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FIG. 1
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CONTROLLER FOR ELECTRIC AUTOMOBILE

TECHNICAL FIELD

[0001] The present invention relates to a control device of
an electric car having fail-safe means in its electronic control
system.

BACKGROUND ART

[0002] There is an urgent need to develop a totally electric
car as one of decisive factors in preventing air pollution due
to motorization. With the understanding that conservation of
the natural environment is a big issue in the 21st century, the
inventor of the present invention started the development in
1980s and is now yielding results.

[0003] As shown in FIG. 1, an electric car is driven by
using only a driving force of an electric motor 101. When a
secondary battery, an engine generator, or a fuel battery is
used as a power source for the electric motor 101, the
electric car is respectively referred to as an electric car A in
the narrow sense, a series hybrid car B, or a fuel battery car
C. The reference numerals 102, 103, 104, 201, 202, 301, and
302 respectively denote a wheel, a controller, a secondary
battery, an engine, a generator, a hydrogen feeding source,
and a fuel battery.

[0004] As mentioned above, since the electric car is driven
by using only a driving force of a rotary electric motor, it is
defined as a car which uses a secondary battery, a fuel
battery, a generator using an internal-combustion engine, a
solar battery, or the like, or a combination of at least two of
them, as a power source for the electric motor. Although the
electric car uses only a secondary battery in the following
description, those skilled in the art will appreciate that the
present invention is applicable to a car which uses a fuel
battery, a generator using an internal-combustion engine, or
a solar battery as a power source.

[0005] In order to improve the safety and the ease of use
of a car in driving, an electronic system essential for the
safety of the car has been increasingly equipped with
redundant components such as sensors and computing ele-
ments.

[0006] In a disclosed example, position sensors of an
operating member which can be operated by a driver,
sensors for detecting the number of revolutions, or the like
are redundantly provided. A signal from a measuring device
having such a redundant structure is fed to two processors,
each controlling a driving output of a car in accordance with
substantially the same computer program as that of the other.
Output signals from the two processors act on a common
variable which affects an output of a driving unit.

[0007] However, if this type of system is made fully
redundant, it becomes very complicated, resulting in an
increased cost and an increased frequency of failures.

[0008] As is well known, a present car is equipped with a
plurality of electronic control units, in particular, including
a speed control unit and a steering control unit. Each of these
control units acts on another variable of a driving unit of the
car.

[0009] In the present car, these control units are mutually
connected to each other by an electronic connecting system
and mutually exchange data and information therethrough.
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[0010] Although a speed control of the electric car is
performed by feeding an electrical signal from an accelera-
tor pedal to a control device for controlling an electric
current to be applied to its electric motor, when a plurality
of electric motors are used to drive the car and also when an
acceleration, a deceleration, and a turning angle of the car
are controlled, an additional central control device for con-
trolling the overall car is required. In such control devices,
the central control device and each of the control devices
fixed to the corresponding electric motors have been con-
nected by a corresponding signal line so as to perform a
control.

DISCLOSURE OF INVENTION

[0011] However, in such a control method, when one of
transmission lines malfunctions, it becomes impossible to
control a corresponding electric motor.

[0012] In view of the above-mentioned circumstances, an
object of the present invention is to provide a control device
of an electric car in which any two of control devices fixed
to the corresponding electric motors send signals to each
other and send and receive control information by taking a
bypass route when any one of transmission lines malfunc-
tions.

[0013] In order to achieve the above object,

[0014] [1] the present invention provides a control device
of an electric car including a plurality of driving wheels,
each having a drive motor fixed thereto, which includes a
plurality of speed control devices, each fixed to the corre-
sponding drive motor for accelerating or decelerating the
corresponding drive wheel in accordance with an external
electrical signal, and which includes a main control device
having functions of sending a control signal, to each of the
speed control devices, for performing an acceleration or
deceleration in accordance with a command from a driver or
at least one of on-board sensors, and also receiving a control
signal including information of an operating state of each of
the drive motors and the speed control devices.

[0015] [2]In the control device of an electric car set forth
in the above [1], a voltage of a battery, a current fed from the
battery, and a battery temperature are included as sensor
signals which are input into the main control device.

[0016] [3]In the control device of an electric car set forth
in the above [1], a steering-angle of a steering wheel is
included as a sensor signal which is input into the main
control device.

[0017] [4]In the control device of an electric car set forth
in the above [1], a signal indicating that a battery is being
recharged from a battery charger is included as a sensor
signal which is input into the main control device.

[0018] [5] In the control device of an electric car set forth
in the above [1], signals representing a brake command
value from a brake controller and a hydraulic pressure of a
master cylinder are included as sensor signals which are
input into the main control device.

[0019] [6] In the control device of an electric car set forth
in the above [1], a steering-angle signal of a steering wheel
is included as a control signal sent from the main control
device.
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[0020] [7] Also, the present invention provides a control
device of an electric car, which includes fail safe means for
signal transmission lines, wherein a bypass route is estab-
lished such that a node detecting a communication failure in
an electronic control system of the car sends a search
message for searching a transmission route and another node
which is able to establish the transmission route sends back
a response message.

[0021] [8]In the control device of an electric car set forth
in the above [7], each of the nodes includes self-node-ID
storing means for storing its own node identifier, adjacent-
node-ID storing means for storing identifiers of adjacent
nodes connected to the transmission route, and processing
means for processing route setting on the basis of a message
sent to the node.

[0022] [9] In the control device of an electric car set forth
in the above [8], the node is provided at each of a car
controller and motor controllers, each provided at a pair of
driving wheels.

[0023] [10]In the control device of an electric car set forth
in the above [8], the node is provided at each of a battery
controller, a steering controller, a brake controller, and a
battery charging controller.

