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STEERING CONTROL SYSTEM FOR
VEHICLE

RELATED APPLICATIONS

[0001] This application is a divisional of U.S. Ser. No.
11/477,347, filed Jun. 30, 2006, and which application is
incorporated herein by reference.

[0002] The present application also claims priority from
Japanese Application Nos. 2005-196722 and 2005-204748,
the disclosures of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a steering control
system for a vehicle, more particularly, to a front-wheel steer-
ing control system for correcting a steering angle of front
wheels by an electric motor or the like.

[0005] 2. Description of the Related Prior Art

[0006] Conventionally, there have been proposed many
techniques for correcting a steering angle of front wheels of a
vehicle being input by a driver. For example, Japanese Patent
Application Laid-Open No. 2004-168166 discloses a steering
control apparatus with a variable steering gear ratio in which
a differential factor depending on a steering angular velocity
is shifted from a positive range to a negative range in propor-
tion to an increase of a vehicle speed. Moreover, a steering
gear ratio thereof is decided by adding a proportional factor
depending on the steering angle and the differential factor as
mentioned above.

[0007] However, according to the front-wheel steering con-
trol apparatus which corrects a steering angle only by the
vehicle speed and an operation of the driver as disclosed in the
above mentioned prior art, there arises a problem that it is
difficult to improve a yaw response of the vehicle in associa-
tion with sufficiently suppressing an unstable vehicle behav-
ior due to a resonance of a yaw movement of steering con-
trols.

SUMMARY OF THE INVENTION

[0008] Inview ofaconsideration to the foregoing problem,
an object of the present invention is to provide a steering
control system of a vehicle which can securely suppress an
unstable vehicle behavior due to a resonance of a yaw move-
ment caused by a steering operation, improving a yaw
response of the vehicle.

[0009] According to the present invention, there is provided
a vehicle steering control apparatus having a steering upper
shaft for inputting a steering operating angle, a steering lower
shaft for steering front wheels of the vehicle, a steering angle
sensor for detecting a steering angle of the steering upper
shaft, and a vehicle speed sensor for detecting a speed of the
vehicle. The vehicle steering control apparatus further com-
prises steering angle correction calculating means and a steer-
ing angle correcting mechanism. The steering angle correc-
tion calculating means calculates a correction amount of a
steering angle of the steering lower shaft. Also, the steering
angle correcting mechanism is provided between the steering
upper shaft and the steering lower shaft for correcting the
steering angle of the steering lower shaft through adding the
correction amount calculated by the steering angle correction
calculating means to the steering angle of the steering upper
shaft detected by the steering angle sensor.
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[0010] The steering angle correction calculating means cal-
culates a first correction amount of the steering angle of the
steering lower shaft based on the vehicle speed as detected by
the vehicle speed sensor, and a second correction amount
thereof based on a value obtained through low-pass filtering a
differential value of the steering angle detected by the steer-
ing angle sensor, wherein a total correction amount of the
steering angle of the steering lower shaft is obtained through
adding the first correction amount based on the vehicle speed
detected by the vehicle speed sensor to the second correction
amount.

[0011] The vehicle steering control apparatus may further
comprise a yaw rate sensor for detecting the yaw rate of the
vehicle, wherein the steering angle correction calculating
means calculates a third correction amount of the steering
angle of the steering lower shaft based on the yaw rate
detected by the yaw rate sensor instead of the second correc-
tion amount.

[0012] In addition, the vehicle steering control apparatus
may further comprise a yaw rate sensor for detecting the yaw
rate of the vehicle and a transverse acceleration sensor for
detecting the transverse acceleration of the vehicle, wherein
the steering angle correction calculating means calculates an
angular velocity of a vehicle slip based on the yaw rate and the
transverse acceleration of the vehicle, and further calculates a
fourth correction amount of the steering angle of the steering
lower shaft based on the angular velocity of a vehicle slip
instead of the second correction amount. In both the cases of
the third and fourth correction amounts also, the total correc-
tion amount of the steering angle of the steering lower shaft is
obtained through adding either of them to the first correction
amount based on the vehicle speed.

