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(54) LOAD FAILURE DIAGNOSIS METHOD AND APPARATUS AND LOAD FAILURE PROCESSING
METHOD AND APPARATUS

(57) In a failure diagnosing unit (10) for diagnosing
failure of a solenoid valve (2) PWM-driven by a drive
circuit (4) in accordance with a control pulse signal P
(1), in order to simply discriminate presence/absence of
failure of the PWM-driven load based on the state of a
pulse voltage applied to the load, a voltage signal (VA)
produced by the PWM-driving at a connection point (A)
between the solenoid valve (2) and the drive circuit (4)
is input to a smoothing circuit (11) to obtain a smoothed
output voltage (VB) and presence/absence of failure of
the solenoid valve (2) is determined by discriminating
whether or not the level value of the smoothed output
voltage (VB) is a prescribed value determined by the du-
ty ratio of the control pulse signal P (1) that is the set
duty ratio for the PWM-driving.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method and
apparatus for diagnosing failure of a load driven by pulse
width modulation (PWM) and a method and apparatus
for dealing with load failure.

BACKGROUND ART

[0002] In, for example, an automotive control system
that uses an engine control computer to control the ON/
OFF operation of various loads such as solenoid valves,
motors, lamps and the like, suitable switching elements
are provided that operate in response to control outputs
from the computer and the so-called pulse width modu-
lation drive method is adopted to turn the switching el-
ements on and off to control the supply of driving current
to required loads.
[0003] The conventional method used for diagnosing
or detecting wire breakage, shorts and other failures in
the loads driven and controlled in this manner has been
to check whether the voltage at the connection point be-
tween each switching element and the associated load
varies synchronously with the computer control output
and to diagnose load failure based on the check result.
Since the voltage at the connection point changes in
sync with the operating state of the switching element
between zero and a prescribed value determined by the
internal resistance of the load and the control circuit
side, load failure can be detected by monitoring the volt-
age at the connection point in sync with the state of the
switching element.
[0004] For instance, in a system in which the switch-
ing element is conductive when the control output is "1"
and nonconductive when the control output is "0," when
the load is normal, the voltage at the connection point
is ground level for a control output of "1" and a pre-
scribed value for a control output of "0." When the load
has an electrical discontinuity or short to the ground
side, however, the voltage at the connection point does
not vary in response to change in the control output be-
tween "1" and "0," thus making it possible to diagnose
load failure by the foregoing method.
[0005] In the case of control that merely ON/OFF op-
erates the load, the time available for the required volt-
age reading is more than adequate owing to the long
nonconductive period of the switching element. Such a
method of diagnosing load failure is disclosed in Patent
Document 1 for example. The failure diagnosing method
disclosed in this document is one that supplies a diag-
nosing pulse during load driving, compares the integrat-
ed value of the surge voltage that the diagnosing pulse
produced on the ground terminal side of the load with a
prescribed value, and diagnoses failure taking the result
of the comparison into account.
[0006] However, in the case where a load such as a

solenoid valve is dynamically operated by PWM-driving,
the time of reading of the connection point voltage level
has to be synchronized with the drive pulses. Even when
using a computer, this puts a heavy burden on the sys-
tem software particularly when the fundamental fre-
quency of the PWM drive pulses is high. For example,
when the fundamental frequency of the PWM drive puls-
es is 10 kHz and the output data is "5% nonconductive,"
the computer reading the level output at the connection
point needs to stay in synchronization with the output at
5-microsecond timing. This clearly increases the burden
on the system software in comparison with the case of
simple ON/OFF driving.
[0007] Moreover, in the case of PWM-driving a load,
the load driving timing constantly changes, and since
cases therefore arise in which detection synchronized
therewith becomes extremely difficult, there is a prob-
lem in that the load failure diagnosis is difficult to conduct
stably and accurately.
[0008] An object of the present invention is therefore
to provide a method and apparatus for diagnosing load
failure that overcome the foregoing problems of the prior
art.
[0009] Another object of the present invention is to
provide a method and apparatus for diagnosing load fail-
ure that enable simple and accurate diagnosis of wheth-
er or not a failure has occurred in a PWM-driven load.
[0010] Another object of the present invention is to
provide a method and apparatus for dealing with load
failure which can, in the case of a failure occurring in a
PWM-driven load, deal suitably with the load failure.

