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(57) 
In diagnostic apparatus and method for a motor-driven 
power-assisted steering system, an abnormality determining 
section detects a state in Which the detected normal/reverse 
drive current indicates an opposite to a direction of the 
normal/reverse revolution drive torque and determines 
Whether the state is in excess of a predetermined abnormal 
ity determination criterion so as to determine an occurrence 

in abnormality of the power-assisted steering system, the 
abnormality determining section comprising a sensitivity 
reducing section that varies a sensitivity of the abnormality 
determination criterion in a decrease direction as an absolute 
value of the detected normal/reverse drive current becomes 
smaller. 
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DIAGNOSTIC APPARATUS AND METHOD FOR 
MOTOR DRIVEN POWER-ASSISTED STEERING 

SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] a) Field of the Invention 

[0002] The present invention relates to diagnostic appa 
ratus and method for a motor driven poWer-assisted steering 
system of an automotive vehicle. 

[0003] b) Description of the Related Art 

[0004] A Japanese Patent Application First Publication 
No. Heisei 11-342859 published on Dec. 14, 1999 eXem 
pli?es a previously proposed diagnostic apparatus for a 
motor driven poWer-assisted steering system of an automo 
tive vehicle. 

[0005] The previously proposed diagnostic apparatus 
includes a direction abnormality detection circuit to deter 
mine Whether there is an abnormality in a poWer-assisted 
steering direction on the basis of a sub torque signal from a 
steering torque sensor and a command from a CPU (Central 
Processing Unit) of a control unit. 

[0006] The direction abnormality detection circuit deter 
mines the abnormality in the poWer-assisted steering direc 
tion depending upon Whether a normal/reverse revolution 
drive command current to command a revolution drive of 
the motor and a normal/reverse revolution drive command 
current to command a revolution drive direction. 

SUMMARY OF THE INVENTION 

[0007] HoWever, since the actual normal/reverse drive 
current supplied to the electric motor includes noises, a 
current Which is reverse to the normal/reverse revolution 
drive command current is instantaneously caused to How to 
the electric motor irrespective of the fact that the poWer 
assisted steering direction is normal in a case Where the 
steering torque is small and an absolute value of the normal/ 
reverse drive current is small. 

[0008] Therefore, even If the operation of the poWer 
assisted steering system is normal, the diagnostic apparatus 
erroneously determines that the poWer-assisted direction is 
abnormal and a fail-safe facility is activated on the basis of 
this erroneous determination so that the poWer-assisted 
steering is stopped 

[0009] Although this problem Would be solved to some 
degree by setting a sensitivity in an abnormal criterion to a 
duller direction, this causes a delay in the abnormality 
determination due to a reduction in a sensitivity When the 
abnormality occurs in the poWer-assisted steering system in 
a case Where the steering torque is large and the absolute 
value of the normal/reverse drive current is large. 

[0010] It is, hence, an object of the present invention to 
provide improved diagnostic apparatus and method for a 
motor driven poWer-assisted steering system of the vehicle 
Which can reduce an erroneous determination of abnormality 
due to an in?uence of the noises included in the normal/ 
reverse drive current even if the steering torque is small and 
the current value of the normal/reverse drive current sup 
plied to the motor is small Without reduction in the sensi 
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tivity in the abnormality determination When the poWer 
assisted steering operation is required. 

[0011] The above-described object can be achieved by a 
diagnostic apparatus for a motor driven poWer-assisted 
steering system of an automotive vehicle, comprising: a 
control section that regulates a magnitude of a drive torque 
and a direction of the drive torque to be applied to an electric 
motor in a form of a normal/reverse drive torque command 
current; a drive current detection circuit to detect a normal/ 
reverse drive current to be supplied to the motor; an abnor 
mality determining section that detects a state in Which the 
detected normal/reverse drive current indicates an opposite 
to a direction of the normal/reverse drive torque command 
current and determines Whether the state is in eXcess of a 
predetermined abnormality determination criterion so as to 
determine an occurrence in abnormality of the poWer-as 
sisted steering system, the abnormality determining section 
comprising a sensitivity reducing section that varies a sen 
sitivity of the abnormality determination criterion in a 
decrease direction as an absolute value of the detected 
normal/reverse drive current becomes smaller. 

