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ELECTRIC POWER STEERING APPARATUS 

FIELD OF THE INVENTION 

[0001] The present invention relates to an electric motor 
power steering apparatus, Which acts an electric motor 
poWer upon a steering system to reduce the steering force of 
a driver. More particularly, it relates to an electric poWer 
steering apparatus, Which not only has stability of the 
steering system at a high vehicle speed area but also pos 
sesses reduced steering operability at a loW vehicle speed 
area even at the time of failure of a vehicle speed sensor. 

BACKGROUND OF THE INVENTION 

[0002] An electric poWer steering apparatus reduces 
(assists) steering force of a driver by the direct action of 
driving force of an electric motor steering. Avehicle having 
an electric poWer steering apparatus mounted thereon Widely 
spreads and has a function of reducing the movement of the 
steering Wheel Whereby the driver needs not to operate the 
steering With strong force. 

[0003] As one runs a vehicle at a higher speed, the reaction 
force from a road surface and, therefore, the steering Wheel 
can move in a light manner as a rule. Therefore, at a time of 
running the vehicle at a high speed area, a large assist 
steering torque is not required as is needed at the time of a 
loW speed area. For this reason, the electric poWer steering 
apparatus controls in such a manner that higher the vehicle 
speed based on the vehicle speed sensor is loWer the assist 
steering torque. This assists the steering force through a 
large assist steering torque at a high speed area, making it 
possible to enjoy steering operation in an easy manner, While 
decreasing the assist steering torque at a high speed area to 
thereby stabiliZe the steering system. 

[0004] FIG. 9 is the block con?guration diagram of the 
electric system of a conventional electric poWer steering 
apparatus. 

[0005] In this ?gure, a controller 112 is composed of a 
target current setting unit 124, a deviation calculator 122, a 
PDI controller 123, and a control signal output unit 124. The 
operation of the conventional electric poWer steering appa 
ratus in FIG. 9 Will noW be described. 

[0006] (1) The target current setting unit 121 inputs a 
steering torque signal from a steering torque sensor inputs a 
steering torque signal from a steering torque sensor TS, 
Which detects the steering torque of the driver and a vehicle 
speed signal from a vehicle speed sensor VS. According to 
a “steering torque signal/vehicle speed signal-target current” 
map (not shoWn), Which is increased When the steering 
torque is increased and/or vehicle speed signal is decreased, 
the target current setting unit 121 decides the target current 
and outputs the detected target current to the deviation 
calculator 122. The target current decides the target value of 
the current running though the electric motor. 

[0007] (2) The deviation calculator 122 inputs the target 
current and an electric motor current from an electric motor 
current sensor IS to calculate the deviation of them and 
outputs a deviation signal to the PID control unit 123. 

[0008] (3) The PID controller 123 performs the procedure 
of P [proportion], I[integration], and D[differentiation] of 
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the deviation signal and generates a PID signal, Which is 
outputted to the control signal output unit 124. 

[0009] (4) The control signal output unit 124 inputs the 
PID signal to generate an electric motor control signal 
composed of a direction signal and a PWM signal and 
outputs it to an electric motor driver 113. 

[0010] (5) The electric motor driver 113 is composed of an 
gate driving circuit (not shoWn) and a bridge circuit having 
electric ?eld effect transistors (not shoWn), and outputs an 
electric motor driving signal for driving an electric motor 
108. 

[0011] (6) The electric motor 108 is driven based on the 
electric motor driving signal, i.e., the steering torque signal 
and the vehicle speed signal; and the electric motor 108 
applies an assist steering torque to a steering system (not 
shoWn). 
[0012] By such a con?guration, the steering operation is 
assisted by a large assist steering torque at a loW vehicle 
speed area, making it possible to perform steering operation 
in a light manner. Conversely, at a high vehicle speed area, 
the assist steering torque becomes small to stabiliZe the 
steering system. 

[0013] When the vehicle speed sensor fails, the assist 
steering torque cannot be controlled based on the vehicle 
speed. In this case, the electric poWer steering apparatus 
stops the control based on the vehicle speed and controls the 
assist steering torque at a constant level by setting a given 
dummy speed as a fail-safe action. For eXample, Japanese 
Patent Laid open publication No. 60-80976 discloses a 
poWer steering apparatus Which controls the steering force 
responding to the vehicle speed at the time of normal mode, 
and at the time of failure of the vehicle speed sensor, Which 
generates control output so as to set the steering force (assist 
steering torque) at the middle value in a control range by a 
vehicle speed response. This is the same as the vehicle speed 
of the middle value being set as the dummy vehicle speed. 

[0014] On the other hand, a vehicle having a “hydraulic 
poWer steering apparatus” provided thereon, Which varies an 
assist steering torque according to the revolution number of 
the engine until a vehicle speed signal is obtained and Which 
varies the assist steering torque to respond the vehicle speed 
at the time of obtaining the vehicle speed signal, has been 
knoWn. According to our Japanese Patent Laid open publi 
cation No. 9-86421, as a fail-safe measure dealing With the 
situation Where no vehicle speed signal can be obtained in 
“electric poWer steering apparatus” due to any cause a 
technique has been taught Which varies the assist steering 
torque according to the revolution number of the engine 
until a vehicle speed signal is obtained, and sWitches the 
control of the assist steering torque to respond the vehicle 
speed at the time of obtaining the vehicle speed signal. For 
eXample, the situation Where the vehicle speed signal V in 
FIG. 9 is sWitched into the signal of the revolution number 
of the engine. 

[0015] HoWever, if a small value is taken as the dummy 
vehicle speed, although light steering operation can be 
performed at a loW vehicle speed area With a large assist 
steering torque, the movement of the steering Wheel 
becomes too light, lacking the stability of the steering 
system at a high vehicle speed area. In contrast, if a the large 
value is taken as the dummy vehicle speed, the steering 
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system is stabilized at a high vehicle speed area due to the 
small assist steering torque, but a strong force for steering 
operation must be applied at a loW vehicle speed area. The 
steering force (assist steering torque) ?xed at the middle 
value in the control range (dummy vehicle speed being set 
at a middle value) in order to respond the vehicle speed as 
mentioned in Japanese Laid open publication No. 60-80976 
leads to a lackadaisical result in terms of the facts that the 
assist steering torque becomes insuf?cient and steering 
operation becomes heavy at a loW vehicle speed area, While 
the assist steering torque becomes in eXcess and stability of 
the steering system becomes insuf?cient at a high vehicle 
speed. 
[0016] Furthermore, in the situation Where the assistant 
steering torque is varied according to the revolution number 
of the engine When no vehicle speed signal is obtained, the 
relation betWeen the revolution number and the vehicle 
speed depends upon the gear ratio of a transmission (gear 
position). The change in the revolution number of the engine 
totally has a relation With the vehicle speed, but sometimes 
occurs in a sharp manner in comparison With the change in 
the vehicle speed. Speci?cally, although the change in the 
revolution number of engine is associated With the vehicle 
speed as a Whole, the revolution number engine is some 
times changed irrelevant to the change in the vehicle speed. 
Consequently, such a con?guration is not preferable because 
the change in the revolution number of engine irrelevant to 
the vehicle speed sensitively has an affect upon the magni 
tude of the assist steering torque, changing steering feeling 
for the Worse. 

SUMMARY OF THE INVENTION 

[0017] This invention has been made to solve the above 
problems, and it is, therefore, a main object of the invention 
to provide an electric poWer steering apparatus in Which 
light steering operation is available at a loW vehicle speed 
area and stability of the steering system can be obtained at 
a high vehicle speed area even if the vehicle speed sensor 
fails; and further steering feeling can be obtained. 

