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(57) Claim
1. A malfunction uiagnostic apparatus for a vehicle control system,
comprising:
detecting means for detecting a malfunction state of a vehicle
control system; :

memory means for storing information resresenting the detected
malfunction state:

memory output means for outputting information, representing the
detected malfunction state, stored in said memory means;

timer means for counting a period of time since said detecting
means last detected the malfunction state;

1nh1b1ting means for inhibiting sald memory output means for
outputttng malfunction state information stored in said memory means only
when the period of time counted by said timer means exceeds a fixed period
of time;

means for producing an inhibition release signal; and

meansvfor disabling said inhibiting means in respect to the
produced inhibition release signal so that said memory output means can

output information, representing the detected malfunction state, stored in
sald memory means.
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ABSTRACT OF THE DISCLOSURE

There is disclosed a malfunction diagnostic
epparatus for a vehicle control system wherein a period of
time after the last detection of a malfunction state is
set by a timer, to inhibit the display of stored
information when the period of time has exceeded over a
specific period of time, and to release the inhibited
display in accordance with an inhibition release signal.
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BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a malfunction

diagnostic apparatus for a vehicle control system.
Description of the Related Art

Many proposals have been made to provide such a
malfunction detecting apparatus for electronically
controlled engines that stores information as to the
occurrence of any extraordinary (malfunction) condition of
an input signal to be inputted from a sensor into an
electronic control apparatus in a memory cell which can
retain stored information even during interruption of
power supply to the electronic control apparatus, and
reads the information from the memory cell at the t.me of
repair, thereby facilitating repair and maintenance of the
electronically controlled engines.

However, there takes place such a problem that,
despite the absence of malfunction with %he sensor and
wiring, error information is mistakenly s.ored due to
power voltage drop (at the time of engine cranking) and an
external noise; in this case, repair will be performed on
the basis of this error irnformation. To solve this
conventional problem, methods for automatically or
selectively erase the stored error information have been
disclosed in for example Japanese KOKAL (Disclosure)
Patent Applications No. 56-34540, 58-27858, and 59-213548.
These methods, however, are not able to judge if the
information has been stored by mistake or is a trovble
which is of low repeatability but should have been found;
accordingly all of the stored important as well as wrong,
unnecessary information will be cleared.

The present invention has veen accomplished in
an attempt to solve the above-mentioned problem, and has
as its object the provision of a malfunction diagnostic
apparatus for vehicle control system that is able to
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prevent the reading of wrong, extraordinary information.

It is another object of the present invention to provide a
malfunction diagnostic apparatus that is able to acquire both the contents
of the malfunction judgement and the various information comparatively
corresponding to a period of vehicle operation after the judgement of
malfunction. As a result, there can be realized a diagnostic apparatus
that diagnoses malfunctions on the basis of information of both the

‘contents of output code of malfunction detecting means and user's
~explaration of malfunction, thus preventing erroneous judgement of

malfunction.

 SUMMARY OF THE INVENTION

‘In accordance with the present invent1on there is disclosed a

- malfunction d1agnost1c apparatus for a vehicle control system, comprising:

~detecting means for detecting a malfunction state of a vehicle
control system;

memory means for storing 1nformat10n represent1ng the detected
malfunction state;.

memory output means for outputting information, representing the
detected malfunction state, stored in said memory means;

timer means for counting a period of time since said detect1ng means
last detected the malfunction state;

tnhibiting means for inhibiting said memory output means for

:outputttng malfunction state information stored in said memory means only

when the period of time counted by said timer means exceeds a fixed period
of time;

means for producing an inhibition release signal; and

means for disabling sald inhibiting means in respect to the produced
inhibttion release signal so that said memory output means can output
information, representing the detected malfunction state, stored in said
memory means.
BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, reference will
be made to read the following description in conjunction with the
accompanying drawings,
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in which:

Fig. 1 is a block diagram of a vehicle control
system according to one embodiment of the présent
invention partially broken away;

Fig. 2 is a block diagram of an electronic
contrcl cpparatus; and

Fig. 3 is a flowchart of operation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
OVERALL ARRANGEMENT OF VEHICLE CONTROL SYSTEM
Fig. 1 is a general block diagram of a vehicle

control system employing the malfunction diagnostic
apparatus of the present invention.

