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APPARATUS AND METHOD FOR CONTROLLING 
VEHICLE BEHAVIOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a vehicle behavior 
control apparatus and a method thereof for applying a 
braking force to a predetermined brake Wheel on the basis of 
a set target yaW rate or for establishing a yaW moment in a 
vehicle by making a driving force distribution variable 
betWeen left and right Wheels. 

[0002] In recent years, there have been developed/prac 
ticed a variety of vehicle behavior control apparatus for 
improving a vehicle behavior and the running performance 
of a vehicle. In Japanese Patent Unexamined Publication 
No. Hei. 2-70561, for example, there is disclosed a braking 
force control apparatus Which keeps a stability of the vehicle 
by comparing an actual yaW rate and a target yaW rate to 
control the braking force on the vehicle in accordance With 
the comparison result. In Japanese Patent Unexamined Pub 
lication No. Hei. 5-58180, there is disclosed a left/right 
driving force distribution control apparatus in Which the 
target yaW rate is computed on the basis of the vehicle 
motion (running) state, and a control signal for distributing 
the left and right torques is outputted to a driving force 
transmission line While making a feedback to bring the 
actual yaW rate close to the target yaW rate, thereby the 
driving force distribution of an engine to the right and left 
side driving force transmission lines is adjusted so that the 
vehicle may be turned While moving according to the target 
yaW rate. 

[0003] As the road surface friction coef?cient p drops or as 
a vehicle speed rises, hoWever, response of the vehicle 
drops, thereby a driver frequently fails to respond suf? 
ciently although required earlier control. In the prior art, this 
failure (retard) in the response may not be suf?ced only if the 
vehicle faithfully (promptly) corresponds to a steering 
operation by the driver. Speci?cally, the yaW rate feedback 
to the target yaW rate in the prior art, Which is determined by 
the vehicle moving state, such as the steering operation of 
the driver or the vehicle speed, may frequently fail to 
respond sufficiently to actual road conditions. 

SUMMARY OF THE INVENTION 

[0004] It is an object to provide a vehicle behavior control 
apparatus and a vehicle behavior control method capable of 
preventing deviations from lanes or roads due to an 
improper operation of a driver Without any unnatural feel 
ing, While re?ecting intentions of a driver to the maximum. 

[0005] The above-mentioned object can be achieved by 
the vehicle behavior control apparatus, according to a ?rst 
aspect of the invention, comprising: 

[0006] a road shape recogniZing unit for recogniZing 
the road shape ahead of a vehicle; 

[0007] a ?rst target yaW rate setting unit for setting a 
?rst target yaW rate on the basis of the road shape; 

[0008] a second target yaW rate setting unit for setting 
a second target yaW rate on the basis of driving 
conditions of the vehicle; 
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[0009] a target yaW rate correcting unit for correcting 
the second target yaW rate on the basis of the ?rst 
target yaW rate; and 

[0010] a braking force setting unit for applying a 
braking force to a selected Wheel so that an actual 
yaW rate converges into the second target yaW rate 
corrected by the target yaW rate correcting unit. 

[0011] The above-mentioned object can be also achieved 
by a vehicle behavior control apparatus, according to a 
second aspect of the invention, comprising: 

[0012] a road shape recogniZing unit for recogniZing 
the road shape ahead of a vehicle; 

[0013] a ?rst target yaW rate setting unit for setting a 
?rst target yaW rate on the basis of the road shape; 

[0014] a second target yaW rate setting unit for setting 
a second target yaW rate on the basis of driving 
conditions of the vehicle; 

[0015] a turning decision unit for deciding a turning 
intention if a steering angle exceeds a presetted 
value; 

[0016] a target yaW rate correcting unit for correcting 
the second target yaW rate gradually toWard the ?rst 
target yaW rate if the turning decision unit decides 
the turning intention; and 

[0017] a braking force setting unit for applying a 
braking force to a selected Wheel so that an actual 
yaW rate converges into the second target yaW rate 
corrected by the target yaW rate correcting unit. 

[0018] Further, the above-mentioned object can be 
achieved by a vehicle behavior control apparatus, according 
to a third aspect of the invention, comprising: 

[0019] a road shape recogniZing unit for recogniZing 
the road shape ahead of a vehicle; 

[0020] a ?rst target yaW rate setting unit for setting a 
?rst target yaW rate on the basis of the road shape; 

[0021] a second target yaW rate setting unit for setting 
a second target yaW rate on the basis of driving 
conditions of the vehicle; 

[0022] a target yaW rate correcting unit for correcting 
the second target yaW rate on the basis of the ?rst 
target yaW rate; and 

[0023] a driving force distribution unit for setting the 
driving force distribution to left and right Wheels so 
that an actual yaW rate converges into the second 
target yaW rate corrected by the target yaW rate 
correcting unit. 

[0024] Furthermore, the above-mentioned object can be 
achieved by a vehicle behavior control apparatus, according 
to a fourth aspect of the invention, comprising: 

[0025] a road shape recogniZing unit for recogniZing 
the road shape ahead of a vehicle; 

[0026] a ?rst target yaW rate setting unit for setting a 
?rst target yaW rate on the basis of the road shape; 
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[0027] a second target yaW rate setting unit for setting 
a second target yaW rate on the basis of driving 
conditions of the vehicle; 

[0028] a turning decision unit for deciding a turning 
intention if a steering angle eXceeds a presetted 
value; 

[0029] a target yaW rate correcting unit for correcting 
the second target yaW rate gradually toWard the ?rst 
target yaW rate if the turning decision unit decides 
the turning intention; and 

[0030] a driving force distribution unit for setting the 
driving force distribution to left and right Wheels so 
that an actual yaW rate converges into the second 
target yaW rate corrected by the target yaW rate 
correcting unit. 

[0031] The above-mentioned vehicle behavior control 
apparatus according to any of from the ?rst aspect to fourth 
aspect, preferably further comprises: 

[0032] a target lateral acceleration setting unit for 
setting a target lateral acceleration on the basis of 
either the second target yaW rate corrected by the 
target yaW rate correcting unit or the actual yaW rate; 
and 

[0033] a deceleration control unit for making a decel 
eration control if the actual lateral acceleration is 
beloW the target lateral acceleration. 

[0034] According to the vehicle behavior control appara 
tus of the ?rst aspect of the invention, the road shape 
recogniZing unit recogniZes the road shape ahead of the 
vehicle, and the ?rst target yaW rate setting unit sets the ?rst 
target yaW rate on the basis of the road shape Whereas the 
second target yaW rate setting unit sets the second target yaW 
rate on the basis of the driving conditions of the vehicle. 
Moreover, the target yaW rate correcting unit corrects the 
second target yaW rate on the basis of the ?rst target yaW 
rate, and braking force setting unit applies the braking force 
to the selected Wheel so that the actual yaW rate converges 
into the second target yaW rate corrected by the target yaW 
rate correcting unit. Thus, the second target yaW rate re?ect 
ing the intention of the driver is corrected With the ?rst target 
yaW rate re?ecting the actual road shape, and the braking 
force is controlled at the corrected target yaW rate. There 
fore, it is possible to prevent the deviation from the lane or 
the road due to an improper operation of the driver Without 
any unnatural feeling, While re?ecting the intention of the 
driver to the maximum. 

[0035] According to the vehicle behavior control appara 
tus of the second aspect of the invention, the road shape 
recogniZing unit recogniZes the road shape ahead of the 
vehicle, and the ?rst target yaW rate setting unit sets the ?rst 
target yaW rate on the basis of the road shape Whereas the 
second target yaW rate setting unit sets the second target yaW 
rate on the basis of the driving conditions of the vehicle. 
Further, the turning decision unit decides the turning inten 
tion if the steering angle exceeds the presetted value. More 
over, the target yaW rate correcting unit corrects the second 
target yaW rate gradually toWard the ?rst target yaW rate if 
the turning decision unit decides the turning intention, and 
the braking force setting unit applies the braking force to the 
selected Wheel so that the actual yaW rate converges into the 
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second target yaW rate corrected by the target yaW rate 
correcting unit. Thus, the second target yaW rate re?ecting 
the intention of the driver is corrected With the ?rst target 
yaW rate re?ecting the actual road shape, and the braking 
force is controlled at the corrected second target yaW rate. 
Therefore, it is possible to prevent the deviation from the 
lane or the road due to an improper operation of the driver 
Without any unnatural feeling, While re?ecting the intention 
of the driver to the maXimum. 

