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(57) Abrege/Abstract:

A slip determination system for a vehicle, which is capable of improving the determination accuracy by avoiding erroneous
determination of excessive slip of wheels when a state of the wheels, driven/braked by motors, Is switched. In the slip determination
system according to the present invention, when first and second motor rotational speeds NMOT1 and NMOTZ2, which are
rotational speeds of rear motors 41 and 61 which brake/drive rear wheels WRL and WRR, reach a reference rotational speed
NMREF set based on wheel rotational speeds NWFL, NWFR, NWRL, and NWRR, It iIs determined that excessive slip has
occurred in the rear wheels WRL and WRR (FIG. 9). When the sign of a target torque TROBJ of the rear motors 41 and 61 Is
Inverted, the reference rotational speed NMREF Is changed to a value more difficult to be reached by the first and second motor

rotational speeds NMOT1 and NMOT?2 (steps 28 and 29 in FIG. 8), or the excessive slip determination is inhibited (step 51 in FIG.
12).
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ABSTRACT

A slip determination system for a vehicle, which 1s capable

of improving the determination accuracy by avolding erroneous

p ﬁ

determination of excessive slip of wheels when a state of the

wheels, driven/braked by motors, is switched. In the slip
determination system according to the present invention, when

first and second motor rotational speeds NMOT1 and NMOTZ2, which

are rotational speeds of rear motors 41 and 61 which brake/drive

rear wheels WRL and WRR, reach a reference rotational speed NMREF
set based on wheel rotational speeds NWFL, NWFR, NWRL, and NWRR,
it is determined that excessive slip has occurred 1in the rear
wheels WRL and WRR (FIG. 9). When the sign of a target torque

TROBJ of the recar motors 41 and o0l 1s 1nverted, the reference

rotational speed NMREF 1s changed to a value more difficult to

First and second motor rotational speeds NMOTL

be reached by the
and NMOTZ2 (steps 28 and 29 in FIG. 8), or the excessive sllp

[

determination 1s inhibited (step 51 1n FIG. 12).
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L]

ERMINATION SYSTEM FOR VEHICL

SLIP D!

7]
—

[ Technical Field]
(0001]

The present invention relates to a slip determination

F

system for a vehicle, for determining occurrence of excessive

slip in a wheel driven or braked by a motor capable of generating

electric power.

[Background Art]
[0002]

Conventionally, as a control system for a vehicle having

wheels driven or braked by a motor capable of generating electric
power, there has been known one disclosed e.g. in PTL 1. This
control system is applied to an electric vehicle that brakes and
drives wheels using an electric motor. 1In this control system,
a positive (driving side) or negative (braking side) target

torque of the motor is calculated based on a detected accelerator
pedal opening and a rotational speed of the motor, and further,
delay processing is performed on the target torgue to thereby
calculate a positive or negative command torque to be output TO

the motor.

1000 3]

Then, when the sign of the calculated command torque 1s

switched from one of positive and negative to the other, the

command torque output to the motor is set to 0 for a predetermined

time period thereafter. This prevents occurrence of a torque

shock caused by backlash clogging occurring 1n a motlive power

transmission systembetween the wheels and the motor, when a state
of the wheels driven/braked by the motor is switched, and thereby

improves drivability.
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[Citation List]
[Patent Literature]

(0004 ]
[PTL 1] Japanese Laid-Open Patent Publication (Kokai) No.

H10-304509

[Summary of Invention]

[Technical Problem]

[(0005]

However, in the above-described conventional control

system, when the state of the wheels driven/braked by the motor
is switched, the command torgque output to the motor 1s held at

0 for the predetermined time period, which prevents the torque

of the motor from being transmitted to the wheels, and hence 1t

is impossible to sufficiently exhibit responsiveness of the

motor, which may have adversely affect the drivability.

[0006]
Further, when the state of the wheels driven/braked by the

motor is switched, mechanical connection between the motor and
the wheels i1is released until the above-mentioned backlash

clogging is eliminated, so that the rotational speeds of themotor

and the wheels are temporarily fluctuated. Therefore, for
example, in a case where excessive slip 1in the wheels 1is

determined by comparing the rotational speed of the motor or the

wheels with the threshold value, 1f the changed rotational speed
of the motor or the wheels reaches the threshold value, 1t may
be erroneously determined that excessive slip has occurred even
though excessive slip has not actually occurred 1n the wheels.

(000 7]

The present invention has been made to provide a solution

to the above-described problems, and an object thereof 1s to

provide a slip determination system for a vehicle, which 1s

capable of improving the accuracy of excessilive slip

determination by avoiding erroneous determination of excessive
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slip in a wheel when the state of the wheel driven/braked by a

motLor 18 switched.

[Solution to Problem]

[0008]

To attain the above object, the invention 1s a slip
determination system for a vehicle (hybrid vehicle V), for

determining whether or not excessive slip which is slip not

smaller than a predetermined one occurs 1in a wheel (left rear
wheel WRL, right rear wheel WRR) which 1is mechanically connected
to a motor (first rear motor 41, second rear motor 61 1n an
embodiment (the same applies to the following)), and 1s driven
or braked by the motor, comprlising wheel speed

parameter—-acguiring means (first motor rotational speed sensor

102a, second motor rotational speed sensor 102b) for acquiring
a wheel speed parameter (first motor rotational speed NMOTL,
second motor rotational speed NMOTZ) indicative of a speed of

one of the wheel and the motor, basic speed parameter—-acquiring

means (wheel rotational speed sensors 101la to 101d) for acquiring

a basic speed parameter (wheel rotational speed NWEFL, NWER, NWRL,

*

NWRR) indicative of at least one of a speed of the vehicle and

a speed of other wheel which 1s different from the wheel,

threshold value-setting means (ECU 2, steps 25 and 26 in FIG.

8) for setting a threshold value (reference rotational speed

NMREF) which serves as a reference for determination of the

excessive slip, based on the acquired basic speed parameter, slip

determining means (ECU 2, FIG. 9) for determining that the
excessive slip has occurred in the wheel when the acquired wheel

speed parameter reaches the set threshold value, braking/driving

force-acquiring means (ECU 2, step 11 in FIG. 7) for acquilring
a braking/driving force (target torque TROBJ of first and second

rear motors 41, 61) of the motor for driving or braking the wheel,

and threshold value-changlng means (ECU 2, steps 28 and 29 1n

FIG. 8) for changing the threshold value to a second threshold
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value which is used at the time of an inversion of the

" e
prssas

braking/driving force, and which is more difficult to be reached

by the wheel speed parameter than the threshold value, when the

sign of the acquired braking/driving force of the motor 1is

inverted.

[0009]

In this vehicle, the motor i1s mechanically connected to
the wheel, and the wheel is driven or braked (braked/driven) by
powering operation or regeneration cperation performed by the

motor. In this slip determination system, the wheel speed

parameter indicative of a speed of at least one of the wheel and
the motor 1s acqguired. Further, the basic speed parameter
indicative of one of the vehicle speed and the speed of other

wheel which is different from the wheel (wheel which 1s not

connected to the motor) is acgquired, and the threshold value

serving as the reference for determination of excessive slip
which is slip in the wheel, not smaller than the predetermined
one, 1s set based on the acquired baslic speed parameter. Then,

when the wheel speed parameter acquilred as above reaches the

threshold value, it is determined that excessive slip has

occurred 1n the wheel.