[0024] [11]In the control device of an electric car set forth
in the above [9], the car controller and the motor controllers,
each provided at a pair of driving wheels, control corre-
sponding power converters in accordance with control sig-
nals received via the corresponding nodes.

[0025] [12]In the control device of an electric car set forth
in the above [9] or [10], the bypass route is established by
a control-signal-use, alternative main transmission line
forming a closed loop and alternative transmission lines
connecting the alternative main transmission line and the
motor controllers.

[0026] [13]In the control device of an electric car set forth
in the above [12], when a certain node detects that all
communication lines and bypass routes to the car controller
malfunction, the node stops an operation of the correspond-
ing motor controller, and the car controller detects that there
is no response from the certain node and hence separates the
motor controller of the certain node from its control objects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 illustrates the basic structure of an electri-
cally powered car.

[0028] FIG. 2 illustrates a system configuration of an
electric car according to an embodiment of the present
invention.

[0029] FIG. 3 is a block diagram of an electronic control
system of the electric car according to the embodiment of the
present invention.

[0030] FIG. 4 is a flowchart illustrating the steps of
detecting a vehicle speed according to the embodiment of
the present invention.

[0031] FIG. 5 is a flowchart illustrating the steps of a
target-yaw-rate (target-slip-angle) adaptive control accord-
ing to the embodiment of the present invention.
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[0032] FIG. 6 is a flowchart illustrating the steps of a
TRC/ABS equivalent control according to the embodiment
of the present invention.

[0033] FIG. 7 is a flowchart illustrating an operation
sequence of a car controller according to the embodiment of
the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0034] A control device according to an embodiment of
the present invention will be described with reference to the
accompanying drawings. The control device controlling
individual motors so as to improve the running stability of
the vehicle under slipping is equipped with a fail safe
mechanism and is mounted on an example electric car
having a wheel configuration system in which each pair of
two wheels are suspended by a tandem wheel suspension
and having six or more drive wheels, each wheel formed so
as to be equipped with an in-wheel drive system.

[0035] Since the present invention is characterized by fail
safe means in a control system including an electronic
control unit, other control systems and devices are applied if
needed.

(1) System Configuration

[0036] FIG. 2 illustrates a system configuration of an
electric car according to an embodiment of the present
invention.

[0037] In the present invention, a wheel system in which
all pairs of two front and rear wheels are suspended by a
tandem wheel suspension is not always required, and
another wheel system in which only two pairs of front or rear
wheels are suspended by the corresponding tandem wheel
suspension may be used.

[0038] The electric car according to this embodiment is of
an in-wheel-motor, eight-wheel-drive type. That is, the elec-
tric car has a wheel system suspended by the tandem wheel
suspension and has an in-wheel drive system in which all
wheels have respective motors incorporated therein.

[0039] Since this configuration allows each wheel to bear
a reduced load, a TRC or ABS control is performed so as to
be commensurate with the reduction in load, whereby a risk
of slipping or the like can be reduced and the running
stability can be improved.

[0040] Each motor can be driven by one of a variety of
power sources which feed, for example, an alternating
current, a direct current, and a pulse current, by using
corresponding power converters, that is, an inverter, a con-
verter, and a chopper, respectively.

[0041] The system configuration in which an alternating-
current power source and inverters serving as power con-
verters are used will be now described.

[0042] A car controller 1 equipped with a micro-computer
receives detection information from a variety of sensors;
processes the information as needed and outputs a control
command to each of motor controllers 2, 3, 4, and 5. The
control command from the car controller 1 is output to each
of the motor controllers 2, 3, 4, and 5, a battery controller A,
a battery charging controller B, a brake controller C, and a
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steering controller 22 via transmission lines R1, R2, R3, R4,
R5, R10, R11, R12, and R13, alternative transmission lines
CR2, CR3, CR4, CR5, CR10, CR11, CR12, and CR13, and
a control-signal-use, alternative main transmission line CR.

[0043] Also, the car controller 1 is equipped with an
electronic control unit (ECU) for controlling an output
torque, the number of revolutions, and a speed of each of
motors 30, 31, 32, 33, 34, 35, 36, and 37; monitoring and
controlling the status of each of on-board components;
informing a driver of the status of the car; controlling the
feeding of a battery, the charging of the battery, a brake, and
a steering mechanism; and performing other functions, and
has a processing micro-program for performing the forego-
ing functions. In addition, detected outputs of rotating
position sensors (speed sensors) (SM) 50, 51, 52, 53, 54, 55,
56 and 57; a power sensor 9 for detecting a voltage and/or
a current of the battery; a brake sensor 14 for detecting an
operation of the brake; a steering-angle sensor 15 for detect-
ing a steering angle of a steering wheel; a shift position (SP)
switch 16 for detecting a shift position of a shift lever; an
accelerator sensor 17 for detecting an opening of an accel-
erator; temperature sensors 18 for detecting temperatures of
the battery, inverters, and the like; and malfunction-detect-
ing sensors 19 for detecting the fact that a voltage and/or a
current of each inverter become smaller than a threshold and
the like are input into the car controller 1.

[0044] The speed sensors (for example, resolvers) 50, 51,
52, 53, 54, 55, 56 and 57 attached to the corresponding
wheels generate signals (for example, pulse signals at every
fine angular positional displacement) representing wheel
speeds VRFF, VRFR, VLFF, VLFR, VRRF, VRRR, VLREF,
and VLRR of the corresponding wheels and feed them to the
car controller 1.

[0045] The accelerator sensor 17, the brake sensor 14, and
the shift position switch 16 output signals respectively
representing the depressed amount of a accelerator pedal.
(not shown), the depressed amount of a brake pedal 20, and
a throwing range of the shift lever (not shown) (and a shift
lever position in a range of engine-braking or the like), that
is, a shift position. The steering-angle sensor 15 outputs a
signal such as a steering angle 0t, representing the detected
result of a steering angle of the steering wheel. The power
sensor 9 of the battery 6 measures and outputs a voltage
and/or a current of the battery 6. Each temperature sensor 18
measures and outputs a temperature of equipment such as an
inverter. Each malfunction-detecting sensor 19 outputs a
malfunction signal when a voltage and/or a current of each
converter become equal to or smaller than a threshold.