[0036] According to the vehicle behavior control appara 
tus of the third aspect of the invention, the road shape 
recogniZing unit recogniZes the road shape ahead of the 
vehicle, and the ?rst target yaW rate setting unit sets the ?rst 
target yaW rate on the basis of the road shape Whereas the 
second target yaW rate setting unit sets the second target yaW 
rate on the basis of the driving conditions of the vehicle. 
Moreover, the target yaW rate correcting unit corrects the 
second target yaW rate on the basis of the ?rst target yaW 
rate, and the driving force distribution unit sets the driving 
force distribution to left and right Wheels so that the actual 
yaW rate converges into the second target yaW rate corrected 
by the target yaW rate correcting unit. Thus, the second target 
yaW rate re?ecting the intention of the driver is corrected 
With the ?rst target yaW rate re?ecting the actual road shape, 
and the braking force is controlled at the corrected second 
target yaW rate. Therefore, it is possible to prevent the 
deviation from the lane or the road due to an improper 
operation of the driver Without any unnatural feeling, While 
re?ecting the intention of the driver to the maXimum. 

[0037] According to the vehicle behavior control appara 
tus of the fourth aspect of the invention, the road shape 
recogniZing unit recogniZes the road shape ahead of the 
vehicle, and the ?rst target yaW rate setting unit sets the ?rst 
target yaW rate on the basis of the road shape Whereas the 
second target yaW rate setting unit for setting the second 
target yaW rate on the basis of the driving conditions of the 
vehicle. Further, the turning decision unit decides the turning 
intention if the steering angle eXceeds a presetted value. 
Moreover, the target yaW rate correcting unit corrects the 
second target yaW rate gradually toWard the ?rst target yaW 
rate if the turning decision unit decides the turning intention, 
and the driving force distribution unit sets the driving force 
distribution to left and right Wheels so that the actual yaW 
rate converges into the second target yaW rate corrected by 
the target yaW rate correcting unit. Thus, the second target 
yaW rate re?ecting the intention of the driver is corrected 
With the ?rst target yaW rate re?ecting the actual road shape, 
and the braking force is controlled at the corrected second 
target yaW rate. Therefore, it is possible to prevent the 
deviation from the lane or the road due to an improper 
operation of the driver Without any unnatural feeling, While 
re?ecting the intention of the driver to the maXimum. 

[0038] According to the vehicle behavior control appara 
tus of any of from the ?rst aspect to the fourth aspect of the 
invention, the target lateral acceleration setting unit sets the 
target lateral acceleration on the basis of either the second 
target yaW rate corrected by the target yaW rate correcting 
unit or the actual yaW rate, and the deceleration control unit 
makes the deceleration control if the actual lateral accelera 
tion is beloW the target lateral acceleration. In addition to the 
effects thereof from the ?rst aspect to the fourth aspect of the 
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invention, it is possible to prevent the deviation from the 
lane or road due to the improper operation of the driver, 
more reliably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 is a schematic diagram for explaining a 
vehicle behavior control apparatus in a vehicle according to 
a ?rst embodiment of the present invention; 

[0040] FIG. 2 is a functional block diagram of the vehicle 
behavior control apparatus; 

[0041] FIG. 3 is a diagram for explaining hoW to deter 
mine the radius of curvature of a curve; 

[0042] FIG. 4 is a diagram for explaining braking Wheel 
selections in braking force controls; 

[0043] FIG. 5 is a ?oWchart of a control characteristics 
changing routine; 
[0044] FIG. 6 is a schematic diagram for explaining the 
vehicle behavior control apparatus according to a second 
embodiment of the present invention; 

[0045] FIG. 7 is the functional block diagram of the 
vehicle behavior control apparatus; and 

[0046] FIG. 8 is the How chart of the control character 
istics changing routine. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0047] The embodiments of the present invention Will be 
described With reference to the accompanying draWings. 

[0048] FIGS. 1 to 5 shoW a ?rst embodiment of the 
invention. FIG. 1 is a schematic diagram for explaining a 
vehicle behavior control apparatus in a vehicle as a Whole. 
FIG. 2 is a functional block diagram of the vehicle behavior 
control apparatus. FIG. 3 is a diagram for explaining hoW to 
determine a radius of curvature of a curve. FIG. 4 is a 
diagram for explaining braking Wheel selections in braking 
force controls. FIG. 5 is a How chart of a control charac 
teristic changing routine. Here in the ?rst Embodiment, the 
present invention is applied to the vehicle Which is provided 
With a braking force control unit for improving a running 
stability by applying a braking force to respective Wheels 
during cornering. 
[0049] In FIG. 1, reference numeral 1 designates the 
vehicle, and numeral 2 designates an engine, Which is 
arranged in the front portion of the vehicle. Driving force 
from the engine 2 is transmitted from an automatic trans 
mission 3 (including a torque converter, as shoWn) at the 
back of the engine 2 through a transmission output shaft 3a 
to a center differential unit 4. Then, at the center differential 
unit 4, the driving force is distributed at a predetermined 
torque distribution ratio to the front and rear Wheels 15?, 
15fr, 15?, 15rr. 

[0050] The driving force thus distributed from the center 
differential unit 4 to the rear Wheels 15rl, 15rr is inputted to 
a rear Wheel ?nal reduction unit 8 through a rear drive shaft 
5, a propeller shaft 6 and a drive pinion 7. 

[0051] On the other hand, the driving force thus distrib 
uted from the center differential unit 4 to the front Wheels 
15?, 15 fr is inputted to a front differential unit 12 through 
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a transfer drive gear 9, a transfer driven gear 10 and a front 
drive shaft 11. Here, integrally mounted in a case 13 are the 
automatic transmission 3, the center differential unit 4, and 
the front differential unit 12. 

[0052] The driving force inputted to the rear Wheel ?nal 
reduction unit 8 is transmitted to a left rear Wheel 15rl 
through a rear Wheel left drive shaft 14rl, and to a right rear 
Wheel 15rr through a rear Wheel right drive shaft 14rr. On the 
other hand, the driving force inputted to the front differential 
unit 12 is transmitted to a left front Wheel 15? through a 
front Wheel left drive shaft 14?, and to a right front Wheel 
15fr through a front Wheel right drive shaft 14fr. 

[0053] In the back of the case 13, there is disposed the 
center differential unit 4. A carrier 16 is rotatably housed in 
the center differential unit 4. The transmission output shaft 
3a is rotatably inserted from the front of the carrier 16 into 
the center differential unit 4. The rear drive shaft 5 is 
rotatably inserted from the back of the carrier 16 into the 
center differential unit 4. 

[0054] A ?rst sun gear 17 having a larger diameter is ?xed 
on the rear end portion of the transmission output shaft 3a 
on the input side. A second sun gear 18 having a smaller 
diameter is ?xed on the front end portion of the rear drive 
shaft 5 for the output to the rear Wheels 15rl, 15rr. The ?rst 
sun gear 17 and the second sun gear 18 are housed in the 
carrier 16. 

[0055] The ?rst sun gear 17 meshes With a ?rst pinion 19 
of a smaller diameter to form a ?rst gear train. The second 
sun gear 18 meshes With a second pinion 20 (larger diameter 
side) to form a second gear train. The ?rst pinion 19 and the 
second pinion 20 are integrated to provide a plurality of pairs 
(e.g., three pairs) of pinions Which are rotatably borne on the 
carrier 16. To the front end of this carrier 16, there is 
connected the transfer drive gear 9 so that the output poWer 
is transmitted from the carrier 16 to the front Wheels 15?, 
15fr. 

[0056] In other Words, the center differential unit 4 is 
included in such a complex planetary gear type Without a 
ring gear that the driving force from the transmission output 
shaft 3a is transmitted to the ?rst sun gear 17 and then is 
outputted to the rear drive shaft 5 through the second sun 
gear 18, and the driving force from the transmission output 
shaft 3a is also transmitted from the carrier 16 to the front 
drive shaft 11 through the transfer drive gear 9 and the 
transfer driven gear 10. 

[0057] Moreover, the center differential unit 4 of the 
complex planetary gear type is given a differential function 
by setting proper tooth numbers of the ?rst and second sun 
gears 17 and 18 and the ?rst and second pinions 19 and 20 
arranged around the ?rst second sun gears 17 and 18. 

