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(57) ABSTRACT 

A control system for an electric poWer steering system 
Which generates a steering assist force by an electric motor 
driven on the basis of a steering torque applied to an 
operation member. The control system includes: a target 
current determining circuit for generating a target current 
value according to the steering torque; a compensation value 
determining circuit for generating a compensation current 
value according to a time-based differential value of the 
steering torque; a Waveform transforming circuit for per 
forming a Waveform transformation to convert the compen 
sation current value into a modi?ed compensation value 
Which sinusoidally changes With time; a circuit for gener 
ating a control command value by superimposing the modi 
?ed compensation value obtained through the Waveform 
transformation on the target current value; and a motor 
driving circuit for driving the electric motor on the basis of 
the control command value. 
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ELECTRIC POWER STEERING CONTROL 
SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an electric power 
steering system Which assists a steering operation by driving 
an electric motor according to a steering torque and trans 
mitting a driving force generated by the electric motor to a 
steering mechanism. The invention further relates to a 
control system for such an electric poWer steering system. 

[0003] 2. Description of Related Art 

[0004] In an electric poWer steering system for assisting a 
steering operation by utiliZing a driving force generated by 
an electric motor, the electric motor is driven on the basis of 
a steering torque applied to a steering Wheel, and the driving 
force generated by the electric motor is transmitted to a 
steering mechanism. 

[0005] The electrical construction of a prior art electric 
poWer steering system is shoWn in FIG. 3. The electric 
poWer steering system controls an electric motor 58 for 
applying a steering assist force to a steering mechanism by 
a controller 50 comprised of a microcomputer. An output 
signal of a torque sensor 57 for detecting a steering torque 
applied to a steering Wheel is inputted to the controller 50. 
The analog signal outputted from the torque sensor 57 is 
converted into a digital signal by an analog/digital (A/D) 
convertor 51. The controller 50 determines a control com 
mand value corresponding to an electric current to be 
applied to the electric motor 58 on the basis of the steering 
torque T in a digital form, and drives the electric motor 58 
via a motor driving circuit 55 on the basis of the control 
command value. 

[0006] The controller 50 is adapted to perform every 
computation therein on a digital basis. That is, the controller 
50 performs softWare-based computations according to pre 
determined operation programs, thereby functioning as an 
assist controlling section 52, an inertia compensating section 
53 and an adder section 54. 

[0007] The assist controlling section 52 determines a 
target current value I according to the steering torque T. The 
inertia compensating section 53 outputs a compensation 
current value AI according to a time-based differential value 
AT of the steering torque T. The compensation current value 
AI is an electric current value for compensating for a 
response delay occurring due to the inertia of the steering 
mechanism and the electric motor 58. The adder section 54 
adds the compensation current value AI from the inertia 
compensating section 53 to the target current value I from 
the assist controlling section 52 to provide the control 
command value I+AI. The motor driving circuit 55 is 
controlled on the basis of the control command value I+AI, 
Whereby the electric motor 58 generates the steering assist 
force according to the steering torque T With a satisfactory 
responsiveness. 

[0008] FIG. 4 is a diagram shoWing a relationship 
betWeen the time-based differential value AT of the steering 
torque T and the compensation current value Al. The inertia 
compensating section 53 outputs the compensation current 
value AI Which is, for eXample, proportional to the time 
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based differential value AT of the steering torque T. HoW 
ever, all the computations to be performed in the controller 
50 are program-based digital computations, so that the 
time-based differential value AT is merely a discrete value 
on a one-bit basis and, hence, the compensation current 
value AI is also a discrete value. Therefore, the compensa 
tion current value AI changes stepWise With respect to the 
time-based differential value AT. 