DISCLOSURE OF THE INVENTION

[0011] In order to achieve the foregoing objects, the
present invention integrates a voltage signal produced
at one end of a load during a period when the load is
being PWM-driven, compares a so-obtained integral
value with a reference value based on an instantaneous
duty ratio of the drive pulses set for PWM, and diag-
noses load failure taking the result of the comparison
into account. When the load is normal, the integral value
has a prescribed relationship with the duty ratio of the
voltage signal applied to the load, but when the load is
faulty, the integral output does not become the expected
value. The nature of the load failure can therefore be
diagnosed by assessing the integral value, and the load
failure can be suitably dealt with based thereon.
[0012] One feature of the present invention resides in
the point that a failure diagnosing method for diagnosing
whether a PWM-driven load is faulty comprises: a first
step of obtaining an integral value of a voltage signal
produced at one end of the load by pulse PWM-driving,
a second step of determining a reference value taking
into account a set duty ratio for the PWM-driving, and a
third step of discriminating presence/absence of failure
of the load by comparing the integral value and the ref-
erence value.
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[0013] The voltage signal can be a voltage signal pro-
duced at one terminal of the load by the PWM-driving.
In the third step, whether or not a failure has occurred
in the load can be discriminated by comparing the ref-
erence value determined taking into account the set du-
ty ratio and the integral value. This is because the in-
stantaneous integral value will be greatly different from
the expected value if wire breakage, shorting or other
such failure has occurred. Since the present invention
is configured to conduct load failure diagnosis based on
the integral value of the voltage signal produced at one
end of the load by PWM-driving in this manner, it ena-
bles failure diagnosis irrespective of whether the load is
inductive, i.e., an inductance, because the reading of
the signal to be detected does not require synchroniza-
tion with a prescribed signal.
[0014] Another feature of the present invention re-
sides in the point that a failure diagnosing apparatus for
diagnosing whether a load that is PWM-driven by drive
means is faulty comprises: integrating means for obtain-
ing an integral value of a voltage signal produced at one
end of the load by PWM-driving, determining means for
determining a reference value for assessing the appro-
priateness of the integral value taking into account a set
duty ratio for the PWM-driving, and discriminating
means for discriminating whether the load is faulty by
comparing the integral value and the reference value.
[0015] Another feature of the present invention re-
sides in the point that in a failure diagnosing method for
diagnosing whether a PWM-driven load is faulty, an in-
tegral value of a voltage signal produced at one end of
the load by PWM-driving is obtained and presence/ab-
sence of failure of the load is discriminated by compar-
ing the integral value and a set duty ratio for the PWM-
driving.
[0016] Another feature of the present invention re-
sides in the point that in a failure diagnosing method for
diagnosing whether a PWM-driven load is faulty, detec-
tion of whether the load is faulty is conducted asynchro-
nously with a voltage signal produced at one end of the
load by PWM-driving.
[0017] Another feature of the present invention re-
sides in the point that a method for dealing with load
failure applicable for diagnosing whether a PWM-driven
load is faulty and dealing therewith comprises: a step of
obtaining an integral value of a voltage signal produced
at one end of the load by PWM-driving, a step of deter-
mining a reference value taking into account a set duty
ratio for the PWM-driving, a step of discriminating pres-
ence/absence of failure of the load by comparing the in-
tegral value and the reference value, and a step of, when
it is discriminated that a failure is present in the load,
identifying the failure and setting an output signal to the
load in accordance with the result of the identification.
[0018] Another feature of the present invention re-
sides in the point that an apparatus for dealing with load
failure applicable for diagnosing whether a load PWM-
driven by drive means is faulty and dealing therewith