[0058] Further, the reference torque distribution can be 
setted to a desired distribution (e.g., a larger torque distri 
bution to the rear Wheels 15rl, 15rr) by setting the proper 
meshing pitch circle diameters of the ?rst and second sun 
gears 17 and 18 and the ?rst and second pinions 19 and 20. 

[0059] The ?rst and second sun gears 17 and 18 and the 
?rst and second pinions 19 and 20 are exempli?ed by helical 
gears to make different the helix angles of the ?rst gear train 
and the second gear train so that the thrust is left Without 
offsetting the thrust thereby to establish a frictional torque 
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between the pinion end faces. The center differential unit 4 
has the differential limiting function by causing the resultant 
force of the separation and the tangential load from meshing 
relations to act on the ?rst and second pinions 19 and 20 and 
the surface of the stem of the carrier for pivoting the ?rst and 
second pinions 19 and 20, thereby to establish differential 
limiting torque function Which is proportional to the input 
torque. 

[0060] BetWeen the carrier 16 and the rear drive shaft 5 of 
the center differential unit 4, there is interposed a transfer 
clutch 21 Which adopts the hydraulic multi-disc clutch for 
making the driving force distribution betWeen the front and 
rear Wheels 15?, 15fr, 15rl, 15rr variable. By controlling the 
applying force of the transfer clutch 21, the torque distri 
bution betWeen the front and rear Wheels 15?, 15fr, 15rl, 
15rr can be variably controlled Within a range from that of 
the direct connection of 50:50 for the 4WD to that of the 
center differential unit 4. 

[0061] Numeral 25 designates a brake drive unit of the 
vehicle 1. The master cylinder (not shoWn) connected to a 
brake pedal operated by the driver is connected to the brake 
drive unit 25. As the driver operates the brake pedal, a brake 
pressure is introduced by the master cylinder through the 
brake drive unit 25 to the individual Wheel cylinders (i.e., a 
left front-Wheel Wheel cylinder 26?, a right front-Wheel 
Wheel cylinder 26fr, a left rear-Wheel Wheel cylinder 26rl 
and a right rear-Wheel Wheel cylinder 26rr) of the four 
Wheels 15?, 15fr, 15rl and 15rr so that the four Wheels are 
braked. 

[0062] The brake drive unit 25 is a hydraulic unit Which is 
equipped With a pressure source, a debooster valve, a 
booster valve and so on. The brake drive unit 25 can not only 
effect the aforementioned brake operations by the driver but 
also introduce the brake pressure freely to the individual 
Wheel cylinders 26?, 26fr, 26rl and 26rr independently in 
response to an input signal from a later-described braking 
force control unit 40. 

[0063] The vehicle 1 is provided With a control charac 
teristics changing unit 50. The control characteristics chang 
ing unit 50 can correct, if necessary, either a target yaW rate 
(or a ?rst target yaW rate) computed by the braking force 
control unit 40 or a target deceleration set by the braking 
force control unit 40. 

[0064] The vehicle 1 is also provided With individual 
sensors for detecting input parameters, as required for the 
braking force control unit 40 and the control characteristics 
changing unit 50. Speci?cally, the Wheel speeds of the 
individual Wheels 15?, 15fr, 15rl and 15rr are detected by 
Wheel speed sensors 31?, 31fr, 31rl and 31rr, and a steering 
angle 0 H is detected by a steering angle sensor 32. The 
detected values are inputted to the braking force control unit 
40 and the control characteristics changing unit 50. An 
actual yaW rate y is detected by a yaW rate sensor 33 and is 
inputted to the braking force control unit 40. An actual 
lateral acceleration Gy is detected by a lateral acceleration 
sensor 34, and a road shape (e.g., a radius Rn of curvature 
of a front curve) in front of the vehicle 1 is detected by a road 
shape recogniZing unit 35. These detected values are input 
ted to the control characteristics changing unit 50. 

[0065] Here, the road shape recogniZing unit 35 is pro 
vided as road shape recogniZing means for determining the 
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curve radius Rn of the road on the basis of the point data of 
the road, as inputted from a navigation device, e.g., the 
technique disclosed by us in Japanese Patent Unexamined 
Publication No. Hei. 11-2528. This method Will be brie?y 
described in the folloWing. 

[0066] From the point data inputted from the navigation 
device, e.g., three points on the road Within the range of 
about 100 meters in front are read sequentially (from the 
vehicle) as a ?rst point Pn-1, a second point Pn and a third 
point Pn+1, as illustrated in FIG. 3. Here, the curve is 
represented by the point Pn. Therefore, the individual data 
are calculated for the curve of a point P1 from points P0, P1 
and P2, for the curve of the point P2 from the points P1, P2 
and P3, , and for the curve of the point Pn from the 
points Pn-1, Pn and Pn+1. 

[0067] In the curve of the point Pn, the distance of the 
straight line joining the ?rst point Pn-1 and the second point 
Pn is computed on the basis of the positional information of 
the ?rst point Pn-1 and the second point Pn, and the distance 
of the straight line joining the second point Pn and the third 
point Pn+1 is computed on the basis of the second point Pn 
and the third point Pn+1. 

[0068] Then, the straight distance joining the ?rst point 
Pn-1 and the second point Pn and the straight distance 
joining the second point Pn and the third point Pn+1 are 
compared to decide Which of them is longer or shorter. As 
a result, on the basis of the individual data (including the 
position and the distance) of the shorter straight line, the half 
distance of the shorter straight distance is computed, and the 
midpoint position on the shorter straight line is determined. 
Here, the shorter straight line is exempli?ed by the straight 
line joining the ?rst point Pn-1 and the second point Pn, and 
the midpoint is expressed by Pn—1,n. 

[0069] From the individual data (including the position 
and the distance) of the longer straight line and the data of 
the half distance of the shorter straight distance, on the other 
hand, a midpoint equidistance point is determined at the 
position at a half distance of the shorter straight distance on 
the longer straight line from the second point. Here, the 
longer straight line is exempli?ed by the straight line joining 
the second point Pn and the third point Pn+1, and the 
midpoint equidistance point is expressed by Pn,n+1. 

[0070] On the basis of the positional data of the midpoint 
Pn—1,n and the positional data of the midpoint equidistance 
point Pn,n+1, moreover, the point of intersection betWeen a 
straight line perpendicular at the midpoint Pn—1,n to the 
shorter straight line (as expressed by Pn-1 Pn) and a straight 
line perpendicular at the midpoint equidistance point Pn,n+1 
to the longer straight line (as expressed by PnPn+1) is 
determined as a center position. One of the curves on the 
road being traveled, so that the curve radius Rn is computed 
on the basis of that curve center position. The curve radius 
Rn thus computed is further corrected With the road Width 
information and is inputted to the control characteristics 
changing unit 50. 

[0071] Next, the structures of the braking force control 
unit 40 and the control characteristics changing unit 50 Will 
be described With reference to the functional block diagram 
of FIG. 2. 

[0072] The braking force control unit 40 mainly includes 
a target yaW rate setting unit 41, a target yaW rate changing 
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unit 42, a yaW rate deviation computing unit 43, a target yaW 
moment setting unit 44, a brake Wheel selecting unit 45, a 
target slip ratio setting unit 46 and a Wheel speed control unit 
47. The control characteristics changing unit 50 mainly 
includes a cornering decision unit 51, a target yaW rate 
setting unit 52, a target yaW rate change designating unit 53 
and a target deceleration setting unit 54. 

[0073] In the target yaW rate setting unit 41 of the braking 
force control unit 40, the steering angle 0 H is inputted from 
the steering angle sensor 32, and the Wheel speeds of the four 
wheels 1511, 15fr, 15rl, 15rr are inputted from the four-Wheel 
Wheel speed sensors 31?, 31fr, 31rl and 31rr. Then, the target 
yaW rate setting unit 41 computes a target yaW rate yt on the 
basis of those driving conditions and outputs signals of the 
target yaW rate yt to the target yaW rate changing unit 42 and 
the target yaW rate change designating unit 53 of the control 
characteristics changing unit 50. In short, the target yaW rate 
yt is determined as a second target yaW rate, and the target 
yaW rate setting unit 41 is provided as second target yaW rate 
setting unit. 

