side and a lower
side in Fig. 12(h) illustrate the frictional braking force on
the front wheel side and the frictional braking force on
the rear wheel side, respectively. As a result, the braking
state corresponding to the target distribution as the brak-
ing point and satisfying the request braking force can be
secured as described with reference to Fig. 7.
[0055] In the above-described manner, the first em-
bodiment can bring about advantageous effects that will
be listed now.

(1) The first embodiment is the control apparatus for
the electric vehicle. The electric vehicle includes the
front motor 1f configured to output the torque to the
front wheel of the vehicle by the supply and the re-
ception of the power to and from the high-voltage
battery BAT (a power source), the rear motor 1r con-
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figured to output the torque to the rear wheel of the
vehicle by the supply and the reception of the power
to and from the high-voltage battery BAT, and the
brake hydraulic unit 90 (a brake apparatus) capable
of providing the frictional braking force to each of the
front wheel and the rear wheel. The control appara-
tus includes the torque distribution portion 105 (a
regenerative braking force calculation portion) con-
figured to calculate the regenerative braking force to
be generated on the front motor 1f and the rear motor
1r based on the request torque Tt (a request braking
force) requested to the vehicle, the power distribution
portion 202 (a power limit portion) configured to re-
duce the regenerative braking force based on the
power limit on the high-voltage battery BAT, and the
regenerative cooperation control portion 403 (a fric-
tional braking force output portion) configured to out-
put the instruction for generating the frictional brak-
ing force according to the regenerative braking force
reduction amount, which is the regenerative braking
force by which the regenerative braking force is re-
duced by the power distribution portion 202, to the
brake hydraulic unit 90.
Therefore, the control apparatus can prevent the
braking force generated on the vehicle from deviat-
ing the request torque Tt, thereby preventing the ve-
hicle behavior from being destabilized. Further, the
control apparatus can prevent the vehicle from being
destabilized because the rear wheel is locked first
and the drivability from reducing because the front
wheel is locked early.
(2) The power distribution portion 202 sets the re-
generative braking force reduction ratio, which is the
ratio of the regenerative braking force reduction
amount of the rear motor 1r to the regenerative brak-
ing force reduction amount of the front motor 1f, ac-
cording to the frictional braking force.
Therefore, due to the presence of the connection
between the regenerative braking force reduction ra-
tio and the frictional braking force, the control appa-
ratus can prevent the braking force generated on the
vehicle from deviating from the request torque Tt.
(3) The power distribution portion 202 reduces the
regenerative braking force in such a manner that the
regenerative braking force reduction ratio (for exam-
ple, the gradient of the line connecting the braking
points (A) and (B) in Fig. 7), which is the ratio of the
regenerative braking force reduction amount of the
rear motor 1r to the regenerative braking force re-
duction amount of the front motor 1f, matches or ex-
ceeds the frictional braking force front-rear ratio (for
example, the gradient of the line connecting the brak-
ing points (D) and (C) in Fig. 7), which is the ratio of
the frictional braking force of the rear wheel to the
frictional braking force of the front wheel.
In this case, because the front wheel braking force
is set to a relatively large value with respect to the
target distribution line, the control apparatus can pre-