comprises: integrating means for obtaining an integral
value of a voltage signal produced at one end of the load
by PWM-driving, determining means for determining a
reference value for assessing the appropriateness of
the integral value taking into account a set duty ratio for
the PWM-driving, discriminating means for discriminat-
ing whether the load is faulty by comparing the integral
value and the reference value, and means for, when the
discriminating means discriminates that the load is
faulty, identifying the failure of the load and setting an
output signal to the load in accordance with the result of
the identification.
[0019] Another feature of the present invention re-
sides in the point that in a method for dealing with load
failure applicable for diagnosing whether a PWM-driven
load is faulty and dealing therewith, failure of the load is
identified by monitoring an integral value of a voltage
signal produced at one end of the load by PWM-driving
and an output signal to the load is set in accordance with
the result of the failure identification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a block diagram showing a failure diagnos-
ing apparatus that is an embodiment of the present
invention.
Fig. 2 is a waveform chart of a control pulse signal
in Fig. 1.
Fig. 3 is a waveform chart of a voltage signal in Fig.
1.
Fig. 4 is a graph for explaining the relationship be-
tween a duty ratio set in the failure diagnosing ap-
paratus shown in Fig. 1 and the level of a smoothed
output voltage.
Fig. 5 is a flowchart showing a failure diagnosing
program executed in the failure diagnosing appara-
tus shown in Fig. 1.
Fig. 6 is a flowchart showing another failure diag-
nosing program in accordance with the present in-
vention.
Fig. 7 is a detailed flowchart of a failure processing
step in Fig. 6.

BEST MODE OF CARRYING OUT THE INVENTION

[0021] An embodiment of the present invention will
now be explained with reference to the drawings.
[0022] Fig. 1 is a block diagram showing a failure di-
agnosing apparatus that is an embodiment of the
present invention. Reference symbol 1 designates an
engine control computer system used to electronically
control operation of an automotive engine not shown in
the drawings. In the present embodiment, an example
is illustrated wherein the load is a solenoid valve 2 for
regulating the quantity of fuel supplied to the automotive
engine and is driven and controlled in PWM mode by
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the computer system 1.
[0023] The computer system 1 comprises a conven-
tional microcomputer constituted of a central processing
unit (CPU) 3, memory 5 and input/output interface de-
vice (I/O device) 6 that are interconnected by a bus 7.
An engine operation control program stored in the mem-
ory 5 is executed by the CPU 3 so as to calculate a con-
trolled variable of the solenoid valve 2 in accordance
with operation condition data D input to the CPU 3
through the I/O device 6. Since the so-calculated con-
trolled variable is obtained by driving the solenoid valve
2 by PWM, the CPU 3 outputs a control pulse signal P1
duty-ratio controlled in accordance with the controlled
variable calculated in the CPU 3. The control pulse sig-
nal P1 is sent to a drive circuit 4, which is a drive means
for ON/OFF driving the solenoid valve 2.
[0024] The drive circuit 4 consists of a switching tran-
sistor 4A and a resistor 4B connected in the illustrated
manner, and a solenoid valve 2 is connected between
the collector of the switching transistor 4A and a DC
power supply +V to configure a conventional circuit for
driving the solenoid valve 2. The switching transistor 4A
is made conductive or nonconductive in response to the
control pulse signal P1, and when the switching transis-
tor 4A is conductive, drive current of a prescribed level
required to open the solenoid valve 2 flows to the sole-
noid valve 2 from the DC power supply +V to put the
solenoid valve 2 in the valve-open state. On the other
hand, when the switching transistor 4A is nonconduc-
tive, substantially no drive current flows through the so-
lenoid valve 2 because the resistance of resistor 4B is
considerably greater than the resistance of the drive so-
lenoid (not shown) of the solenoid valve 2, so that the
solenoid valve 2 assumes the valve-closed state. Thus,
the solenoid valve 2 is applied with a driving voltage sig-
nal by the switching means in response to the level of
the control pulse signal P1, whereby it is ON/OFF oper-
ated to be PWM-driven in accordance with the duty ratio
of the control pulse signal P1.
[0025] The level of a voltage signal VA produced at
the connection point A between the solenoid valve 2 and
the collector of the switching transistor 4A therefore var-
ies as shown in Fig. 3 in accordance with the level
change of the control pulse signal P1 shown in Fig. 2.
Specifically, the voltage signal VA applied to the sole-
noid valve 2 assumes one state or the other between a
100% duty ratio state when the switching transistor 4A
serving as the switching element is constantly noncon-
ductive and a 0% duty ratio state when the switching
transistor 4A is constantly conductive. However, when
the solenoid valve 2 is electrically discontinuous or
shorted, the voltage signal VA stays unchanged at
ground level or the power supply voltage level.
[0026] The computer system 1 shown in Fig. 1 is
equipped with a failure diagnosing unit 10 that utilizes
this fact to diagnose the solenoid valve 2. The failure
diagnosing unit 10 has a smoothing circuit 11 that is in-
put with the voltage signal VA produced at the connec-

