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(57) ABSTRACT 

In a steering device for vehicle, the movement of a steering 
actuator, Which is driven in accordance With the rotating 
operation of an operating member, is transmitted to the 
vehicle Wheels such that the steering angle changes Without 
mechanically coupling the operating member to the Wheels. 
A target yaW rate, Which accords With a load torque, that is 
sum of the control torque generated by an operating actuator 
and driver operating torque, and an operating angle of the 
operating member resulting from the functioning of this load 
torque, are computed. The steering actuator is controlled 
such that the vehicle yaW rate follows the target yaW rate. 
The operating actuator is controlled such that the operating 
angle follows a target operating angle of the operating 
member corresponding to a behavior index value comprising 
at least yaW rate of the vehicle. 
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STEERING DEVICE FOR VEHICLE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a steering device 
for vehicle, Which utilizes a so-called steer by electric Wire 
system. 

DESCRIPTION OF THE RELATED ART 

[0002] In a vehicle steering device that employs a steer by 
electric Wire system, the movement of a steering actuator, 
Which corresponds to the operation of an operating member 
modeled on a steering Wheel, is transmitted to the Wheels of 
the vehicle in such a manner that the steering angle changes 
Without this operating member being coupled mechanically 
to the Wheels. In a vehicle that employs a steer by electric 
Wire system such as this, a proposal has been made for 
computing a target yaW rate corresponding to the amount of 
operation of the operating member, and controlling the 
steering actuator such that the target yaW rate coincides With 
the actual yaW rate so as to stabiliZe the behavior of the 
vehicle. 

[0003] FIG. 13 shoWs an eXample of a control block 
diagram of a vehicle steering device employing a conven 
tional steer by electric Wire system. 

[0004] In the control block diagram, K1 is the gain of a 
target yaW rate y* relative to the operating angle 6h of an 
operating member 101, and a steering device computes a 
target yaW rate y* from the stored relationship of y*=K1-6h, 
and an operating angle 6h detected by a sensor. K2 is the 
gain of a target steering angle 6* relative to the deviation 
betWeen the target yaW rate y* and the actual yaW rate y of 
a vehicle 100, and a steering device computes a target 
steering angle 6* from the stored relationship of 6*=K2~(y*— 
y), the computed target yaW rate y*, and a yaW rate y detected 
by a sensor. The gain K2 is regarded as a function of velocity 
V, and is set such that it decreases in line With an increase 
in velocity V in order to ensure stability at high speeds. Ga 
is the transfer function of the target drive current Ia* of the 
steering actuator 102 relative to the deviation betWeen a 
target steering angle 6* and the actual steering angle 6 of the 
vehicle, and the steering device computes a target drive 
current Ia* from the stored relationship of Ia*=Ga-(6*—6), 
the computed target steering angle 6*, and a steering angle 
6 detected by a sensor. The transfer function Ga is set, for 
eXample, such that proportional integral (PI) control is 
performed. K3 is the gain of a target operating torque Th* 
relative to the operating angle 6h of operating member 101, 
and the steering device computes a target operating torque 
Th* from the stored relationship of Th*=K3~6h and an 
operating angle 6h detected by a sensor. Gb is the transfer 
function of the target drive current lb* of the operating 
actuator 103 relative to the deviation betWeen the target 
operating torque Th* and the actual operating torque Th, and 
the steering device computes a target drive current Ib* from 
the stored relationship Ib*=Gb~(Th*-Th), the computed 
target operating torque Th* and an operating torque Th 
detected by a sensor. The transfer function Gb is set, for 
eXample, such that proportional integral (PI) control is 
performed. 

[0005] In the above-mentioned conventional constitution, 
because the actual yaW rate y of a vehicle does not increase 
When the coefficient of friction betWeen the surface of a road 
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and the tires is reduced by surface icing, or When tire lateral 
force reaches its limit, a saturated state results in Which the 
yaW rate y does not attain the target yaW rate y* When 
operating torque Th increases, and there is a possibility of 
the steering angle 6 diverging, and of vehicle behavior 
becoming unstable. 

