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Description

[0001] The present invention relates to a vehicle control system that suppresses vibrations which occur at various
portions of a vehicle.
[0002] US 2005/0049761 (JP 2004-168148A) discloses a vehicle control system that is capable of suppressing the
vibrations of a vehicle body. The vehicle control system corrects an input instruction so as to suppress the vibrations of
the vehicle by a motion model. The motion model is formed by a dynamic model of the vibrations of tires of the vehicle,
the vehicle body unsprung vibrations in suspensions, and the vehicle body sprung vibration which are received by the
vehicle body per se, which occurs according to an input instruction corresponding to at least one of accelerator operation,
steering operation, and brake operation which are instructed by a driver.
[0003] The above vehicle control system uses a vehicle vibration model including a vehicle body sprung vibration
model, a suspension vibration model and a tire vibration model. The vehicle body vibrations make passengers most
uncomfortable, and change the ground loads (ground pressures) of the respective wheels, thereby adversely affecting
the basic performance of the vehicle such as traveling, curving or stopping. Accordingly, the vehicle control system
mainly conducts the control for suppressing the vehicle body vibration.
[0004] For example, in the case of conducting the rapid accelerator operation, the behavior of the vehicle body above
springs which is caused by a driving torque is calculated by the vehicle vibration model and the drive torque is so corrected
as to reduce a pitch rate and a vertical velocity corresponding to the vehicle body behavior above springs. When the
corrected drive torque is a negative value, because the control cannot be realized by the drive system, a target braking
force for compensating the shortfall is calculated to execute the control in the braking system together.
[0005] However, because the vehicle body is mounted on a chassis frame, and the chassis frame is coupled with the
tires through the suspensions, the chassis vibrations and the tire vibrations adversely affect the vibrations. Also, because
the vibrations occur in the chassis or the tires to change the ground load of the tires, the travel stability of the vehicle
may be deteriorated. For this reason, more than just suppressing of the vehicle body vibrations is needed. It is preferred
to suppress the vibrations that occur at the respective portions of the vehicle.
[0006] Document DE 103 53 692 A1 relates to a vehicle control system comprising: a first control unit that store a
vehicle vibration model that is separated into a vehicle body vibration model, a chassis vibration model and a tire vibration
model to estimate vibration states of various portions of a vehicle; and a first operation device and a second operation
device, which are controllable by the first control unit to change motion states of the vehicle, wherein the first control
unit receive input parameters to be input to the vehicle vibration model and calculate estimated vibration states of
respective portions of the vehicle, respectively.
[0007] It is therefore an object of the present invention to provide a vehicle control system, which is capable of sup-
pressing vibrations that occur at various portions of the vehicle.
[0008] According to the present invention, a vehicle control system is constructed with first and second control units
and first and second operation devices. The first control unit and the second control unit respectively store same vehicle
vibration model that is separated into a vehicle body vibration model, a chassis vibration model and a tire vibration model
to estimate vibration states of various portions of a vehicle. The first operation device and the second operation device
are controlled by the first control unit and the second control unit, respectively, to change motion states of the vehicle.
The first control unit and the second control unit receive same input parameters to be input to the vehicle vibration model
and calculate estimated vibration states of respective portions of the vehicle, respectively. The first control unit and the
second control unit share subject models to be controlled in vibration suppression among the vehicle body vibration
model, the chassis vibration model and the tire vibration model. The first control unit and the second control unit calculate
control quantities according to the vibration states in the subject models to control the first operation device and the
second operation device.
[0009] The above and other objects, features and advantages of the present invention will become more apparent
from the following detailed description made with reference to the accompanying drawing. In the drawings:

Fig. 1 is a block diagram showing a vehicle control system according to an embodiment of the present invention;
Fig. 2A and 2B are structural diagrams showing a vibration suppression control function unit of an engine/driving
system ECU and a brake system ECU in the embodiment, respectively;
Fig. 3 is a block diagram showing a vehicle vibration model and a controller in the vibration suppression control
function unit;
Fig. 4 is an explanatory diagram showing a tire vibration model in the embodiment;
Fig. 5 is an explanatory diagram showing a coupling relationship of front and rear wheels due to a virtual intermediate
coupling element in the tire vibration model;
Fig. 6 is a block diagram showing a functional structure in a rolling tire longitudinal vibration estimate/control unit of
a tire control system in the embodiment;
Fig. 7 is a block diagram showing a functional structure in a driving wheel tire longitudinal vibration estimate/control
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unit of the tire control system;
Fig. 8 is a block diagram showing a functional structure in the virtual intermediate coupling element longitudinal
vibration estimate/control unit of the tire control system;
Fig. 9 is an explanatory diagram for explaining a chassis vibration model in the embodiment;
Fig. 10 is a block diagram showing a functional structure in a chassis longitudinal vibration estimate/control unit of
a chassis control system in the embodiment;
Fig. 11 is an explanatory diagram for explaining a vehicle body vibration model in the embodiment;
Fig. 12 is a block diagram showing a functional structure of a vehicle body pitch vibration and vertical vibration
estimate/control unit of the vehicle body control system;
Fig. 13 is a block diagram showing a functional structure of a pitching vibration isolation control unit in the embodiment;
Fig. 14 is a block diagram showing a functional structure of a bouncing vibration isolation control unit in the embod-
iment;
Figs. 15A and 15B are explanatory diagrams showing a vehicle body vibration model formed for expressing the
rolling vibration of the vehicle body and the rolling vibration of an engine in the embodiment, respectively;
Fig. 16 is a block diagram showing a functional structure of a vehicle body roll vibration control unit in the embodiment;
and
Fig. 17 is a block diagram showing a functional structure of an engine roll vibration control unit in the embodiment.