[0046] When being input into the car controller 1, each of
outputs of these sensors is converted into data in a process-
able format by the car controller 1. Using the converted data,
the car controller 1 decides command values of a torque, the
number of revolutions, a vehicle speed, and so forth,
changes over a control method, and performs others. A
system configuration for performing a torque control will be
now described by way of example.

[0047] The motor controllers 2, 3, 4, and 5 equipped with
respective micro-computers receive control commands from
the car controller 1 via the transmission lines, process the
control commands as needed, and output the processed
control commands to corresponding pairs of inverters 10 and
10", 11 and 11', 12 and 12', and 13 and 13'. In accordance
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with torque command values TRF, TLF, TRR, and TLR, the
motor controllers 2, 3, 4, and 5 control the corresponding
pairs of inverters 10 and 10', 11 and 11', 12 and 12', and 13
and 13' so as to perform torque controls of corresponding
pairs of motors 30 and 31, 32 and 33, 34 and 35, and 36 and
37. All the torque command values provided to the motor
controllers 2, 3, 4, and 5 are output from the car controller
1. Each of the inverters 10, 10, 11, 11', 12, 12', 13, and 13',
respectively, for the motors 30, 31, 32, 33, 34, 35, 36, and
37 is controlled on the basis of detected phase currents of the
corresponding motor obtained from current sensors (not
shown) or on the basis of estimated phase currents of the
corresponding motor computed from an angular position of
its rotor or the like.

[0048] The wheel system suspended by the tandem wheel
suspension includes a right-front front-wheel RFF40, a
right-front rear-wheel RFR41, a left-front front-wheel
LFF42, a left-front rear-wheel LFR43, a right-rear front-
wheel RRF44, a right-rear rear-wheel RRR45, a left-rear
front-wheel LRF46, and a left-rear rear-wheel LRR47 hav-
ing the motors 30, 31, 32, 33, 34, 35, 36, and 37 respectively
incorporated thereinto.

[0049] The battery 6 serves as a driving power source to
each motor, and its output is fed to the motors 30 and 31 via
the inverters 10 and 10', the motors 32 and 33 via the
inverters 11 and 11', the motors 34 and 35 via the inverters
12 and 12', the motors 36 and 37 via the inverters 13 and 13',
respectively. Under the control of the motor controller 2
controlled by the car controller 1, the inverters 10 and 10'
convert the output power of the battery 6 (in this figure, into
a power of three-phase alternating current) and feed it to the
corresponding motors 30 and 31 in order to control their
torques, speeds, and so forth. The inverters 11, 11', 12, 12',
13, and 13' operate likewise.

[0050] A brake system for putting brake on each of front
and rear, right and left tandem wheels with both hydraulic
and a regenerating brakes is used in FIG. 2 under the design
policy of maintaining the safety of the car.

[0051] More particularly, when the brake pedal 20 is
depressed, a hydraulic pressure generated in a master cyl-
inder 21 in accordance with the above depression acts on
brake wheels BW60, BW61, BW62, BW63, BW64, BW65,
BW66, and BW67 via respective wheel cylinders fixed to
the corresponding wheels so as to provide brake torques to
the wheels.

[0052] On the other hand, a detection signal in accordance
with a brake force (a hydraulic pressure of the master
cylinder 21) FB detected by the brake sensor 14 is input into
the car controller 1 over the transmission line R12 via a node
N12, and the car controller 1 generates the torque command
values TRF, TLE, TRR, and TLR for performing the regen-
erating brake in accordance with the foregoing detection
signal. A command value in accordance with the control
command such as a torque command value or a speed
command value serves as a regeneration command value.

[0053] Accordingly, a brake force distribution in the car
shown in FIG. 2 increases in both the hydraulic brake and
the regenerating brake as the brake force FB increases. As
mentioned above, since a hydraulic system and a regenera-
tion system are separated down from the brake sensor 14 and
are also backed up by the transmission lines, even when any
one of the hydraulic and regenerating brakes malfunctions,
the other can save the car.
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[0054] In addition, since a hydraulic pump used for a
TRC/ABS control is not installed in the hydraulic system
and only a proportioning valve for making the front and rear
distribution of the hydraulic brake force proper is installed,
the structure of a hydraulic brake system becomes simple.
One of the reasons for eliminating the hydraulic pump and
the hydraulic device for performing the TRC/ABS control
from the hydraulic system is the configuration of this
embodiment characterized in that the running stability of the
vehicle is controlled by utilizing controls of output torques
of motors.

[0055] The fail safe mechanism characterized by this
invention includes the control-signal-use, alternative main
transmission line CR forming a closed loop; the alternative
transmission lines CR2, CR3, CR4, CR5, CR10, CRI11,
CR12, and CR13 for connecting from the alternative main
transmission line CR, respectively, to the motor controllers
2,3, 4, and 5, the battery controller A, the battery charging
controller B, the brake controller C, and the steering con-
troller 22; the motor controllers 2, 3, 4, and 5; the battery
controller A; the battery charging controller B; the brake
controller C; the steering controller 22; the car controller 1
for performing an overall control; and the transmission lines
for connecting each of the motor controllers, the battery
controller A, the battery charging controller B, the brake
controller C, and the steering controller 22 to the car
controller 1.

(2) Basic Control of Car

[0056] FIG. 7 is a flowchart of an operation sequence of
the car controller according to the embodiment of the
present invention.

[0057] First, the car controller 1 detects a vehicle speed
VS (Step S1).