[0006] That is, FIG. 14(1) and FIG. 14 (2) is one eXample 
of simulation results in a steering device constituting the 
above-mentioned conventional steer by electric Wire system, 
shoWing changes over time in the yaW rate y, target yaW rate 
y* and steering angle 6 relative to a step input of 2.7 N-m 
operating torque Th at times t1 to t2 (0.5 to 5 seconds), in 
a vehicle travelling at a velocity of 60 km/hour, Wherein the 
coefficient of friction betWeen the vehicle and the surface of 
the road is regarded as 1 up until t3 (2.5 seconds), and is 
regarded as 0.1 thereafter. The fact that the deviation 
betWeen the yaW rate y and the target yaW rate y* increases, 
and the steering angle 6 diverges in accordance With the drop 
in the coefficient of friction is shoWn. 

[0007] Further, FIG. 15 (1) and FIG. 15 (2) depict Bode 
diagrams shoWing an eXample of yaW rate y frequency 
response simulation relative to operating torque input in a 
steering device constituting the above-mentioned conven 
tional steer by electric Wire system, Wherein a vehicle is 
travelling at a velocity of 20 km/hour. Further, FIG. 15 (3) 
and FIG. 15 (4) depict Bode diagrams shoWing an eXample 
of yaW rate y frequency response simulation relative to 
operating torque input in a conventional steering device in 
Which a steering Wheel is mechanically coupled to the 
vehicle Wheels, Wherein a vehicle is travelling at a velocity 
of 20 km/hour. FIG. 15 (1) through FIG. 15 (4) indicate 
that, at loW travelling velocity, yaW rate responsiveness 
relative to operating torque input decreases more in a vehicle 
steering device employing a conventional steer by electric 
Wire system than in a steering device in Which a steering 
Wheel is mechanically coupled to the vehicle Wheels. 

[0008] An object of the present invention is to provide a 
vehicle steering device capable of solving the above-men 
tioned problem. 

SUMMARY OF THE INVENTION 

[0009] A steering device for vehicle of the present inven 
tion comprises an operating member operated by being 
rotated; a steering actuator driven in accordance With the 
operation of the operating member; means for transmitting 
the movement of the steering actuator to Wheels of the 
vehicle such that the steering angle changes in accordance 
With the movement Without mechanically coupling the oper 
ating member to the Wheels; an operating actuator for 
generating control torque, Which acts on the operating 
member; means for determining a load torque, Which is sum 
of the control torque and the operating torque exerted on the 
operating member by a driver; means for determining the 
operating angle of the operating member Which is operated 
by the action of the load torque; means for computing a 
target behavior indeX value of the vehicle, comprising at 
least a target yaW rate corresponding to the determined load 
torque and operating angle based on a stored relationship 
betWeen the load torque, operating angle, and target behav 
ior indeX value; means for determining a value, comprising 
at least the yaW rate of the vehicle, as a behavior indeX value 
corresponding to change of behavior of the vehicle; means 
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for controlling the steering actuator such that the determined 
behavior index value folloWs the target behavior index 
value; means for computing a target operating angle of the 
operating member corresponding to the determined behavior 
index value, based on a stored relationship betWeen the 
behavior index value and the target operating angle; and 
means for controlling the operating actuator such that the 
determined operating angle folloWs the computed target 
operating angle. 

[0010] According to the constitution of the present inven 
tion, the operating angle is generated by the operation of the 
operating member in accordance With the load torque, Which 
is sum of the control torque outputted by the operating 
actuator and the operating torque inputted by the driver. This 
control torque functions so as to do aWay With the deviation 
betWeen the operating angle and the target operating angle. 
Accordingly, in a case in Which the operating angle has not 
attained the target operating angle, the control torque serves 
as an auxiliary force for the operation of the operating 
member, and in a case in Which the operating angle has 
exceeded the target operating angle, the control torque 
serves as a reactive force against the operation of the 
operating member. 