First, the overall construction of the system
will be explained. In the intake system, there are
arranged, in order of mention from the upstream, &an air
cleaner 1, an air flowmeter 2 for detecting the flow of
intake air, a throttle valve 3 interlocked with an "
accelerator pedal (not shown) in a cabin, a surge tank 4,
and an intake pipe 5. The intake pipe 5 is connected with
the engine body 6. A combustion chamber 7 in the engine
body 6 is defined by a cylinder head 8, a cylinder block
9, and a piston 10. An air-fuel mixture passes through an
intake valve 14, being supplied into the combustion
chamber 7, where the mixture is burned:. The burned
mixture goes through an exhaust valve 15, being exhausted
out of the combustion chamber 7. In the exhaust system,
there are also disposed, in order of mention from the
upstream, an exhaust manifold 18, a catalytic converter 19
which holds ternary catalyzer which accelerates the ,
oxidation and reduction of harmful components in the }
exhaust gases, and an exhaust pipe 20. First and second
bypass passages 23, 24 connect the intake passage 25
upstream of the throttle valve 3 and the surge tank 4, 1In \
the first and second bypass passages 23, 24, there are i
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installed a solenoid ON/OFF valve 26 and a bimetal ON/OFF
valve 27. The first bypass passage 23 is used for
stabilizing engine operation during idling. The solenoid
ON/OFF valve 26 opens and clcses the first bypass passage
23 in relation to the idling speed. The second bypass
passage 24 is provided to improve engine operation during
warm-up operation. While the engine is running below a
specific temperature, the bimetal ON/OFF valve 27 holds
the second bypass passage 24 open. A fuel injection valve
28 is mounted in the intake pipe 5, directed toward the
combustion chamber 7, and opens and closes in response to
an electrical input signal, injecting the fuel. An
air-fuel ratio sensor 29 is mounted in the exhaust
manifold 18 to detect the concentration of oxygen in the
exhaust gases. A crank angle sensor consisting of twao
parts 30, 31 detects a crank angle from the rotation of a
distributor 32 shaft connected with a crankshaft. Cnre
part 30 produces one pulse by each 720-degree change in
the crank angle, while the other part 30 produces one
pulse by each 30-degree change in the crank angle. The
distributor 32 supplied with a secondary current from an
ignition coil 33 distributes this secondary current to an
ignition plug in each combustion chamber. A throttle
sensor 34 detects the amount of opening of the throttle
valve 3. A vehicle speed sensor 35 detects the speed of
th2 output shaft of an automatic variable transmission
system 36, that is, a vehicle speed. A water temperature
gensor 37 is mounted in the cylinder bloc¢“ to detect the
temperature of cooling water. An electronic control
apparatus 41, which receives input signals fraom the air
flowmeter 2, an air-fuel ratio sensor 29, the. parts of
crank angle sensor 30, 31, the ignition coil 33 (ignition
confirmation signal), the throttle sensor 34, the vehicle
speed sensor 35, and the water temperature sensor 37,
outputs signals to the solenoid control valve 26, the fuel
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injection valve 28, the ignition coil 33 (primary
current), and the solenoid 42 in the hydraulic pressure
control circuit of the automatic variable transmission
system 36. The electronic control apparatus 41 includes a
CPU (central processing unit) comprising a microcomputer,
a ROM (read-only memory), and a RAM (random-access
memory). The CPU functions to compute the amount of fuel
injected, fuel injection timing, and ignition timing in
accordance with a specific program of the ROM.
ELECTRON_IC CONTROL APPARATUS
Fig. 2 is a block diagram showing the interior

