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571 ABSTRACT

A method of discriminating the misfire of a multicylin-
der engine for each cylinder (FIG. 1A), comprising the
steps of discriminating a cylinder number (#1i) at a pres-
ent combustion stroke (S101); calculating a present
momentum at the present combustion stroke, in a period
in which no combustive work is done (S105); comput-
ing a second momentum at a second stroke preceding
the present combustion stroke two times, in a period in
which no combustive work is done (S106); averaging
the present and second momentums (S107); deriving a
first momentum at a first stroke preceding the present
combustion stroke one time, in a period in which no
combustive work is done (S107); taking a difference
between the averaged momentum and the first momen-
tum (S107); setting a misfire judgement level from a
map of combustion conditions in a function of said first
momentum and engine load data (S108); and comparing
the difference with the misfire judgement level (S109),
thereby to judge the misfire condition for each cylinder
without being affected by a manufactural allowance.

2 Claims, 22 Drawing Sheets
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MISFIRE DISCRIMINATING METHOD FOR AN
ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a divisional application of application Ser. No.
07/779,190, filed on Oct. 10, 1991, now U.S. Pat. No.
5,307,670, which is relied on herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a misfire discriminat-
ing method for an engine. More particularly, it relates
to a method of discriminating the misfire of an engine
for each cylinder wherein the misfire condition of each
cylinder is discriminated from the momentum change
rate between cylinders. Also, it relates to such a method
wherein the misfire judgement level of each cylinder is
set with reference to a revolution fluctuation arising
when fuel has been cut off, and wherein the misfire
condition of each individual cylinder is discriminated
on the basis of the misfire judgement level.

2. Description of the Prior Art

In general, it is ideal for producing a stable output
that combustion in a multicylinder engine undergoes
the same process every cycle. In the multicylinder en-
gine, however, the combustion is liable to deviate due to
the synergy of such drawbacks as listed below:

(1) Nonuniformity in the distribution rate of intake air
attributed to the complication of the shape of an
intake pipe, the interferences of the intake air
among cylinders, etc.

(2) Some differences among the combustion tempera-
tures of the individual cylinders attributed to cool-
ing routes.

(3) Manufactural dispersions in the volumes of the
combustion chambers of the individual cylinders,
the shapes of pistons, etc.

(4) Slight discrepancies of the air fuel ratios of the
individual cylinders caused by unequal fuel injec-
tion quantities ascribable to the manufactural errors
of injectors, etc.

Heretofore, the combustion fluctuations among the
cylinders have been suppressed to the minimum by the
air fuel ratio controls and ignition timing controls of the
individual cylinders. In a recent high-performance en-
gine tending toward a higher output and a lower fuel
cost, however, when any of the injectors, ignition plugs
etc. has degraded or broken down, intermittent misfire
is liable to arise and to incur lowering in the output.

Even when the intermittent misfire has occurred in
one cylinder in the multicylinder engine, a driver often
drives an automobile without noticing the misfire. Be-
sides, it is difficult to judge during the drive whether the
cause of the misfire is merely temporary or is the degra-
dation or the like of any of the injectors, the ignition
plugs etc.

Therefore, according to the official gazette of Japa-
nese Patent Application Laid-open No. 258955/1986 by
way of example, a comparison is made between the
difference of the minimum value and maximum value of
the r. p. m. of an engine corresponding to a cylinder at
the previous combustion stroke and the difference of
the minimum value and maximum value of the engine r.
p. m. corresponding to the cylinder at the present com-
bustion stroke. The combustion condition of the perti-
nent cylinder is discriminated, depending upon whether
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or not the discrepancy between the compared values
falls within a preset reference value. In a case where
abnormal combustion has occurred in excess of a prede-
termined number of times, a misfire is judged, and warn-
ing is given.

With the prior-art technique, the combustion fluctua-
tion of each cylinder is obtained from the the differ-
ences between the minimum engine r. p. m. and maxi-
mum engine r. p. m. values of the combustion stroke
cylinder. During combustion, however, the engine
speed rises abruptly, and the engine is loaded relatively
heavily, so that the fluctuation of an acceleration in-
creases. Accordingly, it is difficult to specify the maxi-
mum value of the engine r. p. m., and a precision error
developing at the judgement of the misfire enlarges.

Meanwhile, the combustion characteristics of an en-
gine deviate, not only among cylinders, but also among
individual engines on account of the manufactural er-
rors of components, etc.