[0010] Referring first to Fig. 1, a vehicle control system according to an embodiment is mainly made up of an engine
and (/) drive system control ECU 10 of an engine/drive system, and a brake system control ECU 20 of a brake system.
The engine/drive system ECU 10 and the brake system ECU 20 are provided as a first control unit and a second control
unit, respectively. These ECUs 10 and 20 can communicate with each other through an in-vehicle LAN 1, which is a
communication network disposed within a vehicle, and also can communicate with other ECUs (not shown) such as a
power steering control device.
[0011] The engine/drive system ECU 10 includes a data management unit 11. The data management unit 11 includes
a communication interface function that manages the transmit and receive of data using the in-vehicle LAN 1. The data
management unit 11 also includes a calculation function that calculates an estimated drive torque which is an input
parameter necessary for simulating the vibrations that occur in an actual vehicle in a vehicle vibration model that will be
described later based on various sensor signals applied to a sensor input signal processing unit 16.
[0012] More specifically, the data management unit 11 calculates an estimated net drive torque of driving wheels in
transmitting the drive torque that is generated by the engine to driving wheels of the vehicle through a power transmission
system including a transmission based on the wheel velocities of the respective wheels, the rotational speed of the
engine, the rotational speed of a driving shaft, and the rotational speed ratio of an input shaft and an output shaft of the
transmission.
[0013] The estimated drive torque that is calculated by the data management unit 11 is input to a vibration suppression
control function unit 12 that stores a vehicle vibration model therein, and also transmitted to the brake system ECU 20.
Also, the data management unit 11 receives travel resistance data of the respective wheels (four wheels) that is a
parameter to be input to the vehicle vibration model from the brake system ECU 20, and then output the received travel
resistance data to the vibration suppression control function unit 12. Further, the data management unit 11 receives, for
example, steering angle data from the power steering ECU (not shown), and calculates a reaction force in the lateral
(left-right) direction, which is exerted on the front wheels from a road surface when the vehicle turns, based on the
steering angle to output the calculated reaction force to the vibration suppression control function unit 12. The calculation
function of the reaction force in the lateral direction can be provided by any one of the data management unit 11 of the
engine/drive system ECU 10 and the data management unit 21 of the brake system ECU 20. Also, it is possible that the
calculation function is provided in the power steering ECU, and the data management units 11 and 21 receive the
calculation result of the lateral reaction force from the power steering ECU.
[0014] The vibration suppression control function unit 12 estimates the motional states of various portions (a plurality
of portions) in the vehicle, and also calculates a correction control quantity (drive torque correction quantity) for sup-
pressing the vibrations that occur at the respective portions of the vehicle based on the estimated results to output the
correction control quantity to the drive system device control unit 13. The structural diagram of the vibration suppression
control function unit 12 is shown in Fig. 2A. As shown in Fig. 2A, the estimated drive torque, the estimated four wheel
travel resistances, and the lateral road surface reaction force are input to a vehicle vibration model 12a. The vehicle
vibration model calculates the motional states of the respective portions in the vehicle (vibrations that occur at the
respective portions) as the internal state based on those inputs. The internal state quantity is output to a controller 12b,
and the controller 12b multiplies the internal state quantity by a given feedback gain to calculate the drive torque correction
quantity for suppressing the vibrations of the respective portions.
[0015] In this embodiment, the vehicle vibration model 12a is separated and hierarchized (formed in a hierarchical
structure) into a vehicle body vibration model, a chassis vibration model and a tire vibration model. Then, the controller
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12b of the vibration suppression control function unit 12 calculates a drive torque correction quantity according to the
internal state quantity of the vehicle body vibration model among those models. The vibration suppression control function
unit 12 in the engine/drive system ECU 10 corrects the drive torque that is applied to the driving wheels of the vehicle
to suppress the vibrations (pitch, bounce, roll) which are generated in the vehicle body of the vehicle.
[0016] The drive system device control unit 13 calculates the drive torque to be generated in the drive shaft mainly
according to the accelerator operation of the driver based on the accelerator operation of the driver (pedal depression
quantity, pedal depression velocity), the travel velocity of the vehicle, and the gear ratio of the transmission in the vehicle.
However, when the vehicle is equipped with a traction control system (TRC), a vehicle stability control system (VSC),
or an adaptive cruse control system (ACC), and the output torque of the engine is controlled by those control systems,
the basic drive torque is determined according to the control quantity caused by those control systems.
[0017] Then, the drive system device control unit 13 corrects the basic drive torque according to the drive torque
correction quantity to calculate a final target drive torque to be generated in the drive shaft. The drive system device
control unit 13 calculates the target generation torque of the engine so as to generate the calculated target drive torque.
[0018] In this situation, when a transmission such as an automatic transmission or a CVT which can automatically
change the gear ratio is applied, the drive system device control unit 13 calculates the appropriate combination of the
target gear ratio in the transmission with the target generation torque in the engine for generating the target drive torque.
The target gear ratio is output to a transmission control device (not shown), and the target generation torque is output
to an engine system operation device control unit (engine device control unit) 14.
[0019] Engine device control unit 14 calculates the control quantities and the control timings of the respective operation
devices (throttle valve, fuel injection device, ignition coil, etc.) which are required to generate the target generation torque
by the engine. More specifically, engine device control unit 14 calculates the air quantity to be supplied in the engine,
the required fuel quantity to be supplied, and the ignition time. A combustion mode that depends on the various operating
states and the limit condition such as the target air-fuel ratio are met by controlling the air, the fuel and the ignition. Then,
the air system device operation quantity, the fuel system device operation quantity, and the ignition system device
operation time are calculated according to the respective required values of the air, the fuel and the ignition system to
output the calculated values to the drive instruction output unit 15 shown in Fig. 1. The drive instruction output unit 15
outputs the drive signals to the corresponding operation devices 17 of an engine system, which is a first device controlled
by the ECU 10, according to the input operation quantity and the operation time.
[0020] As described above, the target generation torque that is determined taking the drive torque correction quantity
for suppressing the vibrations of the vehicle body into consideration is applied to engine device control unit 14. Engine
device control unit 14 is entrusted with the operation quantity of the respective operation devices for generating the
target generation torque. As a result, the deterioration of a mileage in the engine and an increase in the emission can
be suppressed as much as possible while the vibration of the vehicle is suppressed. Engine device control unit 14 can
use not only an operation device that directly adjusts the operating state of the engine but also an operation device that
is driven by the engine to indirectly control the operation of the engine. For example, a power generation load in an
alternator that is driven by the engine can be actively operated to control the generated torque of the engine. As a result,
even when the throttle valve, the injection quantity, and the ignition time are limited by the operating state of the engine,
it is possible to control the generation torque of the engine.
[0021] The brake system ECU 20 has substantially the similar structure as that of the engine/drive system ECU 10.
That is, even the brake system ECU 20 has a data management unit 21, and receives the input parameter to be input
to a vibration suppression control function unit 22 by calculation or communication. The data management unit 21 of
the brake system ECU 20 calculates the travel resistance of the wheel longitudinal (front-back) direction, which is exerted
on the respective wheels from the road surface as the reaction force, based on the wheel velocities of the respective
wheels which are input through a sensor input signal processing unit 26. This is because when the travel resistance
reaction changes, there is the possibility that the vibrations occur in the tires.
[0022] The travel resistance not only changes due to the state of the road surface per se (irregularity, slope, friction
coefficient, etc.), but also changes due to the braking force or a cornering drag. In any factor, when the travel resistance
changes, the rotating velocity of the wheels slightly changes according to the changed travel resistance. Accordingly, it
is possible to calculate the travel resistance in the wheel longitudinal direction based on the change ratio of the respective
wheel velocities with a time (angular acceleration).
[0023] The vibration suppression control function unit 22 has a vehicle vibration model 22a that is separated and
hierarchized (formed in hierarchical structure) into the same vehicle body vibration model, chassis vibration model and
tire vibration model as those of the vibration suppression control function unit 12 as shown in Fig. 2B. The same input
parameters as that input to the vehicle vibration model of the vibration suppression control function unit 12 are input to
the vehicle vibration model. As a result, the operating states of the respective portions of the vehicle which are calculated
by the respective vehicle vibration models of the vibration suppression control function unit 12 and the vibration sup-
pression control function unit 22 as the internal state quantity coincide with each other.
[0024] A controller 22b in the vibration suppression control function unit 22 multiplies the internal state quantities of
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the chassis vibration model and the tire vibration model in the vehicle vibration model by a given feedback gain to
calculate a braking force correction quantity for suppressing the vibrations of the chassis and the respective tires. That
is, the vibration suppression control function unit 22 in the brake system ECU 20 appropriately corrects the braking
forces of the respective wheels of the vehicle to suppress the vibrations that are generated in the chassis and the tires
of the vehicle.
[0025] A brake system operation device control unit 24 calculates the braking force to be generated in the respective
wheels as a basic braking force according to the brake operation of the driver based on the brake operation by the driver.
However, when the vehicle is equipped with the TRC, VSC or an antilock brake control system (ABS), and the braking
forces (brake fluid pressures) of the respective wheels are controlled by those control systems, the basic drive torque
is determined according to the control quantity caused by those control systems.
[0026] Then, the brake system operation device control unit 24 corrects the basic drive torque according to the above
braking force correction quantity to calculate a final target brake torque to be generated in the respective wheels. Also,
the brake system operation device control unit 24 calculates the operation quantities and the operation times of the
respective operation devices (pump, electromagnetic valve) 27 which are required to generate the target braking force
to output the calculated values to a drive instruction output unit 25. The drive instruction output unit 25 outputs drive
signals to corresponding operation devices 27 of the brake system as the second device, which is controlled by the ECU
20, according to the input operation quantity and operation time.
[0027] As described above, the roles are shared so that the vehicle body vibrations, the chassis vibrations, and the
tire vibrations are suppressed by the control using the respective different operation devices. As a result, it is easy to
execute the appropriate control for suppressing the respective vibrations.
[0028] Also, the engine/drive system ECU 10 and the brake system ECU 20 store the same vehicle vibration model
therein, respectively. When the respective ECUs 10 and 20 conduct the control, the control is reflected to the vehicle
vibration model provided in the respective ECUs 10 and 20. Accordingly, even if those ECUs 10 and 20 do not commu-
nicate the detailed information related to the respective controls with each other, the respective ECUs 10 and 20 can
grasp the influence of the control by another ECU from the vehicle vibration model and can control the vibration sup-
pression based on the grasped influence. When the respective ECUs 10 and 20 receive only the input parameter that
is information to be input to the vehicle vibration model, those ECUs 10 and 20 can conduct the control concerted with
each other. As a result, it is possible to reduce the communication quantity for obtaining the necessary information.
[0029] In particular, the engine/drive system ECU 10 calculates the estimated drive torque, and the brake system
ECU 20 calculates the estimated travel resistances of the respective wheels. That is, the respective ECUs 10 and 20
calculate a part of the input parameter to be input to the vehicle vibration model by themselves, respectively For this
reason, the respective ECUs 10 and 20 need to obtain only the input parameter other than that calculated by themselves,
thereby making it possible to further reduce the communication quantity.
[0030] Further, the engine/drive system ECU 10 suppresses the vehicle body vibrations under the control and the
brake system ECU 20 suppresses the chassis vibrations and the tire vibrations under the control.
[0031] The vehicle body vibrations, the chassis vibrations, and the tire vibrations are different in the natural frequency
(resonance frequency) due to a difference in the mass, respectively. More specifically, the vehicle body vibrations occur
in a frequency range of about 1 to 2 Hz, the chassis vibrations occur in a frequency range of about 10 to 20 Hz, and the
tire vibrations occur in a frequency range of about 20 to 40 Hz.
[0032] A period of time required to control the braking force, that is, a period of time required until the braking forces
corresponding to the control instruction values are generated in the respective wheels is generally shorter than a period
of time until the output torque of an internal combustion engine of the vehicle changes. Accordingly, the brake system
ECU 20 controls the suppression of the chassis vibrations and the tire vibrations by the brake system operation device
27. Also, the engine/drive system ECU 10 controls the suppression of the vehicle body vibrations by the engine system
operation device 17. As a result, it is possible to sufficiently suppress the vibrations of the chassis and the tires, which
relatively quickly vibrate.
[0033] Subsequently, the vehicle vibration model used in this embodiment and the vibration suppression control using
the vehicle vibration model are describe in more detail with reference to Figs. 3 to 5. Fig. 3 shows the vehicle vibration
model 12a, 22a and the controller 12b, 22b which are provided in the vibration suppression control function units 12 and
22 in detail. As shown in Fig. 3, the control system including the vehicle vibration model and the controller is separated
into a tire control system 40, a chassis control system 50, and a vehicle body control system 60, respectively. With the
above configuration, the vehicle vibration model is also separated into the tire vibration model, the chassis vibration
model and the vehicle body vibration model, which are stored in the respective control systems 40 to 60.
[0034] In Fig. 3, each of the data management units 11 and 21 includes a four-wheel longitudinal direction travel
resistance estimate unit 31 that calculates the estimated travel resistances of the respective four wheels in the longitudinal
direction, a front-wheel lateral road surface reaction force estimate unit 32 that calculates the estimated lateral reaction
force which is exerted on the front wheels from the road surface when the vehicle turns, and a drive torque estimate unit
33 that calculates the estimated drive torque which is transmitted to the rotary shaft of the driving wheels. However, Fig.
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3 shows which input parameter is given to the respective control systems 40 to 60 for convenience. It is unnecessary
that the individual data management units 11 and 21 include the four-wheel longitudinal direction travel resistance
estimate unit 31, the front-wheel lateral road surface reaction force estimate unit 32, and the drive torque estimate unit 33.
[0035] The tire control system 40 includes a driving wheel tire longitudinal vibration estimate/control unit 41 having a
driving wheel tire vibration model that expresses a motional state of the driving wheels in the longitudinal direction
(rotating direction), which changes according to the drive torque that is given to the driving wheel rotating shaft from the
drive system of the vehicle, and the travel resistance that is exerted on the driving wheels. The driving wheel tire
longitudinal vibration estimate/control unit 41 calculates the braking force correction quantity for suppressing the longi-
tudinal vibrations which are generated in the driving wheel tires by the driving wheel tire vibration model. Also, the tire
control system 40 includes a driven (rolling) wheel tire longitudinal vibration estimate and (/) control unit 43 having a
driven wheel tire vibration model that expresses the motional state of the driven wheel tire in the longitudinal direction,
which changes according to the travel resistance that affects the driven wheels. The driven wheel tire longitudinal vibration
estimate/control unit 43 calculates the braking force correction quantity for suppressing the longitudinal vibrations that
are generated in the driven wheel tires by the driven wheel tire vibration model. Further, the tire control system 40 further
includes a virtual intermediate coupling element longitudinal vibration estimate/control unit 42 having a virtual intermediate
coupling element model that couples the driving wheel tire vibration model with the driven wheel tire vibration model.
The virtual intermediate coupling element longitudinal vibration estimate/control unit 42 calculates the braking force
correction quantity for suppressing the vibrations of the driving wheels and the driven wheels by the virtual intermediate
coupling element model.
[0036] As described above, the tire vibration model and the chassis vibration model are separated from each other.
However, when the driving wheels rotate by receiving the drive torque, a force (translational force) that moves in the
longitudinal direction is generated in the driving wheel rotating shaft. The translational force of the driving wheels is
internally propagated to the driven wheel side through the chassis in fact, and the translational force is generated in the
driven wheel rotating shaft. In this way, the translational force that is exerted on the driving wheel rotating shaft from the
driving wheels affects the motional state of the driven wheels. However, when the tire vibration model and the chassis
vibration model are separated from each other, the force that is internally propagated from the driving wheel side to the
driven wheel side cannot be dealt with.
[0037] For this reason, in this embodiment, as shown in Fig. 4, virtual intermediate coupling element models 80 and
90 that are imaginary are set between the driving wheel tire vibration model and the driven wheel tire vibration model
and a phase relationship between the behavior of the driving wheels and the behavior of the driven wheels is operated
by the virtual intermediate coupling element models 80 and 90. With the above configuration, the vibrations that are
generated in the driving wheel tires and the driven wheel tires can be simulated with high precision while the tire vibration
model and the chassis vibration model are separated from each other. The virtual intermediate coupling element models
80 and 90 are defined as elements simply made up of a spring Kc and a damper Cc. This is because elastic deformation
members such as a suspension bushing and a chassis frame are interposed between the driving wheel rotating shaft
and the driven wheel rotating shaft, but when those members are considered as integration, those members can be
regarded as simple elements made up of the spring Kc and the damper Cc as described above.
[0038] Also, when the vehicle is turning, the ground load of the rotating inner wheels is decreased, and the ground
load of the rotating outer wheels is increased. Therefore, the behaviors of the right and left wheels are largely different
between the rotating inner wheel and the rotating outer wheel. Accordingly, in the case of forming a model that couples
the front wheels (driven wheels) and the rear wheels (driving wheels), as shown in Fig. 5, it is preferable that the front
right wheel (FR wheel) and the rear left wheel (RL wheel) are coupled by the virtual intermediate coupling element model
80, and the front left wheel (FL wheel) and the rear right wheel (RR wheel) are coupled by the virtual intermediate
coupling element model 90. The respective systems that couple the front and rear wheels can also appropriately simulate
the vibration state when the vehicle turns, and can prevent the correction quantity that impedes the travel stability and
the turning property of the vehicle from being calculated. This is similarly applied to the chassis vibration model or the
vehicle body vibration model which will be described later. Even when a model that the front wheel and the rear wheel
at the right side are coupled with each other, and a model that the front wheel and the rear wheel at the left side are
coupled with each other, it is possible to suppress the tire vibrations.
[0039] Specific motion equations related to the driving wheel tire vibration model, the driven wheel tire vibration model
and the virtual intermediate coupling element models 80 and 90 shown in Fig. 4 will be described below.
[0040] First, the vibration generation mechanism in the longitudinal direction (rotating direction) of the tires will be
described below. In the case of the driving wheels, even if the wheels rotate, because the tires receive the resistance
by a frictional force of the road surface, the tire is twisted in the rotating direction and elastically deformed. Also, in the
case of the driven wheels, because the vehicle body is going to move in the longitudinal direction by the translational
force caused by the driving wheels, the tires are going to rotate by the frictional force of the road surface. However,
because the axle of the driven wheels is going to keep the state by an inertia force, the tires are similarly twisted and
elastically deformed. The elastic deformation causes a restoring force to be generated in the tires, and the tires are
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twisted back. This phenomenon is repeated, thereby generating the vibrations in the longitudinal direction (rotating
direction) of the tires.
[0041] In the driving wheel tire vibration model, basic equations that are bases for calculating the motional equations
for expressing the above vibrations taking the virtual intermediate coupling element model into consideration are repre-
sented by Expression 1 to Expression 4. 