[0009] Where the steering torque T changes suf?ciently 
rapidly, the electric motor 58 can properly be controlled 
even if the compensation current value AI changes stepWise 
With respect to the time-based differential value AT. Where 
the steering torque T changes very sloWly With time, on the 
contrary, the target current value I outputted from the assist 
controlling section 52 changes stepWise by a very small 
amount in a longer cycle as shoWn in FIG. 5A. Accordingly, 
a pulse indicative of the compensation current value AI is 
generated for a time-based differential value of AT=1 bit in 
a relatively long cycle, as shoWn in FIG. 5B, by the inertia 
compensating section 53. In this case, the control command 
value I+AI obtained by the addition of the target current 
value I and the compensation current value AI in the adder 
section 54 appears as a pulse in a pulsed Waveform in a 
relatively long cycle as shoWn in FIG. 5C. When a pulsed 
electric current is applied to the electric motor 58 according 
to the control command value, resonance occurs betWeen the 
electric motor 58 and the steering mechanism, resulting in 
uncomfortable vibrations and noises. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
provide an electric poWer steering control system Which can 
effectively suppress the vibrations and the noises. 

[0011] It is another object of the present invention to 
provide an electric poWer steering system Which can effec 
tively suppress the vibrations and the noises. 

[0012] The electric poWer steering control system accord 
ing to the present invention is a control system for an electric 
poWer steering system Which is adapted to generate a 
steering assist force by an electric motor driven on the basis 
of a steering torque applied to an operation member, and 
comprises: a target current determining circuit for generat 
ing a target current value according to the steering torque; a 
compensation value determining circuit for generating a 
compensation current value according to a time-based dif 
ferential value of the steering torque; a Waveform transform 
ing circuit for performing a Waveform transformation to 
convert the compensation current value generated by the 
compensation value determining circuit into a modi?ed 
compensation value Which sinusoidally changes With time; 
a circuit for generating a control command value by super 
imposing the modi?ed compensation value generated by the 
Waveform transforming circuit on the target current value 
determined by the target current determining circuit; and a 
motor driving circuit for driving the electric motor on the 
basis of the control command value. 

[0013] With this arrangement, the compensation current 
value is generated according to the time-based differential 
value of the steering torque, and then subjected to the 
Waveform transformation thereby to be converted into the 
modi?ed compensation value Which sinusoidally changes 
With time. Then, the modi?ed compensation value obtained 
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through the Waveform transformation is superimposed on 
the target current value determined according to the steering 
torque for the generation of the control command value. 
Even if the steering torque changes sloWly With time so that 
the compensation current value changes in a pulse form, the 
control command value does not change in a pulse form but 
gradually sinusoidally changes. Therefore, uncomfortable 
vibrations and noises of the electric motor or the steering 
mechanism can be prevented by controlling the driving of 
the electric motor on the basis of the control command 
value. 

[0014] The present invention is particularly advantageous 
Where the target current determining circuit, the compensa 
tion value determining circuit and the like are adapted to 
determine the target current value and the compensation 
current value in a digital data form on the basis of the 
steering torque in a digital data form. 

[0015] The target current determining circuit, the compen 
sation value determining circuit, the Waveform transforming 
circuit and the like may perform their functions on a 
softWare basis by causing a microcomputer to execute 
predetermined programs. 

[0016] The foregoing and other objects, features and 
effects of the present invention Will become more apparent 
from the folloWing description of the preferred embodiments 
With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a block diagram for explaining the 
electrical construction of an electric poWer steering system 
according to one embodiment of the present invention; 

[0018] FIGS. 2A to 2D are Waveform diagrams for 
explaining the function of a Waveform transforming section 
Which converts a compensation current value changing in a 
pulse form into a modi?ed compensation value sinusoidally 
changing With time; 

[0019] FIG. 3 is a block diagram illustrating the electrical 
construction of major portions of a prior art electric poWer 
steering system; 

[0020] FIG. 4 is a diagram shoWing a change in a com 
pensation current value With respect to a time-based differ 
ential value of a steering torque; and 

[0021] FIGS. 5A to 5C are Waveform diagrams shoWing 
time-related charges in a target current value, the compen 
sation current value and a control command value occurring 
When the steering torque sloWly changes With time. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] FIG. 1 is a block diagram illustrating the electrical 
construction of an electric poWer steering system according 
to one embodiment of the present invention. A steering 
torque applied to a steering Wheel 1 as an operation member 
is transmitted to a steering mechanism 3 via a steering shaft 
2. A driving force of an electric motor 25 is transmitted as 
a steering assist force to the steering mechanism 3. 