of the electronic control apparatus 41 of a malfunction
diagnostic apparatus 100 of the present invention. Thé
CPU 55 includes an arithmetic logic unit (ALU) 56 and a
RAM 57. The CPU 55, an input/output interface 58, a ROM
59, and a RAM 60 are connected to one another through a
path 61. An A/D (Analog/Digital)} converter 62 includes
inside a multiplexer 63 in order to select a specific
input. The CPU 55, input/output interface 58, ROM 59, and
A/D converter 62 are supplied with electric power from a
main power supply 67. The main power supply 67 is
connected to a battery 70 via an ignition terminal 69 of
an ignition switch 68 in the cabin, and is in the state
that it is ready to supply the power only when the engine
key is in the ON position, that is, when the ignition
switch is in the closed position. The RAM 60 is supplied
with the power from a sub-power supply 71. Since this
sub-power supply 71 is directly connected to the battery
70, the RAM 60 is continuously energized with the power
regardless of the closing and opening of the ignition
switch 68, thus retaining stored information even when the
engine is at a stop condition.

Analog outputs from the air flowmeter 2 anid the
water temperature sensor 37 ere sent to the A/D converter
62, which converts them into digital values, being sent to
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the input/output interface 58. The output pulse from the
air-fuel ratio sensor 29, the parts of crank angle sensor
30, 31, the throttle sensor 34, and the vehicle speed
sensor 35 is sent into the input/output interface 58. The
solenoid control valve 26, the fuel injection valve 28,
and the ignition coil 33 receive input signals via the
input/output interface 58. To this input/output intexrface
is connected an output terminal 66 which is utilized for
diagnosing a malfunction of the electronic control
apparatus 41,

For example, an extraordinary input signal from
the crank angle sensor can be judged by checking whether
or not a pulse is sent to the electionic control apparatus
from the crank angle sensor within ¢ specific time after
the starting of a starting motor. When the input signal
from the crank angle sensor is extraordinary, no pulse
will be inputted from the crank angle sensor to the
electronic control apparatus within this specific time.

Also, as extraordinary input signal from the

‘vehicle speed sepsor 35 can be confirmed by checking if a

pulse is sent from the vehicle speed sensor 35 to the
electronic control apparatus 41 within a specific time
when the engine is running at a speed exceefing over &
given vaiue with the automatic transmission 36 in the
"DRIVE" range. In the event of an extraordinary input
signal from the vehicle speed 35, no pulse will be
inputted into the electronic control apparatus 41 from the
vehic..e speed sensor 35 within this specific period of
time.

In addition, to detect a malfunction of the
solenoid ON/OFF valves 26, 28 for example, an exciting
current based on an output command is detected by the
interface 58. 1If no exciting current flows to these
valves 26, 28 Jdespite of the presence of the output
command, it may be judged to be the breakage of a solenoid



e

ha}

valve wire. In the meantime, if the exciting current
flows despite of the absence of this output command, it
may be judged to be a trouble, such as a short circuit, of
an output transistor (not shown).

Upcn detection of an extraordinary signal to be
inputted into the electr=nic control apparatus 41, the
flag "1" which expresses a malfunction will be added to
memory data of the RAM 60 corresponding to the
extraczdinary input signal (one and the other of binaxry
logic values are defined as "1" and "0" respectively).

In vehicle repair and maintenance, signals at
the output terminal 66 will be checked to detect the value
of this extraordinary code. At this time, the appearance
of a value of the extraordinary code at the output
terminal 66 and, then a code No. "1" appears at the output
terminal 66 which indicates that there exists abnormality
with the input signal corresponding to the numher "1" of
the terminal 66.

A switch 65 is of a switch specially provided
for malfunction diagnosis or an idle switch interlocked
with the accelerator pedal, being primarily used for
inputting the power to the electronic control apparatus
41,

EXTRAORDINARY CCDE/IDLE SWITCH

The above-mentioned correlation betwecn the
extraordinary code and the function of the idle switch 65
will now be described in detail. '

First, the output terminal 66 in Fig. & has a
function to display as a specific output code, the memory

content at the time of malfunction diagnosis, for example

to output an output signal to a service checker at a

vehicle dealer's service shop, ¢r an output signal for

communicating the content of stored information outputted

to the diuvplay of the checker. 1In this case, the checker ‘
may be constructed of an electronic instrument, a lamp, or ;
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a light-emitting diode display.