[0042] In the above Expressions:

Ft is a translational force that pushes the driving shaft forwardly of the vehicle body by the road surface reaction
force that is received by the tires;
F’t is a counteracting force (= Ft) by which the driving wheel rotating shaft is pushed back in the rear of the vehicle body;
Kgr is a twist rigidity of the driving wheel tires in the rotating direction;
Xltr is the amount of displacement of the driving wheel rotating shaft on the ground fixed coordinate base;
rw is a wheel radius;
θwr is a relative twist angle in the rotating direction of the driving wheels and tires;
Xtsr is the amount of displacement in the vehicle body longitudinal direction at a driving wheel tire road surface
ground point;
Cgr is a twist attenuation coefficient in the rotating direction of the driving wheel tire;
Iw is a rotary inertia moment of the wheels;
Kc is a spring rigidity of the virtual intermediate coupling element;
Xltf is the amount of displacement of the driven wheel (front wheel) rotating shaft on the ground fixed coordinate base;
Cc is an attenuation coefficient of the virtual intermediate coupling element;
Tw is a drive torque that is exerted on the driving wheel rotating shaft;
mr is a driving wheel unsprung mass;
mtr is a mass of the virtual microscopic element at a ground point between the driving wheel tire and the road surface;
and
Fbr is a travel resistance that affects the driving wheel tire ground point.

[0043] Also, in the driven wheel tire vibration model, basic equations that are bases for calculating the motional
equations for expressing the above vibrations taking the virtual intermediate coupling element model into consideration
are represented by Expression 5 to Expression 8. 
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[0044] In the above expressions:

Ff is a translational force backward in a wheel end tangent direction due to the travel resistance that is received by
the driven wheel (front wheel) tires;
F’f is a translational force (= Ff) by which the driven wheel rotating shaft pushes back the vehicle body backward by Ff;
Kgf is a twist rigidity of the driven wheel tires in the rotating direction;
θwf is a relative twist angle in the rotating direction of the driven wheels and tires;
Xtsf is the amount of displacement in the vehicle body longitudinal direction at a driven wheel tire road surface ground
point (the amount of slip between the tire and road surface);
C9f is a twist attenuation coefficient in the rotating direction of the driven wheel tire;
mf is a driven wheel unsprung mass;
mtf is a mass of the virtual microscopic element at a ground point between the driven wheel tire and the road surface;
and
Fbf is a travel resistance that affects the driven wheel tire ground point.

[0045] When the amount of displacement of the virtual intermediate coupling element is defined as xl, the amount of
displacement xl corresponds to a difference between the amount of displacement xltf of the driven wheel (front wheel)
rotating shaft and the amount of displacement Xltr of the driving wheel (rear wheel) rotating shaft. As a result, a motion
equation represented by the following Expression 9 is obtained by the above basic expression. 

[0046] Also, when the amount of relative displacement in the vehicle body longitudinal direction between the driven
wheel rotating shaft and the driven wheel tire road surface ground point is defined as xwf, because the amount of relative
displacement Xwf = Xltf - rwθwf - xtsf is satisfied, a motion equation of the following Expression 10 is obtained by the above
basic equation. 

[0047] Further, the amount of relative displacement in the vehicle body longitudinal direction between the driving wheel
rotating shaft and the driving wheel tire road surface ground point is defined as Xwr, because the amount of relative
displacement Xwr = xltr - rwθwr - Xtsr is satisfied, a motion equation of the following Expression 11 is obtained by the
above basic equation. 
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where the state variables x1 to x6 and u1 to u3 are defined by the following Expression 12. 