[0023] The steering shaft 2 is divided into an input shaft 
2A coupled to the side of the steering Wheel 1 and an output 
shaft 2B coupled to the side of the steering mechanism 3. 
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The input shaft 2A and the output shaft 2B are coupled to 
each other by a torsion bar 4. The torsion bar 4 experiences 
a torsion according to a steering torque T, and the direction 
and magnitude of the torsion are detected by a torque sensor 
5. An output signal of the torque sensor 5 is inputted to a 
controller 10 (ECU: electronic control unit) comprised of a 
microcomputer. 

[0024] The controller 10 applies a driving electric current 
to the electric motor 25 according to the steering torque T 
detected by the torque sensor 5 to control the driving of the 
electric motor 25 so as to apply the steering assist force to 
the steering mechanism 3 according to the steering torque T. 
The controller 10 receives an output signal of a vehicle 
speed sensor 7 for detecting the speed V of a motor vehicle 
equipped With the inventive electric poWer steering system 
in addition to the output signal of the torque sensor 5. 

[0025] The controller 10 includes a torque signal inputting 
circuit 11 and a vehicle speed signal inputting circuit 12 for 
processing the output signals of the torque sensor 5 and the 
vehicle speed sensor 7. The torque signal inputting circuit 11 
and the vehicle speed signal inputting circuit 12 each have 
an analog/digital converting circuit so as to output the 
steering torque T and the vehicle speed V in a digital data 
form. 

[0026] The controller 10 has a plurality of functional 
processing sections Which are implemented by executing 
operation programs stored in a storage medium (e.g., ROM) 
not shoWn. These functional processing sections include a 
phase compensating section 13 for advancing the phase of a 
signal of the steering torque T for stabiliZation of the system, 
an assist controlling section 15 for generating a target 
current value I according to the steering torque T subjected 
to the phase advancing process by the phase compensating 
section 13, a time-based differential value detecting section 
14 for detecting a time-based differential value AT of the 
steering torque T, an inertia compensating section 16 for 
generating a compensation current value AI according to the 
time-based differential value AT determined by the time 
based differential value detecting section 14, and a Wave 
form transforming section 17 for performing a Waveform 
transformation to convert the compensation current value AI 
outputted in a pulse form by the inertia compensating 
section 16 into a modi?ed compensation value AI‘ Which 
sinusoidally changes With time. 

[0027] An adder section 18 adds the modi?ed compensa 
tion value AI‘ generated by the Waveform transforming 
section 17 to the target current value I generated by the assist 
controlling section 15 to generate a control command value 
I+AI‘. The control command value I+AI‘ is applied to a 
subtractor section 20. 

[0028] The subtractor section 20 determines a difference 
betWeen a motor current value detected by an electric 
current detecting circuit 21 and the control command value 
I+AI‘. The difference thus determined is inputted to a PI 
controlling section 19. The PI controlling section 19 deter 
mines the value of a voltage to be applied to the electric 
motor 25 through a proportional-plus-integral control com 
putation. A motor driving circuit 24 for driving the electric 
motor 25 is controlled on the basis of the voltage value. 

[0029] An electric current ?oWing through the electric 
motor 25 is led to a level corresponding to the control 
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command value I+AI‘ through feedback of the motor current 
value by the electric current detecting circuit 21. Thus, the 
steering assist force according to the steering torque T is 
transmitted to the steering mechanism 3. 

[0030] The inertia compensating section 16 compensates 
for a response delay Which is attributable to the inertia of the 
electric motor 25 and the steering mechanism 3. The inertia 
compensating section 16 generates the compensation current 
value AI Which is proportional to the time-based differential 
value AT of the steering torque T. The compensation current 
value AI is, for example, stored in a memory (not shoWn) 
Within the controller 10 in table form in connection With the 
time-based differential value AT of the steering torque. 

