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(57) Abstract: A steering control system (10) for a vehicle includes: an electric motor (15) applying assist force to turning operation
of a steering wheel (FW1, FW2); a torque sensor (22) detecting a torque (T) generated in a steering system including the steering
wheel (11) and varying with the turning operation; an angular velocity sensor (23) detecting an angular velocity (®") generated in the
steering system and varying with the turning operation; and a control unit (24) computing an assist control amount for the turning
operation by using the torque (T) and the angular velocity (®'), and, when there occurs an abnormality in torque detection operation
of the torque sensor (22), increasing a control amount (Tc) computed by using the angular velocity (®') detected by the angular velo -
city sensor (23) among control amounts that constitute the assist control amount as compared to that when the operation of the
torque sensor (22) is normal and executing drive control over the electric motor (15) on the basis of the assist control amount.
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STEERING CONTROL SYSTEM FOR VEHICLE AND STEERING CONTROL
METHOD FOR VEHICLE

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The iriventio_n relates to a steering control system for a vehicle and a

steering control method for a vehicle.

2. Description of Related Art

[0002] For example, there is known a control ‘method for an.electric power

steering system as described in Japaneée Patent No. 4969368. In this existing control

- method for an electric power steering system, a steering assist amount is controlled in

response 1o a steering torque detected by a steering torque sensor and a derivative value of

the steering torque. In the control method, at the time when the steering torque sensor is

abnormal, the steering torque is estimated on the basis of information about a state of a

- vehicle, acquired via an in-vehicle network of which the sensing interval is longer than the

1'sensing interval of the steering torque sensor, and the estimated steering torque is used

instead of the steering torque. * Thus, the steering assist amount is controlled on the basis
of the estimated steering torque and a derivative value of the estimated steering torque. In
the existing control me‘:thod‘ for an electric power steering system, in controlling the
steeringﬁssist _ambunt at the time when the \steering torque sensor is abnormal, a control
gain based on the derivative value of the estimated steering torque is set so as to be larger
than a control gain based on the derivative value of the steering torque at the time when the
steering torque is normal.

[0003] With thg'above control method for an electric power steering system, at
the time when the steering torque sensor is abnormal, it is possible to control the steering

assist amount on the basis of the estimated steering torque, estimated on the basis of the

CONFIRMATION COPY
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information about the state of the vehicle, and the derivative value of the estimated. steering
torque. Furthermore, in the above control over the steermg assist amount, although the
sensing interval at which 1nformat10n about the state of the vehicle is acqulred via the
in-vehicle network is longer than the sensing interv_al of the steering torque sensor, it is
possible to suppresé a decrease in the response of steering assistance at the time when the
steering to_rque sensor is abnormal by setting the control gain based on the derivative value
of the estimated steering torque such that the eontrol gain based on the derivative value of
the estimated steering torque is larger than the control_ gain based oh the derivative value of
the steering torque at the time when the steering torque sensor is normal. Thus, a steering
feeling close to that during nermal times is obteined. |

[0004] Incidentally, in the above-described existing control method for an electric
power steering system,the sensing interval at which information about the state of the
vehicle is acquired via the in-vehicle network is longer than the sensing interval of the -
steering torque sensor, so an update eycle of the estimated steering torque shortens.
Therefore, for example, if torque vibrations due to extemal force are ,input to the electric
power steering system because of a road noise, or the like, ahasmg may occur. That is, in
the above-described ex1stmg control method for an electric power steering system, if a
torque detectlon cycle becomes longer than half the thque Vlbratlon cycle, that is,
Nyquist's sampling theorem is violated, aliasing occurs. If the estimated steering torque
is estimated in a state where aliasing has been oecutrirtg, a desired assist amount (assist
torque) may not be obtained. , | o

[0005]  This will be more specifically described with reference to FtG. 12A and
FIG. 12B. FIG. 12A shows a'case in which, for examble, when the wavefotm of input:
torque (estimated steering torque) that is input to the existing electric power steering
system periodically varies sinusoidally, a torque (estimated steering torque) that is detected '
at each sampled pdint at intervals of the torque detection cycle is detected -as a constant
value larger than an average value indicated by the dashed line due to the influence of
aliasing. In this case, the torque (estimated steering torque) detected as a constant value

is larger than the average value, so the assist amount niay increase and the differential
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value obtained from the thus detected torque (estimated steering torque) is "0". Therefore,

it is difficult to maintain the response of steering assistance even when a control gain based

on the derivétive value is increased.

[0006] FIG. 12B shows a case in Which, for example, when the waveform of input
torque (estimated steéring torque) that is input to\the exisﬁng electric power- steering- -
system periodically varies sinusoidally, é torque (estimated steering torque) that is detected
at each sampled point at intervals of the torqﬁ; detection cycle is detected sd as to fluctuate
in accordance with an apparent torque _ﬂuctﬁation c”y'cle du_é to the inﬂuence of alia’sing‘
although the average value indicated by the dashed line is constant. In this case, the
detected torque (estimated steering torque) apparently fluctuates at a cycle different from
the periodical variation (osci‘llation) of the input torque for the constant average value.
Therefore, the assist amount may fluctuate unintentionally,_and' the derivative value also -
unintentionally ﬂuctuat‘es, so it is difficult to maintain the response of steering assistance.

[0007] In this way, if the torque (estimated steering torque) or the derivative value
of the torque, both of which can be influenced by aliasirig, ié ‘used, it may be difficult to |
éppropriately use, particularly, the derivative value of the tofque (estimated steering 4

torque) in steering assistance control. ~ As a result, vibrations (self-excited vibrations) due

to the input torque easily occur in a turning operation direction of a steering wheel. Thus,

- when there occurs an abnormality in the steering torque sensor, a driver may perceive

unpleasant self-excited vibrations due to a disturbance, such as a road noise, via the

* steering wheel gripped by thé dr_ivér itself, and may experienc'e discomfort.

SUMMARY OF THE INVENTION
[0008] - The invention provides a steering control system for a Vehicie and a
steering control method for a V>ehicle, which are able to stabiy assist driver's operation of a
steering wheel even when there occurs an abnormality in detecting a torque with the use of
a torque sensor.
- [0009] Anbaspect of the invention provides a steering confrol system for a vehicle.

The steering control system includes: an electric motor configured to apply assist force to
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turning operation of a steering wheel; a torque sensor configured to detect a torque that is

generated in a steering system including the steering wheel énd that varies with turning
operatioh of the steering wheei; an angular velocity sensor configured to detect an angular
velocity that is generated iﬁ the steering system bincl_uding the steering wheel and that varies
with turning operation of the steering wheel; anﬂdn a c_bntrol uhit configured to compute an
assist control .amount for turning operation of the steering wheel by using the torque and
the angular velocity, and configured to, when there occurs an abnormality in operation of
the torque sensor to detect the torque, increase a first control amount that is computed by
using the angular velocity detected by the angU_lar velocity sensor among control a_mountS
that constitute the assist control amount as compared to that when operation of the tbrque

sensor to detect the torque is normal and execute drive control over the electric motor on

the basis of the assist control amount.

[0010] In the above aspect, the first control amount that is computed by using the-
angular velocity detected by the angular velocity sensor may be a danmiping control amount
for suppressing vibrations occurred in proportion to the angular velocity in a turning

operation direction of the steering wheel. In these cases, the control unit may include: an

‘abnormality determination unit configured to determine whether there is an abnormality in

operation of the torque sensor to detect the torque; and an angular velocity-related control.

amount computing unit configured to, when the abnormality determination unit has’

- determined that there is an abnormality,’ compute the first control amount that is computed

by uéing the angulaf velocity detected by the angular velocity sensor among the control

amounts that constitute the assist control amount by increasing the first control amount as
compared to that when operation of the torque sensor to detect the torque is normal. |

[0011] ~ With these cpnﬁgurationsv, when there occurs an abnofmality in detectidn
operation of the torque sensor, the control unit is able to compute the first contro‘l amount
that is computed by usingv the angular velocity detected by the angular velocity sensor

(specifically, a damping control amount) among the control amounts that constitute the

- assist control amount by increasing the first control amount. Thus, for example even

when there occur self-excited vibrations in the turning operation direction of the steering
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wheel due to a disturbance, or the like, input to the steering system, it is possible to quickly
damp and converge the occurred self-excited vibrations by using the control amount that is
computed by using the angular velocity detected by the angular Velociiy sensor

(specifically, the damping control amount). Thus, even if there occurs an abnormality in

‘the detection operation of the torque sensor, it is possible to execute assist control close to -

that during normal times, it is possible to provide stable assistance, so it is possible to
effectively suppress a feeling of strangeness experienced by the driver.