‘When the reference value for comparing the revolu-
tion fluctuations is set as an absolute value as in the
prior-art technique, it changes relatively every engine
due to the deviation of the combustion characteristics of
the individual engines, and it becomes difficuit to pre-
cisely grasp abnormal combustion in some of the en-
gines.

In an engine having a small number of cylinders, the
combustion intervals between the cylinders are compar-
atively long, and hence, the difference of the revolution
fluctuations is large. Therefore, even when the refer-
ence value is set as the absolute value, the deviation of
the combustion characteristics of the individual engines
do not exert great influence on the misfire judgement.
In contrast, in an engine having a large number of cylin-
ders, the combustion intervals are short, and the differ-
ence of the revolution fluctuations decreases to that
extent. Therefore, when the judgement level (the refer-
ence value) is set as the absolute value beforehand, the
deviation of the combustion characteristics of the indi-
vidual engines affects the precision of the misfire judge-
ment greatly.

Especially in a high speed region, the fluctuation
difference becomes small. Therefore, when the judge-
ment level changes relatively every engine, the precise
misfire judgment becomes very difficult.

By way of example, with a technique in the official
gazette of Japanese Patent Application Laid-open No.
82534,1984, a differentiated r. p. m. value AN#i
(AN#i=NH#i—NL#i) which is the difference be-
tween the instantaneous engine 1. p. m. NL#i of each of
cylinders #i (i=1-4 in a four-cylinder engine) before a
combustion stroke and the instantaneous engine r. p. m.
NH#i thereof after the combustion stroke is obtained
every cylinder, and the differentiated r. p. m. value
AN#i of each cylinder #i is subsequently compared
with the average value ANA of the differentiated r. p.
m. values AN#i of all the cylinders #i, thereby to grasp
the combustion condition of each cylinder #i.

With the prior-art technique, however, a reference
value is the average differentiated r. p. m. value ANA of
all the cylinders, which in itself is always prone to fluc-
tuate depending upon the combustion conditions. When
the average differentiated r. p. m. value ANA of all the
cylinders has fluctuated, that combustion condition of
each cylinder which is estimated with reference to the
average differentiated r. p. m. value ANA of all the
cylinders comes to involve the combustion condition
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factors of the other cylinders in the case of setting this
value ANA, and it becomes difficult to precisely grasp
the misfire of each cylinder.
. Meanwhile, with a technique wherein as disclosed in
the official gazette of Japanese Patent Application Laid-
open No. 268956/1988, misfire is decided from the dif-
ference of momentums before and after combustion (a
“revolving circumferential difference” in the official
gazette), the misfire is simply judged on condition that
the momental difference is minus. In, for example, the
running of an automobile at a constant speed, however,
the momental difference sometimes becomes minus
under the influence of the friction of an engine in spite
of normal firing (normal combustion), and the misfire
might be erroneously decided.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above circumstances and has for its first object to pro-
vide a method of discriminating the misfire of an engine
for each cylinder, which method can precisely detect
the misfire condition without involving the combustion
condition factors of the other cylinders and without
being affected by, not only the combustive deviation
among the cylinders, but also the manufactural disper-
sion among the individual engines.

It is the second object of the present invention to
eliminate also the influence of the friction of the engine
in the above method.

In one aspect of performance of the present invention
for accomplishing the first object, a misfire discriminat-
ing method for an engine with a crankshaft for output-
ting power and a camshaft for actuating values having,
a crank plate connected to said crankshaft for indicating
a crank angle, a crank angle sensor for detecting said
crank angle of said crankshaft and for generating a
crank angle signal, a cam plate connected to said cam-
shaft for indicating a cam position, a cam angle sensor
for detecting said cam position of said camshaft and for
producing a cam angle signal, and control means re-
sponsive to said crank angle and said cam angle for
controlling an ignition timing of said engine, comprises
the steps of discriminating a cylinder number at a com-
bustion stroke; calculating a present momentum at said
. present combustion stroke, in a period in which no
combustive work is done; computing a second momen-
tum at a second stroke preceding said present combus-
tion stroke two times, in a period in which no combus-
tive work is done; averaging said present and second
momentums; deriving a first momentum at a first stroke
preceding said present combustion stroke one time, in a
period in which no combustive work is done; taking a
difference between said averaged momentum and said
first momentum; setting a misfire judgement level from
a map of combustion conditions in a function of said
first momentum and engine load data; comprising said
difference with said misfire judgement level; and judg-
ing exactly a misfire condition for each cylinder with-
out being affected by a manufactural allowance.