[0018] The present invention Which attains the object 
concerns an electric poWer steering apparatus comprising: 
an electric motor Which applies an assist steering torque to 
the steering system of a vehicle; a steering torque sensor 
Which detects the manual steering torque of said steering 
system; a vehicle speed sensor Which detects the vehicle 
speed of said vehicle; a revolution number sensor for said 
electric motor Which detects the revolution number of said 
electric motor; a controller Which generates a control signal 
for controlling said electric motor; and a driver Which 
generates a driving signal for driving said electric motor 
based on said control signal, said controller possessing: a 
reference torque signal setting unit Which generates a ref 
erence signal Which becomes high When the detected signal 
becomes high based on at least the signal detected from said 
steering torque sensor; a correction torque signal setting unit 
Which generates a correction torque signal, Which becomes 
high When the detected signal becomes high based on at least 
the signals detected from said revolution number sensor for 
the electric motor and from the vehicle speed sensor; and a 
target torque signal calculator Which subtracts said correc 
tion torque signal from said reference torque signal to output 
a target torque signal to said electric motor; said controller 
also making said correction torque signal high When failure 
of the vehicle speed sensor is detected. 
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[0019] In this con?guration, great damping correction of 
the assist steering torque generated from the electric motor 
is made by making the correction torque signal high accord 
ing to higher speed of the electric motor and vehicle speed 
at the time of normal mode When the electric motor (i.e., 
steering Wheel) is revolved and the assist amount is reduced. 
In contrast, damping correction of the assist steering torque 
generated from the electric motor is greatly made by making 
the correction torque signal high regardless of an actual 
vehicle speed at the time of failure of the vehicle speed 
sensor. 

[0020] Here, a reference torque signal setting unit gener 
ates a high reference torque signal for strong steering 
operation so that a large steering torque is generated. (it is 
often seen at the loW vehicle speed area). Therefore, steering 
operation of a driver is greatly assisted by a larger assist 
steering torque even if the correction torque signal height 
ened due to vehicle speed sensor failure is subtracted from 
the high reference torque signal at the time of failure of the 
vehicle speed. Particularly, the driver is greatly assisted by 
the larger assist steering torque since the correction torque 
signal becomes loW for steering operation With the sloW 
speed of the electric motor. Speci?cally, according to the 
con?guration of the present invention, steering operation as 
seen at the loW vehicle speed area is greatly assisted even if 
the vehicle speed sensor fails. 

[0021] In contrast, the reference torque signal set unit 
generates the loW reference torque signal for Weak steering 
operation so that a large torque is not generated (operation 
is often seen at the high vehicle speed area). Therefore, only 
a small assist steering torque is generated (generation of the 
assist steering torque in an opposite direction is also 
included) since a correction torque signal heightened due to 
failure of the vehicle speed sensor is subtracted from the loW 
reference torque signal at the time of failure of the vehicle 
speed sensor. Therefore, a large assist steering torque is not 
generated and stability of the steering system (high speed 
stability) is secured even if such Weak steering operation is 
performed at the high vehicle speed area at the time of 
failure of the vehicle speed sensor. Particularly, the assist 
steering torque greatly becomes small for steering operation 
in Which the steering torque is small and the speed of the 
electric motor is fast. That is, according to the con?guration 
of the present invention, the assist steering torque acts such 
that the steering system is stable even if fast steering 
operation is performed at the high vehicle speed area. 

[0022] Note that the term “damping correction” means 
that the correction of a signal is carried out in a direction 
opposing to the rotation direction of the steering Wheel. 
Therefore, When the direction of steering torque and the 
rotating direction of the steering Wheel are the same such as 
at the time of normal steering, the damping is subtracting 
correction. HoWever, When the direction of steering torque is 
a direction opposed to the rotation of the steering Wheel so 
that the steering Wheel returns to a neutral position by a 
Wheel (self aligning torque etc.), the damping becomes 
addition correction. 

[0023] Take note that there are means to multiply coef? 
cient Which increases the correction torque signal as means 
to make the correction torque signal high and a means to 
input the high vehicle speed to the correction torque signal 
setting unit as a dummy vehicle speed as described in the 
embodiment of the invention. 
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[0024] According to the present invention, there is a 
con?guration Wherein said reference torque signal setting 
unit generates a reference torque signal based on the signal 
detected from the vehicle speed sensor in addition to the 
signal detected from the steering torque sensor under the 
condition that a small reference torque signal is generated in 
the case Where the vehicle speed sensor detects a large signal 
in comparison With the case of a small signal being detected, 
and said controller makes said reference torque signal high 
When said vehicle speed sensor failure detection unit detects 
failure of the vehicle speed sensor. 

[0025] According to this con?guration, the reference 
torque signal setting unit (steering torque and vehicle speed 
response type) outputs a higher reference torque signal 
according to a loWer vehicle speed signal if the steering 
torque signal is the same. Since the reference torque signal 
becomes high When failure of the vehicle speed sensor is 
detected, operation is preferably assisted, especially, at the 
loW vehicle speed area at Which an actual vehicle speed is 
loW. 

[0026] In each con?guration, a storage device to store the 
previous vehicle speed and a deceleration detector Which 
detects the degree of deceleration With reference to the 
current and previous vehicle speeds are provided and it is 
preferable to detect that failure arises When the previous 
vehicle speed is not less than a predetermined vehicle speed 
(20 km/h) and the degree of deceleration is not less than a 
predetermined value (2.5 G). This is because of deceleration 
having no possibility in braking operation. In each con?gu 
ration, a detector Which detects the revolution number of the 
engine and a timer are provided and it is preferable to detect 
that failure arises When a value is not more than a prede 
termined revolution number of the engine (2000 rpm) and 
the state of a vehicle speed =0 km/h is continued not less 
than a predetermined time (180 seconds). This is because 
there is no possibility of such a racing state in usual. 

[0027] Further, it is preferable that the controller makes 
the reference torque signal and/or correction torque signal 
gradually higher by so called fadeout control in each con 
?guration When it makes the reference torque signal and/or 
correction torque signal high at the time of failure of the 
vehicle speed sensor. This is because there is insecurity 
being given to a driver. Various methods are suggested as for 
the method of this fadeout. 

[0028] According to the present invention, there is pro 
vided an electric poWer steering apparatus comprising: an 
electric motor Which applies an assist steering torque to the 
steering system of a vehicle; a steering torque sensor Which 
detects the manual steering torque of said steering system; a 
vehicle speed sensor Which detects the vehicle speed of said 
vehicle; a revolution number sensor for said electric motor 
Which detects the revolution number of said electric motor; 
a controller Which generates a control signal for controlling 
said electric motor; and a driver Which generates a driving 
signal for driving said electric motor based on said control 
signal. The controller possesses a reference torque signal 
setting unit Which generates a reference signal Which 
becomes high When the detected signal becomes high based 
on at least the signal detected from the steering torque 
sensor; a correction torque signal setting unit Which gener 
ates a correction torque signal, Which becomes high When 
the detected signal becomes high based on at least the 
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signals detected from the revolution number sensor for the 
electric motor and from the vehicle speed sensor; and a 
target torque signal calculator Which subtracts the correction 
torque signal from the reference torque signal to output a 
target torque signal to the electric motor. Also, in this 
embodiment, the poWer steering apparatus possesses a revo 
lution number sensor for the engine Which detects the 
revolution number of the engine and a vehicle speed 0 
detection unit Which detects that the vehicle speed is Zero, 
and is con?gured so that the controller makes the correction 
torque signal high according to the signal detected from the 
revolution number sensor for the engine, When the vehicle 
speed 0 detection unit detects that the vehicle speed is Zero. 