vent the vehicle from being destabilized because the
rear wheel is locked first.
(4) The power distribution portion 202 reduces the
regenerative braking force in such a manner that the
regenerative braking force reduction ratio matches
or exceeds the frictional braking force front-rear ratio,
and falls below the braking force request ratio (for
example, the gradient of the line connecting the brak-
ing points (A) and (C) in Fig. 7), which is the ratio of
the regenerative braking force of the rear motor to
the regenerative braking force of the front motor that
is calculated by the torque distribution portion 105.
In this case, because the front wheel braking force
is set to a relatively large value with respect to the
target distribution line, the control apparatus can pre-
vent the vehicle from being destabilized because the
rear wheel is locked first. Further, the control appa-
ratus can avoid an excessive increase in the front
wheel braking force, thereby preventing the drivabil-
ity from reducing because the front wheel is locked
early.
(5) The power distribution portion 202 reduces the
regenerative braking force in such a manner that the
regenerative braking force reduction ratio matches
the frictional braking force front-rear ratio.
Therefore, the control apparatus can most effectively
prevent the braking force generated on the vehicle
from deviating the request torque Tt, thereby pre-
venting the vehicle behavior from being destabilized.
Further, the control apparatus can prevent the vehi-
cle from being destabilized because the rear wheel
is locked first and the drivability from reducing be-
cause the front wheel is locked early.
(6) The torque distribution portion 105 calculates the
regenerative braking force to be generated on each
of the front motor 1f and the rear motor 1r with respect
to the request torque Tt based on the front wheel
load and the rear wheel load of the vehicle.
Therefore, the control apparatus can appropriately
realize the torque distribution according to the run-
ning state of the vehicle.
(7) The control apparatus further includes the lateral
acceleration estimation portion 514 (an estimated
lateral acceleration calculation portion) configured
to calculate the lateral acceleration estimated value
Yg^ to be generated on the vehicle based on VSP
(a speed of the vehicle) and θ (a steering angle), and
the longitudinal acceleration estimation portion 501
(an estimated longitudinal acceleration calculation
portion) configured to calculate the longitudinal ac-
celeration estimated value Xg^ to be generated on
the vehicle based on the request torque Tt (an in-
struction for a torque to be generated on an axle of
the vehicle). The wheel load estimation portion 500
calculates the estimated wheel loads Wfl^, Wfr^,
Wrl^, and Wrr^ (a front wheel load and a rear wheel
load) based on the lateral acceleration estimated val-
ue Yg^ and the longitudinal acceleration estimated
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value Xg^.
Therefore, the control apparatus can estimate the
wheel load before the actual occurrence of the wheel
load movement based on the acceleration, thereby
realizing the torque distribution according to the load
balance.
(8) The control apparatus further includes the lateral
acceleration estimation portion 514 configured to
calculate the lateral acceleration estimated value
Yg^ to be generated on the vehicle based on VSP
and θ, the wheel load estimation portion 500 (a de-
tected lateral acceleration acquisition portion) con-
figured to acquire the lateral acceleration sensor val-
ue Yg (a detected lateral acceleration) from the ac-
celeration sensor 12 configured to detect the accel-
eration of the vehicle, the selection portion 522 (a
lateral acceleration selection portion) configured to
select the acceleration having a larger absolute val-
ue as the selected lateral acceleration from the lat-
eral acceleration estimated value Yg^ and the lateral
acceleration sensor value Yg, the longitudinal accel-
eration estimation portion 501 configured to calcu-
late the longitudinal acceleration estimated value
Xg^ to be generated on the vehicle based on the
request torque Tt, the wheel load estimation portion
500 (a detected longitudinal acceleration acquisition
portion) configured to acquire the longitudinal accel-
eration sensor value Xg (a detected longitudinal ac-
celeration) from the acceleration sensor 12, and the
selection portion 510 (a longitudinal acceleration se-
lection portion) configured to select the acceleration
having a larger absolute value as the selected lon-
gitudinal acceleration from the longitudinal acceler-
ation estimated value Xg^ and the acquired longitu-
dinal acceleration sensor value Xg. The wheel load
estimation portion 500 calculates the estimated
wheel loads Wfl^, Wfr^, Wrl^, and Wrr^ based on the
selected lateral acceleration and the selected longi-
tudinal acceleration.
Therefore, the control apparatus can estimate the
wheel load before the actual occurrence of the wheel
load movement based on the acceleration, thereby
realizing the torque distribution according to the load
balance. Further, the control apparatus can stably
estimate the wheel load even when the estimated
acceleration contains an error, such as when the ve-
hicle is running on a sloping road or is side-slipping,
by selecting the value having a larger absolute value
from the estimated value and the sensor value.
(9) The estimated value verification portion 521 out-
puts zero as the lateral acceleration estimated value
Yg^ when the sign is different between the lateral
acceleration estimated value Yg^ and the lateral ac-
celeration sensor value Yg.

