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yaW rate is calculated in accordance With the detected 
vehicle speed and a ?rst steering angle set value, Which 
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(73) Assignee: Koyo Seiko Co., Ltd. SUMITO 
MO(SEI) BRAKE SYSTEMS, INC. 

(21) Appl. No.: 09/764,498 speed. A second target yaW rate corresponding to the 
detected lateral acceleration and vehicle speed is calculated. 
A second steering angle set value, Which corresponds to the 
difference betWeen the detected yaW rate and a target yaW 

(22) Filed: Jan. 17, 2001 

rate, as Which the ?rst target yaW rate or the second target 
yaW rate Whichever has the smaller absolute value is taken, 
is calculated. The steering angle actuator is controlled in 
such a manner that the steering angle corresponds to the 
target steering angle, that is the sum of the ?rst steering 
angle set value and the second steering angle set value. 
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STEERING DEVICE FOR VEHICLE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a steering device 
for a vehicle to Which a so-called ‘steer by electric Wire’ 
system is applied. 

DESCRIPTION OF THE RELATED ART 

[0002] In a steering device for a vehicle incorporating a 
steer by electric Wire system, the movement of a steering 
actuator corresponding to the operation of an operating 
member modelled on a steering Wheel is transmitted to the 
Wheels of the vehicle in such a manner that the steering 
angle changes Without the operating member being coupled 
mechanically to the Wheels. In a vehicle incorporating a 
steer by electric Wire system of this kind, in order to stabiliZe 
vehicle behaviour, it is proposed that a target yaW rate 
corresponding to the amount of operation of the operation 
member is calculated, and the steering actuator is controlled 
in such a manner that this target yaW rate coincides With the 
actual yaW rate. Moreover, it has also been proposed that, in 
cases Where the coef?cient of friction betWeen the road 
surface and the Wheels of the vehicle is reduced due to 
freezing of the road surface, or the like, in order to prevent 
the vehicle behaviour from becoming unstable, the braking 
force and driving force of the vehicle are controlled so as to 
eliminate the deviation betWeen the actual yaW rate and the 
target yaW rate calculated in accordance With the amount of 
operation of the operating member and vehicle speed. 

[0003] In cases Where the friction of coef?cient betWeen 
the road surface and the Wheels of the vehicle is reduced, 
there is a possibility that a saturated state occurs, the yaW 
rate of the vehicle never reaches the target yaW rate, the 
steering angle diverges, and the vehicle behaviour becomes 
unstable. Furthermore, if the control of the steering actuator 
interferes With the control of the braking force and driving 
force, it becomes impossible to stabiliZe the behaviour of the 
vehicle. 

[0004] It is an object of the present invention to provide a 
steering device for a vehicle Which is capable of resolving 
the aforementioned problems. 

SUMMARY OF THE INVENTION 

[0005] The steering device for a vehicle according to the 
present invention comprises: an operating member; a steer 
ing actuator driven by operation of the operating member; 
means for transmitting the movement of the steering actua 
tor to the vehicle Wheels, in such a manner that the steering 
angle changes in accordance With the movement of the 
steering actuator, Without the operating member being 
coupled mechanically to the vehicle Wheels; means for 
detecting the amount of operation of the operating member; 
means for detecting the vehicle speed; means for detecting 
the lateral acceleration of the vehicle; means for detecting 
the yaW rate of the vehicle; means for calculating a ?rst 
steering angle set value corresponding to the detected 
amount of operation and vehicle speed, on the basis of a 
stored relationship betWeen the amount of operation, the 
vehicle speed, and the ?rst steering angle set value; means 
for calculating a ?rst target yaW rate corresponding to the 
calculated ?rst steering angle set value, and the detected 
vehicle speed, on the basis of a stored relationship betWeen 
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the ?rst steering angle set value, the vehicle speed, and the 
?rst target yaW rate; means for calculating a second target 
yaW rate corresponding to the detected lateral acceleration 
and vehicle speed, on the basis of a stored relationship 
betWeen the lateral acceleration, the vehicle speed, and the 
second target yaW rate; means for comparing the absolute 
value of the calculated ?rst target yaW rate With the absolute 
value of the second target yaW rate; means for calculating a 
second steering angle set value corresponding to the differ 
ence betWeen the detected yaW rate and a target yaW rate, as 
Which the ?rst target yaW rate or the second target yaW rate 
Whichever has the smaller absolute value is taken, on the 
basis of a stored relationship betWeen the difference and 
second steering angle set value; and means for controlling 
said steering actuator in such a manner that the steering 
angle corresponds to a target steering angle, that is the sum 
of the calculated ?rst steering angle set value and second 
steering angle set value. 

[0006] According to the constitution of the present inven 
tion, in cases Where there is no change in the yaW rate even 
When the steering Wheel is operated due to reduction in the 
coef?cient of friction betWeen the road surface and the 
vehicle Wheels, the absolute value of the ?rst target yaW rate 
corresponding to the amount of operation of the operating 
member and the vehicle speed becomes greater than that of 
the second target yaW rate corresponding to the detected 
lateral acceleration and vehicle speed. In this situation, the 
second steering angle set value is calculated in response to 
the difference betWeen the detected yaW rate and the second 
target yaW rate, of Which absolute value is smaller than that 
of the ?rst target yaW rate. In other Words, this second 
steering angle set value re?ects the actual behaviour of the 
vehicle. Therefore, by taking the target steering angle as the 
sum of this second steering angle set value and the ?rst 
steering angle set value corresponding to the amount of 
operation of the operating member and vehicle speed, it is 
possible to prevent divergence of the steering angle and 
hence to achieve stabiliZation of the vehicle behaviour. 

