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Background art

It 1is demanded in an internal combustion engine,
particularly in an gas engine which uses clean gas such as
town gas as main fuel, to sensewith reliability the occurrence
of knock due to misfire, flame quenching or uneven mixture
in the combustion chamber and to take a measure to deal with
the phenomenon without delay. Further, it is required in said
gas engine, petrol engine, and diesel engine, etc. to detect
positively the excessive increase of the maximum combustion
pressure in the combustion chamber, i.e. the maximum cylinder
pressure or the reduction of compression pressure in addition
to said misfire, flame quenching, or knock for maintaining

the durability, stability of performance of the engine.

It is inevitable in said gas engine, petrol engine, and
diesel engine, etc. that the condition of combustion in the
combustion chamber is detected, diagnosed, and the ignition

timing of the fuel and the fuel injection quantity are properly
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it is required that, even when sonething wong occurs with the maxi num
cylinder pressure detector which is the detector of the condition of
conmbustion, speedy recovery fromthe abnornmal condition and resunption of
normal di agnosis and control of conbustion. Conbustion diagnosis systens
for detecting and diagnosing the condition of conbustion in the conbustion
chanber of internal conbustion engines are disclosed in Japanese Patent
Application Publication No.2000-110652, No.11-183330, and Japanese Patent
No. 2712332on€t 61 1 Adcarab md)i i @ tdapiaen ees ulat eftt hap@l agadbsds . Pubhirchtiron

No. 2000- 110652, frequency band is determ ned according to the
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the condition of combustion in the combustion chamber of
internal combustion engines are disclosed in Japanese Patent
Application Publication No.2000-110652, No.11-183330, and

Japanese Patent No.2712332, etc.

According to Japanese Patent Application Publication
No.2000-110652, frequency band is determined according to
the now-operating parameter of the internal combustion engine,
the signal component of frequencies belonging to said
extraction frequency band is extracted from said detected
signal of cylinder pressure by means of a filter, and knock
is judged to be occurring when the extracted component exceeds

a threshold value.

In Japanese Patent Application Publication No.11-183330,
misfire is judged to be present when the crank angle when
the value of the pressure in the detected signal from the
cylinder pressure detector is maximum, i.e. the crank angle
at the maximum cylinder pressure is in the range of
predetermined crank angle and at the same time the mean
effective pressure calculated from the detected cylinder

pressure signal is below the predetermined value.



speed is detected to nonitor the change thereof, and msfire 1is judged to
be present when engine rotation speed has gone below the predeterm ned
val ue. However, in the invention of Japanese Patent Application
Publ i cati on No.2000-110652, the signal conponent of frequencies bel onging
to the extraction frequency band is extracted by a filter neans, so
conplicated conputation processing such as changi ng of pass band
acconpanying the treatnent by the filter means is necessary. Therefore,
the judgenent of the occurrence of knock and control thereof are

conplicated. Further, as the absolute value of the cylinder pressure is
necessary, tAFRCHEERAGP ofaRaneRiRE Rt N2 i HikE33dr c8BGULBCJERFRELEE and
correct diagnqsis of conmbustion i.s Inpossible n_the output.l | of the
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sensor. Also in"the invention of Japanesé Patent Application Publication
No. 11- 183B80owt hheabseldatte rralnesd ofalbe. cyl i nder pressure i s necessary for
t he judgenment of msfire, so, in an anal ogous fashion as nentioned above,
the accuracy of the detected cylinder pressure decreases and correct
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sensor. 3 In the invention of Japanese Patent No.2712332, the
frequencies belonging to the extraction frequency band is
extracted by a filter means, so complicated computation
processing such as changing of pass band accompanying the
treatment by the filter means is necessary. Therefore, the
judgement of the occurrence of knock and control thereof are
complicated. Further, as the absolute value of the cylinder
pressure is necessary, the accuracy of the detected cylinder
pressure decreases and correct diagnosis of combustion is
impossible when the output level of the cylinder pressure
sensor reduces totally due to the deterioration, temperature
drift, failed calibration, etc. of the cylinder pressure
sensor.

Also in the invention of Japanese Patent Application
Publication No0.11-183330, the absolute value of the cylinder
pressure is necessary for the judgement of misfire, so, in
an analogous fashion as mentioned above, the accuracy of the
detected cylinder pressure decreases and correct diagnosis
of combustion is impossible when the output level of the
cylinder pressure sensor reduces totally due to the
deterioration, temperature drift, failed calibration, etc.

of the cylinder pressure sensor.



condition of conbustion in the conbustion chanber is detected and

di agnosed by the indirect neans of nonitoring the change of rotation speed
of the engine, so the accuracy of conbustion diagnosis is low Further, in
any of the prior inventions, an apparatus carries out conbustion diagnosis
only on one item that is knock or msfire, therefore the cost of
appar at uses becones expensive to provide for a plurality of diagnosis
functions. In an nulti-cylinder gas engine provided with an ignition

devi ce anongr hoke i hheenaloocondiistliaparergp n@stecanbiist. 20A 2 385%,i cicbecy
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mul tiple-cylinder gas engine like this, to carry out the conbustion

di agnosi sdaagnosirsustsi dmwcontrol so that, through the detection of the

occurrence of msfire or flame quenching with good accuracy w thout del ay
fromthe detected data of the cylinder pressure, the fuel ignition timng
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possi ble without affected by the c ders in which the msfire or flane
guenchi ngknsckcourmisfiird, therefore the cost of apparatuses becomes
expensive to provide for a plurality of diagnosis functions.

In an multi-cylinder gas engine provided with an ignition
device among those internal combustion engines, combustion
efficiency increases and engine performance improves by
advancing the fuel ignition timing, however, knock becomes
easy to occur due to the earlier spontaneous ignition of
unburned fuel. Therefore, it is required to operate with the

fuel ignition timing with which knock is evaded and the maximum

engine performance is maintained.

It is required, inamultiple-cylinder gas engine like this,
to carry out the combustion diagnosis and combustion control
so that, through the detection of the occurrence of misfire
or flame quenching with good accuracy without delay from the
detected data of the cylinder pressure, the fuel ignition
timing and fuel injection quantity for the cylinder in which
said misfire or flame quenching is occurring are adjusted to
deal with said misfire or flame quenching so as to make the
smooth operation of the other cylinders possible without
affected by the cylinders in which the misfire or flame

quenching is occurring.



Further, in the multi-cylinder gas engine, it is required that, when
abnormality occurs to any of the cylinder pressure detecting neans for
detecting the conbustion condition in conbustion chanber due to any
failure of the detecting nmeans, the recovery of the function of the
cylinder pressure detecting nmeans is carried out while adjusting the fuel
ignition timng and fuel injection quantity of the cylinder in which said
abnormality in the pressure detecting nmeans has occurred to conditions
saf e agai nst abnormal conbustion, and after the recovery of the function

of the pressure detectin means, t he normal conbustion control is recovered
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detecting neans fromthe abnormal state is possible, and the conbustion

di agnosi sinswithchisdidabn®rmality in the pressure detecting means has
occurred to conditions safe against abnormal combustion, and
after the recovery of the function of the pressure detecting
means the normal combustion control is recovered
automatically, thus the occurrence of abnormality in any of

the cylinder pressure detecting means can be dealt with

without stopping the operation of the engine.

Further, in the multi-cylinder gas engine, it is required
that the standard values (thresholds) of diagnosis items
such as maximum cylinder pressure, maximum limit pressure of
knock, permissible pressure concerning occurrence of flame
quenching are adjustable to match the operation condition of
the engine and the high accuracy of diagnosis of the condition

of combustion is maintained.

Further, in the multi-cylinder gas engine, it is required
that the occurrence of abnormality in any of the cylinder
pressure detecting means can be detected at an early stage
and automatically, swift recovery of the function of the
cylinder pressure detecting means from the abnormal state is

possible, and the combustion diagnosis is carried out



snmoot hly. However, none of prior arts including said prior invention

provi des a conbustion diagnosis and conbustion control neans which can
suffice the requirenents nentioned above. Particularly, when the

i nformati on of conbustion diagnosis such as msfire, flame quenching is
sent to a conbustion control device, the nmethod of sending the information
of a plurality of cylinders digitally through a serial wire is not
desirable, for the influence of a break in the wire and noise affects the
control ddmabthdf.the cylinders. For this reason, with a nmethod of parallel
transmttal of each individual conbustion diagnosis information between
the conbustion diagnosis apparatus and conbustion control apparatus as
shown in FI G 32 accordi ng %o t he thqgth gfdﬁnﬁil_ﬁ%fe .sgve&génggngs of
category's PRFSVTET BRE°TIE TS 2ot SN BP IRy RE&PE W ECREE8Esary
for sendigg, @i @b5al coMAtAl Son WA agnd I PLanPEEmBUERY o Boh@FWiLr REan¥hi ch
demands nuch expense in tine and effort. Further, in none of conventi onal
conbust i ovh teclagoesi suffyseemheoflramliremmytt sideenengned bhbsvieeen used a

di splay which can display always changi ng conbusti on conditions of all of
the cylinders in a manner easily understandable to the worker. Because of

t he necessi f, o§§ervin t he, wav.ef orm of. cvl inhder ressure for .
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conplicated display but also the connect’i on of the conmbustion apparatus

to each osenttroscdpeice, the method of sending the information of a
plurality of cylinders digitally through a serial wire is not
desirable, for the influence of a break in the wire and noise

affects the control of all of the cylinders.

For this reason, with a method of parallel transmittal of
each individual combustion diagnosis information between the
combustion diagnosis apparatus and combustion control
apparatus as shown in FIG.32 according to the thought of
fail-safe, several kinds of category’s information (2" kinds)
for each of m cylinders are necessary for sending digital
signals, so 2"Xm or more wires are required, which demands

much expense in time and effort.

Further, in none of conventional combustion diagnosis
systems of multi-cylinder engine has been used a display which
can display always changing combustion conditions of all of
the cylinders in a manner easily understandable to the worker.
Because of the necessity of observing the waveform of cylinder
pressure for investigating the details of abnormality of
combustion, anoscilloscope must be provided for each cylinder,

which not only results in a complicated display but also the



is difficult. Further, the historical changes of conbustion conditions of
t he engi ne can be understood by observing the result of each category of
di agnosi s, but as the result of diagnosis changes rapidly, it is not

possi ble to observe the output result in time sequence. Disclosure of the
| nvention The present invention was nmade in |light of the problenms of prior
art nmentioned above. An object of the invention is to provide a conbustion
di agnosi s system of an internal conbustion engine, with which conbustion
di agnosi scsticacasonkadckhentshbustibhaappguenoki ng, cand excedtpsebpehi gh
cylinder pressure is possible by single apparatus; conputation processing
i s sinplelSafYERLEHLY -accurate result of diagnosis is obtainable wthout

i nfluenced by the changes in perfornmance of the cylinder pressure
detecting neans due to the deterioration of cylinder pressure sensor,
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invention is to provide a nethod and apparatus for diagnosing and
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Disclosure of the Invention

The present invention was made in light of the problems
of prior art mentioned above. An object of the invention is
to provide a combustion diagnosis system of an internal
combustion engine, with which combustion diagnosis such as
knock, misfire, flame quenching, and excessively high
cylinder pressure 1is possible by single apparatus;
computation processing is simple; and highly accurate result
of diagnosis is obtainable without influenced by the changes
in performance of the cylinder pressure detecting means due
to the deterioration of cylinder pressure sensor, temperature

drift, calibration deficiency, etc.

Another object of the invention is to provide a method and
apparatus for diagnosing and controlling the combustion in
an internal combustion engine, with which the accuracy of
diagnosis using detected cylinder pressure is improved;
stable operation of the engine is possible with the fuel
ignition timing with which the occurrence of knock is evaded
and maximum engine performance can be maintained; smooth

operation of the engine is possible without exposed to the



or flame quenching is occurring by adjusting the conbustion condition in
the concerned cylinder to elimnate such abnornmality; and further the
occurrence of abnormality in any of the cylinder pressure detecting neans
is detected without delay and adjustnment of conbustion condition in the
cylinder of which the cylinder pressure detecting nmeans has becone
abnormal is made so that the function of the cylinder pressure detecting
means can be recovered w thout stopping the engine. A further object of the
i nvent i oninSliieénpe dyy dehaa coprust i @n irdithgnogild nslyst ém whith mhs Ehrehe
control of all cylinders can be performed snmoothly w thout influenced by
dat a trar@hifkang quenrehbrgaks RFeeringdy agibws theddihgremRushierfmti on
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whi ch the nunber of "'wWires corresponding to the nunber of cylinders
suf fi ces dbrtHeheyltimatempseismumd dedeertdlndk meds sofi si déveagaedomi bhout

conmbustion _diagnosis of each of a plurality of cylinders between the
conbust i d?ﬁb@&g%f&%iaéila’pﬁﬁd?%ﬁﬁso%ﬁ@"@é’mq SRIEG Bl inapParayLindRd t he
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conditions of all of the cylinders can be displayed in a manner easily
under st andkabéet 8ng means can be recovered without stopping the engine.
A further object of the invention is to provide a combustion
diagnosis system, with which the control of all cylinders can
be performed smoothly without influenced by data transmitting
wire break, noise, etc., when the diagnosis information such
as misfire, flame quenching is sent from the combustion

diagnosis apparatus to the combustion control apparatus and

display.

A further object of the invention is to provide a combustion
diagnosis system with which the number of wires
corresponding to the number of cylinders suffices for the
transmission of several kinds of information of combustion
diagnosis of each of a plurality of cylinders between the
combustion diagnosis apparatus and combustion control
apparatus and the expense in time and effort for the connection

of wires is largely saved.

A still further object of the invention is to provide a
combustion diagnosis system for amulti-cylinder engine, with
which always changing combustion conditions of all of the

cylinders can be displayed in a manner easily understandable



to an operator. A yet further object of the invention is to provide a
conbustion diagnosis systemfor a nulti-cylinder engine, wth which the
wavef orm of cylinder pressure of each cylinder for the detailed

i nvestigation of abnormality in conbustion in each cylinder can be
effectively displayed wthout using oscilloscopes for all of the
cylinders. A further object of the invention is to provide a conbustion

di agnosis system w th which the result of each category of diagnhosis can
be di spl ayedannoperatmar. easi |y understandable to the operator even when
the result of diagnosis judged by a conbustion diagnosis apparatus for a
mul ti-cylinder engine 1is changing rapidly. To achieve these objectives, an

apparatus far di agnosi and. contral | ing conbustion.of .an i I
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pressure dehBaLeh ohorld e SEs1 89siRe R 6ESHI 8 ik 1381 by Codist agiakgnber; a
nmeans(step) for calculating the ratio of the maxi mum cylinder pressure Pp
to the cowpthsshiboh prhes save foom pifesgliipdePpaessuee wf @aphucglingeaf
predeterm ned crank angles in the conpression stroke (Pp/Po) which is the
maxi num PPEskheedeheibedt havppEigatdonpefngPaerPadiited 1haselPys tire

pressures, det ect ed P%$§§%gggxl%gdeffg%€%§%%e ga%ﬁﬁggka aitﬁ%EQSugi%ﬁgl for

conpari ng t'h & fax’t are"ratro € pressure ra
predet er npged13beRWpee fyr afCh o£at8g0EY19hadiragnosi s (hereafter referred

to as threshold pressure ratio); and a neans(step) for diagnosing the 9
A further object of the invention is to provide a combustion
diagnosis system, with which the result of each category of
diagnosis can be displayed in a manner easily understandable
to the operator even when the result of diagnosis judged by
a combustion diagnosis apparatus for a multi-cylinder engine

is changing rapidly.

To achieve these objectives, an apparatus for diagnosing
and controlling combustion of an internal combustion engine
according to the present invention comprises; a cylinder
pressure detector for detecting the pressure in said
combustion chamber; a means(step) for calculating the ratio
of the maximum cylinder pressure P, to the compression pressure
or pressures P, at one or a plurality of predetermined crank
angles in the compression stroke (P,/P,) which is the maximum
pressure ratio, the pressures being determined based on the
pressures detected by said cylinder pressure detector; a
means (step) for comparing the maximum pressure ratio (P,/P,)
with the pressure ratios predetermined stepwise for each
category of diagnosis (hereafter referred to as threshold

pressure ratio); and a means(step) for diagnosing the



condition of conbustion such as the cylinder pressure condition in said
conbustion chanber by judging fromthe result of said conparison; and each
of said threshold pressure ratios are changed as a function of the engine
operating conditions including engine | oad, engine rotation speed, and
inlet air tenperature as necessary. By the way, said neans is suitable to
be constructed in hardware or in software. Aterm"step"” is added in
parenthesis, for said neans is constructed in soft ware in the enbodi nent
descri bedcbntietiohio b mMumbsPeLohi Gudihe aappahat usytanpeirsepréekhaei ng
means (steps) : a neans(step) for calculating the ratio of the maxi mum

cyl i nder peedstienPRnt s3ah@ eempresdiosn Ghramaker ebpo Judginthefeamt Ehe
represented by, Po)_at _one or a plurality o predet er m_ne ank, anal es in
t he corrpr’é%ﬁ%ﬁ s‘%q oﬁgl?PﬁWagls?ﬂé pr%%iu?@g%be?’ﬁg S@é‘t&ejrﬁlﬁgahﬁ)gged on
the pressyressdetectad odyasal tHaHddulessPLesh Er 6k e6lOrth@NdngifRans
(step) which judges that the conbustion is.abnormal when said maxi num
pressure opérat(iRE/ Pondisieqsalintdudinegxeagdaet heap, edayéne nedatimxi num
perm ssible pressure ratio PPO or when the nunmber of operation cycles Nh
when sai dSRaKfmuAnRgr ésd@te &gt i CPHRETIBY S| 3ScHBERSEE Lo exceeds t he
predeterm ned pressure ratio Phl (i . e . , when PP/Po> Pti,) is equal to
or exceeds the perm ssible nunber Nho (i . e . , when Nh? Nho ) a neans

(step) whichsy udgesydPatskpackehas cCyirieddie e b&ordNst -aBteharher when
t he nunber of cycles Sn in which said maxi num pressure ratio (PP/Po) is
equal to bardweeedsr tihesoftware. A term “step” is added in parenthesis,

for said means is constructed in soft ware in the embodiment

described later.

To be more specific, the apparatus comprises following
means (steps) :

a means (step) for calculating the ratio of the maximum
cylinder pressure P, to the compression pressure P;,, P,
(hereafter represented by P,) at one or a plurality of
predetermined crank angles in the compression stroke (P,/P,),
the pressures being determined based on the pressures detected
by said cylinder pressure detector, and a means (step) which
judges that the combustion is abnormal when said maximum
pressure ratio (P,/P,) is equal to or exceeds the predetermined
maximum permissible pressure ratio P,, or when the number of
operation cycles N, when said maximum pressure ratio (P,/P,)
is equal to or exceeds the predetermined pressure ratio P,
(i.e., when P,/P,Z P,,) is equal to or exceeds the permissible
number N,, (i.e., when N2 N.,);

a means (step) which judges that knock has occurred in the
combustion chamber when the number of cycles S, in which said

maximum pressure ratio (P,/P,) is equal to or exceeds the

10



10 predeterm ned perm ssible pressure ratio of knock Ph2 (i.e., when

PP/ Po> Pti2) in a plurality of cycles in the past is equal to or exceeds
the perm ssible nunber S'0 (i . e . , when Sn S"0) a nmeans(step) which
judges that msfire has occurred when said nmaxi mum pressure ratio Pp/Po is
equal to or smaller than the predeterm ned m ni mum perm ssi bl e pressure
ratio P'(i.e., when Pp/Poi P') and at the sane tinme said conbustion
pressure ratio (Pl/Po) is equal to or snmaller than the predeterm ned

per m ssi b Le e S 8ilL AetapeomPBsable pkessulde. eativhei RPA6BR PG P).e.a neans
(step) for calculating the ratio of the | ower side pressure P2 in the
combust i orhen riyd @, Bowey) timap BhRdapisysaf ecyPlieatim thrae desdr Asneduatank

angle in the conbustion stroke ,to,said pressure Po at a predetermnm,ned
crank angf® 9 SHECADNIERE Oh 87 HBkE POTPRE Hmd (4 - Fean¥bebepy Snhch

judges that f hage queRd) R R4S § ulged tad tRe8 r§#ednABXbEUIYPERSHHER rati o
is equal to or smaller than thé predeterm ned m ni num perm ssi bl e pressure

ratio P faid maximumhereds¥UPe <atsg B /&, iheqaie td oe smadlecothastion
pressure ratio P1/Po is equal to or smaller than the predeterm ned m ni num
per i ssi btke presaiernigednpnimum perphafippemre sy rasd tieePcdiblsti on

tio P2/Bo | |t | than th ni ssi bl
Pati o Priwien e/ Pochdiy) P3RS brilje FATEELBGnPR ot SOTBRS HLGB PBeaSHpEve, it
is preferabl e, (batp3d F%a@%;u(as_t%@ JrS sifz0Midedt WU Othd Yshaege £ BBmEABRAS €SSi ON

pressure Po is abnornmal when said conpression pressure Po at
permissible pressure ratio P, of misfire (i.e., when P,/P,
= P,):

a means (step) for calculating the ratio of the lower side
pressure P, in the combustion stroke lower than said pressure
P, at a predetermined crank angle in the combustion stroke
to said pressure P, at a predetermined crank angle in the
compression stroke P,/P,; and

a means(step) which judges that flame quenching has
occurred when said maximum pressure ratio is equal to or
smaller than the predetermined minimum permissible pressure
ratio P, (i.e., when P,/P,= P,), at the same time said
combustion pressure ratio P,/P, is equal to or smaller than
the predetermined minimum permissible pressure ratio P, (i.e.,
when Pp/Poé P,) and the combustion pressure ratio P,/P, is equal
to or larger than the permissible pressure ratio P, (i.e.,

when P,/P,2 P,).