[0031] The time-based differential value AT is expressed 
by a digital value and, hence, is merely a discrete value on 
a one-bit basis. Similarly, the compensation current value AI 
stored in the table is expressed by digital data and, hence, is 
merely a discrete value Which changes stepWise With respect 
to the time-based differential value AT. 

[0032] Aplurality of tables each storing the compensation 
current value AI are provided, for example, for a plurality of 
vehicle speed ranges. Thus, the compensation current value 
AI is set smaller as the vehicle speed V increases, Whereby 
the compensation of the inertia can be suppressed during 
high speed traveling. 
[0033] The assist controlling section 15 generates the 
target current value I Which changes according to the steer 
ing torque T. The target current value I is, for example, 
stored in a memory not shoWn in table form in connection 
With the steering torque T. Aplurality of tables for the target 
current value I are provided, for example, for a plurality of 
vehicle speed ranges. Thus, the target current value I is set 
smaller as the vehicle speed V increases, Whereby a so-call 
vehicle speed sensitive control can be achieved. 

[0034] FIGS. 2A to 2D are Waveform diagrams for 
explaining the function of the Waveform transforming sec 
tion 17. FIG. 2A illustrates a time-related change in the 
target current value I generated by the assist controlling 
section 15, and FIG. 2B illustrates a time-related change in 
the compensation current value AI generated by the inertia 
compensating section 16. FIG. 2C illustrates a time-related 
change in the modi?ed compensation value AI‘ generated by 
the Waveform transforming section 17, and FIG. 2D illus 
trates a time-related change in the control command value 
I+AI‘ generated by the adder section 18. 

[0035] FIGS. 2A to 2D shoW a case Where the steering 
torque T changes very sloWly With time. In this case, the 
steering torque T in a digital data form changes stepWise in 
a relatively long cycle, so that the target current value I in a 
digital data form correspondingly changes stepWise. At this 
time, the inertia compensating section 16 generates the 
compensation current value AI as a pulse for a one-bit 
change (AT=1 bit) of the steering torque T in a relatively 
long cycle. 

[0036] The Waveform transforming section 17 converts 
the compensation current value AI applied in a pulse form 
from the inertia compensating section 16 into the modi?ed 
compensation value AI‘ Which sinusoidally changes With 
time as shoWn in FIG. 2C. HoWever, the function of the 
Waveform transforming section 17 is effected through the 
digital computation, so that the modi?ed compensation 
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value AI‘ does not change in a smooth sinusoidal Waveform 
but in a stepWise sinusoidal Waveform With small steps as 
shoWn by a reference character P in FIG. 2C. In the case 
shoWn in FIG. 2C, four discrete values are employed for the 
generation of the modi?ed compensation value AI‘ Which 
sinusoidally changes With time. 

[0037] Where the inertia compensating section 16 gener 
ates pulses indicative of a compensation current value AI at 
a short interval, the Waveform transforming section 17 
superimposes sinusoidal Waveforms P1, P2 for the respec 
tive pulses to generate the modi?ed compensation value AI‘ 
Which changes in a greater sinusoidal Waveform P12. 

[0038] The control command value I+AI‘ is obtained by 
superimposing the modi?ed compensation value AI‘ on the 
target current value I in the adder section 18. Therefore, the 
Waveform of FIG. 2D obtained by superimposing the Wave 
forms of FIGS. 2A and 2C indicates a time-related change 
in the control command value I+AI‘. 

[0039] With the aforesaid construction according to this 
embodiment, the pulsed change in the compensation current 
value AI generated by the inertia compensating section 16 is 
converted into the sinusoidal time-related change by the 
Waveform transforming section 17. Then, the control com 
mand value I+AI‘ is generated by superimposing the modi 
?ed compensation value AI‘ gradually changing in the sinu 
soidal Waveform With time on the target current value I, and 
the electric motor 25 is controlled on the basis of the control 
command value I+AI‘. Even if the steering torque T changes 
very sloWly, uncomfortable vibrations and noises can be 
prevented Which may otherWise occur due to resonance 
betWeen the electric motor 25 and the steering mechanism 3, 
and the like. 