[0074] Here, the second target yaW rate yt is computed, for 
example, by the folloWing Formula (1): 

[0075] Wherein: A designates a stability factor indicating 
the steering characteristics intrinsic to the vehicle; V desig 
nates a vehicle speed (e.g., an average of the four-Wheel 
vehicle speeds); L designates a Wheel base; and n designates 
a steering gear ratio. 

[0076] In the target yaW rate changing unit 42, the second 
target yaW rate yt is inputted from the target yaW rate setting 
unit 41, and a second target yaW rate yt‘ corrected is inputted, 
if necessary, from the target yaW rate change designating 
unit 53 of the control characteristics changing unit 50. When 
the corrected second target yaW rate yt‘ is inputted from the 
target yaW rate change designating unit 53, it is changed (or 
used) as the second target yaW rate yt to be used for the 
braking force control and is outputted to the yaW rate 
deviation computing unit 43. 

[0077] In the yaW rate deviation computing unit 43, the 
actual yaW rate y is inputted from the yaW rate sensor 33, and 
the second target yaW rate yt is inputted from the target yaW 
rate changing unit 42. The yaW rate deviation computing 
unit 43 computes a yaW rate deviation Ay from the folloWing 
Formula (2) and outputs it to the target yaW moment setting 
unit 44: 

Ay=y—yt (2) 

[0078] In the target yaW moment setting unit 44, the yaW 
rate deviation Ay is inputted from the yaW rate deviation 
computing unit 43. The target yaW moment setting unit 44 
computes a target yaW moment MZ(t) from the folloWing 
Formula (3) and outputs the target yaW moment MZ(t) 
signals to the brake Wheel selecting unit 45 and the target 
slip ratio setting unit 46: 

Mz(t)—k3-Ay (3) 

[0079] Wherein k3 designates a control gain. 

[0080] The brake Wheel selecting unit 45 decides the 
turning direction of the vehicle in terms of the actual yaW 
rate y from the yaW rate sensor 33. Then, the selecting unit 
45 selects the turning inner rear Wheel as the brake force 
applying Wheel, to Which the braking force is applied, When 
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the target yaW moment MZ(t) calculated by the target yaW 
moment setting unit 44 is in the same direction as the turning 
direction. When the target yaW moment MZ(t) is in the 
opposite direction to the turning direction, the selecting unit 
45 selects the turning outer front Wheel as the Wheel, to 
Which the braking force is applied. These combinations in 
the brake Wheel selecting unit 45 are set as folloWs. Here, 
both the actual yaW rate y and the target yaW moment MZ(t) 
are signed by “+” in the leftWard turning direction and by 
“—” in the rightWard turning direction. In order to decide the 
straight running state of the vehicle, letter 6 is set as the 
positive value Which is determined about Zero in advance by 
experiments or computations. In order to decide that the 
target yaW moment MZ(t) is about Zero at the turning time, 
the value EMZ is set to the positive value of about Zero 
determined in advance by experiments or computations. 

[0081] (Case 1): y>e and MZ(t)>eMZ, and leftWard 
turning in understeer left rear Wheel braked; 

[0082] (Case 2): y>e and MZ(t)<—eMZ, and leftWard 
turning in oversteer right front Wheel braked; 

[0083] (Case 3): y<e and MZ(t)>eMZ, and rightWard 
turning in oversteer left front Wheel braked; 

[0084] (Case 4): y<e and MZ(t)<—eMZ and rightWard 
turning in understeer right rear Wheel braked; and 

[0085] (Case 5): generally straight run With |y|§e, or 
turning With |MZ(t)|§MZ, no braking With no brake 
Wheel selected (FIG. 4). 

[0086] In the target slip ratio setting unit 46, the selection 
result of the brake Wheel is inputted from the brake Wheel 
selecting unit 45, and the target yaW moment MZ(t) is 
inputted from the target yaW moment setting unit 44. Fur 
ther, a target deceleration Gxt is inputted in the target slip 
ratio setting unit 46, if necessary, from the target decelera 
tion setting unit 54 of the control characteristics changing 
unit 50. 

[0087] A target slip ratio K1 is computed by the folloWing 
Formula (4) and is outputted to the vehicle speed control unit 
47: 

[0088] Wherein: Kb designate a braking stiffness, as 
obtained from the relations of the braking force to the slip 
ratio of the tire; and Ft designates a target braking force. The 
target braking force Ft is computed by the folloWing For 
mula (5) for a tread d: 

[0089] When the target deceleration Gxt is inputted from 
the target deceleration setting unit 54 of the control charac 
teristics changing unit 50, the target slip ratio setting unit 46 
corrects the target slip ratio )Lt, as expressed by the folloWing 
formulas (10) and (11) by using the target deceleration Gxt, 
and outputs the signals of the target deceleration Gxt to the 
Wheel speed control unit 47: 

Target Braking Force Ftf of Front Wheel=(1/ 
2)-Cbf-m-Gxt (6) 
Target Braking Force Ftr of Rear Wheel=(1/2)-(1— 
Cbf)-m-Gxt (7) 

[0090] Wherein Cbf designates a front/rear braking force 
distribution ratio (0 to 1), and m designates a vehicle mass. 
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Target Slip Ratio Correction Akf of Front Wheel=FI§f/ 
Kb (8) 

Target Slip Ratio Correction Akr of Rear Wheel=Ftr/ 
Kb (9) 

Corrected Front Wheel Target Slip Ratio Mr’=M+7\.Af (10) 

Corrected Rear Wheel Target Slip Ratio Nr’=M+A7»r (11) 

[0091] In the wheel speed control unit 47, the wheel 
speeds of the four wheels 15?, 15fr, 15rl, 15rr are inputted 
from the four-wheel wheel speed sensors 31?, 31fr, 31rl and 
31rr, and either the target slip ratio M of the selected brake 
wheel or the corrected target slip ratios )ttf‘ and Mr‘ of the 
front and rear wheels 15?, 15fr, 15rl, 15rr are inputted from 
the target slip ratio setting unit 46. The wheel speed control 
unit 47 converts the braking force, as necessary for achiev 
ing those target slip ratios, and outputs thereof to the brake 
drive unit 25. 

[0092] In the control characteristics changing unit 50, the 
cornering decision unit 51 receives the steering angle 0 H 
from the steering angle sensor 32 and decides whether or not 
the steering angle 0 H is more than a presetted value 0 He. 
The setted value 0 He is a value for deciding whether or not 
the driver has a will for cornering. When the steering angle 
0 H is equal to or more than the set value 0 He, it is decided 
that the driver has the cornering will. When the steering 
angle 0 H is smaller than the set value 0 He, it is decided that 
the driver has no cornering will. The decision result is 
outputted to the target yaw rate change designating unit 53. 
In short, the cornering decision unit 51 is provided as a 
turning decision unit. 

[0093] In the target yaw rate setting unit 52, the wheel 
speeds of the four wheels 15?, 15fr, 15rl, 15rr are inputted 
from the four-wheel wheel speed sensors 31?, 31fr, 31rl and 
31rr, and the curve radius Rn is inputted from the road shape 
recognizing unit 35. The target yaw rate setting unit 52 
computes a target yaw rate ye by the following Formula (12) 
and outputs thereof to the target yaw rate change designating 
unit 53. In other words, the target yaw rate ye is determined 
as the ?rst target yaw rate, and the target yaw rate setting unit 
52 is provided ?rst target yaw rate setting unit. 

[0094] In the target yaw rate change designating unit 53, 
the result (in terms of a ?ag, for example) of the cornering 
decision is inputted from the cornering decision unit 51, the 
?rst target yaw rate ye is inputted from the target yaw rate 
setting unit 52, and the second target yaw rate yt is inputted 
from the target yaw rate setting unit 41 of the braking force 
control unit 40. When it is decided that the driver has the 
cornering will, the ?rst target yaw rate yo and the second 
target yaw rate yt are compared in their absolute values. 
When the absolute value |yc| of the ?rst target yaw rate ye is 
larger than the absolute value |yt| of the second target yaw 
rate yt, the increasing/decreasing correction is made to bring 
the second target yaw rate yt closer to the ?rst target yaw rate 
yo, and the corrected second target yaw rate yt‘ is outputted 
to the target yaw rate changing unit 42 of the braking force 
control unit 40. In short, the target yaw rate change desig 
nating unit 53 is provided as a target yaw rate correcting 
unit. 