[0048] Then, the respective first-order differentials of the state variables x1 to x6 can be expressed by Expressions 13
to 18. 
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[0049] The above Expressions 13 to 18 are put together to obtain a state equation represented by the following
Expression 19, which corresponds to the driving wheel tire vibration model, the rolling tire vibration model and the virtual
intermediate coupling model. 

[0050] A relative displacement velocity dxwf/dt that is the first-order differential of the amount of relative displacement
xwf in the vehicle body longitudinal direction between the driven wheel rotating shaft and the driven wheel tire road
surface ground point can be applied as the internal state quantity that expresses the longitudinal vibrations of the driven
wheel (front wheel) tires. The relative displacement velocity is expressed by the following Expression 20 based on the
state equation of Expression 19. 
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[0051] Also, a relative displacement velocity dxwr/dt that is the first-order differential of the amount of relative displace-
ment xwr in the vehicle body longitudinal direction between the driving wheel rotating shaft and the driving wheel tire
road surface ground point can be applied as the internal state quantity that expresses the longitudinal vibrations of the
driving wheel (rear wheel) tires. The relative displacement velocity is expressed by the following Expression 21 based
on the state equation of Expression 19. 

[0052] Further, a displacement velocity dxl/dt that is the first-order differential of the amount of displacement xl of the
virtual intermediate coupling elements 80 and 90 can be applied as the internal state quantity that expresses the longi-
tudinal vibrations of the virtual intermediate coupling elements 80 and 90. The relative displacement velocity is expressed
by the following Expression 22 based on the state equation of Expression 19. 

[0053] The driven wheel tire longitudinal vibration estimate/control unit 43 in the tire control system 40 of Fig. 3 outputs
the relative displacement velocity y1 that is calculated according to the above Expression 20 as the internal state quantity
to the controller with respect to the front right and left wheels as shown in Fig. 6. The controller multiplies a given state
feedback gain Ks by the relative displacement velocity y1 to calculate the braking force correction quantity. In this
situation, the state feedback gain Ks is set so that the relative displacement velocity y1 can rapidly approach zero. The
braking force correction quantity is input to the tire vibration model by feedback, and also output to a tire vibration
correction braking force calculation unit 44 as the braking force correction quantity of the respective front right and left
wheels.
[0054] Also, the driving wheel tire longitudinal vibration estimate/control unit 41 in the tire control system 40 outputs
the relative displacement velocity y2 that is calculated according to the above Expression 21 as the internal state quantity
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to the controller with respect to the rear right and left wheels as shown in Fig. 7. The controller multiplies the given state
feedback gain Ks by the relative displacement velocity y2 to calculate the braking force correction quantity. The braking
force correction quantity is input to the tire vibration model by feedback, and also output to the tire vibration correction
braking force calculation unit 44 as the braking force correction quantity of the respective rear right and left wheels.
[0055] Further, the virtual intermediate coupling element longitudinal vibration estimate/control unit 42 in the tire control
system 40 outputs the displacement velocity y3 that is calculated according to the above Expression 22 as the internal
state quantity to the controller with respect to a pair of FL wheel and RR wheel and a pair of FR wheel and RL wheel as
shown in Fig. 8, respectively. The controller multiplies the given state feedback gain Ks by the relative displacement
velocity y3 to calculate the braking force correction quantity. The braking force correction quantity is input to the virtual
intermediate coupling element model by feedback in each of the pairs, and also output to the tire vibration correction
braking force calculation unit 44 as the braking force correction quantities with respect to the FL wheel and the RR wheel
and the FR wheel and the RL wheel.
[0056] In the braking force correction quantity that is calculated by the virtual intermediate coupling element longitudinal
vibration estimate/control unit 42, the sign can be inverted and then output to the tire vibration correction braking force
calculation unit 44. When the sign of the braking force correction quantity is inverted, the vibrations of the virtual inter-
mediate coupling elements 80 and 90 are not suppressed, but conversely, the braking force is connected so that the
vibrations are excited.
[0057] However, as described above, the virtual intermediate coupling elements 80 and 90 is imaginary and merely
virtual. Accordingly, even if the braking force is so corrected as to vibrate the virtual intermediate coupling elements 80
and 90, the vibrations do not become actually larger. Rather, when the braking force is so corrected as to vibrate the
virtual intermediate coupling elements 80 and 90, thereby making it possible to shift the natural frequencies in the
transmission system made up of the FL wheel and the RR wheel and the transmission system made up of the FR wheel
and the RL wheel to the lower frequency side. As a result, the vibrations in the transmission systems can be isolated.
[0058] The tire vibration correction braking force calculation unit 44 sums up the braking force correction quantities
in the FL wheel, the RR wheel, the FR wheel and the RL wheel to calculate the braking force correction quantities with
respect to the respective wheels. It is preferable to calculate the braking force correction quantities in each of the individual
wheels. Alternatively, for example, the front right and left wheels, and the rear right and left wheels are paired, respectively,
to calculate the common braking force correction quantities. Similarly, with the above configuration, the tire vibrations
can be suppressed to some degree. In this way, the tire vibrations are suppressed, thereby making it possible to obtain
the advantages such that the rigidity feeling of the tires is improved.
[0059] Subsequently, the chassis control system 50 in Fig. 3 will be described. As shown in Fig. 3, the chassis control
system 50 includes a chassis longitudinal vibration estimate/control unit 51 having the chassis vibration model that inputs
the reaction force in the translational direction which is received by the front wheel shaft and the rear wheel shaft, and
expresses the motional state in the longitudinal direction of the chassis. The chassis longitudinal vibration estimate/
control unit 51 calculates the braking force correction quantity for suppressing the vibrations of the chassis in the longi-
tudinal direction.
[0060] A specific motion equation related to the chassis vibration model will be described with reference to Fig. 9. The
chassis has the longitudinal flexible rigidity of the suspension arm, and the rigidity of the frame and the bushing as the
inner vibration element. For this reason, the inner vibration elements (elastic elements) at the respective portions of the
chassis is approximated by simple spring and damper elements as a whole, and those elements are disposed between
the front wheel shaft, the rear wheel shaft and chassis frame.
[0061] Fig. 9 is a model diagram showing the chassis vibration model that is made up of the above concept. Basic
equations that are bases for calculating the motional equations for expressing the longitudinal vibrations in the chassis
vibration model are represented by Expression 23 to Expression 25. Expression 23 is an equation related to the chassis
frame, Expression 24 is an equation related to the front wheel shaft, and Expression 25 is an equation related to the
rear wheel shaft. 
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[0062] In the above expressions:

M is a mass of the chassis frame;
xl is the amount of displacement of the chassis frame on the ground fixed coordinate base;
Kcf is a spring rigidity in the longitudinal direction between the front wheel shaft and the chassis frame;
Xltf is the amount of displacement of the front wheel shaft on the ground fixed coordinate base;
Ccf is an attenuation coefficient in the longitudinal direction between the front wheel shaft and the chassis frame;
Kcr is a spring rigidity in the longitudinal direction between the rear wheel shaft and the chassis frame;
xltr is the amount of displacement of the rear wheel on the ground fixed coordinate base;
Ccr is an attenuation coefficient in the longitudinal direction between the rear wheel and the chassis frame; mf is a
front wheel unsprung mass;
Ff is a translational force that is propagated to the front wheel shaft from the front wheel tires; mr is a rear wheel
unsprung mass; and
Ff is a translational force that is propagated to the rear wheel shaft from the rear wheel tires.

[0063] In the above expression, when the amount of relative displacement between the front wheel shaft and the
chassis frame is defined as xlf, the amount of relative displacement xlf corresponds to a difference between the amount
of displacement xl of the chassis frame and the amount of displacement xltf of the front wheel shaft. As a result, a motion
equation represented by the following Expression 26 is obtained by the above basic expression. 

[0064] Also, when the amount of relative displacement between the rear wheel shaft and the chassis frame is defined
as xlr, the amount of relative displacement xlr corresponds to a difference between the amount of displacement xl of the
chassis frame and the amount of displacement xltr of the rear wheel shaft. As a result, a motion equation represented
by the following Expression 27 is obtained by the above basic expression. 

where the state variables x1 to x4 and u1 and u2 are defined by the following Expression 28. 

[0065] Then, the respective first-order differentials of the state variables x1 to x4 can be expressed by Expressions 29
to 32. 
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[0066] The above Expressions 28 to 32 are put together to obtain a state equation represented by the following
Expression 33.