[0056] Therefore, the control apparatus can detect the
countersteering state, and stably estimate the wheel load
by discarding the lateral acceleration estimated value

Yg^ at the time of the countersteering state.
[0057] In the following description, other configurations
recognizable from the above-described embodiment will
be described.
[0058] According to one configuration, a control appa-
ratus for an electric vehicle is provided. The electric ve-
hicle includes a front motor configured to output a torque
to a front wheel of the electric vehicle by supply and re-
ception of power to and from a power source, a rear motor
configured to output a torque to a rear wheel of the electric
vehicle by supply and reception of power to and from the
power source, and a brake apparatus capable of provid-
ing a frictional braking force to each of the front wheel
and the rear wheel. The control apparatus includes a
regenerative braking force calculation portion configured
to calculate a regenerative braking force to be generated
on the front motor and the rear motor based on a request
braking force requested to the electric vehicle, a power
limit portion configured to reduce the regenerative brak-
ing force based on a power limit on the power source,
and a frictional braking force output portion configured
to output an instruction for generating the frictional brak-
ing force according to a regenerative braking force re-
duction amount, which is an amount of a reduction in the
regenerative braking force by the power limit portion, to
the brake apparatus.
[0059] According to a further preferable configuration,
in the above-described configuration, the power limit por-
tion sets a regenerative braking force reduction ratio,
which is a ratio of the regenerative braking force reduction
amount of the rear motor to the regenerative braking force
reduction amount of the front motor, according to the fric-
tional braking force.
[0060] According to another preferable configuration,
in any of the above-described configurations, the power
limit portion reduces the regenerative braking force in
such a manner that a regenerative braking force reduc-
tion ratio, which is a ratio of the regenerative braking force
reduction amount of the rear motor to the regenerative
braking force reduction amount of the front motor, match-
es or exceeds a frictional braking force front-rear ratio,
which is a ratio of the frictional braking force of the rear
wheel to the frictional braking force of the front wheel.
[0061] According to further another preferable config-
uration, in any of the above-described configurations, the
power limit portion reduces the regenerative braking
force in such a manner that the regenerative braking force
reduction ratio matches or exceeds the frictional braking
force front-rear ratio, and falls below a braking force re-
quest ratio, which is a ratio of the regenerative braking
force of the rear motor to the regenerative braking force
of the front motor that is calculated by the regenerative
braking force calculation portion.
[0062] According to further another preferable config-
uration, in any of the above-described configurations, the
power limit portion reduces the regenerative braking
force in such a manner that the regenerative braking force
reduction ratio matches the frictional braking force front-
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rear ratio.
[0063] According to further another preferable config-
uration, in any of the above-described configurations, the
regenerative braking force calculation portion calculates
the regenerative braking force to be generated on each
of the front motor and the rear motor based on the request
braking force and a front wheel load and a rear wheel
load of the electric vehicle.
[0064] According to further another preferable config-
uration, in any of the above-described configurations, the
control apparatus further includes an estimated lateral
acceleration calculation portion configured to calculate
an estimated lateral acceleration to be generated on the
electric vehicle based on a speed of the electric vehicle
and a steering angle, and an estimated longitudinal ac-
celeration calculation portion configured to calculate an
estimated longitudinal acceleration to be generated on
the electric vehicle based on an instruction for a torque
to be generated on an axle of the electric vehicle. The
regenerative braking force calculation portion calculates
the front wheel load and the rear wheel load based on
the estimated lateral acceleration and the estimated lon-
gitudinal acceleration.
[0065] According to further another preferable config-
uration, in any of the above-described configurations fur-
ther, the control apparatus further includes an estimated
lateral acceleration calculation portion configured to cal-
culate an estimated lateral acceleration to be generated
on the electric vehicle based on a speed of the electric
vehicle and a steering angle, a detected lateral acceler-
ation acquisition portion configured to acquire a detected
lateral acceleration from an acceleration sensor config-
ured to detect an acceleration of the electric vehicle, a
lateral acceleration selection portion configured to select
an acceleration having a larger absolute value as a se-
lected lateral acceleration from the estimated lateral ac-
celeration and the detected lateral acceleration, an esti-
mated longitudinal acceleration calculation portion con-
figured to calculate an estimated longitudinal accelera-
tion to be generated on the electric vehicle based on an
instruction for a torque to be generated on an axle of the
electric vehicle, a detected longitudinal acceleration ac-
quisition portion configured to acquire a detected longi-
tudinal acceleration from the acceleration sensor, and a
longitudinal acceleration selection portion configured to
select an acceleration having a larger absolute value as
a selected longitudinal acceleration from the estimated
longitudinal acceleration and the detected longitudinal
acceleration. The regenerative braking force calculation
portion calculates the front wheel load and the rear wheel
load based on the selected lateral acceleration and the
selected longitudinal acceleration.
[0066] According to further another preferable config-
uration, in any of the above-described configurations, the
regenerative braking force calculation portion outputs ze-
ro as the estimated lateral acceleration when a sign is
different between the estimated lateral acceleration and
the detected lateral acceleration.