In the configuration described above, it is preferable
that a means (step) is provided which judges the compression
pressure P, is abnormal when said compression pressure P, at
a predetermined crank angle in the compression stroke is equal

to or lower than the predetermined permissible compression
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a predeterm ned crank angle in the conpression stroke is equal to or |ower
than the predeterm ned perm ssible conpression 11 pressure P.0, (i.e., when
Po<P0, 0) According to the invention, conbustion diagnosis of detecting the
occurrences of knock, msfire, excessively high maxi mum cylinder pressure,
or flame quenching is performed by single conbustion diagnosis apparatus
100 by carrying out diagnosis using pressure ratios based on the
conpression pressure at a predeterm ned crank angle in the conpression
stroke, sgratbupé PegGessary. comuistpofpdagnoses can be perforned with an
apparatus of sinple construction and |owcost. As the conbustion diagnosis
is done using pressure ratios based on a conpression pressure as descri bed
above, absolutelﬁ¥alue3’of §§Iinder gnessures %s Ennece sary and no%nal

di agnosi s i &G ed i FRGut 1PERRELCER | HCRREGFASY eTERINRRER t Ré out put
| evel frogtbetenbi et RISSHH & fBlFaet Ok, Wl i ve dexeasavduentgnt he
deterioration, tenperature drift, failed calibration, etc. of the cylinder
pressur e maetentinrcyl AnderdphgbgureheoepEiameoquentbialy chabpetfonmddagnosi s
apparatus can be extended. Further, conbustion diagnosis wi t h high accuracy
is possiBy&iRgkescegbust imBiaores i agRasrsuehkl Ry IR nger r ik ite

signals of.which.filtration of only_nqi.se i.s done _through a sinpl
owr pass FHTRBPSES A i errBne) €2t iHRe B SR, ool cor iRt Be8Lsi ng

S!JtCE as thee§5argeaef a pasaehnthitfed Re-dil talgls HnekEsSanyrasshan been
W one
stroke, so all of necessary combustion diagnoses can be
performed with an apparatus of simple construction and

low-cost.

As the combustion diagnosis is done using pressure ratios
based on a compression pressure as described above, absolute
values of cylinder pressures 1is unnecessary and normal
diagnosis is maintained without reduction in accuracy even
when the output level from the cylinder pressure detector
totally decreases due to the deterioration, temperature drift,
failed calibration, etc. of the cylinder pressure detector.
Accordingly, the operation life of combustion diagnosis

apparatus can be extended.

Further, combustion diagnosis with high accuracy 1is
possible by using for combustion diagnosis the cylinder
pressure signals of which filtration of only noise is done
through a simple low-pass filter by removing triggers.
Therefore, complicated processing such as the change of
pass—-band of the filter is unnecessary as has been with one
of said prior arts, and the efficiency of operation of

combustion diagnosis is enhanced.

12



of said prior arts, and the efficiency of operation of conbustion

di agnosi s is enhanced. 12 Further, conbustion diagnosis with high accuracy
is possible by sinple neans (steps) , as the conbustion diagnosis is
carried out directly by using only cylinder pressures detected. Therefore,
according to the enbodi nent, all of necessary conbustion di agnoses such as
knock, msfire, excessively high maximum cylinder pressure, and fl anme
guenching are possible wth sinple equipnent and sinple manner, and the
decrease in conbustion performnce of engine can be detected with high
accuracy and without delay. The present invention is characterized in that
the pressurd&ulithehe EOfUETE M cHAEIOS S datiddt edidthe agCETaRYe 1S

di fference AP.th en th detecte€,$ressure Phand ref erence .gressure P
which i s PRESHPEESTY & HIP b TISEFHT & Y HE be fihiPSoC OBP e 5hSFeSEFIRCSAS! udi ng
inlet air;preaswied AEPaPbictiy A Gl Bh@dohey A ddANKrasgligesand
standardi zed pressure ratio whiCh i's the ratio of 'said pressure difference
AP to theepeesedre difference APO, i.e. APIAPO APO being the pressure

di fference between the pressure P, at one or a plurality of predeterm ned
crank angle in the conpression stroke and said reference pressure Pb

(APO=P-Pb) irg Mised [or o 1hs, gl agnosi o, 0l dlie,cauRustLon conditigus, such as
the conditi'ono cy?ind%? pressure in tHe° Conbust? of - chanber - - AS“aK

appar at Usc§dbii§€ i bard 4 &R65E 8% & dsMeh bR, &fis i AINeNRE AR 1GPREBEl | i ng
conbustion is proposed an
maximum cylinder pressure, and flame quenching are possible
with simple equipment and simple manner, and the decrease in
combustion performance of engine can be detected with high

accuracy and without delay.

The present invention is characterized in that the pressure
in the combustion chamber is detected, the pressure
difference AP between the detected pressure P and reference
pressure P, which is the pressure at or before the beginning
of compression including inlet air pressure ( AP=P-P,) is
calculated for every crank angle, and standardized pressure
ratio which is the ratio of said pressure difference AP to
the pressure difference AP,, i.e. AP/ AP,, AP, being the
pressure difference between the pressure P, at one or a
plurality of predetermined crank angle in the compression
stroke and said reference pressure P, (AP,=P-P,), is used for
the diagnosis of the combustion conditions such as the

condition of cylinder pressure in the combustion chamber.

As an apparatus suited for effecting said method of
diagnosing and controlling combustion is proposed an

apparatus for diagnosing and controlling combustion of an

13



apparatus for diagnosing and controlling conbustion of an 13 internal
conbustion engine which is constituted such that fuel

gas is mxed with

air and burned in the conbustion chanber, wherein are provided; a cylinder

pressure

cyl i nder

begi nni ngintecoaprasshwsit i onengdimgwhnkbti pressiie utAR-Pulh)tHatofuehe
pressure, detected by said cylinder pressure detector for every
crank ang®®, 13 Be%ed YitRp3lFornddpeiradi by SRencPavrSEdOpr €R8BPET rati o

cyl i nder

detector for detecting the pressure in said conbustion chanber,
crank angle detector for detecting crank rotation angles of the
nmeans(step) for cal culating the pressure

pressure P and the reference pressure Pb at or before the

engi ne,
di f ference AP bet ween det ect ed

a
a

whi ch i i f id. LR t
i1 or enciiapben; a5¥ BPRBERRG I, Ry oAy Rllableg) RRAERH Bor o (e

pressure §dratt9ng @hedprRlsdiald tih faid edainist 166 ehamnkeanghesrhbnkt he
on stroke and said reference pressure Pb ( A Po=P-Pb), a neans

(step) foandlagdesierngorhexmpnikteoning coabkstriodratsiooh argledeofylthrder
condition in said conbustion chanber usinhg said standardized

conpr ess

pressure
pressure
control |i
result of

condi t i onrdfagaAsk S reaEsré i, & or AT ¥l Bﬁe?ﬂéébﬁpiﬂ% _
pressure is not required for the diagnhosis because standardi zed

cyl i nder
pressure

?REiDBd P/ A PBeaRAESEEPdonBOLt i (R IGhta ot T dppBhat uBTREFULE

AP EBELBAIOUR! oL cOndidi o oh LDe: AGENS B0 DS bAske Phelhe

_ € conbusti on
T E6Mprabsebut e

i on condi t1ion diagnosrs ou rom

inalidiAB/ TiPbe b gsess sunr ¢ he&lPpiPe lir £r o fiftey eyd e ndle® peewseme
detected by said cylinder pressure detector for every crank
angle, a means{(step) for calculating standardized pressure
ratio which is the ratio of said pressure difference AP to
the pressure difference AP,, i.e. Ap/AP,, AP, being the
pressure difference between the pressure P, at one or a
plurality of predetermined crank angles in the compression
stroke and said reference pressure P, ( A4 P,=P-P,), a
means (step) for diagnosing the condition of combustion such
as the cylinder pressure condition in said combustion chamber
using said standardized pressure ratio AP/ AP, and a
combustion control apparatus for controlling the combustion
condition of the engine on the basis of the result of the
combustion condition diagnosis outputted from the combustion

condition diagnosis means (step).

According to the invention, absolute cylinder pressure is
not required for the diagnosis because standardized pressure
ratio AP/ AP, based on the pressure difference AP, between
pressure P and the pressure P, (4P, =P-P,), P, being the
pressure at or before the beginning of compression including

inlet air pressure of which the fluctuation due to outside

14



pressure P and the pressure Pb (dPo =P-Pb) , Pb being the pressure at or
before the beginning of conpression including inlet air pressure of which
the fluctuation due to outside 14 conditions such as atnospheric condition
is small during the operation of the engine, and nornmal diagnosis can be
carried out maintaining the specified accuracy of diagnosis w thout
reduci ng the accuracy even when the output |evel of the «cylinder pressure
detector is totally reduced or increased due to the deterioration thereof,
t enper at wenditions sachbratatwossie ciemmndigt icon Tiwe spreddeduriimgehbeon is
characterized in that the engine is_ stopped when said standardi zed

cyl i nder w%g%ﬁ%@nrcaf.@%ewm &nd I‘?@rﬁ’é)& ﬁlﬂﬁ‘]gé‘sﬂﬁlrﬁjélanppés‘éﬁirél@ﬁ t hat

> e SLandardh gef. TRY! U BLESPHT St ALLOABE) APQL L 3ne0ual i ndl:

exceeds t e pre ernln n1pern1§5| ressure’ra e
, when QPRdAPOZn§POhe a@@cﬁeach@maJrﬁ,whénI%h%UIa €t teveliopt henengi ne
when the pressure difference APO at one or a plurality of predeterm ned
crank angtelisdegupkessure dedwertdrhars & qireddet eredineed per nissreheed

conpression pressure difference Pco (i .. e, when APO PcO . It is also
sui t abl e 4®@t ¥%e|%hﬁclﬁ§Fﬁ§lpﬁét&qWﬁ thggieofinj SQRRETAEBL e hedEiibtehanber
of a gas englneé |gn|t| qéfe iy |€Eretarded by a certain crank angl e when
sai d staﬁﬁ%r gt ﬁHXIﬁUﬁ1cy i 1d et pressure ratio APP/ QPo is equal to or
exceeds the predeterm ned nmaxi mumreference pressure ratio P.,, (i . e .

when QPP/ APQZPS,,), and fuel ignition timng is advanced by a certain
crank angl e Twiee presieth tstiavdartdiored smekamant@diizedbrin that the engine

is stopped when said standardized cylinder pressure ratio /
P/ AP, at the maximum cylinder pressure P,, that is the
standardized maximum pressure ratio AP,/AP,, is equal to or
exceeds the predetermined maximum permissible pressure ratio
P, (i.e., when AP /AP,2P,), and for example, it is suitable
to stop the engine when the pressure difference /P, at one
or a plurality of predetermined crank angle is equal to or

lower than a predetermined permissible compression pressure

difference P, (i.e, when AP,=P_).

It is also suitable that fuel(including the pilot fuel
injected into the sub-chamber of a gas engine) ignition timing
is retarded by a certain crank angle when said standardized
maximum cylinder pressure ratio APP/AP0 is equal to or exceeds
the predetermined maximum reference pressure ratio P, (i.e.,
when AP,/ AP,2P,), and fuel ignition timing is advanced by a
certain crank angle when said standardized maximum cylinder
pressure ratio AP,/ AP, is equal to or below the predetermined
minimum reference pressure ratio P, (i.e., when AP,/AP,=

Psl> *
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pressure ratio APP/APO is equal to or below the predeterm ned m ni num
reference pressure ratio Psl (i . e . , when APP/FAPO P.1). 15 In this
case, as an apparatus suited for effecting said nethod of diagnosing and
controlling conbustion, said conbustion diagnosis apparatus is provided
with a neans (step) for conparing the standardi zed nmaxi mrum cyl i nder
pressure ratio A Pp/ A Po with predeterm ned naxi mum perm ssible pressure
ratio PPO, and said conbustion control apparatus is provided with a

st oppi ng nedns t{lstieplase; ast anabppamacmy maitssdpper ¢bHfdatingheadperati on
of the engine when the result of conparison_in the copbustion diagnosis
appar at usfe shapp of pd ppgnosing; sapdef @pabFeli ingheCPRYBAELER /t hR1&ai d

conbusti on i.agnasi s, apparatus i .s i.de i ( [

conpar | ng-eaPhReran A BRERG Tk e SrPhrL astP st Ped FERT BB ERb (k2R

naxi mum vad ye Bhpa r3fn Jrekh 8URERIRNCA P 881 Uhen! &l 10 ndd preBstike _

m ni mum val ue P., of nmaxi mumreference pressure ratio, and said conbustion
control appaiatug Py pfd @i detlthi tpredetreanshetiephakdmumet pe dinhgstibad ef uel
ignition timng by a _certain crank angle when the result of said .

conpari SORTP§SAreppRAPe BoopsandafgiflofORAVEREPRgCPRETPGnAPPER ALUR A by a

certain crank .angle en_the result _of ;said,c arison_i.s. APP/L AP Psi .
Accordingpf8vfﬂggiH%Eﬁ??oﬁ?ogglggoﬁﬁ?ﬁa(F%S%%ngg%ea8§lggF%bﬁgnﬁﬁpgge

conbusti 0§t 6pBEROL c2RRREALHE bPepti%Aal 8ft BBe engine when the result

of comparison in the combustion diagnosis apparatus is AP,/

AP,2P,,.

It is preferable in the invention that said combustion
diagnosis apparatus is provided with a means(step) for
comparing said standardized maximum pressure ratioAPp/APo
with the maximum value P, of maximum reference pressure ratio
and with the minimum value P,, of maximum reference pressure
ratio, and

said combustion control apparatus is provided with a
means (step) for retarding the fuel ignition timing by a
certain crank angle when the result of said comparison is A
P,/ AP, > P, and for advancing the ignition timing by a certain

crank angle when the result of said comparison is AP /AP, <

P.,.

According to the invention, by stopping the engine by
allowing the combustion control apparatus to activate the
engine operation stopper when a diagnosis result has been
outputted from the combustion diagnosis apparatus that the
standardized maximum pressure ratio AP,/AP, is equal to or

exceeds the predetermined permissible maximum pressure ratio
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engi ne operation stopper when a diagnosis result has been outputted from

t he conbusti on di agnosis apparatus that the standardi zed maxi nrum pressure
ratio APP/APo is equal to or exceeds the predeterm ned perm ssible nmaxi num
pressure ratio 16 Ppo, the detection of the excessive high maxi mum cyl i nder
pressure and the action to deal with that can be taken exactly w thout

del ay. Therefore, engi ne breakage or reduction of engine durability due to
t he excessive high cylinder pressure can be prevented with reliability.
Further, Bjenthee ddtoeciaionzed rine rexcesebver bigat imaxAimBp/ aPbindejudged
to be equal to or exceeds the maxi numreference pressure ratio Psh, the

fuel igniB¥ORSUERi#RA Baaciiers ko Gamk WidhgtBabyCamd e bakest SHACELHL r of
t e . ; o]
appar a Uswggﬁog@ngpfe&% %thae[lﬂegfodéé,e eﬁgiﬂe\g‘*i&‘r%%%%g%f afé&u(?f)féésaft St he

j udged to er “t"han maxi nu erence essure rafro

fuel igni¢h@inéidirbi i efRNCed Bie & d Ve HiyKcgNdh8ekYpréb8ure
conbustion control apparatus. Therefore, the cylinder pressure is
mai nt ai necabebewprbegemeidmwhthefmyeradei biegsure and the expected engi ne
performance is maintained resulting in suppression of increased generation
of NOx due to excessively high conbustion tenperature. The net hod of

ording to_the present, i nvgntion

di agnosi ng d.controlling .conbusti.on..ac
is characte%%ﬁgiqﬁf;Vﬂﬁng?%% ?_%PdPﬁﬂﬁfF nmﬁfﬁlﬂfiggﬁﬁg%ﬁ%kﬁﬁE@p “certain
crank angp e/(fllﬁh% ﬁ?dcgeétt%r@@regjuzathm BUBLBHESEHE Rakduh AEPLaBACES equal
to or excéeeds the predet erm ned perm ssible pressure ratio Ph2 of knock (i
e . , Wweasd@PPétaRotzo Phz) the fuel ignition timing by a certain crank
angle by the combustion control apparatus and when the
standardized maximum pressure ratio AP,/AP, is judged to be
smaller than the maximum reference pressure ratio P, , the
fuel ignition timing is advanced by a certain crank angle by
the combustion control apparatus. Therefore, the cylinder
pressure is maintained below the maximum reference pressure
and the expected engine performance is maintained resulting

in suppression of increased generation of NOx due to

excessively high combustion temperature.

The method of diagnosing and controlling combustion
according to the present invention is characterized in that
the fuel ignition timing is retarded by a certain crank angle
when said standardized maximum pressure ratio AP,/ AP, is equal
to or exceeds the predetermined permissible pressure ratio

P,, of knock (i.e., when AP, /AP, = P,,).

For effecting said method of diagnosing and controlling
combustion, the apparatus 1is composed such that said
combustion diagnosis apparatus is provided with a means (step)

for comparing said standardized maximum pressure ratio AP,/

17



For effecting said nmethod of diagnosing and controlling conbustion, the
apparatus i s conposed such that said conbustion diagnosis apparatus is
provided with a neans (step) for conparing said standardi zed naxi num
pressure ratio APP/ 17 Apo with the predeterm ned permi ssible pressure
ratio Ph2 of knock and judgi ng that knock has occurred when said

st andar di zed nmaxi mum pressure rati o APP/APo is equal to or exceeds said
perm ssi ble pressure ratio Ph2 of knock, and said conbustion control

appar at us/ps woirtavitdesl prdde tee rehmesd (¢ ep) ssfbierptasdung theibur|, ofnition

timng by a certain crank angle upon receipt of judgenent signal of the
occur r end K krifek. JRAPEHY ngtRAt t HENPRYerhddn, 0FFuERRdr c8lieR of2dfagnosi s

by the combustion di,agnosi s _that the standardjze X4 mum essu ratio
Aol AP TR hacH: BABLEDM Aes o5etn <d e JodAlBe by Tuik TR (e
maxi mum lddde@f s pUMME¥LIEBIR proseasEa A PO, 3F KMYH) t heiesgiae
performance is maintained at maxi num while evading the occurrence of

knock, theorilmestiogneconbnoli appgrasusei arpedvidedughthhe membsissten) cont rol

apparatus. As a result, the engine performance is controlled optipally to
operat e iR IRitGH HerF bhaeritel AAndfd OORURE NG PY PRSI ER¥ D CE A BELEr r ence

of knock.  Accardi. 0 f. di_ag | ral |in nbusti on
of the inv enrgi%ené,@]ﬁ?%folé g%ldg,eej ugg:e%J’tgg{aﬁla\gcefskggcggrgggg?hctghékcg%ggfi on

chanber and the fuel injection for the cylinder in which msfire is judged
to have occurred is shut off when said standardi zed maxi num pressure ratio

APP/  Apo i dcequaling tar thel awvend ipmgdetfetmenedsmiltli ofind pagnpssisbbyg
the combustion diagnosis that the standardized maximum
pressure ratio AP//P,reaches the predetermined permissible
value for knock, i.e. the maximum limit of maximum cylinder
pressure ratio at which the engine performance is maintained
at maximum while evading the occurrence of knock, the fuel
ignition timing is retarded through the combustion control
apparatus. As a result, the engine performance is controlled
optimally to operate with high performance in the condition

just before the occurrence of knock.

According to the method of diagnosing and controlling
combustion of the invention, misfire is judged to have
occurred in the combustion chamber and the fuel injection for
the cylinder in which misfire is judged to have occurred is
shut off when said standardized maximum pressure ratio‘de/
AP, is equal to or below the predetermined minimum permissible

pressure ratio P, of misfire ( i.e., when‘deLAPoé P .

As an apparatus for effecting the method of the invention,
said combustion diagnosis apparatus is provided with a

means (step) for comparing said standardized maximum pressure
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pressure

effecting the nethod of the invention,

ratio P" of msfire ( i.e., when APP/ APo< P") As an apparatus for

is provided with a nmeans (step) for conparing said standardi zed naxi nrum

pressure
rati o of

chanber when sai d standardi zed naxi mum pressure
or smaller than the mninmum perm ssible pressure ratio P,
sai d conbustienAEgMpplwinfipathé Upredepeewided Wdimissitahe pseephrkor

cutting

18 ratio APPI APO with the predeterm ned perm ssible pressure

sai d conbusti on di agnosi s appar at us

msfire and judging that msfire has occurred in the conbustion

of f the fuel Injection to the cylinder in which msfire has

rati o APPI APO i s equal
of msfire,

occurred Tdbhorekaimtigre jaudhdnenting ghat misfhee s edfimitse re.
Al di to, the.i tion, wh di i |t has. b tted
from t ho COMBUSEABR GPagRos el aradis riger Ehesq meaimaf Batrpiis ©

cycles i nr%iShéj@E/%@’gdqrsdié&Qal Mg NYM RLRISWL £RhKhO ARP! APR: keaches

the predetermn

perm ssible pressure ratio of msfire reaches the

to
and

pr edet er nbaedi peibilespbé esunehert iod Pgoftmihsifii reycl @sd stliel cbmbhisithpact i on
to the concerned cylinder in which msfire has occurred is cut off.
Ther ef or eCORRECHCRRPREAEESOE S REIY et v et dcedndi itemefPabFPEEY i t hout

del d . b K I A h ' ion, . :
top t ho PHEI ChRy BAEFOR 18 LR EBnEaPna EDRERALP vDiCBugRSGEn PERe

operation,@fut-beq nggré?éle&ﬂ@l%% $a88gbRenentigHad Wit Badt obphk¥eneed

the concerned cylin

of misfire.

According to the invention, when a diagnosis result has
been outputted from the combustion diagnosis apparatus that
the number of continual cycles in which the standardized
maximum pressure ratio AP,/ AP, reaches the predetermined
permissible pressure ratio of misfire reaches the
predetermined permissible number of continual cycles, the
fuel injection to the concerned cylinder in which misfire has

occurred is cut off.

Therefore, the occurrence of misfire is detected with
reliability without delay and measures can be taken to deal
with the situation, that is, to stop the fuel injection to
the concerned cylinder, through which the operation of the
other cylinders can be continued without influenced by the

concerned cylinder.