[0012] The above-described object can also be achieved 
by providing a diagnostic method for a motor driven poWer 
assisted steering system of an automotive vehicle, compris 
ing: regulating a magnitude of a drive torque and a direction 
of the drive torque to be applied to an electric motor in a 
form of a normal/reverse drive torque command current; 
detecting a normal/reverse drive current to be supplied to the 
motor; detecting a state in Which the detected normal/reverse 
drive current indicates an opposite to a direction of the 
normal/reverse drive torque command current; determining 
Whether the state is in eXcess of a predetermined abnormal 
ity determination criterion so as to determine an occurrence 

in abnormality of the poWer-assisted steering system; and 
varying a sensitivity of the abnormality determination cri 
terion in a decrease direction as an absolute value of the 
detected normal/reverse drive current becomes smaller. 

[0013] The other objects and features of this invention Will 
become understood from the folloWing description With 
reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a Whole con?guration vieW of a motor 
driven poWer-assisted steering system of an automotive 
vehicle to Which a diagnostic apparatus of a ?rst preferred 
embodiment according to the present invention is appli 
cable. 

[0015] FIG. 2 is a detailed circuit block diagram of the 
diagnostic apparatus for the motor-driven poWer-assisted 
steering system shoWn in FIG. 1. 

[0016] FIG. 3 is a more detailed circuit block diagram of 
the diagnostic apparatus for the motor-driven poWer-assited 
steering system shoWn in FIG. 2. 

[0017] FIG. 4 is a current value conversion graph used in 
the diagnostic apparatus of the ?rst preferred embodiment 
shoWn in FIGS. 1 through 3. 

[0018] FIG. 5 is a timing chart representing the current 
value I With number of times sampling is carried out during 
an abnormality determination as a time aXis. 
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[0019] FIG. 6 is another timing chart representing the 
current value I With number of times sampling is carried out 
during an abnormality determination as a time ads. 

[0020] FIG. 7 is an operational ?owchart representing a 
method of modifying a sensitivity in an abnormality deter 
mination criterion of the motor-driven poWer-assisted steer 
ing system in a second preferred embodiment according to 
the present invention. 

[0021] FIG. 8 is a characteristic graph of an error certainty 
threshold value variable characteristic of the diagnostic 
apparatus With respect to the current value in a third pre 
ferred embodiment according to the present invention. 

[0022] FIG. 9 is a characteristic graph of an error certainty 
threshold value count value of the diagnostic apparatus With 
the number of time the sampling is carried out during the 
abnormality determination as the time aXis in the third 
preferred embodiment according to the present invention. 

[0023] FIG. 10 is a characteristic graph of an error count 
value of the diagnostic apparatus With the number of time 
the sampling is carried oat during the abnormality determi 
nation as the time aXis in the third preferred embodiment 
according to the present invention. 

[0024] FIG. 11 is a characteristic graph of an error cer 
tainty threshold value variable characteristic of the diagnos 
tic apparatus With respect to the current value in a fourth 
preferred embodiment according to the present invention. 

[0025] FIG. 12 is a timing chart representing the error 
certainty threshold value With the number of times the 
sampling is carried out during the abnormality determination 
as the time aXis in the diagnostic apparatus of the fourth 
embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] Reference Will hereinafter be made to the draWings 
in order to facilitate a better understanding of the present 
invention. 

[0027] (First Embodiment) 
[0028] FIG. 1 shoWs a Whole con?guration of a motor 
driven poWer-assisted steering system for an automotive 
vehicle to Which a diagnostic apparatus in a ?rst preferred 
embodiment according to the present invention is appli 
cable. 