[0011] The steering actuator is controlled such that the 
behavior index value folloWs the target behavior index value 
corresponding to the operating angle and load torque. The 
vehicle behavior index value comprising the yaW rate 
changes in accordance With the control of the steering 
actuator. The target operating angle corresponds to the 
behavior index value comprising the yaW rate, and the 
operating angle corresponds to the target behavior index 
value. 

[0012] Accordingly, in a case in Which the behavior index 
value has not attained the target behavior index value, since 
the operating angle exceeds the target operating angle, the 
above reactive force against the operation of the operating 
member functions. In accordance thereWith, in a case in 
Which the yaW rate does not increase due to a drop in the 
coef?cient of friction betWeen the surface of the road and the 
tires, or tire lateral force having reached its limit even When 
the operating torque is increased, the reactive force against 
the operation of the operating member can be made to 
function. Even if the driver increases operating torque at this 
time, the operating torque increase can be offset by the 
increase of this reactive force, and the load torque acting on 
the operating member can be maintained approximately 
constant, preventing an increase of the target behavior index 
value corresponding to the load torque and operating angle. 
That is, because the operating angle and load torque, and in 
turn, the target behavior index value can be held in check by 
this reactive force, the divergence of the steering angle can 
be prevented, and vehicle behavior can be stabiliZed. Fur 
ther, in a case in Which a delay occurs in the behavior index 
value folloWing the target behavior index value due to a 
delay in the response of the steering actuator relative to an 
operation input, because the above reactive force functions, 
it is possible to alleviate the Wrong feeling resulting from the 
delayed response of this steering actuator, thus enabling 
improved steering feel. 

[0013] It is desirable that lateral acceleration and velocity 
are determined in addition to yaW rate as the above-men 
tioned behavior index value, that the target operating angle 
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has a component corresponding to a value arrived at by 
dividing the lateral acceleration by vehicle velocity, and a 
component corresponding to the value of the yaW rate, and 
that the ratio of the component corresponding to the value of 
the yaW rate in the target operating angle changes in accor 
dance With the vehicle velocity. Furthermore, it is desirable 
that this ratio increase in accordance With an increase in 
vehicle velocity. 

[0014] In accordance thereWith, it is possible to control the 
steering device With accommodating to vehicle behavior 
characteristics, such that the yaW rate becomes smaller at 
loW velocity by making the affect of lateral acceleration 
greater at loW vehicle velocity, and making the affect of the 
yaW rate greater pursuant to an increase in vehicle velocity, 
in response to the target operating angle corresponding to the 
behavior index value. 

[0015] Furthermore, it is possible to control the steering 
device With accommodating even closer to vehicle behavior 
characteristics by making it possible to change setting value 
of the vehicle velocity, at the time When the component 
corresponding to a value arrived at by dividing the lateral 
acceleration by vehicle velocity is equal to the component 
corresponding to the value of the yaW rate in the target 
operating angle. 

[0016] According to the present invention, in a vehicle 
that employs a steer by electric Wire system, it is possible to 
provide a steering device, Which prevents vehicle behavior 
from becoming unstable and steering feel from deteriorat 
ing, by controlling the torque acting on the operating mem 
ber in accordance With vehicle behavior and setting a target 
behavior index value in accordance With the torque acting on 
the operating member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a block diagram illustrating a steering 
device of the embodiment of the present invention; 

[0018] FIG. 2 is a control block diagram of the steering 
device of the embodiment of the present invention; 

[0019] FIG. 3 is a diagram shoWing the state of a vehicle 
in a steady circular turning state; 

[0020] FIG. 4 (1) is a diagram shoWing the oversteer state 
of vehicle that is slipping sideWays, and FIG. 4 (2) is a 
diagram shoWing the understeer state of a vehicle that is 
slipping sideWays; 
[0021] FIG. 5 in a ?oWchart shoWing the control proce 
dures of the steering device of the embodiment of the present 
invention; 
[0022] FIG. 6 (1) and FIG. 6 (2) are Bode diagrams 
shoWing yaW rate response to operating torque input at a 
vehicle velocity of 20 km/hour in the steering device of the 
embodiment of the present invention, and FIG. 6 (3) is a 
Nyquist diagram; 