[0067] Further, from another aspect, according to one
configuration, a control apparatus for an electric vehicle
is provided. The electric vehicle includes a front motor
configured to output a torque to a front wheel of the elec-
tric vehicle by supply and reception of power to and from
a power source, a rear motor configured to output a
torque to a rear wheel of the electric vehicle by supply
and reception of power to and from the power source,
and a brake apparatus capable of providing a braking
force to each of the front wheel and the rear wheel. The
control apparatus causes a frictional braking force to be
generated by the brake apparatus with a regenerative
braking force generated by each of the front motor and
the rear motor and a power limit imposed on the power
source.
[0068] According to a further preferable configuration,
in the above-described configuration, the control appa-
ratus sets a regenerative braking force reduction ratio,
which is a ratio of a regenerative braking force reduction
amount of the rear motor to the regenerative braking force
reduction amount of the front motor, according to the fric-
tional braking force to be generated on the wheel of the
electric vehicle by the brake apparatus. The regenerative
braking force reduction amount is a difference between
a first regenerative braking force and a second regener-
ative braking force when the regenerative braking force
to be generated by each of the front motor and the rear
motor is reduced from the first regenerative braking force
according to a request braking force requested to the
electric vehicle to the second regenerative braking force
subjected to a power limit on the power source.
[0069] According to another preferable configuration,
in any of the above-described configurations, the friction-
al braking force is based on a difference between the
request braking force requested to the electric vehicle
and the regenerative braking force subjected to the pow-
er limit on the power source.
[0070] According to further another preferable config-
uration, in any of the above-described configurations, the
control apparatus reduces the regenerative braking force
to be generated by each of the front motor and the rear
motor from the first regenerative braking force to the sec-
ond regenerative braking force in such a manner that a
regenerative braking force reduction ratio matches or ex-
ceeds a frictional braking force front-rear ratio, which is
a ratio of the frictional braking force to be generated on
the rear wheel to the frictional braking force to be gener-
ate on the front wheel.
[0071] According to further another preferable config-
uration, in any of the above-described configurations, the
control apparatus reduces the regenerative braking force
to be generated by each of the front motor and the rear
motor from the first regenerative braking force to the sec-
ond regenerative braking force in such a manner that the
regenerative braking force reduction ratio matches or ex-
ceeds the frictional braking force front-rear ratio and falls
below a braking force request ratio, which is a ratio of
the first regenerative braking force of the rear motor to
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the first regenerative braking force of the front motor.
[0072] According to further another preferable config-
uration, in any of the above-described configurations, the
control apparatus reduces the regenerative braking force
to be generated by each of the front motor and the rear
motor from the first regenerative braking force to the sec-
ond regenerative braking force in such a manner that the
regenerative braking force reduction ratio matches the
frictional braking force front-rear ratio.
[0073] Further, from another aspect, according to one
configuration, a control system for an electric vehicle is
provided. This control system includes a power source,
a front motor configured to output a torque to a front wheel
of the electric vehicle by supply and reception of power
to and from a power source, a rear motor configured to
output a torque to a rear wheel of the electric vehicle by
supply and reception of power to and from the power
source, a brake apparatus capable of providing a braking
force to each of the front wheel and the rear wheel, and
a control unit configured to control the front motor, the
rear motor, and the brake apparatus. The control unit is
configured to output an instruction for generating a fric-
tional braking force to the brake apparatus, with an in-
struction for generating a regenerative braking force out-
put to the front motor and the rear motor and a power
limit imposed on the power source.
[0074] According to a further preferable configuration,
in the above-described configuration, the control unit out-
puts an instruction for generating the frictional braking
force based on a difference between the request braking
force requested to the vehicle and the regenerative brak-
ing force subjected to the power limit on the power source
to the brake apparatus.
[0075] According to another preferable configuration,
in any of the above-described configuration, the control
unit reduces the regenerative braking force to be gener-
ated by each of the front motor and the rear motor from
the request braking force to the regenerative braking
force subjected to the power limit in such a manner that
a regenerative braking force reduction ratio matches a
frictional braking force front-rear ratio, which is a ratio of
the frictional braking force to be generated on the front
wheel to the frictional braking force to be generated on
the rear wheel. The regenerative braking force reduction
ratio is a ratio between a front reduction amount of a
reduction from the regenerative braking force according
to the request braking force to the regenerative braking
force subjected to the power limit on the front motor, and
a rear reduction amount of a reduction from the regen-
erative braking force according to the request braking
force to the regenerative braking force subjected to the
power limit on the rear motor.
[0076] Further, from another aspect, according to one
configuration, a control method for an electric vehicle is
provided. This control method includes acquiring a re-
quest regenerative braking force to be generated on each
of a front motor and a rear motor based on a request
braking force requested to the electric vehicle. The front