[0029] As shoWn in FIG. 1, When a steering Wheel SW is 
manually rotated, this manual rotation is converted through 
a rack L and pinion P into a straight line motion by the rack 
L. This can change (steering Wheel operation) direction of 
front left and right road Wheels TL and TR. In addition, 
pinion P is rotatable via speed-reduction gear G via an 
electric motor M so that the poWer assistance for a steering 
force generated by a multiplication of the steering Wheel can 
be achieved. 

[0030] In addition, a drive force exerted by an electric 
motor (reversible motor) M is controlled on the basis of a 
signal from a torque sensor TS detecting a manual steering 
force and steering direction thereof and performs a drive 
control by a microcomputer A incorporated into a vehicular 
control unit (called, ECU). This drive control performs an 
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assistance control of a steering force in accordance With the 
manually set steering direction. 

[0031] In FIG. 1, R denotes a fail-safe purpose relay and 
B denotes a vehicular battery. 

[0032] Next, FIG. 2 shoWs a system block diagram of the 
motor driven poWer-assisted steering system to Which the 
diagnostic apparatus in the ?rst preferred embodiment 
according to the present invention is applicable. 

[0033] FIG. 3 shoWs an electric circuit Wiring diagram of 
the motor-driven poWer-assisted steering system shoWn in 
FIG. 2. 

[0034] As shoWn in FIGS. 2 and 3, the control unit (ECU) 
includes: a control/arithmetic operation section (microcom 
puter) A; a motor drive circuit C; a poWer supply circuit D; 
a motor current detecting circuit E; a fail-safe relay R for the 
fail-safe purpose; and a shunt resistance SR. A diagnostic 
circuit F is installed. 

[0035] In FIGS. 2 and 3, I denotes an ignition sWitch and 
FL denotes a failure-indicative lamp. 

[0036] It is noted that the microcomputer A receives a 
vehicular velocity indicative signal S, an engine speed signal 
r, a torque signal t from a torque sensor TS, and a self 
diagnostic signal f. 

[0037] In details, the microcomputer A outputs a normal/ 
reverse torque command current Is to motor drive circuit C 
in accordance With the torque signal t (manual directional 
and steering force) from the torque signal t from the torque 
sensor TS. 

[0038] The motor drive circuit C serves to drivingly 
control the electric motor M (reversible motor) in either the 
normal or reverse direction. As shoWn in FIG. 3, the motor 
drive circuit C is constituted by an H bridge circuit of drive 
poWer supply side sWitching transistors FET H1 and PET R2 
and of ground side sWitching transistors FET L1 and PET 
L2. Each sWitching transistor FET H1 through FET L2 is 
drivingly controlled in an on-and-off control mode by means 
of a pre-driver PD on the basis of the normal/reverse torque 
command current Is from the microcomputer A so that the 
normal/reverse drive control of electric motor M is carried 
out in an on-and-off mode. 

[0039] The fail-safe relay R is intervened in a battery line 
connecting betWeen the electric motor M and battery B. 

[0040] That is to say, this relay R serves to disconnect the 
battery line during the fail-safe mode of the motor-drive 
poWer-assisted steering system and an on-and-off control of 
the relay R is carried out by means of the microcomputer A. 

[0041] The shunt resistance SR is a resistor serially 
inserted in a midWay through a motor line ML in order to 
detect a current ?oWing through the drive motor M. 

[0042] The motor current detector E detects a voltage 
difference (AVn=V1-V2) betWeen both ends of the shunt 
resistance SR. Acurrent value (normal/reverse drive current) 
I supplied to the electric; motor N is determined according 
to a current value conversion graph shoWn in FIG. 4 
according to the voltage difference (voltage drop value) 
AVn. 