The input switch 65 is a means for producing an
inhibition release signal for releasing the inhibited
display of stored information (memory content) described
above, at the time of malfunction diagnosis. For example,
an idle switch (not shown) which has been provided in a
conventional vehicle system, is operated according to an
on-off pattern preset in cipher. This encripted pattern
is discriminated from patterns in general use. - Thus
operating the idle switch in accordance with the encripted
pattern can indicate an operation to release %the inhibited
display of stored information.

This predetermined ON/OFF encripted pattern
includes for example the following operation: Immediately
after the ignition switch is turned on, the engine ig
turned off, and the idle switch is repeatedly turned on
and off at least five times within five seconds, and then
with the engine on, the i1idle switch is repeatedly turned
on and off at least five times within five seconds.

An extraordinary condition code is, for example,
of such a signal form that one pulge is produced at a
fixed interval, and a signal form that two continuous
pulses are produced at a fixed interval. A signal of gsuch
an extraordinary code is outputted to the output terminal
66.

MALFUNCTION DETECTING OPERATION

Next, the operation of the malfunction

diagnostic apparatus 100 of the preferred embodiment shown

in Figs. 1 and 2 will now be explained in accordance with .
a flowchart shown in Fig. 3. At Step S1, a decision is

made as to whether there has occurred a malfunction or an

extraordinary condition with the input or output of the

electronic control apparatus 41, and if no extraordinary

condition exists, the operation proceeds to Step S4, where

because no malfunction exists after the immediate



performance of a malfunction proecessing, a £ailure
processing should be released for those which can be
reset, An alarm lamp, if on, should be turned off to
reset to the normal condition. If normal, the operation
will proceed to Step S7. In the meantime, if an
extracrdinary condition is judged at previous Step S1, the
operation proceeds to Step S2, whexre another decision is
made on a value indicated cn the IG counter which counts
the number of on-to-off operation of the ignition switch
68. When the value indicated on the IG counter is other
than "0", the control operation advanced to Step 85. If
"0" is indicated, the operation proceeds tou Step S3
because a period after the previous judgement of
malfunction exceeds a fixed periou of time, and furthex
proceeds to Step S5 after clearing the past malfunction
information stored in the RAM 60. At this Step S5,
information as to the present malfunction ig stored and
the IG counter in the RAM 60 ic reset. The IG countex ig
set to "-1" when the switch 68 ig turned to off as
described later.

This 1G counter ic mainly a memory (not chown in
detail) in the RAM 60, and its address memory is counted
down in interlock with the on-off operations of th-
ignition switch (not shown). This IG counter plays .q
important role in the system described above in thig
preferred embodiment, corresponding to the timer means
which sets a period of time after the last detection of a
malfunction state. As a circuit element, this counter
corresponds to a microprocessor including a CPU 55 and an
ALU 56.

If there occurs no malfunction for a period of
about 30 days with the engine operated at a rate of twice
a day, the counter is reset to zero. At Step S6, a
fail-safe processing is performed of a present
malfunction. The alarm lamp or other will be turned on if
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necessary, to give a warning to a car driver. At Step §7,
a judgement is made to see whether or not the IG counter
registers "0." If "0" is not registered, the opesation
will proceed to Step S10, outputting a content of
malfunction to the output terminal 66, for example, to the
LED display, thereby insuwring immediately zeading the
content of malfunction stored in the RAM 60 and fast
finding out the malfunction at a repair shop in the event
of repeated occurrence of malfunctions or a snort period
after the detection of the latest malfunctin»ns.  However,
when an extraordinary code is set by mistake during repair
of a vehicle or by noise, vehicle operation performance
will not be lowered and accordingly the vehicle will not
be brought in for repair to a repair chop by the car
ariver.