[0095] Here, the second target yaw rate yt is corrected with 
the ?rst target yaw rate ye, as speci?ed by the following 
Formula (13): 
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yt'=K1-yt+(1—K1)-yc (13) 

[0096] The constant K1 for weighing the second target 
yaw rate yt determined from the driving conditions of the 
driver and the ?rst target yaw rate ye determined from the 
curve in front of the vehicle 1 is determined as 0<K1<1 by 
re?ecting the driving operation of the driver. At this time, the 
constant K1 may be gradually setted from 1 as the correction 
starts (or may be gradually set to the ?rst target yaw rate ye). 
When the deviation between the second target yaw rate yt 
and the ?rst target yaw rate ye is smaller than the presetted 
value, the constant K1 may be gradually increased to 1. 
When the information (e.g., the curve radius Rn) necessary 
for the control cannot be obtained or when the driver makes 
the steering apparently different from the road shape so that 
the deviation between the second target yaw rate yt and the 
?rst target yaw rate ye exceeds a predetermined upper limit, 
the constant K1 maybe gradually increased to 1 so as to 
prevent any abrupt change in the vehicle behavior. 

[0097] In the target deceleration setting unit 54, the wheel 
speeds of the four wheels 15?, 15fr, 15rl, 15rr are inputted 
from the four-wheel wheel speed sensors 31?, 31fr, 31rl and 
31rr, the actual lateral acceleration Gy is inputted from the 
lateral acceleration sensor 34, and the corrected second 
target yaw rate yt‘ is inputted from the target yaw rate change 
designating unit 53. The target deceleration setting unit 54 
computes a target lateral acceleration Gyt by the following 
Formula (14). When the actual lateral acceleration Gy is 
smaller than the computed target lateral acceleration Gyt, it 
is decided that a sufficient control is not made only by the 
braking force control unit 40, and the target deceleration Gxt 
is computed by the following Formula (15) and is outputted 
to the target slip ratio setting unit 46 of the braking force 
control unit 40. 

Gxt=K2-(|Gyt|—|Gy|) (15) 
[0098] wherein K2 is 0<K2§ 1 and a coef?cient for setting 
the deceleration according to the shortage of the actual 
lateral acceleration Gy. Here, the coef?cient K2 may be 
brought closer to 1 or returned to 0 by deciding the driver 
will or by comparing the second target yaw rate yt and the 
?rst target yaw rate ye. On a low friction coef?cient p road, 
for example, the actual lateral acceleration Gy may be 
extremely smaller than the target deceleration Gxt, but the 
coef?cient K2 is then set smaller than 1. The target lateral 
acceleration Gyt of the formula (14) may be computed by 
using the actual yaw rate y: 

Gyt=y-V (14) 

[0099] Thus, the target deceleration setting unit 54 has 
functions as target lateral acceleration setting unit and decel 
eration control unit. The braking force setting unit has the 
target yaw rate changing unit 42, the yaw rate deviation 
computing unit 43, the target yaw moment setting unit 44, 
the brake wheel selecting unit 45, the target slip ratio setting 
unit 46 and the wheel speed control unit 47 of the braking 
force control unit 40. 

[0100] Next, FIG. 5 is a How chart showing a control 
characteristics changing routine to be executed in the control 
characteristics changing unit 50. First of all, at Step (as will 
be abbreviated into “S”) 101, the necessary parameters are 
read in, and the routine advances to S102, at which the ?rst 
target yaw rate ye based on the curve radius Rn is computed 
in the target yaw rate setting unit 52 by the Formula (12). 
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[0101] Then, the routine advances to S103, at Which it is 
decided in the cornering decision unit 51 Whether or not the 
steering angle 0H is equal to or larger than the presetted 
value 0Hc. If the steering angle 0H is equal to the set value 
0Hc, it is decided that the driver has the cornering Will, and 
the routine advances to S104. If the steering angle 0H is 
smaller than the set value 0Hc, it is decided that the driver 
does not have the cornering Will, and the operations leave 
the program. 

[0102] If the routine decides the cornering Will at S103 
and advances to S104, the routine reads the second target 
yaW rate yt based on the driving conditions computed at the 
target yaW rate setting unit 41 of the braking force control 
unit 40, and advances to S105. 

[0103] At S105, the ?rst target yaW rate yc and the second 
target yaW rate yt are compared in their absolute values. If 
the absolute value |yc| of the ?rst target yaW rate yc is larger 
than the absolute value yt of the second target yaW rate yt, it 
is decided that the operation amount of the driver shorts for 
turning the actual road shape (curve), and the routine 
advances to S106. If the absolute value |yc| of the ?rst target 
yaW rate yc is no more than the absolute value |yt| of the 
second target yaW rate yt, it is decided that the operation 
amount of the driver is enough, and the routine leaves the 
program. 

[0104] If the routine decides it at S105 that the operation 
of the driver shorts for turning the curve and advances to 
S106, the second target yaW rate yt is corrected by the 
Formula (13) to increase/decrease to the ?rst target yaW rate 
yc, and the routine advances to S107, at Which this corrected 
second target yaW rate yt‘ is outputted to the target yaW rate 
changing unit 42 of the braking force control unit 40. In 
short, the operations of S104 to S107 are done (executed) at 
the target yaW rate designating unit 53. 

[0105] After that, the routine advances to S108, at Which 
the target lateral acceleration Gyt is computed by the For 
mula (14) on the basis of the corrected second target yaW 
rate yt‘, and the routine further advances to S109. 

[0106] At S109, the absolute value |Gyt| of the target 
lateral acceleration Gyt and the absolute value |Gy| of the 
actual lateral acceleration Gy are compared. If the absolute 
value |Gyt| of the target lateral acceleration Gyt is larger than 
the absolute value |Gy| of the actual lateral acceleration Gy, 
it is decided that a suf?cient control is not made only by the 
braking force control unit 40, and the routine advances to 
S110, at Which the target deceleration Gxt is computed by 
the Formula (15). At S111, the target deceleration Gxt is 
outputted to the target slip ratio setting unit 46, and the 
routine leaves the program. If it is decided at S109 that the 
absolute value |Gyt| of the target lateral acceleration Gyt is 
equal to or less than the absolute value |Gy| of the actual 
lateral acceleration Gy, on the other hand, the routine leaves 
the program Without any further operation. In short, the 
operations of S108 to S111 are done (executed) at the target 
deceleration setting unit 54. 

[0107] Thus, according to the ?rst embodiment, the ?rst 
target yaW rate yc based on the curve radius Rn and the 
second target yaW rate yt based on the driving conditions are 
compared. If the absolute value |yc| of the ?rst target yaW 
rate yc is larger than the absolute value |yt| of the second 
target yaW rate yt, it is decided that the operation of the 
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driver is insuf?cient, and the control is made to approach the 
?rst target yaW rate yc. Therefore, the deviation from the 
lane or the road due to an improper operation of the driver 
can be prevented Without any unnatural feeling by re?ecting 
the intention of the driver to the maximum. 

[0108] At this time, the absolute value |Gyt| of the target 
lateral acceleration Gyt and the absolute value |Gy| of the 
actual lateral acceleration Gy are compared. If the absolute 
value |Gyt| of the target lateral acceleration Gyt is larger than 
the absolute value |Gy| of the actual lateral acceleration Gy, 
it is decided that a suf?cient control is not made only by the 
braking force control unit 40, and the target slip ratio A1 of 
the braking force control unit 40 is corrected. Therefore, it 
is possible to prevent the deviation from the lane or the road 
due to the improper operation of the driver more reliably. 

[0109] Next, FIGS. 6 to 8 shoW a second embodiment of 
the invention. FIG. 6 is a schematic diagram for explaining 
the vehicle behavior control apparatus in the vehicle 1 as a 
Whole. FIG. 7 is a functional block diagram of the vehicle 
behavior control apparatus. FIG. 8 is a How chart of a 
control characteristic changing routine. Here, the second 
embodiment is provided With a left/right driving force 
distribution control unit for controlling the left/right driving 
force distribution of the rear Wheels during a cornering 
thereby to improve the running stability. The correction of 
the target yaW rate by the control characteristics changing 
unit is done (performed) on the left/right driving force 
distribution control unit. The change in the target decelera 
tion Gxt is done like the foregoing ?rst embodiment on the 
braking force control unit. The portions similar to those of 
the ?rst embodiment Will not be described by designating 
thereof by the common reference numerals. 