[0013] Thereby, it allows the vehicle steering control appa-
ratus of the present invention to improve the yaw response of
the vehicle, specifically, to securely suppress the unstable
vehicle behavior due to the resonance of yaw movement
caused by the steering operation of a user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other objects and advantages of the
present invention will become clearly understood from the
following description with reference to the accompanying
drawings, wherein:

[0015] FIG. 1 is an explanatory view roughly showing a
steering control system of vehicle front wheels according to
one embodiment of the present invention;

[0016] FIG. 2 is a functional block diagram of the vehicle
steering control apparatus as shown in FIG. 1;

[0017] FIG. 3 is a flowchart of a program included in the
vehicle steering control apparatus of FIG. 1,

[0018] FIG. 4 is a characteristics chart of a steering gear
ratio responsive to a vehicle speed according to the present
invention;

[0019] FIG. 5 is a characteristics chart of a control gain as
shown in FIG. 3;

[0020] FIG. 6 is a characteristics chart showing a relation-
ship between a steering frequency and a yaw rate gain;
[0021] FIG. 7 is an explanatory view roughly showing a
vehicle steering control apparatus according to another
embodiment of the present invention;

[0022] FIG. 8 is a functional block diagram of the vehicle
steering control apparatus as shown in FIG. 7,

[0023] FIG. 9 is a flowchart of a program included in the
vehicle steering control apparatus of FI1G. 7,
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[0024] FIG. 10 is a characteristics chart of the first control
gain as shown in FIG. 9;

[0025] FIG. 11 is a characteristics chart of the second con-
trol gain as shown in FIG. 9;

[0026] FIG. 12 is a functional block diagram of a vehicle
steering control apparatus according to the other embodiment
of the present invention; and

[0027] FIG. 13 is a flowchart of a program included in the
vehicle steering control apparatus as shown in FIG. 12.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] Hereinafter, the preferred first embodiment of the
present invention will be described in accordance with FIGS.
110 6. As shown in FIG. 1, a vehicle steering control appara-
tus 1 includes a steering wheel 2, and a steering shaft 3 as
extended therefrom and connected to a pinion shaft 6
extended from a gear box 5 via a joint portion 4 formed by a
universal joints 4a, 4a and a joint shaft 45.

[0029] A tierod 8/ is extended from the gear box 5 to a left
front wheel 7f1, and on the other hand, another tie rod 8f is
extended to a front right wheel 7f#

[0030] Tie rod ends of the tie rods 8/, 8/ are connected to
acceleration housings 10/, 10f# for freely and rotationally
supporting each left and right wheels 7/, 7f via knuckle arms
911, 9.

[0031] A steering angle correcting mechanism 11 for the
front wheels is provided at a middle portion of the steering
shaft 3 to vary a steering gear ratio. The steering shaft 3
comprises an upper shaft 3U extending upward from the
steering angle correcting mechanism 11 and a lower shaft 3L
extending downward therefrom.

[0032] An explanation about the structure of the steering
angle correcting mechanism 11 will be given as follows. A
lower portion of the upper shaft 3U and an upper portion of
the lower shaft 31 are separately fixed to a pair of sun gears
12U, 12L for rotating about the same rotating axis, and the
pair of the sun gears 12U, 121 are individually and separately
meshed with planetary gears 14U, 14L fixed on a plurality
(for example, three) of pinion shafts 13.

[0033] The pair of the sun gears 12U, 12L are stored in a
carrier 15 for co-axially supporting the pinion shaft 13, and a
driven gear 18 for meshing with a drive gear 17 fixed on an
output shaft 16a of an electric motor 16 is provided on an
outer and upper periphery of the carrier 15.