[0043] The diagnostic circuitry F detects a state in Which 
the current value I detected by the motor current detection 
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circuit E is a reverse current to the normal/reverse torque 
command current Is and determines an abnormality of the 
poWer-assisted steering system depending on Whether the 
state is in eXcess of a predetermined abnormality criterion. 
The contents of determination in the diagnostic circuitry F 
Will be described beloW With reference to FIGS. 5 and 6. 
FIG. 5 shoWs a timing chart representing the current value 
I With the number of times a sampling for the current value 
I at a time of the abnormality determination is carried out as 
a time aXis. FIG. 6 shoWs a timing chart representing an 
error count value With the number of times the sampling is 
carried out as the time aXis during the abnormality deter 
mination. 

[0044] That is to say, in the ?rst preferred embodiment 
according to the present invention, the abnormality occur 
rence determination criterion is the number of times the 
current value I reverse to the normal/reverse torque com 
mand current Is is generated. The abnormality determination 
of the poWer-assisted steering system is carried out by 
determining Whether a total (error count value) of the 
number of times the reverse current I has been generated are 
counted for each predetermined sampling time t are in 
eXcess of 100 counts (error certainty threshold value). 

[0045] The above-described diagnostic circuitry F repeats 
the abnormality determination for each predetermined 
period of time Which is longer than an product of the other 
predetermined number for the abnormality determination by 
the sampling tine t. 

[0046] In addition, the above-described diagnostic cir 
cuitry F counts in an accumulation manner for each IO count 
Whenever the reverse current value I is once generated, as 
denoted by a broken line of FIG. 5 in a case Where an 
absolute value of the current value I detected by the motor 
current detecting circuit E is in eXcess of IO. This causes the 
number of times the sampling is carried out to be ten times 
and the error count value to be equal to or larger than the 
error certainty threshold value (100). Consequently, an ear 
lier abnormality determination can be carried out. In other 
Words, a high sensitivity in the abnormality determination 
criterion can be achieved. 

[0047] As denoted by a solid line in FIG. 5, in a case 
Where the absolute value of the detected currant value I by 
the motor current detection circuit E is equal to or beloW IO, 
such a modi?cation as an accumulation count for each one 

count of the error count for each count of the error count 
value is made so that When the number of times the sampling 
has been carried out has reached to 100 number of times, the 
error count value C indicates a value equal to or larger than 
the error certainty threshold value (100). That is to say, the 
sensitivity in the abnormality determination criterion can be 
increased. 

[0048] Dot-and-dash lines in FIGS. 5 and 6 denote varied 
states of the current value I in Which the current crosses over 

I0. 
[0049] As described above, in the diagnostic apparatus for 
the motor-driven poWer-assisted steering apparatus in the 
?rst embodiment according to the present invention, When 
the steering torque is small and the absolute value of the 
current value I is small, the error count value Is counted in 
the accumulation manner for each count so that the sensi 
tivity in abnormality determination can be reduced. Hence, 
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the erroneous determination of the abnormality occurrence 
due to an in?uence of the noise included in the current value 
I can be reduced. When the poWer assistance steering is 
required, i.e., When the steering torque is so large that the 
absolute value of the current value I is large, IO counts of the 
error count value is counted in the accumulation manner to 
maintain the high sensitivity in the abnormal determination. 
Hence, the abnormal state is determined at an earlier time 
and the fail-safe structure is activated so that the poWer 
assisted steering operation is halted. 

[0050] In addition, as described hereinabove, since the 
error certainty threshold value itself is maintained at a 
predetermined time (100) and the current value I is varied 
periodically at a large amplitude, a stable abnormality deter 
mination can be achieved. 

[0051] Since the number of times the current value I Which 
is reverse to the normal/reverse torque command current Is 
has been developed serves as the abnormality determination 
criterion, such an erroneous determination as Would be 
developed When the reverse current value I is determined by 
the corresponding threshold value even if the reverse current 
value I instantaneously due to the noise in?uence is caused 
to How can be prevented from occurring so that the abnormal 
condition only can be detected Without failure. 