The method of diagnosing and controlling combustion
according to the present invention is characterized in that
flame quenching is judged to have occurred and the fuel

injection quantity for the cylinder in which flame quenching
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The net hod of di agnosing and controlling conbustion according to the
present invention is characterized in that flame quenching is judged to
have occurred and the fuel injection quantity for the cylinder in which
flame quenching 19 is judged to have occurred is increased when said
standardi zed maxi mum pressure ratio QPP/aPo and a standardi zed conbusti on
pressure ratio QP1l/aPo in the conbustion stroke are equal to or smaller
than the m ni mum perm ssible pressure ratio Pn and perm ssible pressure
rati o Pm o§ jniddéd eorespecidamet yed iiseincrahead @R B 1iPstandaABRZABO Pm
and a conbustion pressure ratio QP2/ QPO is |larger than perm ssible
pressure makivupnpressuhe zabbe A8y £ aid ecstandagdilzedeenbyssfionhe

present invention, the ratus i s co sed such th said co stion
Gl 2onosi sPABRARERULaFLop2i0T dhts 31 FhE SRRES FLPROT LT T ke AR SR noa

j udgenent 55i gpal 1 8F diien AU R BNGRIPhe 3 &R 1 F1eBERISRG N rh R oCPMaMS | ON
chanber when said standardi zed naxinmum pressure ratio QPp/aPo and a

st andar di pedmdeshibdiel prespuessuneivaP) o fzR158RP@ el nespbectdamelst i(anestr oke
are smaller than the perm ssible nininun1fressure ratio P. and perm ssible

pressure vaenodByy iP§ aRe agebAlli/edPeRd Pat amd as gembuisikd OncBEBESUILEN
pressure ra IO /35@ i.S igual tﬁ or exceeds.%ﬂe ernis;ibl%&fr ssure
ratio P F25A8 €24 4dBntGs LRSI Eo P PlI PEARpSFAPEE PECFPUTEIEE Tt Ama

means(step) for increasing the fuel quantity injected to the cylinder in

whi ch flame quenching has occurred upon receipt of the occurrence of flane
quenchi ng. A thei agpavathe fovefifiet uatieng &hdi mghbsidsof eid preasnt

invention, the apparatus 1is composed such that said
combustion diagnosis apparatus is provided with a means (step)
for outputting a judgement signal of the occurrence of flame
quenching in the combustion chamber when said standardized
maximum pressure ratio 4P,/AP, and a standardized combustion
pressure ratio AP,/AP, in the combustion stroke are smaller
than the permissible minimum pressure ratio P, and permissible
pressure ratio P, of flame quenching and at the same time
combustion pressure ratio AP,/AP, is equal to or exceeds the
permissible pressure ratio P,;, and said combustion control
apparatus is provided with a means(step) for increasing the
fuel quantity injected to the cylinder in which flame
quenching has occurred upon receipt of the occurrence of flame

quenching.

According to the invention, when a diagnosis result has
been outputted from the combustion diagnosis apparatus that
said standardized maximum pressure ratio AP,/ AP, and
combustion pressure ratio 4P,/ AP, are equal to or smaller than
permissible minimum pressure ratio P, and permissible

pressure ratio of misfire P, respectively, and that said
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been outputted fromthe conmbustion di agnosis apparatus that said

st andar di zed nmaxi num pressure ratio d PP/ 4 Po and conbustion pressure
ratio APl/aPo are equal to or snaller than perm ssible mninmmpressure
ratio Pn and perm ssible pressure ratio of msfire Pmrespectively, and
that said 20 standardi zed conbustion pressure ratio AP2/ QPO is equal to or
| arger than perm ssible pressure ratio of flane quenching Pml , the fuel
injection quantity to the concerned cylinder in which flane quenching has
occurred $ofanddpdiexdnpbapupiticn pfreadsunrg ecdtion ApgfiPt yis negtbelcase of a
gas engi ne having sub-conbustion chanber to be injected with pilot fuel,
is incredsddrImudhamPesddesidhce Poe Saunfe rgidic REnE L pBe @eerehaBIwi t h

reliability w thout delay.and.neasures .can . be, .taken to deal wWth e
Stuat o natPRarufy PRaRES IR RS o i e Prred eth gt he

concer ned; £ ¥JHiN4e 1 anrld GALGR MWHL Rakhec60PEERUGE | 0% 02f eRBADNES paNoRE
prevented and the operation of the other cylinders can be conti nued

wi t hout i|fiid Letwpechyohhquaandenyndosh e ndere dMm 4 ha setiginef hanéng
invention, by determ ning_ threshold _ values for diagnosing conbustion as a
function %Hbé%%thStéﬁér&ﬁ%ﬂ?Qﬁnﬁﬁt?%né?JFﬁFéghUﬂ&%pE€§§U%ef?%%ioésfor

di agnosi sir cate orides S‘ﬂ?@s as er mé%?h@r%n@%)(i gym@y&&gdghengﬁlﬁ%ﬁj{gsg?ti o,

perni ssib %SE% Fessi on préssure ratio, ~ pernissibl'e pressure’r

knock, madi&ered! AL GHENEALNY i tGARiBROoGIRAAEEE yagaar leAgutesdebached

engi ne | oad, engine rotation speed, inlet air tenperature, etc.

Accor di ngtakem heot ieedhwliidhvahees icaa thiomdjtlsttedis o that ticrease the
quantity of fuel injection to the concerned cylinder,
through which the continuation of misfire can be prevented

and the operation of the other cylinders can be continued

without influenced by the concerned cylinder.

In the method of the invention, by determining threshold
values for diagnosing combustion as a function of engine
operating conditions, threshold pressure ratios for
diagnosis categories such as permissible maximum cylinder
pressure ratio, permissible compression pressure ratio,
permissible pressure ratio of knock, misfire, flame quenching
can be changed according to detected engine load, engine

rotation speed, inlet air temperature, etc.

Accordingly, the threshold values can be adjusted to match
the engine operating conditions, and accurate combustion

diagnosis can be effectuated.

It is preferable in themethod of diagnosing and controlling
combustion according to the present invention that when

abnormality is detected concerning a cylinder pressure
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t he engi ne oper
ef fectuated. It

ating conditions, and accurate conbustion diagnosis can be
is preferable in the nmethod of diagnosing and controlling

conmbustion according to the present invention that when abnormality is

det ect ed concer

ning a cylinder pressure 21 detector which detects the

pressure in conbustion chanber and inputs it to the conbustion di agnosis

apparatus, the
cyl i nder pressu
angl e to detsate
appar at us. whi ch
ignition 1RP@YH
detector js rec

control éﬁ% Pt

fuel ignigypnd
i nvention,” when
di agnosi scappai
fuel injection

det ect or ¥Rroug
range for £gnb

detector @37 ¢°

conmbust i ofy i

allows the co

nor nal detect
combus
operat

cylind

fuel ignition timng of the concerned cylinder of which the
re detector is abnormal is retarded by a certain crank
by winisch ident fadrs tbhebpist s saretin cogivus tdenb ehtime rcandr ol
perfornms combustion control including the contraolling of
glhndof de iGRRRYS BFoRyuaARPRYS1gndPRRret Wi dth? e§4Ble
overed by repl acement _or repair thereof, said. go tion
(_ﬁrsl_ itslmallr?/%wg ?%C)h? e{at?rn% réle_g&gr ﬁlg(%‘%%r a?folﬁq_ l_occhr gg{{%re t he
& R fsde geneseBed i £YhbAGeMallo NPT PBLakBWNGy By the
a diagnosis result has been outputted fromthe conbustion
at e antkatandtecyla nalesafptys poei devectfor i combustmh, the
timng of the concerned_cylinder of which the pressure
hor*?ralCC?’%b‘F%Pa‘PEIeoC%@ftﬁoker%%P%r%FHﬁk ‘&lPleE tBe’éf%é‘I“éty
stion ile | eayi .1 he .abno of t he ure
PEShORAULAR, | ERXL08; HAC (HNOLIRL 51 83 Rg0la ¢ Neap PLESH
NS SE@PD A B &St { 86 0YEa KL i BY} OFREI £AtLY HQIABHro&HEHALI On and
ustion control apparatus to operate normally to restore the
or is recovered by replacement or repair thereof, said
tion control apparatus is allowed to return to normal
ion to restore the fuel ignition timing of the concerned

er to normal timing.

By the invention, when a diagnosis result has been outputted

from t
pressu

the co

he combustion diagnosis apparatus that the cylinder
re detector is abnormal, the fuel injection timing of

ncerned cylinder of which the pressure detector is

abnormal is retarded by a certain crank angle to a safety range

for combustion while leaving the abnormal state of the

pressu
recove
automa
contro

inject

re detector as it is. After the pressure detector is
red, the combustion diagnosis apparatus recovers
tically normal operation and allows the combustion
1 apparatus to operate normally to restore the normal

ion timing of the concerned cylinder.

Therefore, when abnormality occurs in a cylinder pressure

detector, the pressure detector is repaired or recovered while

the injection timing of the concerned cylinder is adjusted

to a safe timing for combustion, and after the recovery of

the pressure detector, the normal combustion control is
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injection timng of the concerned cylinder. Therefore, when abnormality
occurs in a cylinder pressure detector, the pressure detector is repaired
or recovered while the injection timng of the concerned cylinder is
adjusted to a safe timng for conbustion, and after the recovery of the
pressure detector, the normal conbustion control is 22 recovered, so the
abnormal pressure detector can be dealt with w thout halting the operation
of the engine. The nethod of diagnosing and controlling conbustion of the
present irweotvéensad Ssehtdicasbrormed pireddate algdaatadr tyundbe ddaldswath
abnormality are judged in a predeterm ned crank angle range in suction -
combust i onl Ehpykehadfd nghdh e PG 2R onf BB 80PENEI-ng any one of the

ki nds of abnormality continues for a predetermined plurality of nunber of
cycles i, the concerned cylinder pressure detector is judged to be

abnor mal . Caifd fkehbd 82l @i 8§8HS188HA T¥ht kA1 Pn§lc@nd Mt i sl@ Menehet her
the detected pressure by the cylinder pressure detector 1 is within the

range PTares@ib dnveat icdwr iing dheradiodei zednknanghe od pheratytlepf(b) a

step for %pdging whet her the detected pressure is within the range PSb
(per mi ssi BiedEed abre m@ldit hrESsItdged ipsa ek edt bred GhatuAPPhPet

pressure)_or not in the suctjon stroke, .(c) a ste %or pudgin .Eh her
crank angfaen?’%aln% R naﬁorlranﬁStplroensssl}rre ]?? iasnd\(/)vlw ﬁf’ntbﬁeg%Pgﬁ lghgl e

range CORESPPHL BUNEOaRYTEHE O KANEENAR of AbRbrmel it @Ndontihudsst ep
for judgi ng whether the standard devi ation
for a predetermined plurality of number of cycles i, the

concerned cylinder pressure detector is judged to be abnormal.

Concretely, said steps comprises;

(a) a step for judging whether the detected pressure by
the cylinder pressure detector 1 is within the range
PTa ~ PTb or not during the whole crank angle of one
cycle, (b) a step for judging whether the detected
pressure is within the range PSb (permissible maximum
inlet pressure) ~ Psa (permissible minimum inlet
pressure) or not in the suction stroke, (c) a step for
judging whether crank angle Ppang at the maximum
pressure P, 1is within the crank angle range
corresponding to combustion range Aa ~ Ab or not, and
(d) a step for judging whether the standard deviation
Pboof P,’s of past ncycles, pbbeing reference pressure
at or before the beginning of compression including
inlet air pressure, is smaller than predetermined
value ¢ or not.

(b)

According to the invention, by judging in step (a) whether

the detected pressure is within the range PTa ~ PTb or not
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Pbo of Pb's of past n cycles, pb being reference pressure at or before the
begi nning of conpression including inlet air pressure, is smaller than
predeterm ned value for not. (b) According to the invention, by judging
in step (a) whether the detected pressure is within the range PTa - PTb or
not 23 during the whole crank angle of one cycle, the presence or absence
of fundanental abnormality in the pressure detector can be judged. In step
(b) is judged whether the cylinder pressure in the suction stroke is

bet ween tdner imi then whelri sgialbke angjliee dESkorendye e nubh@epressnbkeoval ue
PSa, so the occurrence of drift due to_the change-over-tine of the

det ect or ¥Rgeneedef chirdamrantpd %%ﬁﬁFP?éhthlﬁeﬁgﬁypé%ﬁ§95ﬁtdeEEEFPSn
pressure. Further. Jinstep (cC S et her. the cr P t he
s mum < ey DBPEBRUr a1 e f T hE T uhaRe Wi AL Se (800 EpRE:
corresponghi 88st et hen CRHAUISELER 1bANISLr8keNOfs | HtUldad, thie CRAxDRAUM
ascertained if the cylinder pressure is detected wthout deviation in

rel ati on persiankblanghéuer PAbt an@umi hémumi pesimépsitle, veilmee Phaet Ber t he
standard deviation of reference pressure _at qQr before the, beginnin of
conpressi%hef%?CHrE?HFﬁlPFydéﬂny&qéatqtﬁ?QWﬁQﬁ%ﬁﬁ%PV%FEEéﬂFeOSthg by its
nature substantial Ly, GONYAardd M LD coRRTRS Blrea¥abyg Foft ot

m sdi agnosT S que t 8?5t i'onary ~noi se can be evaded. Rar rore, since the
pressure getecbApressdeged foriger Ahnosedb @)Y afst@het REr M erwhikch do

not suffice any one
angle Ppang at the maximum cylinder pressure is within the
crank angle range Aa ~ Ab corresponding to the combustion range
or not is judged, it can be ascertained if the cylinder
pressure is detected without deviation in relation to crank
angle or not. Further, instep (d), since whether the standard
deviation of reference pressure at or before the beginning
of compression for a plurality of cycles, the reference
pressure being by its nature substantially constant, iswithin
permissible value ¢ or not, misdiagnosis due to stationary

noise can be evaded.

Furthermore, since the pressure detector is judged to be
abnormal only after the state which do not suffice any one
of the conditions (a) ~ (d) described above continues to occur
for a plurality of times, the influence of instantaneous

trigger noise can be neglected.

Therefore, according to the invention, abnormality in the
pressure detector is judged through a plurality of detecting
methods from various facets and moreover the detector is
determined to be abnormal only after dubious phenomenon is

detected for a plurality of times, so the abnormality can
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of the conditions (a) - (d) described above continues to occur for a
plurality of times, the influence of instantaneous trigger noise can be
negl ected. Therefore, according to the invention, abnormality in the
pressure detector is judged through a plurality of detecting nethods from
various facets and noreover the detector is determned to be abnormal only
af t er dubi ous phenonenon is detected for a plurality of tines, so the
abnormality can 24 be judged with high accuracy w thout m sjudging owing to
trigger e ssgudgtd. wirgtel lev@int ateutrhe yabniorhab t t yiiefj ubkyd ngpresisng eto
detector, resulting_ in snooth conbustion diagnosis by the elimnation of

m sj udgnetiogee prdsent Stvenirbalpyaskartertehe zaneameddit t Hef ethee

provi ded a neans(ste or calculating.the pressur difference AP.hetween
et oot od R5TTanEr i Eashih: FPoevhlsE” porm Bt EF P efankt k) ELRineR1 g
conbusti afl, c¢ REKe BRRLE Bak3BGE o AN SNIRdded eE ence pressure Pb at or before
the begi nning of conpression including inlet pressure (AP=P-Pb) , a neans
(step) for calculating standardi zed cylinder pressure ratio which 1is the
ratio of said pressure difference AP to the pressure djfference d Po, i.e.

A P/ A Po, AhmopFasft Havansken els diharrekeel pedwéBnthat pPBESURESPO at
one or a plurality of red m.ned_crank l.e.i.n th conpregggggestroke

: ?1 a gxp se(t%{)e) fo C gn%latln € T
and said ?%Y%_% ce pr S IiAPo- fPo-ﬁ f S U !onpdlagn03|s
appar at usy g pyFdadeWibhpar REessyEeLaRBLOgy Y PhhidgepeaB ekl Bdie FBEREES €P)

for outputting at least a part of the result of diagnosis as anal og
i nf or mat i bor wrear di aganki aggflee ioomsdiild @ombustion crank angle range
and the reference pressure P, at or before the beginning of
compression including inlet pressure (/AP=P-P,), a means (step)
for calculating standardized cylinder pressure ratio which
is the ratio of said pressure difference /P to the pressure
difference AP, i.e. AP/ AP, AP, being the pressure
difference between the pressure P, at one or a plurality of
predetermined crank angle in the compression stroke and said
reference pressure P, (AP,=(P,-P,), a combustion diagnosis
apparatus provided with a pressure/analog voltage converting
means (step) for outputting at least a part of the result of
diagnosis as analog information when diagnosing the condition
of combustion such as cylinder pressure condition in said
combustion chamber using said standardized cylinder pressure
ratio AP/ AP,, and a combustion control apparatus for
controlling the combustion condition of the engine by
reconverting the analog information outputted from said
combustion diagnosis apparatus to pressure information; and
engine stopping or fuel ignition timing or the injection
quantity of the pilot fuel and gas fuel is controlled based
on the diagnosis result of the pressure information

reconverted from said analog information.
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of conbustion such as cylinder pressure condition in said conbustion
chanber using said standardi zed cylinder pressure ratio 4 P/ 4 Po, and a
conbustion control apparatus for <controlling the conbustion condition of
the engine by reconverting the analog information outputted fromsaid
conbustion di agnosis apparatus to pressure information; and engine
stopping or fuel ignition timng or the injection quantity of the pil ot
fuel and gas fuel is controlled based on the diagnhosis result of the
pressure information reconverted fromsaid analog information. 25 It is
suitable that the combustion is diagnosed on the basis of each threshold

val ue det er fitnd8 Tt akks thadghbsi eombu ebey 15 Al srrsesondintPaaid
Shol o b S5 akEbha1a 34 s Wb ¥l o EORIEI R ARGGROTA L P A aREDT

angle ra €, i'S sal

val ues def @FgLRgd i ohOis £¥§"94 iU ég@@%id%rcﬁ‘fséggﬁ¥eifﬁ@i&%ﬁpﬂ%rﬁ dgt@r m ned
so that the level of each threshold decreases stepw se, and information

of differenéddtagmises cadrelosyiocan dmankidgedilien rdnfgker efd the embokd
| evel, for exanple, that a pressure detection range iis determ ned near the

crank angPReetfifixikfuis sohbrkle Shagr sasditdirashe tdvednsisudebereaead
o005 e kg ATLAETRL 0 B UL LD o1, ShneLo Do 212 1o

knock, P" _ n ng, and e I'eve eac Rr eshol d
val ue beipgadegheased;din Sfrdehly SISl @f dePReasRS] stdiswi se Phdnd Phl <P

PO . Signals of the result of diagnosis transmtted fromthe conbustion

di agnosi siafpamatisnt of tdief fenbnstdbagrosi s ctategory can be judged in
different threshold level, for example, that a pressure
detection range is determined near the crank angle of maximum
combustion pressure, the threshold for each diagnosis
category information is P, and P,, for abnormal Pmax, P,, for
knock, P, for misfire and flame quenching, and the level of
each threshold value being decreased in orderly sequence of
P, =P,,SP,= P,, = P,, =P,,.

Signals of the result of diagnosis transmitted from the
combustion diagnosis apparatus to the combustion control
apparatus are composed of analog levels, and each analog
level for each diagnosis category is determined to decrease
stepwise so that the information of different category is able
to be discriminated by the analog level on the combustion
control apparatus side. Said analog levels for each of the
diagnosis categories are determined so that the level for
transmitting the information of diagnosis category of normal
combustion state is positioned in the middle of the levels,
the levels for transmitting the information of abnormal
maximum cylinder pressure or compression pressure, etc.,

which are generally related to engine conditions as a whole,
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apparatus are conposed of analog | evels, and each analog |evel for each

di agnosi s category is determ ned to decrease stepw se so that the
information of different category is able to be discrimnated by the
anal og | evel on the conmbustion control apparatus side. Said anal og | evels
for each of the diagnosis categories are determned so that the level for
transmtting the informati on of diagnosis category of normal conbustion
state is positioned in the mddle of the levels, the levels for
transmttang sée tofwvabaésoibnohigbaor el maanhgem epdi hter lpvedsurferor
conpression pressure, etc., which are generally related to engine

condi t i onkraRSHikkEPE, e drfeEratboyaPlie®isd iiggherl3me efueafanJand t he
| evel s for, transmitti the infornmatian isfire,. kRQ,

abnor mal %%%%Errn?iasebr}é’egg’ iangﬁné?fe( lar{rIg 5% %Isr?lé1 S\%?%h Vgr}leéﬂé%%r g#ﬁgggﬂg

experi encegnbpiafceddivi gHal n@yhiadan, cgnensRlr,t arealsees tbnvalawer ihevel
range. By determi ning each level like this, sinple and reliable

t ransm ssloweof liewedr nednge. i SByediecetnidtreichg aadchbvdrviefl ahilemakbgsl,evel at
the transition instant of analog |evel or erroneous informatjon is read,
critical FhFPPURCt B of rehbaB bRt r AT dFHrSt RN | sOévaddtf O TR bkORpr S
specific, [t Ls.suitable that ea Qf said a 0 Y , | Cp: the
anal og Ie%g%e?gPagthsﬁPt Fﬁ&n a%ﬁ5¥hﬁrﬁﬁﬁ§§nﬁ%ﬂg%n%§t?ﬁébpggﬁéﬁggbpevel

for conpresstant BECSIHI®OG UOGRIENSr EkroRBRe ifiend ©f ok NSk rkHdgenent,
Cq: analog level for flanme judgenent quenching, Cm anal og |evel or

m sfire jodgeieafl, m&X fuawalion e/ ethd ocombnol mapbpasasors ijsudgeded, is
determ ned to decrease stepwise in the orderly .

To be more specific, it is suitable "that each of said analog
levels, that is, Cp: the analog level for transmitting
abnormal Pmax judgement, Ce: analog level for compression
pressure judgement, Ck: analog level for knock judgement, Cqg:
analog level for flame judgement quenching, Cm: analog level
for misfire judgement, Cx; analog level for abnormal sensor

judgement, is determined to decrease stepwise in the orderly

sequence of Cp > Ce > Ck > Cqg > Cm > Cx.

It is suitable that, when the range of normal combustion
pressure or pressure ratio of each cylinder, the pressure or
pressure ratio being between the threshold for knock and that
for flame quenching, is transmitted to the combustion control
apparatus side in analog level, the pressure(pressure ratio)
is converted in stepless analog level signal corresponding
with the pressure(pressure ratio) and the steplessly
controlled analog signal is transmitted to the combustion

control apparatus side.