[0010]

Note that in the description and claims of the present

application, the term “slip” of a wheel refers to a phenomenon

that grip between a wheel and a road surface 1s lost, causing
a rotational movement distance over which an outer periphery of

the wheel moves by rotation not to coincide with a distance over

which the vehicle moves, and includes both of racing and sliding

of a wheel. The term “racing” of a wheel refers to a phenomenon

that a wheel freely rotates with respect to a road surface, and

for example, evenwhen the wheel rotates one rotation, the vehicle

advances by a distance shorter than a distance corresponding to

one rotation of the wheel. Further, the term “sliding” of a wheel



CA 02934229 2016—06-16

refers to a phenomenon that e.g. when the vehicle is braked, the
wheel is locked and slid on a road surface e.g. due to reduction
of frictional resistance between the wheel and the road surface.
[0011]
Further, according to the present invention, the
braking/driving force of the motor is acquired, and when the sign
of the acguired braking/driving force of the motor 1s i1nverted,

i.e. when the state of the wheel driven/braked by the motor 1s

switched, the above-mentioned threshold value 1is changed to the

second threshold value which is used at the time of an inversion

of the braking/driving force, and which 1s more difficult to be
reached by the wheel speed parameter than the threshold value.
As a consequence, even when the speeds of the wheel and the motor
are temporarily changed due to backlash cloggling occurring 1n
the motive power transmission system between the motor and the

wheel when the state of the wheel driven/braked by the motor 1s

ﬂ
2 d

switched, the wheel speed parameter becomes difficult to reach

the changed second threshold value, whereby it 1s possible to

avold erroneous determination of excessive slip, and thereby

improve the accuracy of excessive slip determination.

0012]

To attain the above object, the invention 1s a slip

determination system for a vehicle (hybrid vehicle V), for

determining whether or not excessive slip which 1s slip not

smaller than a predetermined one occurs 1n a wheel (left rear
wheel WRL, right rear wheel WRR) which is mechanically connected
to a motor (first rear motor 41, second rear motor 61 1n an
embodiment (the same applies to the following)), and i1s driven
or braked by the motor, comprising wheel speed

parameter-acqulring means (first motor rotational speed sensor

102a, second motor rotational speed sensor 102b) for acquiring
a wheel speed parameter (first motor rotational speed NMOTI],

second motor rotational speed NMOTZ2) indicative of a speed of
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one of the wheel and the motor, basic speed parameter—-acquiring

means (wheel rotational speed sensor 10la to 101d) for acqulring
a basic speed parameter (wheel rotational speed NWEFL, NWER, NWRL,

NWRR) i1ndicative of at least one of a speed of the vehicle and

o

a speed of other wheel which is different from the wheel,

threshold value-setting means (ECU 2, steps 25 and 26 1n FIG.

11) for setting a threshold value (reference rotational speed

NMREF) which serves as a reference for determination of the

excessive slip, based on the acquired basic speed parameter, slip

determining means (ECU 2, steps 32 to 43 in FIG. 12) for
determining that the excessive slip has occurred 1in the wheel

when the acquired wheel speed parameter reaches the set threshold

value, braking/driving force-acquiring means (ECU 2, step 11 in

FIG. 7) for acquiring a braking/driving force (target torque

F

TRORJ of first and second rear motors 41, ©61l) of the motor for

driving or braking the wheel, and determination inhibiting means

(ECU 2, step 51 in FIG. 12) for inhibiting the determination of

the excessive slip performed by the slip determining means when
the sign of the acquired braking/driving force of the motor is

inverted.

10013]

The vehicle and the slip determination system 1n the
present invention are the same 1n basic arrangement as those otf

the above-described invention. That 1s, 1n this vehicle, the
wheel is mechanically connected to the motor, and is driven or
braked (braked/driven) by powering operation or regeneration

operation of the motor. In the slip determination system, the

wheel speed parameter indicative of a speed of one of the wheel
and the motor is acquired. Further, the basic speed parameter

indicative of at least one of the vehicle speed and the speed

of the other wheel which 1s different from the wheel (wheel which
is not connected to the motor) is acquired, and the threshold

value serving as the reference for

}
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determination of excessive slip which 1s slip 1n the wheel, not
smaller than a predetermined one, 1s set based on the acqguired
basic speed parameter. Then, when the wheel speed parameter
acqulired as above reaches the threshold value, 1t 1s determlined
that excessive slip has occurred in the wheel.

(0014 ]

Further, according to the present invention, the
braking/driving force of the motor is acquired, and when the sign

of the acquired braking/driving force of the motor 1s 1nverted,

excessive slip determination is inhibited. This makes 1t

possible to positively avold erroneous determination caused by
the threshold value being reached by the temporarily changed
wheel speed parameter, due to backlash clogging occurring in the

motive power transmission systembetween the motor and the wheel,

whereby it is possible to improve the accuracy of the excessive

slip determination.

e

[Brief Description of Drawlngs]
(0015]

[FIG. 1] A diagram schematically showlng a wvehicle to

which a slip determination system according to embodiments 1s

applied.

[FIG. 2] A skeleton diagram schematically showiling a rear

wheel-driving device.

[FIG. 3] Ablockdiagramof the slip determination system.

[FIG. 4] A collinear chart showing a rotational speed

relationship and a torque balance relationship between various
tvpes of rotary elements and left and right rear wheels 1n a drive
mode of the rear wheel-driving device.

[FIG. 5] A collinear chart showing a rotational speed

relationship and a torque balance relationshlip between the
various types of rotary elements and the left and right rear

wheels, 1n a regeneration mode of the rear wheel-driving device.
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[FIG. 6] A flowchart of a main flow of an excessive slip

determination process.

P

- a subroutine for a motor torqgque

([FIG. 7] A flowchart o:

determination process.

([FIG. 8] A flowchart of a subroutine for a reference

rotational speed calculation process according to a first

embodiment.

[FIG. 9] A flowchart of a subroutine for a slip

determination process according to the first embodiment.

[FIG. 10] A timing diagram showing an example of operation

obtained by performing the processes 1n FIGS. 6 to 9.

[FIG. 111 A flowchart of a subroutine for a reference

rotational speed calculation process according to a second

embodiment.

[FIG. 12] A flowchart of a subroutine for a slip

determination process according to the second embodiment.

[Description of Embodiments]

[0016]

The invention will now be described in detail with

reference to drawings showing preferred embodiments thereof. A

hvbrid vehicle (hereinafter simply referred to as the “vehicle”)

V shown in FIG. 1 1s a four-wheel vehicle having four wheels W

(left and right front wheels WFL and WFR, and left and right rear

wheels WRL and WRR). The vehicle V 1is eqguipped wlith a front

wheel-driving device DFS for driving the front wheels WFL and

WER and a rear wheel-driving device DRS for driving the rear

wheels WRL and WRR.
[0017]

The front wheel-driving device DFS 1s the same as that

disclosed in e.g. Japanese Patent No. 5362792 proposed by the

present applicant, and hence, hereafter, a brief description

.

will be given of the construction and operation of the front

wheel-driving device DFS. The front wheel-driving device DF'S
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includes an internal combustion engine (herelnafter referred to

as the “engine”) 3 as amotive power source, a front moter 4 formed

by a motor capable of generating electric power, and a

transmission 5 which transmits motive power from the engine 3

and the front motor 4 to the front wheels WFL and WFR while

changing the speed thereof.
10018]

The engine 3 is e.g. a gasoline engine, and an intake air

amount, a fuel injection amount, and an i1gnition timing of the

engine 3 are controlled by an ECU 2 (see FIG. 3), described

hereinafter, whereby the motive power from the engine 3 1s

controlled.

[0019]
The front motor 4 1is formed e.g. by a brushless DC motor,

and includes a stator and a rotor (neither of which 1s shown).

The stator is electrically connected to a chargeable and

dischargeable battery 7 via a power drive unit (hereinafter

referred to as the “PDU”) 6. The PDU 6 1s formed by an electric

circult, such as an inverter, and 1s controlled by the ECU 2 to
thereby control the operation of the front motor 4.