[0110] As shoWn in FIG. 6, the rear Wheel ?nal reduction 
unit 8 has a differential function and a poWer distribution 
function betWeen the rear left and right Wheels 15rl, 15rr. 
The rear Wheel ?nal reduction unit 8 includes: a bevel gear 
type differential mechanism unit 81; a gear mechanism unit 
82 of three trains of gears; and tWo sets of clutch mechanism 
units 83 for making variable the driving force distribution 
betWeen the left and right rear Wheels 15rl, 15rr. The 
components are integrally housed in a differential carrier 84. 

[0111] The drive pinion 7 meshes With a ?nal gear 86 
mounted on an outer circumference (periphery) of a differ 
ential case 85 of the differential unit 81 thereby to transmit 
the driving force distributed on the rear Wheel side from the 
center differential unit 4. 

[0112] The differential unit 81 has a differential pinion (or 
bevel gear) 88 borne rotatably on a pinion shaft 87 ?xed in 
the differential case 85, and left and right side gears (or bevel 
gears) 89L and 89R meshing With the differential pinion 88 
in the differential case 85. In the differential case 85, the side 
gears 89L and 89R, respectively, are ?xed to ends of the rear 
Wheel left and right drive shafts 14rl and 14rr. 

[0113] Speci?cally, the differential unit 81 has the differ 
ential case 85 Which is rotated on the common axes of the 
side gears 89L and 89R by the rotation of the drive pinion 
7 thereby to effect the differential rotations betWeen the rear 
left and right Wheels 15rl, 15rr by the gear mechanism in the 
differential case 85. 

[0114] The gear mechanism unit 82 is divided into the left 
and right sides of the differential mechanism unit 81. A ?rst 
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gear 82Z1 is ?xed on the rear Wheel left driveshaft 14rl 
Whereas a second gear 82Z2 and a third gear 82Z3 are ?xed 
on the rear Wheel right drive shaft 14rr. These ?rst, second 
and third gears 82Z1, 82Z2 and 82Z3 are arranged on the 
common axis of the rotation. 

[0115] The ?rst, second and third gears 82Z1, 82Z2 and 
82Z3 mesh With fourth, ?fth and sixth gears 82Z4, 82Z5 and 
82Z6 arranged on the common rotational axis. Among 
Which, the fourth gear 82Z4 is ?xed on the left Wheel side 
end portion of a torque bypass shaft 90 Which is arranged on 
the rotational axe of the fourth, ?fth and sixth gears 82Z4, 
82Z5 and 82Z6. 

[0116] At the right Wheel side end portion of the torque 
bypass shaft 90, there is formed a right side transfer clutch 
83a of the clutch unit 83 for executing the poWer distribution 
betWeen the rear left and right Wheels 15rl, 15rr. The torque 
bypass shaft 90 can be freely connected through the right 
side transfer clutch 83a (as the torque bypass shaft 90 is 
located on the clutch hub side Whereas the stem side of the 
sixth gear 82Z6 is located on the clutch drum side) to the 
stem of the sixth gear 82Z6 arranged on the left side of the 
right side transfer clutch 83a. 

[0117] At a position of the torque bypass shaft 90 betWeen 
the differential mechanism unit 81 and the ?fth gear 82Z5, 
moreover, there is disposed a left side transfer clutch 83b of 
the clutch unit 83. The torque bypass shaft 90 can be freely 
connected through the left side transfer clutch 83b (as the 
torque bypass shaft 90 is located on the clutch hub side 
Whereas the stem side of the ?fth gear 82Z5 is located on the 
clutch drum side) to the stem of the ?fth gear 82Z5 arranged 
on the right side of the left side transfer clutch 83b. 

[0118] The ?rst, second, third, fourth, ?fth and sixth gears 
82Z1, 82Z2, 82Z3, 82Z4, 82Z5 and 82Z6 are setted to have 
teeth numbers Z1, Z2, Z3, Z4, Z5 and Z6 of 82, 78, 86, 46, 50 
and 42, respectively. With respect to the gear train ((Z4/Z1)= 
0.56) of the ?rst and fourth gears 82Z1 and 82Z4, the gear 
train ((Z5/Z2)=0.64) of the second and ?fth gears 82Z2 and 
82Z5 is an accelerating one, and the gear train ((Z6/Z3)=0.49) 
of the third and sixth gears 82Z3 and 82Z6 is a decelerating 
one. 

[0119] When both of the right and left side transfer 
clutches 83a and 83b are not operatively connected, there 
fore, the driving force from the drive pinion 7 is equally 
distributed through the differential unit 81 betWeen the rear 
Wheel left and right drive shafts 14rl and 14rr. When the 
right side transfer clutch 83a is operatively connected, 
hoWever, the driving force distributed to the rear right drive 
shaft 14rr is partially returned to the differential case 85 
through the third gear 82Z3, the sixth gear 82Z6, the right 
side transfer clutch 83a, the torque bypass shaft 90, the 
fourth gear 82Z4 and the ?rst gear 82Z1 sequentially in the 
recited order. As a result, the torque distribution to the left 
rear Wheel 15rl is increased to improve the rightWard 
turnability of the vehicle 1 for an ordinary frictional road 
surface p. 

[0120] When the left side transfer clutch 83b is operatively 
connected, on the contrary, the driving force transmitted 
from the drive pinion 7 to the differential case 85 is partially 
bypassed to the rear right drive shaft 14rr through the ?rst 
gear 82Zl, the fourth gear 82Z4, the torque bypass shaft 90, 
the left side transfer clutch 83b, the ?fth clutch 82Z5 and the 
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second gear 82Z2 sequentially in the recited order so that the 
torque distribution to the right rear Wheel 15rr is enlarged to 
improve the leftWard turnability of the vehicle 1 for the 
ordinary frictional road surface p. 

[0121] The right and left side transfer clutches 83a and 
83b are connected to a transfer clutch drive unit 27 With a 
hydraulic circuit having a plurality of solenoid valves, so 
that the clutches 83a and 83b are released/applied With the 
oil pressure Which is established by the transfer clutch drive 
unit 27. Moreover, control signals (or output signals for the 
individual solenoid valves) for driving the transfer clutch 
drive unit 27 are outputted from a left/right driving force 
distribution control unit 70. 

[0122] The target yaW rate yt (or the second target yaW 
rate) to be used for the left/right driving force distribution 
unit 70 is corrected and setted, if necessary, by the control 
characteristics changing unit 50. Abraking force control unit 
60 is so connected that the lateral acceleration is exclusively 
corrected by the control characteristics changing unit 50. 

[0123] The vehicle 1 is provided With individual sensors 
for detecting the input parameters necessary for the control 
characteristics changing unit 50, the braking force control 
unit 60 and the left/right driving force distribution unit 70, 
and is connected With other control units so that the neces 
sary data are inputted thereto. Speci?cally, the Wheel speeds 
of the individual Wheels 15?, 15fr, 15rl and 15rr are detected 
by the Wheel speed sensors 31?, 31fr, 31rl and 31rr, and the 
steering angle 0H is detected by the steering angle sensor 32. 
The detected values are inputted to the control characteris 
tics changing unit 50, the braking force control unit 60 and 
the left/right driving force distribution unit 70. The actual 
yaW rate y is detected by the yaW rate sensor 33 and is 
inputted to the braking force control unit 60 and the left/right 
driving force distribution unit 70. Moreover, the actual 
lateral acceleration Gy is detected by the lateral acceleration 
sensor 34 and is inputted to the control characteristics 
changing unit 50 and the left/right driving force distribution 
unit 70. The road shape (e.g., the curve radius Rn) is detected 
by the road shape recogniZing unit 35 and is inputted to the 
control characteristics changing unit 50. The longitudinal 
acceleration Gx is detected by the longitudinal acceleration 
sensor 36 and is inputted to the left/right driving force 
distribution unit 70. With the left/right driving force distri 
bution unit 70, there are connected an engine control unit 37 
for controlling the engine 2 generally (e.g., controls of a fuel 
injection rate control, an ignition time and so on), and a 
transmission control unit 38 for the shift control of the 
automatic transmission 3 and the transfer control of the 
transfer clutch 21. Thus, to the left/right driving force 
distribution unit 70, there are inputted: an engine output 
torque Te from the engine control unit 37; a transmission 
gear ratio Gt from the transmission control unit 38; and a 
torque distribution ration Ctc (0 to 1) by the center differ 
ential unit 4. 