It is also suitable, when applying to a multi-cylinder

engine, that a number of analog signal transmission wires
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sequence of Cp > Ce > Ck >Cg >Cn> Cx. It is suitable that, when the
range of normal conbustion pressure or pressure ratio of each cylinder,
the pressure or pressure ratio being between the threshold for knock and
that for flame quenching, is transmtted to the conbustion contro
apparatus side in analog |level, the pressure (pressure ratio) 1s converted
in stepless anal og | evel signal corresponding wth the pressure(pressure
ratio) and the steplessly controlled analog signal is transmtted to the
conbust i arorcespoodiagpar ahesngnber olft cytintdsossand ebhaeoteshbappeghng to a
mul ti-cylinder engine, that a nunber of analog signal transm ssion_wres

27 corresPAFAGOPETERE FURSEIODES cIPPATRFYSafB do SR T Mot GRBRT Othe
ConbUSt'(Hbé%€$?8§'s @ﬂ%aga%%gngggscogggﬁﬁkono 0”%58h ggggpgg&ZéaEQe

di agnosi s of eac ory are ransmitted I'n sérra r-on each

anal og | evgingfti eeauner s&PideCchLase bR SAERNVASE1 ogNTedle AUNOEE SmEALATJOrY S
judged or the conbustion pressure or pressure ratio is judged based on

t he corr espalet rep s al rog Hegwell sn artte ddaginestiioicad@gamyt isappdgadusrsi de. A
knocki ng state which, has been difficult to detect hitherto  can be grasped
i ndirect IW%WQW‘T’%%‘PB RfepreES e RESFBHeh cALE 1 ad S IREISS Basgryo ngi ne

operatio ar Ligp t i y ssi bl r j N J ed
engi ne epﬂpci gﬁgggg$ﬁgﬂ€%u%?|i§§ gieag(r%osdllg ?Een%t%ﬁb%ﬁjkglednrgeégﬁgggze
change i napp&pReEnat 4igeQf the pressure sensor and abnornal conmbustion and

abnormal pressure sensor such as a broken sensor or a break

A knocking state which has beendifficult to detect hitherto
can be grasped indirectly by the ratio of pressure differences
as a measure, and engine operation near knock limit is always
possible, resulting in increased engine efficiency. The
combustion diagnosis is not influenced by the change in
temperature of the pressure sensor and abnormal combustion
and abnormal pressure sensor such as a broken sensor or a break
in wire can be detected without influenced by the drift due

to the change over time of the pressure sensor.

The number of signal transmission wires between the
combustion diagnosis apparatus and combustion control
épparatus is reduced compared with the conventional method
of connection, and if a break in wire occurs, the influence
thereof is limited only to the concerned cylinder; besides,
the broken wire is able to be identified, which has been
impossible with conventional digital signal transmission
wires, because the analogvalue on the wire becomes zero level

which belongs to no category of diagnosis.

By adopting stepless control to effect feedback of the
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in wire can be detected without influenced by the drift due to the change
over time of the pressure sensor. The nunber of signal transm ssion wres
bet ween the conbustion di agnosis apparatus and conbusti on control
apparatus is reduced conpared with the conventional nethod of connection,
and if a break in wire occurs, the influence thereof is limted only to
the concerned cylinder; besides, the broken wire is able to be identified,
whi ch has been inpossible with conventional digital signal transm ssion

W res, bedeusettibe anal pgesaluue dfrdm‘neth;ier e dmporesaieeo develylindiech
belongs to no category of diagnosis. adopting stepless control to effect
f eedback BFeEREreg ¥R |“!§ﬁ%ﬁa|rﬁfb‘rléélsﬁ gugh§nerheankr ket LpaPagseP eyl i nder

pressure: (8081 79Le Sr SLdnc ) ool oy gani el igiRagsdy e resulting in

further rease englne efriciency ste s anal og | eve
is determned for normal conbustion range in FIG 23 (A) and FIG 23 (B)
The data of the result of diagnosis {Ph2 - Pn} is converted to anal og

i nfornati on KiGk ex&uplep besMapﬁHﬁSt@dahegalsm&ﬁiﬁ&ndﬁﬁemminhé dioagnosi s
result, and it _is reconverted to {Ph2 - LA By _ deternning necessary

i ncr errentn%Fmﬂéc‘F%‘ﬁEHFtA‘PnomPﬁﬁ 1‘il M et3d )(larﬁ%j“ﬁ%rzq(@pi ﬁglq H&téyl i nder

pressure LR el feshiie BOARLAEANYS, (Ehe I B POl LODALLELOG T apR gy | nder

I's proper ange each cycle he pré rnvention erized
in havi nglﬁfogmglell@w ngxappegat v hHer tf&ﬁéﬂi%lﬁb'd”ﬁsdﬁt 8abedievitenger

pressure-crank angle curve inputted to the conbustion
the diagnosis result, and it is reconverted to {P,, ~ P,}. By
determining necessary increment or decrement AT of the
injection timing for keeping the cylinder pressure ratio in

the normal range, the injection timing of each cylinder is

properly changed for each cycle.

The present invention is characterized in having a
displaying apparatus for representing detected cylinder
pressure-crank angle curve inputted to the combustion
diagnosis apparatus, the displaying apparatus comprising

a first ring memory provided on the diagnosis apparatus
side for memorizing the cam top crank angle of a reference
cam and the cylinder pressure-crank angle curve, and

a second ring memory provided on the displaying apparatus
side for memorizing the cylinder pressure-crank angle curve
in a certain crank angle range of each cylinder and a display;
and

the first ring memory on the diagnosis side has a
means (step) to start the program by an interrupt of the signal
from the crank angle detector after the detection of the cam
top crank angle of the reference cam and write in the cylinder

pressure wave form, which indicates combustion condition, at
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di agnosi s apparatus, the displaying apparatus conprising a first ring
menory provided on the diagnosis apparatus side for nenorizing the camtop
crank angle of a reference camand the cylinder pressure-crank angle curve,
and a second ring nenory provided on the displaying apparatus side for
menori zing the cylinder pressure-crank angle curve in a certain crank
angl e range of each cylinder and a display; and the first ring nenory on
the diagnosis side has a neans (step) to start the programby an interrupt
of the signrtdioninhervadnkfanghekdehgdtotoather rihg demectyi an thet he cam

top crank angle of the reference camand wite in the cylinder pressure
wave for rfehRrRhNPAIPESRe S HAARANGHE ohdi €6, cYdindex .c&nhin interva

of crank anghe L0 LN, JLNG RG] D L8, deleTiNeg 131 e COLLESROUdi ng Lo

each cyl i nder, € préssure-ctank angle curves cylinder "are read

out fromghe gebRreheederbemiffed B LN Hd N FBRRT ¥i A ImehBRGE apHESSUr €
curves are displayed on the display with the pressure curves shifted so

t hat eachtbeseepdessunet coveekapse tifi spdageidt abl ehehdi sphaycyliithdéhe
pressure-crank angle curves of all cylinders are witten into the first
ring nenoPyeSBHTEHEUEYagridsi Sted e Abas erab Q‘%F‘é%rijé’rﬁ'%ﬁiofa?}’ﬁﬁlﬁptsh t he
crank angle at the nonent-to-nonent detection of the pressure wth the
cylinder pressure detector (sensor) , on the other hand, said cylinder

pressure-crank phgkgiedpyes tHatdl |ty Epdeh8e raita¥ddtecidnk heangeeond

ring nenory after the camtop crank angle of the next cycle after the

previ ous cycveét@Dplilscylinders are written into the first ring memory
on the diagnosis apparatus side in synchronization with the
crank angle at the moment-to-moment detection of the pressure
with the cylinder pressure detector (sensor), on the other hand,
said cylinder pressure-crank angle curves of all cylinders
are written in the second ring memory after the cam top crank
angle of the next cycle after the previous cycle(720° ) is

completed, is detected, and the memorized pressure curves are

represented on the display.

According to the invention, visualization of combustion
condition changing moment-to-moment 1is possible on an
oscilloscope (display), and the cylinder pressure-crank
angle data overlapped with regard to time is easily
recognizable. It becomes possible to observe pressure curves
of a plurality of cylinders by transmitting the data to the
displaying apparatus in serial order while diagnosing

combustion.

Brief Description of the Drawings

FIG.1l is a diagrammatic representation showing the total
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conpleted, is detected, and the nenorized pressure curves are represented
on the display. According to the invention, visualization of conbustion
condi tion changi ng nonent-to-nonment is possible on an oscill oscope
(display), and the cylinder pressure-crank angle data overlapped with
regard to tine is easily recognizable. It becones possible to observe
pressure curves of a plurality of cylinders by transmtting the data to
the displaying apparatus in serial order while diagnosing conbustion.
Bri ef Desconpigomasfionhe Drave ngsmbu&tions da adinagricamey s tem epf esegiast i on
showi ng the total 30 configuration of the conmbustion diagnosis systemof a
gas engl%@gbﬂeaﬂfeﬁ%dﬂﬂ%%%%mﬁﬁéo?ﬂFﬁﬁdﬁﬁgtﬁ@ BF@S@H?S?ngh?VSHthPG.Z is a
first exanple of control flowchart of the conbustion di agnosis apparatus.
FIG 3 is a second exanple of control flowchart of the conbustion diagnosis

apparatus. Mg . A s & dEagsamesshamng blhe dl@td Pnrobwenlirtdes £ pr@gsur e
to crank angle of said gas engine. FIG5 is a diagramatic representation

showi ng tbembosak oncadrifagneorsaits cappdra besconbusti on di agnosi s system of a
gas engine of another enbodi ment according to the present invention. FIG
6 is the control block diagram (1) of said enbodinent. FIG 7 is the

control bl O%l&éﬁe"f‘g gM( Qe § Jn&a' ga%B?%d'o"?”éontE$9 Bohedra it 95 RILAY

showi ng cyl i pressure |
combustion diagnosis apparatus.

FIG.4 is adiagram showing the relation of cylinder pressure

to crank angle of said gas engine.

FIG.5 is a diagrammatic representation showing the total
configuration of the combustion diagnosis system of a gas
engine of another embodiment according to the present

invention.
FIG.6 is the control block diagram(l) of said embodiment.
FIG.7 is the control block diagram(2) of said embodiment.
FIG.8(A) is a diagram showing cylinder pressure in said
embodiment, and FIG.8(B) 1is a diagram showing cylinder
pressure in prior art.

FIG.9 is the flowchart (1) of said embodiment.

FIG.10(A) ~ FIG.10(F) each is the control-chart(l) for
every item of the combustion diagnosis/control in said

embodiment.
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enbodi nent, and FIG 8(B) is a diagram showi ng cylinder pressure in prior
art. FIG9 is the flowhart (1) of said enbodinent. FIG 10 (A - FIG 10 (F)
each is the control-chart (1) for every itemof the conbustion

di agnosi s/control in said enbodinent. 31 FIG 11 (A) - FIG 11 (G each is
the control -chart (2) ; charts of colum (a) show fuel ignition timng and
those of colum (b) show fuel injection quantity. FIG 12 is the flowchart
(2) of said enmbodinent. FIG 13 is the flowhart (3) of said enbodi nent.
FIG 14(A) - FIG 14(D) are diagranms showing fuel ignition timng and fuel
injection quantity in said enbodinment. FIG 15 is an illustration explaining

t he wor ki ng EofC the(AksnBdst tdd Ai agRbst S thspaPat 59l ~Comsitsta)on chéFtSol

appar at us S o] 1 Ls.a. diagra how i

o easar o 36rS2LoREE (E175RGy Fust bafl ch 8al LI GHORY, B LBy ¢
di agr am exp) akRbAg reRIbUSEj i thRopesheityt ens and perm ssible

val ue(threshol d value) on cylinder pressure curves. FIG 17 (A and FIG
17 (B) are a flowhart when threshold value is varied and the curve (1) of
variation of_the threshold__val ue respectively in said, enbodi nent.

FI G 18(A) afd & X& 18% BYhar E19vFhgRchdd) WHerfd i ARRPAIMGRFue is varied and

the curve (2) of variation of the threshold value respectively in said
enbodi nent .

FIG.13 is the flowchart (3) of said embodiment.

FIG.14(A) ~ FIG.14(D) are diagrams showing fuel ignition

timing and fuel injection quantity in said embodiment.

FIG.15 is an illustration explaining the working of the
combustion diagnosis apparatus, combustion control apparatus,

and gas engine.

FIG.16 (A) is a diagram showing cylinder pressure curves

of said gas engine(curves for explanation).

FIG.16(B) is a diagram explaining combustion diagnosis
items and permissible value (threshold value) on cylinder

pressure curves.

FIG.17(A) and FIG.17(B) are a flowchart when threshold
value is varied and the curve(l) of variation of the threshold

value respectively in said embodiment.

FIG.18(A) and FIG.18(B) are a flowchart when threshold
value is varied and the curve (2) of variation of the threshold

value respectively in said embodiment.
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32 FIG 19 a flowhart in prior arts. FIG20 is a total block diagramof the
conbustion diagnosis system of gas engi ne of the enbodi nent according to
the present invention in the case stepless control is done only in normnal
range and corresponds to FIG 7. FIG21 is a total control flowhart of the
conbustion diagnosis system of gas engine of the enbodi nent according to
the present invention and corresponds to FIG 9 except that stepless
control is done only in normal range. FIG 22 is an illustration expl aining
the met hod of transm ssion of conbustion diagnosis signals in analog form
applied to the invention of FIG 20 and FIG 21. FIG 23 (A) is a graph

showi ng t ot &A4G- ther chhpyehartt A8 PEL®&E adtSanal og-f orm signal for each of

the categories of the result of conbustion diagnhosis, and FIG 23(B) is a
graph partially enlarged. FIG 24 is a cylinder pressure curve for

expl ai ni ng tie; , Aetiech ittt £f prAkRA ARbEEYmi &f i e¥hblden obf 8884h8sdet ect or.
FIG 25 is a representation showing the display of the results of the
conbust i osydtagrnoSgasseangife ofi the emdrdsliste ron acdioaghiogy sodpEapatasnti n
which the results are given for each cylinder nunber and each item of
abnor mal i %9‘.’eBSlPPG“26th% CRSA 8GCRACSFoRPRG TOHel BrdRRR LTHHY thiaRSAMAtal of

cylinder pressures wave faormfr t conbustion di agnosis apparatus side
to the dig%P%§ &r eFQH%%ﬂﬁ%ﬂl%ﬁg%xaﬁ%fngw the case of a 4-cylinder
engi ne i s shown.

FIG.21 is a total control flowchart of the combustion
diagnosis system of gas engine of the embodiment according
to the present invention and corresponds to FIG.9 except that

stepless control is done only in normal range.

FIG.22 1is an illustration explaining the method of
transmission of combustion diagnosis signals in analog form

applied to the invention of FIG.20 and FIG.21l.

FIG.23(A) is a graph showing totally the change of the value
of analog-form signal for each of the categories of the result
of combustion diagnosis, and FIG.23(B) is a graph partially

enlarged.

FIG.24 is a cylinder pressure curve for explaining the

detection of abnormality in the cylinder pressure detector.

FIG.25 is a representation showing the display of the
results of the combustion diagnosis sent from the combustion
diagnosis apparatus, in which the results are given for each

cylinder number and each item of abnormality.
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FIG 27 is a representation showing the configuration of data in the
conbustion di agnosis apparatus side and display side. FIG 28 is the wave
formrecording flowhart (1) of said data configuration, which is the

i nterrupt processing flowhart of crank angle of the conmbustion di agnosis
apparatus side (data sending-out side). FIG 29 is the wave formrecording
flowhart (2) of said data configuration, which is the nmain processing
flomchart of the conbustion diagnosis apparatus side (data sendi ng-out
side). FIG 30G.24 he saviadoam shenoimy nohef bowclesst of3) toansaid tadt af
configuration, which is the interrupt processing flowhart  of data

recei vi ngCO¥LRARY JPERFEYLESd¥AVEate e d&iof S icriPuFt 19139 R8I Rave

formrecordi I hart . (3 f [ t conf | O ' LS:the main
pr ocessi nang#%?A%ﬁg\rA%lgF F&e)Ch%i gg%?gagfiaggi(dc?dt a%r g%}{eﬁ/}# n%" s%éeéiglél 32 an

il lustratipd expbabpi ag4t.la?,1r1t§,tdg}d HHgidd ansnsgewAnN of combustion di agnosis
signals in digital form FIG 33 (A 1s a diagramshow ng cylinder pressure

wave form 34 without noise superinposed thereon. FIG 34 (B) is a diagram
showi ng cylinder Jor essure wave form w th stationary noise sug_eri nposed
S

thereon. FI EIf23 jtTea f#%ﬁ\}é‘g_ﬁ?’@téfﬂeét EEOMWAG Jabisy rﬁaﬂ’??iﬂ‘i‘ﬁz 91 Rler
. t. { t
oS el Lty bttt ogle AN HRUEPLLOY PG T

of the pre i nvention W NOwW érénce
acconpanyd {\ge drawi ngs. It

FIG.28 is the wave form recording flowchart (1) of said data
configuration, which is the interrupt processing flowchart
of crank angle of the combustion diagnosis apparatus side(data

sending-out side).

FIG.29 is the wave form recording flowchart (2) of said data
configuration, which is the main processing flowchart of the

combustion diagnosis apparatus side (data sending-out side).

FIG.30 is the wave form recording flowchart (3) of said data
configuration, which is the interrupt processing flowchart

of data receiving of the display side(data receiving side).
FIG.31 is the wave form recording flowchart (3) of said data
configuration, which is the main processing flowchart of the

display side(data receiving side).

FIG.32 an 1illustration explaining the method of

transmission of combustion diagnosis signals in digital form.

FIG.33(A) is a diagram showing cylinder pressure wave form
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is intended, however, that unless particularly specified, dinensions,
materials, relative positions and so forth of the constituent parts in the
enbodi ments shall be interpreted as illustrative only not as limtative of
the scope of the present invention. In FIG 1 show ng an enbodi nent,
reference nunber 20 is the nmain body of a gas engine, 45 is a piston, 46
is a crankshaft, 44 is a conbustion chanber, 41 is an inlet valve, 42 is
an exhaust valve, and 43 is an exhaust pipe. A gas injection device 10 is
provi ded withaytahongeasupdEimpgpsed ©hépeonnj ecting fuel gas into the
inlet air flowwng in the inlet pipe 9 to be charged into the cylinder
through said inlet valve 41. Reference nunber 8 is a gas supply pipe for

connecti ng s tank. S cgﬁ i ai d gas
35 injecti Q%Icfr'e'\t;ﬂzégﬁds %e%%%ggég nué%ierr18 %ggéé_ysgu%ﬁ%ﬁ_ g’_gqsveeg? ggﬁ‘agn_eti C
val ve proyiggrdsabtlild@aent myics ofuSad fmPdsSedi Bharedind gas injection device
10. The opening of said'valve is controlled under the control signal from

an el ectromagnetic valve control device not shown in the drawi ng to adj ust

the flow of the gas fuel. The valve is also controlled under. the ,control
signal fromE&otbudts ohheont+oVChRphr R1is IBFE M | GRE@ IRt Y 0 1Fe

shut - of f Lust f..Ihe opening. Reference nunber 11 is an ignition
devi ce fo§§%gggﬁ? %gﬁ%ﬁ%%%ihe pilot fuel injected into a sub-chanber not
shown in the drawing froma pilot fuel injection valve 0011 to pronote
the conbustion of |lean fuel gas/air mxture in the

Best mode for embodiment of the Invention

Preferred embodiments of the present invention will now
be detailed with reference to the accompanying drawings. It
is intended, however, that unless particularly specified,
dimensions, materials, relative positions and so forth of the
constituent parts in the embodiments shall be interpreted as
illustrative only not as limitative of the scope of the present

invention.

In FIG.1 showing an embodiment, reference number 20 is the
main body of a gas engine, 45 is a piston, 46 is a crankshaft,
44 is a combustion chamber, 41 is an inlet wvalve, 42 is an

exhaust valve, and 43 is an exhaust pipe.

A gas injection device 10 is provided midway along an inlet
pipe 9 for injecting fuel gas into the inlet air flowing in
the inlet pipe 9 to be charged into the cylinder through said

inlet wvalve 41.

Reference number 8 is a gas supply pipe for connecting a

fuel gas tank (not shown) accommodating fuel gas and said gas
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mai n conbustion chanber. The gas pressure in the conbustion chanber, i.e.
cylinder pressure is detected with a cylinder pressure detector 1, and
crank angle is detected with a crank angle detector 2. Reference nunber 100
is a conbustion diagnosis apparatus conposed of a noise filter 3, an
anplifier 4 for anplifying the cylinder pressure signal passed through the
noise filter, and a conbustion diagnosis section 5. Said noise filter is
conposed of a |lowpass filter for filtering out the noise on the signal

i nputted fripecsaod dewliiceder0 pr eRsfie eedeteciumberSal disorbusdis osudpagnosi s
section 5 diagnoses the conbustion condition in said conbustion chanber 44
on the 3ekRGEEOBAIRRELIEy VRATE PFoddddat al e effprapredobysaifqdgas

anplifier,4 with the assi.stance qf the ank.angl e signal. fr id crank
angl e _detj_er&'?%rs.a HErentd® %r‘ﬂ?é“r 85360|es£g' cor%%)%_g)tﬁeonnlrg%n & Sﬁq‘a@pﬁga?ggus to
which is jopuhtedtikes shaBal cid cbhe fassi §nel fHAPRAS fe @t romagfe€abUStI ON
di agnosi s section 5, and which shuts off or controls the opening of said
gas supplyaktectontaghedecivel uet shawd ahsvheodtawhisgt he adfiiet bhesaid

ignition device 11. The result of diagnosis by the conmjustijon diagnosis
section BGlow off &heagasg B4 - di The A hee dppadausostred Liegd ypdespFRe t hat

an al arm whi ch gener at n al arm based on the resul+t f..di 0Si is
connect eac?%gfﬂg conbtis i%r]l:o(ﬂnl a%nocsolniousatr)lpc()slrrlatcl?s‘f1 . Eﬁptahea&g%ergﬁpon of

the gas epghPLoREdt NhsetORb B a3hi@off or adjusted of the opening.

Reference number 11 is an ignition device for torch-
igniting the pilot fuel injected into a sub-chamber not shown
in the drawing from a pilot fuel injection wvalve 0011 to
promote the combustion of lean fuel gas/air mixture in the

main combustion chamber.

The gas pressure in the combustion chamber, i.e. cylinder
pressure is detected with a cylinder pressure detector 1, and

crank angle is detected with a crank angle detector 2.

Reference number 100 is a combustion diagnosis apparatus
composed of a noise filter 3, an amplifier 4 for amplifying
the cylinder pressure signal passed through the noise filter,

and a combustion diagnosis section 5.