[0020]
More specifically, when the ECU 2 controls the PDU 6 to

supply electric power from the battery 7 to the stator of the
front motor 4, the electric power 1s converted to motive power
to thereby rotate the rotor (powering operation). Further, 1in

P

a state in which the supply of electric power to the stator 1is

stopped and the rotor 1s rotated by the input of motive power,

the motive power 1s converted to electric power to thereby
generate electric power (regenerative operation). The

generated electric power 1s charged to the battery /, or 1s

supplied to first and second rear motors 41 and 61, described
hereinafter, of the rear wheel-driving device DRS so as to be

used to drive the rear wheels WRL and WRR.
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10

(0021}

Further, the vehicleVisequippedwith auxiliary equipment

8 formed e.g. by a compressor of an air conditioner, and a 12

Vbattery (not shown). Theauxiliaryequipment 8 iselectrically
connected to the battery 7 via the PDU 6, and the 12 V battery

is electrically connected to the battery 7 via a DC/DC converter

(not shown).

[0022]

The transmission 5 1s formed by a so-called dual clutch

transmission (DCT). Although not shown, the transmission 5

includes a first input shaft connected to the engine 3 via a first

clutch, a planetary gear unit provided between the front motor
4 and the first input shaft, a seccond 1nput shaft connected To

the engine 3 via a second clutch, an output shaft arranged 1n

parallel with the first and second input shafts, a plurality of

input gears which are rotatably provided on the first and second

—

input shafts, a plurality of output gears which are integrally

formed with the output shaft, and are meshed with the plurality

of input gears, a synchronization device that selectively

connects one of theplurality of 1nput gears to the first or second
input shaft to thereby set a gear position determined by the

selected 1nput gear and the output gear meshed with the seclected

input gear, and so forth.
[0023]

With the above arrangement, the first and second clutches,

the synchronization device, and so forth are controlled py the

ECU 2, whereby 1nput of motive power output from the engine 3

and/or motive power output from the front motor 4 to the first

input shaft or input of the motive power output from the engilne

3 to the second input shaft i1s selectively performed. The input

motive power 1s output to the output shaft 1n a state in which
the speed thereof is changed at a predetermined transmission

ratio according to the gear position set by the synchronization
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device, and is further transmitted to the left and right front

wheels WFL and WFR via a differential 9 and left and right front
drive shafts SFL and SFR.
(0024 ]

As shown in FIG. 2, the rear wheel-driving device DRS

includes the first rear motor 41, a first planetary gear unit

51, the second rear motor 61, and a second planetary gear unit

71. These component elements are arranged between the left and
right rear wheels WRL and WRR in the order of 41, 51, 71, and

61, and are provided coaxlally with left and right rear drive

shafts SRL and SRR. One ends of the rear drive shafts SRL and

SRR are connected to the left and right rear wheels WRL and WRR,

respectively.
(0025]

The first rear motor 41 1s, similarly to the front motor

4, a brushless DC motor formed by a motor capable of generating
electric power, and includes a stator 42 and a rotor 43 which

is rotatable. The stator 42 is fixed to a casing CA, and is

electrically connected to the stator of the front motor 4 and

the battery 7 via the PDU 6. The rotor 43 1s i1ntegrally formed

with a rotating shaft 44 which is hollow, and the rotating shaft

44 is relatively rotatably provided outside a left rear drive

shatt SRL.
[0020]

In the first rear motor 41, when the ECU 2 controls the

PDU 6 to supply electric power charged in the battery 7 orelectric
power generated by the front motor 4 to the stator 42, the supplied

electric power 1s converted to motlive power to thereby rotate
the rotor 43 (powering operation). In this case, the motive
power oOf the rotor 43 1s controlled according to the electric
power supplied to the stator 42. Further, 1n a state 1n which
the supply of electric power to the stator 42 1s stopped and the

rotor 43 is rotated by the input of the motive power, the motive
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power is converted to electric power, whereby electric power 1s
generated (regenerative operation), and the generated electric
power 18 charged to the battery 7.

[0027]

The first planetary gear unit 51 is for transmitting motive

power output from the first rear motor 41 to the left rear wheel

e

WRL while reducing the speed thereof, and includes a first sun

gear 52, a first ring gear 53, double pinion gears 54, and a first
carrier 55. The first sun gear 52 is integrally formed with the

above-mentioned rotating shaft 44, and rotates in unison with

the rotor 43 of the first rear motor 41. The first ring gear

53 1s integrally formed with a rotating shaft 81 which 1s hollow.
The double pinion gears 54 ecach integrally include a first pinion
gear S54a and a second pinion gear 54b, and the number of the double
pinion gears 54 1s three (only two of which are shown). Further,
the double pinion gears 54 are rotatably supported by the first
carrier 55, and the first pinion gear 54a and the second pinion

gear 54b of each double pinion gear 54 are in mesh with the first

sun gear 52 and the first ring gear 53, respectively. The first

carrier 55 1s integrally formed with the other end of the left

rear drive shaft SRL, and rotates 1n unison with the left rear
drive shaft SRL.
[0028]

The second rear motor 61 and the second planetary gear unit

71 have the same construction as the above-described first rear

motor 41 and the first planetary gear unit 51, so that hereafter,

po—

a brief description will be given of the construction of the

second rear motor 61 and the second planetary gear unit 71. The

second rear motor 61 and second planetary gear unit /1 and the

first rear motor 41 and first planetary gear unit 51 are arranged
symmetrically to each other with respect to a one-way clutch 83,
referred to hereinafter. A stator 62 of the second rear motor

61 is fixed to the casing CA, and i1is electrically connected via
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the PDU 6 to the stator of the front motor 4, the battery 7, and

the stator 42 of the first rear motor 41. Further, a rotor 63
of the second rear motor 61 is integrally formed with a rotating

shaft 64 which is hollow, and the rotating shaft 64 is relatively

rotatably provided outside a right rear drive shaft SRR.

[0029]

In the second rear motor 61, when the ECU 2 controls the

PDU 6 to supply electric power in the battery 7 or electric power
generated by the front motor 4 to the stator 62, the supplied
electric power 1s converted to motive power to thereby rotate
the rotor 63 (powering operation). In this case, the motilve
power of the rotor 63 is controlled according to the electric
power supplied to the stator 62. Further, 1in a state 1n which
the supply of electric power to the stator 02 1s stopped and the
rotor 63 is rotated by the input of the motive power, the motive
power 1s converted to electric power, whereby electric power 1s
generated (regenerative operation), and the generated electric

power 1s charged to the battery 7.
[0030]

The second planetary gear unit /1 1s for transmitting

motive power from the second rear motor 61 to the right rear wheel
WRR while reducing the speed thereof, and includes a second sun
gear 72, a second ring gear 73, double pinion gears 74, and a

second carrier 75. The second sun gear 72, the second ring gear

73, and the double pinion gears 74 are set to have the same number

F

of gear teeth as those of the first sun gear 52, the first ring

iy

gear b3, and the double pinion gears 54, respectively.
[0031]

The second sun gear 72 1s 1integrally formed with the
above-mentioned rotating shaft 64, and rotates 1n unison with

the rotor 63 of the second rear motor 61. The second ring gear

73 1is integrally formed with a rotating shaft 82 which 1s hollow.

The rotating shaft 82 is opposed to the above-mentioned rotating
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shaft 81 in an axial direction with a slight gap therebetween.

The double pinion gears 74 are rotatably supported by the second

carrier 75, and a first pinion gear 74a and a second pinion gear

74b of each double pinion gear 74 are 1n mesh with the second

amd

sun gear 72 and the second ring gear 73, respectively. The second

carrier 75 is integrally formed with the other end of the right

rear drive shaft SRR, and rotates 1n unison with the left rear

drive shaft SRR.
00321

The rear wheel-driving device DRS further includes the

one-way clutch 83 and a hydraulic brake 84. The one-way clutch

83 includes an inner race 83a and an outer race 83b, and 1s

arranged between the first and second planetary gear units o1

and 71. Note that in the skeleton diagram in FIG. 2, the

1llustrated locations of the inner race 83a and the outer race

S

83b are opposite to the actual arrangement thereof i1n respect

—
——

of the inside and outside locations, for convenience of

illustration. The inner race 83a 1s spline-connected to the

above-mentioned rotating shafts 81 and 82, whereby the 1nner race

83a, the rotating shafts 81 and 82, and the first and second ring
gears 53 and 73 rotate in unison. Further, the outer race 83b
1s fixed to the case CA.