[0052] Since the abnormality occurrence determination is 
made depending on Whether the total number of times the 
current value I reverse to the normal/reverse torque com 
mand current is developed and is counted for each prede 
termined sampling time t is in eXcess of the error certainty 
threshold value, the determination of Whether the abnormal 
ity occurs can be made since the number of times per 
sampling period t are counted even if such a continuation 
state as that in Which the reverse current value I is developed 
so that the abnormality state can be determined. 

[0053] Furthermore, even if the abnormality occurrence 
determination is repeated Whenever a predetermined period 
of time has passed longer than the product of the other 
predetermined number for the abnormality determination by 
the sampling time so that the state in Which the reverse 
current value I is developed is continued, the number of 
times are counted and the abnormality occurrence determi 
nation is carried out for each constant period of time. 

[0054] Consequently, the abnormality state can stably be 
determined. 

[0055] (Second Embodiment) 
[0056] The diagnostic apparatus for the motor driven 
poWer-assisted steering system in a second preferred 
embodiment according to the present invention is generally 
the same as that described in the ?rst embodiment. HoWever, 
a part of method for modifying the sensitivity in the abnor 
mality determination criterion is made different from the 
?rst embodiment. 

[0057] Hence, an operation in the second embodiment Will 
be described With reference to a ?oWchart of FIG. 7. 

[0058] At a step 101, the diagnostic circuitry F determines 
Whether an abnormality (an abnormal operation or failure) in 
the poWer-assisted steering system has been detected. 

[0059] If Yes at step 101, the routine goes to a step 102. 
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[0060] If No at step 101, the routine jumps to an end step 
and this present routine is ended. 

[0061] At step 102, the diagnostic apparatus determines 
Whether the motor current (the current value I supplied to the 
motor M) is equal to or beloW I0. If Yes at step 102, the 
routine goes to step 103. At step 103, the error count value 
CO is counted in the accumulation manner and the routine 
goes to a step 109. If No at step 102, the routine goes to a 
step 104. 

[0062] At step 104, the motor current I is determined 
Whether it is equal to or beloW than I1. If Yes at step 104, the 
routine goes to a step 105 to accumulate the error count 
value C1 and, thereafter, the routine goes to a step 109. If No 
at step 104, the routine goes to a step 106. 

[0063] At step 106, the diagnostic circuitry F determines 
Whether the motor current I is equal to or beloW In_1. 

[0064] If Yes at step 106, the routine goes to a step 107 at 
Which the error count value Cn_1 is accumulated and the 
routine goes to a step 109. If No at step 106, the routine goes 
to a step 108. At step 108, after the error count value CD is 
accumulated, the routine goes to a step 109. At the step 109, 
diagnostic circuitry F determines Whether the error count 
value is equal to or larger than the error certainty threshold 
value. 

[0065] If Yes at step 109, after the routine goes to a step 
110 to ensure the abnormality in the poWer-assisted steering 
system, this routine is ended. If No at step 109, this routine 
is directly ended. 

[0066] It is noted that a relationship betWeen each current 
value of motor IO, I1, In_1 and error count value C0, C1, . . . 
, Cn_1 and CD Will be described as folloWs: 

[0067] In this Way, such an incremental count number C0, 
C1, . . . , Cn_1, CD on the number of times the normal/reverse 
drive current Which is reverse to the normal/reverse drive 
command current is developed as described above is varied 
in the decrease direction as the motor drive current In_1, . . 

. , I1, IO becomes reduced. 

[0068] In details, in the second embodiment, the sWitching 
in the sensitivity in the abnormality determination criterion 
is carried out at a multiple stage. 

[0069] It is noted that the error count value is reset to Zero 
When the normal/reverse drive current Whose direction is the 
same as the normal/reverse drive command current is devel 
oped. 

[0070] Hence, the same advantages as those of the ?rst 
embodiment can be obtained in the second embodiment and 
a more accurate determination of abnormality can be 
achieved. 