[0029] In this con?guration, great damping correction of 
the assist steering torque generated from the electric motor 
is carried out by making the correction torque signal high 
according to higher speed of the electric motor and vehicle 
speed at the time of normal mode When the electric motor 
(i.e., steering Wheel) is revolved and the assist amount is 
reduced. On the other hand, the controller makes the cor 
rection torque signal change according to at least the electric 
motor speed signal and the signal of the revolution number 
of the engine responding to the revolution number of the 
engine instead of the vehicle speed and the assist steering 
torque is damp-corrected. Take note failure of the vehicle 
speed sensor is disconnection failure so as to output vehicle 
speed 0. Therefore, countermeasure for the vehicle speed 
sensor can be taken Without judgment Whether or not the 
vehicle speed sensor fails in this con?guration. 

[0030] Here, a reference torque signal set unit generates a 
high reference torque signal for strong steering operation so 
as to generate a large steering torque With the decreased 
revolution number of the engine in the case Where the degree 
of the signal detected from the vehicle speed sensor is 
vehicle speed. At the same time, the correction torque signal 
becomes loW by the decreased revolution number of the 
engine (it is often seen at the loW vehicle speed area.) 
Therefore, steering operation often seen at the loW vehicle 
speed area is greatly assisted by a large assist steering torque 
even if the detection signal from the vehicle speed sensor is 
vehicle speed 0. (e.g., even if the vehicle speed sensor fails.) 
The driver can quickly perform the steering operation 
adequately Without insecurity against steering operation 
since the revolution number of the engine is decreased at the 
loW vehicle speed area (correction torque signal is loW) even 
if steering operation at a high revolution number of the 
electric motor (sudden steering) is performed. That is, 
according to the con?guration of this embodiment, the 
steering operation as seen at the loW vehicle speed area is 
adequately assisted even if the signal detected from the 
vehicle speed sensor is vehicle speed 0. Such control may be 
performed When the signal detected from the vehicle speed 
sensor is vehicle speed 0. 

[0031] Similarly, the reference torque signal setting unit 
generates the small reference torque signal as for Weak 
steering operation so as to generate the only small steering 
torque With the increased revolution number of the engine 
(seen at the high vehicle speed area) When the signal 
detected from the vehicle speed sensor is vehicle speed 0. At 
the same time, the correction torque signal becomes high by 
the decreased revolution number of the engine. Therefore, 
the stability of the steering system (high vehicle speed 
stability) is secured Without generating the large assist 
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steering torque even if the signal detected from the vehicle 
speed sensor is vehicle speed 0 as for steering operation seen 
at the high vehicle speed area (e.g., vehicle speed sensor 
fails). Particularly, the assist steering torque becomes greatly 
small as for steering operation at a small the steering torque 
and at a high revolution number of the electric. That is, the 
assist torque acts so that the steering system is stable even 
if the signal detected from the vehicle speed sensor is vehicle 
speed 0 as for steering operation not preferable at the high 
vehicle speed area according to this embodiment. Such 
control maybe performed When the signal detected from the 
vehicle speed sensor is vehicle speed 0 by stop of the 
vehicle. 

[0032] Note that the term “damping correction” means 
that the correction of a signal in a direction opposed to the 
rotation direction of the steering Wheel is made. Therefore, 
When the direction of steering torque and the rotating 
direction of the steering Wheel are the same such as at the 
time of normal steering, the damping is subtracting correc 
tion. HoWever, When the direction of steering torque is a 
direction opposed to the revolution of the steering Wheel so 
that the steering Wheel returns to a neutral position by a 
Wheel (self aligning torque etc.), the damping becomes 
addition correction. Damping correction of the present 
invention is a different point greatly differed from the prior 
art. In?uence of change in the revolution number of the 
engine not associated With the vehicle speed, Which is a 
problem in the prior art, is less at the time of generating the 
correction torque signal and outputting the target torque 
signal. Therefore, a target value (target current) for the 
electric motor is set based on the steering torque signal and 
a signal of revolution number of the engine even if negative 
portion of response of revolution number of the engine is 
dampened and steering feeling does not become Worse. 

[0033] According to the present invention, there is pro 
vided an electric poWer steering apparatus comprising: an 
electric motor Which applies an assist steering torque to the 
steering system of a vehicle; a steering torque sensor Which 
detects the manual steering torque of the steering system; a 
vehicle speed sensor Which detects the vehicle speed of the 
vehicle; a revolution number sensor for the electric motor 
Which detects the revolution number of the electric motor; a 
controller Which generates a control signal for controlling 
the electric motor; and a driver Which generates a driving 
signal for driving the electric motor based on the control 
signal. The controller possesses a reference torque signal 
setting unit Which generates a reference signal Which 
becomes high When the detected signal becomes high based 
on at least the signal detected from the steering torque 
sensor; a correction torque signal setting unit Which gener 
ates a correction torque signal, Which becomes high When 
the detected signal becomes high based on at least the 
signals detected from the revolution number sensor for the 
electric motor and from the vehicle speed sensor; and a 
target torque signal calculator Which subtracts the correction 
torque signal from the reference torque signal to output a 
target torque signal to the electric motor. Also, in this 
embodiment, the poWer steering apparatus possesses a revo 
lution number sensor for the engine Which detects the 
revolution number of the engine and a vehicle speed sensor 
failure detection unit Which detects failure of the vehicle 
speed sensor. The controller is con?gured to make the 
correction torque signal high according to the signal 
detected from the revolution number sensor for the engine, 

Dec. 20, 2001 

When the vehicle speed sensor failure detection unit detects 
failure of the vehicle speed sensor. 

[0034] In this con?guration, the great damping correction 
of the assist steering torque generated from the electric 
motor is carried out by making the correction torque signal 
high according to higher speed of the electric motor and 
vehicle speed at the time of normal mode including actual 
vehicle speed 0 When the electric motor (i.e., steering Wheel) 
is revolved and the assist amount is reduced. In contrast, the 
damping correction of the assist steering torque generated 
from the electric motor generates is carried out by making 
the correction torque signal change according to at least the 
electric motor speed signal and the signal of the revolution 
number of the engine responding to the revolution number 
of the engine instead of the vehicle speed and the assist 
steering torque is damp-corrected. In this con?guration, 
response of the revolution number of the engine is controlled 
only at the time that the vehicle speed sensor fails. There 
fore, the operation of this con?guration is adequately 
assisted by large assist torque at the loW vehicle speed area 
and steering system becomes stable since the large assist 
steering torque is not generated at the high vehicle speed 
area. Also, the steering feeling does not become Worse. 

[0035] Furthermore, in each con?guration, a storage 
device Which stores the previous vehicle speed and a damp 
ing speed detector Which detects the degree of deceleration 
With reference to the current and previous vehicle speeds are 
provided in the vehicle speed sensor failure detection unit 
and is preferable that the vehicle speed sensor failure detec 
tion unit detects that failure arises When the previous vehicle 
speed is not less than a predetermined vehicle speed (20 
km/h) and the degree of deceleration is not less than a 
predetermined value (2.5 G). This is because there is no 
possibility of deceleration in usual braking operation. In 
each con?guration, a detector of the revolution number of 
the engine and a timer are provided in the vehicle speed 
sensor failure detection unit and it is preferable the vehicle 
speed sensor failure detection unit detects that failure When 
the case Where the revolution number of the engine is not 
less than a predetermined value of the revolution number of 
the engine (2000 rpm) and a vehicle speed is 0 km/h is 
continued not less than a predetermined time (180 seconds). 
This is because there is no possibility of such racing state in 
usual. 