tion point A when the solenoid valve 2 is PWM-driven
by the control pulse signal P1 in the foregoing manner.
[0027] In the embodiment of Fig. 1, the drive circuit 4
is configured using a NPN transistor and is therefore in-
stalled between the solenoid valve 2 and ground. The
voltage signal VA is therefore a voltage signal at the end
of the solenoid valve 2 on the ground side. The drive
circuit 4 can, however, instead be configured using a
PNP transistor. In this case, the drive circuit 4 is installed
between the solenoid valve 2 and the DC power supply
+V and a voltage signal produced at the end of the so-
lenoid valve 2 on the side of the DC power supply +V is
therefore used as the voltage signal input to the smooth-
ing circuit 11. The smoothing circuit 11 is a circuit for
integrating a given input signal, which is constituted as
an R-C smoothing circuit that uses a resistor 12 and a
capacitor 13 to integrate the voltage signal VA. The level
of a smoothed output voltage VB obtained from the
smoothing circuit 11 represents the integral value of the
voltage signal VA. The smoothed output voltage VB is
sent to an analog/digital (A/D) converter 3A in the CPU
3, where its value is digitized, and then stored in an input
register 3B.
[0028] The relationship between duty ratio of the volt-
age signal VA and the level of the smoothed output volt-
age VB will now be explained with reference to Fig. 4.
[0029] When pulse current for PWM-driving is flowing
in the solenoid valve 2 in response to the control pulse
signal P1, the relationship between the duty ratio of the
voltage signal VA and the level of the smoothed output
voltage VB is linear as shown by characteristic curve
(X). When the solenoid valve 2 is faulty, however, this
linear relationship no long holds. For example, if the so-
lenoid valve 2 is shorted to ground, the voltage at the
connection point A is approximately ground level irre-
spective of whether the switching transistor 4A is ON or
OFF, and since the level of the smoothed output voltage
VB therefore stays substantially at zero, the state con-
forms to characteristic curve (Y). The state also con-
forms to characteristic curve (Y) when the solenoid
valve 2 is electrically discontinuous.
[0030] Owing to this relationship between the duty ra-
tio of the voltage signal VA and the level of the smoothed
output voltage VB, whether or not the solenoid valve 2
is normal can be diagnosed by checking whether or not
the level of the smoothed output voltage VB is at a value
proper for the instantaneous duty ratio of the control
pulse signal P1, i.e., for the set duty ratio for the PWM-
driving.
[0031] In order to carry out this failure diagnosis of the
solenoid valve 2 based on the aforesaid relationship be-
tween the level of the smoothed output voltage VB and
the duty ratio of the control pulse signal P1, the
smoothed output voltage VB is processed in the CPU 3
as set out in the following. It should be noted that since
the voltage signal VA and control pulse signal P1 are
opposite in polarity, as can be seen from Figs. 2 and 3,
the relationship between the duty ratio of the control