[0007] Furthermore, in cases Where there is no reduction 
in the coef?cient of friction betWeen the road surface and the 
vehicle Wheels and hence the absolute value of the ?rst 
target yaW rate is smaller than that of the second target yaW 
rate, the second steering angle set value is calculated in 
accordance With the differential betWeen the ?rst target yaW 
rate and the detected yaW rate, and consequently it re?ects 
the amount of operation of the operating member operated 
by the driver and the vehicle speed. Therefore, by taking the 
target steering angle as the sum of this second steering angle 
set value and the ?rst steering angle set value corresponding 
to the amount of operation of the operating member and 
vehicle speed, it is possible to cause the vehicle behaviour 
to change in an optimum manner in accordance With the 
amount of operation of the operating member and vehicle 
speed. 
[0008] Desirably, the present invention comprises means 
for controlling at least one of the braking force of the vehicle 
Wheels and the driving force of the vehicle Wheels, so as to 
eliminate the difference betWeen the detected yaW rate and 
the target yaW rate, as Which the ?rst target yaW rate or the 
second target yaW rate Whichever has the smaller absolute 
value is taken. 

[0009] Thereby, both the steering angle and at least one of 
the braking force and driving force of the vehicle are 
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controlled so as to eliminate the deviation betWeen the 
detected yaW rate and the target yaW rate, as Which the ?rst 
target yaW rate or the second target yaW rate Whichever has 
the smaller absolute value is taken. Therefore, it is possible 
to prevent mutual interference betWeen the control of the 
steering angle and the control of the braking force and/or 
driving force. 

[0010] Desirably, the present invention comprises means 
for controlling the output of the engine generating driving 
force for the vehicle, so as to eliminate the difference 
betWeen the ?rst target yaW rate and the detected yaW rate. 

[0011] In cases Where the vehicle behaviour is liable to 
become unstable due to reduction in the coefficient of 
friction betWeen the road surface and the Wheels of the 
vehicle, since the absolute value of the ?rst target yaW rate 
is greater than that of the second target yaW rate, then the 
differential betWeen the ?rst target yaW rate and the detected 
yaW rate is greater than the differential betWeen the second 
target yaW rate and the detected yaW rate. By controlling the 
engine output so as to eliminate this larger differential, the 
amount of suppression of the engine output is increased. 
Thereby, if the coef?cient of friction betWeen the road 
surface and the vehicle Wheels is reduced, the amount of 
suppression of the engine output is increased, thereby mak 
ing it possible to stabiliZe the behaviour of the vehicle. 

[0012] According to the present invention, in a vehicle 
incorporating a steer by electric Wire system, in cases Where 
the coef?cient of friction betWeen the road surface and the 
vehicle Wheels is reduced, it is possible to control the 
steering actuator in such a manner that there is no divergence 
in the steering angle, Without interference betWeen the 
control of the steering actuator and the control of the braking 
force and/or driving force of the Wheels. Moreover, by 
controlling the output of the engine generating driving 
poWer for the vehicle, it is possible to provide a steering 
device for a vehicle Whereby stabiliZation of vehicle behav 
iour can be achieved in an efficient manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a diagram illustrating a constitution of a 
steering device according to an embodiment of the present 
invention; 
[0014] FIG. 2 is a control block diagram of the steering 
device according to the embodiment of the present inven 
tion; 

[0015] FIG. 3 is a diagram illustrating the relationship 
betWeen vehicle speed and the gain of the ?rst steering angle 
set value With respect to the operating angle; 

[0016] FIG. 4 is a diagram illustrating the state of a 
vehicle in a steady circular turning state; 

[0017] FIG. 5(1) is a diagram illustrating a vehicle sliding 
laterally in an over-steer state; FIG. 5(2) is a diagram 
illustrating a vehicle sliding laterally in an under-steer state; 

[0018] FIG. 6 is a ?oWchart illustrating a control proce 
dure implemented by a steering device according to the 
present invention; 

[0019] FIG. 7 is a ?oWchart illustrating a control proce 
dure implemented by a steering device according to the 
present invention; and 
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[0020] FIG. 8 is a diagram illustrating a vehicle consti 
tuted in such a manner that the body can roll freely With 
respect to the chassis. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] The steering device for a vehicle illustrated in FIG. 
1 transmits the movement of a steering actuator M driven in 
accordance With the rotational operation of a steering Wheel 
(operating member) 1 to the front right and left Wheels 4 of 
a vehicle by means of a steering gear 3, in such a manner that 
the steering angle changes, Without the aforementioned 
steering Wheel 1 being coupled mechanically to the vehicle 
Wheels 4. 

[0022] The steering actuator M can be comprised by an 
electromotive motor, such as a commonly knoWn brushless 
motor, for eXample. The steering gear 3 has a movement 
converting mechanism for converting the rotational move 
ment of the output shaft of the steering actuator M to linear 
movement of a steering rod 7. The movement of the steering 
rod 7 is transmitted to the Wheels 4 of the vehicle by means 
of tie rods 8 and knuckle arms 9. It is possible to use a 
commonly knoWn device for the steering gear 3, and there 
are no limitations on the constitution thereof, provided that 
the steering angle can be changed by movement of the 
steering actuator M; for eXample, it can be constituted by 
means of a nut Which are driven rotationally by the output 
of the steering actuator M, and a screW shaft Which screWs 
into the nut and is formed integrally With the steering rod 7. 
The Wheels alignment is set such that, the vehicle Wheels 4 
are able to return to a straight forWard steering position due 
to self-aligning torque When the steering actuator M is not 
driven. 