[0034] The electric motor 16 is driven by a motor driving
section 21 which is structured to rotate the motor 16 in accor-
dance with signals corresponding to a rotational angle thereof
inputted from a steering control section 20 as correcting
means of the front wheel steering angle.

[0035] There are further provided a vehicle speed sensor 31
for detecting a vehicle speed V and a steering wheel angle
sensor 32 for detecting a steering wheel angle 6Hd inputted
by the driver, and therefore the signals from the vehicle speed
sensor 31 and the steering wheel angle sensor 32 are inputted
into a steering control section 20 including a steering angle
correction calculating means therein.

[0036] Next, the steering control section 20 calculates the
correction amount of the front wheel steering angle to be
added to the steering wheel angle inputted by the driver on the
basis of each input signal described above according to a
steering control program described later in order to keep an
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appropriate vehicle behavior, and then outputs a motor rota-
tional angle 6M based on the correction amount to the motor
driving section 21.

[0037] That is, as shown in FIG. 2, the steering control
section 20 comprises mainly a first correction amount calcu-
lating section 20a of the front wheel steering angle, a second
correction amount calculating section 205 of the front wheel
steering angle and a motor rotational angle calculating sec-
tion 20c.

[0038] The vehicle speed V from the vehicle speed sensor
31 and the steering wheel angle 0Hd from the steering wheel
angle sensor 32 are inputted into the first correction amount
calculating section 20a. And, a first correction amount dHel
ofthe steering wheel angle 6Hd is calculated by the following
equation (1), and is outputted to the motor rotational angle
calculating section 20c.

dHC1=((0Hdmdcl)-OHd/nd)y ne 1)

wherein “nd” is a steering gear ratio at the driver side (when
the electric motor 16 is stopped, the steering gear ratio affects
a steering operation by the driver, which is decided by the pair
of the sun gears 12U and 12L, the pair of the planetary gears
14U and 14L and the steering gear box 5.) Also, “nc” is a
steering gear ratio at the side of the front wheel steering angle
correcting mechanism 11 (when the motor 16 is driven during
no operation of the steering wheel, the steering gear ratio
affects the vehicle, which is decided by the drive gear 17 and
the driven gear 18). Further, “ndc1” is a vehicle-speed-sensi-
tive steering gear ratio gained by a preset map and calculating
equations. This vehicle-speed-sensitive steering gear ratio
“ndecl” 1s, for example, set as shown in FIG. 4, wherein when
the vehicle speed is low, it is set to have a quick responsive
characteristics against the driver side steering gear ratio “nd”,
and also when the vehicle speed is high, it is set to have a slow
responsive characteristics against the driver side steering gear
ratio “nd”.

[0039] The vehicle speed V and the steering wheel angle
6Hd are inputted also to the second correction amount calcu-
lating section 205, where the second correction amount dHc2
for the steering wheel angle 0Hd is calculated by the follow-
ing equation (2), and then is outputted to the motor rotational
angle calculating section 20¢.

SHC=Ged-(1/(1+Ted-S))(dOHd/dtnd )

wherein “Ged” is a control gain, “Tcd” is a time constant of
the low pass filter, “S”1is a Laplace operator, and (d0Hd/dt) is
a differential value of the front wheel steering angle.

[0040] Accordingly, the above equation (2) indicates that
the low-pass filtering process is prosecuted to multiply the
differential value of the front wheel steering angle by the
(1/(14Tcd-S). The time constant Tcd in the low pass filtering
process is set at a reciprocal of an angular velocity of a
resonance oscillation in a yaw motion corresponding to the
inputted steering operating angle, wherein the resonance fre-
quency is in, for example, 1-2 Hz.

[0041] Also, since the characteristics with a steep peak for
the frequency of the steering operation becomes extremely
remarkable in proportion with an increase of the vehicle
speed V, the control gain Ged is set at a larger value as the
vehicle speed V becomes higher by referring to the maps or
the like, as shown in FIG. 5.