5 6



EP 1 473 611 A1

5

5

10

15

20

25

30

35

40

45

50

55

pulse signal P1 and the smoothed output voltage VB
conforms to characteristic curve (Z) represented by a
broken line in Fig. 4. In the failure diagnosing program
explained in the following, therefore, the assessment of
the result of comparing the level value of the smoothed
output voltage VB and the set duty ratio (duty ratio of
the control pulse signal P1) is made taking into account
the inverted relationship between the characteristic
curves (X) and (Y) in Fig. 4. Specifically, the program is
structured to once convert the set duty ratio to the duty
ratio of the voltage signal VA and then assess whether
the relationship between the result of the conversion
and the level of the smoothed output voltage VB con-
forms to the characteristic curve (X) of Fig. 4.
[0032] Fig. 5 is a flowchart showing the sequence of
failure diagnosing operations executed in the CPU 3.
The failure diagnosing operations in the CPU 3 are con-
ducted by programmed computer processing performed
by executing a failure diagnosing program stored in the
memory 5 beforehand. Fig. 5 is a flowchart representing
the failure diagnosing program.
[0033] First, in step S1, data indicating the level value
of the smoothed output voltage VB obtained from the A/
D converter 3A is read from the input register 3B. Next,
in step S2, a set duty ratio for PWM-driving the solenoid
valve 2 is calculated based on the control pulse signal
P1 output at that instant. Then in step S3, discrimination
is conducted as to whether the level value of the
smoothed output voltage VB read in step S 1 and duty
ratio of the voltage signal VA obtained based on the set
duty ratio calculated in step S2 conform to the pre-
scribed characteristic curve (X) shown in Fig. 4. This dis-
crimination determines whether the solenoid valve 2 is
faulty from whether or not the relationship between the
two is within a prescribed normal range N centered on
the characteristic curve (X) of Fig. 4.
[0034] When the relationship between the level value
of the smoothed output voltage VB and the duty ratio of
the voltage signal VA is in the normal range N shown in
Fig. 4, the result of the discrimination in step S3 is YES
and control is returned to step S 1 to repeat the process-
ing of steps S1-S3.
[0035] When the relationship between the level value
of the smoothed output voltage VB and the duty ratio of
the voltage signal VA is not in the normal range N, the
result of the discrimination in step S3 is NO, i.e., it is
decided that a failure has occurred in the solenoid valve
2, and control passes to step S4. In the case where, for
instance, a partially shorted condition such as a layer
short is present inside the solenoid valve 2, the relation-
ship between the level value of the smoothed output
voltage VB and the duty ratio of the voltage signal VA
will shift markedly away from the normal range N in Fig.
4 in the direction opposite from characteristic curve (Y).
The same is true in the case of a power supply short. In
step S4, failure countermeasures are implemented to
stop driving the solenoid valve 2 and discontinue supply
of fuel to the engine (not shown), wherewith the failure