' [0012] When there occurs an abnormality in the detéction operation of the torque
sensor, it is possible to increase the first control amount that is computed by using the
angular velocity detected by the angular velocity sensor (specifically, the damping control

amount), so, for example, even if there occurs an abnormality in the detection operation of

the torque sensor and the detected torque is influenced by aliasing as a result of detection,

it is possible to suppress unintended self-excited vibrations of the steering wheel. Thus, it
is possible to effectively pfeVent occurrence of unintended ‘unpleasant assistance in driver's
turning operation of the steering wheel du‘e.to the influence of aliasing. |

[0013] In the above aspect, the cbntroi unit may be configured to, when there
occurs an abnormality in operation of the torque sensor to detect the torque, reduce a first ,
control amount that is computed by using .a derivative value obtained by temporally
differentiating the torque detected by the torque sensor among the control amounts that |
constitute the assist control amount as compared to that when operation of the torque
sensor to detect the torque is normal.

[0014] In the above aspect, the second control amount that is computed by using
the derivative value obtained by temporally differentiating* the torque detected by the
torque sensor may be a derivative control amount that converges vibrations that occur in
the ste.e'ring wheel in proportioﬁ to the derivative value due to a disturbance that is input '
from an outside to the steéring system.

[0015] With these configurations, when there is an abnormality in the detection
operation of the torque sen.sor, the control unit is able 1o reducc the second control amount

that is computed by using the derivative value obtained by temporally differentiating the
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torque detected by the torque sensor (specifically, the derivative control amount).  Thus, it
is possible to effectively reduce occurrence of a situation that there is an abnormality in the

detection operation of the torque sensor and the second control amount that is computed by

* using the derivative value obtained by temporally differentiating the torque detected by the
‘torque sensor (speciﬁcally, the derivative control amount) is, for example, computed so as
to be larger than or smaller than an intended amount in assist control due to the influence

- of aliasing, so it is possible to provide stable assistance.

[0016] In this "casé, ‘the second control amount that is computed by using the

derivative value obtained by temporally -differentiatin.g the torque (specifically, the

" derivative control amount) reduces, and vibrations easily occur in the turning operation

direction of the steering wheel due to a disturbance. However, in this case as well, it is

possible to increase the first control amount that is computed by using the angular velocity

- detected by the angular velocity sensor (specifically, the damp‘ing control amount). Thus,

even if there occurs an abnormality in the detection operation of the torque sensor and the
detected tofque is influenced by'aliasing, it is possible to suppress unintended self-excited/
vibrations of the steering: wheel. Thus, it is possible to effectively prevent occurrence of
urﬁntended unpleasant assistance in driver's turning operation of the Steering wheel.

[0017] In the above aspec@,. the control unit may be configured to, when there
occurs an abnorrriélity in operation of the torque sensor to detect the torque, set a dead
zone in which the assist control amount is computed such that a third control amount that is
computed by using the torque detected by the torque sensor among the control amounts
that constitute the assist control amount is set to "0" by assuming the magnitude of the
torque that is input as a result of turning operation of the steering wheel as "0".

[0‘018]' In the above aspect, the control unit may be configured to, when there
occurs an abnormality in operation of the torque sensor to detect the torque, expand a range _
in which the magnitude of the torque that is input as a result of turning operation of the
steering wheel is assumed as "0" in the dead zone. »

[0019]  In the above aspéct, the third control amount that is computed by using the

torque may be a basic control amount that correlates with the torque so as to monotonously
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increase and that determines an assist characteristic for turning operation of the steering
wheel. | |

[0020] With these configurations, when there is an abnormality in the detection
operation of the torque sensor, the control unit is able to set the dead zone near the neutral
position of the steering- wheel for the third control amount that is computed by using the
torque detected by the torque sensor (speciﬁcally, the basic control amount). Thus, in the
case where there is an abnormality in the detection operation of the torque sensor, for
example, when the driver causes the vehicle to travel straight ahead (in other words ‘when
the torque that is input by the driver to conduct turnmg operation is "0"), it is p0551b1e to
effectlvely prevent fluctuations of the th1rd control amount that is computed by usmg the
torque detected by the torque sensor (specifically, the basic control amount) due to the
influence of aliasing.

[0021] In this case as well, it is possibleto increase the first control amount thatis

computed by usmg the angular Velocrty detected by the angular velocity . sensor

‘ (specrﬁcally, the dampmg control amount) or reduce the second control amount that is

computed by using the derivative value obtained by temporally dlfferentratmg the torque

detected by the torque sensor (specifically, the derivative control amount). Thus, even if

_there occurs an abnormality in the detection operation of the torque sensor and the detected

torque ie influenced by aliasing, it is possible to suppress unintended self-excited
vibrations of the steering vrheel Thus, it is possible to effectively prevent occurrence of
unintended unpleasant a551stance in driver' s turning operation of the steermg wheel

[0022] In the above aspect, the control unit may be conﬁgured to when there
occurs an abnormality in operatron of the torque sensor to detect the torque, reduce a
maximum gradlent of a third control amount that is computed by using the torque for a
varlatlon in the torque among the control amounts that constitute the assist control amount
as compared to that when operation of the torque sensor to detect the torque is normal.

[0023] With this configuration, when there'is an abnormality in the detection
operation of the torque sensor, the control unit is able to reduce the maximum gradient of -

the third control amount, which is computed by using the torque detected by the torque
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sensor, for a variation in the torque. vThus; even when there is an abnormality in the
detection operation of the torque sensor, it is possible to stably assist driver's turning
operation of the steering wheel. In this case as well, it is possible to increase the first
control amount that is computed by using thé angular velocity detected by the angular
velocity ‘sensor (specifically, the damping control.amm.mt) or reduce the second control :
amount that is computed by using‘ the derivative value obtained by temporally
differentiating the torque‘ detected by the torque sensor (specifically, the derivative control
améunt). Thus, even if there occurs an abnormality in the detection operation of the

torque sensor and the detected torque is influenced by aliasing, it is possible to suppréss

unintended self-excited vibrations of the steering wheel. Thus, it is possiblé to effecﬁvely

prevént occurrence of unintended unpleasant assistance in driver's turning operation of the
stééring Wwheel. | |

[0024]  Inthe a‘bo%: aspect, the first control amount that is computed by using the
térque may be a basic control arﬁount that correlates with the torque. 0 as to monotonously
increase and that determines an assisf cﬁaraéteristic for turning operation of the steering
wheel. |

[0025] In the above aspect, the control unit may be .conﬁgured to, when there
occurs an abnormality in operation of the torque sensor to detect thé torque, compute the
assist control amount by keeping the torque, detected by the torque sensor up to the last
detection cycle, until the torque sensor detects the torque in the next détection cycle.

[0026] In the above aspect, the control unit n&ay be configured to, when the

torque sensor detects the torque multiple times within each detection cycle, compute the

- assist control amount by keeping the torque detected last time among the plurality of

torques detected within the detection cycle until the torque sensor detects the torque in thc
next detection c_ycle.