[0042] The motor rotational angle calculating section 20¢
receives the first correction amount 6Hcl of the steering
wheel angle 6Hd from the first correction amount calculating
section 20a and the second correction amount dHc2 of the
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steering wheel angle 8Hd from the second correction amount
calculating section 206 as the inputted value. Then, the motor
rotational angle 6M is calculated by the following equation
(3), and is outputted to the motor driving section 21.

OM=(8Hc1+dHe2)ne 3)

[0043] Next, the steering control program executed by the
above mentioned steering control section 20 will be explained
by referring to the flowchart shown in FIG. 3.

[0044] First, some desired parameters, namely, the vehicle
speed V and the steering wheel angle OHd inputted by the
driver are read at step 101 (“step” is abbreviated as “S” in the
following description).

[0045] Second, at S102, the vehicle-speed-sensitive steer-
ing gear ratio “ndcl” is calculated by utilizing the map and/or
calculating equations preset in the first correction amount
calculating section 20a.

[0046] Next, at S103, the first correction amount calculat-
ing section 20a calculates the first correction amount dHcl of
the steering wheel angle 6Hd by using the aforementioned
equation (1).

[0047] Next, at S104, the second front wheel correction
amount calculating section 205 calculates the control gain
Ged by using the aforementioned equation (2).

[0048] Next, at S105, the second correction amount calcu-
lating section 204 calculates the second correction amount
dHc2 of the steering wheel angle 6Hd by using the aforemen-
tioned equation (2).

[0049] Finally, at step S106, the calculating section 20¢ of
the motor rotational angle calculates the motor rotational
angle 6M by using the aforementioned equation (3), outputs
it to the motor driving section 21, and then exits the program.
[0050] The effect of the present embodiment will be
explained hereinafter. As shown in FIG. 6, the “conventional
characteristics 17, which has no peak value with regard to the
steering frequency, has the following features, that is, the
response to a quick steering operation is very stable, but dull,
in other words, there occurs a problem that a performance for
avoiding a danger is inferior. On the contrary, in the “conven-
tional characteristics 2”, which has a steep peak value with
regard to the steering frequency, there occurs a problem that
the vehicle is easy to spin and is apt to be very unstable when
changing over a direction to steer at a vicinity of the resonance
frequency of the yaw moment. Accordingly, the low-pass
filtering operation for the differential value (d6Hd/dt) of the
front wheel steering angle allows the steering frequency to
gradually increase the gain and have no apparent peak value,
which is the feature according to the first embodiment of the
present invention, so that an improvement of a response abil-
ity for a quick steering operation and a stable control ability
(an avoidance of the spin) can be realized. Specifically, the
yaw response of the vehicle can be securely improved, and
also the unstable vehicle behavior according to the resonance
ofthe yaw movement in the steering operation can be securely
suppressed.

[0051] Additionally, noise elements which may be
included in the differential value (d6Hd/dt) of the front wheel
steering angle can be effectively eliminated by the low-pass
filtering operation.

[0052] The second embodiment of the present invention
will be explained hereinafter with FIGS. 7-11. Moreover, the
second embodiment relates to a second front wheel steering
angle correction amount calculating section 30 where the
second correction amount is calculated on the basis of a slip
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angular velocity of the vehicle comprising a yaw rate and a
transverse acceleration. Since the other elements and func-
tions are substantially the same as ones of the first embodi-
ment, the same symbols are given to the same elements as
ones of the first embodiment, and the respective explanations
thereof are omitted.