[0023] The steering Wheel 1 is coupled to a rotational shaft 
10 Which is supported rotatably on the vehicle body. In order 
to generate a reactive force against the operation of the 
steering Wheel 1, a reactive force actuator R is provided for 
applying a torque to the rotational shaft 10. This reactive 
force actuator R can be constituted by an electromotive 
motor, such as a brushless motor, having an output shaft 
Which is united With the rotational shaft 10, for example. 

[0024] There is provided an elastic member 30 for apply 
ing an elastic force to the steering Wheel 1 in the direction 
in Which the steering Wheel 1 is made to return to the straight 
forWard steering position. This elastic member 30 can be 
constituted, for example, by a spiral spring applying the 
elastic force to the rotational shaft 10. When the aforemen 
tioned reactive force actuator R applies no torque to the 
rotational shaft 10, the steering Wheel 1 returns to the 
straight forWard steering position, due to the aforementioned 
elastic force. 

[0025] An angle sensor 11 is provided for detecting the 
operating angle corresponding to the angle of rotation of the 
rotational shaft 10, as the amount of operation of the steering 
Wheel 1. Furthermore, a torque sensor 12 is provided for 
detecting the torque transmitted by means of the rotational 
shaft 10, as the operating torque of the steering Wheel 1. 

[0026] Asteering angle sensor 13 is provided for detecting 
the amount of movement of the steering rod 7, as the steering 
angle of the vehicle. This steering angle sensor 13 can be 
constituted by a potentiometer. 
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[0027] The angle sensor 11, torque sensor 12 and steering 
angle sensor 13 are connected to a steering system control 
device 20 constituted by a computer. This control device 20 
is also connected to a lateral acceleration sensor 15 for 
detecting the lateral acceleration of the vehicle, a yaW rate 
sensor 16 for detecting the yaW rate of the vehicle, and a 
speed sensor 14 for detecting the vehicle speed. The control 
device 20 controls the aforementioned steering actuator M 
and the reactive force actuator R by means of the drive 
circuits 22, 23. 

[0028] Abraking system for braking the front and rear, left 
and right-hand Wheels 4 of the vehicle is also provided. This 
braking system generates, via a master cylinder 52, a brak 
ing hydraulic pressure corresponding to foot pressure on a 
brake pedal 51. This braking hydraulic pressure is ampli?ed 
by a braking hydraulic pressure control unit B and distrib 
uted to brake devices 54 at the respective vehicle Wheels 4, 
these brake devices 54 producing a braking force on the 
respective Wheels 4. The braking hydraulic pressure control 
unit B is connected to a driving system control device 60 
constituted by a computer. This driving system control 
device 60 is connected to the steering system control device 
20, braking pressure sensors 61 for individually detecting 
the respective braking hydraulic pressures at the vehicle 
Wheels 4, and Wheel speed sensors 62 for individually 
detecting the respective rotational speeds of the vehicle 
Wheels 4. The driving system control device 60 controls the 
braking hydraulic pressure control unit B in such a manner 
that the braking hydraulic pressure can be ampli?ed and then 
distributed, in accordance With the rotational speeds of the 
respective vehicle Wheels 4 as detected by the Wheel speed 
sensors 62 and feedback values from the braking pressure 
sensors 61. Thereby, it is possible to control the respective 
braking forces at the front and rear, left and right-hand 
Wheels 4 individually. Even in cases Where the brake pedal 
51 is not operated, the braking hydraulic pressure control 
unit B is capable of generating braking hydraulic pressure by 
means of an in-built pump, in accordance With a braking 
hydraulic pressure instruction signal from the driving system 
control device 60. 

[0029] A throttle valve drive actuator E for the engine 
generating the driving force of the vehicle is connected to 
the driving system control device 60. It is possible to control 
the engine output by driving the actuator E by means of a 
signal from the driving system control means 60 to alter the 
degree of opening of the throttle valve. 

[0030] FIG. 2 shoWs a control block diagram of the 
steering device described above. The symbols illustrated in 
this control block diagram are as folloWs: 

6h: operating angle 
6: steering angle 
6*: target steering angle 
6a": ?rst steering angle set value 
by": second steering angle set value 
[5: lateral slip angle of vehicle 100 
T: operational torque 
T": target operational torque 
y: yaW rate 
Y1": ?rst target yaW rate 
Y2": second target yaW rate 
Gy: lateral acceleration 
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-continued 

V: vehicle speed 
0): Wheel speed 
Im": target drive current for steering actuator M 
Ie": target drive current for throttle valve drive 
actuator E 
Ih": target drive current for reactive force actuator R 
APl, APZ, AP3, AP4: command braking hydraulic pressure 

[0031] Furthermore, K1 is the gain of the ?rst steering 
angle set value 6a* relative to the operating angle oh, and the 
?rst steering angle set value 6a* is calculated from the 
relationship 6*=K1~6h, and the detected operating angle 6h. 
The gain K1 is a function of the vehicle speed V and is set, 
for eXample, such that it decreases as the vehicle speed 
increases, as illustrated in FIG. 3, in such a manner that the 
ratio of the yaW rate of the vehicle 100 relative to the 
operating angle 6h is approximately constant, regardless of 
the vehicle speed. In other Words, the control device 20 
stores a gain K1 representing a predetermined relationship 
betWeen the operating angle oh, the vehicle speed V and the 
?rst steering angle set value 6*, and hence the ?rst steering 
angle set value 6a* corresponding to the detected operating 
angle oh and vehicle speed V are calculated on the basis of 
this relationship. 