[0027] In the above aspect, the control unit may be further configured to, when -
there occurs an abhormality in operation of the torque sensor to detect the torque, compute
the assist control amount by keeping a derivative value obtained by temporally

differentiating the torque? detected by the torque sensor up to the last detection cycle, until
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-

the torque sensor detects the torque in the next detection cycle.  [0028] A second

. aspect of the invention provides a steering control method for a vehicle. - The steering

control method includes: detecting a torque that is generated as a r\esult of turning
operation of .a steering wheel in a steering system of the Véhic_lé of which a wheel is turned,
with the use of a torque sensor; detecting an angular velocity that is generated as a result of
turning operation of the steering wheel in the steering system of the vehicle, with the use of
an angular Vélocity sensor; determining whether there is an abnormality in operation of the
torque sensor to detect ~the torque; computing. an assist control amount for turning
operation of the steering wheel by using the torqué and the angular velocity when there is |
no .ébnormaliﬁy in operation of the torque sensor to detect the jtorque; when there is an(
abnormality in operation of the torque sensor to- detect the tofque, compu_ting a con“crol(
amount that is computed by using the ,angular Vélocity among c.ontrol ‘amounts that
constitute fhe assist control amount by increasing tlie control amount as compared to that
when there is no abnormality in operationv of the torque sen.sor-to detect the torque; and
controlling.an electric motor that applies assist force to turning operation of the steering
wheel on the basis of the assist control amount. |

[0029] With these configurations, when there occurs an abndrmality in the

detection -operation of the torque sensor, the detection cycle of the torque sensor is

extended so as to be longer than the control operation cycle of the control unit. In this
case, the control unit is able to keep the torque detected in the last detection cycle and the

derivative value obtained by temporally differentiating the torque until the next detection

- cycle.  Thus, it is possible to compute the assist control amount by using the kept torque

and derivative value, so, even when there occurs an abnormality in the detection operation

of the torque sensor, it is possible to execute stable assist control.

‘ BRIEF DESCRIPTION OF THE DRAWINGS
[0030]  Features, advantageé, and technical and industrial significance of

exemplary embodiments of the invention will be described below with reference to the
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accompanying drawings, in which like numerals denote like elements, and wherein:

FIG lisa scherﬁatié view that shows the configuration of an eléctrié power steering
system to which the steering control system according ‘to the invention is applied,;

FIG. 2 is a functional block diagram that functionaliy shows computer program
processing (assist 'coﬁfrol) that is executed by an electronic control unit shown in FIG. 1;

- FIG. 3 is a view for ill.ustrating‘the fo'rque sampling operétion and tofqué holding

operation of a sampling and holding unit shown in FIG. 2 according to the embodiment of
the invention;

FIG. 4 is a graph that shows a basic control amount map that represents the

correlation between a torque (control torque) and a basic control amount, which is

consulted by a basic control ‘amount computing unit shown in FIG. 2, according to the
embodiment of the invention;

FIG. 5 is a graph that shows a derivative control amount map that represents the

_correlation between a torque derivative value (control torque derivative value) and a

derivative control amount, which is consulted by a derivative control amount computing
unit shown in FIG. 2, according to the embodiment of the invention;
FIG. 6 is a graph that shows a damping control amount map that represents the

correlation between an angular velocity and a damping control amount, which is consulted

| by a damping control amount computing unit shown in FIG. 2;

FIG. 7 is a graph that shows a derivative control amount map that represents the

correlation between a torque derivative value (control. torque’ derivative value) and a

derivative control amount, which is consulted by the derivative control amount computing

unit shdwn in FIG. 2, according to a first alternative embodiment to the embodiment of the
invention; |

FIG. 8 is a. gr'éph. that shows a basic éontrol amount map that réprese’nts the
correlation between a fofque (control torque) and a basic control amount having a dead
zone during abnormal times, which is consulted by the basic control amount cdmputing

unit shown in FIG. 2, according to a second alternative embodiment to the embodiment of

~ the invention; .
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FIG. 9 is a graph that shows a basic control amount map that represents the

correlation between a torque (control torque) and a basic control amount having a dead

~ zone during normal times and during abnormal times, which is consulted by the basic

control amount computing unit shown in FIG. 2, according to the second alternative
embodimenf to the embodiment of the invention; ’

FI1G 10 is a graph that shows a basic control amount map that represents the
correlation between a torque (control torque) and a basic control amount of which é
maximum gradient during abnormal times is suppressed, which is consulted by the basic
control amount computing unit shown in FIG. 2, according to a third alternative
embodimeht to the embodiment of the invention; |

FIG. 11 is a view for illustrating the torque sampling operation and terque holding
operation of the sampling and holding unit shown in- FIG. 2 according to a fourth
eiternative embodiment to the embodiment of the invention; and | |

FIG. 12A and FIG. 12B are views for illustrating the influence of aliasing.

" DETAILED DESCRIPTION OF EMBODIMENTS

[0031] Hereinafter, a steering control system for a vehicle according to an-
embodiment of the invention will be described with reference '_ to the accompanying
drawings. F IG 1 schematicaliy shows an electric power steering system 10 to which the
steering control system for a-vehicle according to the present embodiment is applicable.

[0032]  The electric power steering system 10 includes a steering wheel 11 that is
turned‘ by a driver in order to turn right and left frent wheels FW1, FW2 that serve as
steered wheels. The steering wheel ’1_1 is fixed to the‘upper end of a steering .shaft 12.
The lower end of the steering shaft 12 is connected to a t_urnirig gear unit .U. A system

including the steering wheel 11, the steerin'g shaft 12 and the turning gear unit U is referred

to as steering system‘.b

[0033] The turning gear unit U is, for example, a gear unit that employs a
rack-and-pinion type. The turning gear unit U is configured such that rotation of a pinion

gear 13 integrally assembled to the lower end of the steering shaft 12 is transmitted to a
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rack bar 14. An electric motor 15 (hereinafter, the electric motor is referred to as EPS

motor 15) for reducing (assistihg) operation force (more specifically, steering torque) that

' i input to the steeririg wheel 11 by the driver is provided in the turning gear unit U.
- Assist force (more specifically, assist torque) that is generated by the EPS motor 15 is

~ transmitted to the rack bar 14.

{0034]  With this configuration, the rotation force of the steering shaft 12 as a

‘result of the driver's turning operation of the steering wheel 11 is transmitted to the rack

bar 14 via the pinion gear 13, and the assist torque of the EPS motor 15 is transmitted to
the rack bar 14. Thus, the rack bar 14 is displaced in the axial directibn by the rotation
force from the pinion gear 13 and the ass}st torque of the EPS motor 15. Thus, the right
and left front wheels FW1, FW2 respectively connected to both ends of the rack bar 14 are
turned laterally. | | |

[0035] The electric power steerihg system 10 in the présent embodiment is
implemented as a rack assist type in which the EPS motor 15 transmits assist torque to thle '
rack bar 14 of the turrﬁngl géar unit U. | However, a pinion assist type in which the EPS

!

motor 15 transmits assist torque to the pinion gear 13 or.a column assist type in which the

'EPS motor 15 transmits assist torque to a column main shaft, which constitutes the steering

shaft 12, via a predetermined speed reduction mechanism may be employed as another
conﬁguraﬁon of the electric power steeringzsystem 10.

[0036]  Next, an electric control device 20 that controls the operation of the
above-described EPS motor 15 will be described.  The electric chtrdl device 20 includes
a vehicle speed se,nsvor 21, a steering torque sensor 22 and a motor rotation angle sensor 23.
The stéering torque sensor 22 constitutes a torque sensor. The motor rotation angle
sensor 23 constitutes an angular velocity sensor. The vehicle speed sensor 21 detects a
vehicle speed V of the vehicle, and outputs é signal corresponding to the vehicle speed V.

[0037]  The steering torque sensor 22 is assembled to the steering shaft 12. The
steeriﬁg torque sensor 22 detects a steeping torque T at a predetermined detection cycle,
and Qutputé a signal corres'pondirig to the steering torque T. The steering torque T is input

to the 'steering shaft 12 by driver's turning operation of the steering wheel 11. The
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~steering torque sensor 22 outputs the steering torque T as a positive value when the

steering wheel 11 is turned rightward. The steering torque sensor 22 outputs the steering
torque T as a negative value when the steering wheel 11 is turned leftward.

[0038] Here, the stéering torque sensor 22 in the present embodiment is formed of

a sensor that varies an electric resistance or a magnetic resistance in response to a twisted

angle of a torsion bar provided in the middle of the steering shaft 12 and then outputs a

voltage signal correspondmg to the varied electric resistance or magnetlc resistance.