[0058] Although a variety of sequences for detecting the
vehicle speed VS can be employed, an example sequence
shown in FIG. 4 is preferably employed. In the following
description, a sequence for detecting the vehicle speed VS is
shown by a flowchart shown in FIG. 4. In this figure, the car
controller 1 reads detected values V of the wheel speed
sensors (SM) for a pair of two tandem-structured wheels
(Step S30), and computes wheel angular-accelerations dw/dt
(Step S31). The following expression can be used for
computing a wheel angular-acceleration:

[0059] dw/dt = (1L/R)xdV/dt

[0060] where R is a radius of a wheel, and V and w is
respectively a wheel speed and a wheel angular-velocity of
the wheel whose angular acceleration is to be computed.

[0061] The car controller 1 compares the absolute values
of the above-computed wheel angular-accelerations dw/dt of
the foregoing one pair with a predetermined threshold.
When the absolute values of the pair of two wheels (i.e., all
two wheels) exceed the predetermined threshold, the car
controller 1 determines that a slip (SL) occurs; when the
absolute value of one of the pair of wheels exceeds the
threshold and that of the other wheel does not exceed it, the
car controller 1 determines that no slip (SX) occurs and also
holds the wheel speed V of the other wheel as a wheel speed
of the pair; and when the absolute values of the wheel
angular-accelerations dw/dt of the pair of two wheels (i.e.,
all two wheels) do not exceed the predetermined threshold,
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the car controller 1 determines that no slip (SX) occurs and
also holds the larger one of the wheel speeds as a wheel
speed of the pair (Step S32).

[0062] When the car controller 1 determines that no slip
(SX) occurs at the pair of wheels, the wheel speed V of the
wheels is added to a variable VS (Step S33). Meanwhile,
when the car controller 1 determines that a slip occurs at the
pair of wheels, since it is considered that a slip occurs or is
likely to occur because the absolute values of the angular
accelerations dw/dt exceed the predetermined threshold, a
variable NS for counting the number of pairs of wheels
which are considered to slip or to be likely to slip (slipping
wheels) is incremented by 1 (Step S34).

[0063] Upon carrying out Step S33 or S34, the car con-
troller 1 stores the location and the wheel speed V of the pair
of wheels in a memory or the like (Step S35). The car
controller 1 applies the sequence from Step S31 to S35 to all
drive wheels including all tandem-structured wheels (Step
S36).

[0064] Upon determining whether each pair of all drive
wheels are slipping wheels or non-slipping wheels, the car
controller 1 determines whether the number NS of pairs of
slipping wheels is equal to 4 or not, that is, whether all drive
wheels slip or not (Step S37). Since all drive wheels do not
usually slip or are likely to slip at the same time, the car
controller 1 computes the vehicle speed VS by dividing the
value VS accumulated in repeatedly carried out Step S33 by
(4-NS), that is, the number of pairs of non-slipping wheels
(Step S38).

[0065] Meanwhile, when the relationship NS=4 holds, the
car controller 1 searches which drive wheel has started lastly
to slip by using the information stored when Step S35 was
carried out (Step S39).

[0066] The car controller 1 sets the wheel speed V main-
tained by the drive wheel just before starting to slip, which
was found by the above search, that is, which has started
lastly to slip, as the vehicle speed VS (Step S40).

[0067] As described above, in this embodiment, the
vehicle speed VS can be relatively accurately decided by
computing the vehicle speed VS, in principle, only from the
wheel speeds of non-slipping wheels, whereby a torque
command value tentatively decided in a sequence, which
will be mentioned later, becomes proper. Also, with the
tandem suspension structure, all the eight wheels rarely slip
or are almost unlikely to slip. Even when the above-
mentioned state happens, since the average wheel speed
maintained by the wheel, which has started lastly to slip,
over a predetermined time period just before starting to slip
is set as the vehicle speed VS, relatively reliable information
can be used for tentatively deciding the torque command
value. Upon carrying out Step S38 or S40, the operation of
the car controller 1 returns to Step S2 shown in FIG. 7.

[0068] In FIG. 7, upon detecting the vehicle speed VS, in
order to assess the steering state, the car controller 1 first
determines whether the absolute value of the steering angle
Ot is equal to or greater than a predetermined threshold or not
(Step S2). When the steering angle exceeds the threshold
and no slip occurs (Step S12), the car controller 1 performs
a target-yaw-rate adaptive control or a target-slip-angle
adaptive control (for example, a zero slip-angle control)
(Step S3).
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[0069] For example, when the absolute value of the steer-
ing angle 8t detected by the steering-angle sensor 15 is equal
to or greater than the predetermined threshold, that is, when
it is determined that a driver is steering the car, the car
controller 1 performs the target-yaw-rate adaptive control or
the target-slip-angle adaptive control in order to prevent or
suppress the driving instability of the vehicle caused by the
steering.

[0070] An example sequence of the target-yaw-rate adap-
tive control or the target-slip-angle adaptive control is
shown in FIG. 5.

[0071] In a flow shown in FIG. 5, in accordance with an
ON- or OFF-state of the accelerator determined on the basis
of an output of the accelerator sensor 17, a shift position
obtained by the shift position switch 16, a steering angle 8t
provided by the steering-angle sensor 15, dd/dt which can be
computed on the basis of the steering angle 0t, and so forth,
the car controller 1 first selects a group of coupling coeffi-
cients (by using an experimental expression) (Step S50).

[0072] Furthermore, the car controller 1 computes a wheel
acceleration dV/dt of each wheel forming the tandem sus-
pension structure and then computes a coefficient of road
friction u (by using another experimental expression) on the
basis of the computed acceleration (Step S51). The car
controller 1 decides a correction factor k of each wheel on
the basis of the coefficient of road friction u and the steering
angle 8t and also by using the group of coupling coefficients
selected in Step S50 (Step S52).