[0071] (Third Embodiment) 
[0072] As shoWn in FIG. 8, the diagnostic circuitry F in 
the diagnostic apparatus for the motor driven poWer-assisted 
steering system in a third preferred embodiment sets the 
error certainty threshold value to 30 in a case Where the 
absolute value of current value I detected by the motor 
current detection circuit E is in eXcess of IO. Consequently, 
the abnormality determination is made at the earlier stage. 
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That is to say, the sensitivity in the abnormality determina 
tion criterion can be enhanced. 

[0073] On the contrary, in a case Where, as shoWn in FIG. 
8, the absolute value of the current value I detected by the 
motor current detection circuitry E is equal to or loWer than 
lo, the error certainty threshold value is set to 100. Thus, a 
discreet or careful abnormality determination can be carried 
out. That is to say, the sensitivity in the abnormality deter 
mination criterion can be reduced. 

[0074] FIG. 9 shoWs a timing chart representing the error 
certainty threshold value count With the number of times the 
sampling is carried out during the abnormality determina 
tion. 

[0075] FIG. 10 shoWs a timing chart representing the error 
count value With the number of times the sampling is carried 
out during the abnormality determination. 

[0076] In FIGS. 9 and 10, a solid line denotes the absolute 
value of the current value I Which is equal to or beloW IO. In 
this case, the abnormality determination is made at the ?rst 
time When the error count value indicates 100. In FIGS. 9 ad 
10, a broken line denotes the absolute value of the current 
value I Which is in eXcess of IO. In this case, the abnormality 
determination is made at a time at Which the error count 
value indicates 30. In FIGS. 9 and 10, a dot-and-dash line 
denotes the absolute value of the current value I Which is in 
eXcess of IO from a state in Which the absolute value thereof 
is equal to or smaller than I0. In this case, the abnormality 
determination is carried out at the time at Which the error 
count value indicates 30. 

[0077] Hence, the same advantages as described in the 
?rst embodiment can be obtained in the third embodiment. 
In addition, even if the current value I is periodically varied 
at a large amplitude, the abnormality determination criterion 
is variably set in accordance With the variation so that the 
abnormal determination can stably be achieved. 

[0078] (Fourth Embodiment) 
[0079] The diagnostic circuitry F of the diagnostic appa 
ratus for the motor driven poWer-assisted steering system is 
generally the same as the diagnostic apparatus for the motor 
driven poWer-assisted steering system in the third embodi 
ment according to the present invention. Since, from the 
contents of diagnostic circuitry F, a part of modifying the 
sensitivity of abnormality determination criterion is made 
different. The fourth embodiment Will be described With 
reference to FIG. 11 Which shoWs the error certainty thresh 
old value variable characteristic. 

[0080] That is to say, in the diagnostic circuitry F in the 
fourth embodiment according to the present invention, When 
the absolute value of current value I detected by the motor 
current detection circuit E indicates Zero, the error certainty 
value is maXimum (100) and is set so that the error certainty 
threshold value is decreased in reverse proportion to the 
increase in absolute value of current value I. 

[0081] It is noted that FIG. 12 shoWs a timing chart 
representing the error certainty threshold value With the 
number of times the sampling: is carried out as a time aXis. 
In FIG. 12, the solid line denotes an absolute value of 
current value I Which is equal to or smaller than lo, the dot 
line denotes the absolute value of current value I Which is in 
eXcess of IO and the dot-and-dash line denotes the absolute 
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value of current value I Which crosses from the state in 
Which the absolute value of current value I over I0. 

[0082] Hence, the same advantages as these described in 
the third embodiment according to the present invention can 
be achieved and a more accurate abnormality determination 
can be made. 

[0083] Although the invention has been described above 
by reference to certain embodiment of the invention, the 
invention is not limited to the embodiments described 
above. Modi?cations and variations of the embodiments 
described above Will occur to those skilled in the art in the 
light of the above teachings. 