Therefore, in the present embodlment two sets resolver sensors-are employed and
implemented as the steering torque sensor 22.  The resolver sensors include a resolver .
rotor that rotates together with the tors1on bar and a resolver stator ﬁxed to a Vehlcle body
side in face of the‘ resolver rotor. - A primary coil that is an exciting coil is provided at one
of the 'resoli/er rotor and the resolver stator, and a pair of sécondary coils that serve as
detection coils are provided at the other one of the resolver rotor and the resolver stator at a
phase interval of n/2. By exciting the primary coil with a SIN-phase Signal, the
secondary coils respectively output a.SIN-phase output signal and a COS-phase output
signal as two types of induced voltage signals corresponding to a rotation angle.

[0039] The steering torque sensor 22 formed of .the two- sets resolver sensors
detects a rotation angular posmon at a predetermmed detection cycle by obtamlng the
amplitude ratio between. these SIN-phase output signal and the COS-phase output signal,
and outputs a signal corresponding to the rotation angular position as a signal |
corrésponding to the steering torque T.  The steering torque sensor 22 outputs a signal at
the detection cycle shorter than or equal to the operation control cycle of the EPS motor 15
controlled by the electric control device 20 when the detection éperation of the steering
torque sensor 22 is normal on the basis .of a known abnormality determination method, or
the like. In other words, the steering torque sensor 22 outputs a signal corresp'on’ding' to
the steering torque T at the detection cycle equal to or shorter than the control operation
cycle of assist+control. On the other hand, when there occurs an abnormality in .the

operation of the steering torque sensor 22, the steering torque sensor 22 outputs a signal

~corresponding to the steering torque T at the detection cycle longer than the control
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- operation cycle.

[0040] " The motor rotation angle sensor 23 is assembled to the EPS motor 15.

~ The motor rotation angle sensor 23 detects a rotation angle ® with respect to a preset

rotation position, and outputs a signal corresponding to the rotation angle ®. The motor
rotation angle sensor 23 outputs the rotation angle © as a positive value when the EPS

motor 15 applies assist torque to the rack bar 14 in order to turn the right and left front

wheels F W1, FW2 rightward. The motor rotation anglé sensor 23 butputs the rotation

angle © as a negative value when the EPS motor 15 applies assist torque to the rack bar 14

in order to furn the right and left front wheels FW1, FW2 leftwafd.

[0041]  The electric control device 20 includes an electronic control unit 24 that

controls the operation of the EPS motor 15. The electronic control unit 24 includes a

microéomputer formed of a CPU, a ROM, a RAM, and the like, as a major component, and
controls the operation of the EPS motor 15. Therefore, the sensors 21 to 23 are connected
to an input side of the electronic control unit 24. The electronic control unit 24 executes

drive control over the EPS motor 15 by using the detected' values detected by these senéors

21 to 23 as will be described later. On the other hand a drive circuit 25 for dr1v1ng the

EPS motor 15 is connected to an output 51de of the electromc control unit 24,

[0042] Next, drive control over the EPS motor 15, that is, assist control, executed
by the thué configured electric control device 20 (more specifically, the electronic controi
unit 24) will be described‘ with reference to the functional block diagfam of FIG. 2 that
shows functions implemented through computer program processing in the electronic
control unit 24.  The electronic control unit 24 applies appropriate assist force by
executing drive control over the EPS motor 15 in order to reduce the load of driver's
turning operation of the steering wheel 11.

[0043]  Therefore, the electronic control unit 24 is formed of a torque-related

“control amount computing unit 30, a rotation angle-related control amount computing unit

40 and an assist control unit 50. The torque-related control amount Computing unit 30
computes a basic control amount Ta and a derivative control amount Tb that are control

amounts relating to the steering torque T (hereinafter, the steering torque T is also referred
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to as torque T) that is detected by the steering torque sensor 22. The rotation
angle-related control amount computing unift 40 computes a demping control amount Tc
that is a control amount relating to the rotation angle © that is detected by the motor
rotation angle sensor 23./ The assist control unit 50 computes an assist amount Tt as an
assist control amount and executes drive control over the EPS motor 15 by using the basic
control amount Ta and the derivative control amount Tb, eomputed by the torque-related
control, amount computing. unit 30, and the damping control amount Tc computed by the
rotation angle-relafed cOntfol amount computing unit 40.. Hereinéfter, the torque-related

control amount computing unit 30 will be specifically described first.

[0044)  The torqﬁe-related,control amount \com’p‘uting unit 30 includes a torque

“ computing unit 31.  the torque computing unit 31 receives the signal corresponding to the

steering torque T (torque T) output from the steering torque sensor 22, and constitutes the

torque sensor that computes the torque T.  When the torque computing unit 31 computes
the torque T, the torque computing unit 31 outputs the computed torque T to a torque
derivative computing unit 32 and a sampling and holding unit 33 (hereinafter, simply
referred to as S/H unit 33). Here, as described above, the steering torque sensor 22
outputs a signal corresponding to the torque T at the detection cycle Shorter than or equal
to‘the coﬂtrol operation cycle of the electronic control unit 24 when the detection'operation
is‘norrnal, and outputs a signal corresponding to the tordue T at the detection cycle longer -
than' the control operation cycie when there is an abnormality in the detection operation.
Thus, of course, the torque T that is outpu;[ from the torque eomputing unit 31 to the tofque
derivative computing unft 32 and the S/H wnit 33 is output at the cycle according to the
detectioﬁ cycle when the steering torqﬁe sensor 22 is normal or when the steering torque
sensor 22 is abnormal. | |

[0045] The torque derivative 'computing. unit 32 receives the torque T supplied
from the torque computing unit 31. The torque derivative computing unit 32 temporally
differentiates the input torque T, and outputs a time derivative value dT/dt of the torque T
(hereinafter, simply referred to as torque derivative value T') to a sampling ahd holding

unit 34. Hereinafter, the sampling and holding unit 34 is also simply referred to as the
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S/H unit 34. ,

[0046] ’When the detection operation of the steefing torque sensor 22 is normal,
the S/H unit 3-3 dire.ctly outputs the torque T, output form the torque computing unit 31, to
a basic control amount computing unit 35. On the other hand, when there is an
abnormality in the detection operatlon of the steering torque sensor 22, the S/H unit 33
holds (keeps) the torque T output from the torque computing unit 31, that is, the sampled

torque T, in accordance with the detection cycle of the steermg torque sensor 22 until the

next sampling, and outputs the held torque T to the basic control amount computing unit 35

in accordance with the control operation cycle.

[0047] When the detection operation of the steering tofque sensor 22 is normal,

“the S/H unit 34 directly outputs a torque derivative value T', output from the torque

derivative computing unit 32, to the derlvatlve control amount computing unit 36.  On the
other hand, when there is an abnormality in the detection operation of the steering torque
sensor 22, the S/H unit 34 holds (keeps) the torque derivative value T' computed by the
torque derivative computing unit 32, that is, the sampled torque derivative value T, in
accordance with the detection cycle of the steering torque’ sensor 22 until the next sampling,
and outputs the held torque derivative value T' to the derivative control amount _combuting
unit 36 in accordance with the control operation cycle. Heteinafter, sampling and holding
of each of the S/H unit 33 and the S/H unit 34 will be specifically described with reference
to FIG. 3. |

[0048]  When there occurs an abnorruality‘in the detection operation the steering
torque sensor 22 outputs a s1gnal corresponding to the steering torque T (torque T) at the
detectlon cycle (hereinafter, referred to as torque detection cycle) longer than the control
operatlon cycle of the electronic control unit 24. In this case, as shown in FIG. 3, the

torque detectlon cycle consists of a torque detectable pertod and a torque non-detectable

period. When the torque detectable perlod is longer than the control Operatlon cycle, the

process in which the torque T is computed by the torque computing unit 31 is executed
multiple times (twice in FIG. 3) in each control operation cycle.