Said noise filter is composed of a low-pass filter for
filtering out the noise on the signal inputted from said

cylinder pressure detector.

Said combustion diagnosis section 5 diagnoses the

combustion condition in said combustion chamber 44 on the
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torch-ignition is done in said ignition device 11, a gas valve(not shown)
is unclosed and the fuel in a fuel gas tank (not shown) is supplied to
said gas injection device 10, the fuel being adjusted in pressure by a gas
pressure adjusting device (not shown) . By the opening of said gas supply
valve 7, the fuel is injected into the air flow ng through the gas

i njection device 10 provided mdway along said inlet pipe 9 to be m xed
with the flowing air. The mixture is introduced into the conbustion
chanmber 4dadéhsoogh e cpléhdeal ierddsand siigmdledabypltiieet] dxe spodting
fromsaid ignhition device 11 to be burned in the conbustion chanber 44.
The wor ki3 bifiae Lyibbsthen s byirRree odppheat¥an hidnd ks s3gnadpf aPRed

bel ow. The ggs Eregsure in th %?nbustion chanmber 44 detected by said
cylinder PPESsGF 8 8efB8tSr S Hputted to the noise filter 3 conposed of
a super lowpass filter in the conbustion diagnosis apparatus 100, high
frequency noises are filtered at the noise filter 3, and the cylinder
pressure si GRedleremmtrhedbdhr2dgh st hecdmbtsatibancbatappl appedaliyst he

amplifier 4 to be inputted to said conbustion diagnosis section 5. To the
conbust i ofh HFRgh®siBPEEEEdofhS sdagiedo afnpiha ekt @Ff fkaangFéssagnal
from said_crank agﬁgg.ggt etor 2.i hgxtt.%nf'rsgn%x% I% ggu%ongg%tign
diagnosiss%b raT %y t &2E0RBast Pon élag dsi's appaFatus Go°wi 1 P*be
expl ai nedsoM £515 s %@)Qe‘:f‘litrg; bresd{id JaLxapphey of ceorBRaGNAR iGORALOk
flowchart shown in FIG 2 and cylinder pressurée curve showmn in FIG 4.

7 and also controls the action of said ignition device 11.

The result of diagnosis by the combustion diagnosis section
5 is displayed on a displaying apparatus 6. It is suitable
that an alarm which generates an alarm based on the result
of diagnosis 1is connected to the combustion diagnosis

apparatus 100.

On the operation of the gas engine of this configuration,
torch-ignition is done in said ignition device 11, a gas
valve (not shown) is unclosed and the fuel in a fuel gas
tank (not shown) is supplied to said gas injection device 10,
the fuel being adjusted in pressure by a gas pressure adjusting
device (not shown). By the opening of said gas supply valve
7, the fuel is injected into the air flowing through the gas
injection device 10 provided midway along said inlet pipe 9
to be mixed with the flowing air. The mixture is introduced
into the combustion chamber 44 through the inlet valve 41 and
ignited by the flame spouting from said ignition device 11

to be burned in the combustion chamber 44.

The working of the combustion diagnosis apparatus will be
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The cylinder pressure-crank angle curve as shown in FIG4 is obtained in
t he conbustion diagnosis section 5 fromthe cylinder pressure inputted
fromthe cylinder pressure detector 1 and the crank angle inputted from
the crank angle detector 2. Curve Ain FIG4 is a cylinder pressure curve
when the conbustion is normal. First the conpression pressure Po at a
predeterm ned crank angle in the conpression stroke shown in FIG4 is
conpared 38 in a conpression pressure judging nmeans(step) with the

pr edet er e petla pred beillbwe conpression pressure Poo which is the m ni mum
perm ssible pressure in the conpression stroke, and it is judged that the
conpression pressure Po is abnormally |ow conpared to the normal val ue due
to troubl es such as_gas | eakage,or nechani.cal traoubl e n_t pressure
Po is equal 109 PoWE uFﬁ%ﬂjiﬁgep89W§§§F6P€ 8%@6§§§E?§2g§F§§§§§%B co,
i.e.  wheg, BOSPED; (Bl preds\§E ddtddier 4 i8s ai&%gwéisr t8r EREURBiGHI Ve
when the conpression pressure is abnormally | ow. xt the ratio of the
maxi num c§lilnder3 poapisesl BP 4 cupairdl owoppisessi bheprigs sheecPobastaon
predeterm ned crank angle in the conpression stroke PP/Po is, calculated
and the c@iegnasés aHﬁi‘FﬁﬁWpﬂQQsuhéggafFﬁqF‘PPP® neiggmparedtihtgrRexi mum

cyl i nder ressure j udgihng, neans(ste it h redet 1 Lssi bl e
maxi num p?gsguFe nroalltsieo t’b%t%i %H i sar@e%néaxF%E%naﬁgr %é‘%%ﬁgnﬁ}gsh@%
pressure gabbeheanthibuys dnelged tihali drihes AMXl TEIEaWY RURI aRpESEHES | S

abnormal Iy high conpared to the design val ue(normal val ue) en said
cal cul at et reaxbeuimputted to said combustion diagnosis section 5.

To the combustion diagnosis section 5 is also inputted the

crank angle signal from said crank angle detector 2.

Next, a first example of combustion diagnosis operation
by the combustion diagnosis apparatus 100 will be explained
with reference to the first example of combustion control
flowchart shown in FIG.2 and cylinder pressure curve shown

in FIG.4.

The cylinder pressure-crank angle curve as shown in FIG.4
is obtained in the combustion diagnosis section 5 from the
cylinder pressure inputted from the c¢ylinder pressure
detector 1 and the crank angle inputted from the crank angle

detector 2.

Curve A in FIG.4 is a cylinder pressure curve when the

combustion is normal.

First the compression pressure P, at a predetermined crank

angle in the compression stroke shown in FIG.4 is compared
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pressure ratio PP/Po is equal to or exceeds said perm ssible maxinum
pressure ratio PPO, i.e. when PP/PC> Phl (E2) or when the nunber of
operation cycles Nh in which said nmaxi num pressure ratio PP/POis equal to
or exceeds the predetermined pressure ratio Phl, i.e. when PP/ P02; Phl
(E3) is equal to or exceeds the perm ssible nunber Nho, i.e. when Nhz Nho
(E4). Then it is judged by a knock judgung neans (step) that knock is
occurring in the conbustion chanber 44 when the nunber of cycles Sn in

whi ch saiith naxi comppesssone pradsouPP/ Padegi egualeantso siremX c@eddh t hee
predeterm ned perm ssible pressure ratio 39 of knock Ph2, i.e. when Pp/Po>
Pti 2 (E5)Phedetermiacdt peshniggdblec fompr aiinte RIRSIIRHR Doi R8P f8dgenent
is equal 0 or. exceeds the perm ssible nunber, S'0._j.e n 2. SnO ( E6)
S orve Y% fn @EF S PRI S SeleR e i ot SR eEPOsEE L f ed.
Then, in dheiw sfiiRiddilghag TRERS M D 1 oVBeR s3RIrE DRXEMBYhoPRESSYT €
ratio P,/Po is equal to or smaller than the "predeterm ned m ni num

per m ssi hlev preegsared rtad ithePmormad. valhen diye/ o' tPoublEels sucheasogbasti on

pressure ratio P1/Po, which is the ratio of the pressure Pl at a
pr edet er ORER R Kk NERP ALl tHeOREBESTROM e AEe I ERF piEs@ErRLPo at a

Cal cul ot &b SO HRE - fpatethEsFS0Fs B FL DA B BFy 1

cal cul at ed; e pressure rta al~to of “¥nma t han

the predefdipned pgEA)SSi Blie vRIEaUF £G I Aliisa RP1 10fad? plrieksBurle urvlen
P1/Poi P, (E8), msfire is judged to be occurring. Inthis case, a
predet er mhnedl Chankompgkeses@onatpndssaire is abnormally low.

Next the ratio of the maximum cylinder pressure P, to said
compression pressure P, at a predetermined crank angle in the
compression stroke P,/P, is calculated and the calculated
maximum pressure ratio P,/P, is compared in a maximum cylinder
pressure judging means(step) with the predetermined
permissible maximum pressure ratio P,, which is the maximum
permissible maximum pressure ratio, and it is judged that the
maximum cylinder pressure is abnormally high compared to the
design value(normal value) when said calculated maximum
pressure ratio P,/P, is equal to or exceeds said permissible
maximum pressure ratio P,, i.e. when P,/P,2P,, (E2) or when
the number of operation cycles N, in which said maximum
pressure ratio P /P, is equal to or exceeds the predetermined
pressure ratio P,, i.e. when P,/P;= P,; (E3) is equal to or

exceeds the permissible number N,,, i.e. when N,2 N, (E4).

Then it is judged by a knock judgung means (step) that knock
is occurring in the combustion chamber 44 when the number
of cycles S, in which said maximum pressure ratio P /P, is equal

to or exceeds the predetermined permissible pressure ratio
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pressure Pl is detected is determ ned at the position of crank angle
symmetrical with regard to the top dead center to the position of a
predeterm ned crank angle Ao at which pressure Po is detected, as shown in
FIG 4. Curve Cin FIG4 is a cylinder pressure curve when m sfire has
occurred. Next, a second exanple of conbustion diagnosis by the conbustion
di agnosi s section 5 will be explained with reference to the second exanpl e
of conbustion control flowhart shown in FIG 3 and cylinder pressure curve
shown i nofFlkadck 4, The. & eceinen exadPyke RYf (@DIbust mopldiradiasi ®fi pashe one
added to the first example shown in FIG2 with a process of judging the
occur r enceYeies| BRE oFGertdf ngimen PORE & | el $EeRBRANRg JSuRAMRY nBan8Est ep)

of the second .e | e, when.t.he naxi cy.l i nde r re tiq Pp/Po is
equal to SFCERAFIGIS PRARORe HhnP RURE pett Ssihl EPphcbetie (i 5UBKS i . e)
when P,/ PR SpP'ri&7) anrd at thesrire pi8Bstibe GpRrIsihen PERSSKT Bakati o
P1/Po is equal to or smaller than the predeterm ned perm ssible pressure
ratio P. ofcursédre, i.e. when Pl/Po: P. (F8), |ower pressure side
conbustion pressure ratio P2/Pol which is the ratio of the | ower side
pressure P2 |ower than said pressure Pl at a predeterm ned crank angle in

the combustiygiL st gken L §d1S I SRAUARFRe 8o T BEFISHELTIGH fLatk Anal e 10

the conpression S I's ca _ Ower pressure side
CO”bUSt'QﬁreBéQ%éurﬁaﬁﬁb'OPjﬁﬂJ%&sS &qual 1 Olod alen 1tdian thie penel ssi bl e

pressure ratio Pml of flanme quenching, i.e. when P2/ PCGPM (F9),
predetermined minimum permissible pressure ratio P, i.e.
when Pp/Poé P, (E7), the combustion pressure ratio P,/P,, which
is the ratio of the pressure P, at a predetermined crank angle
in the combustion stroke to the pressure P, at a predetermined
crank angle in the compression stroke shown in FIG.4, is
calculated, and when the pressure ratio P,/P, is equal to or
smaller than the predetermined permissible pressure ratio P,
of misfire, i.e. when P,/P,= P, (E8), misfire is judged to be

occurring.

In this case, a predetermined crank angle 6, at which
pressure P, is detected is determined at the position of crank
angle symmetrical with regard to the top dead center to the
position of a predetermined crank angle 6, at which pressure
P, is detected, as shown in FIG.4. Curve C in FIG.4 is a

cylinder pressure curve when misfire has occurred.

Next, a second example of combustion diagnosis by the
combustion diagnosis section 5 will be explained with
reference to the second example of combustion control
flowchart shown in FIG.3 and cylinder pressure curve shown

in FIG.4.
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flame quenching is judged to be occurring. Curve Din FIG4 is a cylinder
pressure curve when flanme quenching has occurred. Wien the | ower pressure
side pressure ratio P2/Po is smaller than the perm ssible pressure ratio
Pm of flame quenching, it is judged that the conbustion chanber 44 is in
the state msfire has occurred. Thus, msfire can be discrimnated from
flame quenching by cal culating conbustion pressure ratios P1/Po and P2/ Po
usi ng 41 higher pressure side pressure Pl and | ower pressure side pressure
P2 at two crank angl es respectively, and conparing each conbustion
pressure with the perm ssible pressure ratio, P. of msfire and perm ssible
pressure ratlihe PREOSHA ¢xamp el sOMbvs tidpddrionsIsis WadH & ek adAedfire,

excessi vel i Jmaxi mum cyl i nder re rg, or. flanme quenching.is judged
to be occﬁ%/rﬁr}h‘:gr}k}fsi&hgxaa\égengsPg"na?ntigacgr%h Itliaoﬁr&cg%gsnso(séi%sjggg?flgn 5,
the signaineobcthierbaskl bofr 1dimonpsdSchsngent to the conbustion control
appar atus 200. The control apparatus 200 shuts off or controls the opening
of the gas supply electronagnetic valve 7 and controls the ignition device
11. The contents of the result  of diagnosis are displayed on the

di spl ayi ng dgpdhg ddage Auteh iy t R 4Rhkne in bRt ePe ofbuthrPofi®8PRENOSI s
of detectin%gihe occurrences of kn cm.sfir

X wheén, t maxim moc(::kllnder (Ja:’ese)&%%ssljavtejl.é/ I]t]ﬁ] rjfga)(i rum
cyl i nder %r CRure, "or™ 14ive éhenéﬁlngyls perfgrneg by a Sinhg ¢ombusti on
di agnosi se@RRAr 8bUS r1 AV LA £ YA RIt h8Ukn i i A0 P SraviSd $10b P& eg sk 8uk-at | 0S
based on the conpression

ratio P,, i.e. when Pp/Poé P, (F7) and at the same time the
combustion pressure ratio P,/P, is equal to or smaller than
the predetermined permissible pressure ratio P, of misfire,
i.e. when P,/P,= P, (F8), lower pressure side combustion
pressure ratio P,/P,, which is the ratio of the lower side
pressure P, lower than said pressure P, at a predetermined crank
angle in the combustion stroke to the pressure P, at a
predetermined crank angle in the compression stroke, is
calculated, and when the lower pressure side combustion
pressure ratio P,/P, is equal to or larger than the permissible
pressure ratio P,, of flame quenching, i.e. when P,/P,2P, ;, (F9),
flame quenching is judged to be occurring. Curve D in FIG.4

is a cylinder pressure curve when flame quenching has

occurred.

When the lower pressure side pressure ratio P,/P, is smaller
than the permissible pressure ratio P,, of flame quenching,
it is judged that the combustion chamber 44 is in the state

misfire has occurred.

Thus, misfire can be discriminated from flame quenching

by calculating combustion pressure ratios P,/P, and P,/P, using
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pressure at a predeterm ned crank angle in the conpression stroke, so al
of necessary combustion diagnoses can be performed with an apparatus of
sinple construction and |owcost. As the conbustion diagnosis is done
usi ng pressure ratios based on a conpression pressure as descri bed above,
absolute values of cylinder pressures is unnecessary and nornal diagnosis
is mai ntai ned without reduction in accuracy even when the output |evel
fromthe cylinder pressure detector 1 42 totally decreases due to the
deteri or iigiert pipeisaing es e f presisaideedp,cadndr Abwer, prdesswfe t bedeyl i nder
pressure detector 1. Accordingly, the operation Iife of conbustion

di agnosi SPrepparathis akahwpectrbEndealeFuresReCtEvRbst i éﬂdd¢<algaé§it§9w th

hi gh accur f.or . conbusti an |a nosi s ¢

ble b
pressure %C%rﬁﬂr%b Oé%?cﬁﬁr §Vﬁ v %tf}} FEPFERLSF 1RGiIS B8 585 erf‘ JL8ugh a

sinple | opv passmikki e amer;eéﬂﬁﬁssgeﬂel Gl Y 0pgesbng  sWehfagmbhe
change of pass-band of the filter is unnecessary as has Been with one of

t he priorqaehnshingdrebeeceftfivalancy of operation of conbustion diagnosis is
enhanced. Further, conbustion diagnosis with high accuracy is possible by
si npl e means (steps) as the conmbustion diagnosis is carried out directly
by using on |nder PLessures det ected. , Ther.ef ore ccor t he
enbodi nment , % %%céssa?%lrebnbu %?%%lﬂﬁaﬁngs S sucl%éggkggfgnagfsflre

géggls;: \ée;wegsgbe S MRS Wi i i 835 §18gednto fb @R AHANGHY BY, 8he
diagnosis at the combustion diagnosis section 5, the signal
of the result of diagnosis is sent to the combustion control
apparatus 200. The control apparatus 200 shuts off or controls
the opening of the gas supply electromagnetic valve 7 and

controls the ignition device 11. The contents of the result

of diagnosis are displayed on the displaying apparatus 6.

According to the embodiment, combustion diagnosis of
detecting the occurrences of knock, misfire, excessively high
maximum cylinder pressure, or flame quenching is performed
by a single combustion diagnosis apparatus 100 by carrying
out diagnosis using pressure ratios based on the compression
pressure at a predetermined crank angle in the compression
stroke, so all of necessary combustion diagnoses can be
performed with an apparatus of simple construction and

low-cost.

As the combustion diagnosis is done using pressure ratios
based on a compression pressure as described above, absolute
values of cylinder pressures is unnecessary and normal
diagnosis is maintained without reduction in accuracy even

when the output level from the cylinder pressure detector 1
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wi th sinple equi pnrent and sinple manner, and the decrease in conbustion
performance of engi ne can be detected with high accuracy and w t hout
delay. In FIG 5 showi ng anot her enbodi nrent of the present invention,
reference nunber 20 is the nmain body of a gas engine, 45 is a piston, 46
is a crankshaft, 44 is a conbustion chanber, 41 is an inlet valve, 42 is
an exhaust valve, and 43 is an exhaust pipe. 43 A gas injection device 10
is provided mdway along an inlet pipe 9 for injecting fuel gas into the
inlet airtétom paglddreddes duleeto pheedOtépibeachangetemmpé pathee citdi fider
through said inlet valve 41. Reference nunber 8 is a gas supply pipe for
connect i nE@ hledefradabragilnn&t oh@dn)thee CORRE T Rreserrgadet8fdosai d gas
i njection, devjce 10. ference nunber 7 {s.a _gas sup el ectromagnetic
val ve pro%ickéf%ﬁrghggiﬁtrgﬁ%eo%?ragéPa %bgeiﬂgoc%éPﬁggégni 1 88t 3R devi ce
10. The opspipgtQE c3dl BevadM&rddegontrol l ed under the control signal from
an el ectromgnetic valve control device not shown in the drawing to
adjust the flow of the gas fuel. The valve is also controlled under the

control signal froma conbustion control _ apparatus 200 nmentioned later to
be shut - of f BT Ust SPMFUS E RN o sERINP S Fof fidrt e PAGhbeACER RS Yan 18gni t i on

Gorn o | ol SUEDa A ROk S Al B E0: Bty o

shown roma pilo I'njection varve 0 pronote
E ES ngg;ﬁ)um;ﬁalgfof eali dnQn19AThAl £1 Mt ¥hYEBnl HE L sEBINd6ARDURLLAGH
a simple low-pass filter. Therefore, complicated processing
such as the change of pass-band of the filter is unnecessary
as has been with one of the prior arts, and the efficiency

of operation of combustion diagnosis is enhanced.

Further, combustion diagnosis with high accuracy is
possible by simple means (steps), as the combustion diagnosis
is carried out directly by using only cylinder pressures

detected.

Therefore, according to the embodiment, all of necessary
combustion diagnoses such as knock, misfire, excessively high
maximum cylinder pressure, and flame quenching are possible
with simple equipment and simple manner, and the decrease in
combustion performance of engine can be detected with high

accuracy and without delay.

In FIG.5 showing another embodiment of the present
invention, reference number 20 is the main body of a gas engine,
45 is a piston, 46 is a crankshaft, 44 is a combustion chamber,
41 is an inlet wvalve, 42 is an exhaust valve, and 43 is an

exhaust pipe.
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The construction of the engi ne proper described above is the sane as that
of the first enbodinment. The gas pressure in the conbustion chanber, i.e.
cylinder pressure is detected with a cylinder pressure detector 1, and
crank angle is detected with a crank angle detector 2. Reference nunber 100
is a conbustion diagnosis apparatus. 44 The signal of cylinder pressure
detected by the cylinder pressure detector 1 and the signal of crank angle
detected by the crank angle detector are inputted to the conbustion

di agnosi s apparatus 100, which carries out the diagnosis of the conbustion
condition in the combustion chanber 44 on the basis of the cylinder
pressure si haPswiBhetRéoRsAe¥iGACY df PEABLIEPIMRIGNEN A LPRHAR 1REFEr ence

nunber 30 _is a,ggnerator drive h epgi.n , i N

det ect or ?6Ped%t %fiﬁﬁj?ﬁglp§agu§¥ %ﬁg g§§° gﬁ8i§81§g €§?053°%%“%ﬁg“

gener at or t 38) i n Bt IS e CARL BR Sed £6§6QriA 105 tIRL QUM hiloRiYh dadle at
which the camis at top position for a selected cylinder of the gas engine
20 (the tabetayabeeiflet Refexbénostngmbdr Thiss s gaad sefpptlhe pliged fofr  t he
gas engine fromthe | oad detector 32 and the signal of the camtop crank
angl e frofPPRECEARS df tRt SotaRke (RAPRRUN) BF IHFURINBIRY i1F WiT4Gnosi s

appar at us %Qosaﬁﬁ‘;%%%gﬁ%j% Hn 2<9e0vi<§ef~ f'iJf(gi/?f?i‘%fé?é‘n&Q”Bng*)e%pHa&%t 4s

whi ch pon?rols I“nj ection quantit) “be"Tnjected from the gas
i nj ecti onggdgvdgsply @L’eé@f‘éﬁxh?ﬁe@ﬁﬁ P&19d] pisd v Ddeliner ReRntGRe e gas

supply el ectromagnetic val ve according to a signal 34 of diagnosis
result andaad ghe sabe samd gas injection device 10. The opening of
said valve is controlled under the control signal from an
electromagnetic valve control device not shown in the drawing
to adjust the flow of the gas fuel. The valve is also
controlled under the control signal from a combustion control

apparatus 200 mentioned later to be shut-off or adjusted of

the opening.