[0032] K2 is the gain of the target operational torque T* 
relative to the operating angle oh, and the target operational 
torque T* is calculated from the relationship T* =K2-6h and 
the detected operating angle 6h. In other Words, the control 
device 20 stores a gain K2 representing a predetermined 
relationship betWeen the target operating torque T* and the 
operating angle oh, and calculates the target operational 
torque T* on the basis of this relationship and the detected 
operating angle oh. This gain K2 is adjusted in such a 
manner that optimum control is implemented. It is also 
possible to use the operational torque T instead of the 
operating angle oh, so that a relationship betWeen the target 
operational torque T* and the operational torque T is pre 
viously determined and stored, and the target operational 
torque T* is calculated from this relationship and the opera 
tional torque T. 

[0033] K3 is the gain of the ?rst target yaW rate y1* 
relative to the ?rst steering angle set value 6a*, and the ?rst 
target yaW rate y1* is calculated from the relationship 
y1*=K3-6a* and the ?rst steering angle set value 6a* cal 
culated as described above. In the present embodiment, K3 
is the steady gain of the yaW rate relative to the steering 
angle and is taken as K3=V/{(1+SF~V2)L}. Here, SE is the 
stability factor and L is the Wheelbase, both of Which are 
inherent values of the vehicle 100. In other Words, the 
control device 20 stores the gain K3 representing a prede 
termined relationship betWeen the ?rst steering angle set 
value 6a*, the ?rst target yaW rate y1* and the vehicle speed 
V, and on the basis of this relationship, the ?rst target yaW 
rate y1* is calculated corresponding to the calculated ?rst 
steering angle set value 6a* and the detected vehicle speed 
V. 

[0034] K4 is the gain of the second target yaW rate y2* 
relative to the lateral acceleration Gy, and the second target 
yaW rate y2* is calculated from the relationship y2*=K4~Gy 
and the detected lateral acceleration Gy. In FIG. 4, the 
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relationship between the lateral acceleration Gy acting in the 
direction indicated by the arroW 41 and the yaW rate y acting 
in the direction indicated by the arroW 42, in a vehicle 100 
turning at a vehicle speed V in the direction indicated by the 
arroW 40, is given by y=Gy/V, if the vehicle 100 is regarded 
as being in a steady circular turning state, and hence in the 
present embodiment, K4=1/V. In other Words, the control 
device 20 stores a gain K4 representing a predetermined 
relationship betWeen the second target yaW rate y2*, the 
lateral acceleration Gy and the vehicle speed V, and on the 
basis of this relationship, the second target yaW rate y2* 
corresponding to the detected lateral acceleration Gy and 
vehicle speed V is calculated. 

[0035] The control device 20 compares the absolute value 
of the calculated ?rst target yaW rate y1* and the absolute 
value of the calculated second target yaW rate y2*, and then 
calculates the differential betWeen the detected yaW rate y 
and the target yaW rate min (y1*, y2*), as Which the ?rst 
target yaW rate y1* or the second target yaW rate y2* 
Whichever has the smaller absolute value is taken. 

[0036] G1 is the transfer function of the second steering 
angle set value 6y* relative to the differential betWeen the 
target yaW rate min (y1*, y2*) and the yaW rate y, and hence 
the second steering angle set value 6y* is calculated from the 
relationship 6y*=G1-{min (y1*, y2*)—y} and the calculated 
differential {min (y1*, y2*)—y}. If PI control is implemented, 
for example, and Ka is taken as the gain, s as the Laplace 
operator, and Ta as the time constant, then the transfer 
function G1 is given by G1=Ka[1+1/(Ta~s)]. The gain Ka 
and time constant Ta are adjusted in such a manner that 
optimum control is performed. In other Words, the control 
device 20 stores a transfer function G1 representing a 
predetermined relationship betWeen the differential {min 
(y1*, y2*)—y} and the second steering angle set value 6y*, 
and this relationship is used to calculate the second steering 
angle set value 6y* corresponding to the calculated differ 
ential {min (y1*, y2*)—y}. 

[0037] G2 is the transfer function of the target drive 
current Im* for the steering actuator M relative to the 
differential obtained by subtracting the steering angle 6 from 
the target steering angle 6*, that is the sum of the calculated 
?rst steering angle set value 6a* and second steering angle 
set value 6y*. In other Words, the target drive current Im* is 
determined from the relationship Im*=G2~(6a*+6y*-6), the 
calculated ?rst steering angle set value 6a*, second steering 
angle set value 6y*, and detected steering angle 6. If PI 
control is implemented, for eXample, and Kb is taken as the 
gain, s as the Laplace operator, and Tb as the time constant, 
then the transfer function G2 is given by G2=Kb [1+1/ 

The gain Kb and time constant Tb are adjusted in 
such a manner that optimum control is performed. In other 
Words, the control device 20 stores a transfer function G2 
representing a predetermined relationship betWeen the target 
drive current Im* and the differential obtained by subtract 
ing the detected steering angle 6 from the target steering 
angle 6*, that is the sum of the ?rst steering angle set value 
6a* and the second steering angle set value 6y*, and this 
relationship is used to calculate the target drive current Im* 
on the basis of the calculated ?rst steering angle set value 
6a*, second steering angle set value 6y*, and detected 
steering angle 6. The actuator M is driven in accordance With 
the target drive current Im*. Thereby, the steering actuator 
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M is controlled in such a manner that the steering angle 6 
corresponds to the target steering angle 6*. 

[0038] G3 is the transfer function of the target drive 
current Ih* for the reactive force actuator R relative to the 
differential obtained by subtracting the detected operational 
torque T from the calculated target operational torque T*. In 
other Words, the target drive current Ih* is determined from 
the relationship Ih*=G3~(T* —T), the calculated target opera 
tional torque T*, and the detected operational torque T. If PI 
control is implemented, for eXample, and Kc is taken as the 
gain, s as the Laplace operator, and Tc as the time constant, 
then the transfer function G3 is given by G3=Kc [1+1/ 
(Tc-s)]. The gain Kc and time constant Tc are adjusted in 
such a manner that optimum control is performed. In other 
Words, the control device 20 stores a transfer function G3 
representing a predetermined relationship betWeen the target 
drive current Ih* and the differential obtained by subtracting 
the operational torque T from the target operational torque 
T*, and this relationship is used to calculate the target drive 
current Ih* corresponding to the calculated target opera 
tional torque T* and the detected operational torque T. The 
actuator R is driven in accordance With this target drive 
current Ih*. 