[0049]  When the torque computing unit 31 executes the process of computing the
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torque T multfple times within the torque detectable period, the torque compliting unit 31
outputs the torque T, computed by the last computing process, to the S/H unit 33. Here,
in the torque detection cycle, the torque non-detectable period comes after a lapse of the

torque detectable period, and output of the torque from the torque computing unit 31 is |

- interrupted. Therefore, as. shown in FIG. 3, the S/H unit 33 holds (keeps) the torque T;

computed in the last computing process, as a sarhpled point until the next torque detection
cycle (more Speciﬁcally, the torque detectable period), and outputs the held torque T to the

basic control amount computing unit 35 as a control torque Th in accordance with the

~control operation cycle. lThus, although discrete for an actual to_rqu.e indicated by the long

dashed line in FIG. 3, it is possible to supply the torque T detected by the steering torque
sensor 22, that is, the control thqué Th held at constant in each torque detection cycle, to
the basic control amount computing unit 35. |
[0050] When the torque computing unit 31 executes the process of computing the
torque T multiple times in the torque detectable period, the torque compi;ting unit 31 is

able to outpﬁt the plurality of (two in FIG. 3) torques T, éomputed as a result of the

computing process, to the torque derivative computing unit 32. Thus, as shown in FIG. 3,

fhe torque derivative computing unit 32 computes theltorque derivative value T' by
temporally di.t”ferentiating tﬁe plurality of | torques T supplied from the torque computing
unit 31.  Here, as described above, in the torqﬁe detection cycle, the torque non-détectable
period comes after a lapse of the torque detectable period, and output of the torque T from
the torque computing unit 31 is interrupted. Thérefore, as_shown in FIG. 3, when the
torque derivative computing unit 32 executes ;[he‘ process of computing the torque
derivative value T° multiple‘ times in the torque detectable period, the torque derivative
computing unit 32 outputs the torque derivative value T', computed in the last computing
process, tothe S/H unit 34, | |

[0051]  Thus, as shown in FIG. 3, the S/H unit 34 holds (kéeps} the torque
derivative value T', computed in the last computing pfocess, as a sarﬁpled point until the

next torque detection cycle (more specifically, the torque detectable period), and outputs

the held torque derivative value T' to the derivative control amount computing unit 36 as a



10

15

20

25

WO 2014/115014 18 PCT/IB2014/000051

control torque derivative value T'h in accordance with the-control operation cycle. In the

case of the torque derivative value T' as well, although discrete fdr a temporal variation in
actual torque, indicated by the long dashed line in FIG. 3, it is possible to supply the
tenippral variation in the torque T detected by the steering\ torque sensor 22, that is, the
control torque derivative value T'h held at constant in each torque detection cycle, to the
derivative control amount corﬁputing unit 36.

[0052] Referring back to FIG. 2, the basic control amount compuﬁng unit 35

receives the torque T or the control torque Th from the S/H umit 33 in accordance with

whether the detection operation of the steering torque sensor 22 is normal or abnormal, and
computes the basic control amount Ta that monotonously increases with an increase in the

absolute value of the torque T or control torque Th. Therefore, the basic control amount

"computing unit 35, for example, computes the basic control amount Ta corresponding to

the ihput torque T or Qontr01 torque Th by consulting a basic control ‘amount map that
monotoﬁously increases like a quadric‘ function as shown in FIG. 4. In the basic control
amount map showﬁ in FIG. 4, the third quadrant and the first quadrant are symmetrical
with respect to the origin. The basic control amount computing unit 35 outputs the
computed basic control amount Ta to an assist amount computing unit 51 of the assist
control unit 50. Here, particularly, in the case where there occurs aﬁ abnormality in the
st'eering. torque sensor 22 'and. the control torque Th is input from the S/H unit 33, the basic
control amount computing unit 35 receives the control torque Th via an input filter for
adjusting the phase of a high-frequency region; and computes the basic control amount Ta
by using the control torque Th of which the phase is corrected.

10053] The basic control bamoun‘t map that is’consulted by the bésic bontroi
amount computing unit 35 is set for each representative vehicle speed V. The basic
control amount map is set such that the basic control amount Ta\relatively reduces with an
increase iﬁ the vehicle speed V and the basic control amount Ta relatively increases with a
decrease in the vehicle speed V.  Therefore, as shown in FIG. 2, the basic control amount
computing unit 35 receives the vehicle speed V from the Vehicle speed sensor 21, and

computes the basic control amount Ta corresponding to the input vehicle speed V. Instead
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of using the basic control amount map, for example, the basic control amount Ta may be
computed by using a function that expresses the basic confrol amount Ta as a function of
the torque T or control torque Th and fhe vehicle speed V. .

[0054]  The derivative control amount computing unit 36 receives the torque
derivative value T' or the control torque derivative value T'h from the S/H unit 34 in
accordance with whether the detection operation of the steering torque sensor 22 is normél
or abnormal, and computes the derivative control amount Tb that increases with an -

increase in the absolute value of the torque derivative value T' or control torque derivative

-value T'h. Here, the derivative control amount Tb is, for example, a control amount for

suppressing vibrations (self—excited vibrations) occurred in the turning operation direction
of the ‘steering wheel 11 due to ém input disturbance, such as a road noise, while ensuring
favorable response. It is possible to quickly converge self-exqitéd vibrations occurred in

the turning operation direction of the steering wheel 11 as the derivative control amount Tb

‘increases; whereas it becomes difficult to converge self-excited vibrations occurred in the

turning operation direction of the steering wheel 11 as the derivative control amount Tb
reduces.

[0055] Therefore, the derivative control amount computing unit 36, for example, ‘
computes the derivative control amount Tb corresponding to the absolute value of the input
torque derivative value T' or control torque derivative value T'h by consulting a derivative
control amount map that varies like a proportional function as shown in FIG. 5. In the
derivative control amount map shown in FIG., 5, the third quadrant and the first quadrant
are symmetrical with respect to the origin. The derivative control amouﬁt computing unit
36 outputs the com’puted\ derivative control amount Tb to the assist amount computing unit
51 of the assist cohtroi unit 50.- Instead of using the derivative control amount map, for
example, the derivative control amount Tb may be cc;mputed by using a function that
expresses thé derivative control amount Tb as a fiinction of the torque derivative value T"
or control torque derivati-ve value T'h. ’ |

[0056] Referring back td FIG. 2, the rotation angle-related control amount

computing unit 40 includes a rotation angle computing unit 41. The rotation angle
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computing unit 41 constitutes the angular velocity sensor that receives a signal
corresponding to the rotation angle ®, output from the motor rotation angle sensor 23, and

that cdmputes the rotation angle ®. When the rotation angle computing unit 41 computes

- the rotation angle ©, the rotation angle computing unit 41 output‘s the computed rotation

angle © to an angular velocity computing unit 42.
[0057]  The angular velocity computing unit 42 receives the rotation angle ®
Supplied from the rotation angle computing unit41. The angular velocity computing unit

42 temporally differentiates the input rotation angle ®, and outputs the time derivative

‘value d®/dt of the rotation angle ® to the damping control amount computing unit 43 as-an

angular velocity @'.

[0058]  The damping control amount computing unit 43 computes a damping
confrol amount Tc that varies with the abéolute value of the angular VelocityQ’ of the EPS
mbtor 15, supplied from the angular Velodity computing unit 42. vTherefore, the damping
cont'roi amo.unt,computing unit 43, for example, computes the damping control amount Tc
corresponding to the absolute’ value of the input v~angulaf velocfty ®' by consulting a
damping control amdunt*map that varies like a proportional function as shbwn in FIG. 6.
In the damping control amount mapv shoWﬁ in FIG. 6, the second quadrant and the fourth
quadrant are symmetrical with respect to the origin. ‘Here, the damping control amount
Tc is a control amount for damping vibrations that occur in the turning operation direction
of the steering wheel 11. Therefore; as described above, the damping qontrol amlount Tc
functions to effectively suppress vibrations of the steering wheel 11, occurred in the
turning operation direction, partictilar]y, in a situation that Vibrationé occurred in tfle
turning operation direction of the steering wheel vll are hard to converge as thé derivative

control amount Tb reduces, more specifically, in a situation that the control totque

derivative value T'h:of which the detection cycle is held so as to be long because of .
" occurrence of an abnormality in the detection operation of the ysteering‘torque sensor 22 is

" supplied in each control operation cycle.

