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Provided Is a vehicle motion stability control system that combines the VSA and RTC devices in a favorable manner, and is able to
effectively control the behavior of the vehicle over an entire operating range including an extreme operating region and a normal
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(57) Abrege(suite)/Abstract(continued):
operating region. An output of the RTC Is transformed by a certain transfer function, and the front wheel steering angle of- inputted

to the actual vehicle model for the first control device (VSA) Is modified according to the output of the transfer function. It means
that the input front wheel steering angle is modified according to the thrust angle or toe angle of the RTC. Thereby, a harmonized
control of the VSA and RTC Is enabled, and such a harmonized combination can be effected without making changes to the

structure of an existing VSA.
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ABSTRACT

Provided is a vehicle motion stability control system that combines the VSA
and RTC devices 1n a favorable manner, and is able to effectively control the behavior
of the vehicle over an entire operating range including an extreme operating region and
a normal operating region. An output of the RTC is transformed by a certain transfer

function, and the front wheel steering angle d¢ inputted to the actual vehicle model for

the tirst control device (VSA) is modified according to the output of the transfer
function. It means that the input front wheel steering angle is modified according to the
thrust angle or toe angle of the RTC. Thereby, a harmonized control of the VSA and

RTC 1s enabled, and such a harmonized combination can be effected without making

changes to the structure of an existing VSA.
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VEHICLE MOTION STABILITY CONTROL SYSTEM
TECHNICAL FIELD

The present invention relates to a vehicle motion stability control system
including a first control (VSA) device that controls the distribution of a braking force
and/or traction force of the front and/or rear wheels using at least a front wheel steering
angle for a control input and a second control device (RTC) that controls a steering
angle of the rear wheels using at least a front wheel steering angle for a control input.
BACKGROUND OF THE INVENTION

The vehicle stability assist device (VSA) 1s known as a control device for
stabilizing the handling of a vehicle. See patent document 1 (Japanese patent No.
3214824). Such a device 1s capable of restoring a disturbed behavior of a vehicle to a
normal behavior by automatically braking the right and left wheels or front and rear
wheels and using the braking force as a balancing force. This is typically accomplished
by feeding back a deviation of the actual vehicle motion from a reference vehicle
motion. In particular, patent document 1 discloses how a steering input which a vehicle
operator intentionally applies may be restricted according changes in a side slip angle
velocity obtained from a lateral acceleration.

Also 1s proposed the rear wheel toe angle control device (RTC) which may be
used as a four wheel steering device that stabilizes the motion of the vehicle by steering
the rear wheels so as to reduce the side slip angle of the vehicle to zero or a prescribed
value as disclosed in Japanese patent No. 3179271 (patent document 2). There are a
variety of approaches that can be used for such a purpose, and one of them is based on
the changing of a steering angle ratio between the front and rear wheels depending on
the vehicle speed (opposite phase in a low speed range and same phase in a high speed

range). Such a control process, be it an RTC or 4 WS, basically relies on a feed forward
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control that minimizes a deviation of a yaw rate response of an actual vehicle model to a

steering input from a yaw response of an ideal vehicle model to the same steering input.

Because the VSA produces a yaw moment by distributing a braking torce to
different wheels, in theory, it can perform its function even in an operating region where the
side slip angle of a wheel has exceeded a limit value. However, as it cannot be tolerated to
apply the brake too often 1n practical applications, the VSA 1s typically activated only when
the vehicle 1s under an extreme condition. On the other hand, as the RTC produces a yaw
moment by causing a small side slip angle to the rear wheels, 1t 1s suited to be used in a
normal operating range. Therefore, a combination of the VSA and RTC can produce a vehicle
motion stability control system that 1s effective over an entire operating range. However, as
the VSA and RTC are based on feedback and feed forward control principles, respective,
these two control devices may interfere with each other when they are activated at the same

time, and 1t may cause an unstable behavior of the vehicle.
BRIEF SUMMARY OF THE INVENTION

A primary aspect of the present invention is to provide a vehicle motion
stability control system which combines the VSA and RTC devices 1n a tavorable manner,
and 1s able to effectively control the behavior of the vehicle over an entire operating range

including an extreme operating region and a normal operating region.