[0033]

With the above arrangement, when motive power 1n a

direction of causing the rotating shafts 81 and 82 to perform
reverse rotation i1s transmitted to the rotating shafts 81 and
82, the one-way clutch 83 blocks the reverse rotation of the

rotating shafts 81 and 82, and the first and second ring gears

53 and 73, by connecting the rotating shafts 81 and 82, to the

r—

case CA, whereas when motive power in a direction of causing the

rotating shafts 81 and 82 to perform normal rotation 1s

transmitted to the rotating shafts 81 and 82, the one-way clutch

83 allows the normal rotation of the rotating shafts 81 and 82,
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and the first and second ring gears 53 and 73, by disconnecting

between the rotating shafts 81 and 82, and the case CA.

[0034]
The hydraulic brake 84, which is formed by a multiplate

clutch, is attached to the case CA and the rotating shafts 81

and 82, and i1s disposed radially outward of the first and second

planetary gear units 51 and 71. The hydraulic brake 84 1s

controlledby the ECU 2 to selectively execute abraking operation

for braking the first and second ring gears 53 and 73, and a

rotation allowing coperation for allowing rotation of the first

and second ring gears 53 and 73. The braking force of the

hydraulic brake 84 1is controlled by the ECU Z.

[0035]
As shown in FIG. 3, to the ECU 2, detection signals

indicative of wheel rotational speeds NWFL, NWEFR, NWRL, and NWRR,

which are the respective rotational speeds of the left and right

front wheels WFL and WFR, and the left and right rear wheels WRL

and WRR, are input from wheel rotational speed sensors 1l0la to

101d. The ECU 2 calculates a speed VP of the vehicle V (vehicle

speed) based on these detection signals and the diameter of the

wheels W.
[0036]

Further, to the ECU 2, detections signals 1ndicative otf

first and second motor rotational speeds NMOT1 and NMOTZ2, which

are rotational speeds of the rotor 43 and 63 of the first and

second rear motors 41 and 61, are input from first and second

motor rotational speed sensors 102Z2a and 102b, respectively.

Furthermore, to the ECU 2, a detection signal 1ndicative of an

accelerator pedal opening AP which 1s a stepped-on amount of an

accelerator pedal (not shown) of the vehicle V 1s input from an

accelerator pedal opening sensor 103.
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[0037]

The ECU 2 is implemented by a microcomputer comprised of

an I/0 interface, a CPU, a RAM, and a ROM. The ECU 2 calculates

F

a demanded braking/driving force demanded of the vehicle V

according to the detection signals from the above-mentioned
various sensors 101 to 103, determines the operation mode of the

front wheel-driving device DFS and the rear wheel-driving device

DRS based on the calculated demanded braking/driving force and

so forth, andcalculates a demanded torque demanded for each wheel

W. Then, the ECU2 sets the respective target torgques of the

engine 3, the front motor 4, the first and second rear motors
41 and 61, based on the demanded torque, and controls the

operations of these component elements based on the set target
torgues to thereby drive or brake the wheels W, and control the
operation of the vehicle V. Note that in the present embodiment,

the ECU 2 corresponds to threshold value-setting means, slip

determining means, braking/driving force-acqulring means, and
threshold value-changing means.

[0038]

The above-mentioned operation modes of the front
wheel-driving device DFS include an ENG traveliling mode 1n which

only the engine 3 is used as a motive power source of the vehicle

V, an EV traveling mode in which only the front motor 4 1s used

as the motive power source, an assist traveling mode 1n which

the engine 3 is assisted by the front motor 4, a charging traveling

mode 1in which the battery 71is electrically charged by the front

P ]

motor 4 using part of the motive power output from the engine

3, a deceleration regeneration mode in which the battery 7 1s

electrically charged by the front motor 4 using travellng enerqgy

during deceleration traveling of the vehicle V, and so forth.

[ 0039]

Further, the operation modes of the rear wheel-driving

device DRS include a drive mode, a regeneration mode (braking)
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mode, and so forth. Hereafter, these operation modes will be
sequentially described.

(0040 ]

[Drive Mode]

The drive mode is an operation mode 1in which the powering

operation is performed by the first and second rear motors 41

and 61 using electric power of the battery 7 e.g. during

acceleration traveling of the vehicle V to thereby drive the left

and right rear wheels WRL and WRR using the motive power converted

from the electric power. In this drive mode, basically, target

torgques TROBJ of the first and second rear motors 41 and 61 are

set to the same positive value. Then, electric power

corresponding to the target torque TROBJ is supplied to the first
and second rear motors 41 and 61 to thereby cause the rotors 43
and 63 to perform normal rotation, and the hydraulic brake 84
to brake the first and second ring gears 53 and 73, respectively.

(004 1]

As 1s clear from the above-described connection

relationship between the various types of rotary elements of the

rear wheel-driving device DRS, the first sun gear 52 1s equal
in rotational speed to the first rear motor 41 (rotor 43), and
the first carrier 55 and the first ring gear 53 are equal 1in
rotational speed to the left rear wheel WRL and the second ring
gear 73, respectively. Further, the second sun gear 72 1s equal
in rotational speed to the second rear motor 61 (rotor 63), and
the second carrier 75 1s equal in rotational speed to the right
rear wheel WRR. Further, as 1s widely known, the rotational

speeds of the first sun gear 52, the first carrilier 55, and the

first ring gear 53 have a collinear relationship in which the

rotational speeds are aligned i1n a single straight line 1n a

collinear chart, and the rotational speeds of the first sun gear

52 and the first ring gear 53 are on the opposlte sides of the

first carrier 55. The above-mentioned relationship also applies
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to the second sun gear 72, the second carrier 75, and the second

ring gear /3.

[0042]

From the above, the relationship of the rotational speed

between the various types of rotary elements 1s expressed by the

collinear chart shown 1n FIG. 4. Note that in the collinear chart

in FIG. 4 and another collinear chart, referred to hereinafter,

a distance from a horizontal axis indicating a value of 0 to a

white circle on a vertical axis corresponds to the rotational

speed of each rotary element. Further, 1n FIG. 4, TM1 represents

an output torqgue of the first rear motor 41 (hereinafter referred

to as the “first rear motor powering torque”) generated by the
powering operation, and TMZ2 represents an output torque of the
second rear motor 61 (hereinafter referred to as the “second rear

motor powering torque’”) generated by the powering operation.

Further, RRL represents a reactlon force torque of the left rear

wheel, RRR represents a reaction force torque of the right rear

wheel WRR, and ROW represents a reaction force torque of the

one-way clutch 83.

(0043 ]

As described above, the one-way clutch 83 1s configured

to block reverse rotation of the first and second ring gears 53

and 73. Further, as i1is clear from FIG. 4, the first rear motor
powering torgue TM1 acts to cause the first sun gear 52 to perform
normal rotation, and cause the first ring gear 53 to perform
reverse rotation. From the above, the first rear motor powering

torque TM1 is transmitted to the left rear wheel WRL via the first

carrier 55 and the left rear drive shaft SRL using the reaction

force torque ROW of the one-way clutch 83 acting on the first

ring gear 53 as a reaction force, so that the left rear wheel
WRL is driven. Similarly, the second rear motor powering torgue
TMZ2 is transmitted to the right rear wheel WRR via the second

carrier 75 and the right rear drive shaft SRR using the reaction
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force torque ROW of the ocne-way clutch 83 acting on the second
ring gear 73 as a reaction force, so that the right rear wheel
WRR 1s normally rotated.