[0073] When the accelerator is in an ON-state (Step S53),
the car controller 1 tentatively decides a torque command
value of each wheel, from a powering torque map, on the
basis of its wheel speed V, an accelerator opening VA, and
the shift position (Step S54). Also, when the accelerator is in
an OFF-state (Step S53), the car controller 1 tentatively
decides a torque command value of each wheel, from a
regenerating torque map, on the basis of its wheel speed V,
the brake force FB, and the shift position (Step S55). The
powering torque map shows a characteristic of the number
of revolutions vs. torque where both the torque and the
number of revolutions are positive, and the regenerating
torque map shows a characteristic of the number of revolu-
tions vs. torque where the number of revolutions is positive
and the torque is negative. These torque maps are experi-
mentally obtained in advance.

[0074] The car controller 1 decides a torque command
value by multiplying the torque command value tentatively
decided in Step S54, or S55 by the correction factor decided
in Step S52 (Step S56) and outputs the decided torque
command value to the corresponding motor controller (Step
S57).

[0075] Accordingly, depending on methods for setting the
group of coupling coefficients which are selected in Step S50
and the correction factors in Step S52, a torque command
value in a range possible for performing the target-yaw-rate
adaptive control or the target-slip-angle adaptive control can
be in a regenerating region even when the accelerator is in
an ON-state or can be in a powering region even when the
accelerator is in an OFF-state. By performing the above-
mentioned control, the running stability of the vehicle in
steering is improved in this embodiment.

[0076] Refer the disclosure in Japanese Unexamined
Patent Application Publication No. 10-210604 with regard
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to the target-yaw-rate adaptive control and the target-slip-
angle adaptive control. Meanwhile, a method for performing
the running stability control by using a plurality of state
variables which include a yaw rate acting on the vehicle and
which demonstrate the moving state of the car instead of the
target-yaw-rate adaptive control or the target-slip-angle
adaptive control may be employed.

[0077] Refer Japanese Unexamined Patent Application
Publication No. 10-271613 with regard to this method. Upon
completing the target-yaw-rate adaptive control or the tar-
get-slip-angle adaptive control, the operation of the car
controller 1 returns to FIG. 7.

[0078] The operation of the car controller 1 returns to Step
S1 s0 as to repeat itself. In Step S2 which is performed upon
detecting the vehicle speed VS, when it is admitted that there
is no need for performing the target-yaw-rate adaptive
control or the target-slip-angle adaptive control, that is,
when the absolute value of the steering angle is less than the
threshold, in principle, the car controller 1 performs the
sequence in association with an 8-WD control (Step S6).

[0079] When starting this 8-WD control Step S6, the car
controller 1 first performs a determining and classifying
process about the number NS of pairs of slipping wheels,
each pair corresponding to one pair of slipping wheels
forming the tandem suspension structure, detected in the
sequence for detecting the vehicle speed VS.

[0080] In other words, when the number NS of pairs of the
detected slipping wheels is equal to 4, that is, all the drive
wheels slip or are likely to slip (Step S7) or when the number
NS of pairs of the slipping wheels is 3, that is, when only one
pair of the driving wheels forming the tandem suspension
structure do not slip or are unlikely to slip (Step S8), the
operation of the car controller 1 advances to a TRC/ABS
equivalent control (Step S9), as opposed to advancing to the
8-WD control (Step S6).

[0081] Also, even when the number NS of pairs of the
slipping wheel is 2, in other words, even when two pairs of
the drive wheels forming the tandem suspension structure do
not slip or are unlikely to slip (Step S10), the above
operation advances to the TRC/ABS equivalent control
(Step S9) when both pairs of the detected slipping wheels lie
together at the left or at the right of the car (Step S11).

[0082] In addition, even when it is determined in the
foregoing Step S2 that performing the target-yaw-rate adap-
tive control or the target-slip-angle adaptive control is likely
necessary, the above operation advances also to the TRC/
ABS equivalent control (Step S9) when the number NS of
pairs of the slipping wheels is not zero, that is, when it is
admitted that any one pair of the drive wheels forming the
tandem suspension structure slip or are likely to slip (Step
S12).

[0083] An example sequence of the TRC/ABS equivalent
control is shown in FIG. 6.

[0084] In order to perform the TRC/ABS equivalent con-
trol, the car controller 1 first selects groups of coupling
coefficients and control constants, and the like depending on
whether the wheel speed V is high or low, whether the
accelerator is in an ON-state or OFF-state, and so forth (Step
S60).
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[0085] The groups of coupling coefficients and control
constants mentioned above are respectively a group of
coefficients used for deciding a group of thresholds used for
determining an angular acceleration, which will be men-
tioned later, and a group of constants used for deciding a
feedback torque. The car controller 1 tentatively decide a
torque command value from the powering torque map in
accordance with the wheel speed V, the accelerator opening
VA and the shift position when it is determined in Step S61
that the accelerator is in an ON-state (Step S62) and from the
regenerating torque map in accordance with the wheel speed
V, the brake force FB and the shift position when it is
determined in Step S61 that the accelerator is in an OFF-
state (Step S63).

[0086] Furthermore, when it is determined that the accel-
erator is in an ON-state or OFF-state in Step S61, the car
controller 1 decides the group of thresholds, respectively, on
the basis of the accelerator opening VA and the group of
coupling coefficients selected in Step S60 (Step S64) or on
the basis of the brake force FB and the group of coupling
coefficients selected in Step S60 (Step S65).