According to this aspect of performance, the combus-
tion condition of the cylinder at the combustion stroke
preceding the present combustion stroke one time is
decided with reference to the average value of the mo-
mentums of the cylinders at the combustion strokes
before and after the combustion stroke of the pertinent
cylinder to-be-discriminated, the momentums develop-
ing in the periods in which no combustive work is done,
and it is compared with the misfire judgement level set
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in correspondence with the engine conditions of the
cylinder at the combustion stroke preceding the present
combustion stroke one time, thereby to discriminate the
misfire condition of the cylinder at the combustion
stroke preceding the present combustion stroke one
time. Therefore, the misfire condition can be precisely
detected without being affected by any of the combus-
tion deviation among the cylinders, the manufactural
dispersion among the individual engines, etc.

In another aspect of performance of the present in-
vention for accomplishing the first object, a misfire
discriminating method for an engine with a crankshaft
for outputting power and a camshaft for actuating
valves having, a crank plate connected to said crank-
shaft for indicating a crank angle, a crank angle sensor
for detecting said crank angle of said crankshaft and for
generating a crank angle signal, a cam plate connected
to said camshaft for indicating a cam position, a cam
angle sensor for detecting said cam position of said
camshaft and for producing a cam angle signal, and
control means responsive to said crank angle and said
cam angle for controlling an ignition timing of said
engine, comprises the steps of discriminating a cylinder
number at a combustion stroke; calculating a present
momentum at said present combustion stroke, in a per-
iod in which no combustive work is done; computing a
third momentum at a stroke preceding said present
combustion stroke one time, in a period in which no
combustive work is done; estimating a fourth momen-
tum at said stroke preceding said present combustion
stroke one time, in a period in which no combustive
work is done; averaging said third and fourth momen-
tums; taking a difference between said averaged mo-
mentum and said first momentum; setting a misfire
judgement level form a map of combustion conditions
in a function of said first momentum and engine load
data; comparing said difference with said misfire judge-
ment level; and judging exactly a misfire condition for
each cylinder without being affected by a manufactural
allowance.

According to this aspect of performance, the combus-
tion condition of the cylinder at the present combustion
stroke is decided with reference to the average value of
the momentum and the estimative momentum of the
cylinders at the combustion strokes before and after the
combustion stroke of the pertinent cylinder to-be-dis-
criminated, the momentums developing in the periods
in which no combustive work is done, and it is com-
pared with the misfire judgement level set in correspon-
dence with the engine operation conditions of the cylin-
der at the present combustion stroke, thereby to dis-
criminate the misfire condition of the cylinder at the
present combustion stroke. Therefore, the misfire con-
dition can be precisely detected without being affected
by any of the combustion deviation among the cylin-
ders, the manufactural dispersion among the individual
engines, etc.

In one aspect of performance of the present invention
for accomplishing the second object, a misfire discrimi-
nating method for an engine with a crankshaft for out-
putting power and a camshaft for actuating valves hav-
ing, a crank plate connected to said crankshaft for indi-
cating a crank angle, a crank angle sensor for detecting
said crank angle of said crankshaft and for generating a
crank angle signal, a cam plate connected to said cam-
shaft for indicating a cam position, a cam angle sensor
for detecting said cam position of said camshaft and for
producing a cam angle signal, and control means re-
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sponsive to said crank angle and said cam angle for
controlling an ignition timing of said engine, comprises
the steps of discriminating a cylinder number at a com-
bustion stroke; calculating a present momentum at said
present combustion stroke in a predetermined period at
cutoff of fuel; computing a second momentum at a sec-
ond stroke preceding said present combustion stroke
two times, in a predetermined period at cutoff of the
fuel; averaging said present and second momentums;
taking a difference between said averaged momentum,
and a third momentum at a third stroke preceding said
present combustion stroke one time, in a predetermined
period at cutoff of the fuel; setting a discrimination
value for a combustion condition at said third stroke
corresponding to the fuel cutoff, on the basis of said
difference; reading a misfire judgement level with said
third momentum as a parameter, out of a predetermined
address of a misfire judgement level map which corre-
sponds to a cylinder of said third stroke; rewriting said
misfire judgement level with said combustion condition
discriminating value; thereafter calculating a fourth
momentum at said present combustion stroke in a prede-
termined period at injection of the fuel; computing a
fifth momentum at said second stroke preceding said
present combustion stroke two times, in a predeter-
mined period at injection of the fuel; averaging said
fourth and fifth momentums; taking a second difference
between said average of said fourth and fifth momen-
tums, and a sixth momentum at said third stroke in a
predetermined period at injection of the fuel; setting a
second discrimination value for a combustion condition
at said third stroke corresponding to the fuel injection,
on the basis of said second difference; reading said re-
written misfire judgement level with said sixth momen-
tum as the parameter, out of said predetermined address
of said misfire judgement level map; and comparing said
second combustion condition discriminating value with
said rewritten misfire judgement level, thereby to judge
a misfire condition of said cylinder at said third stroke.