[0044]

[Regeneration Mode]

The regeneration mode is an operation mode for causing the

first and second rear motors 41 and 61 to perform the regenerative

operation using the traveling energy of the vehicle Ve.qg. during
deceleration traveling of the vehicle V while braking the rear

wheels WRL and WRR, and charging the generated electric power

to the battery 7. In the regeneration mode, basically, the

target torgues TROBJ of the first and second rear motors 41 and
61 are set to the same negative value. The electric power

regenerated by the first and second rear motors 41 and 61 1s

controlled according to the target torque TROBJ, and the first

and second ring gears 53 and 73 are braked by the hydraullc brake

84.
(0045]

FIG. 5 shows a rotational speed relationship and a torque

balance relationship between the various types of rotary

elements in the regeneration mode. In FIG. 5, BM1 represents

an output (braking) torque of the first rear motor 41 generated
by the regenerative operation (hereinafter referred to as the

“first rear motor regeneration torque”), and BMZ represents an

output (braking) torque of the second rear motor 6l generated

by the regenerative operation (hereinafter referred to as the

“second rear motor regeneration torque”). Further, TRL

represents an inertia torque of the left drive wheel WRL, TRR
represents an lnertia torgue of the right drive wheel WRR, and

RBR represents a reaction force torque of the hydraulic brake

84 .
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(0040]

As 1s clear from FIG. 5, the first and second rear motor

regeneration torgues BM1 and BMZ transmitted to the first and
second sun gears 52 and 53, respectively, are transmitted to the

first and second carriers 55 and 75, respectively, using the

reaction force torgue RBR of the hydraulic brake 84 as a reaction

force, and are further transmitted to the left and right rear

wheels WRL and WRR via the left and right rear drive shafts SRL

and SRR, so that the left and right rear wheels WRL and WRR are

braked.
(0047 ]

Next, a description will be given of a slip determination
process for determining excessive slip 1n the rear wheels WRL

and WRR, according toa first embodiment of the present invention,

with reference to FIGS. 6 to 9. The present process 1s repeatedly

performed by the ECU 2 at a predetermined control period. FIG.
6 shows a main flow of the slip determination process. First,
in a step 1 (shown as Sl1; similarly shown hereafter), a motor

torque determination process 1is performed. The determination

process is for determining inversion of the sign of the target

torque TROBJ of the first and second rear motors (herelnafter
referred to as the “rear motors” as deemed appropriate) 41 and
ol.

(0048 ]

Next, a process for calculating a reference rotational

speed NMREF is performed (step 2). The reference rotational

speed NMREF is used as a threshold value for determining

occurrence of excessive slip which i1s slip in the rear wheels

WRL and WRR, which i1s not smaller than a predetermined one. Next,

a slip determination process 1s performed using the reference

rotational speed NMREF calculated in the step 2 (step 3), followed

by terminating the present process in FIG. o.
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(0049 ]

FIG. 7 shows a subroutine for the above—-mentioned motor

torque determination process. In the present process, first,

in a step 11, the target torque TROBJ of the rear motors 41 and

0l 1s calculated. As described above, the target torgque TROBJ

is set, based on the demanded torque demanded of the rear wheels
WRL and WRR, to a positive value when the rear wheel-driving
device DRS is in the drive mode, and a negative value when the
rear wheel-driving device DRS 1s 1n the regeneration mode.

[0050]

Next, 1t 1s determined whether or not a product of the

calculated current target torque TROBJ and an lmmediately

preceding value TROBJZ thereof 1s smaller than 0 (negative value)

(step 12). If the answer to this question 1s affirmative (YES),

i.e. 1f the sign of the current target torque TROBJ has been

inverted from that of the immediately preceding value, that 1is,
when the state of the rear motors 41 and 61 1s being switched

between the driving state and the braking state, to indicate the

fact, a torque inversion flag F INV 1s set to 1 (step 13).

Further, a value TM INV of a torque inversion timer of an
up-counting type 1s reset to 0 (step 14), and the target torque
TROBJ is shifted to the immediately preceding value TROBJZ (step

15), followed by terminating the present process.

[0051]

Tf the answer to the guestion of the step 12 1s negative

(NO), 1.e. 1f the sign of the target torgque TROBJ has not been
inverted, 1t is determined whether or not the torque inversion

timer value TM INV reset 1n the step 14 1s not shorter than a

predetermined time period TREF (step 16). If the answer to this
question is negative (NO), the process proceeds to the step 15,

followed by terminating the present process.
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10052 ]

On the other hand, 1f the answer to the gquestion of the

step 16 is affirmative (YES), 1.e. if the predetermined time

period TREF has elapsed after inversion of the sign of the target

torgque TROBJ, the torque inversion flag F INV 1s reset to 0 (step
17), and then the step 15 is executed, followed by terminating
the present process. As described above, the torque i1nversion

ol

flag F INV is set to 1 until the predetermined time period TRE

elapses after the sign of the target torque TROBJ 1s 1nverted.

This time period is hereinafter referred to as the “i1nversion

time period” of the sign of the target torque TROBJ.
[0053]

Next, the process for calculating the reference rotational

speed NMREF, executed in the step 2 in FIG. 6, will be described.

FIG. 8 shows a subroutine for this process. In the present

process, first, in a step 21, a basic value NWBASE of the wheel

rotational speed is calculated. This basic value NWBASE 1s, for

example, calculated as an average value of the detected four wheel
rotational speeds NWEFL, NWEFR, NWRL, and NWRR.
(0054 ]

Next, a basic value NMBASE of the motor rotational speed

is calculated by multiplying the calculated basic value NWBASE
of the wheel rotational speed by a predetermined transmission

gear ratio RG (step 22). The transmission gear ratio RG

corresponds to a transmission gear ratlo fromthe first and second

rear motors 41 and 61 to the left and right rear drive shafts

SRL and SRR, 1.e. a transmission gear ratio of the first and second

planetary gear units 51 and 71. As 1s clear from the above, the

L3

basic value NMBRAS]

of the motor rotational speed 1s obtalned by

converting the basic value NWBASE of the wheel rotational speed

to a value corresponding to the rotational speed of the rear

motors 41 and ©61.
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[0055]

Next, it is determined whether or not the torque 1inversion

flagF INVis equal tol (step23). If the answer tothis question

is negative (NO), i.e. 1f 1t 1s not during the i1nversion time

period of the sign of the target torque TROBJ, it 1s determined

whether or not the target torque TROBJ of the rear motors 41 and

61 is larger than 0 (step 24). If the answer to this question

is affirmative (YES), 1.e. when the rear wheels WRL and WRR are

being normally driven by the rear motors 41 and ©l, the reference

rotational speed NMREF of the rear motors 41 and o0l 1s calculated

by the following equation (1) based on the basic value NMBASE

of the motor rotational speed calculated in the step 22 (step

25), followed by terminating the present process.

L

NMREF = NMBASE =+ (1 + KD) . (1)

[0056]

In this eguation, KD represents a predetermined margin

coefficient for a normal driving time, and 1s set to a value

between 0 and 1 (0 < KD < 1). Thus, in the normal driving state

<]

of the rear motors 41 and 61, the reference rotational speed NMREF

is set to a larger value which 1s increased from the basic value

NMBASE by a value corresponding to the margin coefficient KD.

10057]

On the other hand, 1f the answer to the guestion of the

step 24 1s negative (NO), 1.e. when the rear wheels WRL and WRR

are being normally braked by the rear motors 41 and bl, the

reference rotational speed NMREF of the rear motors 41 and 6l

1s calculated by the followling equation (2} (step 260), ftollowed

by terminating the present process.