Examples of a cetting procedure of this
extraordinary code are as follows. Prior to regetting a
sensor or an actuator under repair, the ignition cwitch is
turned on, aihd at this time, the alarm lamp io
illuminated: «when a repair engineer has noticed thigs
illumination of the alarm lamp at onhce and reset the
actuator to normal, but forgot erasing the stored
information; and when, in the event of excessive dicchorge
of a car battery, the vehicle is started by the power
supplied from another car battery, and during travelling,
the excessively discharged battery is recharged up to a
normal voltage. Also, when a period of for example about
30 days has passed without recurrence of the same kind of
malfunction and extraordinary condition, the IG counter
reaches zerxo, and the control process is advanced to the
operation proceeding for judgement of Step S8. If no
gpecial request is made by the driver at the time of
checking the output terminal 66 at the repair shop, the
swltch 65 will not be operated and therefore the operation
will proceed to Step 9. The output terminal 66 outputs a
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normal code regardless of storage of information ac o
malfunction. I£f, at this time, the car driver makes
request for a check for the reason that some abnormality
was noticed in operation performance althougl not verw
frequently, but at a rate of once in several monthe, or
several times a few months ago, and thereafter no
extraordinary condition has taken place, the switeli £8
will be operated by a fired procedure, and the operaticn
will proceed to Step S10, where details of the stored
information as to the past malfunction can be confirmed.
Next, at Step S1l1, whether or not the switeh 6T de in the
off pasition is judged. If the switch 60 remains can, the
operation will go back to START, Conversely, if the
switch 68 is off, the IG counter is set to Y=1" at Step
812, and then at Step $13, the operation of the CIU will
be powered down.
MODIFICATIONS
In the aforementioned preferred embodiment, the

extraordinary input and output of the control apparatus in
conjunction with engine control has been explained. Tho
control apparatus may be also widely applicable to tho
prevention of occurrence of error information on the
abnormality of all input and output signals in an
operation control apparatus of a suspension, &
transmission, and so forth. According te the countrol
apparatus, tie timer means counted the number Of on~to-cil
operation of the IG switch. Besides the number of the
on-to-off operation, similar functions may be expected i
control such values representing vehicle operatina time us
the off-to-on number of IG switch operation, an
accumulated on-duration time of the ignition system, ant
an accumulated value of distance traversed.

For example, therc may be adopted such & method
that the IG counter is set at "180," from which the count
value is counted down by "~1" every one kilometer, or K

-
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avery five minutes acecumulated.

In the preferred embodiment, the memory contentg
were displayed. Alternatively, such information may be
announced by way of, for instance, sounds, light etc.

While the above-mentioned example has been
described on the supposition that the vehicle is operated
twice a day, it will be readily understood that the
invention is not to be limited thereto, but may be set to
other counting rnumbers.

According to the present invention, as described
above, a period of time after the last detection of
malfunction is preset by the timer, and when thie preset
period of time exceeds over a i{ixed period of time, the
display of the stored information is inhibited and the
inhibited display of the stored information is released,
thereby preventing incorrect -judgement of malfunction
information. As it is nc¢ . needed to disconnect & battery
terminal from a car battery in order tc erase the stored
information on malfunction, no adverse effect wil.l occur
to other memory holding devices. Furthermore, it is
possible to read information on a less recurrent
malfunction even aftexr the lapse of a fixed periocd or
time, and also as stored information concerning old
malfunctions are ‘leared by a new malfunction, the memory
capacity can be utilized effectively.

In other words, the stored information on only
such malfunctioas that are of low frequency, will not be
erased., If a low-frequently occurring malfunction takes
place before the occurrence of a high-frequently oaccurring
malfunction and no cliim is made by a car user, the stored
information on the low-frequently occurring malfunction
described above will be cleared at the time of occurrence
of this high-frequently occurring malfunction.
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The claims defining the invention are as follows:

1. A malfunction diagnostic apparatus for a vehicle control system,
comprising:

detecting means for detecting a malfunction state of a vehicle
contrel system; )

memory means ftor storing information representing the detected
malfunction state;

memory output means for outputting information, representing the
detected malfunction state, stored in said memory means;

timer means for counting a period of time since said detecting
means last detected the malfunction state;

fnhibiting means for inhibiting said memory output means for
outputting malfunction state information stored in said memory means only
when the period of time counted by said timer means exceeds a fixed period
of time,

means for producing an inhibition release signal; and

means for disabling said inhibiting means in respect to the
produced inhibition release signal so that said memory output means can
output information, representing the detected malfunction state, stored in
said memory means.