[0067] A relative displacement velocity y that is the first-order differential of the relative displacement (xltf - xltr) which
is a difference between the amount of displacement Xltf of the front wheel shaft and the amount of displacement xltr of
the rear wheel shaft can be applied as the internal state quantity that expresses the longitudinal vibrations in the chassis
vibration model. The relative displacement velocity y is expressed by the following Expression 34 based on the state
equation of Expression 33. 
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[0068] The chassis longitudinal vibration estimate/control unit 51 in the chassis control system 50 of Fig. 3 is divided
into one system made up of FL wheel to RR wheel diagonal elements and another system made up of FR wheel to RL
wheel diagonal elements, as shown in Fig. 10. In the respective systems, the relative displacement velocity y that is
calculated by the above Expression 34 is output to the controller as the internal state quantity. The controller multiplies
the given state feedback gain Ks by the relative displacement velocity y to calculate the front wheel shaft target translational
force and the rear wheel shaft target translational force for making the relative displacement velocity y rapidly approach
zero in the respective systems. The relative displacement velocity y includes terms related to the relative displacement
velocity dxlf/dt between the front wheel shaft and the chassis frame and the relative displacement velocity dxlr/dt between
the rear wheel shaft and the chassis frame. For this reason, the front wheel shaft target translational force and the rear
wheel shaft target translational force are calculated from the respective terms.
[0069] The front wheel shaft target translational force and the rear wheel shaft target translational force which are
calculated with respect to the FL wheel to RR wheel diagonal element and the RF wheel to RL wheel diagonal element,
respectively, are output to a front wheel shaft translational force and (/) braking force conversion unit 53 and a rear wheel
shaft translational force and braking force conversion unit 54 in a chassis vibration correction braking force calculation
unit 52.
[0070] The front wheel shaft translational force/braking force conversion unit 53 and the rear wheel shaft translational
force/braking force conversion unit 54 convert the front wheel shaft target translational force and the rear wheel shaft
target translational force, which are input thereto, respectively, into the braking force correction quantities of the respective
wheels. In the conversion, the braking forces that enable the forces corresponding to the target translational forces that
are input, respectively, to be exerted on the axles are calculated as the braking force correction quantities.
[0071] A correction braking force output unit 70 in Fig. 3 adds the braking force correction quantity that is output from
the tire control system 40 and the braking force correction quantity that is output from the chassis control system 50 in
each of the vehicle wheels to calculate one braking force correction quantity in each of the vehicle wheels.
[0072] The frequency band of the chassis vibrations and the frequency band of the tire vibrations are different from
each other. Accordingly, in the correction braking force output unit 70, the braking force correction quantity from the tire
control system 40 and the braking force correction quantity from the chassis control system 50 are also different in the
frequency band from each other. For this reason, even if the respective braking force correction quantities are added,
the respective correction components remain, thereby making it possible to suppress both of the chassis vibrations and
the tire vibrations. As described above, as the respective braking force correction quantities, the common braking force
correction quantity can be calculated with respect to the front right and left wheels and the rear right and left wheels.
[0073] Subsequently, the vehicle control system 60 in Fig. 3 will be described. As shown in Fig. 3, the vehicle control
system 60 includes a vehicle body pitch vibration and (/) vertical vibration estimate/control unit 61 having a vehicle body
vibration model. The vehicle body vibration model inputs the translational forces that are received from the front wheel
shaft and the rear wheel shaft which are calculated in the chassis control system 50, and a drive torque reaction force
that is applied directly to the vehicle body by the drive torque which is exerted on the rear wheel shaft which is the drive
shaft to express the pitching vibrations and the vertical vibrations (bouncing vibrations) of the vehicle body. The vehicle
body pitch vibration/vertical vibration estimate/control unit 61 calculates the drive torque correction quantity for suppress-
ing the pitching vibrations and the vertical vibrations by the vehicle body vibration model. Further, the vehicle control
system 60 includes a vehicle body rolling vibration and (/) engine rolling vibration estimate/control unit 62 having a vehicle
body vibration model. The vehicle body vibration model inputs the road surface reaction force that is exerted on the front
wheels in the lateral direction, and the drive torque reaction force to express the vehicle body rolling vibrations and the
rolling vibrations of the engine. The vehicle body rolling vibration/engine rolling vibration estimate/control unit 62 calculates
the drive torque correction quantity for suppressing the vehicle body rolling vibrations and the engine rolling vibrations
by the vehicle body vibration model.
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[0074] The engine is mounted on the chassis frame through an engine mount. The engine is heavy in the weight and
greatly affects the rolling vibrations of the vehicle body, and therefore modeled as a part of the vehicle body.
[0075] First, described is a specific motion equation related to the vehicle body vibration model which expresses the
pitching vibrations and the vertical vibrations (bouncing vibrations) of the vehicle body with reference to Fig. 11. In
constructing the vehicle body vibration model, the spring and damper elements in the vertical direction due to the front
wheel side and rear wheel side suspensions and the spring and damper elements in the vertical direction due to the
elasticity of the front and rear wheel tires are considered. The spring and damper elements in the vertical direction of
the suspension includes not only the coil spring and damper unit, but also the rigidity in the vertical direction as a whole,
including the flexible rigidity of the suspension arm and the rigidity of the diverse bushings.
[0076] The vehicle body vibration model formed to express the pitching vibrations and the bouncing vibrations is shown
in Fig. 11. In this vehicle body vibration model, basic equations that are bases for calculating the motional equations for
expressing the pitching vibrations and the bouncing vibrations are represented by Expression 35 to Expression 38.
Expression 35 is an equation related to the vertical motion of the chassis frame, Expression 36 is an equation related
to the vertical motion of the front wheel rotation center, Expression 37 is an equation related to the vertical motion of the
rear wheel rotation center, and Expression 38 is an equation related to the pitching motion of the vehicle body. 

[0077] In the above Expressions:

M is a mass of the sprung;
Xv is the amount of displacement of the vehicle body in the vertical direction;
Kf is a front wheel suspension spring rigidity;
Xtf is the amount of displacement of the front wheel shaft in the vertical direction;
Lf is a distance between the center of gravity of the vehicle and the front wheel shaft;
θp is a sprung pitch angle (pitch rotation center point = the center of gravity of the vehicle);
Cf is a front wheel suspension damper attenuation coefficient;
Kr is a rear wheel suspension spring rigidity;
Xtr is the amount of displacement of the rear wheel shaft in the vertical direction;
Lr is a distance between the center of gravity of the vehicle and the rear wheel shaft;
Cr is a rear wheel suspension damper attenuation coefficient;
mf is a front wheel unsprung mass;
Ktf is a spring rigidity of the front wheel tire in the vertical direction;
Ctf is an attenuation coefficient of the front wheel tire in the vertical direction;
mr is a rear wheel unsprung mass;
Ktr is a spring rigidity of the rear wheel tire in the vertical direction;
Ctr is an attenuation coefficient of the rear wheel tire in the vertical direction;
Ip is a sprung pitching inertia moment;
hcg is a height of the vehicle gravity center point (road surface base);
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rt is a tire radius;
Ff is a translational force exerted on the front wheel shaft defined by the internal state quantity of the tire vibration
model;
Ft is a translational force exerted on the rear wheel shaft defined by the internal state quantity of the tire vibration
model; and
Tw is a drive torque that is exerted on the driving wheel shaft.

[0078] Similarly, in the vehicle body vibration model, the front and rear wheels in the diagonal direction (FR wheel and
RL wheel and FL wheel and RR wheel) are combined together to add the drive torque correction quantities due to both
of the diagonal elements. For this reason, all of the spring constant, the attenuation rate, and the mass in the respective
equations are described as values per one wheel.
[0079] The above Expression 35 to Expression 38 can be modified into the following Expression 39 to Expression 42,
respectively. 

The state variables x1 to x8, and u1 to u3 are defined by the following Expression 43. 

[0080] Then, the respective first-order differentials of the state variables x1 to x8 can be expressed by Expressions 44
to 51. 
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[0081] The above Expressions 44 to 51 are put together to obtain a state equation represented by the following
Expression 52. 
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[0082] A sprung pitching velocity y1 that is the first-order differential of the sprung pitch angle θp can be applied as
the internal state quantity that expresses the pitching vibrations in the vehicle body vibration model. The sprung pitching
velocity y1 is expressed by the following Expression 53 based on the state equation of Expression 52. 
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[0083] Also, a vehicle vertical velocity y2 that is the first-order differential of the amount of displacement Xv of the
vehicle body in the vertical direction can be applied as the internal state quantity that expresses the vertical vibrations
(bouncing vibrations) in the vehicle body vibration model. The displacement velocity y2 is expressed by the following
Expression 54 based on the state equation of Expression 52. 