NMREF = NMBASE -+ (1 - KB) .. (2)

10058]

In this equation, KB represents a predetermined margin

coefficient for a normal braking time, and 1s set to a value

between 0 and 1 (0 < KB < 1). Thus, 1in the normal braking state
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of the rear motors 41 and 61, the reference rotational speed NMREF

is set to a smaller value which is reduced from the basic value

NMBASE by a value corresponding to the margin coefficient KB.

[0059]

P

On the other hand, i1f the answer to the question of the

step 23 isaffirmative (YES), i.e. when it 1s during the 1nversion

time period of the sign of the target torque TROBJ, similarly
to the step 24, it 1s determined whether or not the target torque

TROBJ of the rear motors 41 and 61 1s larger than 0 (step 27).

F
—

If the answer to this guestion i1is affirmative (YES), 1.e. 1t 1S

during the inversion time period in which the sign of the target

torgue TROBJ i1s inverted from negative to positive, and the rear

motors 41 and 61 are changed from the braking state to the driving

p—

state, the reference rotational speed NMREF of the rear motors

41 and 61 is calculated by the following equation (3) (step 28),

followed by terminating the present process.

NMREEF = NMBASE =< (1 + KDINV) ce . (3)

[0060]

In this equation, KDINV represents a predetermined margin

grite.
il

coefficient for a torque inversion/driving time, and is set to

a value between 0 and 1, which is larger than the above-mentioned

margin coefficient KD for the normal driving time (0 < KDINV <

1, KDINV > KD). As 1s clear from the above, 1n the 1nversion

f—

time period in which the sign of the target torgue TROBJ 1is

inverted from negative to positive, the reference rotational

speed NMREF 1s set to a larger value than a value for the
normal-driving time.

(0061]

Further, 1f the answer to the question of the step 27 1s

negative (NO), 1.e. when it is during the inversion time period

in which the sign of the target torque TROBJ 1s inverted from

p—

positive to negative, and the state of the rear motors 41 and

61 1s changed from the driving state to the braking state, the
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reference rotational speed NMREF of the rear motors 41 and 6l

is calculated by the following equation (4) (step 29), followed

by terminating the present process.

*+ (1 — KBINV) e (4)

L+d

NMREEF = NMBAS
[0062]

In this equation, KBINV represents a predetermined margiln

coefficient for a torgue inversion/braking time, and 1is set to

a value between 0 and 1, which is larger than the above-mentioned

margin coefficient KB for the normal braking time (0 < KBINV <

1, KBINV > KB). As is clear from the above, in the 1inversion

time period in which the sign of the target torque TROBJ 1s

inverted from positive to negative, the reference rotational

speed NMREF is set to a smaller value than a value for the normal

braking time.

[0003]

Next, the slip determination process performed 1in the step

3 in FIG. 6 will be described. FIG. 9 shows a subroutine for

the slip determination process. In the present process, first,
1n a step 31, it 1s determined whether or not the target torque

TROBJ of the rear motors 41 and 61 1s larger than O. If the answer

to this guestion is affirmative (YES), 1.e. when the rear motors
41 and 61 are in the driving state, 1t 1s determined whether or

not the first motor rotational speed NMOT1 which 1s the detected

rotational speed of the first rear motor 41 1s not lower than

the reference rotational speed NMREF calculated in the step 25

or 28 1n FIG. 8 (step 32).
(0064 ]

If the answer to the question of the step 32 is negative

(NO), 1.e. 1f the first motor rotational speed NMOT1l does not

reach the reference rotational speed NMREF, 1t is determined that
acceleration slip (excessive slip not smaller than a

predetermined one during acceleration) has not occurred 1n the
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left rear wheel WRL, and to indicate the fact, an acceleration
slip flag F ASLI1 for the left rear wheel WRL 1s set to 0 (step 33).

[0065]
On the other hand, 1f the answer to the question of the

step 32 is affirmative (YES), 1.e. 1f the first motor rotational

speed NMOT1 is not lower than the reference rotational speed NMREF,

it is determined that acceleration slip has occurred 1in the left

rear wheel WRL, and to indicate the fact, the acceleration slip
flag F ASL]1 for the left rear wheel WRL 1s set to 1 (step 34).
[0060]

In steps 35 to 37 following the step 33 or 34, occurrence

of acceleration slip in the right rear wheel WRR 1s determined

by the same method as described above. First, 1n the step 35,

it is determined whether or not the second motor rotational speed

NMOT2 which is the detected rotational speed of the second rear

motor 61 is not lower than the reference rotatlional speed NMREF.

[0067]

If the answer to the guestion of the step 35 1s negative

(NO), i.e. if the second motor rotational speed NMOTZ does not

reach the reference rotational speed NMREF, it is determined that
acceleration slip has not occurred in the right rear wheel WRR,
and an acceleration slip flag F ASL2 for the right rear wheel

WRR is set to O (step 36), followed by terminating the present

Process.
[0068]

If the answer to the question of the step 35 1s affirmative

(YES), i.e. if the second motor rotational speed NMOTZ 1s not

—lnah

lower than the reference rotational speed NMREF, it is determined
that acceleration slip has occurred 1n the right rear wheel WRR,

and the acceleration slip flag F ASLZ for the right rear wheel

WRR is set to 1 (step 37), followed by terminating the present

process.
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[0009]

On the other hand, 1f the answer to the question of the

step 31 is negative (NO), 1.e. 1f the rear motors 41 and 6l are

in the braking state, it is determined whether or not the first

motor rotational speed NMOT1 1s not higher than the reference

rotational speed NMREF calculated in the step 26 or 29 1in FIG.
8 (step 38).
[0070]

If the answer to the question of the step 38 1s negative

P

(NO), i.e. 1f the first motor rotational speed NMOT1l does not

reach the reference rotational speed NMREF, 1t 1s determined that

deceleration slip (excessive slip nct smaller than a

predetermined one during deceleration) has not occurred 1in the

left rear wheel WRL, and to indicate the fact, a deceleration

slip flag F DSL1 for the left rear wheel WRL 1s set to O (step 39).
[0071]

On the other hand, 1f the answer to the guestion of the

step 38 is affirmative (YES), i.e. 1f the first motor rotational

speed NMOT1 is not higher than the reference rotational speed

NMREF, 1t is determined that deceleration slip has occurred 1n

the left rear wheel WRL, and to i1ndicate the fact, the

deceleration slip flag F DSL1 for the left rear wheel WRL 1s set
to 1 (step 40).
[0072]

In steps 41 to 43 following the step 39 or 40, occurrence

of deceleration slip in the right rear wheel WRR 1s determined
by the same method as described above. First, 1in the step 41,

it is determined whether or not the second motor rotational speed

B

L*]

NMOTZ2 is not higher than the reference rotational speed NMR
[(0073]

If the answer to the gquestion of the step 41 1s negative

(NO), i.e. if the second motor rotational speed NMOTZ does not

reach the reference rotational speed NMREF, 1t 1s determined that
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deceleration slip has not occurred i1n the right rear wheel WRR,

and a deceleration slip flag F DSLZ for the right rear wheel WRKR

1s set to 0 (step 42), followed by terminating the present

process.
(0074 ]

On the other hand, 1f the answer to the question of the

step 41 is affirmative (YES), 1i.e. 1f the second motor rotational

speed NMOTZ2 i1s not higher than the reference rotational speed

NMREF, it 1s determined that deceleration slip has occurred in
the right rear wheel WRR, and the deceleration slip flag F DSLZ
for the right rear wheel WRR 1s set to 1 (step 43), followed by

terminating the present process.

[0075]

Next, adescriptionwill be given of an example of operation

obtained by performing the excessive slip determination process
described heretofore with reference to FIG. 10. FIG. 10 shows

a case where the state of the rear motors 41 and 61 1s switched

from the driving state to the braking state, and further switched

from the braking state to the driving state 1n a state in which

the vehicle speed V 1s constant.