[0124] Next, the structures of the control characteristics 
changing unit 50, the braking force control unit 60 and the 
left/right driving force distribution unit 70 Will be described 
With reference to the functional block diagram of FIG. 7. 

[0125] The control characteristics changing unit 50 of the 
second embodiment has a similar structure to that of the 
foregoing ?rst embodiment except that the changing unit 50 
receives the second target yaW rate yt, as inputted to the 
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target yaW rate change designating unit 53, from a target yaW 
rate setting unit 71 of the left/right driving force distribution 
unit 70, and the unit 50 outputs the corrected second target 
yaW rate yt‘ to a target yaW rate changing unit 72 of the 
left/right driving force distribution unit 70. The target decel 
eration GXt of the target deceleration setting unit 54 is 
outputted to the target slip ratio setting unit 46 of the braking 
force control unit 60. 

[0126] The braking force control unit 60 determines the 
target yaW moment MZ(t) With the deviation betWeen the 
second target yaW rate yt and the actual yaW rate y, and 
controls the braking force on the basis of the target yaW 
moment MZ(t). The second target yaW rate yt is not corrected 
by the control characteristics changing unit 50. Therefore, 
the target yaW rate changing unit 42 is omitted from the 
structure. 

[0127] Moreover, the left/right driving force distribution 
unit 70 includes the target yaW rate setting unit 71, the target 
yaW rate changing unit 72, a yaW rate deviation computing 
unit 73, a target yaW moment setting unit 74, a grounding 
load response control unit 75 and a transfer torque changing 
unit 76. 

[0128] Here, the target yaW rate setting unit 71, the target 
yaW rate changing unit 72, the yaW rate deviation computing 
unit 73 and the target yaW moment setting unit 74 corre 
spond to the target yaW rate setting unit 41, the target yaW 
rate changing unit 42, the yaW rate deviation computing unit 
43 and the target yaW rate setting unit 44 of the braking force 
control unit 40 in the ?rst embodiment. 

[0129] Speci?cally, the target yaW rate setting unit 71 
receives the steering angle 0H from the steering angle sensor 
32 and the Wheel speeds of the four Wheels 15?, 158fr, 15rl, 
15rr from the four-Wheel Wheel speed sensors 31?, 31fr, 31rl 
and 31rr. Then the target yaW rate setting unit 71 computes 
the second target yaW rate yt on the basis of those driving 
conditions by the Formula (1) and outputs the signal to the 
target yaW rate changing unit 72 and the target yaW rate 
designating unit 53 of the control characteristics changing 
unit 50. 

[0130] In the target yaW rate changing unit 72, the second 
target yaW rate yt is inputted from the target yaW rate setting 
unit 71, and the corrected second target yaW rate yt‘ is 
inputted, if necessary, from the target yaW rate change 
designating unit 53 of the control characteristics changing 
unit 50. When the corrected second target yaW rate yt‘ is 
inputted from the target yaW rate change designating unit 53, 
the target yaW rate changing unit 72 changes the corrected 
second target yaW rate yt‘ as the second target yaW rate yt for 
correcting the transfer torque, and outputs the signal to the 
yaW rate deviation computing unit 73. 

[0131] This yaW rate deviation computing unit 73 receives 
the actual yaW rate y from the yaW rate sensor 33 and the 
second target yaW rate yt from the target yaW rate changing 
unit 72. Then, the raW rate deviation computing unit 73 
computes the yaW rate deviation Ay by the Formula (2) and 
outputs it to the target yaW moment setting unit 74. 

[0132] This target yaW moment setting unit 74 receives the 
yaW rate deviation Ay from the yaW rate deviation comput 
ing unit 73, and computes the target yaW moment MZ(t) by 
the Formula (3) and outputs the signal to the transfer torque 
changing unit 76. 
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[0133] The grounding load response control unit 75 
receives the actual lateral acceleration Gy from the lateral 
acceleration sensor 34, the longitudinal acceleration GX 
from the longitudinal acceleration sensor 36, the engine 
torque Te from the engine control unit 37, the transmission 
gear ratio Gt from the transmission control unit 38, and the 
torque distribution ratio Ctc (0 to 1) by the center differential 
unit 4. Then, the grounding load response control unit 75 
computes a rear-Wheel left/right grounding load distribution 
Xr by the folloWing Formula (19). Moreover, the grounding 
load response control unit 75 computes a transfer torque Ttrf 
by the folloWing Formula (21) on the basis of the rear-Wheel 
left/right grounding load distribution Xr, and outputs the 
signal to the transfer torque changing unit 76. 

[0134] Speci?cally: 
Longitudinal Load Movement AFDc=(1/2)-m'Gx-(h/L) (16) 

Rear Axle Left/Right Load Movement AFzyr= 
Ckr'm'IGyI-(h/d) (17) 
Grounding Load Fzi of Rear Axle Turning Inner Race= 
Fzr0+AFDc—AFzyr (18) 

Xr=Fzi/(2(Fzr0+AFDc)) (19) 
[0135] Wherein: h designates the height of center of grav 
ity; Ckr designate a roll rigidity sharing ratio (0 to 1) of the 
rear aXle; d designates a tread; and FZr0 designate a rear 
Wheel load at a standstill. 

[0136] If the ?nal gear ratio is designated by Gf, the total 
drive torque Tr of the rear aXle is eXpressed by: 

Tr=Te-Gt-(1—Ctc)-Gf (20) 
[0137] Hence, the folloWing Formula is obtained: 

Ttrf=Tr-(O.5—Xr) (21) 
[0138] The transfer torque changing unit 76 receives the 
transfer torque Ttrf from the grounding load response con 
trol unit 75 and the target yaW moment MZ(t) from the target 
yaW moment setting unit 74. The transfer torque changing 
unit 76 computes a transfer torque correction ATtrf from the 
folloWing Formula (22) so that the unit 26 controls the 
transfer clutch drive unit 27 With a transfer torque Ttrf 
(=Ttrf+ATtrf) corrected. 

ATtrf=Mz(t)/(d-Rt) (22) 
[0139] Wherein Rt designates a tire diameter. 

[0140] Thus, in this second embodiment: the road shape 
recogniZing unit 35 is constituted as a road shape recogniZ 
ing unit; the cornering decision unit 51 as a turning decision 
unit; the target yaW rate setting unit 52 as a ?rst target yaW 
rate setting unit; the target yaW rate setting unit 71 as a 
second target yaW rate setting unit; and the target yaW rate 
change designating unit 53 as a target yaW rate correcting 
unit. The target yaW rate changing unit 72, the yaW rate 
deviation computing unit 73, the target yaW moment setting 
unit 74, the grounding load response control unit 75 and the 
transfer torque changing unit 76 has the left/right driving 
force distribution setting unit, and the target deceleration 
setting unit 54 has the functions of target lateral acceleration 
setting unit and deceleration control unit. 

[0141] Next, FIG. 8 is a How chart shoWing a control 
characteristics changing routine to be eXecuted in the control 
characteristics changing unit 50. First of all, at S101, the 
necessary parameters are read in, and the routine advances 
to S102, at Which the ?rst target yaW rate yc based on the 
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curve radius Rn is computed in the target yaW rate setting 
unit 52 by the Formula (12). Then, the routine advances to 
S103, at Which it is decided in the cornering decision unit 51 
Whether or not the steering angle 0H is equal to or larger than 
the presetted value 0Hc. 

[0142] If the steering angle 0H is equal to the set value 
0Hc, it is decided that the driver has the cornering Will, and 
the routine advances to S201. If the steering angle 0H is 
smaller than the setted value 0Hc, it is decided that the driver 
does not have the Will for cornering, and the operations leave 
the program. 

[0143] If the routine decides the cornering Will at S103 
and advances to S201, it reads the second target yaW rate yt 
based on the driving conditions computed at the target yaW 
rate setting unit 71 of the left/right driving force distribution 
unit 70, and advances to S105. 

[0144] At S105, the ?rst target yaW rate yc and the second 
target yaW rate yt are compared in the absolute values. If the 
absolute value |yc| of the ?rst target yaW rate yc is larger than 
the absolute value |yt| of the second target yaW rate yt, it is 
decided that the operation of the driver shorts thereof for the 
actual road shape, and the routine advances to S106. If the 
absolute value |yc| of the ?rst target yaW rate yc is no more 
than the absolute value |yt| of the second target yaW rate yt, 
it is decided that the operation of the driver is enough, and 
the routine leaves the program. 