Reference number 11 is an ignition device for torch-
igniting the pilot fuel injected into a sub-chamber not shown
in the drawing from a pilot fuel injection wvalve 0011 to
promote the combustion of lean fuel gas/air mixture in the

main combustion chamber.

The construction of the engine proper described above is

the same as that of the first embodiment.

The gas pressure in the combustion chamber, i.e. cylinder
pressure is detected with a cylinder pressure detector 1, and

crank angle is detected with a crank angle detector 2.

Reference number 100 is a combustion diagnosis apparatus.
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controls the injection timng and quantity of the pilot fuel injected from
the pilot fuel injection valve 0011 into the ignition device 11 according
to a control signal 33, and thus the fuel injection timng and quantity
(the fuel injected from the gas injection device and that injected from
the pilot fuel 45 injection vale are together referred to as fuel

hereafter) . The result of diagnosis by the conbustion diagnosis apparatus
100 is displayed on a displaying apparatus 6. It is suitable that an alarm
whi ch generates an al arm based on the result of diagnosis is connected to

t he conbustion diagnosis apparatus 100. The morkina of the copbustion
di agnosi s apps lealo@hfy LRt RTGTE tehtdoteappar BY ukhe ey Wi PAeke

expl ai ned bel ou. . THE 4a% B SSHLP iy L6, LTSI O EhADEL 4de cbrgy the

pressure signal "I's rnputtedto I'on "di agnosi s “appara 0 and
the high E%Gtglhlé‘néyaﬁﬁrfﬁﬁ@@@t det el DY ngiltec Wi 86 fresovbmBubtlibar (not
shown in the drawing) to be reduced to an averaged pressure signal wthout
fl uct uat idbhagnosiel 4apgeratnst hel pt heridlamirities e tc dieudti agnodiidgndsi s
apparatus 100 has been inputted the engine crank angle signal fromthe
crank angtie qmkisEion ‘E‘Pl%déﬁbPﬁelIPcfaIEF 90@‘}%3?#%05%@?%&& @&t Ebeor 36,

and cam 1,0p. L0l d A LG SADAR, Ael8Ghan SRl BnE! Go8; a0dELGE  the
cylinder pressSure sigral’'s o ﬁ urality “of ‘cylinders, crank an&le si gnal
cam top eRa@nkrangl anghenaligrnd | oad signal are inputted continuously to
t he conbustion di agnosi s apparatus 100, the conbustion is diagnosed in the
appar atus 100 based on the input

Reference number 30 is a generator driven by the gas engine
20, 36 is a load detector for detecting the load of the gas

engine 20 ( load of the generator 30), 32 is a cam top detector

for detecting the crank angle at which the cam is at top
position for a selected cylinder of the gas engine 20 (the
cam may be inlet or exhaust cam). The signal of the load of
the gas engine from the load detector 32 and the signal of
the cam top crank angle from the cam top detector are inputted

to the combustion diagnosis apparatus 100.

Reference number 200 is a combustion control apparatus
which controls the fuel injection quantity to be injected from
the gas injection device 10 by shutting off or adjusting the
openings of the gas supply electromagnetic valve 7 according
to a signal 34 of diagnosis result and at the same time
controls the injection timing and quantity of the pilot fuel
injected from the pilot fuel injection valve 0011 into the
ignition device 11 according to a control signal 33, and thus
the fuel injection timing and quantity (the fuel injected from

the gas injection device and that injected from the pilot fuel
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signals, and the result of the diagnosis is inputted nonent-to-nonent to

t he conbustion control device 200. The conbustion control device 200
outputs the fuel ignition tinme control signal to the engine 20 as shown in
FIG6 or the fuel ignition time control signal and fuel injection 46
gquantity control signal to the engine 20 as shown FIG 7 so as the engine
to be controlled to be operated in the conbustion condition judged to be
changed to according to the result of the result of the diagnosis or to be
hal t ed asimgeessanyvala & & togathétrG&fetrhedcbobast fonl dhegeastsrappar at us

100 conprises a siggle_CPU and the conbustion control apparatus 200
conpri sesTRe dQBE ePIsRIPASLS RY &R enRERPPAE 1OGBLRTNEA L SRRBRBRFYS

appar at Us, 300 doms, ol 4l dUsiBILY KA S0 oNGeCoBt Lol cafyLani tion

timng an I'nmj*ecti on quanti i § performne

i ndependefiia OP£K a4 1 #PmOfwh 1en SRk At BeakoaDashi BAs€@NbhOothappasates 200,
whil e ceasing the function of the conbustion diagnosis apparatus 100. The

det ect ed dfit alicfgridwi pr dssucennedtissl cybi ntke seombisbiront héigghoader
pressure detector 1 is processed in the conbustion diagnosis apparatus 100
as fol | ov@PPIhetPFedflre signal shown in FIG8 (A and FIG8 (B) by line Z
is evaluated on the basis of the reference pressure Pb which 1is the
cylinder pressure at or before the beginning of conpression, the pressure

bei ng about ThRe w3218 iR olfNenkeNtBhbuBEEoaUaaWheR iN8pbAkak usal ve 4aqand
exhaust valve 42 are open, and a difference AP between the detected

pressure ¢mbdssaod coeaftevdnappamssus Fh (APL-be- eRplpinedcdeldvat ed for
every
The gas pressure in the combustion chamber 44, i.e. the
pressure signal is inputted to the combustion diagnosis
apparatus 100 and the high frequency component is removed by
the noise removing filter (not shown in the drawing) to be
reduced to an averaged pressure signal without fluctuation
in voltage. On the other hand, to the combustion diagnosis
apparatus 100 has been inputted the engine crank angle signal
from the crank angle detector 2, the engine load signal from
the load detector 36, and cam top signal from the cam top
detector 32. 1In FIG.6 and FIG.7, the cylinder pressure
signals of a plurality of cylinders, crank angle signal, cam
top crank angle signal, and load signal are inputted
continuously to the combustion diagnosis apparatus 100, the
combustion is diagnosed in the apparatus 100 based on the input
signals, and the result of the diagnosis is inputted

moment—-to-moment to the combustion control device 200.

The combustion control device 200 outputs the fuel ignition
time control signal to the engine 20 as shown in FIG.6 or

the fuel ignition time control signal and fuel injection
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crank angle inputted fromthe crank angle detector. Po A standardi zed
cylinder pressure ratio APIAPo , where A is the difference of the cylinder
pressure at a predeterm ned crank angle in the conpression stroke and said
47 reference pressure Pb , is calculated, and conbustion diagnosis is done
usi ng said standardi zed pressure ratio 4 P/LPO. The cylinder pressure
signal shown in FIG 8(A) and (B) nay be drifted upward or down ward as
shown by line Z1 or Z2 in the drawings due to the difference in thernal
expansi orquaftf{hg conmporént ignatlhe opridss werg idet e2Q oxs Ishgwn hEIGhdnge in

the anmbi ent tenperature, deterioration with time of the detector 1, etc.
However, &% teepgine §noepRBFLPL e R PeroPREApRESITUEEE SPBRUFEPB and Pp

was adopt i r e S f ; I B er.or neous
combust | oroM ayhse 198RSl E3 SRl Td e R thd L e e R STREC L e
detector gdnéotakhyt €¢Ch@ased Rfnddid esseto KB hhetreaNbkanbeced@Digi ng to
t he enbodi nent of the present 1nvention shown in FIG 8(A), the difference
AP between the concerned cylinder pressure P and the reference pressure Pb

(AP = - Pq'x)fh Pb being the_cylinder pressure at or before the bg i nni ng
of conpressildhFlRcBLaPfFife’ i Mg COMBISHION FhpgRosd SSARPR IR US | guati on

due to the putslde gondition e5usha st helapepher Lo condi 1) g0, during

engi ne opeératron,” and ¢ ustron di aghosi s i's done on e 'S Of the
200 comprises a double CPU so that, even when the combustion
diagnosis apparatus 100 does not work due to run away or so,
the control of ignition timing and fuel injection quantity
of each cylinder is performed by independent operation of the

CPU in the combustion control apparatus 200, while ceasing

the function of the combustion diagnosis apparatus 100.

The detected data of the pressure in the cylinder sent from
the cylinder pressure detector 1 1is processed in the

combustion diagnosis apparatus 100 as follows.

The pressure signal shown in FIG.8(A) and FIG.8(B) by line
Z is evaluated on the basis of the reference pressure P, which
is the cylinder pressure at or before the beginning of
compression, the pressure being about the same as the inlet
pressure when the inlet valve 41 and exhaust valve 42 are open,
and a difference /P between the detected pressure P and said
reference pressure P, (AP = P- P, ) is calculated for every

crank angle inputted from the crank angle detector.

A standardized cylinder pressure ratio AP/AP, , where /
P, is the difference of the <cylinder pressure at a

predetermined crank angle in the compression stroke and said
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standardi zed cylinder pressure ratio QP/4Po, so the absolute values of the
cylinder pressure are not required. The conbustion diagnosis using said
standardi zed cylinder pressure ratio nakes it possible to diagnose

mai nt ai ni ng 48 desired accuracy w thout decreasing the accuracy even when
the output level of the cylinder pressure detector decreases totally due
to the deterioration of the pressure detector, tenperature drift,
calibration failure, and so on, or the |level increases totally due to

ot her reasefisrehegt ,ptésswoekiBg of ibe cahbubated, di agdosctsmhbpphianus 100
w |l be explained with reference to the control flowhart shown in FIG 9
and cyl i ride29peessui&- dPRAKUARGNe SaidgPaAnsRasH 29t Fmasawre Matiqmd data
of cylinder essure-crank angle diagramas showmn in FIG 16(A) is inputted
in the co tron di agnosis apparatus 100 fromthe cylinder pressure
detector 1 and crank angle detector 2. Curve Ain FIG 16 (A) is a
cylinder pressure curve when the conbustion in the cylinder is nornal
Referring t @hd @yl invdet heresheresesdgnails shionor nied BTG nd{A) (S&AH) (B3

det er mi ned according to the flowhart of FIG 34 in which, whether the
sensor i stavrp@ldbkihedorRERTAsOFudgen. Wa#Fd 2ReSBRNBOPYI $18Bn6r (RA ,%2an

action of, ch nggggﬁ%gﬁggehﬁﬁé%%|t%% %HQ%% én¥4;gﬁ?fﬁéiogxﬁggga?g t aken

1n .
I f the senso OW proceeds to cy er press agnosi s

steps. Therpries Wompshdherenamd\RdsRurete b £h by the dhbhekenae of
detected cylinder pressure P and the reference pressure
the ambient temperature, deterioration with time of the

detector 1, etc.

However, in the past, the absolute value of the pressure
signal P, and P, was adopted as cylinder pressure data as shown
in FIG.8(B), so errorneous combustion diagnosis was resulted
when the output level of the pressure detector 1 totally

decreased or increased.

On the contrary, according to the embodiment of the present
invention shown in FIG.8(A), the difference /P between the
concerned cylinder pressure P and the reference pressure P,
(Ap = P - P,), P, being the cylinder pressure at or before
the beginning of compression including the inlet pressure
which is small in fluctuation due to the outside condition
such as the atmospheric condition during engine operation,
and combustion diagnosis 1is done on the basis of the
standardized cylinder pressure ratio AP/AP,, so the absolute

values of the cylinder pressure are not required.

The combustion diagnosis using said standardized cylinder

pressure ratio makes it possible to diagnose maintaining
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Pb as cited above is calculated for each crank angle inputted fromthe
crank angle detector 2, and a standardi zed pressure ration API APO which is
the ratio of the pressure difference 49 AP to the pressure difference APO
which is the difference of the cylinder pressure Po at a predeterm ned
crank angle and the reference pressure Pb nentioned before, (aPo = Po- Pb)
Then, the pressure difference 4 Po is conpared with the m ninmum
perm ssi bl e value Pco for APO, and when APO < P,o , the conpression
pressure ®dosisefudgedracybeidmortraldgreaming Sthe . aCouveck emeRl Gheb6 (A)
is a cylinder pressure diagram when_ conpression pressure PQ is abnormally
| ow. Thenth8teinkRY B LAE hd Hhe prédsdes Paes§uASPEetecheri decEERSSSed wit h

the maxinum pe i S3EDLS RLESSULS Al 0 £4P oe Al WOSDLAPE/ A2 RRG (S2)

or when e nu of Cycles operate con i on o Pp/ A PO

Phl, wher gefBbrhtuze RIrQGE!,ErdH NS PELSSUELILALED hawekol AN aor the
predeterm ned pressure ratio Ppo, is equal to or exceeds the permssible
nunber Nolevehatincseasesn thitally Nbu¢ S49, othernameiaswmspr essure i s judged
to be abnormally high. Then, in the knock judging neans (step) , it is
judged that knock is occurring in the conmbustion chanber 44 when the

mber of | i ' id ' ' !
number of Ccygl. &8s S{E}bé gvrqéé‘@kfﬁgsg'f ti%a?% bqfszt%%r{erztﬁp rm@ég?%#égrancﬂts' o A

Pp/ A Po is equdl exceeéds the p etermn pressure

rati o of kpoGki Phde bxplawhed APPhAPOEERENESS o ithed cBhitrdlll £Y oRthR&Et

cycles before the time point of judgenent is equal to or exceeds the
per m ssi bskownnbeFIGSAcmnd icyd indeanp£e8Suoe(88ank Lugle A dgrdih Ghovd (A) is

a cylinder
in FIG.16(A).

The data of cylinder pressure-crank angle diagram as shown
in FIG.16(A) is inputted in the combustion diagnosis apparatus
100 from the cylinder pressure detector 1 and crank angle
detector 2. Curve A in FIG.1l6(A) is a cylinder pressure curve

when the combustion in the cylinder is normal.

Referring to FIG.9, whether the sensor is abnormal or not
(S01) is determined according to the flowchart of FIG.34 in
which whether the sensor is normal or abnormal is judged. If
the sensor is abnormal, an action of changing the detector
or other appropriate action must be taken. If the sensor is
normal, the flow proceeds to cylinder pressure diagnosis

steps.

The pressure difference /[P (=P - P,) , which is the difference
of detected cylinder pressure P and the reference pressure
P, as cited above is calculated for each crank angle inputted
from the crank angle detector 2, and a standardized pressure

ration AP/ AP, which is the ratio of the pressure difference
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pressure curve when knock has occurred. Then, in the msfire judging
nmeans(step), when said 50 standardi zed naxi mum pressure ratio APP//PO is
equal to or snaller than the predeterm ned m ni mum perm ssi bl e pressure
ratio P,,, i.e. when 4 PP/ A Po < P" (S7), a standardi zed conbustion
pressure ratio AP1/APO, which is the ratio of the pressure differencezPl
at a predetermned crank angle in the conbustion stroke to the pressure
difference 4 Po at a predeterm ned crank angle in the conpression stroke
shown in A48 Golbohd)préssaakcdl AfedenarddBherhidie i edeude fifetriemczPdE  Apo
is equal to or smaller than perm ssible pressure ratio P. of msfire, i.e.
when QP1/RPB<CPliBdgr R¥egsHCoRePt & dpredeternyngfdrzankpprBgdsr énfatio A

P2/ d Po concernin ressure difference .AP2 in the lo pressureg \side

| ower tha hﬁ\P’ieifggeg’&&alprteos S Im&nq:tlhoa ec}berl?%f%lé? b\f{\gpﬁr ésgﬂr eﬁr)a'ti o P,
i.e. when AP2/zPO:!!~;, Pm (S9) , msfire is judged to be occurring in
the conbustion chanber 44. In this case, the predeterm ned crank angle Al
at which prEssuretid psedeteet el fi e eies niitgd iat ddweauosd t wbhhofther ank
angle symmetrical with regard to the top dead center to the position of
the pr edeménirmn@dp@mmssahee VR4 Rubi £0r pdBssurandpghes dv et Ba, ras

shown i n glléGecd:%{%ggcg‘éfs'ioLheé:%rs:s?ueJ%{; o- niesd. Cu:l’(fmgd @ggkl)g éﬁgng%myih(éﬂégagssure

P2 is det erm position of crank angle 3y trical

with regagdijo d¢bevd epinders. LeALrid 8 dEi R@sttd s Nird kA Hyregetaer ned
crank angle Ab at which reference pressure Pb is detected, as shown in
FIG 16 (&ympré€asienCpresdu@e 1B (A) aksrcamallindeowpr essure curve

Then, standardized maximum pressure ratio zﬂPp/szo is
compared with the maximum permissible pressure ratio P,, , and
when AP,/ AP,2 P,, (S2), or when the number N, of cycles operated
under the condition of AP/ AP,2 P,, where P, is a
predetermined pressure ratio lower than a predetermined
pressure ratio P,, is equal to or exceeds the permissible
number N, , that is, when N, 2 N, (S4), the maximum pressure

is judged to be abnormally high.

Then, in the knock judging means(step), it is judged that
knock is occurring in the combustion chamber 44 when the
number of cycles S, in which said standardized maximum pressure
ratio AIPP/A}?0 is equal to or exceeds the predetermined
permissible pressure ratio of knock P,,, i.e. when AP,/AP,
2 P,, (S5) in a plurality of past cycles before the time point
of judgement is equal to or exceeds the permissible number
S, s i.e. when S, 2S_, (S6). Curve B in FIG.16(A) is a cylinder

pressure curve when knock has occurred.

Then, in the misfire judging means(step), when said
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when misfire has occurred. Then, in the flame quenchi ng judgi ng neans
(step) , when the standardi zed maxi num pressure ratio APP/APO is equal to
or 51 smaller than the m ninum perm ssible pressure ratio P,,, i.e. when
Pp/Po- P* (S7) and at the sanme tine the standardi zed conbustion pressure
ratio AP1/APO is equal to or snmaller than the predeterm ned perm ssible
pressure ratio Pmof msfire, i.e. when AP,/AP,): Pm (S8) and further the
| ower pressure side standardi zed conbustion pressure ratio AP2/ APO i s
equal to swoandargeretihmnxtimemperesssind ergries APg/ L8} | s Reual tbaoe
guenching, i.e. when AP2/ APO?PmM (S9), flanme quenching is. judged to be
occur ri ngSm&LEGE Bhan Mo rmrdgtenined | Miribpun ReLEBiLFeibUR\RIAABHEEI ane

guenchi ng_has occurred. Wien sai,d |0 pressur i de_standardi zed pressure
ratio APHARD i%s’sr?a'le?'erw?‘ﬁélnf]gpe_/pgﬁ%ﬁ Ssi bire _@s’su?e %%??%aﬁaﬁz?&) ,

m sfire isohiydeedohOpBEs9GEHT F4 B0l AP NEIPCONMWSER Ofs A i Abf 8Re

menti oned before. Therefore, msfire can be discrimnated fromflane
quenchi ngobys sateud af f egestantiyr at ze ¢ reatdtestn ome preassnk @ngla iiastAR1/ APO
andAP2/ dPo usi ng hi gher pressure side pressure Pl and |ower pressure side

pressure FEURRSEWONCrHMKCRGItSs thEsRERIVRF§, Hrfd TOMRR | rﬂgpea@_ﬁ a
combustion phessure Wil Lje r?&f%" % Itt?lleeCBE\%%‘%%rS%JnatSIt%OI?Ce gfno%\sl\sihre and
e p t7o P I0oF ¥1ame qu ely. Wie

perm ssi _pressurera ane’ quenching respectivel) n the
conbust i ofir g 51 HPANR! isi c81cWIaR AP/RP whdh B ptdesstangdatdbzem paxi num

pressure ratio APPf aPo i's equal to or exceeds the predeterm ned maxi num
ref erencedpyessuequait to or smaller than permissible pressure ratio
P, of misfire, i.e. when AP,/AP,= P, and, as mentioned later,
a standardized pressure ratio AP,/AP, concerning pressure
difference AP, in the lower pressure side lower than /P, is
equal to or smaller than permissible pressure ratio P, i.e.
when AP,/ AP,= P,, (S9), misfire is judged to be occurring in

the combustion chamber 44.

In this case, the predetermined crank angle O, at which
pressure P, is detected is determined at the position of crank
angle symmetrical with regard to the top dead center to the
position of the predetermined crank angle 6, at which pressure
P, is detected, as shown in FIG.16 (A) . The predetermined crank
angle 8, at which pressure P, is detected is determined at the
position of crank angle symmetrical with regard to the top
dead center to the position of the predetermined crank angle
0, at which reference pressure P, is detected, as shown in
FIG.16(A). Curve C in FIG.16(A) is a cylinder pressure curve

when misfire has occurred.

Then, in the flame quenching judging means (step), when the

standardized maximum pressure ratio AP, /AP, is equal to or
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Eshl i.e. when APP/ APO? Psh (S 10) , the maxi mum cylinder pressure is
judged to be higher than reference val ue(perm ssible maxi mum pressure). 52
When t he standardi zed maxi num pressure ratio APP/APOis equal to or

smal | er than the predeterm ned m ni mum val ue of rmaxi mum pressure ratio
Psl, i.e. when APP/QPo < Psh (S 11) , the maxinmumcylinder pressure is
judged to be |l ower than reference value. Fig.16(B) shows schematically, by
scaling as APO =1, the maxinmm pressure difference APP and perm ssible

val ues PPé&halPbt th&#h2the Bnidirmm ,pdimiissBshe lpRsdsufs xanibeP ,edogni zed in
Fig. 16 (B) , the threshold value PPO, Phl for the maxi mum pressure,

t hr eshol dwhahuB, AR &, KAJek and testioe dsempud ime ftdre nssanderdade ame
qguenching are such that P' Psi_P9h, Ph hl, < PPO.Each of these reshol d
val ues ma§° ]Buﬁﬁéﬂae%lr%§33r?uﬁ%ﬂ%rég‘f/zéﬁgilﬁee%é‘& P EhgiM erro%'gf“flon
speed or eRgipeeQPEE ki RGAC PR Is@ND N Predidird HaAlio & I okerpsEatyr €.