[0039] G4 is the transfer function of the lateral slip angle 
[3 of the vehicle relative to the differential betWeen the 
calculated second target yaW rate y2* and the detected yaW 
rate y. In other Words, the lateral slip angle [3 is determined 
from the relationship [3=G4~(y2*—y), the calculated second 
target yaW rate y2* and the detected yaW rate y. In a vehicle 
100 slipping laterally in an over-steer state as illustrated in 
FIG. 5(1), or a vehicle 100 slipping laterally in an under 
steer state as illustrated in FIG. 5(2), if the lateral slip angle 
[3 of the vehicle is taken as the angle formed betWeen the 
centre line of the vehicle body as indicated by the dashed 
line extending in the front/back direction of the vehicle 100 
and the direction indicated by the broken line in Which the 
vehicle 100 Would proceed if there Were no lateral slip, then 
the lateral slip angle [3 is determined approximately by 
integrating (Gy/V-y) With respect to time, that is, [3=[(Gy/ 
V—y)dt. Furthermore, since y2*=K4~Gy=Gy/V as described 
above, then (y2*—y) is the differential value d[3/dt of the 
lateral slip angle [3 With respect to time. Therefore, in the 
present embodiment, taking s as the Laplace operator, G4 is 
set as 1/s, in such a manner that the integral value of (y2*—y) 
With respect to time becomes the lateral slip angle [3. In other 
Words, the control device 20 stores a transfer function G4 
representing a predetermined relationship betWeen the lat 
eral slip angle [3 and the differential obtained by subtracting 
the detected yaW rate y from the second target yaW rate y2*, 
and this relationship is used to calculate the lateral slip angle 
[3 corresponding to the calculated second target yaW rate y2* 
and the detected yaW rate y. 

[0040] G5 is the transfer function of the command braking 
hydraulic pressures AP1, AP2, AP3, AP4 to the front and 
rear, left and right-hand Wheels 4 of the vehicle, relative to 
the differential betWeen the calculated target yaW rate min 
(y1*, y2*) and the detected yaW rate y. The respective 
command braking hydraulic pressures AP1, AP2, AP3, AP4 
are determined as differentials from the braking hydraulic 
pressures detecting by the braking pressure sensors 61. 
Correlation ratios for the respective command braking 
hydraulic pressures AP1, AP2, AP3, AP4 are determined in 
accordance With the detected Wheel speeds u) of the respec 
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tive Wheels 4. The command braking hydraulic pressures 
APl, AP2, AP3, AP4 are determined from the calculated 
target yaW rate min (y1*, y2*), the detected yaW rate y, the 
detected braking hydraulic pressures, and the detected Wheel 
speeds u), on the basis of a relationship AP=AP1+AP2+AP3+ 
AP4=G5{-min (y1*, y2*)—y}. This transfer function G5 can 
be determined in a similar fashion in cases Where the vehicle 
braking pressures are controlled so as to eliminate the 
deviation betWeen the target yaW rate and the detected yaW 
rate. Speci?cally, the control device 60 stores a transfer 
function G5 representing a predetermined relationship 
betWeen {min (y1*, y2*)—y}, the command braking hydrau 
lic pressures APl, AP2, AP3, AP4, the braking hydraulic 
pressures, and the Wheel speeds u), and this relationship is 
used to calculate the command braking hydraulic pressures 
APl, AP2, AP3, AP4 corresponding to the calculated target 
yaW rate min (y1*, y2*), the detected yaW rate y, the detected 
braking hydraulic pressures, and the detected Wheel speeds 
00. By supplying braking hydraulic pressure command sig 
nals corresponding to the respective command braking 
hydraulic pressures APl, AP2, AP3, AP4, the braking 
hydraulic pressure control unit B is caused to generate 
braking hydraulic pressures, Whereby each brake device 54 
applies a braking force to the respective Wheel 4. Thereby, 
it is possible to control the braking forces applied to the front 
and rear, left and right-side Wheels 4 of the vehicle so as to 
eliminate the deviation betWeen the yaW rate y and the target 
yaW rate, as Which the ?rst target yaW rate y1* or the second 
target yaW rate y2* Whichever has the loWer absolute value 
is taken. 

[0041] Furthermore, the control device 60 judges the 
lateral slip direction of the vehicle 100 from the sign of the 
calculated lateral slip angle [3, and on the basis of this 
judgement, it determines Whether or not this lateral slipping 
is being promoted by the braking forces applied in accor 
dance With the calculated command braking hydraulic pres 
sures APl, AP2, AP3, AP4. For example, in cases Where the 
braking force applied to the front and rear right-side Wheels 
is greater than the braking force applied to the front and rear 
left-side Wheels, then the vehicle 100 seeks to rotate to the 
right, and hence lateral slipping is promoted if the lateral slip 
direction is the rightWard direction. The control device 60 is 
devised so that, if lateral slipping is being promoted in this 
Way, then it does not output braking hydraulic pressure 
command signals, in such a manner that the behaviour of the 
vehicle 100 does not become unstable. 