[0053] As shown in FIG. 7 which is an explanatory view
roughly illustrating a vehicle steering control apparatus
according to another embodiment, a vehicle behavior control
apparatus 40 is mounted on the vehicle as control means of a
vehicle behavior. The vehicle behavior control apparatus 40
is, for example, a braking force control apparatus for gener-
ating a yaw moment to the vehicle by adding a braking force
to a selected wheel. Concretely, the vehicle behavior control
apparatus 40 calculates a target yaw rate on the basis of the
vehicle speed and the steering angle of the front wheels by
using an equation of motion of the vehicle. Then, it is decided
whether the present vehicle running condition is in an over-
steering condition or in an under-steering condition through
comparing an actual yaw rate with the targeted yaw rate. As
the result, the braking force is applied to an outside front
wheel while turning in order to correct the over-steering con-
dition, and also the braking force is applied to an inside rear
wheel while turning in order to correct the under-steering
condition. Further, the vehicle behavior control apparatus 40
is not limited to one using the braking force control apparatus
as mentioned above, but it may be one using a driving force
distributing apparatus for left or right driving wheels.

[0054] The vehicle is further provided with a yaw rate sen-
sor 33 and a transverse acceleration sensor 34 in addition to
the vehicle speed sensor 31 and the steering wheel angle
sensor 32, signals from which are transmitted to a steering
control section 30. The yaw rate sensor 33 detects an actual
yaw rate y of the vehicle, and the transverse acceleration
sensor 34 detects an actual transverse acceleration (dy/dt?)
thereof.

[0055] The steering control section 30 calculates the cor-
rection amount of the front wheel steering angle added to the
actual steering wheel angle inputted by the driver based on
each inputted signal in accordance with the steering control
program as described later to adequately keep the vehicle
behavior, and outputs the signal of motor rotational angle 6M
to the motor driving section 21.

[0056] More specifically, as shown in FIG. 8, the steering
control section 30is mainly constructed by the first correction
amount calculating section 20a, a second correction amount
calculating section 305, the motor rotational angle calculat-
ing section 20c, and a steering wheel angle output value
calculating section 30d.

[0057] In the same fashion as the first embodiment, the
vehicle speed V 1s inputted from the vehicle speed sensor 31
and the steering wheel angle 6Hd from the steering angle
sensor 32 are inputted into the first correction amount calcu-
lating section 20q. Further, the first correction amount dHel
of the steering wheel angle 6Hd is calculated by the same
following equation (1) as described in the first embodiment,
and is outputted to the motor rotational angle calculating
section 20¢ and the steering wheel angle output value calcu-
lating section 30d.

SHc1=((0Hdmdcl)-OHd/nd)y ne 1)

[0058] The explanation for each element of the above equa-
tion (1) is omitted since the respective elements are the same
as ones of the first embodiment.

[0059] Next, the vehicle speed V is inputted from the
vehicle speed sensor 31 to the second correction amount
calculating section 305 also. Further, the actual yaw rate y
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from the yaw rate sensor 33 and an actual transverse accel-
eration (d%y/dt?) from the transverse acceleration sensor 34
are inputted into the second calculating section 305. Then, the
second correction amount 8Hc?2 of the steering wheel angle
BHd is calculated by the following equation (4), and is out-
putted to the motor rotational angle calculating section 20c.

OHc2=Gegl-Geg2-(dp/dt) 4

[0060] wherein (dp/dt) is an angular velocity of a vehicle
slip, and is calculated by the following equation (5).

(dpde=y-(@y/dcy V) )

[0061] Further, “Gegl” in the equation (4) is a first control
gain, which is set beforehand by, for example, an experiment
and a calculation thereon as shown in FIG. 10. This map is set
by the following equation (6) in the range where the vehicle
speed V is higher than the value of Vcl.

Gegl=1/Gy (6)

[0062] wherein “Gy” shows a yaw rate gain for the steering
angle, and is calculated by the following equation (7).

Gy=(U(L+d- V) (Vi(Lnc) ™

[0063]
base.
[0064] The first control gain Gegl in the range below the
value Vel in the map of FIG. 10 is set as a linear to become
smaller as the vehicle speed becomes lower. The reason s that
since, in a low speed range, the yaw rate gain Gy becomes
small, while the first control gain Gegl becomes too large, if
not set like FIG. 10, so that a calculation accuracy for the
angular velocity of the vehicle slip becomes low.