Next, the result of conbustion diagnosisS by the conbustion diagnosis

appar at usi 180 wiieh 1w /wiw ks ob_ t(B8 ) comd fsiritore £ Akr Ddwe Apaysaiure 2@debased

on the result of the diagnosis will be explained with reference to FIG 10
(A) - FI Gtandgryized gomppstdon murssisuxy rate 14P. 44R. Al & equagi £8t, when
it is diagnosed b e C ustion. dj SL.S paratuys 1 t hat maxi mum
cyl i nder Feigﬁggké!?gﬁ%iasn c£ar;‘gen r%‘?ﬁ’/é%ggg Rt ﬁ%'?l ﬁ% rreag:_lﬁot %g‘f &ng ;\g%gPPO or
that the 4GOHPRERY, 0N .V .eSHER He,) S1Bbner mRisloy | oy ad hqddfcheayl b sof

judged to be occurring. Curve D in FIG.16(A) is a cylinder

pressure curve when flame quenching has occurred.

When said lower pressure side standardized pressure ratio
AP,/ AP, is smaller than the permissible pressure ratioP,, (S9),
misfire is judged to be occurring in the combustion chamber

44, as mentioned before.

Therefore, misfire can be discriminated from flame
quenching by calculating standardized combustion pressure
ratios AP,/ AP, and AP,/ AP, using higher pressure side pressure
P, and lower pressure side pressure P, at two crank angles
respectively, and comparing each combustion pressure with
the permissible pressure ratio P, of misfire and permissible

pressure ratio P, of flame quenching respectively.

When the combustion is normal, i.e. when AP,/AP, > P, and
the standardized maximum pressure ratio AP,/AP, is equal to
or exceeds the predetermined maximum reference pressure ratio
B, i.e. when 4P,/ AP,2P,, (S10), the maximum cylinder pressure
is judged to be higher than reference value(permissible

maximum pressure).
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APO < PCO , the conmbustion control apparatus 200 causes 'the 53 activation
of the engine stopper to shut down the engine 20 (FIG 10(A), FIG 11(A),
step DD and D2 of FIG 12 - FIG 13). Therefore, the proper step to deal with
the result can be taken accurately w thout delay, and engi ne breakage or
the reduction of engine durability due to excessively high maxi num
cylinder pressure PP is prevented with certainty and continuation of

fail ed conbustion due to abnornmally reduced conpression pressure P, is
prevented. Then, when it is diagnosed by the conbustion diagnosis

apparatus 100 that knock has occurred with the result of 4 PP/ QPO?Ph2 ,

t he conmbust Wowencdrite of t appar di aed208xaMuEWS relfs uFala g edPs O4Pvi #Fng t o

b ded b | | d
ot ot e o 155 S EEE D e Seaders EREL S BABRRIkR R BE nack

can be proyepled, ROSLEEY el ¥ ¥8 thout; del gy eanthd |y uat pongshA) CcegRustion

condition i's suppressed. As a restlit, the engin& “cdn be*conirolled to
oper at e imatihreuhicg jpedd o presemrangej udasd theberleowamwtkaacceif sreithen, when
it is diagnosed by the conbustion diagnosis apparatus 100 that the
cylinder Y#E¥48ure detector 1 does not work properly, the conbustion
control apparatus 200 allows the fuel supply to the concerned cylinder to
be shut off or retard the ignitiontimng to be retarded to that with

which the eng ng FB?“ el e e8E8LYy( Fb G sdQ16RYy asFB, 11, (Ghe, step
D4 and D10 of FIG 12 - FIG 13). 54
maximum pressure difference AP, and permissible values P,

Phl 4 Ph2 4 P Pm ’ Pml ’ Psh ’ Psl‘

n v

As can be recognized in Fig.16(B), the threshold value P, ,
P,, for the maximum pressure, threshold value P,, for knock,
threshold value P, for misfire and flame quenching are such
that P, = Psl = P,, =P,, =P,, < P,, . Each of these threshold
values may be changed as a function of engine load or engine
rotation speed or engine operating conditions including inlet

air temperature.

Next, the result of combustion diagnosis by the combustion
diagnosis apparatus 100 and the work of the combustion control
apparatus 200 based on the result of the diagnosis will be
explained with reference to FIG.10(A) ~ FIG.10(F), FIG.11(Aa)
~ FIG.11(G), FIG.12, and FIG.13.

First, when it is diagnosed by the combustion diagnosis
apparatus 100 that the maximum cylinder pressure P, is
abnormally high with the result of Ap,/4P,2P, or that the
compression pressure P, is abnormally low with the result of

AP, = P_, , the combustion control apparatus 200 causes the

653



Then, when it is diagnosed by the conbustion diagnosis apparatus 100 that
t he maxi mum cyl i nder pressure is too high, the conbustion control
apparatus 200 allows the fuel ignition timng to be retarded with a rate
of a certain crank angle (d TO per unit tinme (FIG 10 (©C , FIG 11 (O ,
step D6 and D12 of FIG 12 - FIG 13). Wen the standardi zed maxi num
pressure ratio becones |lower than the reference nmaxi num pressure rati o,

t he conbustion control apparatus allows the fuel injection timng to be
advanced ad¢tihvatiaheotfthecengane stapkeangbesh@tlioper thri engtinee20

(FIG 10(E), FIG.llgE) step D7 and D13 of FIG 12 FIG.lS%. As_a rssult, t he
maxi mum pFEEGut @ (Rd, aF &y d Inidi)nt H56RI B 2aRhP7 AGeF bF - LRe~rBIGr LAde

maxi mum pressure, the engine performance is nmaintained at desired one, and
at the same tine the increase of generation of NOx due to excess el evation

of conbust iTeR AL AtiHe driogePssab dENwiMierhd resuditaghesed by the
conbustion diagnosis apparatus 100 that msfire is occurring, the

conbust i omakennécobrapparyawmisth2@® aldlovs, tandhengbhié bheakagk pmj &bei on  of

the concerned cylinder in which msfiring is occurrjn &FIG. 10.(F) ,

FI G 11 (gedustapnmf sRgipererak} bitysdue #P@xqeﬁswgéy YRSHRELBRNS hut of f
of the fuel.injecti f e ¢ylinder _ | feh msfir . ur , the
snoot h op§¥%%$%§gofBg?%gPEQcy%?n g?nggﬁnﬁﬁg%%ntﬁ%ﬁéd §??ﬁ%ﬁﬁe§an§gnced by

the msfi¢entiRubbBeonoBeeraedeaytbiBaELida dlieNtoWBAokhalls ydiraaaesad by
t he conmbusti on di agnosi s
compression pressure P, is prevented.

Then, when it is diagnosed by the combustion diagnosis
apparatus 100 that knock has occurred with the result of A
P,/AP,2P,, , the combustion control apparatus 200 allows the
fuel injection timing to be retarded by a certain crank angle

a (FIG.10(B), FIG.11(B), step D5 and D11 off FIG.12 ~ 13).

Accordingly, the occurrence or continuation of knock can
be prevented positively without delay and fluctuations in
combustion condition is suppressed. As a result, the engine
can be controlled to operate in the high performance range

just before knock occurs.

Then, when it is diagnosed by the combustion diagnosis
apparatus 100 that the cylinder pressure detector 1 does not
work properly, the combustion control apparatus 200 allows
the fuel supply to the concerned cylinder to be shut off or
retard the ignition timing to be retarded to that with which
the engine can be operated safely (FIG.10(F), FIG.11(G), step
D4 and D10 of FIG.12 ~ FIG.13).
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apparatus 100 that flame quenching is occurring, the conbustion control
apparatus 200 allows the fuel injection to the concerned cylinder in which
fl ame quenching has occurred to be increased (FIG 11(F), step D04 and DA |
of FIG13). As aresult of increasing the fuel injection to the cylinder
in which flame quenching has occurred, the continuation of the flane
quenching is prevented and other cylinders can be operated snoothly

wi t hout otherw se continued flane quenching of the concerned cylinder. As
has been degStwinhedvhienthe fier ed@gmpsetcdoeydithg tconhestisnbodli agnosis

conmbusti on di agnosis by the conmbustion di agnosis apparatus 100 and contr ol
of conbusIPRAMLBYUE D ¢ dhats thenmagsRERgtY hbpae BtRES 290 ¢ i 5 E9F0Rs8N1 0 t he

result of_the i.agnosi s, _can al wa 0 duy§ t he rapt | t he
bnoi ne. * e meaTR e BoE A ABER AR AT Lols s BREITLORTLREn

i njecti ontimmggt@rﬂ% fdela i B Gt 0HAREI bY Middrdd 1% Mhalk dr| conbustion
is controlled by the conbustion control apparatus 200 on the basis of the
result ofT,)heed agridsitsiney (Rl ldbbustiDe. Ul §0hpsssepppér andsD1@0ofNext ,
FI G 15 shows the working state of the conbustion diagnosis apparatus 100,
conbustioﬁ@%ok?rblFéﬁp&%&tus 200 and gas engine 20. \Wen a di agnosis
result is outputted fromthe conbustion diagnosis apparatus 100 show ng
abnormality of a cylinder pressure sensor 1, this sensor is stopped to 56

di agnose t heRITEHa!4 Pin8Y r 18 cQONPRSHLRb LHB i AL r3RRYY BeUomed0owarnd the
apparatus 200 allows the ignition timng to be
than the reference maximum pressure ratio, the combustion
control apparatus allows the fuel injection timing to be
advanced with a rate of a certain crank angle (AT1l) per unit

time (FIG.1l0(E), FIG.1l1(E), step D7 and D13 of FIG.12 ~
FIG.13).

As a result, the maximum pressure is always maintained in
the range of the reference maximum pressure, the engine
performance is maintained at desired one, and at the same time
the increase of generation of NOx due to excess elevation of

combustion temperature is suppressed.

Then, when it is diagnosed by the combustion diagnosis
apparatus 100 that misfire is occurring, the combustion
control apparatus 200 allows to shut off the fuel injection
of the concerned cylinder in which misfiring is occurring

(FIG.10(F), FIG.11(G), step D3 and D10 of FIG.12 ~ FIG.13).

As a result of shutoff of the fuel injection of the cylinder
in which misfire has occurred, the smooth operation of other
cylinders can be continued without influenced by the misfire

in the concerned cylinder.
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retarded by a certain crank angle to bring it to a safety range while

| eaving the abnormal state of the cylinder pressure sensor as it is. After
the failed cylinder pressure sensor 1 is recovered, the conbustion

di agnosi s apparatus 100 and conbustion control apparatus 200 restore
normal operation and the ignition timng of the concerned cylinder is
recovered to the normal timng. Therefore, when abnormality occurs in a
cylinder pressure sensor 1, the sensor is recovered while adjusting the
fuel ignition timng and fuel injection quantity to deal with the
abnormality, and after the recovery of the failed sensor, the nornal
control of tHemonbughi df dfs tHagppeednby &N fitbuskiens ddpgaostsus, the
occurrence_of _abnor ihty,.in,.th cylinder pressure sensor 1 _can coped
Wi th mﬁth%ﬂ?aﬁggPanprhethﬁgra?%gwgofqPﬁgcgﬁﬁﬁne}sNe?FFugﬁédg’ng%gﬁbration
of threshebghMakyen§ @onGIRUHI Y2tk KPOS| £1 1 HwhhensorhEst i AFe@ita@nosi s
apparatus 100 will be explained with reference to FIG 17 (A) , FIG 17
(B) , FIlGol&hd Aronceamed-|l €&11i8d€éB) in Pehiichsi Hlemenxuanulpiregsivas ratio
P,0 (threshold value) of  the maxinmum cylinder pressure is deternmined in
the conbulErBATedi &gndg sinpretaeds (166-ad (F)uitieRP®d @ndi Re1Lo&d W (Ppo
=f (W as éhgg@ in FIG17 (A ) , a relation between thembeing shown in
FI G 17(B) FBr anple. 57 In FIG 17(A), when the engine | oad detected by
the load detector 36 is inputted, the standardi zed nmaxi num pressure ratio

APP/ A Po is conpared with the perm ssible maxi num
As a result of increasing the fuel injection to the cylinder

in which flame quenching has occurred, the continuation of
the flame quenching is prevented and other cylinders can be
operated smoothly without otherwise continued flame

quenching of the concerned cylinder.

As has been described in the foregoing, according to the
embodiment, combustion diagnosis by the combustion diagnosis
apparatus 100 and control of combustion by the combustion
control apparatus 200 in response to the result of the
diagnosis can always be done during the operation of the engine.
In FIG.14A) ~ FIG.14(D) are shown the changes of the fuel
injection timing and fuel injection quantity with time when
the combustion is controlled by the combustion control
apparatus 200 on the basis of the result of the diagnosis by

the combustion diagnosis apparatus 100.

Next, FIG.1l5 shows the working state of the combustion
diagnosis apparatus 100, combustion control apparatus 200 and
gas engine 20. When a diagnosis result is outputted from the
combustion diagnosis apparatus 100 showing abnormality of a

cylinder pressure sensor 1, this sensor is stopped to
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pressure ratio Ppo(threshold value) determ ned in accordance wth engine
load W and it is judged that, if APP/ APo>Ppo the conbustion is abnormal,

i f APP/ APO < Ppo the conbustion is nornmal. Perm ssible maxi mum pressure
ratio P,0 (threshold value) of the maxi mum cylinder pressure is determ ned
in the conbustion diagnosis apparatus 100 as a function of engine rotation
speed N (Ppo =f (N as shown in FIG 18 (A) ) , a relation between them
bei ng shown in FIG 17(B) for exanple. In FIG 18(A), when the engine

rot ati on &ipegtlo e dehecé@tbu s bi onghyt tiee crabusbdbe detecoddragpasatnputt ed,
the standardized maxi num pressure ratio APP/APO is conpared with the

perm ssi B0 mea@ @i prarpaFatyuat 260 Ppblevar bBRolanihige) timéner §Pnk8 in

accordance wt ine rofation speed N, an it i.s jpudged at . _i

APP QP07 PR THEe S b Ger Bha & HEE o e P pc bt B St Y babligt  on 1 s
normel . Reri §5iBLGiRRXitIMAURSSHEE S8hta8SoPend sl vk dgshrear
determ ned as a function of engine operating conditions including inlet
air tenpesehsioe, aandtt he.conbustion is judged simlarly as nentioned

above. O her than said perm ssible maxi num pressure ratio Ppo (threshold
val ue) , the maxi num val ue Pgh and m ni rum value 58 ,1 for reference

maxi mum pre re ratiQ, .perm.ssi.bl Pr r essi essu i ence Pao
, pernissib?%ﬂﬁ?égi'rgalﬁ§¥?%y§6P eﬁb@fe%%g&F %%E%?ggﬁbig %?%gk%%géfessure
ratio forgh&ifrides on dR@GHES PhBpRraEHE’ £00 AP cbAbuditsidn éoRtro1and

apparatus 200 restore normal operation and the ignition timing

of the concerned cylinder is recovered to the normal timing.

Therefore, when abnormality occurs in a cylinder pressure
sensor 1, the sensor is recovered while adjusting the fuel
ignition timing and fuel.injection quantity to deal with the
abnormality, and after the recovery of the failed sensor, the
normal control of the combustion of the concerned cylinder
is effected. Thus, the occurrence of abnormality in the
cylinder pressure sensor 1 can be coped with without halting

the operation of the engine.

Next, changing operation of threshold value for combustion
diagnosis in the combustion diagnosis apparatus 100 will be
explainedwith reference to FIG.17 (A), FIG.17(B), FIG.18((n),
and FIG.18(B).

Permissible maximum pressure ratio P, (threshold value) of
the maximum cylinder pressure is determined in the combustion
diagnosis apparatus 100 as a function of engine load W (P,
= f(W) as shown in FIG.17(A)), a relation between them being

shown in FIG.17(B) for example.

57



perm ssible pressure ratio for flanme quenching PmM , etc. may be

determ ned as a function of engine load W engine rotation speed N, and
engi ne operating conditions including inlet air tenperature respectively.
According to the enbodi nent, threshold val ues such as perm ssible maxi num
pressure ratios Ppo(threshold values), the maxi num value Psh and m ni num
val ue Psl for reference maxinum pressure ratio, permssible conpression
pressure difference Pao , perm ssible pressure ratio for knock Ph2

perm ssible m ninmum pressure ratio for msfire Pn permssible pressure

ratio for msfire P. , and gernissible_ pressure ratio for flame_quenching
Prl are not IdorEtG@nt7 (A) » dvBgRosNRg egd neorARd idtetEedney hhe éradged

coCor 0 104b 0o AENI5S 11 5RERS, LD 100 0Lk L oay a0t o EREBUSH o1 1

a
controlle ef €r ence val ues 0 can be

adj usted {or;bheqya) ues apRr aRshisd fed Owlite oGl NeoRArALikIG: cARdiuan and
the conbustion is Bontrolled for each cylinder, So that the conbustion

di agnosi spcassheeetéeibdel, dlchaeshaeilidhvhilgle)adetteacyined nnFa&c6rdehGe7, and
FI G 20 about that is explained |ater, reference nuneral 100a is

anON- OFFs¥i terenrginal } eaf iy @dnchdt ishdudgedathah, ok f iR /cARuGEsd bhe

di agnosi s_appar atus. .Next.. the judgi.ng,of ,abnorpmal ity of cylinder pressure
sensor 1 ﬁfﬁguﬁ l@%pﬁﬁlﬂgp%fTﬁifeggfg%{gd?b'glg; fﬁ%Fﬁ?fg§§E%§f }859

FI G 33(B)noad1FI G 34. In FI G 24 show ng a cylinder pressure diagram Pb is
the reference pressure at or before the begi nning of conpression,

Permissible maximum pressure ratio P, (threshold value) of
the maximum cylinder pressure is determined in the combustion
diagnosis apparatus 100 as a function of engine rotation speed
N (P, = £(N) as shown in FIG.18(A)), a relation between them

being shown in FIG.17(B) for example.

In FIG.18(A), when the engine rotation speed N detected
through the crank angle detector 2 1is inputted, the
standardized maximum pressure ratio AP,/ AP, is compared with
the permissible maximum pressure ratio P, (threshold value)
determined in accordance with engine rotation speed N, and
it is judged that, if AP,/AP,2P,, the combustion is abnormal,

ifAp,/ AP, < P,, the combustion is normal.

Permissible maximum pressure ratios P, (threshold values)
are determined as a function of engine operating conditions
including inlet air temperature, and the combustion is judged

similarly as mentioned above.

Other than said permissible maximum pressure ratio

P, (threshold value), the maximum value P, and minimum value
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P3 is the pressure at a crank angl e advanced by a certain crank angle from
that of Po (i.e. P3 is neasured earlier intime than Po) , Pl is the
pressure at a crank angle in retard of a certain crank angle fromthat of
Po (i.e. P1 is neasured later in tinme than Po) , P2 is the pressure at a
crank angle in retard of a certain crank angle fromthat of Pl. The crank
angl e range between RM and RWB is the abnormality judging range, the
cylinder pressure range between PTb and PTa is the pressure detecting
range i nd@udi igrt heeheghnpeessaxdmugr getesctinyg Hdatoick, RSbrmEsshelenxi mum
permssible inlet air pressure, and Psa is the mninmumperm ssible inlet
air pressSRRPraweipAnpEesFEtiFech L EBRC AL dos  t BE TETFE-Fe RRBBSEFSN in

whi ch t he i i r pre a , Wwhen
j udgi ng t?%ﬁ%%ﬁgyﬁgﬁ¥%%ﬁo*ﬂ tfﬁ?n e§sg@%§§ﬁ¥é§%%#2%géggﬁéecggFEég?gﬁb. k is
set to 1 {fFiratpfi,rpb rind sRSSIEU A <SRN 13N N ¢ tiA  fickgd g, | oghiine of
FI G 34, then cylinder pressure of the No.1l cylinder is sanple at equal
crank angbermiseibhespiEinreoraet erfvond tame guanaleing fessete .Phagk=1) of
cylinder nunmber k(k=1) and inputted to the cqonbustion diagnosis apparatus
100 (El) .pgwiateamy Sehgofupstaspnaf %ﬂg%ﬂﬁu%Qﬁﬂ-stePﬂaggdr%Eat¥8 | ows:

bTh or notP9rt hverd RESEPENRBERarE REERRh L B A NG PERE R [he
pressure tSmpbtdtirtheckppae idfelRSD - Psa or not in the suction range is
j udged (E3),
According to the embodiment, threshold values such as
permissible maximum pressure ratios P, (threshold values),
the maximum value P, and minimum value P,, for reference
maximum pressure ratio, permissible compression pressure
difference P, , permissible pressure ratio for knock P, ,
permissible minimum pressure ratio for misfire P, ,
permissible pressure ratio for misfire P, , and permissible
pressure ratio for flame quenching P,, are not constant in
diagnosing the combustion but they are changed according to

changes in engine operating conditions and the combustion is

controlled per cylinder.

The reference values (threshold values) can be adjusted to
the values appropriate to the engine operating condition and
the combustion is controlled for each cylinder, so that the
combustion diagnosis canbe effected always with high accuracy.
In FIG.6, FIG.7, and FIG.20 about that is explained later,
reference numeral 100a is an ON-OFF switch for allowing-or-not
the actuation of the combustion diagnosis apparatus.

Next, the judging of abnormality of cylinder pressure

sensor 1 will be explainedwith reference to FIG.24, FIG.33(a),
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(c) further, if the crank angle Ppangg of the maxi mum pressure P, is
within the crank angle range of Aa - Ab or not is judged (E4), and (d) if
the sensor is normal or abnormal is judged in step E7 or E8 by proceeding
as follows; Wen the sensor is normal, usually the detected cylinder
pressure includes al nbst no noise as shown in FIG 33(A). If the detected
pressure includes noise as showmn in FIG 33 (B) , the presence or absence
of abnormality of the sensor is judged by calculating the standard

devi ati orFD¢. P®(Bs, shodnFIG.BIAG. 34 . If the standard deviation oPb of
{Pbj-"+1, Pb;-n+2, Pbj-n+s, pbj} is smaller than the perm ssible standard
devi ation the sensor is judged to be normal. If the standard deviation is

not small er rn155|ble t, devi at i thg pres
detector(se%so G& IS ju geéJto s é?% ft §%%§§ %ﬁ ﬁi?ﬂ Eta § 1S'v\%lch do
not suff If@f@ﬁaneeepréés&h@ aCtOBQ'EéPdS‘i?e (@be be(ﬂhn%@camﬁﬂn@p@y@l@ﬁpt i nues
to occur for predetermned i tines (E6), sinCe the case may occur In

whi ch t hePpi estshi @ resscaemts aitns tardrdneagdleyaduadcednye aotePtainPdbaoki ng to
trigger pul ses due to noise. Then, the cylinder nunber k is changed to
k=k+| (Em)g%% fHP’&gHBéé af P@yl(|1n§er £3 \N‘Feﬁ‘eéﬁu@)m%‘seﬁrbndga@ﬁosed

is set to nﬂ@ag dla nosis of,all ¢ nder erfornme 61
Accordi ng ?%nt g%oﬁ ? PLESPHECsBRsBrC XPE gnglPog % gbﬁgrnal by
step (a) a@feameafamecatf@@f&ldﬂ ghihtyofp €. ecapes si Re¥BLERAt Derdet ect ed
pressure Ssi gna exceed
in time than P ),.921s the pressure at a crank angle in retard
of a certain crank angle from that of P,. The crank angle range
between RWA and RWB is the abnormality judging range, the
cylinder pressure range between PTb and PTa is the pressure
detecting range including the high pressure for detecting
knock, PSb is the maximum permissible inlet air pressure, and
Psa is the minimum permissible inlet air pressure. The range

between Aa and Ab is the range of combustion in which the

maximum cylinder pressure P, occurs.