[0036] Further, in each con?guration, it is preferable that 
the controller makes the reference torque signal and/or 
correction torque signal gradually higher by fadeout control 
When it makes the correction torque signal high according to 
the signal detected from the sensor of the revolution number 
of the engine by sWitching the correction torque signal into 
the signal detected from the vehicle speed sensor at the time 
of failure of the vehicle speed sensor. This is because 
insecurity is not given to a driver. Various methods are 
suggested as for the method of this fadeout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is an entire con?guration vieW totally 
shoWing the electric poWer steering apparatus according to 
the present invention. 

[0038] FIG. 2 is a block con?guration diagram of the 
electric system of the electric poWer steering apparatus 
according to the ?rst embodiment of the present invention. 
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[0039] FIG. 3 is a block con?guration diagram of the 
electric system of the electric power steering apparatus 
according to the second embodiment of the present inven 
tion. 

[0040] FIG. 4 is a circuit diagram of the electric motor 
driver. 

[0041] FIG. 5 exempli?es maps possessed by the control 
ler, Wherein 

[0042] FIG. 5A is a map shoWing the relation betWeen a 
steering torque signal and a reference torque signal (MAP 
1); 
[0043] FIG. 5B is a map shoWing the relation betWeen an 
revolution number signal for the vehicle and a speed torque 
signal (MAP 2); 
[0044] FIG. 5C is a map shoWing the relation betWeen the 
steering torque signal and a torque coef?cient damping 
(MAP 3); 
[0045] FIG. 5D is a map shoWing the relation betWeen a 
vehicle speed signal and the vehicle speed coefficient damp 
ing (MAP 4); and 

[0046] FIG. SE is a map shoWing of the signal of the 
revolution number of engine and the coef?cient of the 
revolution number damping (MAP 5). 

[0047] FIG. 6 is a block diagram of a vehicle speed sensor 
failure detection unit of FIG. 2. 

[0048] FIG. 7 is a block diagram of the electric system of 
the electric poWer steering apparatus in the third embodi 
ment. 

[0049] FIG. 8 is a vehicle speed sensor failure detection 
logic in the vehicle speed sensor detection unit in FIG. 7. 

[0050] FIG. 9 is a block con?guration diagram of the 
electric system of a conventional electric poWer steering 
apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0051] Embodiments of the electric poWer steering appa 
ratus according to the invention Will noW be described in 
detail by referring to the attached draWings, Which are not 
intended to restrict the present invention. 

[0052] The electric poWer steering apparatus according to 
the embodiment generates assist steering torque (assist steer 
ing force) as a driving force of electric motor based on a 
manual steering torque, speed of electric motor and a vehicle 
speed and assists steering operation of a driver to assist the 
steering operation of the driver. Thus, the electric poWer 
steering apparatus has a steering torque sensor for detecting 
manual steering torque (steering force) of the driver, a 
revolution speed sensor for the electric motor, Which detects 
the rotation speed of the electric motor, and a vehicle speed 
sensor Which detects the vehicle speed. Further, electric 
poWer steering apparatus in present embodiment has a 
controller Which controls driving of electric motor and an 
electric motor driver Which generates an electric motor 
driving signal for driving electric motor based on the electric 
motor control signal generated from the controller. 
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[0053] The controller has a reference torque signal setting 
unit Which generates (outputs) a reference torque signal 
based on the steering torque signal and the vehicle speed 
signal, and a correction torque signal setting unit Which 
generates (outputs) a correction torque signal based on 
revolution number signal for the vehicle, the steering torque 
signal and the vehicle speed signal. Further, the controller 
has a target torque signal calculator for subtracting the 
correction torque signal from the reference torque signal to 
calculate a target torque signal. Furthermore, controller has 
a steering state detector Which detects a rotation state (go 

(forWard: right rotation)/return (rearWard: left rotation)) of 
the electric motor and a target torque signal sWitcher for 
sWitching the target torque signal based on the steering state. 
In addition, the controller has a control signal output unit for 
generating an electric motor control signal to control the 
electric motor based on target torque signal. Also, the 
controller has a vehicle speed sensor failure detection unit 
for detecting the failure of vehicle speed sensor. The calcu 
lator (vehicle speed sensor failure detector) makes a refer 
ence torque signal high by outputting a loW dummy vehicle 
speed signal to the reference torque signal setting unit and 
makes a correction torque signal high by outputting a high 
dummy vehicle speed to the correction the torque signal 
setting unit. 

[0054] The electric poWer steering apparatus has a vehicle 
speed 0 detection unit for detecting that a vehicle speed is 0 
(vehicle speed 0). The electric poWer steering apparatus also 
makes the correction torque signal high according to the 
revolution number signal by sWitching correction torque 
signal into the revolution number signal. 

[0055] First, the entire con?guration of the electric poWer 
steering apparatus 1 is described referring to FIGS. 1 to 8. 

[0056] FIG. 1 is an entire con?guration vieW totally 
shoWing the electric poWer steering apparatus according to 
the present invention. FIG. 2 is a block con?guration 
diagram of the electric system of the electric poWer steering 
apparatus according to the ?rst embodiment of the present 
invention. FIG. 3 is a block con?guration diagram of the 
electric system of the electric poWer steering apparatus 
according to the second embodiment of the present inven 
tion. FIG. 4 is a circuit diagram of the electric motor driver. 
FIG. 5 exempli?es maps possessed by the controller, 
Wherein FIG. 5A is a map shoWing the relation betWeen a 
steering torque signal and a reference torque signal (MAP 
1); FIG. 5B is a map shoWing the relation betWeen an 
revolution number signal for the vehicle and a speed torque 
signal (MAP 2); FIG. 5C is a map shoWing the relation 
betWeen the steering torque signal and a torque coef?cient 
damping (MAP 3); FIG. 5D is a map shoWing the relation 
betWeen a vehicle speed signal and the vehicle speed coef 
?cient damping (MAP 4); and FIG. SE is a map shoWing of 
the signal of the revolution number of engine and the 
coef?cient of the revolution number damping (MAP 5). 
FIG. 6 is a block diagram of a vehicle speed sensor failure 
detection unit of FIG. 2. FIG. 7 is a block diagram of the 
electric system of the electric poWer steering apparatus in 
the third embodiment. FIG. 8 is a vehicle speed sensor 
failure detection logic in the vehicle speed sensor detection 
unit in FIG. 7. Since there are three different controllers in 
the present invention, the con?gurations of these three 
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controllers Will be described separately. Also, the actuations 
of the electric poWer steering apparatus Will be described in 
all of three embodiments. 

[0057] An electric poWer steering apparatus 1 makes front 
Wheels W, W turn With manual steering by manual steering 
force generator (steering system) 2 at the time of operating 
a steering Wheel 3 by a driver to change the direction of the 
vehicle as shoWn in FIG. 1. Further, the electric poWer 
steering apparatus 1 generates an electric motor driving 
signal in a electric motor driver 13 based on an electric 
motor control signal DO from the controller 12, 32, or 52, 
drives an electric motor 8 With this electric motor driving 
signal to generate an assist steering torque (assist steering 
force) and reduces the steering torque (manual steering 
force) by a manual steering force generator 2. 

[0058] In the manual steering force generator 2, a pinion 
7a of a rack & pinion mechanism 7 provided in a steering 
gearbox 6 via a connecting shaft 5 is connected to a steering 
shaft 4 integrated With the steering Wheel 3. Further, a 
connecting shaft 5 has free connections 5a, 5b at both ends 
thereof. A rack tooth 7b engaged With the pinion 7a of the 
rack & pinion mechanism 7 is formed at a rack shaft 9 and 
the revolution of the pinion 7a is return movement of the 
rack shaft 9 in sideWays direction by the engaging pinion 7a 
With the rack tooth 7b. Further, right and left Wheels W, W 
as turn Wheels are connected to both ends of the rack shaft 
9 via tie rods 10, 10. 