[0023] FIG. 7 (1) and FIG. 7 (2) are Bode diagrams 
shoWing yaW rate response to operating torque input at a 
vehicle velocity of 60 km/hour in the steering device of the 
embodiment of the present invention, and FIG. 7 (3) is a 
Nyquist diagram; 
[0024] FIG. 8 (1) and FIG. 8 (2) are Bode diagrams 
shoWing yaW rate response to operating torque input at a 
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vehicle velocity of 100 km/hour in the steering device of the 
embodiment of the present invention, and FIG. 8 (3) is a 
Nyquist diagram thereof; 
[0025] FIG. 9 (1) and FIG. 9 (2) are Bode diagrams 
shoWing yaW rate y response to a target yaW rate y* at a 
vehicle velocity of 60 km/hour in a simulation model of a 
comparative example, and FIG. 9 (3) is a Nyquist diagram 
thereof; 
[0026] FIG. 10 (1) and FIG. 10 (2) are Bode diagrams 
shoWing yaW rate y response to a target yaW rate y* at a 
vehicle velocity of 100 km/hour in the simulation model of 
a comparative example, and FIG. 10 (3) is a Nyquist 
diagram thereof; 
[0027] FIG. 11 is a control block diagram of a simulation 
model of the comparative example; 

[0028] FIG. 12 (1) is a diagram shoWing changes over 
time in the yaW rate and the target yaW rate relative to the 
step input of operating torque in the steering device of the 
embodiment of the present invention, and FIG. 12 (2) is a 
diagram shoWing changes over time ill the steering angle 
and operating member operating angle relative to the step 
input of operating torque in the steering device of the 
embodiment of the present invention; 

[0029] FIG. 13 is a control block diagram of a conven 
tional steering device; 

[0030] FIG. 14 (1) is a diagram shoWing changes over 
time in the yaW rate and the target yaW rate relative to the 
step input of operating torque in the conventional steering 
device, and FIG. 14 (2) is a diagram shoWing changes over 
time in the steering angle relative to the step input of 
operating torque in the conventional steering device; and 

[0031] FIG. 15 (1) and FIG. 15 (2) are Bode diagrams 
shoWing the response of the yaW rate relative to operating 
torque input at a vehicle velocity of 20 km/hour in the 
steering device constituting a conventional steer by electric 
Wire system, and FIG. 15 (3) and FIG. 15 (4) are Bode 
diagrams shoWing the response of the yaW rate relative to 
operating torque input at a vehicle velocity of 20 km/hour in 
a steering device, in Which a steering Wheel is mechanically 
coupled to the Wheels. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0032] The vehicle steering device shoWn in FIG. 1 com 
prises an operating member 1 modeled on a steering Wheel; 
a steering actuator 2 driven in accordance With the rotating 
operation of the operating member 1; and a steering gear 3 
for transmitting the movement of the steering actuator 2 to 
the front left and right Wheels 4 such that the steering angle 
changes in accordance With the movement Without mechani 
cally coupling the operating member 1 to the Wheels 4. 

[0033] The steering actuator 2 can be constituted from an 
electric motor, such as, for example, the Well-known brush 
less motor. The steering gear 3 has a motion conversion 
mechanism for converting the rotary motion of the output 
shaft of this steering actuator 2 to the linear motion of a 
steering rod 7. The movement of this steering rod 7 is 
transmitted to the Wheels 4 by Way of tie rods 8 and knuckle 
arms 9, and the toe angle of the Wheels 4 change. As for the 
steering gear 3, a Well-known steering gear can be utiliZed, 
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and as long as the motion of the steering actuator 2 can be 
transmitted to the Wheels 4 such that the steering angle 
changes, the constitution thereof is not limited. Furthermore, 
in a state Wherein the steering actuator 2 is not being driven, 
the Wheel alignment is set such that the Wheels 4 can return 
to the straight-forWard steering position by self-aligning 
torque. 