motor is configured to output a torque to a front wheel of
the electric vehicle by supply and reception of power to
and from a power source. The rear motor is configured
to output a torque to a rear wheel of the electric vehicle
by supply and reception of power to and from the power
source. The control method further includes reducing the
acquired request regenerative braking force based on a
power limit on the power source, and outputting an in-
struction for providing a frictional braking force corre-
sponding to a reduction amount of the request regener-
ative braking force to each of the front wheel and the rear
wheel to a brake apparatus.
[0077] According to a further preferable configuration,
in the above-described configuration, the reducing of the
acquired request regenerative braking force includes set-
ting a regenerative braking force reduction ratio, which
is a ratio of a reduction amount of a reduction on the rear
motor to a reduction amount of a reduction on the front
motor, to a ratio equal to or higher than a frictional braking
force front-rear ratio, which is a ratio of the front wheel
frictional braking force and the rear wheel frictional brak-
ing force output in the outputting of the instruction.
[0078] According to another preferable configuration,
in any of the above-described configurations, the reduc-
ing of the acquired request regenerative braking force
includes setting the regenerative braking force reduction
ratio to a ratio equal to or higher than the frictional braking
force front-rear ratio and lower than a request regener-
ative braking force ratio, which is a ratio of the request
regenerative braking force of the rear motor to the request
regenerative braking force of the front motor.
[0079] According to further another preferable config-
uration, in any of the above-described configurations, the
reducing of the acquired request regenerative braking
force includes causing the regenerative braking force re-
duction ratio to match the frictional braking force front-
rear ratio.
[0080] Having described several embodiments of the
present invention, the above-described embodiments of
the present invention are intended to only facilitate the
understanding of the present invention, and are not in-
tended to limit the present invention thereto. The present
invention can be modified or improved without departing
from the spirit of the present invention, and includes
equivalents thereof. Further, the individual components
described in the claims and the specification can be ar-
bitrarily combined or omitted within a range that allows
them to remain capable of achieving at least a part of the
above-described objects or producing at least a part of
the above-described advantageous effects.
[0081] The present application claims priority under
the Paris Convention to Japanese Patent Application No.
2017-109897 filed on June 2, 2017. The entire disclosure
of Japanese Patent Application No. 2017-109897 filed
on June 2, 2017 including the specification, the claims,
the drawings, and the abstract is incorporated herein by
reference in its entirety.
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REFERENCE SIGN LIST

[0082]

FL, FR front wheel
RL, RR rear wheel
1f front motor
1r rear motor
2f, 2r speed reduction mechanism
3f, 3r differential gear
4f, 4r drive shaft
5f, 5r inverter
6 stroke sensor
7 accelerator position sensor
8f, 8r resolver
9 brake controller
10 wheel speed sensor
11 CAN communication line (communica-

tion apparatus)
12 acceleration sensor
90 brake hydraulic unit
CU vehicle control unit
BCU battery control unit
MCUf, MCUr motor control unit

Claims

1. A control apparatus for an electric vehicle, the elec-
tric vehicle including a front motor configured to out-
put a torque to a front wheel of the electric vehicle
by supply and reception of power to and from a power
source, a rear motor configured to output a torque
to a rear wheel of the electric vehicle by supply and
reception of power to and from the power source,
and a brake apparatus capable of providing a fric-
tional braking force to each of the front wheel and
the rear wheel, the control apparatus comprising:

a regenerative braking force calculation portion
configured to calculate a regenerative braking
force to be generated on the front motor and the
rear motor based on a request braking force re-
quested to the electric vehicle;
a power limit portion configured to reduce the
regenerative braking force based on a power
limit on the power source; and
a frictional braking force output portion config-
ured to output an instruction for generating the
frictional braking force according to a regener-
ative braking force reduction amount, which is
an amount of a reduction in the regenerative
braking force by the power limit portion, to the
brake apparatus.