[0059] The electric motor 8 is provided coaXially With the 
rack shaft 9 in the electric poWer steering apparatus 1 to 
generate the assist steering torque. The revolution of the 
electric motor 8 is converted into a thrust via a ball screW 
mechanism 11 provided coaXially With the rack shaft 9 and 
this thrust acts on the rack shaft 9 (ball screW shaft 11a). 

[0060] Signals T, N, V and Ne respectively detected from 
the steering torque sensor TS, the revolution number sensor 
NS for the electric motor, the vehicle speed sensor VS, and 
the revolution number sensor NES of the engine are input to 
controller 12, 32, or 52. The controller 12, 32, or 52 
generates the electric motor control signal DO (direction 
signal+PWM signal) respectively based on the detected 
signal T, N, V or Ne and outputs it to the electric motor 
driver 13. The electric poWer steering apparatus 1 in this 
embodiment varies the electric motor control signal DO 
based on the steering state (go/return) and varies the electric 
motor control signal DO even at the time of failure of the 
vehicle speed sensor VS. The details of the controller 12, 32, 
or 52 Will be described later on. 

[0061] The steering torque sensor TS accommodated 
Within the steering gearbox 6 detects a magnitude and a 
direction of the steering torque (manual steering force) of 
the driver. The steering torque sensor TS also outputs the 
steering torque signal T corresponding to the detected steer 
ing torque to the controller 12, 32, or 52. 

[0062] The revolution number sensor NS of the electric 
motor comprises an electric motor current detector (not 
shoWn) and an electric motor voltage detector (not shoWn) 
for the detection electric motor current sent to the electric 
motor 8 and electric motor voltage applied to electric motor 
8, and a calculator Which calculates the revolution number 
of the electric motor 8 based on the electric motor current 
and the electric motor voltage. The KnoWn means instead of 
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means may be used. The calculator Which calculates the 
revolution number of the electric motor 8 calculates the 
revolution number [N] of the electric motor N] based on 
folloWing equation (1): 

N=(VM—1M*RM) (1) 
[0063] Wherein N is a revolution number of the electric 
motor, VM is an electric motor voltage, IM is an electric 
motor current, RM is an electric motor resistance, and K is 
an induction voltage constant. 

[0064] In this equation (1), since the electric motor resis 
tance [RM] and the induction voltage constant are 
constant for every electric motor, the electric motor speed 
[N] can be calculated by substituting the electric motor 
current [VM] and the electric motor voltage [IM] into the 
equation The revolution number [N] of the electric 
motor calculated as described above is output to the con 
troller 12, 32, or 52 as a revolution number signal N of the 
electric motor. The Revolution number sensor NS of the 
electric motor may be a revolution number sensor of the 
steering Which detects the revolution number of the steering 
shaft 4. 

[0065] The vehicle speed sensor VS outputs the vehicle 
speed signal V based on the revolution number of the output 
shaft in a transmission (not shoWn) to the controller 12, 32, 
or 52. 

[0066] The revolution number sensor NES of the engine 
outputs a revolution number signal Ne of the engine based 
on the revolution number of the output shaft of the engine 
(not shoWn) to controller 12, 32, or 52. 

[0067] The electric motor driver 13 supplies an electric 
motor driving signal based on the electric motor control 
signal DO output from the controller 12, 32, or 52 to the 
electric motor 8 in order to drive the electric motor 8. The 
electric motor driver 13 comprises, for eXample, a bridge 
circuit 13a having sWitching elements of four electric ?eld 
effect transistors (hereinafter referred to as “poWer FET”) 
13a1, 13a2, 13a3, 13a4, and a gate during circuit 13b as 
shoWn in FIG. 4. When the electric motor control signal DO 
(direction signal+PWM signal) is input to the gates G1, G2, 
G3, G4, Which respectively corresponds to poWer FET 13a1, 
13a2, 13a3, 13a4, the electric motor driving signal is 
supplied to the electric motor 8 based on the electric motor 
control signal DO. Then, the electric motor current is sent to 
the electric motor 8, and the electric motor 8 generates an 
assist steering torque proportioned to the electric motor 
current and assists the steering operation of the driver. 

[0068] First Embodiment 

[0069] NeXt, the con?guration of controller 12 Will be 
described by referring to FIG. 2 in more detail. 

[0070] The controller 12 includes a reference torque signal 
setting unit 21, a correction torque signal setting unit 22, a 
target torque signal in rearWard (in left rotating direction) 
calculator 23, a target torque signal in forWard (in right 
rotating direction) calculator 24,a steering state detection 
unit 25, a signal sWitching unit 26, a control signal output 
unit 27, and a vehicle speed sensor failure detection unit 28. 

[0071] Amongst them, the correction torque signal setting 
unit 22 is to set an amount of the correction (dampened 
amount) When damping correction is performed and 
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includes a speed torque signal setting section 22A, a torque 
coef?cient damping conversion section 22B, a vehicle speed 
coef?cient damping conversion section 22C, and a multipli 
cation section 22D. 

[0072] A steering torque signal T, a revolution number 
signal N of the electric motor, or a vehicle speed signal V is 
input to the controller 12; and each signal is input by an A/D 
converter (not shoWn) as a digitaliZed signal. Further, the 
controller 12 has a direction judgment unit (not shoWn), and 
generates a direction ?ag F (right 1, left D) shoWing the 
direction of the steering torque signal T from the steering 
torque signal T and a direction ?ag G (right 1,left 0) shoWing 
the direction of the revolution number signal N of the 
electric motor from the revolution number signal of the 
electric motor N. 

[0073] The reference torque signal setting unit 21 com 
prises ROM and logic circuit etc. (not shoWn) and stores 
data set based on experimental results or logic calculation, 
for example, steering torque signal T corresponding to the 
reference torque signal DT as shoWn in map 1 in FIG. 5A. 
When the steering torque signal T is input, the reference 
torque signal setting unit 21 instantaneously reads out the 
reference torque signal DT corresponding to input signal, 
and outputs the read signal to the target torque signal in the 
reverse calculator 23 and the target torque signal in the 
forWard calculator 24 at later stage. Map 1 is composed of 
a map at loW vehicle speed (e.g., 0 km/h) shoWn as a solid 
line in FIG. 5A and a map at high vehicle speed (e.g., 255 
km/h) as a dashed line in FIG. 5A. The reference torque 
signal setting unit 21 reads out vehicle speed signal V from 
the vehicle speed sensor VS and sets the reference torque 
signal DT based on the steering torque signal T and the 
vehicle speed signal V by proportionally allocating the 
values obtained from both maps With the vehicle speed 
signal V. A higher the reference torque signal DT is set 
(generated) according to a higher steering torque signal T. 
Further, a loWer reference torque signal DT is set (generated) 
according to higher vehicle speed signal V if magnitude of 
steering torque signal T is the same. 

[0074] The speed torque signal setting set section 22A of 
the correction torque signal setting unit 22 comprises ROM 
etc. (not shoWn) and stores data set based on experimental 
results or logic calculation, for example the revolution 
number signal N of the electric motor corresponding to the 
speed torque signal DN as shoWn in map 2 of FIG. 5B. When 
the revolution number signal N of the electric motor is input, 
the speed torque signal setting section 22A instantaneously 
reads out the speed torque signal DN corresponded based on 
the input signal N, and outputs read signal to multiplication 
section 22G at the later stage. Note that When the revolution 
number signal N of the electric motor heightens not less than 
a predetermined value, the speed torque signal DN shortens 
in this map 2. This is because urgent avoidance action by 
driver becomes easy. 