A second aspect of the present invention is to provide a vehicle stability control
system which can combine the VSA and RTC devices as two separate, individually designed

devices.

A third aspect of the present invention is to provide a vehicle stability control

system which can combine the VSA and RTC devices without requiring them to be modified

for the combined use.

According to the present invention, such an aspect can be accomplished by

providing a vehicle motion stability control system, comprising: a first control device (VSA)
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that controls a distribution of a braking force and/or traction force of front and/or rear wheels
using at least a front wheel steering angle for a control input; a second control device (RTC)
that controls a steering angle of the rear wheels using at least a front wheel steering angle for a

control input; and a harmonizing control unit that modifies the control input to the first control

device according to a control output of the second control device.

A further aspect of the present invention is related to a vehicle motion stability
control system, comprising: a first control device (VSA) that controls a distribution of at least
one of a braking force and traction force of at least one of front and rear wheels using at least
a front wheel steering angle for a control input; a second control device (RTC) that controls a
steering angle of the rear wheels using at least a front wheel steering angle for a control input;
and a harmonizing control unit that modifies the front wheel steering angle used for the

control input to the first control device according to a control output of the second control

device.

The output of the second control device (RTC) 1s transtormed by a prescribed
transfer function, and the front wheel steering angle dr inputted to the actual vehicle model for
the first control device (VSA) is modified according to the output of the transfer function. It
means that the input front wheel steering angle is modified according to the thrust angle or toe
angle of the RTC. Thereby, a harmonized control of the VSA and RTC is enabled, and such a

harmonized combination can be effected without making changes to the structure of an

existing VSA.

According to a preferred embodiment of the present invention, the first control
device (VSA) determines the distribution of a braking force and/or traction force ot tront
and/or rear wheels according to a deviation between outputs of an actual vehicle model and an
actual vehicle to a given front wheel steering angle, and the second control device (RTC)
determines the rear wheel steering angle according to a deviation between outputs of an actual
vehicle model and an actual vehicle to a given front wheel steering angle, the harmonizing
control unit modifying the control input to the actual vehicle model of the first control device
according to the control output of the second control device. The harmonizing control unit

may add or subtract a correction signal
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based on the control output of the second control device to or from the control input of
the actual vehicle model of the first control device, and the control output of the second
control device may include a yaw rate of the vehicle.

The second control device (RTC) may be configured to use a thrust angle of
the rear wheels or a toe angle of the rear wheels.
BRIEF DESCRIPTION OF THE DRAWINGS

Now the present invention is described in the following with reference to the
appended drawings, in which:

Figure 1 is a block diagram of a conventional VSA device;

Figure 2 is a block diagram of a conventional RTC device; and

Figure 3 is a block diagram of a vehicle motion stability control system
embodying the present invention which combines a VSA device and a RTC device 1n an
harmonized manner.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a block diagram of a VSA device. As a front wheel steering angle os
is inputted to an actual vehicle model (G,o(s)), a reference yaw rate 1s produced by the
actual vehicle model. A deviation of an actual yaw rate from the reference yaw rate 1s
forwarded to a VSA feedback (F/B) transfer function property (R(s)), which then
determines a distribution ratio of the traction force or braking force to the different
wheels so that a desired additional yaw moment may be applied to the vehicle. As a
result, a sum of the yaw moment caused by a front wheel steering angle and the added
yaw moment caused by the VSA system acts upon the vehicle body, and an integrated
value of the sum of the yaw moments is given as an actual yaw rate of the vehicle.
Thereby, even when a yaw moment caused by an external disturbance acts upon the