[0040] Where the steering torque T changes relatively 
rapidly, the plurality of sinusoidal Waveforms for the pulses 
indicative of the compensation current value AI outputted 
from the inertia compensating section 16 are superimposed 
one on another for the generation of the modi?ed compen 
sation value AI‘ Which changes in the greater sinusoidal 
Waveform. This eliminates the possibility of a response 
delay. 

[0041] While one embodiment of the present invention has 
thus been described, the invention may be embodied in any 
other Ways. Although the Waveform transforming section 17 
is adapted to generate the stepWise sinusoidal Waveform 
With four steps in response to the input of the pulse of the 
compensation current value AI (corresponding to the mini 
mum value (1 bit) of AT), a stepWise sinusoidal Waveform 
may be generated by employing three discrete values or ?ve 
or more discrete values. 

[0042] While the present invention has been described in 
detail by Way of the embodiment thereof, it should be 
understood that the foregoing disclosure is merely illustra 
tive of the technical principles of the present invention but 
not limitative of the same. The spirit and scope of the present 
invention are to be limited only by the appended claims. 

[0043] This application corresponds to Japanese Patent 
Application No. 2000-72546 ?led to the Japanese Patent 
Of?ce on Mar. 15, 2000, the disclosure thereof being incor 
porated herein by reference. 
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What is claimed is: 
1. A control system for an electric power steering system 

adapted to generate a steering assist force by an electric 
motor driven on the basis of a steering torque applied to an 
operation member, the control system comprising: 

a target current determining circuit for generating a target 
current value according to the steering torque; 

a compensation value determining circuit for generating a 
compensation current value according to a time-based 
differential value of the steering torque; 

a Waveform transforming circuit for performing a Wave 
form transformation to convert the compensation cur 
rent value generated by the compensation value deter 
mining circuit into a modi?ed compensation value 
Which sinusoidally changes With time; 

a circuit for generating a control command value by 
superimposing the modi?ed compensation value gen 
erated by the Waveform transforming circuit on the 
target current value determined by the target current 
determining circuit; and 

a motor driving circuit for driving the electric motor on 
the basis of the control command value. 

2. A control system as set forth in claim 1, Wherein the 
compensation value determining circuit generates the com 
pensation current value in a digital data form on the basis of 
the time-based differential value of the steering torque in a 
digital data form. 

3. A control system as set forth in claim 1, Wherein the 
Waveform transforming circuit performs the Waveform 
transformation so that a pulse indicative of the compensation 
current value for a minimum value of the time-based dif 
ferential value of the steering torque is converted into a 
digital signal having a stepWise sinusoidal Waveform 
expressed by at least three discrete values. 

4. An electric poWer steering system comprising: 

an electric motor for generating a steering assist force; 
and 
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a control system for driving the electric motor on the basis 
of a steering torque applied to an operation member, 

the control system comprising: 

a target current determining circuit for generating a target 
current value according to the steering torque; 

a compensation value determining circuit for generating a 
compensation current value according to a time-based 
differential value of the steering torque; 

a Waveform transforming circuit for performing a Wave 
form transformation to convert the compensation cur 
rent value generated by the compensation value deter 
mining circuit into a modi?ed compensation value 
Which sinusoidally change With time; 

a circuit for generating a control command value by 
superimposing the modi?ed compensation value gen 
erated by the Waveform transforming circuit on the 
target current value determined by the target current 
determining circuit; and 

a motor driving circuit for driving the electric motor on 
the basis of the control command value. 

5. An electric poWer steering system as set forth in claim 
4, Wherein the compensation value determining circuit gen 
erates the compensation current value in a digital data form 
on the basis of the time-based differential value of the 
steering torque in a digital data form. 

6. An electric poWer steering system as set forth in claim 
4, Wherein the Waveform transforming circuit performs the 
Waveform transformation so that a pulse indicative of the 
compensation current value for a minimum value of the 
time-based differential value of the steering torque is con 
verted into a digital signal having a stepWise sinusoidal 
Waveform expressed by at least three discrete value. 