diagnosing program is terminated.
[0036] The failure diagnosing unit 10 discriminates
the solenoid valve 2 to be normal if the solenoid valve
2 is being PWM-driven at the set duty ratio in accord-
ance with the control pulse signal P1. However, when
wire breakage, shorting or the like occurs in the solenoid
valve 2, the level of the smoothed output voltage VB
from the smoothing circuit 11 fails to become the proper
value for the required duty ratio and failure of the sole-
noid valve 2 can be detected from this fact. Thus, the
voltage signal VA produced at the terminal portion on
the ground side of the solenoid valve 2 during PWM-
driving of the solenoid valve 2 is integrated by the
smoothing circuit 11, the level of the smoothed output
voltage VB that is the so-obtained integral value is com-
pared with a reference value based on the instantane-
ous set duty ratio and load failure (shorting or wire
breakage) is diagnosed from the result of the compari-
son, from which it follows that there is no restriction on
the time at which the level of the connection point A is
read for failure diagnosis and, as a result, no great bur-
den is placed on the system software. Moreover, in the
case where incipient wire breakage or shorting has aris-
en in the solenoid valve 2, it can be considered that the
level of the smoothed output voltage VB from the
smoothing circuit 11 will not be the prescribed value de-
termined by the set duty ratio, so that this kind of failure
can also be detected.
[0037] The foregoing embodiment was explained with
respect to an example in which the PWM-driven load
was a solenoid valve. However, the present invention is
not limited to failure diagnosis in the case of PWM-driv-
ing a solenoid valve but can be similarly applied to di-
agnose load failures other than solenoid valves, such
as motors, various kinds of magnetic actuators and the
like.
[0038] Next, explanation will be made regarding em-
bodiments of a method and an apparatus for dealing
with load failures that use a load failure diagnosing
method for diagnosing whether failure has occurred in
a PWM-driven load which, as explained in the foregoing,
detects whether or not load failure has occurred asyn-
chronously of a voltage signal produced at one end of
the load by the PWM-driving, identify load failure by
monitoring the integral value of the voltage signal pro-
duced at one end of the load, and set an output signal
to the load taking the result of the failure identification
into consideration.
[0039] As was explained regarding Fig. 4, the region
between the characteristic curve (Y) and the horizontal
axis is a failure region in which the solenoid valve 2 is
presumed to be electrically discontinuous or shorted to
ground side (hereinafter called the "abnormal region 1"),
and the region between the lower boundary Na of the N
region and the characteristic curve (Y) is a failure region
in which the solenoid valve 2 is presumed to have a qua-
si short to the ground side (hereinafter called the "ab-
normal region 2"). Therefore, by monitoring the integral
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value, any abnormality (failure) that arises in the sole-
noid valve 2 can be identified and dealt with suitably in
light of its nature by setting the output to the solenoid
valve 2 taking the result of the identification into account.
[0040] A flowchart representing a separate failure di-
agnosing program for processing and dealing with fail-
ures in this manner is shown in Fig. 6. This failure diag-
nosing program is also stored in the memory 5 before-
hand and executed by the CPU 3 to carry out the oper-
ations explained below.
[0041] Steps S11-S13 in the flowchart of Fig. 6 corre-
spond to steps S1- S3 of Fig. 5. The explanation of steps
S11- S13 will therefore not be repeated here. When the
discrimination result in step S13 is NO, i.e., when is
found that a failure has arisen in the solenoid valve 2,
control goes to the step 14 for dealing with the failure.
[0042] Fig. 7 is a detailed flowchart of the failure
processing step. Referring to Fig. 7, first, in step S21, it
is discriminated whether the failure of the solenoid valve
2 is in abnormal region 1. When the failure of the sole-
noid valve 2 is in abnormal region 1, the result in step
S21 is YES and control passes to step S24. In step S24,
the failure is decided to be a broken wire or GND short
and the failure is dealt with by fixing the duty ratio of the
control pulse signal P1 at 0%, whereafter the program
is terminated (S26).
[0043] When step S21 finds that the failure of the so-
lenoid valve 2 is not in abnormal region 1, the discrimi-
nation result in step S21 is NO, and control passes to
step S22.
[0044] In step S22, it is discriminated whether the fail-
ure of the solenoid valve 2 is in abnormal region 2.
[0045] When the failure of the solenoid valve 2 is
found to be in abnormal region 2 in step S22, the result
in step S22 is YES and control passes to step S25. In
step S25, the failure is decided to be a quasi GND short
and the failure is dealt with by fixing the duty ratio of the
control pulse signal P1 at 0%, whereafter the program
is terminated (S26).
[0046] When step S22 finds that the failure of the so-
lenoid valve 2 is not in abnormal region 2, the result in
step S21 is NO, and control passes to step S23.
[0047] In step S23, taking into account the fact that
the discrimination results in both steps S21 and S22
were NO, it is decided that the failure of the solenoid
valve 2 is a partially shorted condition such as a layer
short present inside the solenoid valve or a power sup-
ply short and the output of the control pulse signal P1 is
set to be continued at a duty ratio of a prescribed con-
stant value, whereafter the program is terminated (step
26).
[0048] The manner of setting the duty ratio with re-
spect to the output signal in steps S23, S24 and S25
shown Fig. 7 is only an example. The present invention
is not limited to this example and other settings are also
possible. For example, step S25 can be configured to
fix the duty ratio at a level that does not overheat the
switching transistor 4A, instead of fixing it at 0%.