[0075] The torque coefficient damping conversion section 
22B of correction torque signal setting unit 22 comprises 
ROM etc. (not shoWn) and stores data set based on experi 
mental results or logic calculation, for example, the steering 
torque signal T corresponding to the torque coef?cient 
damping RT as shoWn in map 3 in FIG. 5C. When the 
steering torque signal T is input, the torque coef?cient 
damping conversion section 22B instantaneously reads out 
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the torque coef?cient damping RT corresponded based on 
the input signal T, and outputs the read signal to multipli 
cation section 22G at the later stage. The torque coef?cient 
damping conversion section 22B is intended not to reduce 
the assist amount of the assist steering torque by reducing 
the amount of damping correction When the steering torque 
signal T heightens. 

[0076] The vehicle speed coef?cient damping conversion 
section 22C of correction torque signal setting unit 22 
comprises ROM etc. (not shoWn) and stores data set based 
on experimental results or logic calculation, for example, the 
vehicle speed signal V corresponding to the vehicle speed 
coef?cient damping RV as shoWn in map 4 in FIG. 5D. 
When the vehicle speed signal V is input, the vehicle speed 
coef?cient damping conversion section 22C instantaneously 
reads out the vehicle speed coef?cient damping RV corre 
sponded based on the input signal V, and outputs the read 
signal to the coefficient sWitching section 22F at the later 
stage. The vehicle speed coef?cient damping conversion 
section 22C is intended to reduce the assist amount of assist 
steering torque by increasing the amount of damping cor 
rection When the vehicle speed signal V heightens. 

[0077] The multiplication section 22D of correction 
torque signal setting unit 22 comprises a multiplication 
section or multiplication function controlled by a softWare 
(not shoWn). The multiplication section 22G inputs the 
revolution number torque signal DN output from the revo 
lution number torque signal setting section 22A, the torque 
coef?cient damping RT output from the torque coef?cient 
damping conversion section 22B, and the vehicle speed 
coef?cient damping RV output from the vehicle speed coef 
?cient damping conversion section 22C to multiply and to 
output the correction signal (DN*RT*RV) to the target torque 
signal in reverse calculator 23 and the target torque signal in 
forWard calculator 24. 

[0078] The target torque signal in reverse calculator 23 has 
an adder or an addition function controlled by a softWare 
(not shoWn). The target torque signal in reverse calculator 23 
adds (subtracts) the correction torque signal (DN*RT*RV) to 
the reference torque signal DT to generate an adequate assist 
steering torque in the electric motor 8 When the steering 
Wheel 3 returns and outputs the target torque signal (DT+ 
DN*RT*RV), Which is the results of the addition, to the 
signal sWitching unit 26 at the later stage. 

[0079] The target torque signal in forWard calculator 24 
has a subtractor or subtraction function of controlled by a 
softWare (not shoWn). The target torque signal in forWard 
calculator 24 subtracts (dampens) the correction torque 
signal (DN*RT*RV) from the reference torque signal DT to 
generate an adequate assist steering torque in the electric 
motor 8 When steering Wheel 3 turns and outputs the target 
torque signal (DT—DN*RT*RV), Which is the results of the 
subtraction, to the signal sWitching unit 26 at the later stage. 

[0080] The steering state detection unit 25 comprises a 
logic circuit etc. (not shoWn); detects the going state or the 
returning state of the steering Wheel 3 based on the direction 
?ag F of the steering torque signal T and the direction ?ag 
G of the revolution number signal N of the electric motor; 
and outputs the steering state signal ST being sWitched into 
an H level or an L level, e.g., the H level at the going state 
of the steering Wheel 3 and the L level at the returning state 
of the steering Wheel 3, to the signal sWitching unit 26. The 
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steering state detection unit 25 judges that the state is the 
going state (the steering Wheel 3 moves to the direction 
Where the steering Wheel 3 greatly turns by the driver) in the 
case Where the direction of the direction ?ag F is consistent 
With the direction of the direction ?ag G and that the state 
is the returning state (the steering Wheel 3 moves to the 
direction Where the steering Wheel 3 returns by the self 
aligning torque etc.) in the case Where the direction of the 
direction ?ag F is not consistent With the direction of the 
direction ?ag G. 

[0081] The signal sWitching unit 26 has a sWitching func 
tion (not shoWn); and inputs the target torque signal (DT+ 
DN*RT*RV) from the target torque signal in reverse calcu 
lator 23, the target torque signal (DT—DN*RT*RV) from the 
target torque signal in forWard calculator 24, and the steering 
state signal ST from the steering state detection unit 25. The 
signal sWitching unit 26 outputs the target torque signal 
(DT—DN*RT*RV) of the going state in the case Where the 
steering state signal ST is the H level and the target torque 
signal (DT+DN*RT*RV) of the returning state in the case 
Where the steering state signal ST is the L level to the control 
signal output unit 27 at the later stage. 

[0082] The control signal output unit 27 comprises a 
PWM signal generator and a logic circuit (not shoWn), 
generates the electric motor control signal DO (direction 
signal+PWM signal) such that the deviation becomes Zero 
by obtaining the deviation of the target torque signal (DT+ 
DN*RT*RV) or the target torque signal (DT—DN*RT*RV) 
and the electric motor current signal from an electric motor 
current detector (not shoWn); and by processing the propor 
tion, the integration, and the deviation With deviation, and 
outputs it to the electric motor controller 13 at the later stage. 

[0083] Next, the vehicle speed sensor failure detection 
unit 28 Will be described. The vehicle speed sensor failure 
detection unit 28 inputs the vehicle speed signal V (digi 
taliZed signal) from the vehicle speed sensor VS and outputs 
a loW vehicle speed signal Vrnin to the reference torque 
signal setting unit 21C When any failure of the vehicle speed 
sensor VS is detected. At the same time, the vehicle speed 
sensor failure detection unit 28 outputs a high vehicle speed 
signal VrnaX to the vehicle speed reduction coef?cient con 
version section 22C When any failure of vehicle speed 
sensor VS is detected. The vehicle speed sensor failure 
detection unit 28 includes a failure detection section 28A, a 
loW vehicle speed signal storage section 28B, a loW vehicle 
speed signal sWitching section 28C, a high vehicle speed 
signal storage section 28D, and a high vehicle speed signal 
sWitching section 28E as shoWn in FIG. 6. 

[0084] The failure detection section 28A comprises a 
ROM, a temporary storage memory, a logic circuit and the 
like (not shoWn). Also, any failure of the vehicle speed 
sensor is detected based on the vehicle speed sensor failure 
detection logic shoWn in FIG. 8. There are tWo cases Where 
the failure detection section 28A judges “vehicle speed 
sensor failure” in this logic: (1) One case is that previous 
vehicle speed is not less than 20 km/h and the deceleration 
is not less than 2.5 G and (2) the other case is that the state 
Where the revolution number of the engine is not less than 
2000 rpm and the vehicle speed is 0 km/h is continued not 
less than 180 seconds. In the former case (1), the failure 
detection unit 28A judges that the vehicle speed sensor 
failure arises because there is deceleration, Which cannot be 
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brought about in a usual baking operation. In the later case 
(2), the failure detection unit 28A judges that the vehicle 
speed sensor failure arises, because there is racing Which 
cannot be seen in usual state. The failure detection section 
28A outputs the failure signal SV to a loW vehicle speed 
signal sWitching section 28C and a high vehicle speed signal 
sWitching section 28E. The failure signal SV is sWitched 
from the signal of the L level into the signal of the H level 
When the vehicle speed sensor VS fails. The failure detection 
section 28A has a comparator to compare the vehicle speed 
With a reference value (20 km/h), a deceleration detector for 
detecting deceleration, and a comparator to compare the 
deceleration With a reference value (2.5 G) (not shoWn). 
Further, the failure detection section 28A has a comparator 
to compare the revolution number of the engine With a 
reference value (2000 rpm), a comparator to compare the 
vehicle speed With a reference value (0 km/h), and timer and 
the like (not shoWn). 
[0085] The loW vehicle speed signal storage section 28B 
comprises ROM (not shoWn). The loW vehicle speed signal 
storage section 28B outputs the loW vehicle speed signal 
Vmin being used to be sWitched When the vehicle speed sensor 
VS fails, to the loW vehicle speed signal sWitching section 
28C at the later stage. The loW vehicle speed signal Vrnin is 
a dummy vehicle speed different from the actual vehicle 
speed and is set at a loW value, such as not more than 10 
km/h. The value is adequately set by taking account of maps 
1 and 4 in FIGS. 5A and 5D as the loW vehicle speed signal 
V 