vehicle, the feedback action of the control system ensures a motion stability of the
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Figure 2 is a block diagram of a RTC device. As a front wheel steering angle o¢
is inputted to both an actual vehicle model (G,o(s)) and an ideal vehicle model (Gigeal(s)),
a deviation between the outputs of the two models is forwarded to a RTC feed forward
(F/F) transfer function property (P(s)). Then, a deviation between the output (yaw rate)
of the ideal vehicle model and the output (yaw rate) of the actual vehicle 1s forwarded to
a RTC feedback (F/B) transfer function property (Q(s)). The sum of the outputs of the
RTC feed forward transfer (F/F) function property (P(s)) and RTC feedback (I/B)
transfer function property (Q(s)) is applied to the vehicle as an added yaw moment.
Thus, the actual yaw rate of the vehicle 1s given as an integrated value of the sum of the
yaw moment caused by the front wheel steering angle and added yaw moment. In this
case, even when a yaw moment caused by an external disturbance acts upon the vehicle,
not only the dynamic stability of the vehicle 1s ensured owing to the feedback action of
the control system but also a high responsiveness can be achieved without
compromising the dynamic stability of the vehicle owing to the feed forward control
action using the behavior of an ideal vehicle model as a reference.

As discussed in WOO08/047481, 1f the transter function property for the rear toe

angle control 1s given by or = Gr - of, the equation of motion of the vehicle can be

represented as given in the following:
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The steering angle of the rear wheels or can then be given by the following

equation.
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where m: vehicle mass, 1: wheel base, If, Ir : distances of front and rear axles from the
oravitational center, 8f: front wheel steering angle, kr, kf: cornering powers of front and
rear wheels, and V: vehicle speed. Gigeal(S) represents the ideal vehicle model n Figure
2, and G,(s) represents the actual vehicle model when or = 0.

From Equation (1) and Figure 2, the feed forward transter function property

P(s) is given by the following equation:

m-1, S e (2)
—V.s+1

i, 1 1

m- 1l Ve G
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In Figure 2, the added yaw moment that is applied to the vehicle 1s given as a
product of the rear wheel steering angle or and Ir. Therefore, the output of the RTC may
be represented as or for the convenience of description.

It 1s explained in the following why the behavior of the vehicle could become
unstable when the VSA and RTC are simply combined. The VSA and RTC rely on
vehicle models as references for feedback control. In particular, the VSA relies on an
actual vehicle model while the RTC relies on an 1deal vehicle model. The actual vehicle
model 1s based on the behavior of a vehicle not equipped with any VSA or other vehicle

stability control device while the 1deal vehicle model 1s based on the behavior of a
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vehicle equipped with a RTC or other device that can change the dynamic properties of
the vehicle, and these two models normally differ from each other. Therefore, the VSA
cancels the yaw moment produced by the RTC in an attempt to change the dynamic
properties of the vehicle as an external disturbance. Similarly, the yaw moment
produced by the VSA is canceled by the RTC as an external disturbance 1n executing a
feedback control using the ideal vehicle model. This is why combining a vehicle motion
stability control device with a VSA could cause an unstable motion of the vehicle.

Such a problem can be resolved by adapting the actual vehicle model for the
VSA to the ideal vehicle model for the RTC, or by adapting the 1deal vehicle model tor
the RTC to the actual vehicle for the VSA. However, in the latter case, the RTC
becomes unable to execute a feed torward control using the 1deal vehicle model as a
reference. In the former case, 1t 1s necessary to change the configuration of the
controller for the VSA designed for a specific vehicle, and this necessitates the settings
of the VSA to be changed depending on 1f the vehicle 1s equipped with a RTC or not,
thereby requiring a substantial amount of work in setting up the VSA for the given
RTC.