. According to this aspect of performance, in case of
discriminating the misfire of the cylinder at the combus-
tion stroke preceding the present combustion stroke one
time, first of all, in order to detect a friction factor
which is influential on the pertinent cylinder of the
engine, the combustion condition discriminating value
is found from the difference between the average value
of the momentums of cylinders at the combustion
strokes before and after that combustion stroke of the
cylinder which precedes the present combustion stroke
one time, the momentums developing in the predeter-
mined periods at the fuel cutoff, and the momentum of
the cylinder at the combustion stroke preceding the
present combustion stroke one time, the momentum
developing in the predetermined period. Subsequently,
the misfire judgement level stored at the address of the
corresponding one of misfire judgement level maps of
the respective cylinders is read out using as the parame-
ter the momentum of the cylinder at the combustion
stroke preceding the present combustion stroke one
time and is amended with the combustion condition
discriminating value, and it is rewritten into the
amended magnitude, thereby to learn the misfire judg-
ment level. Thereafter, the combustion condition dis-
criminating value is found from the difference between
the average value of the momentums of the cylinders at
the combustion strokes before and after that combustion
stroke of the cylinder which precedes the present com-
bustion stroke one time, the momentums developing in
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the predetermined periods at the fuel injection, and the
momentum of the cylinder at the combustion stroke
preceding the present combustion stroke on time, the
momentum developing in the predetermined period,
and it is compared with the misfire judgement level
which is read out using as the parameter the momentum
of the cylinder at the combustion stroke preceding the
present combustion stroke one time and which is
stroked at the predetermined address of the misfire
judgement level map of the cylinder at the combustion
stroke preceding the present combustion stroke one
time. In a case where the combustion condition discrim-
inating value is smaller than the misfire judgement level,
the pertinent cylinder is judged to have misfired.

In another aspect of performance of the present in-
vention for accomplishing the second object, a misfire
discriminating method for an engine with a crankshaft
for outputting power and a camshaft for actuating
valves having, a crank plate connected to sad crank-
shaft for indicating a crank angle, a crank angle sensor
for detecting said crank angle of said crankshaft and for
generating a crank angle signal, a cam plate connected
to said camshaft for indicating a cam position, a cam
angle sensor for detecting said cam position of said
camshaft and for producing a cam angle signal, and
control means responsive to said crank angle of said
cam angle for controlling an ignition timing of said
engine, comprises the steps of discriminating a cylinder
number of a cylinder at a combustion stroke; calculating
a present momentum at said present combustion stroke
in a predetermined period at cutoff of fuel; computing a
second momentum at a second stroke preceding said
present combustion stroke one time, in a predetermined
period at cutoff of the fuel; taking a difference between
said present and second momentums; setting a discrimi-
nation value for a combustion condition at said present
combustion stroke corresponding to the fuel cutoff, on
the basis of said difference; reading a misfire judgement
level with said present momentum as a parameter, out
of a predetermined address of a misfire judgement level
map which corresponds to said cylinder of said present
stroke; rewriting said misfire judgment level with said
combustion condition discriminating value; thereafter
calculating a third momentum at said present combus-
tion stroke in a predetermined period at injection of the
fuel; computing a fourth momentum at said second
stroke preceding said present combustion stroke one
time, in a predetermined period at injection of the fuel;
taking a second difference between said third and fourth
momentums; setting a second discrimination value for a
combustion condition at said present stroke correspond-
ing to the fuel injection, on the basis of said second
difference; reading said rewritten misfire judgement
level with said third momentum as the parameter, out of
said predetermined address of said misfire judgement
level map; and comparing said second combustion con-
dition discriminating value with said rewritten misfire
judgement level, thereby to judge a misfire condition of
said cylinder at said present stroke.

According to this aspect of performance, in case of
discriminating the misfire of the pertinent cylinder at
the present combustion stroke, first of all, in order to
detect a friction factor which is influential on the perti-
nent cylinder of the engine, the combustion condition
discriminating value is found from the difference be-
tween the momentums of the cylinder at the present
combustion stroke and a cylinder at the combustion
stroke preceding the present combustion stroke one







