[0065] As described above, through setting the first control
gain Gegl in view of the yaw rate gain Gy, a yaw rate gain per
a unit of steering angle correction becomes constant, so that
aninterference degree of the control for the steering operation
at the high and low speeds can be kept constant.

[0066] Further, Geg2 in the above described equation (4) is
a second control gain, which is set beforehand from, for
example, the predetermined experiments and calculations as
shown in FIG. 11. This second control gain Gceg2 is set in
accordance with the angular velocity (dp/dt) of the vehicle
slip according to the map, in which the value of Geg?2 is set at
“0” (zero) in the range where an absolute value of the angular
velocity (dp/dt) is small. Accordingly, when this second con-
trol gain Geg2 is multiplied as shown in the equation (4), the
second correction amount dHe2 of the steering wheel angle
BHd becomes 0 (zero) in the small range of the vehicle slip
angular velocity. In other words, the above described equa-
tion (4) causes a dead zone for the angular velocity (df3/dt) of
the vehicle slip. In this way, unnecessary controls can be
avoided by providing the dead zone in the range of the small
angular velocity (df/dt) of the vehicle slip.

[0067] Then, the motor rotational angle calculating section
20¢ receives the first correction amount dHel of the steering
wheel angle 6Hd from the first correction amount calculating
section 204 and the second correction amount dHe2 thereof
from the second correction amount calculating section 305.
Afterwards, the motor rotational angle 6M is calculated by
the following equation (3) which is identical with that of the
first embodiment, and is outputted to the motor driving sec-
tion 21.

OM=(SHc1 +5H2) ne ®)

[0068] The steering wheel angle output value calculating
section 304 receives the respective signals of the steering
wheel angle 6Hd from the steering wheel angle sensor 32 and
the first steering angle correction amount dHel of the front

wherein “A” is a stability factor, and “1” is a wheel
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wheel from the correction amount calculating section 20q.
And then, the steering wheel angle output value calculating
section 304 outputs a steering wheel angle 6Hout to the
vehicle behavior control apparatus 40 after calculating it by
the following equation (8).

OHout=0Hd+dHcl ne (8)

[0069] That is, the above described equation (8) does not
contain the value of 8Hc2 nc, which is the correction amount
according to the vehicle slip angle speed (df3/dt), so that the
control with the vehicle behavior control apparatus 40 can be
properly executed without intervening with the correction
control by the steering control section 30.

[0070] Next, a steering control program executed by the
above mentioned steering control section 30 will be explained
with the flowchart shown in the FIG. 9.

[0071] First, at S201, such required parameters as the
vehicle speed V, the steering wheel angle 6Hd inputted by the
driver, an actual yaw rate y, and an actual transverse accel-
eration (d*y/dt*) are read out.

[0072] Next, at S202, the vehicle-speed-sensitive steering
gear ratio ndclis calculated by the preset map and/or equation
set in the first correction amount calculating section 20a.
[0073] Next, at S203, the first correction amount calculat-
ing section 20a calculates the first correction amount dHel of
the steering wheel angle 8Hd by using the aforementioned
equation (1).

[0074] Further, at S204, the second correction amount cal-
culating section 305 calculates the vehicle slip angular veloc-
ity (dp/dt) by using the aforementioned equation (5).

[0075] Furthermore, at S205, the second correction amount
calculating section 305 calculates the first control gain Gegl
on the basis of any map preset by the experiments, calcula-
tions, or the like.

[0076] At step S206, the second calculating section 305
calculates the second control gain Geg2 also in the same
fashion as the first control gain Gegl.

[0077] Next, at S207, the second correction amount calcu-
lating section 305 calculates the second correction amount
8Hc2 by using the aforementioned equation (4).

[0078] Then, at S208, the motor rotational angle calculat-
ing section 20¢ calculates the motor rotational angle OM by
using the equation (3), and outputs it to the motor driving
section 21.