[0034] The operating member 1 is coupled to a rotating 
shaft 10, Which is supported rotatably by the vehicle body. 
An operating actuator 19 for generating control torque that 
acts on this operating member 1 is provided. The operating 
actuator 19 can be constituted from an electric motor such as 
a brushless motor having an output shaft integrated together 
With the rotating shaft 10. 

[0035] There is provided an elastic member 30 for pro 
viding elastic force in the direction in Which the operating 
member 1 is made to return to ;a straight-forWard steering 
position. This elastic member 30 can be constituted, for 
example, from a spring that provides the elastic force to the 
rotating shaft 10. When the above-mentioned operating 
actuator 19 is not furnishing torque to the rotating shaft 10, 
the operating member 1 can return to the straight-forWard 
steering position in accordance With the elastic force. 

[0036] There is provided an angle sensor 11 for detecting 
the rotation angle of the rotating shaft 10 as the operating 
angle of the operating member 1. The operating member 1 
is operated by the action of load torque, Which is sum of the 
control torque and operating torque exerted on the operating 
member 1 by the driver. 

[0037] There is provided a torque sensor 12 for detecting 
torque transferred by the rotating shaft 10 as the operating 
torque, Which is exerted on the operating member 1 by the 
driver. 

[0038] A steering angle sensor 13 for detecting steering 
angle of the vehicle is constituted by a potentiometer, Which 
detects the amount of movement of the steering rod 7 
corresponding to the steering angle. 

[0039] There is provided a velocity sensor 14 for detecting 
vehicle velocity as a vehicle behavior index value corre 
sponding to change in the behavior of the vehicle. 

[0040] There is provided a lateral acceleration sensor 15 
for detecting lateral acceleration as a behavior index value. 
5 There is provided a yaW rate sensor 16 for detecting yaW 
rate as a behavior index value. 

[0041] There is provided an electric current sensor 19a for 
detecting load current of the operating actuator 19 as a value 
corresponding to the control torque Tm, Which the operating 
actuator 19 generates. 

[0042] The angle sensor 11, torque sensor 12, steering 
angle sensor 13, velocity sensor 14, lateral acceleration 
sensor 15, yaW rate sensor 16, and electric current sensor 
19a are connected to a controller 20 constituted by a 
computer. The controller 20 controls the steering 15 actuator 
2 and the operating actuator 19 by Way of driving circuits 22, 
23. 

[0043] FIG. 2 shoWs a control block diagram of the 
above-mentioned constitution, and the symbols in the ?gure 
are as folloWs. 
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[0044] 6h: Operating angle of the operating member 
1 

[0045] 6h*: Target operating angle of the operating 
member 1 

[0046] 6: Steering angle detected by the steering 
angle sensor 13 

[0047] 6*: Target steering angle 

[0048] Th: Driver operating torque detected by the 
torque sensor 12 

[0049] 25 Tm: Control torque generated by the oper 
ating actuator 19 

[0050] T: Load torque of the operating member 1 

[0051] y*: Target yaW rate 

[0052] y: Vehicle yaW rate detected by the yaW rate 
sensor 16 

[0053] V: Vehicle velocity detected by the velocity 
sensor 14 

[0054] Gy: Lateral acceleration of the vehicle 
detected by the lateral acceleration sensor 15 

[0055] Is*: Target driving current of the steering 
actuator 2 

[0056] It*: Target driving current of the operating 
actuator 19 

[0057] The controller 20 computes the load torque T, 
Which is sum of the operating torque Th and the control 
torque Tm. The operating torque Th is detected by the 
above-mentioned torque sensor 12, and the control torque 
Tm is computed based on the load current detected by the 
above-mentioned electric current sensor 19a. 

[0058] The controller 20 stores a predetermined relation 
ship betWeen the load torque T, operating angle 6h and target 
yaW rate y* and based on this stored relationship, computes 
the target yaW rate y* corresponding to the above-mentioned 
computed load torque T and detected operating angle 6h. In 
this embodiment, the predetermined relationship is stored as 
the folloWing expression having Ky and Kt as coefficients of 
proportionality. 