[0084] The vehicle body pitch vibration/vertical vibration estimate/control unit 61 in the vehicle body control system
60 of Fig. 3 includes a pitching vibration isolation control unit 65 and a bouncing vibration suppression control unit 66
as shown in Fig. 12. The pitching vibration isolation control unit 65 and the bouncing vibration suppression control unit
66 calculate the drive torque correction quantities for suppressing the pitching vibrations and the bouncing vibrations,
respectively. The vehicle body pitch vibration/vertical vibration estimate/control unit 61 adds those drive torque correction
quantities to put those quantities together, and outputs one drive torque correction quantity.
[0085] The detailed functional structure of the pitching vibration isolation control unit 65 is further shown in Fig. 13.
The sprung pitching vibration model of the FL wheel to RR wheel diagonal element and the sprung pitching vibration
model of the FR wheel to RL wheel diagonal element are formed in the FL wheel to RR wheel diagonal element control
unit and the FR wheel to RL wheel diagonal element control unit. The respective sprung pitching vibration models output
the sprung pitching velocity y1 that is calculated according to the above Expression 53 as the internal state quantity
indicative of the pitching vibrations. The controller multiplies the sprung pitching velocity y1 by the given state feedback
gain Ks to calculate the torque correction quantity.
[0086] When the drive torque correction quantities that are output by the FL wheel to RR wheel diagonal element
control unit and the FR wheel to RL wheel diagonal element control unit, respectively, are put together, in order to conduct
the vibration isolation, the drive torque correction quantity that is calculated by the FL wheel to RR wheel diagonal
element control unit and the drive torque correction quantity that is calculated by the FR wheel to RL wheel diagonal
element control unit are inverted in sign, and thereafter the respective drive torque correction quantities are added
together to calculate the drive torque correction quantity for suppressing the pitching vibrations.
[0087] The detailed functional structure of the bouncing vibration isolation control unit 66 of Fig. 12 is shown in Fig.
14. As shown in Fig. 14, like the pitching vibration isolation control unit 65, the sprung bouncing vibration model of the
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FL wheel to RR wheel diagonal element and the sprung bouncing vibration model of the FR wheel to RL wheel diagonal
element are formed in the FL wheel to RR wheel diagonal element control unit and the FR wheel to RL wheel diagonal
element control unit. The respective sprung bouncing vibration models output the displacement velocity y2 of the vehicle
body in the vertical direction which is calculated according to the above Expression 54 as the internal state quantity
indicative of the bouncing vibrations. The controller multiplies the displacement velocity y2 of the vehicle body in the
vertical direction by the given state feedback gain Ks to calculate the torque correction quantity.
[0088] The drive torque correction quantities that are output by the FL wheel to RR wheel diagonal element control
unit and the FR wheel to RL wheel diagonal element control unit, respectively, are added together to obtain the drive
torque correction quantity for suppressing the bouncing vibrations.
[0089] In the above example, the sprung pitching velocity y1 is applied as the internal state quantity indicative of the
pitching vibrations, and the displacement velocity y2 of the vehicle body in the vertical direction is applied as the internal
state quantity indicative of the bouncing vibrations. Alternatively, it is possible to suppress the pitching vibrations and
the bouncing vibrations by other parameters.
[0090] For example, when the pitching vibrations occur, the front wheel ground load and the rear wheel ground load
change in opposite phase. On the other hand, when the bouncing vibrations occur, the front wheel ground load and the
rear wheel ground load change in the same phase. In this way, the front wheel ground load and the rear wheel ground
load are parameters associated with the vibration state of the sprung (vehicle body). For this reason, the front wheel
load variation velocity indicative of a change in the front wheel ground load and the rear wheel load variation velocity
indicative of a change in the rear wheel ground load can be applied as the internal state quantities indicative of the
pitching vibrations and the bouncing vibrations.
[0091] The front wheel load variation velocity is expressed by the following Expression 55, and the rear wheel load
variation velocity is expressed by the following Expression 56. The front wheel load variation velocity and the rear wheel
load variation velocity can be multiplied by the state feedback gain, respectively, thereby making it possible to calculate
the drive torque correction quantity for suppressing the pitching vibrations and the bouncing vibrations.

[0092] Also, when the front wheel ground load and the rear wheel ground load change due to the pitching vibrations
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and the bouncing vibrations, because the cornering powers that are generated in the respective tires change, a stability
factor that is used as an index indicative of the steering stability of the vehicle also changes. For this reason, the variation
velocity of the stability factor can be applied as the internal state quantity indicative of the pitching vibrations and the
bouncing vibrations.
[0093] The variation velocity of the stability factor is indicated by the following Expression 57. The variation velocity
of the stability factor is multiplied by a state feedback gain that is set so that the variation velocity approaches zero,
thereby making it possible to calculate the drive torque correction quantity.

[0094] Subsequently, a specific motion equation related to a vehicle body vibration model that expresses the rolling
vibrations of the vehicle body and the rolling vibrations of the engine is described with reference to Figs. 15A and 15B.
The vehicle body vibration model inputs the lateral reaction force that is exerted on the front wheel shaft which is calculated
by the front-wheel lateral road surface reaction force estimate unit 32 and a reaction force from the engine (and the
transmission) which are mounted on the chassis frame through the engine mount to simulate the rolling vibrations about
the vehicle body rolling center and the rolling vibrations about the engine rolling center.
[0095] In forming the vehicle body vibration model, the spring and damper elements in the vertical direction due to
the front wheel side suspension and the rear wheel side suspension and the spring and damper elements of the engine
mount are considered.
[0096] Figs. 15A and 15B show a vehicle body vibration model formed for expressing the rolling vibration of the vehicle
body and the rolling vibration of the engine. In the vehicle body vibration model, basic equations that are bases for
calculating the motional equations that express the rolling vibration of the vehicle body and the rolling vibration of the
engine are represented by Expression 58 to Expression 59. Expression 58 is an equation related to the motion of the
engine (and the transmission) in the rolling direction, and Expression 59 is an equation related to the motion of the
vehicle body in the rolling direction. 
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[0097] In the above Expressions:

Ie is an inertia moment of the engine (and the transmission) in the rolling direction;
θe is a rolling angle (rolling rotation center = crank shaft rotation center) of the engine (and the transmission);
We is a distance between right and left engine mounts;
Ke is a spring rigidity for one engine mount;
θr is a rolling angle of the vehicle body;
Xv is the amount of displacement of the vehicle body in the vertical direction;
Ce is an attenuation coefficient for one engine mount;
T0 is an output shaft torque of a transmission outlet;
Ir is a sprung rolling inertia moment;
Wf is a front wheel tread;
Ksf is a front wheel suspension spring rigidity;
Lf is a distance between the center of gravity of the vehicle and the front wheel shaft;
θp is a sprung pitch angle;
Xvtf is the amount of displacement of the front wheel shaft in the vertical direction;
Csf is a front wheel suspension damper attenuation coefficient;
Wr is a rear wheel tread;
Ksr is a rear wheel suspension spring rigidity;
Lr is a distance between the center of gravity of the vehicle and the rear wheel shaft;
Xvtr is the amount of displacement of the rear wheel shaft in the vertical direction;
Csr is a rear wheel suspension damper attenuation coefficient;
g is a gravity acceleration;
hcg is a height of the center of gravity of the vehicle (road surface base);
hr is a height of the vehicle body rolling center (rolling shaft is in parallel with the longitudinal direction);
rt is a tire radius;
Fy_L is a lateral translational force exerted on the front wheel shaft; and
Fy_R is a lateral translational force exerted on the rear wheel shaft.

[0098] The above Expression 58 and Expression 59 can be modified into the following Expression 60 and Expression
61, respectively. 
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where the state variables x1 to x4 are defined by the following Expression 62. 

[0099] Then, the respective first-order differentials of the state variables x1 to x4 and u can be expressed by Expressions
63 to 66. 

[0100] The above Expressions 63 to 66 are put together to obtain a state equation represented by the following
Expression 67. 
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[0101] A vehicle rolling velocity y1 that is the first-order differential of the rolling angle θr of the vehicle body can be
applied as the internal state quantity that expresses the rolling vibrations of the vehicle body in the vehicle body vibration
model. The vehicle body rolling velocity y1 is expressed by the following Expression 68 based on the state equation of
Expression 67. 

[0102] Also, an engine rolling velocity y2 that is the first-order differential of the engine rolling angle θe can be applied
as the internal state quantity that expresses the engine rolling vibrations in the vehicle body vibration model. The engine
rolling velocity y2 is expressed by the following Expression 69 based on the state equation of Expression 67.

[0103] The vehicle body rolling vibration/engine rolling vibration estimate/control unit 62 in the vehicle body control
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system 60 of Fig. 3 includes a vehicle body rolling vibration control unit 62a for suppressing the rolling vibrations of the
vehicle body, and an engine rolling vibration control unit 62b for suppressing the rolling vibrations of the engine.
[0104] The detailed functional structure of a vehicle body roll vibration control unit 62a is shown in Fig. 16. The vehicle
body roll vibration control unit is made up of the FL wheel to RR wheel diagonal element control unit and the FR wheel
to RL wheel diagonal element control unit. Then, the vehicle body rolling vibration model of the FL wheel to RR wheel
diagonal element and the vehicle body rolling vibration model of the FR wheel to RL wheel diagonal element are formed
in the FL wheel to RR wheel diagonal element control unit and the FR wheel to RL wheel diagonal element control unit.
The respective vehicle body rolling vibration models output the vehicle body rolling angular velocity y1 that is calculated
according to the above Expression 68 as the internal state quantity indicative of the vehicle body rolling vibrations. The
respective controllers multiply the vehicle body rolling angular velocity y1 by the given state feedback gain Ks to calculate
the torque correction quantity.
[0105] The drive torque correction quantities that are output by the FL wheel to RR wheel diagonal element control
unit and the FR wheel to RL wheel diagonal element control unit, respectively, are added together to obtain the drive
torque correction quantity for suppressing the vehicle body rolling vibrations.
[0106] The detailed functional structure of an engine roll vibration control unit 62b is shown in Fig. 17. The engine roll
vibration control unit 62b has an engine rolling vibration model and the engine rolling vibration model outputs the engine
rolling angular velocity y2 that is calculated according to the above Expression 69 as the internal state quantity indicative
of the engine rolling vibrations. The controller multiplies the given state feedback gain Ks by the engine rolling angular
velocity y2 to calculate the torque correction quantity.
[0107] In this embodiment, the vehicle vibration model that is separated and hierarchized into the tire vibration model,
the chassis vibration model and the vehicle body vibration model is formed in the manner described above. For this
reason, it is possible to express the respective models as the reduced-order linear models, and the capacity for storing
the vehicle vibration model can be reduced, and the calculation load based on the vehicle vibration model can be reduced
in the engine/drive system ECU 10 and the brake system ECU 20.
[0108] The present invention is not limited to the above embodiment, but various changes may be made without
departing from the scope of the invention.
[0109] For example, in the above embodiment, the engine/drive system ECU 10 corrects the drive torque that is given
to the driving wheels of the vehicle to suppress the vibrations (pitch, bounce, and roll) which are generated in the body
of the vehicle, and the brake system ECU 20 corrects the braking forces of the respective wheels of the vehicle to
suppress the vibrations which are generated in the chassis or the tires of the vehicle. However, when the motion state
of the vehicle can be changed, and the operation state can be controlled, the vibration suppression control of any one
of the vehicle body, the chassis, and the tires can be conducted by an ECU that controls another device to be controlled.
[0110] For example, there is a vehicle having an electric motor in addition to an internal combustion engine as the
drive source of the vehicle as in a hybrid vehicle that drives the common driving wheels by the internal combustion
engine and the electric motor, and an electric type four wheel drive vehicle that drives one of front wheels and rear
wheels by the internal combustion engine, and drives the other wheels by an electric motor as the occasion demands.
In the above vehicles, the electric motor can suppress the vibrations of the chassis and the tires under the control.
Because the electric motor is very high in the response of the output change to a control instruction, the electric motor
can appropriately control the vibration suppression of the chassis or the tires which are high in the vibration frequency.
[0111] Even in the case of controlling the suppression of the vibrations of the chassis and the tires by the electric
motor, the same chassis vibration model and tire vibration model as those described in the above embodiment can be
used. Then, the drive torque (correction quantity) for reducing the vibrations can be calculated based on the internal
state quantities indicative of the respective vibration states, which are output from the chassis vibration model and the
tire vibration model.
[0112] Also, in the above embodiment, the brake system ECU 20 corrects the braking forces of the respective wheels
of the vehicle to suppress the vibrations which are generated in the chassis or the tires of the vehicle. Alternatively, it is
possible that the engine/drive system ECU 10 implements the suppression control of the vehicle body vibrations and
the chassis vibrations, and the brake system ECU 20 implements the suppression control of the tire vibrations. Further,
the vehicle vibrations, the chassis vibrations, and the tire vibrations can be suppressed by respective different devices
to be controlled.
[0113] As an example, the different devices to be controlled include plural operation members that operate the operating
state of the internal combustion engine. That is, for example, it is possible that the same vehicle vibration model is stored
in an ECU that controls a motor that adjusts the opening degree of a throttle valve, a fuel injection device or an ignition
device as different devices to be controlled, to share the suppression controls of the vehicle body vibrations, the chassis
vibrations, and the tire vibrations.
[0114] Also, in the above embodiments, the vehicle control system is applied to the FR vehicle that steers the front
wheels and drives the rear wheels. However, the vehicle to be applied can be an FF vehicle or a four WD vehicle.
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Claims