2. The control apparatus for the electric vehicle accord-
ing to claim 1, wherein the power limit portion sets a
regenerative braking force reduction ratio, which is

a ratio of the regenerative braking force reduction
amount of the rear motor to the regenerative braking
force reduction amount of the front motor, according
to the frictional braking force.

3. The control apparatus for the electric vehicle accord-
ing to claim 1, wherein the power limit portion reduc-
es the regenerative braking force in such a manner
that a regenerative braking force reduction ratio,
which is a ratio of the regenerative braking force re-
duction amount of the rear motor to the regenerative
braking force reduction amount of the front motor,
matches or exceeds a frictional braking force front-
rear ratio, which is a ratio of the frictional braking
force of the rear wheel to the frictional braking force
of the front wheel.

4. The control apparatus for the electric vehicle accord-
ing to claim 3, wherein the power limit portion reduc-
es the regenerative braking force in such a manner
that the regenerative braking force reduction ratio
matches or exceeds the frictional braking force front-
rear ratio, and falls below a braking force request
ratio, which is a ratio of the regenerative braking force
of the rear motor to the regenerative braking force
of the front motor that is calculated by the regener-
ative braking force calculation portion.

5. The control apparatus for the electric vehicle accord-
ing to claim 4, wherein the power limit portion reduc-
es the regenerative braking force in such a manner
that the regenerative braking force reduction ratio
matches the frictional braking force front-rear ratio.

6. The control apparatus for the electric vehicle accord-
ing to claim 1, wherein the regenerative braking force
calculation portion calculates the regenerative brak-
ing force to be generated on each of the front motor
and the rear motor based on the request braking
force and a front wheel load and a rear wheel load
of the electric vehicle.

7. The control apparatus for the electric vehicle accord-
ing to claim 6, further comprising:

an estimated lateral acceleration calculation
portion configured to calculate an estimated lat-
eral acceleration to be generated on the electric
vehicle based on a speed of the electric vehicle
and a steering angle; and
an estimated longitudinal acceleration calcula-
tion portion configured to calculate an estimated
longitudinal acceleration to be generated on the
electric vehicle based on an instruction for a
torque to be generated on an axle of the electric
vehicle,
wherein the regenerative braking force calcula-
tion portion calculates the front wheel load and
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the rear wheel load based on the estimated lat-
eral acceleration and the estimated longitudinal
acceleration.

8. The control apparatus for the electric vehicle accord-
ing to claim 6, further comprising:

an estimated lateral acceleration calculation
portion configured to calculate an estimated lat-
eral acceleration to be generated on the electric
vehicle based on a speed of the electric vehicle
and a steering angle;
a detected lateral acceleration acquisition por-
tion configured to acquire a detected lateral ac-
celeration from an acceleration sensor config-
ured to detect an acceleration of the electric ve-
hicle;
a lateral acceleration selection portion config-
ured to select an acceleration having a larger
absolute value as a selected lateral acceleration
from the estimated lateral acceleration and the
detected lateral acceleration;
an estimated longitudinal acceleration calcula-
tion portion configured to calculate an estimated
longitudinal acceleration to be generated on the
electric vehicle based on an instruction for a
torque to be generated on an axle of the electric
vehicle;
a detected longitudinal acceleration acquisition
portion configured to acquire a detected longi-
tudinal acceleration from the acceleration sen-
sor; and
a longitudinal acceleration selection portion con-
figured to select an acceleration having a larger
absolute value as a selected longitudinal accel-
eration from the estimated longitudinal acceler-
ation and the detected longitudinal acceleration,
wherein the regenerative braking force calcula-
tion portion calculates the front wheel load and
the rear wheel load based on the selected lateral
acceleration and the selected longitudinal accel-
eration.