[0145] If the routine decides at S105 that the operation of 
the driver shorts thereof for the actual road shape and 
advances to S106, the second target yaW rate yt is corrected 
by the Formula (13) to increase/decrease to the ?rst target 
yaW rate yc, and the routine advances to S202, at Which the 
corrected second target yaW rate yt is outputted to the target 
yaW rate changing unit 72 of the left/right driving force 
distribution unit 70. In short, the operations of S201, S105, 
S106 and S202 are done (performed) at the target yaW rate 
designating unit 53. 

[0146] After that, the routine advances to S108, at Which 
the target lateral acceleration Gyt is computed by the For 
mula (14) on the basis of the corrected second target yaW 
rate yt‘, and the routine further advances to S109. 

[0147] At S109, the absolute value |Gyt| of the target 
lateral acceleration Gyt and the absolute value |Gy| of the 
actual lateral acceleration Gy are compared. If the absolute 
value |Gyt|0 of the target lateral acceleration Gyt is larger 
than the absolute value |Gy| of the actual lateral acceleration 
Gy, it is decided that a suf?cient control is not made only by 
the left/right driving force distribution unit 70, and the 
routine advances to S110, at Which the target deceleration 
GXt is computed by the Formula (15). At S111, this target 
deceleration GXt is outputted to the target slip ratio setting 
unit 46, and the routine leaves the program. If it is decided 
at S109 that the absolute value |Gyt| of the target lateral 
acceleration Gyt is equal to or less than the absolute value 
|Gy| of the actual lateral acceleration Gy, on the other hand, 
the routine leaves the program Without any further opera 
tion. In short, the operations of S108 to S111 are done 
(executed) at the target deceleration setting unit 54. 

[0148] Thus, according to the second embodiment, com 
pared are the ?rst target yaW rate yc based on the curve 
radius Rn and the second target yaW rate yt based on the 
driving conditions. If the absolute value |yc| of the ?rst target 
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yaW rate yc is larger than the absolute value |yt| of the second 
target yaW rate yt, it is decided that the operation of the 
driver is insuf?cient, and the control is made to approach the 
?rst target yaW rate yc. Therefore, the deviation from the 
lane or the road due to an improper operation of the driver 
can be prevented Without any unnatural feeling by re?ecting 
the intention of the driver to the maXimum. 

[0149] At this time, the absolute value |Gyt| of the target 
lateral acceleration Gyt and the absolute value |Gy| of the 
actual lateral acceleration Gy are compared. If the absolute 
value |Gyt| of the target lateral acceleration Gyt is larger than 
the absolute value |Gy| of the actual lateral acceleration Gy, 
it is decided that a suf?cient control is not made only by the 
left/right driving force distribution unit 70, and corrected is 
the target slip ratio A1 of the braking force control unit 60. 
Therefore, it is possible to prevent the deviation from the 
lane or the road due to the improper operation of the driver 
more reliably. 

[0150] According to the present invention, as has been 
described hereinbefore, the deviation from the lane or the 
road due to the improper operation of the driver can be 
prevented Without any unnatural feeling by re?ecting the 
intention of the driver to the maXimum. 

[0151] While the presently preferred embodiments of the 
present invention have been shoWn and described, it is to be 
understood that the disclosures are for the purpose of 
illustration and that various changes and modi?cations may 
be made Without departing from the scope of the invention 
as set forth in the appended claims. 

What is claimed is: 
1. A vehicle behavior control apparatus comprising: 

a road shape recogniZing unit for recogniZing the road 
shape ahead of a vehicle; 

a ?rst target yaW rate setting unit for setting a ?rst target 
yaW rate on the basis of said road shape; 

a second target yaW rate setting unit for setting a second 
target yaW rate on the basis of driving conditions of the 
vehicle; 

a target yaW rate correcting unit for correcting said second 
target yaW rate on the basis of said ?rst target yaW rate; 
and 

a braking force setting unit for applying a braking force to 
a selected Wheel so that an actual yaW rate converges 
into the second target yaW rate corrected by said target 
yaW rate correcting unit. 

2. The vehicle behavior control apparatus according to 
claim 1, further comprising: 

a turning decision unit for deciding a turning intention if 
a steering angle eXceeds a presetted value, 

Wherein said target yaW rate correcting unit corrects said 
second target yaW rate gradually toWard said ?rst target 
yaW rate if said turning decision unit decides the 
turning intention. 

3. A vehicle behavior control apparatus comprising: 

a road shape recogniZing unit for recogniZing the road 
shape ahead of a vehicle; 

a ?rst target yaW rate setting unit for setting a ?rst target 
yaW rate on the basis of said road shape; 
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a second target yaW rate setting unit for setting a second 
target yaW rate on the basis of the driving conditions of 
the vehicle; 

a target yaW rate correcting unit for correcting said second 
target yaW rate on the basis of said ?rst target yaW rate; 
and 

a driving force distribution unit for setting the driving 
force distribution to left and right Wheels so that an 
actual yaW rate converges into the second target yaW 
rate corrected by said target yaW rate correcting unit. 

4. The vehicle behavior control apparatus according to 
claim 3, further comprising: 

a turning decision unit for deciding a turning intention if 
a steering angle eXceeds a presetted value, 

Wherein said target yaW rate correcting unit corrects said 
second target yaW rate gradually toWard said ?rst target 
yaW rate if said turning decision unit decides the 
turning intention. 

5. The vehicle behavior control apparatus according to 
claim 1, further comprising: 

a target lateral acceleration setting unit for setting a target 
lateral acceleration on the basis of either the second 
target yaW rate corrected by said target yaW rate cor 
recting unit or the actual yaW rate; and 

a deceleration control unit for making a deceleration 
control if an actual lateral acceleration is beloW said 
target lateral acceleration. 

6. The vehicle behavior control apparatus according to 
claim 3, further comprising: 

a target lateral acceleration setting unit for setting a target 
lateral acceleration on the basis of either the second 
target yaW rate corrected by said target yaW rate cor 
recting unit or the actual yaW rate; and 

a deceleration control unit for making a deceleration 
control if an actual lateral acceleration is beloW said 
target lateral acceleration. 

7. A vehicle behavior control method comprising: 

recogniZing the road shape ahead of a vehicle; 

setting a ?rst target yaW rate on the basis of said road 
shape; 

setting a second target yaW rate on the basis of the driving 
conditions of the vehicle; 

correcting said second target yaW rate on the basis of said 
?rst target yaW rate; and 
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applying a braking force to a selected Wheel so that an 
actual yaW rate converges into the corrected second 
target yaW rate. 

8. The vehicle behavior control method according to 
claim 7, further comprising: 

deciding a turning intention if a steering angle eXceeds a 
presetted value, 

Wherein said second target yaW rate is corrected gradually 
toWard said ?rst target yaW rate if the turning intention 
is decided. 

9. A vehicle behavior control method comprising: 

recogniZing the road shape ahead of a vehicle; 

setting a ?rst target yaW rate on the basis of said road 
shape; 

setting a second target yaW rate on the basis of the driving 
conditions of the vehicle; 

correcting said second target yaW rate on the basis of said 
?rst target yaW rate; and 

setting the driving force distribution to left and right 
Wheels so that an actual yaW rate converges into the 
corrected second target yaW rate. 

10. The vehicle behavior control method according to 
claim 9, further comprising: 

deciding a turning intention if a steering angle eXceeds a 
presetted value, 

Wherein said second target yaW rate is corrected gradually 
toWard said ?rst target yaW rate if the turning intention 
is decided. 

11. The vehicle behavior control method according to 
claim 7, further comprising: 

setting a target lateral acceleration on the basis of either 
the corrected second target yaW rate or the actual yaW 
rate; and 

making a deceleration control if an actual lateral accel 
eration is beloW said target lateral acceleration. 

12. The vehicle behavior control method according to 
claim 9, further comprising: 

setting a target lateral acceleration on the basis of either 
the corrected second target yaW rate or the actual yaW 
rate; and 

making a deceleration control if an actual lateral accel 
eration is beloW said target lateral acceleration. 

* * * * * 