[0084] For example, although, in each embodiment, the 
number of times the reverse current value I to the normal/ 
reverse drive torque command current Is is set as the 
abnormality determination criterion in the diagnostic cir 
cuitry F, a time duration during Which a current value I 
reverse to the normal/reverse drive torque command current 
Is may be set as the abnormality determination criterion. 

[0085] In addition, in each embodiment, the abnormality 
determination is made by detecting the number of times the 
current value I Which is reverse to the normal/reverse torque 
command current Is is developed. A dead Zone threshold 
value may be provided against the normal/reverse torque 
command current Is and the generation of the reverse current 
value I may be detected only When the reverse current value 
I is in eXcess of this dead Zone threshold value. 

[0086] The entire contents of a Japanese Patent Applica 
tion No. 2000-181907 (?led in Japan on Jun. 16, 2000) are 
herein incorporated by reference. Although the invention has 
been described above by reference to certain embodiment of 
the invention, the invention is not limited to the embodi 
ments described above. The scope of the invention is de?ned 
With reference to the folloWing claims. 

What is claimed is: 
1. A diagnostic apparatus for a motor driven poWer 

assisted steering system of an automotive vehicle, compris 
ing: 

a control section that regulates a magnitude of a drive 
torque and a direction of the drive torque to be applied 
to an electric motor in a form of a normal/reverse drive 

torque command current; 

a drive current detection circuit to detect a normal/reverse 
drive current to be supplied to the motor; 

an abnormality determining section that detects a state in 
Which the detected normal/reverse drive current indi 
cates an opposite to a direction of the normal/reverse 
drive torque command current and determines Whether 
the state is in eXcess of a predetermined abnormality 
determination criterion so as to determine an occur 

rence in abnormality of the poWer-assisted steering 
system, the abnormality determining section compris 
ing a sensitivity reducing section that varies a sensi 
tivity of the abnormality determination criterion in a 
decrease direction as an absolute value of the detected 
normal/reverse drive current becomes smaller. 

2. A diagnostic apparatus for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 1, Wherein the predetermined abnormality determi 
nation criterion is a number of times the normal/reverse 

Dec. 20, 2001 

drive current Which is reverse to the normal/reverse drive 
torque command current is developed and the abnormality 
determining section determines Whether the number of times 
the normal/reverse drive current Which is reverse to the 
normal/reverse torque command current is developed has 
exceeded a predetermined number of times so as to deter 
mine Whether the abnormality occurs in the poWer-assisted 
steering system. 

3. A diagnostic apparatus for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 2, Wherein the abnormality determining section 
determines the occurrence in the abnormality of the motor 
driven poWer-assisted steering system by determining 
Whether a total of the number of times the normal/reverse 
drive current Which is reverse to the normal/reverse drive 
torque command current is developed and Which is counted 
for each predetermined sampling time is in eXcess of another 
predetermined number of times. 

4. A diagnostic apparatus for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 3, Wherein the abnormality determining section 
repeats the abnormality determination for a predetermined 
time longer than a product of the other predetermined 
number for the abnormality determination by the sampling 
time. 

5. A diagnostic apparatus for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 2, Wherein the sensitivity reducing section varies 
the sensitivity in the abnormal determination criterion in the 
decrease direction by varying an incremental count number 
on the number of times the normal/reverse drive current 
Which is reverse to the normal/reverse drive torque com 
mand current is developed in the decrease direction, as 
compared With a case of a larger absolute value of the 
normal/reverse drive current, When the absolute value of the 
normal/reverse drive current becomes smaller. 

6. A diagnostic apparatus for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 2, Wherein the sensitivity reducing section varies 
the sensitivity in the abnormal determination criterion in the 
decrease direction by varying the abnormality determination 
criterion in a larger direction, as compared With a case of a 
larger absolute value of the normal/reverse drive current, 
When the absolute value of the normal/reverse drive current 
becomes smaller. 