[0076]

Before a time point tl in FIG. 10, the rear motors 41 and

61 are in the braking state, and the target torque TROBJ 1s set

to a negative value. Therefore, the torque inversion flag F INV

1s set to 0, and the reference rotational speed NMREF 1s set to

the value for the normal braking time (= NMBASE * (1 — KB) ) (step

26 1n FIG. 8).
[0Q77]

When the state of the rear motors 41 and 61 1s switched

from the braking state to the driving state, and the sign of the

target torque TROBJ is inverted from negative to positive,

crossing 0 (time point tl), the torque inversion flag F INV 1s

set to 1 (step 13 i1n FIG. 7), and accordingly, the reference
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rotational speed NMREF 1s changed to a larger value for the torque

L+

inversion/driving time (= NMBASE * (1 + KDINV)) (step 28 in FIG.
8). This state 1s maintained until the i1nversion time period
elapses (tilme polnt t2).

[0078]

Therefore, as indicated by a broken line 1n FIG. 10, even

when the first motor rotational speed NMOT1 1s temporarily

increased e.g. due to backlash clogging occurring in the meshed

portions of the first sun gear 52, the double pinion gears 54,

and the first ring gear 53 of the first planetary gear unit 51

arranged between the first rear motor 41 and the left rear drive

shaft SRL during the inversion time period of the target torgue

TRORBJ, the first motor rotational speed NMOTI1 does not reach the

changed larger reference rotational speed NMREF. This prevents

the answer to the question of the step 32 in FIG. 9 from

erroneously becoming affirmative.

[0079]

After that, when the inversion time period has elapsed

(after t2), the torgque i1nversion flag F INV 1s reset to 0 (step

17 1n FIG. 7), and accordingly, the reference rotational speed

NMREF is returned to the smaller value for the normal driving

NMBASE * (1 + KD)) (step 25 in FIG. 8).

time

[0080]

When the state of the rear motors 41 and 61 1s switched

F
p—

from this driving state to the braking state, and the sign of

the target torque TROBJ 1s inverted from positive to negative,

crossing 0 (time polnt t3), the torque inversion flag F INV 1s

set to 1 again (step 13 1n FIG. 7), and accordingly, the reference

rotational speed NMREF 1s changed to a smaller value for the

torque inversion/braking time (= NMBASE * (1 - KBINV)) (step 29
in FIG. 8). This state 1s malntalned until the inversion time

period elapses (time point t4).
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[0081]

Therefore, as 1ndicated by a broken line in FIG. 10, even

when the first motor rotational speed NMOT1 1is temporarily

reducede.g. due to backlash clogging occurring between the first

rear motor 41 and the left rear drive shaft SRL during the
inversion time period of the target torque TROBJ, the first motor

rotational speed NMOT1 does not reach the changed smaller

reference rotational speed NMREF. This prevents the answer to

the question of the step 38 in FIG. 9 from erroneously becoming

affirmative.

(0082 ]

After that, when the inversion time periocd has elapsed

(after t4), the torque inversion flag F INV 1s reset to 0, and

accordingly, the reference rotational speed NMREF 1s returned

to the larger wvalue for the normal braking time (= NMBASE -

(1 - KB)) (step 26 in FIG. 8).
[0083]
As described above, according to the present embodiment,

when the state of the rear motors 41 and 6l 1s switched from the

braking state to the driving state, and accordingly, the sign

of the target torgque TROBJ 1s 1nverted from negative to positive,

the reference rotational speed NMREF which 1s the threshold value

for determining acceleration slip 1s changed to the value for

the torque inversion/driving period (= NMBASE* (1 + KDINV) ), which

is larger than the value for the normal driving time. On the

other hand, when the state of the rearmotors 41 and 61 1s switched

from the driving state to the braking state, and accordingly,

P

the sign of the target torque TROBJ 1s inverted from positive

to negative, the reference rotational speed NMREF which 1s the

threshold value for determining deceleration slip 1s changed to

the value for the torque inversion/braking time (= NMBASE

(1 - KBINV)) which 1s smaller than the value for the normal

braking time.
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(0084 ]

By setting and changing the reference rotatlional speed

NMREF as described above, when the state of the rear motors 41

and 61 1is switched between the driving state and the braking state,
even if the first motor rotational speed NMOT1 and/or the second
motor rotational speed NMOT2 is/are temporarily increased or
reduced e.qg. due to backlash clogging, the first motor rotational

speed NMOT1 and/or the second motor rotational speed NMOT2 1s/arec

prevented from reaching the reference rotational speed NMREF.

As a result, 1t 1s possible to positively avoid erroneous

determination of acceleration slip and deceleration slip, and

thereby improve the accuracy of excessive slip determination.

10085

Next, a description will be given of a second embodiment

of the present invention with reference to FIGS. 11 and 12.
Although in the first embodiment, when the sign of the target

torque TROBJ of the rear motors 41 and 61 1s 1inverted, the

reference rotational speed NMREF 1s changed, the second

embodiment differs from the first embodiment in that slip

determination is inhibited 1n the same situation.

0080]

FIGS. 11 and 12 show subroutines for a reference rotational

speed calculation process and a slip determination process,

which are executed in place of the processes in FIGS. 8 and 9

in the first embodiment, respectively. In FIGS. 11 and 12, the
same steps as those 1n FIGS. 8 and 9 are denoted by the same step
numbers. The following description is glivenmalnly of different
points.from the first embodiment.

[0087]

In the reference rotational speed calculation process in

FIG. 11, first, in steps 21 and 22, the basic value NWBASE of

the wheel rotational speed 1s calculated, and the basic value

NMBASE of the motor rotational speed 1s calculated, similarly
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to the process in FIG. 8. Next, it 1s determined whether or not

the target torque TRORBRJ of the rear motors 41 and 6l 1s larger

than 0 (step 24).
10088]

Tf the answer to the question of the step 24 1is affirmative

(YES), i.e. when the rear motors 41 and 61 are in the driving

state, the reference rotational speed NMREF for the driving time

is calculated by the above equation (1) using the basic value

NMBASE (step 25). Further, if the answer to the question of the

step 24 is negative (NO), i.e. when the rear motors 41 and ol

are in the braking state, the reference rotational speed NMREF
for the braking time is calculated by the above equation (2) (step

26), followed by terminating the present process.

10089}

In the slip determination process in FIG. 12, first, in

a step 51, it is determined whether or not the torque inversion

flag F INV is equal to 1. If the answer to this question 1is

affirmative (YES), i.e. when it 1is during the sign inversion time

period of the target torque TROBJ, the present process 1s

immediately terminated. That 1is, 1n this case, slip

determination using the reference rotational speed NMREF 1is

inhibited, and hence slip determination 1s not performed.

[0090]
On the other hand, the answer to the gquestion of the step

51 is negative (NO), 1i.e. when it is not during the sign inversion

F

time period of the target torque TROBJ, quite similarly to the

process in FIG. 9, by executing the steps 31 to 43, the first

and second motor rotational speeds NMOT1 and NMOTZ2Z are compared

with the reference rotational speed NMREF, according to the

poslitive or negative sign of the target torque TROBJ, whereby
occurrence of acceleration slip and deceleration slip 1s
determined with respect to each of the left and right rear wheels

WRL and WRR.
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[0091]

As described above, according to the present embodiment,

g

© the rear motors 41

when the sign of the target torgque TROBJ o:

and 61 is inverted, excessive slip determination 1s 1nhibited.

As a consequence, even 1f the first and second motor rotational
speeds NMOT1 and NMOTZ2 are temporarlly increased or reduced e.g.
due to backlash clogging when the driving/braking state of the

rear motors 41 and 61 is switched, 1t 1s possible to positively

avoid erroneous determination caused by the 1nfluence of the
temporarily increased or reduced motor rotational speed, and
thereby improve the accuracy of excessive slip determination.