[0087] The car controller 1 classifies an angular accelera-
tion dw/dt of each wheel relative to the group of thresholds
decided in Step S64 or S65 (Step S66). The car controller 1
decides feedback torques by using different computing
expressions or the like on the basis of the classified results.
For example, when the angular acceleration dw/dt lies in a
first, second, third, ---, or n-th range, the car controller 1
decides the feedback torque of each wheel by performing a
feedback torque process with a first computing expression
(Step S67-1), with a second computing expression (Step
S$67-2), with a third computing expression (Step S67-3), ---,
or with a n-th computing expression (Step S67-n), respec-
tively.

[0088] Moreover, constants of the computing expressions
used in Steps S67-1, S67-2, S67-3, ---, S67-n are given by
the group of control constants selected in Step S60. The car
controller 1 decides torque command values by subtracting
the corresponding feedback torques as decided above from
the corresponding torque command values tentatively
decided in Step S62 or S63 (Step S68) and outputs the
decided torque command values to the corresponding motor
controllers (Step S69).

[0089] Since a torque acting on each drive wheel can be
varied if needed by using the above-mentioned sequence, a
function equivalent to the TRC/ABS control in a conven-
tional engine-powered car can be achieved. Refer to the
disclosures in Japanese Unexamined Patent Application
Publications Nos. 8-182119 and 10-210604 with regard to
the TRC/ABS equivalent control. Upon completing the
sequence shown in FIG. 6, the operation of the car controller
1 advances to Step S4 shown in FIG. 7.

[0090] When both the conditions for advancing to the
target-yaw-rate adaptive control or the target-slip-angle
adaptive control and to the TRC/ABS equivalent control are
not satisfied, in other words, when the absolute value of the
steering angle 9t is less than the corresponding threshold;
when the number NS of pairs of slipping wheels forming the
tandem suspension structure is 2 or less; and when neither
both wheels at the left nor those at the right of the car are
slipping wheels, the car controller 1 performs the sequence
of the 8-WD control (Step S6).
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[0091] Inorder to perform this sequence, the car controller
1 first determines whether the number NS of pairs of the
foregoing slipping wheels is 1 or not (Step S13). Since the
number NS is equal to zero when traveling on the normal
road, the operation of the car controller 1 advances to Step
S14 and S185. In Step S14, the car controller 1 decides all
drive wheels forming the tandem suspension structure as
distribution wheels. The distribution wheel mentioned here
means a drive wheel to which a torque output is actually
distributed. In step S15, the car controller 1 sets distribution
ratios of a torque output to the corresponding distribution
wheels at normal values. For example, a distribution ratio
equal to 1 is set to all drive wheels. The foregoing distri-
bution ratios may vary in accordance with a load of the car
or may be set at predetermined ratios which are different
between front and rear wheels in accordance with the
structure of the vehicle.

[0092] Meanwhile, when it is determined that the number
NS is equal to 1 in Step S13, or when it is determined that
the conditions for advancing to the TRC/ABS equivalent
control are not satisfied in Step 11, the car controller 1
decides wheels other than the pairs of slipping wheels as the
distribution wheels (Step S16).

[0093] Furthermore, in order to prevent a yaw moment
about the center of gravity of the vehicle from acting on the
vehicle when the torque is actually output, that is, in order
to achieve a lateral balance of the vehicle, the car controller
1 adjusts a distribution ratio of each wheel (Step S17).

[0094] For example, the distribution ratio of a pair of the
drive wheels which are not selected as distribution wheels in
Step S16, that is, a pair of the slipping wheels, is adjusted to
be zero so as to prevent the pair of wheels from being
provided with torque command values, and the distribution
ratio of the pair of non-slipping wheels lying at either one of
the right and left sides where the pair of slipping wheels lie
is added by the distribution ratio corresponding to the torque
output which would otherwise be distributed to the pair of
slipping wheels.

[0095] Upon performing Step S15 or S17, the car control-
ler 1 tentatively decides a torque command value from the
powering torque map in accordance with the vehicle speed
VS, the accelerator opening VA, and the shift position when
the accelerator is in an ON-state (Step S19) and from the
regenerating torque map in accordance with the vehicle
speed VS, the break force FB, and the shift position when
the accelerator is in an OFF-state (Step S20).

[0096] Upon performing Step S19 or S20, the car control-
ler 1 adjusts the torque command value of each pair of
wheels tentatively decided in Step S19 or S20 in accordance
with the corresponding distribution ratio previously set or
adjusted in Step S15 or S17 (for example, multiplying the
tentatively decided value by the distribution ratio) so as to
decide a torque command value of the pair of wheels (Step
S21).

[0097] The car controller 1 outputs the torque command
values decided in Step S21 to the corresponding motor
controllers (Step S22), and then the operation thercof
advances to Step S4.

[0098] Accordingly, in this embodiment, the control state
of the car is changed over in accordance with the slipping
state of each wheel forming the tandem suspension struc-
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ture. First, two wheels forming the tandem suspension
structure are regarded as one unit. When only one unit of
four units of wheels slips, that is, when the relationship
NS=1 holds, the torque command value which would oth-
erwise be output to these slipping wheels is output to the
other drive wheels lying at the same side as the slipping
wheels. Likewise, when the relationship NS=2 holds and
also one unit of slipping wheels lies at each of the right and
left sides, a torque command value is output to a unit of
non-slipping wheels remaining at each of the right and left
sides. In addition, when the relationship NS=2 holds and
also both units of slipping wheels lic at the left (or right)
side, the TRC/ABS equivalent control is performed. Fur-
thermore, when the relationship NS=3 or NS=4 holds, the
TRC/ABS equivalent control is also performed. As
described above, according to this embodiment, since the car
controller 1 changes over or varies a control mode of each
motor output or a torque distribution ratio of each wheel in
accordance with the occurrence condition of slipping or the
slipping tendency of the wheel, in particular, with the
number of units of slipping wheels and the locations thereof,
the 8-WD control and the TRC/ABS equivalent control
suitable for use in an 8 wheel-drive electric car of an
in-wheel motor type are realized, and the running stability of
the vehicle can be maintained and improved.