[0059] The coefficients of proportionality Ky, Kt are set so 
as to enable optimum control. 

[0060] The controller 20 stores a predetermined relation 
ship betWeen the target yaW rate y*, yaW rate y, and target 
steering angle 6*, and based on this stored relationship, 
computes the target steering angle 6* corresponding to the 
above-mentioned computed target yaW rate y* and detected 
yaW rate y. In this embodiment, the predetermined relation 
ship is a transfer function G1 of the target steering angle 6* 
relative to the deviation (y*—y) betWeen the target yaW rate 
y* and detected yaW rate y, and is expressed as G1=(Ka+ 
Kb/s) such that PI control is performed, With having Ka as 
proportional gain, Kb as integral gain, and s as the Laplace 
operator. That is, the folloWing expression is stored in the 
controller 20. 
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[0061] Each gain Ka, Kb is set so as to enable optimum 
control. In this embodiment, the gains Ka, Kb are regarded 
as functions of vehicle velocity, and are set so as to decrease 
pursuant to an increase in vehicle velocity V in order to 
ensure stability at high speeds. 

[0062] The controller 20 stores a predetermined relation 
ship betWeen the target steering angle 6*, steering angle 6, 
and target driving current Is* of the steering actuator 2, and 
based on this stored relationship, computes the target driving 
current Is* corresponding to the above-mentioned computed 
target steering angle 6* and detected steering angle 6. The 
steering angle 6 changes by the movement of the steering 
actuator 2 being driven in accordance With the target driving 
current Is*. In this embodiment, the predetermined relation 
ship is a transfer function G2 of the target driving current Is* 
relative to the deviation (6*—6) betWeen the target steering 
angle 6* and detected steering angle 6, and is expressed as 
G2=(Kd+Ke/s) such that PI control is performed, With 
having Kd as proportional gain, Ke as integral gain, and s as 
the Laplace operator. That is, the folloWing expression is 
stored in the controller 20. 

[0063] Each gain Kd, Ke is set so as to enable optimum 
control. 

[0064] The controller 20 stores a predetermined relation 
ship betWeen the target operating angle 6h* and the yaW rate 
y, lateral acceleration Gy, and vehicle velocity V, Which are 
the behavior index value of the vehicle, and based on this 
stored relationship, computes the target operating angle 6h* 
corresponding to the detected yaW rate y, detected lateral 
acceleration Gy and detected vehicle velocity V. In this 
embodiment, the predetermined relationship is stored as the 
folloWing expression, in Which K6 is a proportional constant 
and V0 is a crossover velocity. 

[0065] That is, the target operating angle 6h* has an 
component K6-Gy/V corresponding to a value arrived at by 
dividing the lateral acceleration Gy by vehicle velocity V, 
and a component K6~Vo~y corresponding to the value of the 
yaW rate y. The ratio of the component corresponding to the 
yaW rate yin the target operating angle 6h* increases in 
accordance With increase in the vehicle velocity V. The 
coefficient of proportionality K6 is set so as to enable 
optimum control. 

[0066] The crossover velocity Vo represents the yaW rate 
dependence factor in the control of the steering device. That 
is, in FIG. 3, for vehicle 100 turning at velocity V in the 
direction indicated by arroW 40, the relationship betWeen the 
lateral acceleration Gy acting in the direction indicated by 
arroW 41 and the yaW rate y acting in the direction indicated 
by arroW 42 is approximated as y=Gy/V, When the vehicle 
100 is assumed to be in a steady turning state. Further, for 
a vehicle 100 Which is slipping sideWays in an oversteer 
state as shoWn in FIG. 4 (1), or for a vehicle 100 Which is 
slipping sideWays in an understeer state as shoWn in FIG. 4 
(2), the angle formed by the center line of the body of the 
vehicle depicted as a dotted line paralleling the longitudinal 
direction of this vehicle 100, and the direction indicated by 
a broken line in Which the vehicle 100 Would advance if it 
Were not sliding sideWays, is regarded as vehicle sideslip 
angle [3. The sideslip angle [3 is approximately determined 