[0086] The loW vehicle speed signal switching section 
28C has a sWitching function (not shoWn) and inputs the 
vehicle speed signal Vrnin from the vehicle speed sensor VS, 
the loW vehicle speed signal Vrnin from the loW vehicle 
signal storage section 28B, and the failure signal SV from the 
failure detection section 28A. The loW vehicle speed signal 
sWitching section 28C outputs the vehicle speed signal V in 
the case Where the failure signal SV is at the L level and the 
loW vehicle speed signal Vrnin in the case Where the failure 
signal SV is at the H level to the reference torque signal 
setting unit 21 at the later stage as the vehicle speed signal 
V. 

[0087] The high vehicle speed signal storage section 28D 
comprises ROM (not shoWn). The high vehicle speed signal 
storage section 28D outputs the high vehicle speed signal 
Vmax being used to be sWitched When the vehicle speed sensor 
VS fails, to the loW vehicle speed signal sWitching section 
28E. The high vehicle speed signal VrnaX is a dummy vehicle 
speed different from the actual vehicle speed and is set at a 
high value, such as 255 km/h. The value is adequately set by 
taking account of maps 1 and 4 in FIG. 5A and 5D as the 
high vehicle speed signal VmaX. 
[0088] The high vehicle speed signal sWitching section 
28E comprises a sWitching function (not shoWn) and inputs 
the vehicle speed signal V from the vehicle speed sensor VS, 
the high vehicle speed signal VrnaX from the high vehicle 
speed signal storage section 28D, and the failure signal SV 
from the failure detection section 28A. The high vehicle 
speed signal sWitching section 28E outputs the vehicle speed 
signal V in the case Where the failure signal SV is at the L 
level and the high vehicle speed signal VrnaX in the case 
Where the failure signal SV is at the H level to the vehicle 
speed coef?cient damping conversion section 22C as the 
vehicle speed signal V. 
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[0089] The failure can accurately be detected by the 
vehicle speed sensor failure detection unit 28. In addition, 
the reference torque signal and correction torque signal can 
be high When any failure is detected. 

[0090] The operation of the poWer steering apparatus due 
to the controller 12 according to the ?rst embodiment having 
the con?guration described above Will noW be described by 
suitably referring to FIGS. 1, 2, 4, 5A to SE, 6, and 8. 

[0091] The reference torque signal setting unit 21 gener 
ates the reference torque signal DT based on the steering 
torque signal T and the actual vehicle speed V at the normal 
mode Where the vehicle speed sensor VS does not fail, 
Whereby a higher assist steering torque signal is generated 
according to a larger steering torque signal T. Alarger assist 
steering torque is generated according to a loWer vehicle 
speed signal V if the levels of the steering torque signal T is 
the same. 

[0092] The correction torque signal setting unit 22 gener 
ates the correction torque signal (DN*RT*RV) based on the 
revolution number signal N of the electric motor, the steer 
ing torque signal T and the vehicle speed signal V at the 
normal mode Where the vehicle speed sensor VS does not 
fail, to output it, Whereby a dampened amount of the assist 
steering torque becomes larger according to higher revolu 
tion number signal N of the electric motor. Also, a dampened 
amount of the assist steering torque becomes smaller accord 
ing to a higher steering torque signal T. Further a dampened 
amount of assist steering torque becomes larger according to 
a higher vehicle speed signal V. 

[0093] Here, it assumes that the vehicle speed signal 
becomes Zero due to the disconnection or failure of the 
vehicle speed sensor VS. The reference torque signal setting 
unit 21 generates a high reference torque signal DT regard 
less of the actual vehicle speed, When the steering operation 
is performed to output it. At the same time, the correction 
torque signal setting unit 22 generates the correction torque 
signal (DN*RT*RV*RNE) based on the signal of the revo 
lution number of the engine Ne to output it. For this reason, 
at a high vehicle speed area Where the reaction force from 
the road surface is Weak, a large steering torques is gener 
ated, resulting in poor stability of the steering system. 

[0094] HoWever, the in the electric poWer steering appa 
ratus 1 of this embodiment, even if the vehicle speed sensor 
VS is disconnected and fails, and the vehicle speed signal V 
becomes Zero, the vehicle speed sensor failure detection unit 
28 accurately judges that the vehicle speed sensor VS fails. 
The vehicle speed sensor failure detection unit 28 outputs a 
loW vehicle speed signal Vrnin to the torque signal setting 
unit 21 as a dummy vehicle speed and makes the reference 
torque signal DT high. At the same time, the vehicle speed 
sensor failure detection unit 28 outputs a high vehicle speed 
signal VrnaX to the vehicle speed coef?cient damping con 
version unit 22C as a dummy vehicle speed and makes the 
correction torque signal (DN*RT*RV) high. 

[0095] Hereby, the driver is greatly assisted for steering 
operation at a loW vehicle speed area (steering operation by 
great steering torque as seen at a loW vehicle speed area) by 
large assist steering torque (due to a reference torque signal 
DT becoming high). Therefore, light steering operation can 
be performed at a loW vehicle speed area. On the other hand, 
since the assist steering torque is greatly reduced for steering 
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operation at a high vehicle speed area (steering operation by 
small steering torque as seen at a high vehicle speed area), 
the steering system becomes stable and high speed running 
is available With stability. Since the assist steering torque is 
greatly dampened for steering operation Where the steering 
torque is small and the electric motor speed is high, high 
speed running With more stability is available. 

[0096] In the case Where the vehicle speed signal about 
middle level (middle vehicle speed signal) is generated as a 
dummy vehicle speed and it is output to the reference torque 
signal setting unit 21 and the vehicle speed coef?cient 
reduction conversion unit 22C, the assist steering torque is 
insufficient at loW vehicle speed area and steering system 
becomes unstable at high vehicle speed area as in the case 
of the prior art. 

[0097] Second Embodiment 

[0098] NeXt, the con?guration of the controller 32 Will be 
described by referring to FIG. 3 in more detail. 

[0099] The controller 32 includes a reference torque signal 
setting unit 41, a correction torque signal setting unit 42, a 
target torque signal in rearWard (in left rotating direction) 
calculator 43, a target torque signal in forWard (in right 
rotating direction) calculator 44, a steering state detection 
unit 45, a signal sWitching unit 46, and a control signal 
output unit 47. 

[0100] The correction torque signal setting unit 42 is to set 
an amount of the correction (dampened amount) When the 
damping correction is performed and includes a revolution 
speed torque signal setting section 42A, a torque coef?cient 
damping conversion section 42B, a vehicle speed coef?cient 
damping conversion section 42C, a coef?cient of revolution 
number of the engine damping conversion section 42D, a 
vehicle speed 0 detection section 42E, a coef?cient sWitch 
ing section 42F, and a multiplication section 42G. 

[0101] A steering torque signal T, a revolution number 
signal N of the electric motor, or a vehicle speed signal V is 
input to the controller 42; and each signal is input by an A/D 
converter (not shoWn) as a digitaliZed signal. Further, the 
controller 32 has a direction judgment unit (not shoWn), and 
generates a direction ?ag F (right 1, left D) shoWing the 
direction of the steering torque signal T from the steering 
torque signal T and a direction ?ag G (right 1,left 0) shoWing 
the direction of the revolution number signal N of the 
electric motor from the revolution number signal of the 
electric motor N. 