9. The control apparatus for the electric vehicle accord-
ing to claim 8, wherein the regenerative braking force
calculation portion outputs zero as the estimated lat-
eral acceleration when a sign is different between
the estimated lateral acceleration and the detected
lateral acceleration.

10. A control apparatus for an electric vehicle, the elec-
tric vehicle including a front motor configured to out-
put a torque to a front wheel of the electric vehicle
by supply and reception of power to and from a power
source, a rear motor configured to output a torque
to a rear wheel of the electric vehicle by supply and
reception of power to and from the power source,
and a brake apparatus capable of providing a braking

force to each of the front wheel and the rear wheel,
wherein the control apparatus causes a frictional
braking force to be generated by the brake apparatus
with a regenerative braking force generated by each
of the front motor and the rear motor and a power
limit imposed on the power source.

11. The control apparatus for the electric vehicle accord-
ing to claim 10, wherein the control apparatus sets
a regenerative braking force reduction ratio, which
is a ratio of a regenerative braking force reduction
amount of the rear motor to the regenerative braking
force reduction amount of the front motor, according
to the frictional braking force to be generated on the
wheel of the electric vehicle by the brake apparatus,
and
wherein the regenerative braking force reduction
amount is a difference between a first regenerative
braking force and a second regenerative braking
force when the regenerative braking force to be gen-
erated by each of the front motor and the rear motor
is reduced from the first regenerative braking force
according to a request braking force requested to
the electric vehicle to the second regenerative brak-
ing force subjected to a power limit on the power
source.

12. The control apparatus for the electric vehicle accord-
ing to claim 10, wherein the frictional braking force
is based on a difference between the request braking
force requested to the electric vehicle and the regen-
erative braking force subjected to the power limit on
the power source.

13. The control apparatus for the electric vehicle accord-
ing to claim 12, wherein the control apparatus reduc-
es the regenerative braking force to be generated
by each of the front motor and the rear motor from
the first regenerative braking force to the second re-
generative braking force in such a manner that a
regenerative braking force reduction ratio matches
or exceeds a frictional braking force front-rear ratio,
which is a ratio of the frictional braking force to be
generated on the rear wheel to the frictional braking
force to be generate on the front wheel.

14. The control apparatus for the electric vehicle accord-
ing to claim 13, wherein the control apparatus reduc-
es the regenerative braking force to be generated
by each of the front motor and the rear motor from
the first regenerative braking force to the second re-
generative braking force in such a manner that the
regenerative braking force reduction ratio matches
or exceeds the frictional braking force front-rear ratio
and falls below a braking force request ratio, which
is a ratio of the first regenerative braking force of the
rear motor to the first regenerative braking force of
the front motor.
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15. The control apparatus for the electric vehicle accord-
ing to claim 14, wherein the control apparatus reduc-
es the regenerative braking force to be generated
by each of the front motor and the rear motor from
the first regenerative braking force to the second re-
generative braking force in such a manner that the
regenerative braking force reduction ratio matches
the frictional braking force front-rear ratio.

16. A control system for an electric vehicle, comprising:

a power source;
a front motor configured to output a torque to a
front wheel of the electric vehicle by supply and
reception of power to and from a power source;
a rear motor configured to output a torque to a
rear wheel of the electric vehicle by supply and
reception of power to and from the power
source;
a brake apparatus capable of providing a brak-
ing force to each of the front wheel and the rear
wheel; and
a control unit configured to control the front mo-
tor, the rear motor, and the brake apparatus, the
control unit being configured to output an in-
struction for generating a frictional braking force
to the brake apparatus with an instruction for
generating a regenerative braking force output
to the front motor and the rear motor and a power
limit imposed on the power source.

17. A control method for an electric vehicle, comprising:

acquiring a request regenerative braking force
to be generated on each of a front motor and a
rear motor based on a request braking force re-
quested to the electric vehicle, the front motor
being configured to output a torque to a front
wheel of the electric vehicle by supply and re-
ception of power to and from a power source,
the rear motor being configured to output a
torque to a rear wheel of the electric vehicle by
supply and reception of power to and from the
power source;
reducing the acquired request regenerative
braking force based on a power limit on the pow-
er source; and
outputting an instruction for providing a frictional
braking force corresponding to a reduction
amount of the request regenerative braking
force to each of the front wheel and the rear
wheel to a brake apparatus.
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