(0092 ]

Note that the present invention 1s by no means limited to
the embodiments described above, but can be practiced 1n various
forms. For example, in the embodiments, the first and second
motor rotational speeds NMOTI1 and NMOTZ are used as the wheel
speed parameters in the present 1nvention, the wheel rotational
speeds NWFL, NWFR, NWRL, and NWRR of the four wheels W are used

as the basic speed parameters, the reference rotational speed

*]

NMREF obtained by converting the basic value NWBASE of the wheel

rotational speed, which 1s the average value of the
above—mentiohed wheel rotational speeds, to a value
corresponding to the motor rotational speed 1s used as the

threshold value, and excessive slip determination 1s performed

by comparing the first and second motor rotational speeds NMOT1

and NMOT2?2 with the reference rotational speed NMREF.
(0093 ]

The present invention 1s not limited to this, but for

example, excessive slip determination may be performed by

converting the first and second motor rotational speeds NMOTI
and NMOT2 to values each corresponding to the wheel rotational

speed, and comparing the converted values with a threshold value

based on the wheel rotational speed, which 1s calculated e.qg.
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P

f the wheel rotational speed

(3
O

based on the basic value NWBAS!

of the present embodiments.

(0094 ]

Alternatively, it is possible to use the wheel rotational
speeds NWRL and NWRR of the left and right wheels WRL and WRR
as the wheel speed parameters, calculate a threshold value based
on the four wheel rotational speeds NWFL, NWFR, NWRL, and NWRR
as the basic speed parameters, and compare the wheel rotational
speeds NWRL and NWRR with the calculated threshold value.

Further, as the basic speed parameters, only the wheel rotational

speeds NWFL and NWFR of the front wheels WFL and WFR may be used

g

without using the wheel rcoctational speeds NWRL and NWRR of the

rear wheels WRL and WRR, or the speed of the vehicle V (vehicle
speed), which is separately calculated, may be used 1in place of

or 1in ccmbination with these wheel rotational speeds.

[0095]

Further, although the vehicle V of the embodiments 1s

configured such that the left and right rear wheels WRL and WRR

are braked and driven by the left and right rear motors 41 and
61, respectively, the present invention is not limited to this,
but can be applied to any other vehicle i1nsofar as the wheels
are braked and driven by a motor, and therefore, the present
invention can be applied to a case where the rear wheels WRL and

WRR are braked and driven by a single motor.

[0096]

Alternatively, the present invention can also be applied
to a case where the engine and the motor are provided on the rear

wheel side, and a motor capable of generating electric power 1s

provided on the front wheel side, with arrangement of the front

pr—

and rear sides reverse to that of the embodiments. Further,

another vehicle driving system for driving wheels can be

configured as desired except the provision of the motor capable

of generating electric power, and the vehicle may be one 1n which
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a drive source of the vehicle driving device 1s formed by the
engine alone or the motor alone, or may be cne without the other

vehicle driving system. In a case where the front wheels and

the rear wheels are braked and driven by the respective motors,

the present invention can be applied to the front wheels and the

rear wheels, respectlvely.

[0097]

Further, in the embodiments, as the parameter indicative
of the braking/driving force of themotor, the target torque TRLOB

of the rear motors 41 and 61 1s used, and when the sign of the

target torque 1s inverted from positive to negative or from

P

negative to positive, the driving/braking state of the rear

motors 41 and 61 is predicted to be switched and the reference

rotational speed is changed. Insteadof this, any other suitable

parameter, for example, the torque of the rear motors 41 and ol

may be detected and used as the parameter indicative of the

gy

braking/driving force of the motor, and in this case, when the

sign of the detected torque is inverted from positive to negative
or from negative to positive, 1t may be determined that the
driving/braking state of the rear motors 41 and 61 has been
actually switched and the reference rotational speed may be
changed according to the change.

[0098]

Further, although 1n the embodiments, the target torques

TRORJ of the rear motors 41 and 6l are set to the same value,

the present invention is not limited to this, but can be applied

to a case where different braking/driving forces are set for the

rear motors 41 and 61, respectively. In this case, 1nversion

pi—

of the sign of the braking/driving force, such as the target

torque, 1s determined for each rear motor, and the reference

rotational speed 1s changed according to a result of the

determination. It is to be further understood that wvarious
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changes and modifications may be made without departing from the

spirlit and scope thereotf.

[Reference Signs List]

[0099]

2 ECU (threshold value-setting means, slip
determining means, braking/driving
force-acquiring means, threshold value-changing
means, determination inhibiting means)

41 first rear motor (motor)

ol second rear motor (motor)

101la to 101d wheel rotational speed sensor (basic
speed parameter-acgulring means)

102a first motor rotational speed sensor (wheel speed
parameter-acquliring means)

102b second motor rotational speed sensor (wheel speed
parameter-acquliring means)

V hybrid vehicle (vehicle)

WRL left rear wheel (wheel)

WRR right rear wheel (wheel)

WEL left front wheel (other wheel)

WE'R right front wheel (other wheel)

NMOT 1 first motor rotational speed (wheel speed
parameter)

NMOT?Z second motor rotational speed (wheel speed
parameter)

NWE'L wheel rotational speed of left front wheel (basic
speed parameter)

NWFR wheel rotational speed of right front wheel (basic
speed parameter)

NWRL wheel rotational speed of left rear wheel (basic
speed parameter)

NWRR wheel rotational speed of right rear wheel (basic

speed parameter)
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NMREF reference rotational speed (threshold value,

second threshold value)

et

TROBJ target torque of rear motor (braking/driving

—

force of motor)
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CLAIMS

[Claim 1]

A slip determination system for a vehicle, for determining
whether or not excessive slip which 1s slip not smaller than a
predetermined one occurs in a wheel which 1s mechanically
connected to a motor, and 1s driven or braked by the motor,
comprising:

wheel speed parameter-acquiring means for acquiring a
wheel speed parameter indicative of a speed of one of the wheel

and the motor;

basic speed parameter-acquiring means for acquiring a

basic speed parameter indicative of at least one of a speed of

the vehicle and a speed of other wheel which i1s different from

the wheel;

threshold value-setting means for setting a threshold

value which serves as a reference for determination of the
excessive slip, based on the acquired basic speed parameter;
slip determining means for determining that the excessive
slip has occurred in the wheel when the acgquired wheel speed
parameter reaches the set threshold value;
braking/driving force-acguiring means for acqulring a
braking/driving force of the motor for driving or braking the

wheel; and

threshold value-changing means for changing the threshold
value to a second threshold value which 1s used at the time of
an inversion of the braking/driving force, and which 1s more

difficult to be reached by the wheel speed parameter than the

threshold value, when the sign of the acquired braking/driving

force of the motor is 1nverted.
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[Claim 2]

A slip determination system for a vehicle, for determining
whether or not excessive slip which 1s slip not smaller than a
predetermined one occurs 1n a wheel which 1s mechanically
connected to a motor, and 1s driven or braked by the motor,
comprising:

wheel speed parameter-acquiring means for acquiring a

F

wheel speed parameter indicative of a speed of one of the wheel

and the motor;

basic speed parameter-acquiring means for acquirilng a

basic speed parameter indicative of at least one of a speed of

the vehicle and a speed of other wheel which 1s different from
the wheel;
threshold value-setting means for setting a threshold
value which servers as a reference for determination of the
excessive slip, based on the acquired basic speed parameter;
slip determining means for determining that the excessive
slip has occurred in the wheel when the acquired wheel speed

parameter reaches the set threshold value;

braking/driving force-acqguiring means for acquiring a

braking/driving force of the motor for driving or braking the

wheel; and

determination inhibiting means for inhibiting the

determination of the excessive slip performed by the slip
determining means when the sign of the acquired braking/driving

force of the motor 1s 1nverted.
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