[0102] The reference torque signal setting unit 41 com 
prises ROM and logic circuit etc. (not shoWn) and stores 
data set based on experimental results or logic calculation, 
for eXample, a steering torque signal T corresponding to the 
reference torque signal DT as shoWn in map 1 in FIG. 5A. 
When the steering torque signal T is input, the reference 
torque signal setting unit 41 instantaneously reads out the 
reference torque signal DT corresponding to the input signal, 
and outputs the read signal to the target torque signal in 
reverse calculator 43 and the target torque signal in forWard 
calculator 44 at the later stage. Map 1 is composed of a map 
at loW vehicle speed (e.g., 0 km/h) shoWn as a solid line in 
FIG. 5A and a map at high vehicle speed (e.g., 255 km/h) 
as a dashed line in FIG. 5A. The reference torque signal 
setting unit 21 reads out the vehicle speed signal V from the 
vehicle speed sensor VS and sets the reference torque signal 
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DT based on the steering torque signal T and the vehicle 
speed signal V by proportionally allocating the values 
obtained from both maps With the vehicle speed signal V. A 
higher the reference torque signal DT is set (generated) 
according to a higher steering torque signal T. Further, a 
loWer reference torque signal DT is set (generated) according 
to higher vehicle speed signal V if magnitude of steering 
torque signal T is the same. 

[0103] The speed torque signal setting set section 42A of 
the correction torque signal setting unit 42 comprises ROM 
etc. (not shoWn) and stores data set based on experimental 
results or logic calculation, for eXample the revolution 
number signal N of the electric motor corresponding to the 
speed torque signal DN as shoWn in map 2 of FIG. 5B. When 
the revolution number signal N of the electric motor is input, 
the speed torque signal setting section 42A instantaneously 
reads out the speed torque signal DN corresponded based on 
the input signal N, and outputs read signal to multiplication 
section 42G at the later stage. Note that When the revolution 
number signal N of the electric motor heightens not less than 
a predetermined value, the speed torque signal DN shortens 
in this map 2. This is because urgent avoidance action by 
driver becomes easy. 

[0104] The torque coefficient damping conversion section 
42B of correction torque signal setting unit 42 comprises 
ROM etc. (not shoWn) and stores data set based on experi 
mental results or logic calculation, for eXample, the steering 
torque signal T corresponding to the torque coef?cient 
damping RT as shoWn in map 3 in FIG. 5C. When the 
steering torque signal T is input, the torque coef?cient 
damping conversion section 42B instantaneously reads out 
the torque coefficient damping RT corresponded based on 
the input signal T, and outputs the read signal to multipli 
cation section 42G at the later stage. The torque coef?cient 
damping conversion section 42B is intended not to reduce 
the assist amount of the assist steering torque by reducing 
the amount of damping correction When the steering torque 
signal T heightens. Since the torque coefficient damping RT 
heightens When the steering torque signal T shortens, the 
steering system 2 is stable Without generating any large 
assist steering torque at high vehicle speed. 

[0105] The vehicle speed coef?cient damping conversion 
section 42C of correction torque signal setting unit 42 
comprises ROM etc. (not shoWn) and stores data set based 
on experimental results or logic calculation, for example, the 
vehicle speed signal V corresponding to the vehicle speed 
coef?cient damping RV as shoWn in map 4 in FIG. 5D. 
When the vehicle speed signal V is input, the vehicle speed 
coef?cient damping conversion section 42C instantaneously 
reads out the vehicle speed coef?cient damping RV corre 
sponded based on the input signal V, and outputs the read 
signal to the coefficient sWitching section 42F at the later 
stage. The vehicle speed coef?cient damping conversion 
section 42C is intended to reduce the assist amount of assist 
steering torque by increasing the amount of damping cor 
rection When the vehicle speed signal V heightens. 

[0106] The coefficient of the revolution number of the 
engine damping conversion section 42D of the correction 
torque signal setting unit 42 comprises ROM etc. (not 
shoWn), and stores data set based on experimental results or 
logic calculation, for example; the signal N of the revolution 
number of the engine corresponding to the coefficient of the 
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revolution number of the engine damping RNE as shoWn in 
map 5 in FIG. 5E. When the signal of the revolution number 
of the engine Ne is input, the coefficient of the revolution 
number of the engine damping conversion section 42D 
instantaneously reads out the coefficient of the revolution 
number of the engine damping RNE corresponded based on 
input signal Ne, and outputs the read signal to the coefficient 
sWitching section 42F at the later stage. The coefficient of 
the revolution number of the engine damping conversion 
section 42D is intended to reduce the assist amount of the 
steering torque by increasing the amount of damping cor 
rection When the signal of the revolution number of the 
engine Ne heightens at time that vehicle speed being 0 is 
detected. Increasing value from 1500 rpm is to take account 
of the ?rst idle at the time of heating. It is preferable that the 
coefficient of map 5 (coefficient of the revolution number of 
the engine damping RNE) to be output is set at a value higher 
than that of the coefficient of map 4 (vehicle speed coeffi 
cient damping RV), since the damping correction is greatly 
performed at the time that the vehicle speed 0 is detected to 
thereby increase the stability of steering system 2 . 

[0107] The vehicle speed 0 detection section 42E of the 
correction torque signal setting unit 42 comprises a logic 
circuit, ROM, and a comparison function (not shoWn) and 
outputs the vehicle speed 0 signal S0 of H level based on the 
vehicle speed signal V When the vehicle speed signal V is 0 
(vehicle speed 0 km/h) and the vehicle speed 0 signal S0 of 
L level When the vehicle speed signal V is not 0 to the 
coefficient sWitching section 42F. Here, the case Where the 
vehicle speed signal V becomes 0 (ie , the vehicle speed 0 
signal S0 of H level is output) is the case Where the vehicle 
speed is actually 0 km/h and the case Where the vehicle 
speed sensor VS fails (the vehicle speed signal V becomes 
Zero When the vehicle speed sensor VS usually fails). 

[0108] The coefficient sWitching section 42F of the cor 
rection torque signal setting unit 42 comprises a sWitching 
function (not shoWn) and inputs the vehicle damping coef 
?cient RV from the vehicle speed coef?cient damping con 
version section 42C, the coefficient of the revolution number 
of the engine damping RNE from the coefficient of the 
revolution number of the engine damping conversion section 
42D, and the vehicle speed 0 signal SO from the vehicle 
speed 0 detection section 42E. The coefficient sWitching 
section 42F outputs the vehicle speed coef?cient damping 
RV When the vehicle speed 0 signal S0 is at the L level and 
the coefficient of the revolution number of the engine 
damping RNE When the vehicle speed 0 signal S0 is at the H 
level to the multiplication section 42G at the later stage. 

[0109] The multiplication section 42G of the correction 
torque signal setting unit 42 has a multiplier or multiplica 
tion function controlled by a softWare (not shoWn). The 
multiplication section 42G inputs the speed torque signal 
DN, the torque coefficient damping RT, and the vehicle speed 
coef?cient damping RV (or coefficient of the revolution 
number of the engine damping RNE) to multiply and output 
the correction torque signal (DN’kRT’kRV or DN*RT*RNE) to 
the target torque signal in reverse calculator 43 and the target 
torque signal in forWard calculator 44. 

[0110] The target torque signal in reverse calculator 43 has 
an adder or addition function of softWare control (not 
shoWn). The target torque signal in reverse calculator 43 
adds (subtracts) the correction torque signal (DN*RT*RV or 