(3) Fail Safe Mechanism

[0099] Since the main electronic control unit is internally
connected through the control-signal-use, alternative main
transmission line CR as mentioned above, even when the
transmission lines and the like malfunction, the electric
control unit backs up the control system, thereby performing
necessary controls as usual.

[0100] A signal transmission system is formed by nodes
(communication devices) installed at the car controller 1, the
motor controllers 2, 3, 4, and 5, the battery controller A, the
battery charging controller B, the brake controller C, and the
steering controller 22, all forming the electronic control unit
as shown in FIG. 3. The nodes (communication devices) are
formed by a plurality of nodes N1, N2, N3, N4, N5, N10,
N11, N12, and N13 respectively having self-node-ID storing
means N1b, N2b, N3b, N4b, N5b, N10b, N11b, N12b, and
N13b for storing corresponding self-node identifiers N1, N2,
N3, N4, N5, N10, N11, N12, and N13; adjacent-node-ID
storing means Nlc, N2¢, N3¢, N4¢, NS¢, N10c, N1l¢, N12c¢,
and N13c for storing identifiers of corresponding adjacent
nodes connected to the corresponding transmission lines and
alternative transmission lines; and processing means Nla,
N2a, N3a, Nda, N5a, N10a, N1la, N124, and N13a for
processing corresponding route setting in accordance with
messages sent to the corresponding nodes and are also
formed by the transmission lines R1, R2, R3, R4, R5, R10,
R11, R12, and R13, the alternative transmission lines CR2,
CR3, CR4, CR5, CR10, CR11, CR12, and CR13, and the
control-signal-use, alternative main transmission line CR for
connecting the above nodes so as to establish an bypass-
route setting method by which a communication route is set
so as to bypass a failed location.

[0101] According to the foregoing bypass-route setting
method, when there is no response to the polling between
adjacent nodes through the transmission lines and the alter-
native transmission lines connected to the corresponding
nodes, it is regarded that a communication failure is detected
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on the transmission lines or the alternative transmission lines
between the two nodes; the node which detected the com-
munication failure sends a search message s including its
self-identifier and the identifier of the adjacent node con-
nected to the transmission lines on which the communica-
tion failure was detected; the node which received the search
message compares the identifier ID of the adjacent node in
the search message with identifiers stored in its self-node ID
storing means and its adjacent node ID storing means; and,
when all the above comparisons do not result in a coinci-
dence with each other, the node which received the search
message relays the search message to other nodes, and when
any one of the above comparisons results in a coincidence
with each other, the node which received the search message
sends back a response message r for setting a bypass-route
to the node which detected the communication failure.

[0102] Data including a message type such as a search
message or a response message, an identifier (ID) of a
receiving communication device, an identifier (ID) of a
sending communication device, an identifier (ID) of a mal-
function-related communication device, and a remaining
line capacity is written in a control section of a sending
signal frame of the search message s or the response
message r, respectively. The malfunction-related communi-
cation device means a malfunctioning communication
device or an adjacent communication device connected to a
malfunctioning transmission line.

[0103] When each node detects that a transmission line
between the node N1 of the car controller 1 and the node Nn
of the corresponding motor controller is established, the
node sets its own motor controller and inverter in a standby
mode. Upon receiving a control command via the transmis-
sion lines, the motor controller controls the corresponding
inverter in accordance with the control command.

[0104] [CASE (a)]

[0105] An example case where a communication failure
B1 occurs on the signal transmission line R2 between the car
controller 1 and the motor controller 2 will be described with
reference to FIGS. 2 and 3.

[0106] In accordance with the polling between the node
N2 and the adjacent node N1 via the transmission line and
the alternative transmission line connected thereto, the node
N2 detects that a communication failure occurs when no
response comes from the opposing node. The processing
means N2a of the node N2 sends data, which includes
information that a message type is a search message s, an
identifier of the sending communication device is N2, and an
identifier of the malfunction-related communication device
is N1 and which is written in a control section of the
corresponding signal frame, to the node N13 or N3.

[0107] (a-1) The setting of a bypass route via the node N3
will be first described. Upon receiving the search message s,
with the processing means N3a, the node N3 reads the
identifier N1 of the malfunction-related node from the
search message and compares the identifier N1 with the data
N3 stored in the self-node-ID storage N3b and the data N1,
N2, and N10 stored in the adjacent-node-ID storage N3c. As
a result of these comparisons, since the identifier N1 coin-
cides with the data N1 stored in the adjacent-node-ID
storage N3¢, the node N3 sends a response message r to the
node N2 so to establish an alternative transmission line
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between the nodes N2 and N1, that is, to connect the
alternative transmission line CR2, the alternative main trans-
mission line CR, the alternative transmission line CR3, the
node N3, the transmission line R3, and the transmission line
R1 in that order, and also sends a route setting signal to its
own route change section, instructing for setting a bypass
route to the node N2 via the node N3 in place of the
communication route to the node N2 via the transmission
line R2.

[0108] The response message r is a sending signal includ-
ing information that a message type is a response message,
an identifier of the receiving node is N2, and an identifier of
the sending node is N3, the information being written in a
control section of the corresponding signal frame.

[0109] Meanwhile, upon receiving the response message r,
the node N2 reads information that the identifier of the
sending communication device is N3; checks an opposing
node to which a bypass route is to be set on the basis of this
information; and sends a route setting signal to its own route
changing section, instructing for setting a bypass route to the
node N3 in a similar fashion to that in the above-mentioned
embodiment.

[0110] (a-2) The setting of a bypass route via the node
N13 will be described.

[0111] In a similar sequence to that described in the
above-mentioned (a-1), a bypass route connecting the alter-
native transmission line CR2, the alternative main transmis-
sion line CR, the alternative transmission line CR13, the
node N13, the transmission line R13, and the transmission
line R1 in that order is formed.