[0079] And finally, at step S209, the steering wheel angle
output value calculating section 30d calculates the steering
wheel angle OHout by using the aforementioned equation (8),
outputs it to the vehicle behavior control apparatus 40, and
then exits the program.

[0080] Inthis way, according to the second embodiment of
the present invention, since the steering angle correction
amount is calculated through adding the first correction
amount dHel based on the vehicle speed to the second cor-
rection amount §He2 based on the angular velocity (dp/dt). a
yaw response of the vehicle can be improved and also an
unstable vehicle behavior due to a resonance of yaw move-
ment caused by the steering operation can be securely sup-
pressed.

[0081] Additionally, since the steering wheel angle 6Hout
to be outputted into the vehicle behavior control apparatus 40
does not include the second correction amount 6Hc2 based on
the vehicle slip angular velocity (df/dt), the control by the
vehicle behavior control apparatus 40 does not intervene the
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control by the steering control section 30, so that it is possible
to attain an effective and stable vehicle control.

[0082] Lastly, FIGS. 12 and 13 show the third embodiment
of the present invention. FIG. 12 is the functional block dia-
gram of a steering control section 25, and FIG. 13 is the
flowchart of a steering control program thereof. Moreover,
the third embodiment relates to the steering control system 25
where the second correction amount is calculated on the basis
ofanactual yaw rate y. Since the other elements and functions
are substantially the same as ones of the first and second
embodiments, the same symbols are given to the same ele-
ments as ones of the first embodiment, and the respective
explanations thereof are omitted.

[0083] More specifically, the steering control section 25
receives the signals of the vehicle speed V from the vehicle
speed sensor 31, the steering wheel angle O0Hd inputted by the
driver from the steering angle sensor 32 and the actual yaw
rate y from the yaw rate sensor 33.

[0084] Then, the steering control section 25 calculates the
front wheel steering angle correction amount to be added to
the steering wheel angle 0Hd inputted by the driver based on
each inputted signal as mentioned above according to a steer-
ing control program as described later in order to properly
maintain the vehicle behavior, and afterwards the signal of the
motor rotational angle 6M is transmitted to the motor driving
section 21.

[0085] The steering control section 25 has mainly the first
correction amount calculating section 20q, a second correc-
tion amount calculating section 255, the motor rotational
angle calculating section 20c, and a steering wheel angle
output value calculating section 304 as shown in FIG. 12.
[0086] The second correction amount calculating section
25b of the front wheel steering wheel angle 6Hd receives the
signals of the vehicle speed V from the vehicle speed sensor
31, and the actual yaw rate y from the yaw rate sensor 32.
Then, the second correction amount dHe2 is calculated by
using the following equation (9), and outputted to the motor
rotational angle calculating section 20c.

OHc2=-Gegly ©

[0087] As shown in the flowchart of FIG. 13, the steering
control program proceeds to S304 after calculating the first
correction amount dHcl of the steering wheel angle 0Hd at
S303. At S304, the second correction amount calculating
section 255 calculates the first control gain Gegl on the basis
of the map preset by the experiments, calculations or the like
in advance, that is, which is set in the same fashion as one of
the second embodiment.

[0088] Next, the program proceeds to S305, and then the
second correction amount calculating section 255 calculates
the second correction amount dHc2 of the steering wheel
angle O6Hd by the aforementioned equation (9). And further,
the program proceeds to S306 where the motor rotational
angle calculating section 20c calculates the motor rotational
angle M with the aforementioned equation (3), and outputs
the result to the motor driving section 21.

[0089] Lastly, the program proceeds to S307 where the
steering wheel angle output value calculating section 304
calculates the steering wheel angle OHout in accordance with
the aforementioned equation (8) and then outputs the result to
the vehicle behavior control apparatus 40, and afterwards
exits the program.