[0042] G6 is the transfer function of the target drive 
current Ie* for the throttle valve drive actuator E relative to 
the differential betWeen the calculated ?rst target yaW rate 
y1* and the detected yaW rate y. In other Words, the target 
drive current Ie* is determined from the relationship Ie*= 
G6~(y1*—y), the calculated ?rst target yaW rate y1*, and the 
detected yaW rate y. If PI control is implemented, for 
eXample, and Ke is taken as the gain, s as the Laplace 
operator, and Te as the time constant, then the transfer 
function G6 is given by G6=Ke [1+1/(Te~s)]. The gain Ke 
and time constant Te are adjusted in such a manner that 
optimum control is performed. In other Words, the control 
device 60 stores a transfer function G6 representing a 
predetermined relationship betWeen the target drive current 
Ie* and the differential yy1*—y), and this relationship is used 
to calculate the target drive current Ie* corresponding to the 
calculated ?rst target yaW rate y1* and the detected yaW rate 
y. The throttle valve drive actuator E is driven in accordance 
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With the signal corresponding to this target drive current Ie*. 
Thereby, the output of the engine generating the driving 
force of the vehicle 100 is controlled in such a manner that 
the deviation betWeen the ?rst target yaW rate y1* and the 
yaW rate y is eliminated. 

[0043] Acontrol procedure implemented by the aforemen 
tioned steering device is noW described With reference to the 
?oWcharts in FIG. 6 and FIG. 7. 

[0044] Firstly, detection data for the operating angle 6h, 
operational torque T, steering angle 6, lateral acceleration 
Gy, yaW rate y, vehicle speed V, braking hydraulic pressures, 
and Wheel speeds u), are read in from the respective sensors 
11 through 16, 61 and 62 (step 1). Thereupon, the target 
drive current Ih* for the reactive force actuator R is deter 
mined on the basis of the transfer function G3, in such a 
manner that the differential, Which is obtained by subtracting 
the operational torque T from the target operational torque 
T* determined in accordance With the operating angle 6 on 
the basis of the gain K2, is eliminated (step 2). The reactive 
force actuator R is driven by supplying the target drive 
current Ih* thereto. Thereupon, the ?rst steering angle set 
value 6a* is determined in accordance With the operating 
angle 6h and the vehicle speed V, on the basis of the gain K1 
(step 3). The ?rst target yaW rate y1* corresponding to this 
?rst steering angle set value 6a* and the vehicle speed V is 
calculated on the basis of the gain K3, and also the second 
target yaW rate y2* corresponding to the lateral acceleration 
Gy and the vehicle speed V is calculated on the basis of the 
gain K4 (step 4). Thereupon, the absolute value of the ?rst 
target yaW rate y1* and the absolute value of the second 
target yaW rate y2* are compared, and then the ?rst target 
yaW rate y1* or the second target yaW rate y2* Whichever has 
the smaller absolute value is taken as the target yaW rate min 
(y1*, y2*). Thereupon, the differential betWeen the target 
yaW rate min (y1*, y2*) and the yaW rate y is calculated (step 
5). The second steering angle set value 6y* is calculated on 
the basis of this differential and the transfer function G1 
(step 6). The target drive current lm* for the steering 
actuator M is determined on the basis of the transfer function 
G2, so that the differential obtained by subtracting the 
steering angle 6 from the target steering angle 6*, that is the 
sum of the ?rst steering angle set value 6a* and the second 
steering angle set value 6y*, is eliminated (step 7). The 
steering actuator M is controlled by supplying this target 
drive current Im* thereto, so that the steering angle changes. 
Thereupon, the lateral slip angle [3 is calculated on the basis 
of the transfer function G4, in accordance With the differ 
ential obtained by subtracting the yaW rate y from the second 
target yaW rate y2* (step 8). The command braking hydraulic 
pressures APl, AP2, AP3, AP4 are also determined on the 
basis of the transfer function G5, in accordance With the 
aforementioned differential betWeen the target yaW rate min 
(y1*, y2*) and the yaW rate y, the Wheel speeds u), and the 
braking hydraulic pressures (step 9). It is then judged 
Whether or not the lateral slipping of the vehicle 100 in the 
direction as determined from the sign of the lateral slip angle 
[3 is promoted by the braking force, Which is imparted on the 
basis of the calculated command braking hydraulic pressures 
APl, AP2, AP3, AP4 (step 10). If the lateral slipping is not 
promoted thereby, then by supplying braking hydraulic 
pressure command signals corresponding to the command 
braking hydraulic pressures APl, AP2, AP3, AP4, the brak 
ing hydraulic pressure control unit B controls the braking 
forces in such a manner that the behaviour of the vehicle is 
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stabilized by changing the braking forces (step 11). In cases 
Where the lateral slipping is promoted, no braking hydraulic 
pressure command signal is output. Next, a target drive 
current Ie* for the throttle valve drive actuator E is deter 
mined on the basis of the transfer function G6, in accordance 
With the differential obtained by subtracting the yaW rate y 
from the ?rst target yaW rate y1* (step 12). The throttle valve 
drive actuator E is caused to change the opening of the 
throttle valve by supplying this target drive current Ie* 
thereto, in such a manner that the vehicle behaviour is 
stabiliZed by changing the engine output. Thereupon, it is 
judged Whether or not the control process is terminated (step 
13), and if it is not terminated, then the procedure returns to 
step 1. Termination of the control process can be determined 
by judging Whether or not the ignition key sWitch of the 
vehicle is on, for eXample. 