1. A vehicle control system comprising:

a first control unit (10) and a second control unit (20) that respectively store same vehicle vibration model that
is separated into a vehicle body vibration model, a chassis vibration model and a tire vibration model to estimate
vibration states of various portions of a vehicle; and
a first operation device (17) and a second operation device (27), which are controllable by the first control unit
and the second control unit, respectively, to change motion states of the vehicle,
wherein the first control unit (10) and the second control unit (20) receive same input parameters to be input to
the vehicle vibration model and calculate estimated vibration states of respective portions of the vehicle, re-
spectively,
wherein the first control unit (10) and the second control unit (20) share subject models to be controlled in
vibration suppression among the vehicle body vibration model, the chassis vibration model and the tire vibration
model, and
wherein the first control unit (10) and the second control unit (20) calculate control quantities according to the
vibration states in the subject models to control the first operation device (17) and the second operation device
(27).

2. The vehicle control system according to claim 1, wherein:

the first operation device (17) and the second operation device (27) are different in a dynamic response until
control changes the motion state of the vehicle when the first operation device and the second operation device
are controlled by the first control unit and the second control unit, respectively, and the second operation device
is higher in the dynamic response than the first operation device;
the first control unit (10) calculates the control quantity for suppressing vibrations that are generated in the
vehicle body vibration model with the vehicle body vibration model as the subject model in the vibration sup-
pression to control the first operation device; and
the second control unit (20) calculates the control quantity for suppressing vibrations that are generated in the
chassis vibration model and the tire vibration model with the chassis vibration model and the tire vibration model
as the subject model to be controlled in the vibration suppression to control the second operation device.

3. The vehicle control system according to claim 2, wherein:

the second control unit (20) calculates the control quantity for suppressing the vibrations that are generated in
the chassis vibration model and the control quantity for suppressing the vibrations that are generated in the tire
vibration model, respectively, and controls the second operation device based on a sum of the control quantities
calculated by the first control unit.

4. The vehicle control system according to any one of claims 1 to 3, wherein:

the first operation device (17) is an adjusting device that adjusts an operating state of an internal combustion
engine of the vehicle; and
the second operation device (27) is a braking force generating device that generates braking forces in respective
wheels.

5. The vehicle control system according to claim 4, wherein:

the first control unit (10) calculates drive torques that are transmitted to the driving wheels from the internal
combustion engine and supplies calculated drive torques to the second control unit by communication;
the second control unit (20) calculates travel resistances that affect respective wheels of the vehicle based on
wheel velocities of respective wheels and supplies calculated travel resistances to the first control unit by
communication; and
the first control unit (10) and the second control unit (20) input at least the travel resistances of the respective
wheels and the drive torques to the vehicle vibration model as input parameters.

6. The vehicle control system according to claim 4, wherein:
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the first control unit (10) calculates a basic control quantity based on accelerator pedal operation by a driver,
calculates the control quantity for suppressing the vibrations that are generated in the vehicle body vibration
model as a correction control quantity, and controls an engine operation device that adjusts the operating state
of the internal combustion engine based on the basic control quantity and the correction control quantity

7. The vehicle control system according to claim 4, wherein:

the second control unit (20) calculates a basic control quantity based on brake pedal operation by a driver,
calculates the control quantity for suppressing the vibrations that are generated in the chassis vibration model
and the tire vibration model as a correction control quantity, and controls a brake device based on the basic
control quantity and the correction control quantity.

8. The vehicle control system according to any one of claims 1 to 3, wherein:

the vehicle includes an internal combustion engine and an electric motor as a drive source for rotationally driving
wheels;
the first operation device (17) is an engine operation device that adjusts the operating state of the internal
combustion engine; and
the second operation device (17) is the electric motor.

9. The vehicle control system according to claim 8, wherein:

the internal combustion engine and the electric motor are mounted on the vehicle so as to rotationally drive the
different wheels, respectively.

Patentansprüche

1. Ein Fahrzeugsteuersystem, das aufweist:

eine erste Steuereinheit (10) und eine zweite Steuereinheit (20), die jeweils das gleiche Fahrzeugsvibrations-
modell speichern, das in ein Fahrzeugkarosserie-Vibrationsmodell, ein Aufbau-Vibrationsmodel und ein Reifen-
Vibrationsmodell unterteilt ist, um die Vibrationszustände von unterschiedlichen Abschnitten eines Fahrzeugs
abzuschätzen, und
eine erste Betätigungsvorrichtung (17) und eine zweite Betätigungsvorrichtung (27), die durch die erste Steu-
ereinheit bzw. die zweite Steuereinheit steuerbar sind, um die Bewegungszustände des Fahrzeugs zu ändern,
wobei die erste Steuereinheit (10) und die zweite Steuereinheit (20) die gleichen, in das Fahrzeug-Vibrations-
modell einzugebenden Eingabeparameter aufnehmen und abgeschätzte Vibrationszustände der jeweiligen
Abschnitte des Fahrzeugs jeweils berechnen,
wobei die erste Steuereinheit (10) und die zweite Steuereinheit (20) die gleichen, bei der Vibrationsunterdrückung
zu steuernden Bezugsmodelle aus dem Fahrzeugkarosserie-Vibrationsmodell, dem Aufbau-Vibrationsmodell
und dem Reifen-Vibrationsmodell teilen, und
wobei die erste Steuereinheit (10) und die zweite Steuereinheit (20) Steuergrößen entsprechend dem Vibrati-
onszuständen bei den Bezugsmodellen berechnen, um die erste Betätigungsvorrichtung (17) und die zweite
Betätigungsvorrichtung (27) zu steuern.

2. Das Fahrzeugsteuersystem nach Anspruch 1, wobei
sich die erste Betätigungsvorrichtung (17) und die zweite Betätigungsvorrichtung (27) in einem dynamischen An-
sprechen unterscheiden, bis dass die Steuerung den Bewegungszustand des Fahrzeugs ändert, wenn die erste
Betätigungsvorrichtung und die zweite Betätigungsvorrichtung durch die erste Steuereinheit bzw. die zweite Steu-
ereinheit gesteuert werden, und die zweite Betätigungsvorrichtung ein höheres dynamisches Ansprechen als die
erste Betätigungsvorrichtung hat,
die erste Steuereinheit (10) die Steuergröße zum Unterdrücken der Vibrationen, die im Fahrzeugkarosserie-Vibra-
tionsmodell mit dem Fahrzeugkarosserie-Vibrationsmodell als Bezugsmodell erzeugt werden, bei der Vibrations-
unterdrückung berechnet, um die erste Betätigungsvorrichtung zu steuern, und
die zweite Steuereinheit (20) die Steuergröße zum Unterdrücken der Vibrationen, die beim Aufbau-Vibrationsmodell
und Reifen-Vibrationsmodell mit dem Aufbau-Vibrationsmodell und dem Reifen-Vibrationsmodell als zu steuerndes
Bezugsmodell erzeugt werden, bei der Vibrationsunterdrückung berechnet, um die zweite Betätigungsvorrichtung
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zu steuern.