[0059] That is, in a situation that the held control torque derivative value T'h is

supplied to the derivative control amount computing unit 36 in each control operation
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cycle,_the\torc‘lue derivative value T' corresponding to actual torque fluctuations is not
supplied, so the derivative centrol amount computing unit 36 may not be able to compute
the derivative control amount Tb having an appropriate magnitude. In this case, although
it becomes difficult to quickly eonverge vibrations occurred in the turning operation
direction of the steering wheel 11 by using the derivative control amount Tb, it is possible
to effectively suppress vibrations in the turning operation direction of the steering wheel 11
by appropriately setting the damping coﬁtrol amount Tc. |

[0060] Thus, the d'a.mping contro~l amount computing unit 43 varies the damping
control amount Tc that is computed when the detection operation of the steering tofqﬁe
sensor 22 is normal and the damping control amount ch that is computed When the
detection operatien of the steering torque sensor 22 is abnormal from each other. That is,
the damping control amount eoxﬁputing unit 43 computes the damping control amount Tc
(absolute value) at the time when there is an abnormality in the detection operation of the
steering torque sensor 22 as indicated by the solid line in FIG. 6 (in other words, at‘the time
When the control torque derivative value Th is supplied) by increasing the damping control
amount Tc (absolute value) as compéred to the damping control amount Te (absolute
value) ét the time when the detection operation of the steering torque sensor 22 is normal
as indicated by the dashed line in FIG. 6 (in other ‘words, at the time when the torque
derivative value T' is supplied). Thus, even when there is an abnormality in the detection
operation of the steering torque ‘sensor 22 and, for example, the centrol torque derivative
vaiue T'h relatively reduces and, therefore, vibrations easily occur in the turning operation
direction of _the steering wheel 11 due toa distﬁrbance, it is possible to quickly damp and
converge vibrations occurred in the turning operation direction of the steering wheel 11 by
computing and setting the increased absolute value of the absolute value of the damping
control amount Tc based on the aﬁgular velocity @' . |

[0061]  The damping control amount computing unit 43 outputs the ‘computed

- damping control amount Tc to the assist amount computing unit 51 of the assist control

unit 50. Instead of using the damping control amount map, for example, the damping

control amount Tc may be computed by using a function that expresses the damping
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[0062] As shown in FIG. 2, in the assist control uﬁit 50, the assist amount
computing unit 51 receives the basic control amount Ta\ supplied from the basic control
amount computing unit 35 of the torque-related cbntrol amount computivng unit 30 and the
derivative control amount Tb supplied from the derivative control amount éomputing unit (
36, and receives the damping control amount Tc supplied from the damping control
amount computing unit 43 of the rotation angle-related control amount computing unit 40.
The assist amount computing unit 51 adds the input basic control amount Ta and derivative
control amount Tb together, and computes the assist amount Tt (= Ta + Tb - Tc) as the
assist control amount by subtracting the damping control amount Tc from the added value
(Ta + Tb). When the assist amount Tt is computed in this way, the assist amount
computing unit 51 outputs the computed assist amount Tf to'a motor driv.e éontfol unit 52.

[0063] The motor drive control unit 52 receives the assist amount Tt supplied
from the assist amount éomputing ‘unit 51. The motor drive control unit 52 has a
prédetermined correlation with the magnitude of the input assist amoﬁnt Tt‘(corresponding
to assist torque), and determines a motor current command value that indicates a current-
that is supplied to the EPS motor 15. Tﬁe motor drivebcontrol unit 52 supplies the thus

determined motor current command value to the drive circuit 25, and the drive circuit 25

supplies driving current corresponding to the supplied motor current command value to the

EPS motor 15. Thus, the EPS motor 15 transmits the assjst amount Tt that reflects the
basic control amount Ta, the derivative control amount Tb and the damping control amount
Tc to the rack bar 14. Hence, the driver is able to turn the steering wheel 11 while
experiencing a favorable feeling. |

[0064.] As can be understood from the above description, according to the
above-described embodiment, when there occurs an abnormality in the detection operation
of the steerin‘g torque sensor 22, the damping control amount computing unit 43 is able to
compute the increased absolute value df the -»dampingI control amount Tc that constitutes the

assist-amount Tt. Thus, for example even when there occur self-excited vibrations in the

‘turning operation direction of the steering wheel 11 due to a disturbance, or the like, input
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‘to the steering system, it is possible to quickly damp and converge the occurred

self-excited vibrations by using the damping control amount Tc. Thus, even if there
occurs an abnormality in the detection operation of the éteering torque sensor 22, it is
pbssible to execute assist control close to that during normal times, so it is possible to
effectively suppress a feeling of strangeness experienced by the driver.

[0065] It is possible to compute the assist amount Tt by increasing the damping

control amount Te, so, for example, even if there occurs an abndrmality in the detection

operation of the steering torque sensor 22 and the detected torque T or torque derivative

‘value T' is influenced by aliasing as a result of detection, it is possible to suppress
unintended self-excited vibrations of the steering wheel 11. Thus, it is possible to
effectively prevent occurrence of uniﬁtended unpleasant assist in driver's turning operation
of the steering wheel 11 due to the influence of aliasing. |

[0066] Furthermore, when there occurs an abnormality in the detection operation.
of the steering torque sensor 22, the détection cycle is extended. In this case, the S/H unit
33 and the S/H unit 34 are respectively able to sample.the torque T and the torque
derivative value T' detected in thg last detection cycle and hold them until the next
detection cycle. Thus; it is possible to compute the basic control amount Ta and the .
derivative value control amount Tb by using the held control torque Th and control torque
derivative value T'h, and, furthermore, it is possible to add the above-described damping
control amount Te.  Therefore, even when there occurs an abnormality in the detection
opefation of the steering torque sensor 22, it is possible to execute stable assist control.
First Alternative Embodiment ’

:[0067] In the above-described embodiment, when there occurs an abnormality in
the detection operation of the 'stel:erin'g torque sensof 22, the detection cycle of the detection
operatioﬁ extends as compared .to that. during normal times, and, accordingly, tﬁe held
control torque Th is supplied from the S/H unit 33 to the basic control ainount computing
unit 35, and the held coritrol torqué derivative value T'h is supplied from the S/H unit 34 to
the derivative control amount computing unit. 36. In this case, in the above-described

embodiment, the basic control amount computing unit 35 is implemented so as to compute -
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the basic control amount Ta by using the basic control amount map shown in FIG. 4
irrespective of whether the steering torque sensor 22 is normal or abnormal, and the.
derivative control amount computing unit 36 is implemented so as to compute the
derivative control amount Tb by using the derivative control amount map shown in FIG. 5
irrespective of whether the steering torque sensor 22 is normal or abnormal. On the other
hand, in the above-described embodiment, as shown in FIG. 6, the damping control amount
comput.ing'unit 43. 1s implemented so as to compute the darhping control amount Tc
(absolute value) at the time when there is an abnormality in the detection operation of the
steering torque sensor 22 by incfeasing the damping control amount Tc (absolute value) as

compared to the damping control amount Tc (absolute value) at the time when the

- detention operation of the steering torque sensor 22 is normal.

[0068] In this case, in order to further appropriately exercise the vibration
suppressing effect of the damping control amount Tc computed by the damping control

amount computing unit 43, the derivative control amount computing unit 36 may be

implemented so as to compute a différent derivative control amount Tb (absolute value) in

accordance with Whethér the steering torque sensor 22 is normal or abnormal. - That is, the
derivative control amount computing unit 36 computes the derivativé control arhount Tb
(absolute yalue) at the time when there is an abnormality in the detection operation of the
steering torque sensor 22 as indicated by the solid line. in FIG. -7 (in other words, at the
time when the control torque derivative value T'h is supplied) by reducing the derivative
coritrol amount Tb (absolufe value) as compared to the derivative control amount Tb
(absolute value) at the time when the detection operation of the steering torque sensor 22 is
normal és indicated by the dashed line in FIG. 7 (in other words, the torque derivative -
vaiue T' is supplied).