[0045] According to the foregoing embodiment, in cases 
Where there is no change in the yaW rate y even When the 
steering Wheel 1 is operated due to reduction in the coef? 
cient of friction betWeen the road surface and the vehicle 
Wheels 4, the absolute value of the ?rst target yaW rate y1* 
corresponding to the operating angle oh and vehicle speed V 
becomes greater than that of the second target yaW rate y2* 
corresponding to the detected lateral acceleration Gy and 
vehicle speed V. In this situation, the second steering angle 
set value 6y* is calculated in response to the differential 
betWeen the detected yaW rate y and the second target yaW 
rate y2*, of Which absolute value is smaller than that of the 
?rst target yaW rate y1*. In other Words, this second steering 
angle set value 6y* re?ects the actual behaviour of the 
vehicle. Therefore, by taking the target steering angle 6* as 
the sum of this second steering angle set value 6y* and the 
?rst steering angle set value 6a* corresponding to the 
detected operating angle oh and vehicle speed V, it is 
possible to prevent divergence of the steering angle and 
hence to achieve stabiliZation of the vehicle behaviour. 

[0046] Furthermore, in cases Where there is no reduction 
in the coefficient of friction betWeen the road surface and the 
vehicle Wheels 4 and hence the absolute value of the ?rst 
target yaW rate y1* is smaller than that of the second target 
yaW rate y2*, the second steering angle set value 6y* is 
calculated in accordance With the differential betWeen the 
?rst target yaW rate y1* and the detected yaW rate y, and 
consequently it re?ects the operating angle oh and vehicle 
speed V. Therefore, by taking the target steering angle 6* as 
the sum of this second steering angle set value 6y* and the 
?rst steering angle set value 6a* corresponding to the 
detected operating angle oh and vehicle speed V, it is 
possible to cause the vehicle behaviour to change in an 
optimum manner in accordance With the operating angle oh 
and vehicle speed V. 

[0047] Moreover, both the steering angle and the braking 
force of the vehicle are controlled so as to eliminate the 
deviation betWeen the detected yaW rate y and the target yaW 
rate, as Which the ?rst target yaW rate y1* or the second 
target yaW rate y2* Whichever has the smaller absolute value 
is taken. Therefore, it is possible to prevent mutual inter 
ference betWeen the control of the steering angle and the 
control of the braking force. 

[0048] Furthermore, in cases Where the vehicle behaviour 
becomes unstable due to reduction in the coef?cient of 
friction betWeen the road surface and the Wheels of the 
vehicle, since the absolute value of the ?rst target yaW rate 
y1* is greater than that of the second target yaW rate y2*, 
then the differential betWeen the ?rst target yaW rate y1* and 
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the detected yaW rate y is greater than the differential 
betWeen the second target yaW rate y2* and the detected yaW 
rate y. By controlling the engine output by driving the 
throttle valve drive actuator E so as to eliminate the larger 
differential, the amount of suppression of the engine output 
is increased. Thereby, if the coef?cient of friction betWeen 
the road surface and the vehicle Wheels 4 is reduced, the 
amount of suppression of the engine output is increased, 
thereby making it possible to stabiliZe the behaviour of the 
vehicle. 

[0049] The present invention is not limited to the embodi 
ment and modi?cation eXample described above. For 
eXample, it is also possible to make the operational torque T 
instead of the operating angle 6h correspond to the amount 
of operation, to previously determine and store a relation 
ship betWeen the ?rst steering angle set value 6a*, the 
detected operational torque T, and the vehicle speed V, and 
to calculate the ?rst steering angle set value 6a* correspond 
ing to the detected operational torque T and vehicle speed V 
on the basis of this relationship. Moreover, it is also possible 
to control the driving force of the Wheels in addition to the 
braking force of the Wheels, or to control the driving force 
of the Wheels instead of the braking force of the Wheels, in 
such a manner that the differential betWeen the detected yaW 
rate y and the target yaW rate, as Which the ?rst target yaW 
rate y1* or the second target yaW rate y2* Whichever has the 
smaller absolute value is taken, is eliminated. Furthermore, 
it is also possible to use a hydraulic actuator instead of the 
electromotive actuator as the steering actuator M. In this 
case, by causing the braking hydraulic pressure control unit 
B, Which is the generating source of the braking hydraulic 
pressure for the vehicle Wheels 4, to generate a hydraulic 
pressure for driving the hydraulic actuator, it is possible to 
simplify the overall vehicle system, and hence energy ef? 
ciency can be raised and a practicable vehicle attitude 
control system can be achieved. 

Disclosure of Useful Art 

[0050] In a vehicle in Which a steering Wheel and vehicle 
Wheels are mechanically coupled, even if occupants in the 
front passenger seat or rear passenger seats notice delay or 
errors in the operation of the steering Wheel by the driver, 
they cannot prevent accidents, since the operation of the 
steering Wheel remains in the sole charge of the driver. 
Moreover, for inexperienced drivers, it is dif?cult to control 
the steering Wheel When reversing, and this often leads to the 
vehicle hitting another vehicle or object, but any passenger 
cannot provide assistance to the driver in such a case. 

[0051] In a vehicle incorporating a steer by electric Wire 
system, the movement of a steering actuator controlled by a 
control device in accordance With the operation of a steering 
Wheel by a driver in the driving seat is transmitted to the 
Wheels of the vehicle in such a manner that the steering 
angle changes in accordance With the aforementioned move 
ment, Without the steering Wheel being coupled mechani 
cally to the vehicle Wheels. In such a vehicle incorporating 
the steer by electric Wire system, it is conceivable that an 
auXiliary steering Wheel, Which can be operated by an 
occupant sitting in a front or rear passenger seat, is provided 
separately to the aforementioned steering Wheel, Whereby 
the steering actuator can be controlled by the control device 
in accordance With the operation of this auXiliary steering 
Wheel, also. In such a case, it is desirable for the vieWpoint 
of providing a practicable vehicle attitude control system, 
that a sWitch, that selects Which of the operation of the 
steering Wheel and the operation of the auXiliary steering 
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Wheel is given priority, is connected to the control device, 
Wherein the steering actuator is driven in accordance With 
the operation of the one selected by the sWitch. Alternatively, 
it is desirable for the vieWpoint of providing a practicable 
vehicle attitude control system, that a function is provided 
for determining the suddenness of the steering operation, on 
the basis of the operational speed, operational torque, and 
the like, of the steering Wheel and auXiliary steering Wheel, 
Wherein the steering actuator is driven in accordance With 
the operation of the one displaying the greater suddenness. 