3. Das Fahrzeugsteuersystem nach Anspruch 2, wobei
die zweite Steuereinheit (20) die Steuergröße zum Unterdrücken der Vibrationen, die im Aufbau-Vibrationsmodell
erzeugt werden, bzw. die Steuergröße zum Unterdrücken der Vibrationen, die beim Reifen-Vibrationsmodell erzeugt
werden, berechnet und die zweite Betätigungsvorrichtung auf der Grundlage einer Summe von Steuergrößen, die
durch die erste Steuereinheit berechnet werden, steuert.

4. Das Fahrzeugsteuersystem nach einem der Ansprüche 1 bis 3, wobei
die erste Betätigungsvorrichtung (17) eine Einstellvorrichtung ist, die einen Betriebszustand einer Brennkraftma-
schine des Fahrzeugs einstellt, und
die zweite Betätigungsvorrichtung (27) eine Bremskrafterzeugungsvorrichtung ist, die Bremskräfte in entsprechen-
den Rädern erzeugt.

5. Das Fahrzeugsteuersystem nach Anspruch 4, wobei
die erste Steuereinheit (10) Antriebsdrehmomente berechnet, die von der Brennkraftmaschine zu den Antriebsrädern
übertragen werden, und die berechneten Antriebsdrehmomente der zweiten Steuereinheit durch Kommunikation
zuführt,
die zweite Steuereinheit (20) Fahrwiderstände, die jeweilige Räder des Fahrzeugs beeinflussen, auf der Grundlage
der Radgeschwindigkeiten der jeweiligen Räder berechnet und die berechneten Fahrwiderstände der ersten Steu-
ereinheit durch Kommunikation zuführt, und
die erste Steuereinheit (10) und die zweite Steuereinheit (20) zumindest die Fahrwiderstände der jeweiligen Räder
und die Antriebsdrehmomente in das Fahrzeugvibrationsmodell als Eingabeparameter eingeben.

6. Das Fahrzeugsteuersystem nach Anspruch 4, wobei
die erste Steuereinheit (10) eine grundlegende Steuergröße auf der Grundlage der Fahrpedalbetätigung durch einen
Fahrer berechnet, die Steuergröße zum Unterdrücken der Vibrationen, die im Fahrzeugkarosserie-Vibrationsmodell
erzeugt werden, als eine Korrektursteuergröße berechnet und eine Motorbetätigungsvorrichtung, die den Betriebs-
zustand der Brennkraftmaschine einstellt, auf der Grundlage der grundlegenden Steuergröße und der Korrektur-
steuergröße steuert.

7. Das Fahrzeugsteuersystem nach Anspruch 4, wobei
die zweite Steuereinheit (20) eine grundlegende Steuergröße auf der Grundlage der Bremspedalbetätigung durch
einen Fahrer berechnet, die Steuergröße zum Unterdrücken der Vibrationen, die im Aufbau-Vibrationsmodell und
Reifenvibrationsmodell erzeugt werden, als Korrektursteuergröße berechnet und eine Bremsvorrichtung auf der
Grundlage der grundlegenden Steuergröße und der Korrektursteuergröße steuert.

8. Das Fahrzeugsteuersystem nach einem der Ansprüche 1 bis 3, wobei
das Fahrzeug eine Brennkraftmaschine und einen Elektromotor als eine Antriebsquelle für den Rotationsantrieb
der Räder aufweist,
die erste Betätigungsvorrichtung (17) eine Motorbetätigungsvorrichtung ist, die den Betriebszustand der Brennkraft-
maschine einstellt, und
die zweite Betätigungsvorrichtung (17) der Elektromotor ist.

9. Das Fahrzeugsteuersystem nach Anspruch 8, wobei
die Brennkraftmaschine und der Elektromotor an dem Fahrzeug montiert sind, um die unterschiedlichen Räder zur
Rotation jeweils anzutreiben.

Revendications

1. Système de commande de véhicule comprenant :

une première unité de commande (10) et une seconde unité de commande (20) qui enregistrent respectivement
le même modèle de vibration de véhicule qui est séparé en un modèle de vibration de carrosserie de véhicule,
un modèle de vibration de châssis et un modèle de vibration de pneu pour estimer les états de vibration de
diverses parties d’un véhicule ; et
un premier dispositif d’actionnement (17) et un second dispositif d’actionnement (27) qui peuvent être com-
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mandés respectivement par la première unité de commande et la seconde unité de commande pour modifier
les états de mouvement du véhicule,
dans lequel la première unité de commande (10) et la seconde unité de commande (20) reçoivent les mêmes
paramètres d’entrée à entrer dans le modèle de vibration de véhicule et calculent respectivement les états de
vibration estimés des parties respectives du véhicule,
dans lequel la première unité de commande (10) et la seconde unité de commande (20) partagent des modèles
d’objet à commander dans la suppression de vibration parmi le modèle de vibration de carrosserie de véhicule,
le modèle de vibration de châssis et le modèle de vibration de pneu, et
dans lequel la première unité de commande (10) et la seconde unité de commande (20) calculent les quantités
de commande selon les états de vibration dans les modèles d’objet pour commander le premier dispositif
d’actionnement (17) et le second dispositif d’actionnement (27).

2. Système de commande de véhicule selon la revendication 1, dans lequel :

la réponse dynamique du premier dispositif d’actionnement (17) et du second dispositif d’actionnement (27)
est différente jusqu’à ce que la commande change l’état de mouvement du véhicule lorsque le premier dispositif
d’actionnement et le second dispositif d’actionnement sont commandés respectivement par la première unité
de commande et la seconde unité de commande, et la réponse dynamique du second dispositif d’actionnement
est supérieure à celle du premier dispositif d’actionnement ;
la première unité de commande (10) calcule la quantité de commande pour la suppression des vibrations qui
sont générées dans le modèle de vibration de carrosserie de véhicule avec le modèle de vibration de carrosserie
de véhicule comme modèle d’objet dans la suppression de vibration pour commander le premier dispositif
d’actionnement ; et
la seconde unité de commande (20) calcule la quantité de commande pour la suppression des vibrations qui
sont générées dans le modèle de vibration de châssis et le modèle de vibration de pneu avec le modèle de
vibration de châssis et le modèle de vibration de pneu comme modèle d’objet à commander dans la suppression
de vibration pour commander le second dispositif d’actionnement.

3. Système de commande de véhicule selon la revendication 2, dans lequel :

la seconde unité de commande (20) calcule respectivement la quantité de commande pour la suppression des
vibrations qui sont générées dans le modèle de vibration de châssis et la quantité de commande pour la
suppression des vibrations qui sont générées dans le modèle de vibration de pneu, et commande le second
dispositif d’actionnement sur la base d’une somme de quantités de commande calculées par la première unité
de commande.

4. Système de commande de véhicule selon l’une quelconque des revendications 1 à 3, dans lequel :

le premier dispositif d’actionnement (17) est un dispositif d’ajustage qui ajuste un état opérationnel d’un moteur
à combustion interne du véhicule ; et
le second dispositif d’actionnement (27) est un dispositif générant des forces de freinage qui génère des forces
de freinage dans les roues respectives.

5. Système de commande de véhicule selon la revendication 4, dans lequel :

la première unité de commande (10) calcule des couples moteurs qui sont transmis aux roues motrices depuis
le moteur à combustion interne et communique des couples moteurs calculés à la seconde unité de commande ;
la seconde unité de commande (20) calcule les résistances au déplacement qui affectent les roues respectives
du véhicule sur la base de leurs vitesses et communique les résistances au déplacement calculées à la première
unité de commande ; et
la première unité de commande (10) et la seconde unité de commande(20) entrent au moins les résistances
au déplacement des roues respectives et les couples moteurs dans le modèle de vibration de véhicule comme
paramètres d’entrée.

6. Système de commande de véhicule selon la revendication 4, dans lequel :

la première unité de commande (10) calcule une quantité de commande de base sur la base de l’actionnement
de la pédale d’accélération par un conducteur, calcule la quantité de commande pour la suppression des
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vibrations qui sont générées dans le modèle de vibration de carrosserie de véhicule comme une quantité de
commande de correction, et commande un dispositif d’actionnement de moteur qui ajuste l’état opérationnel
du moteur à combustion interne sur la base de la quantité de commande de base et de la quantité de commande
de correction.

7. Système de commande de véhicule selon la revendication 4, dans lequel :

la seconde unité de commande (20) calcule une quantité de commande de base sur la base d’un actionnement
de la pédale de frein par un conducteur, calcule la quantité de commande pour la suppression des vibrations
qui sont générées dans le modèle de vibration de châssis et le modèle de vibration de pneu comme une quantité
de commande de correction, et commande un dispositif de freinage sur la base de la quantité de commande
de base et de la quantité de commande de correction.

8. Système de commande de véhicule selon l’une quelconque des revendications 1 à 3, dans lequel :

le véhicule comprend un moteur à combustion interne et un moteur électrique servant de source d’entraînement
pour les roues motrices rotatives ;
le premier dispositif d’actionnement (17) est un dispositif d’actionnement de moteur qui ajuste l’état opérationnel
du moteur à combustion interne ; et
le second dispositif d’actionnement (17) est le moteur électrique.

9. Système de commande de véhicule selon la revendication 8, dans lequel :

le moteur à combustion interne et le moteur électrique sont montés sur le véhicule de sorte à entraîner respec-
tivement les différentes roues en rotation.
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