[0069] Thus, it is possible to effectively r’educe occurrence of a situation that, for
example, a control amount larger than or smaller than the infended ‘derivative control
amount Tb is computed in assist control due to the influence of aliasing when there is an
abnormality in the detection operation of the steering torque sensor 22. In this case, the

derivative control amount Tb reduces and, as a result, vibrations easily occur in the turning

¢
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operation direction of the steering wheei 11 duetoa disturbance. However, as in the case
of the above-described embodiment, the damping control’ amount computing unit 43
computes the increased absolute value of the damping control amount Tc. Thus, it is
possible -to quickly damp and converge vibrations occurred in the turning operation
direction of the ‘steering wheel 11. Thus, as in the case ofv the above embodiment, it is
possible to effectively prevent occurrence of unintended unpleasant assistance in driver's
turning cperation of the steering wheel ‘1‘1. |
Second Alternative Embodirnent

[0070] In the above-described embodiment and first alternative embodiment, the
basic control amount computing unit 35 is implemented so as to compute the basic control
amount Ta by using the basic control amount map shown in FIG. 4 irrespective of whether

the steering torque sensor 22.is normal or abnormal. Incidentally, when there occurs an

abnormality in the steering torque sensor 22, the held control torque Th is supplied from

the S/H unit 33 in each control operation cycle, and the basic control amount computing
unit 35 computes the basic control amount Ta by using the control torque Th as described
above. Therefore, the basic control amount Ta to be coniputed may also be influenced by
aliasing. The above influence of aliasing is easily experienced by the driver, particularly,
in a state where the driver causes the vehicle to travel straight aliead, in other words, in a
state where the steering wheel 11 is held near a neutral position without being turned (that
is, a state where the steering torque T resulting from turning operation is not input to the
steering wheel 11).

| [0071] In this case, in the above-described embodiment and first alternative
embodiment, instead of the basic control amount map shown in ‘FIG. 4 conSulted by the
basic control amount computing unit 35, the basic control amount computing‘ unit 35 may

be implemented so as to consult a basic control amount map in which a dead zone is set

- near the neutral position of the steering wheel 11 at least when the steering torque sensor

22 is abnormal as shown in FIG. 8. That is, in the dead zone, thebasic control amount

computing unit 35 computes the basic control amount Ta as "0" for the control torque Th

that is supplied from the S/H unit 33. Specifically, the basic control amount computing
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unit 35 may consult the basic control amount map in which no dead zone is set as indicated
by the dashed line in FIG. 8 when the steering torque sensor 22 is normal, and may consult
the basic control amount map in which the dead zone having a predetérmined width is sét
as indicated by the solid line in FIG. 8 when there is an abnormality in the. steering torque
sensor 22. Alternatively, as shown in FIG. 9, the ba51c control amount computing unit 35
may consult a basic control amount map (dashed hne) in Wthh a narrow dead zone is set .
When the steerlng torque sensor 22 is normal and may consult a basic control amount map

(solid line) in which a dead zone wider than that during normal times is set when there is

‘an abnormahty in the steering torque sensor 22.

[0072] Thus, in the case where there is an abnormality in the detection operation |
of the steering torque sensor 22, particularly, when the vehicle is caused to fravel straight
ahead (in.other words, the steering torque T that is input by the driviér to turn the steering
wheel 11 is "0"), if is possible to effectvively prevent fluctuations of the basic control
amount Ta due to the influence of the above-described aliasing. As in the case df the
above-described embodiment and first alternative embodimént, by computing the increased
absolute value of the damping control amount Tc or computing the reduced absolute value
of the derivative control amount Tb, it is possible to' quickly damp and converge vibrations

occurred in the turning operation direction of the steering wheel 11. - Thus, in this second

alternative embodiment as well, as in the case of the above-described embodiment and first

alternative embodiment, it is possible to effectively prevént occurrence of unintended
unpleasant. assistance in driver's turning operation of the steering wheel 11.
Third Alternative Embodinmnt

[0073] | Thé above-described embodiment and‘ first and second alternatiye
embodiments are implemented without changing the’ftorqué T in the basic control amount
map or the characteristics of a variation in the basic control amount for a variation in the
control torque Th, more speciﬁcally,'the maximum gradient (that is, gain) of the basic
control amount map, irrevspective of whether the steering torque sensor 22 is'norfnal or
abnormal. In this case, when there occuré an abnormality in the steering forque sensor 22,

it is possible to stably execute assist control by setting the basic control amount map such
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~ that the maximum gradient of the basic control amount map reduces.

[0074] Specifically, instead of the basic control amount map shown in FIG. 4
consulted. b}; the basic control amount computing unit 35 in the above-described
embodiment and first and/ second alternative embodiments, the basic control amount
computing unit 35 may be implemented so as té consult the basic control amount map such
that the maximum gradient reduces whe_n the steering torque sensor 22 is abnormal. That
is, as shown in FIG. 10, the basic control amount computing‘unitv 35 méy consult a basic
control amouﬁt mép having the variation characteristics shown in FIG. 4 when the steering
torque sensor 22 is normal, and may consult a basic control amount map such that the
maximum gradient is reduced as comparea to that during normal times when there dccurs
an. abnormality in the steering torQue sensor 22. At this fime, as shown in FIG. 10, for
example, in a region smaller than or equal to a preset limit gradient, a common basic
control amount map may be consulted during normal times and during abnormal times.

[0075] Thus, even whgn there is an abnormality in the detection operatidn of the
steering torque sensdr 22, it is possible to stably assist driver's turning operation of the
steering wheel 11, and it is possiblle‘to suppress occurrence of a feeling of strangeness
between during normél times and during abnormal times dué to the coﬁﬁguration that the
basic control amount map is partially shared. As in the case of the above-described
embodiment and first and second alternative embodiments, by computing the increased
absolute value of the damping control amount Tc, computing the reduced absolute value of
the derivative control amount Tb or setting a dead zone for the basic control amount Ta, it
is possible to suppress a feeling of strangeness when the vehicle travels straight ahead and

to quiékly damp and converge vibrations occurred in the turning operation direction of the

_ steering wheel 11. Thus, in this third alternative embodiment as well, as in the case of the

above-described embodiment and first and second alternative embodiments, it is possible
to effectively prevent occurrence of unintended unpl\.easant' assistan-'ce in driver's turning
operation of the steering wheel 11.
Fourth Alternative Embodiment -

| [0076] In the above-described embodiment and first to third alternative
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embodiments, when there occurs an abnormality in the steering torque sensor 22, the
embodiments are implemented such that the torque detectable period is longer than the
control operati;)n cycle and control operations are executed multiple times within the
torque detectable period. In contrast to this, when the torque is détécted once in each long
detection cycle, the torque computing unit 31 executeé the process of pomputing the torque
T once each ﬁme the torque is detected and outputs the computed torque T to the S/H unit

33 as shown in FIG. 11. In this case, as shown in FIG. 11, the S/H unit 33 holds (keeps)

‘the computed torque T as a sampled point until the next torque detection, and outputs the

held torque T as the torque Th to the basic control amount computing unit 35 in each
cohtrol operaﬁon cycle. " Thus, in this case as well, although discrete for an ‘actual torque
indicated by thé long dashed lin¢ in FIG. 11, it’ is possible to sﬁpply the torque T detected
by the steering torque sensor 22, that is, the control torque Th held at constant within the
torque detection cycle, to the basic control amount computing unit 35 in each control
operation cycle.

[0077]  As shown.in FIG. 11, when control operation is executed ohce within the

~ torque detectable period (more specifically, torque is detected only once), the torque T

computed as a result of the cqmputing process is output to the torque derivative computing’
unit 32. In this case, as shown in FIG. 11, the torque derivative computing unit 32
executes computing process for setting a slope between the last torque T (more specifically,

the last control torque Th) and the current torque T (more specifically, the current control

~ torque Th) as the torque derivative value T, and outputs the computed torque derivative

value T' to the S/H unit 34.