[0112] The bypass routes in accordance with the foregoing
route setting signals are set.

[0113] [CASE (b)]

[0114] Another example case where the communication
failure B1 occurs on the signal transmission line R2 between
the car controller 1 and the motor controller 2 and another
communication failure B2 occurs on the alternative main
transmission line CR will be described with reference to
FIGS. 2 and 3.

[0115] In this case, only the bypass route described in the
above-mentioned (a-2) can be set, while the bypass route
described in the above-mentioned (a-1) cannot be set.

[0116] [CASE ()]

[0117] Another example case where the communication
failure B1 occurs on the signal transmission line R2 between
the car controller 1 and the motor controller 2 and the
communication failure B2 and another communication fail-
ure B3 occur on the alternative main transmission line CR
will be described with reference to FIGS. 2 and 3.

[0118] In this case, since there was no response to the
polling in a predetermined time period, the node N2 detects
the fact that the node N2 has lost all transmission lines to the
car controller 1 due to the occurrences of the communication
failures B1, B2, and B3, and hence changes the mode of the
motor controller 2 from a standby mode to a stop mode so
as to stop the inverters 10 and 10'.

[0119] The car controller 1 detects the fact that there is no
response from the node N2 in a predetermined time period,
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disconnects the node N2 from the transmission lines, and
then controls the remaining motor controllers by backing up
them via the remaining nodes.

[0120] A bypass route between the car controller 1 and
each of the controllers 2, 3, 4, 5,10, 11, 12, and 13 is set in
a similar fashion to that in the above mentioned embodi-
ment.

[0121] As described above in detail, the present invention
offers the following advantages.

[0122] (1) In an electric car of a type in which each drive
wheel is independently driven, employing an electronic
control for improving its running stability having a wheel
system suspended by a tandem wheel suspension, and
equipped with an in-wheel drive system in which electroni-
cally controlled motors are incorporated into all wheels,
even when a certain electronic control system malfunctions
the car can keeps its control operation while maintaining its
control functions by setting a bypass route.

[0123] (2) Since a fail safe mechanism is incorporated into
an electronic control system, a stable car control can be
performed. More particularly, in an electric car of a type in
which each drive wheel is independently driven, having a
wheel system suspended by a tandem wheel suspension and
equipped with an in-wheel drive system in which electroni-
cally controlled motors are incorporated into all wheels,
since a control for improving the running stability of the car
is employed, a load on each wheel can be reduced and a TRC
or ABS equivalent control commensurate with the reduction
in load can be performed, thereby leading to a reduced risk
of slipping and the like and improving the running stability.
Also, since the electronic control system is constructed such
that an output torque value is directed to each motor after the
output torque values are adjusted so as to prevent a new yaw
moment from acting on the vehicle when at least one pair of
non-slipping wheels exist at each of the right and left of the
vehicle, a 8-WD system is achieved while preventing a yaw
moment from occurring and a reliable running-stability
control under slipping is achieved.

[0124] (3) Since a fail safe mechanism is incorporated into
an electronic control system, a stable car control can be
performed. More particularly, in an electric car of a type in
which each drive wheel is independently driven, having a
wheel system suspended by a tandem wheel suspension and
equipped with an in-wheel drive system in which electroni-
cally controlled motors are incorporated into all wheels, a
control for improving the running stability of the car is
employed, thereby leading to a reduced risk of slipping and
the like and improving the running stability. Also, since the
electronic control system is constructed such that an output
torque value is directed to each motor after the output torque
value is adjusted in accordance with the slipping state of the
corresponding slipping wheel when no pair of non-slipping
wheels exist at each of the right and left of the vehicle, a
TRC/ABS equivalent control is achieved without a member
for operating a pressure of a brake fluid, and also since the
TRC/ABS equivalent control operates under appropriate
circumstances, a reliable running-stability control under
slipping is achieved.

[0125]

[0126] Since a control device of an electric car according
to the present invention performs an accurate control

Industrial Applicability
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between controllers fixed to corresponding electric motors,
it is especially suitable as a control device of that which does
not emit an exhaust gas affecting on global warming.

1. A control device of an electric car including a plurality
of driving wheels, each having a drive motor fixed thereto,

wherein the plurality of driving wheels are eight wheels,
each having a drive motor fixed thereto, the control
device comprising: a plurality of speed control devices,
each fixed to the corresponding drive motor for accel-
erating or decelerating the corresponding driving wheel
in accordance with an external electrical signal; and a
main control device having functions of sending a
control signal, to each of the speed control devices, for
performing an acceleration or deceleration in accor-
dance with a command from a driver or at least one of
on-board sensors, and also receiving a control signal
including information of an operating state of each of
the drive motors and the speed control devices; and

wherein the control device comprising fail safe means
which outputs the control signal from the main control
device to the driving motors, each disposed on the
eight-wheel drive wheels, via transmission lines, alter-
native transmission lines, and a control-signal-use,
alternative main transmission line.
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2. The control device of an electric car according to claim
1, wherein a voltage of a battery, a current fed from the
battery, and a battery temperature are included as sensor
signals which are input into the main control device.

3. The control device of an electric car according to claim
1, wherein a steering-angle of a steering wheel is included
as a sensor signal which is input into the main control
device.

4. The control device of an electric car according to claim
1, wherein a signal indicating that a battery is being
recharged from a battery charger is included as a sensor
signal which is input into the main control device.

5. The control device of an electric car according to claim
1, wherein signals representing a brake command value
from a brake controller and a hydraulic pressure of a master
cylinder are included as sensor signals which are input into
the main control device.

6. The control device of an electric car according to claim
1, wherein a steering-angle signal of a steering wheel is
included as a control signal sent from the main control
device.

7.-13. (canceled)
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