[0090] In this way, according to the third embodiment of
the present invention, the same effect as the other embodi-
ments thereof can be also attained.

[0091] Although the calculated steering wheel angle 0Hout
without the second correction amount dHc?2 is outputted to
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the vehicle behavior control apparatus 40 according the sec-
ond and third embodiments, the calculated steering wheel
angle BHout including the second correction amount dHe2
may be also outputted thereto in the case of a vehicle having
no vehicle behavior control apparatus 40 or in the case of
characteristics being able to ignore the interference between
the correction executed by the steering control section 20, 25
and itself.

[0092] While there has been described what are at present
considered to be preferred embodiments of the present inven-
tion, it will be understood that various modifications may be
made thereto, and it is intended that the appended claims
cover all such modifications as fall within the true spirit and
scope of the present invention.

1. A vehicle steering control apparatus, comprising:

a steering upper shaft for inputting a steering operating
angle;

a steering lower shaft for steering front wheels of the
vehicle;

a steering angle sensor for detecting a steering angle of said
steering upper shaft;

a yaw rate sensor for detecting a yaw rate of the vehicle;

a steering angle correction calculating means for calculat-
ing a correction amount of a steering angle of said steer-
ing lower shaft, said correction amount including a yaw
rate based correction component of said steering angle
of said steering lower shaft based on said yaw rate
detected by said yaw rate sensor; and

a steering angle correcting mechanism provided between
said steering upper shaft and said steering lower shaft for
correcting said steering angle of said steering lower shaft
through adding said correction amount calculated by
said steering angle correction calculating means to said
steering angle of said steering upper shaft detected by
said steering angle sensor.

2. The vehicle steering control apparatus according to

claim 1, further comprising:

a vehicle speed sensor for detecting a vehicle speed, and

wherein a total correction amount of said steering angle of
said steering lower shaft is obtained through combining
a vehicle speed based correction component which is
based on said vehicle speed detected by said vehicle
speed sensor and said yaw rate based correction compo-
nent.

3. The vehicle steering control apparatus according to
claim 2, wherein said yaw rate based correction component is
obtained by multiplying a control gain calculated based on a
change of a yaw rate corresponding to said vehicle speed to
said yaw rate.

4. A vehicle steering control apparatus, comprising:

a steering upper shaft for inputting a steering operating

angle;

a steering lower shaft for steering front wheels of the
vehicle;

asteering angle sensor for detecting a steering angle of said
steering upper shaft;

a yaw rate sensor for detecting a yaw rate of the vehicle;

a transverse acceleration sensor for detecting a transverse
acceleration of the vehicle;

a steering angle correction calculating means for calculat-
ing a correction amount of a steering angle of said steer-
ing lower shaft, said correction amount including an
angular velocity based correction component of said
steering angle of said steering lower shaft based on an
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angular velocity of a vehicle slip which is calculated
based on said yaw rate and said transverse acceleration
of the vehicle; and

a steering angle correcting mechanism provided between
said steering upper shaft and said steering lower shaft for
correcting said steering angle of said steering lower shaft
through adding said correction amount calculated by
said steering angle correction calculating means to said
steering angle of said steering upper shaft detected by
said steering angle sensor.

5. The vehicle steering control apparatus according to

claim 4, farther comprising:

a vehicle speed sensor for detecting a vehicle speed, and

wherein a total correction amount of said steering angle of
said steering lower shaft is obtained through combining
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a vehicle speed based correction component which is
based on said vehicle speed detected by said vehicle
speed sensor and said angular velocity based correction
component.

6. The vehicle steering control apparatus according to
claim 4, wherein said angular velocity based correction com-
ponent is obtained by multiplying a control gain calculated
based ona change of a yaw rate corresponding to said vehicle
speed to said angular velocity of the vehicle slip.

7. The vehicle steering control apparatus according to
claim 6, wherein a range of said angular velocity of the
vehicle slip being less than a predetermined value is in a dead
zone.
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