[0049] The failure processing performed in step S14
enables the solenoid valve 2 to be driven in accordance
with the nature of the failure, in contrast to the failure
processing of indiscriminately stopping the driving of the
solenoid valve 2 performed in step S4 of Fig. 5, and, as
such, enables driving of the solenoid valve 2, the load,
to be continued even when it malfunctions, so that the
vehicle can run under its own power.
[0050] Since, as explained in the foregoing, the
present invention is configured to diagnose a load failure
based on the integral value of the pulse signal applied
to the load, it enables failure diagnosis irrespective of
whether the load is inductive, i.e., an inductance, be-
cause the reading of the signal to be detected does not
require synchronization with a prescribed signal. As this
means there is no restriction on the timing of the signal
level readout required for diagnosis, no great burden is
placed on the system software during computer
processing. As a result, simple and accurate failure di-
agnosis can be achieved even when the drive timing of
the load changes constantly owing to PWM-driving of
the load. Moreover, the load failure is identified and the
output is set accordingly, thereby enabling realistic load
driving within the hmit dictated by the nature of the fail-
ure.

INDUSTRIAL APPLICABILITY

[0051] The methods according to the present inven-
tion for diagnosing load failure and dealing with load fail-
ure contribute to the improvement of systems for diag-
nosing and dealing with load failures because, as ex-
plained in the foregoing, they make it possible to con-
duct load failure diagnosis asynchronously of a voltage
signal produced at one end of the load and to take ap-
propriate measures in response.

Claims

1. A load failure diagnosing method for diagnosing
whether a PWM-driven load is faulty comprising:

a first step of obtaining an integral value of a
voltage signal produced at one end of the load
by PWM-driving;
a second step of determining a reference value
taking into account a set duty ratio for the PWM-
driving; and
a third step of discriminating presence/absence
of failure of the load by comparing the integral
value and the reference value.

2. Afailure diagnosing apparatus for diagnosing
whether a load that is PWM-driven by drive means
is faulty comprising:

integrating means for obtaining an integral val-
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ue of a voltage signal produced at one end of
the load by PWM-driving;
determining means for determining a reference
value for assessing the appropriateness of the
integral value taking into account a set duty ra-
tio for the PWM-driving; and
discriminating means for discriminating wheth-
er the load is faulty by comparing the integral
value and the reference value.

3. A failure diagnosing method for diagnosing whether
a PWM-driven load is faulty, wherein an integral val-
ue of a voltage signal produced at one end of the
load by PWM-driving is obtained and presence/ab-
sence of failure of the load is discriminated by com-
paring the integral value and a set duty ratio for the
PWM-driving.

4. A failure diagnosing method for diagnosing whether
a PWM-driven load is faulty, wherein detection of
whether the load is faulty is conducted asynchro-
nously with a voltage signal produced at one end of
the load by PWM-driving.

5. A method for dealing with load failure applicable for
diagnosing whether a PWM-driven load is faulty
and dealing therewith comprising:

a step of obtaining an integral value of a voltage
signal produced at one end of the load by PWM-
driving;
a step of determining a reference value taking
into account a set duty ratio for the PWM-driv-
ing;
a step of discriminating presence/absence of
failure of the load by comparing the integral val-
ue and the reference value; and
a step of, when it is discriminated that a failure
is present in the load, identifying the failure and
setting an output signal to the load in accord-
ance with the result of the identification.

6. A method for dealing with load failure as claimed in
claim 5, wherein identification of the failure is con-
ducted based on a result of comparing the integral
value and the reference value.

7. An apparatus for dealing with load failure applicable
for diagnosing whether a load PWM-driven by drive
means is faulty and dealing therewith comprising:

integrating means for obtaining an integral val-
ue of a voltage signal produced at one end of
the load by PWM-driving;
determining means for determining a reference
value for assessing the appropriateness of the
integral value taking into account a set duty ra-
tio for the PWM-driving;

discriminating means for discriminating wheth-
er the load is faulty by comparing the integral
value and the reference value; and
means for, when the discriminating means dis-
criminates that the load is faulty, identifying the
failure of the load and setting an output signal
to the load in accordance with the result of the
identification.

8. A method for dealing with load failure applicable for
diagnosing whether a PWM-driven load is faulty
and dealing therewith, wherein failure of the load is
identified by monitoring an integral value of a volt-
age signal produced at one end of the load by PWM-
driving and an output signal to the load is set in ac-
cordance with the result of the failure identification.
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