[0078]  Thus, as shown in FIG. 11, the S/H unit 34 holds (keeps) the computed
torque derivative value T' as a sampled po_int‘until the next torque detection in the next
torque detec_table period, and outpufs the held torque dgrivativé value T' as the control

torque derivative value T'h to the derivative control amount computing unit 36 in each

control operation cycle. In the case of the tbrque derivative value T' as well, although

discrete for a temporal variation in actual torque, indicated by the long dashed line in FIG.

11, it is possible to supply the temporal variation in the torque T detected by the steering
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torque sensor 22, that is, the control torque derivative value T'h held at constant within the

torque detection cyclé, to the derivativ\e control amount g:omputing unit 36 in each control
operation éycle. |

[0079]  Thus, in this fourth altérnative embodiment as well, advantageous effects
equivalent to those of the embodiment and first to third alternative embodiments are
obtained. |

[0080] The invention ié not limited to the above-described embodiment anc\l
alternative embodiments; various modifications are possible without departing vfrogp the
scope of the invention. |

[0081] | For example, in the above-described embodiment and alternative

embodiments, the rotation angle computing unit 41 is implemented so as to icompute the

‘rotation angle ® by using the electric éignal output from the motor rotation anglé sensor 23,

and the angular velocity computih;g unit 42 is implemented so as to compute the angular
velocity ®' by using the rotation angle ®. In this case, instead of using the motor fotation
angle sensor 23, various sensors that are mounted on the vehicle and detéct\physiéal
quantities that -vary with turniﬁg operatibn of the steering wheél 11 may be employed.
For example, the Variousv sensors include a steering angle sensor that detects a driver's
turning operation amount of the steering wheel 11, a steered angle sensor that detects a
steered amount of the right and left front Wheels FWI1, FW2 (a displacerhent of the rack

bar 14), a motor current detection sensor that is provided at the EPS motor 15 and detects a

“driving current, a motor voltage sensor that detects a motor terminal voltage of the EPS

motor 15, and the like. The rotation angle cbmputing unit 41 may compute the rotation
angle by using the electric signals that indicate the physical quantities detected by these
various sensors, and the angular Velocity computing unit 42 may compute the angular
velocity by using the rotation angle. The angular velocity compuﬁng unit 42 is able to
directly compute the angular Velocity‘ by using the electric signals that indicate the physical
quantities detected by the various sensors. = Thus, advantageous effects similar to the

above-described embodiment and alternative embodiments are expected.



WO 2014/115014 PCT/IB2014/000051
30

CLAIMS:

1. Asteering control system fof a vehicle, comprisi'ng:

an elec\tric motor configured to apply assist force to turning operation of a steering -
wheel; |

a torque sensor configured to detect a torque that is generated in a steering system’
including the steering wheel and that varies with turning operation of the steering wheel;

an angular velocity sensor configured to detect an angular velocity that is generated
in the steering system including the steering wheel and that varies with turning operation of
the steering wheel; and |

a control unit configured to compute an assist control amount for turning operation of
the steefing wheel by using the torque and the angular velocity, and configured to, when
there occurs an abnormality in oper:ation of the torque sensor to detect the torque, increase
a first control amount that is computed by using the angular velocity defected by the
angular velocity sensor among control amounts that constitute the assist control amount as |
compared to that when operation of the torque sensor to detect the torque is normal and

execute drive control over the electric motor on the basis of the assist control amount.

2. The steering control system according to claim 1, wherein

the control unit is configured to, when there occurs an abnormality in operation of the
térque_ sensor to detect the torque, reduce a second control amount that is‘computed by
using a derivative value -obtained by temporally differentiating the torque detected by the
torque sensor among the control amounts that constitute the assist control amount as

L]

compared to that when operation of the torque sensor to detect the torque is normal.

3. The steering control system according to claim 1 or 2, wherein -
the control unit is configured to, when there occurs an abnormality in operation of the
torque sensor to detect the torque, set a dead zone in which the assist control amount is

computed such that a third control amount that is computed by using the torque detected by
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the torque sensor among the control amounts that constitute the assist control amount is set
to "0" by assuming the magnitude of the torque that is input as a result of turning operafion

of the steering wheel as "0".

4. The steering control system éccording to claim 3, wherein

the control unit is cdnﬁgured to, when there occurs an abnormality in operation of the
torque sensor to detect the torque, expand a range in which the magnitude of the torque
that is input as é result of tuming operatidn of the steering wheel vis assumed as "0" in the

dead zone..

5. The steering .control sjstem accqrding to any one of claims 1 to 4,'whereih

the control unitvi's configured to, when there occurs an abnormality in operation of the
torque séﬂsor to deteci the torque, reduce a maximum gradient of the third céntrol amount
that is computed by using the torque for a variation in the torque among the control
amounts that constitute the assist control amount vas compared to that when "operati'on of the

torque sensor to detect the torque is normal.

6. The steering control system according to claim 1, wherein |

the first control améunt that is computed by using the angular Velocity'detected by
the angular \}eldcity sensor is a damping control amount for suppressing vibrations
occurred in proportion to the angular velpcity in a turning‘ operation direction of the

steering wheel.-

7. The steering control system according to claim 2, wherein

the second control amount that is computéd by using the derivative value obtained by
' tem;orally differentiating the torque detected by thé torque sensor is a derivative control
émount that converges vibrations that occur in the steering wheel due to a disturbance that

is input from an outside to the steering system in proportion to the derivative value.
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8. The steering control system according to claim 1 ot 2, wherein
the third control amount that is computed by using the torque is a basic control
amount that correlates with the torque so as to monotonously i increase and that deterrmnes

an assist characteristic for turning operation of the steerlng wheel.

9. The steermg control system accordlng to any one of claims 1 to 8, wherein

the torque sensor is conﬁgured to, when there occurs an abnormahty in detection
operatlon of the torque sensor, detect the torque at a detection cycle longer than a control
operation cycle at which the control unit computes the assist control amount for executing

drive control over the electric motor.

10. The steering co"ntrol system according\ to claim 9; wherein
" the control unit is conﬁgured to, ‘when there occurs an abnOrmality in operation of the
torque sensor to detect the torque, compute the a351st control amount by keeping the torque,
detected by the torque sensor up to the 1ast detection cycle, until the torque sensor detects

the torque in the next detection cycle.

11.’1 The steering control system according to claim 10, wherein
" the control unit is configured to, when the torque sensor detects the torque multiple
times within each detection cycle; compute the assist control amount by keepiné the torque
detected last time among the plurality of torques detected within the detection oycle until

the torque sensor detects the torque in the next detection cycle.

-'12. The steering control system according to claim 10 or 11, uvherein

the control unit is further configured to, when there occurs an abnormality in
operation of the torquc sensor to detect the torque, compute the assist_confrol amount by
keeping a derivative value obtained by temporally differentiaﬁng the torque, detected by
‘the torque sensor up to the last detection cycle, until the torque sensor detects tho torque in .

the next detection cycle.
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13, A steering control method for a vehicle, conrprising:
detecting a torque that is generated as a result of turning eperation of a steering wheel
in a steering system of the vehicle, which turns a wheel, with the use of a torque sensor;
detecting an angular velocity that is generated ns a result of turning operation of the
steering wheel in the steering system of the vehicle, with the use of an -angular velocity
sensor; | )
determining whether there is an abnormality in operation of the torque .sensor to
detect the torque; \
/ computing an assist control amonnt for turning ‘foperétion of the steering wheel by
using the torque and the angular velocity when th_eré is no abnormality in operation of the -
" torque sensor to detect the torque; | | |
when there is an abnormality in operation of the torque sensor to detect the torque,
computing a contrel anrount that is computed by using the angular velocity among control
amounts that constitute the assist control a_mount by increasing the control amount as
| compared to that when'there\is no etbnormality in operation of the torque sensor to detect
the torque; and
lcontrolling an electric motor that applies assist force to turning operation of the

steering wheel on the basis of the assist control amount.
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