Figure 3 1s a block diagram of a vehicle motion stability control system
embodying the present invention which 1s proposed as a means for resolving such a
problem. In the illustrated embodiment, 1n addition to applying an added yaw moment
given as outputs of the VSA and RTC (shown 1n Figures 1 and 2) to the yaw moment

caused by front wheel steering, the output of the RTC is converted into a variable by a

prescribed transfer function, and the output of this transfer function is deducted from the

front wheel steering angle or which is forwarded to the actual vehicle model for the

VSA. This deduction may also be an addition depending on the way the sign 1s

determined by the transfer function. It also means that the input front wheel steering
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angle &; for the VSA is modified depending on the thrust angle or toe angle which 1s
given as an output of the RTC. As discussed earlier, the problem associated with the
simultaneous activation of the VSA and RTC is caused by the fact that the control target
for the VSA is a yaw rate response of the VSA when the RTC i1s not activated. The
illustrated embodiment can resolve the problem without making any change to the
structure of the VSA 1tself.

It is now considered what transfer function should be used for converting the

output of the RTC. By rearranging Equation (1), Equation (3) given in the following can

be obtained.
m-l, ‘
——}-s+1
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Front this equation, it can be seen that, in the transfer function property of the

vehicle model for the VSA, 1f Gyo(s) - of 1s changed into the tollowing
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the target yaw rate for the RTC can be obtained as an output of the vehicle model for

the VSA even though the front wheel steering angle of 1s apparently supplied to the

vehicle model tor the VSA. In other words, it can be seen that the transtormation

transfer tunction should be selected as T(s) as given 1n the {ollowing.
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The steering angle (thrust angle or the steering angle as in a 4WS device) of the
rear wheels was used as a control variable 1n the foregoing embodiment, but the toe

angle of the rear wheels can also be used. More specifically, a toe angle O can be

converted into a thrust angle according to the relationship given in the following:

or =K-ay-0
where K: roll stiffness determined by a tread and other parameters, and ay: lateral
acceleration. By thus forwarding K - aiy -6 to the transfer function property described
above, a harmonization control with the VSA can be accomplished. A similar effect can
be achieved also when the rear toe angle is used instead of the rear thrust angle for
applying an added yaw moment to stabilize the behavior of the vehicle.

Thus, according to the present invention,

(1) The motion stability control of the vehicle can be executed from a normal range to

an extreme range because the VSA and RTC can each perform its own functionality in a

harmonized manner; and
(2) The harmonizing control can be executed without regard to the variations in the
vehicle properties, and this substantially reduces the labor required in developing the
vehicle motion stability control system for each vehicle.

Although the present invention has been described in terms of a preferred
embodiment thereof, it is obvious to a person skilled in the art that various alterations

and modifications are possible without departing from the scope of the present
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invention which is set forth in the appended claims.
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CLAIMS:

1. A vehicle motion stability control system, comprising:

a first control device (VSA) that controls a distribution of at least one of a

braking force and traction force of at least one of front and rear wheels using at least a front

wheel steering angle for a control input;

a second control device (RTC) that controls a steering angle of the rear wheels

using at least a front wheel steering angle for a control input; and

a harmonizing control unit that modifies the front wheel steering angle used for
the control input to the first control device according to a control output of the second control

device.

2. The vehicle motion stability control system according to claim 1, wherein the
first control device (VSA) determines the distribution of at least one of a braking force and
traction force of at least one of front and rear wheels according to a deviation between outputs

of an actual vehicle model and an actual vehicle to a given front wheel steering angle, and

the second control device (RTC) determines the rear wheel steering angle
according to the deviation between outputs of the actual vehicle model and the actual vehicle

to the given tront wheel steering angle,

the harmonizing control unit modifying the front wheel steering angle used for
the control 1nput to the actual vehicle model of the first control device according to the control

output of the second control device.

3. The vehicle motion stability control system according to claim 2, wherein the
harmonizing control unit adds or subtracts a correction signal based on the control output of
the second control device to or from the front wheel steering angle used for the control input

of the actual vehicle model of the first control device.
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1, The vehicle motion stability control system according to claim 1, wherein the

control output of the second control device includes a yaw rate of the vehicle.
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