[0052] Conventionally, to improve stability during travel 
of a vehicle, rolling and pitching is suppressed by mounting 
an active suspension system in the vehicle. HoWever, since 
active suspension systems are expensive, they are only ?tted 
in cars of higher category. In vehicles Which are not ?tted 
With such active suspension systems, in particular, RV 
vehicles, or the like, Which are high and have a high centre 
of gravity, there is a signi?cant tendency for the vehicle 
body to move in a centrifugal direction during travel, on 
Winding roads, or the like, thereby reducing the gripping 
force of the tires, loWering stability during travel and also 
tilting the driver in the centrifugal direction and hence 
making it dif?cult for him or her to control the vehicle. 

[0053] In a vehicle incorporating a steer by electric Wire 
system, the movement of the steering actuator controlled by 
the control device in accordance With the operation of the 
steering Wheel is transmitted to the vehicle Wheels in such a 
manner that the steering angle is changed according to the 
aforementioned movement, Without the steering Wheel being 
coupled mechanically to the vehicle Wheels. In a vehicle 
incorporating a brake by electric Wire system, braking 
hydraulic pressures for the vehicle Wheels are generated by 
means of a braking hydraulic pressure generating device 
controlled by a control device, in accordance With the 
operation of a brake pedal Without the brake pedal being 
connected by pipes to the braking hydraulic pressure gen 
erating device. In a vehicle incorporating an acceleration by 
electric Wire system, driving output to the vehicle Wheels is 
generated by means of an engine controlled by the control 
device, in accordance With the operation of an accelerator 
pedal Without the accelerator pedal being coupled mechani 
cally to the engine. As illustrated in FIG. 8, in a vehicle 
incorporating the steer by electric Wire system, brake by 
electric Wire system, and acceleration by electric Wire sys 
tem, a body 101 in Which a steering Wheel H, brake pedal 
and accelerator pedal are disposed can be constituted in such 
a manner that it is capable of rotating in a roll direction With 
respect to the chassis 102, in Which the steering actuator, 
braking hydraulic pressure generating device, and engine are 
disposed, by means of guide rails 103. The centre of gravity 
is located in the body 101. Thereby, even if the body 101 
rolls, the Weight imparted to the respective vehicle Wheels 
104 hardly changes, and therefore it is possible to prevent 
reduction in the gripping force of the tires, and also to 
prevent tilting of the driver in the centrifugal direction, 
thereby making it possible to provide a vehicle Which is easy 
to drive, Whereby stability during travel can be improved by 
means of a simple and inexpensive constitution. 

What is claimed is: 
1. A steering device for a vehicle comprising: 

an operating member; 

a steering actuator driven by operation of the operating 
member; 
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means for transmitting the movement of the steering 
actuator to the vehicle Wheels, in such a manner that the 
steering angle changes in accordance With the move 
ment of the steering actuator, Without the operating 
member being coupled mechanically to the vehicle 
Wheels; 

means for detecting the amount of operation of the 
operating member; 

means for detecting the vehicle speed; 

means for detecting the lateral acceleration of the vehicle; 

means for detecting the yaW rate of the vehicle; 

means for calculating a ?rst steering angle set value 
corresponding to the detected amount of operation and 
vehicle speed, on the basis of a stored relationship 
betWeen the amount of operation, the vehicle speed, 
and the ?rst steering angle set value; 

means for calculating a ?rst target yaW rate corresponding 
to the calculated ?rst steering angle set value and the 
detected vehicle speed, on the basis of a stored rela 
tionship betWeen the ?rst steering angle set value, the 
vehicle speed, and the ?rst target yaW rate; 

means for calculating a second target yaW rate corre 
sponding to the detected lateral acceleration and 
vehicle speed, on the basis of a stored relationship 
betWeen the lateral acceleration, the vehicle speed, and 
the second target yaW rate; 

means for comparing the absolute value of the calculated 
?rst target yaW rate With the absolute value of the 
second target yaW rate; 

means for calculating a second steering angle set value 
corresponding to the difference betWeen the detected 
yaW rate and a target yaW rate, as Which the ?rst target 
yaW rate or the second target yaW rate Whichever has 
the smaller absolute value is taken, on the basis of a 
stored relationship betWeen the difference and the sec 
ond steering angle set value; and 

means for controlling said steering actuator in such a 
manner that said steering angle corresponds to a target 
steering angle, that is the sum of the calculated ?rst 
steering angle set value and second steering angle set 
value. 

2. The steering device for a vehicle according to claim 1, 
further comprising means for controlling at least one of the 
braking force of the vehicle Wheels and the driving force of 
the vehicle Wheels, so as to eliminate the difference betWeen 
the detected yaW rate and the target yaW rate, as Which the 
?rst target yaW rate or the second target yaW rate Whichever 
has the smaller absolute value is taken. 

3. The steering device for a vehicle according to claim 1, 
further comprising means for controlling the output of the 
engine generating driving force for the vehicle, so as to 
eliminate the difference betWeen the ?rst target yaW rate and 
the detected yaW rate. 

4. The steering device for a vehicle according to claim 2, 
further comprising means for controlling the output of the 
engine generating driving force for the vehicle, so as to 
eliminate the difference betWeen the ?rst target yaW rate and 
the detected yaW rate. 

* * * * * 