2, The malfunction diagnostic apparatus for a vehicle control y
system as claimed in claim 1, wherein if said detecting means detects a
present malfunction state Mx+1 and the period of time counted by said
tiger means since the previously detected malfunction state Mx exceeds
sald fixed period of time, then said memory means clears information
representina the previously detected malfunction state Mx and stores
information representing the present malfunction state Mx+1' and said
timer means resets the counted period of time.

3. A maifunction diagnostic apparatus for a vehicle control system
as claimed in claim 1 or 2, wherein said timer méans comprises a central
processing unit having an arithmetic calculation unit and a random access
memory.

4, A malfunction diagnostic apparatus for a vehicle control system
as ciaimed in claim 1, 2 or 3, wherein said timer means counts an off-to-on
number of an ignition switch.
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5. A malfunction diagnostic appafatué for a vehicle control'sysfem-

‘as claimed in any one of the preceding claims, wherein said timer means

counts an accumulated time period of on-duration time of an ignition
switch., : _

6. A malfunction diagnostic apparatus.for a vehicle control system
as claimed in anv one of the preceding claims, wherein said timer means
counts an accumulated drive distance of an-automobiie.

7. A malfunction diagnostic apparatus for a vehicle control system
as claimed in any one of the preceding claims, wherein said %imer means
counts a drive time of an automobile.

8. A malfunction diagnostic apparatus for a vehicle control system
substantially as described herein with reference to the drawings.

DATED this TWENTIETH day of NOVEMBER 1990

Mitsubishi Denki Kabushiki Kaisha

_Patént-Attorneys for the Applicant
SPRUSON & FERGUSON




= - 7
R

A4V gy

-;j
_

137

i

19 CONTROL =
—APPARATUS |—
g /

\ \ | | LYeLecTronic |

L1

s

)

41

887699 zz




2
100
62 %
H 55
2 Al T 5‘\6 (
AFM = s | ALU | cPU
03T ;3 7
374 WTS 57 TLRAM
[
297 AFR
30~ crs
SN - >c§)
34 |
1 THS : k59
3 SPM -
L
™
26 n \N| T
S MGV rm 7] gj
5 :
Y ‘60
33,
42 IGC
65
5 Loes |
”[;o\c
(C
66 67
B ~
’ MAIN
QTG P/S
SUB
— P/S
=70 )
71




e T
v

HAS
MALFUNCTION

YES

Leiican g

OCCURRED ? S2
s 16
COUNTER S3
S4 EQUAL TO 1
) ZERO 2 CLEAR ALL
REST RESETTABLE INFORMATION
MALFUNCTION IN RAM FOR
TO NORMAL STORING _PAST
CONDITION MALFUNCYTTON
INFORMATION
]
ADD  PRESENT
MALFUNCTION .
INFORMATION TO  |~.S59H
MEMORY & SET 60
TO IG COUNTER
1
PERFORM  FAIL-SAFE
PROCESSING FOR
PRESENT -_S6
MALFUNCTION
57 I » '
151G
COUNTER _YES 38
EQUAL TO
ZERO ?
15 SWITCH
NO 65 OPERATED S9
PROPERLY 7 (
. OUTPUT NORMAL
S10 | YES CODE
A REGARDLESS OF
OUTPUT _(DISPLAY) SONTENT. OF
MANCTON S ovcrion
G YES S12
COUNTER ! L
OFF ? Lo

DECREMENT 1G
COUNTER BY 1

L . .
S13 .| POWER DOWN ]

)

AN E——