7. A diagnostic apparatus for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 3, Wherein the abnormality determining section 
comprises a counter to count the number of times the 
normal/reverse drive current Which is reverse to the normal/ 
reverse drive torque command current has been developed 
for each predetermined sampling time in an accumulation 
manner, the counter being reset to Zero When the normal/ 
reverse drive current Whose direction is the same as the 
normal/reverse drive command current is developed. 

8. A diagnostic apparatus for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 1, Wherein the normal/reverse drive torque com 
mand value is generated by a microcomputer and is supplied 
to a motor drive circuit comprising an H bridge circuit With 
the electric motor. 

9. A diagnostic apparatus for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 8, Wherein the abnormality determining section 
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comprises a diagnostic circuitry installed in the microcom 
puter together With the control section and the drive current 
detection section comprises a voltage difference measuring 
section that measures a voltage difference betWeen both ends 
of a resistor interposed betWeen the motor and converts the 
voltage difference therebetWeen into a current value I Which 
is caused to How through the motor. 

10. A diagnostic method for a motor driven poWer 
assisted steering system of an automotive vehicle, compris 
mg: 

regulating a magnitude of a drive torque and a direction 
of the drive torque to be applied to an electric motor in 
a form of a normal/reverse drive torque command 

current; 

detecting a normal/reverse drive current to be supplied to 
the motor, 

detecting a state in Which the detected normal/reverse 
drive current indicates an opposite to a direction of the 
normal/reverse drive torque command current; 

determining Whether the state is in eXcess of a predeter 
mined abnormality determination criterion so as to 
determine an occurrence in abnormality of the poWer 
assisted steering system; and 

varying a sensitivity of the abnormality determination 
criterion in a decrease direction as an absolute value of 
the detected normal/reverse drive current becomes 
smaller. 

11. Adiagnostic method for a motor driven poWer-assisted 
steering system of an automotive vehicle as claimed in claim 
10, Wherein the predetermined abnormality determination 
criterion is a number of times the normal/reverse drive 
current Which is reverse to the normal/reverse drive torque 
command current is developed and, at the abnormality 
determining step, a determination is made of Whether the 
number of times the normal/reverse drive current Which is 
reverse to the normal/reverse torque command current is 
developed has exceeded a predetermined number of times so 
as to determine Whether the abnormality occurs in the 
poWer-assisted steering system. 
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12. A diagnostic method for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 11, Wherein, at the abnormality determining step, 
the occurrence in the abnormality of the motor-driven 
poWer-assisted steering system is determined by determin 
ing Whether a total of the number of times the normal/ 
reverse drive current Which is reverse to the normal/reverse 
drive torque command current is developed and Which is 
counted for each predetermined sampling time is in eXcess 
of another predetermined number of times. 

13. A diagnostic method for a motor driven poWer 
assisted steering system of on automotive vehicle as claimed 
in claim 11, Wherein, at the abnormality determining step, 
the abnormality determination is repeated for a predeter 
mined time longer than a product of the other predetermined 
number for the abnormality determination by the sampling 
time. 

14. A diagnostic method for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 11, Wherein, at the abnormality determining step, 
the sensitivity in the abnormal determination criterion is 
varied in the decrease direction by varying an incremental 
count number on the number of times the normal/reverse 
drive current Which is reverse to the normal/reverse drive 
torque command current is developed in the decrease direc 
tion, as compared With a case of a larger absolute value of 
the normal/reverse drive current, When the absolute value of 
the normal/reverse drive current becomes smaller. 

15. A diagnostic method for a motor driven poWer 
assisted steering system of an automotive vehicle as claimed 
in claim 11, Wherein, at the abnormality determining step, 
the sensitivity in the abnormal determination criterion is 
varied in the decrease direction by varying the abnormality 
determination criterion in a larger direction, as compared 
With a case of a larger absolute value of the normal/reverse 
current, When the absolute value of the normal/reverse drive 
current becomes smaller. 