In FIG.24 and FIG.34, when judging the abnormality of
cylinder pressure detector 1, cylinder No.k is set to 1 (EO0)
at first in pressure sensor abnormality judging routine of
FIG.34, then cylinder pressure of the No.1 cylinder is sampled
at equal crank angle intervals (EOl) to determine the cylinder
pressure Pk (k=1) of cylinder number k(k=1]) and inputted to

the combustion diagnosis apparatus 100 (E1).

Whether the sensor is normal or abnormal is judged as
follows:
(a) if the pressure detected by the sensor 1 is within the

range of PTa ~ PTb or not all over the crank angle is judged
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pressure range of PTb - PTa, the occurrence of spark noise, a break in
wire, poor electric contact, etc. can be detected wth high accuracy even
when there occurs instantaneous overshoot in pressure beyond said pressure
range due to trigger pulses, etc. The occurrence of drift due to the
change with tine is detected by step (b). Further, whether the pressure
is detected or not with correct relation between the pressure and crank
angle is confirmed by step (c). Therefore, abnormalities in the cylinder
pressure (®B2ector 1 and crank angle detection are detected from many faces
automatical ly, runaway of diagnosis can be prevented without fail when the

cyl i nder b?bsghﬁérdéﬁeépérPfﬁ§§uéﬁh&ﬁmﬁ%tnﬁﬂth%bﬁ%?ﬂﬁlPfyPEPCGrESPn a
pressure 99"&‘8 ogplth%h%uectq:qlor}go%aargg? Ele%?glg%(gggdégé)cont rolling only by the

combust i on con%ro apparatus sSin uspended or the engine

can be hatieddthdepaif thBe S8t 0 GHY1el PAangRoYN tHe hb&itum/prédsute be

nore specific, the conbustion controller actuates to retard the ignition
timng toPaisavétiinahbe ¢oapkeseyle rdrnme aihdamal A yor mertedfs gedgedi s. The
conbustion_di agnosis apparatus di agnoses nornally after the sensor is

repl aced, (EdUt #Rdthis state the apparatus judges nisfire. If the ignition

in the congern cvlinder is effected . in, this st.ate, he, cQ i in the
061 RS i RS0y Jiniih S el st SRR €

cyl i nder 6 0] dein"the safety
range. CQgPU§gi99 pgg@égaidg ddersyidppger is restarted by manual |y

resetting the sensor of the concerned cylinder, and the conbustion
recovers to a normal state froma state of rather weak
When the sensor is normal, usually the detected cylinder
pressure includes almost no noise as shown in FIG.33(A). If
the detected pressure includes noise as shown in FIG.33(B),

the presence or absence of abnormality of the sensor is judged

by calculating the standard deviation of Pb as shown in FIG.34.

If the standard deviation oPb of ({Pby_..,;, Pbj... Pbj ..
*, pby;} is smaller than the permissible standard deviation
¢, the sensor is judged to be normal. If the standard
deviation is not smaller than the permissible standard
deviation &, the pressure detector(sensor) 1 is judged to
be abnormal (E8) when the states which do not suffice any one
of the conditions (a) ~ (d) described above continues to occur
for predetermined i times (E6), since the case may occur in
which the pressure exceeds instantaneously said range of PTa

~ PTb owing to trigger pulses due to noise.

Then, the cylinder number k is changed to k=k+1 (E10) to
diagnose all cylinders. When all cylinders are diagnosed, k
is set to 1 and again the diagnosis of all cylinders is

performed.
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conmbustion. FIG 20 is a total block diagramof the conmbustion di agnosis
system of gas engi ne of the enbodi nent according to the present invention
in the case stepless control is done only in normal range and corresponds
to FIG7. FIG21 is a total control flowhart of the conbustion diagnosis
system of gas engine of the enbodi nent according to the present invention
and corresponds to FIG 9 except that stepless control is done only in
normal range. FIG 22 is an illustration explaining the nethod of
transm ssi on of conbustion diagnosis signals in analog form applied to the
invention of FIG 20 and FIG 21. FIG 23 (A) is a graph_showing tqotally the
change of tRECPFAIAT $O ihg BHPPELMeSitgnaS £5F 88RBFOST 1t he 21udeger Fes of

L1e S5 T TR PG, S50800018) DR D, 0RO

FI G 23(a) 'S a pressure c expl ai ni ng the

detecti on-adids CYhi NEe{ cRr &3 BetBEteAMYEE s SRr i %&%ﬁp- ekideleld Sthe
enbodi nent, differing fromthe cases of previous enbodinents, threshold

val ues anrgsavreecthrigs cetREd edP6a, prebesuvecunreheecofibssarbmoasge of
crank angle of the range Aa - Ab shown in FIG 24 so that, stepw se
r epr esenthtitGiofin ¥AZCogheOFarlectsifosenbrEtinesCaefrBI PYARERFER4Ni ssi on

wi re. Each. l.evel. of threshold val ues, PPO,and Phl for detect]
abnor nmal %I}( gﬂ’ﬁ 7 'Rt et ier"l'fnkn"(')rclzﬁr,1 PSS QSFEEP nlgnsctnérgtg?é%g%%d flame

quenchi NG,y &t £ho &t € 1Rt OF & HEFet BRRNP L a FHl pPrZ stufSNrRade?he tHe | evel

decreasi ng stepw se.
trigger pulses, etc. The occurrence of drift due to the change

with time is detected by step (b). Further, whether the
pressure is detected or not with correct relation between the

pressure and crank angle is confirmed by step (c).

Therefore, abnormalities in the cylinder pressure detector
1 and crank angle detection are detected from many faces
automatically, runaway of diagnosis can be prevented without
fail when the cylinder pressure detector 1 is abnormal. When
abnormality occurs in a pressure detector 1, the engine can
be operated by controlling only by the combustion control
apparatus 200 with diagnosing suspended or the engine can be

halted to repair the detector 1 as shown in FIG.6, 7, 20.

To be more specific, the combustion controller actuates
to retard the ignition timing to a safety range to preserve
the abnormality thereof as it is. The combustion diagnosis
apparatus diagnoses normally after the sensor is replaced,

but in this state the apparatus judges misfire.

If the ignition in the concerned cylinder is effected in

this state, the combustion in the cylinder begins with the
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Returning to FIG 21, if the sensor is judged to be normal in step S 01,
then conpression pressure difference APOis abnornmally |ow or not is
judged(S'lI). Said reference pressure difference APO detected in the
conpression stroke range is conpared with the perm ssible pressure

di fference Poo (threshold value) for APO, and when A PCD PCO, the
conpression pressure Pc is judged to be abnornmally | ow due to nmechani cal
troubl e such as gas |eakage (S 1) . Wien the condition of step S 2 holds
or the nuigeidthlnofimbpersateto@ychbseiim S8 safetguaknge .or Cexbaesdd onhe

perm ssible nunber Nho (S'. 4) , the maxi mum cylinder pressure PP is judged
to be abnBPREFPY @|femee&ydvé+d%ewde%¢w%%ebxnlaéﬁaﬁlxlfén GeF et tERGck

j udgi ng SERR %e%sorsﬁ& gHgTh@l?g,faef&ﬁe g;rgﬂgerqueaw usgg%nglt%%p S7 -

S'9 are the sane a rmént, co on agnosis is

per f or medrebyve@@Pagd Nd Stcweal diszadeCyf toleh PIESSHr @ £ atd théP/ ABQK N
sai d conbustion range with threshold values determ ned for 64 every

di agnosi scombegariyn.nf or mati on, each |level of said threshold val ues being
decreased stepwi se so that the information of different category can be
j udged based on the corresponding | evel of threshold value, detection

range bei ng t I I said

t hreshol d vaqllsé'sz ei ng % ? gg@ g‘eggﬁl}éng%a nor%rH g&?@?&% 52 fo

det ecti ngskBeek oP@afSOéngﬁheqiﬂ ege@rﬁsddﬁn@ﬂé ddcymiifyescthdpreslat, t he

| evel of each threshold value being decreased in orderly sequence of PPO z
Phl Z Ph2igvEnhimnP$fh the case stepless control is done only in normal

range and corresponds to FIG.7.

FIG.21 is a total control flowchart of the combustion
diagnosis system of gas engine of the embodiment according
to the present invention and corresponds to FIG.9 except that

stepless control is done only in normal range.

FIG.22 1is an illustration explaining the method of
transmission of combustion diagnosis signals in analog form

applied to the invention of FIG.20 and FIG.21.

FI1G.23(A) is a graph showing totally the change of the value
of analog-form signal for each of the categories of the result
of combustion diagnosis, and FIG.23(B) is a graph a part of

FIG.23(a) partially enlarged.

FIG.24 is a pressure curve for explaining the detection

of cylinder pressure for combustion diagnosis.

In this embodiment, differing from the cases of previous

embodiments, threshold values are provided for detected
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Pn. Accordingly, as the standardi zed maxi mum pressure ratio APP/APO in
normal conbustion is below the threshold value for knock, i.e. APP/ APO <
Ph2 , values of Ph2 - Pn are converted by the follow ng equation to val ues
in the range of Ck - Cqg to be transmtted to the conbustion diagnosis
apparatus as analogue information in step 20 in FIG21. C={ (Cg-Ck) /
(Pn-Ph2) } X { (APP/APO - Ph2} + Ck FIG 20 is a block diagram show ng
total configuration of the enbodi nent of a gas engi ne conbustion di agnhosis
system Ppreshick dhagnesienbustbos byngetef muramyg anvlesied ¢hearaage shown
in FIG 23 (A _and FIG 3R§B for the maxi rrumj;c)%essure PP detected in the
range of R®ankPAnghevwRain c S SRt EarRy ?F%ﬁePEﬁﬁéonlﬁ t he
drawi ng, Lgferenes, MIE" g%%s&mﬁ%%gﬁn QuLLE; GY!dNdet p G 1%%101:981 gét he

conbustlon I'agnosi s appar S dr aghoses € conbustion tected
camtop cramacidlesreand f6bhe¥khbder vl 88sUP §- L @I, ﬁed:@tcftltrhj @hegh
followng the flow shown in FIG 21. The result of the di agnosis 1Is

transmit tgdnonmanhalRup % evEl,s fahodatentEng 310k and, FIKQJQS@B):eCrtl@g Cp:

the analog level faor transmtting abnormal Pmax gud genment, Ce: anal og
| evel fdF‘l§5Hﬁ?e§§ﬂoﬁlﬁ§“§s§9?€c}1&8§enﬁﬁ? eke dasrsRipedelor BE Rnogk
judgenent Cq:, anal 9g Leyel r fI anal og
| evel forFH St e j%’dgen%fft Zpr X’ ana Vﬁ@#rgé'ggﬁﬁogge wgfgr?sor

j udgenent, each anal og | evel being det erm ned to decrease stepwise in the
orderly sequence of Cp > Ce > Ck
Returning to FIG.21, if the sensor is judged to be normal
in step S’01, then compression pressure difference AP, is

abnormally low or not is judged(S’1l).

Said reference pressure difference AP, detected in the
compression stroke range is compared with the permissible
pressure difference P, (threshold value) for AP,, and when
AP, = P, , the compression pressure Pc is judged to be
abnormally low due to mechanical trouble such as gas

leakage(S’1).

When the condition of step S’2 holds or the number N, of
operated cycles in S’3 is equal to or exceeds the permissible
number N,, (S’4), the maximum cylinder pressure P, is judged

to be abnormally elevated over the design value (normal value) .

Knock judging step S’5 ~ S’6, and misfire and flame

quenching judging step S’7 ~ S’9 are the same as FIG.9.

Thus, in the embodiment, combustion diagnosis is performed
by comparing standardized cylinder pressure ratio AP/AP, in

said combustion range with threshold values determined for
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> Cqg > Cn > Cx. The signal of the result of diagnosis transmtted fromthe
conbustion di agnosis apparatus 100 to the conbustion control apparatus 200
i s conposed of analog | evels, each analog | evel being determ ned for each
di agnosi s category. Therefore, the conbustion control apparatus 200 is
able to judge each information of different category in each pertinent
analog Ilevel. The analog level for transmtting the infornmation of

di agnosi s category of normal combustion state is positioned in the center
part of taeekgvalingndweid evekeforyt riarSminatihgn, t kechnflemveml i o skaigbnor nal

maxi mum cyl i nder _pressure or._ ¢onpressi on gressure whi ch gen%{all¥ rel ated
to engi nethEBABPLPon¥2d¥es wABLRY| sdeererdcd aFeRVIAChi YherthaveltNeange,
and the | ls_far. transmitii he_| I fom sfir

uenchi ng2t SpRBR et BEod) FEERdnc Eak BB IRL AR R et iased (i Ene
experi encedrirB spdndidig/ i duall &F lkhidehAlevaetiet ddeBe¥i Y8 tdhdOWesinlgevel
range. \Wen the range of normal conbustion pressure or pressure ratio of
each cyli mdértotihe B firesmank engire ssae that me xheiurg pretsweiare t Iseid
threshold for _knock and that for flane quenching, |s transmtted to the

conbust i oRPEEAPPIY APHRPEIRRIBY R 6t Pei §REIIGYSHrSIRY AORP TR Y EMBFT (see
FIG22) 18 andlog Vc%i’ngc%hﬁmoél?,ssﬂ’”ef% BLESEPLfig hLED GOUNY 1r9drld
S a Ing W he™ pr

stepl ess affal 09 "eve i corfrespondr | essure or pressure
rati o canglienthang)i tdtes. f othbe 18D USE | AcEORNTR sHRIRAT P4 USe 28@ing

Accordingly, with the conbustion diagnosis/control apparatus of an
i nternal deombaskidornrenpiderly heequabee off dald§,sipPal =t Pansdi Bsi &n
P,.
Accordingly, as the standardized maximum pressure ratio
AP,/ AP, in normal combustion is below the threshold value for
knock, i.e. Ap,/AP, < P,, , values of P, ~ P, are converted
by the following equation to values in the range of Ck ~ Cq

to be transmitted to the combustion diagnosis apparatus as

analogue information in step 20 in FIG.21.
C = {(Cg-Ck)/(P,~P,,) } X {(4P,/4P,) - P,,} + Ck

FIG.20 is a block diagram showing total configuration of
the embodiment of a gas engine combustion diagnosis system,
in which diagnosis is done by determining threshold values
shown in FIG.23(A) and FIG.23(B) for the maximum pressure P,
detected in the range of crank angle Ra ~ Ab corresponding

to combustion range.

In the drawing, reference numeral 20 is the multi-cylinder
engine, 100 is the combustion diagnosis apparatus which

diagnoses the combustion by detected cam top crank angle and
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wire corresponding with the nunber of cylinders is connected between the
conbustion di agnosi s apparatus 100 and conbustion control apparatus 200,

and the diagnosed result of each diagnosis category is transmtted in
order on each of analog signals which are set in stepw se

seri al

decreasi ng sequence. The conbustion control apparatus judges the diagnosis
category or can determ ne the conbustion pressure or pressure ratio
corresponding with the anal og signal. Therefore, as shown in FIG 22, by

sendi ng eagchi rdé o prRts sanr e + o amk amag legdseicgnah rofigperdli ienitng évhel flawseri al

order,

t he

transm t tEPWh bheFhGEaPdg signal transmi ssion wire 101 per cylinder
means that mwires suffice for mcylinders. As one of signal transm ssion
wires 101 corresponds to the information of one of cylinders, only the

conbustion et PEsut¥ld Ndde Qi a¥hbsh st e tMdresn Bt bs@kanahategesevels
uncontrollable and the conbustion in other cylinders are not influenced.
Furt her nsleowmasin HRIG 2 d(Antand §FEG o3 4Ral of, emaCpuntheonsaldg hevedccur

due to noises in the signals. 67 Concerning the normal pressure_ range,

anal og information of K category of diagnosis result can be

whi ch

Pis

cal cul at fPhyt ransmpppipgoabngrgadn MG IHOFSRET on ther2? 199 LaVEI at ed

b the coVERGRB A ERseS B Sttt i g fLibs st

ustion contro

us,
I

appar at us; Y 99eh&L €l vea:saﬁah@gs 1BRRIS Yo flewRl Juddumait Q%lxélﬁlchbﬁgl,’lm mal

conbusti on range. The ‘recei ve

anal og information {Ck - Cg} are again
Cm: analog level for misfire judgement, Cx; analog level for

abnormal sensor judgement, each analog level being determined
to decrease stepwise in the orderly sequence of Cp > Ce > Ck

> Cqg > Cm > Cx.

The signal of the result of diagnosis transmitted from the
combustion diagnosis apparatus 100 to the combustion control
apparatus 200 is composed of analog levels, each analog level
being determined for each diagnosis category. Therefore, the
combustion control apparatus 200 is able to Jjudge each
information of different category in each pertinent analog
level. The analog level for transmitting the information of
diagnosis category of normal combustion state is positioned
in the center part of the levels, the level for transmitting
the information of abnormal maximum cylinder pressure or
compression pressure which generally related to engine
conditions as a whole is set to a value in higher level range,
and the levels for transmitting the information of misfire,
flame quenching, abnormal sensor, and break in wire, that are
generally experienced in an individual cylinder are set to
a value in lower level range. When the range of normal

combustion pressure or pressure ratio of each cylinder, the
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converted to pressure information {Ph2 - Pn} in the control apparatus 200,
as shown in FIG 20, by the followi ng equation; P ={ (Pn-Ph2) / (Ck - Cq) }
X (C- Ck) I+ Ph2. Then, the ignition tinmng is changed fromT to T + AT,
where AT = F X (P - Psn) F is a feedback gain constant, and Psm is a
target figure of cylinder pressure ratio in a normnal conbustion state.
Thus, by retarding or advancing the ignition timng by a certain crank
angle AT in the normal pressure range {Ph2 Pn}, the engine can be

ef fecti vegpyesmunéabnedreesoper atat iwi fole i rde Siatadeerertflos nelmceshdhd €ombusti on

control apparatus 200 always controls the conbustion condltlon accordi ng
to the rgsefk andpbhatt fos- fdmdift INeRftbitS om%lwwl%% Eenbhsti on

dlagn05|s ar at h | ot

fuel or GeaRPusr 85, bRREHaL Aotetaitey T cof Tl HEMBHILEIRG O of
the di SDI@yt@qoapw@W@ Q2§h9%ndlrbd:h@vlala}nﬁihg|rﬁfé35sW!lié oepegpkaraed with
reference to FIG 25 = FIG 31. The display connected to the conbustion

di agnosi srapparcatnise riodd tilmes pepdents dmvkrg ilevedaaidnspl ayrtewp&nddsgof

data, conpustion diagnosis data and pressure waves. FI G 25 shows an

exanpl e of1 bl Pt pe® OHIR O BReGPHGRoEREIOre’y ke tlrﬁfksl‘f&‘ifr%%tﬁg,théyl i nder

e it Lo S A ek RgERLTT, < RANGRS EEONIAT ShE

cylinder cémpastibheddi hgiolhe /IR Oph 284008 S @@paé@tuﬁntérnal'
combustion engine, the number of analog signal transmission
wire corresponding with the number of cylinders is connected
between the combustion diagnosis apparatus 100 and combustion
control apparatus 200, and the diagnosed result of each
diagnosis category is transmitted in serial order on each of
analog signals which are set in stepwise decreasing sequence.
The combustion control apparatus judges the diagnosis

category or can determine the combustion pressure or pressure

ratio corresponding with the analog signal.

Therefore, as shown in FIG.22, by sending each information
in an analog signal of pertinent level in serial order, the
analog information of K category of diagnosis result can be
transmitted on one analog signal transmission wire 101 per

cylinder, which means that m wires suffice for m cylinders.

As one of signal transmission wires 101 corresponds to the
information of one of cylinders, only the combustion in the
cylinder of which the wire is broken becomes uncontrollable
and the combustion in other cylinders are not influenced.
Furthermore, as the information is of analog, malfunctions

do not occur due to noises in the signals.
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di spl ayed by pertinent mark such as abnormal sensor(X), abnormal maxi nmum
pressure PP(E), knock(K), high maxi num pressure PP(H), adequate maxi num
pressure P, (N), |ow nmaxi mum pressure PP(L), flame quenching(Q,

msfire(M, and reduced conpression pressure (C). These results are
renewed per cycle according to the diagnosis result. Each mark of the

di agnosi s category is shown in blank letter in a black rectangle so as to
be easily recogni zed, as the nunber of cylinders is large in this case.
FI G 26 shows the representation of the cylinder pressure waves of each
cylinder of a 4-cylinder engine in the display and the process of
transmttinGFAREe TG JFe RRE82} BREERBTeCEADASYi Bnlidi agh641 8t & ¥Yat us to

wve- T of b P Enb e t B AnedRh i e ko e FEPE PSS BLFRRY ©

wave-f or e’in raw ng - are

cylinder pyesadr eonaveriin®y guftidye; four cylinders in which the pressure
waves are shown for every cycle, the crank angle of camtop (of the inlet

cam) being indicated as 0 , the pressures being neasured at equal interval
of crank angle. The pressure waves of four cylinders are shown in the

di splay 124 a§ ShowsliGkh re(PaBe) BUP-oniePstade C¥rhe data is transmitted
fromthe conbustion diagnosis apparatus 100 to the displaying apparatus 6
in serial order, as there is no relation between displaying and

control |l i ng @fy£onbysthan.cdlerdivnt Beck i ne pay towhickh 4 scgecesnary for
combustion diagnosis in the pressure wave detected after the detection
combustion control apparatus 200 receives stepless pressure

level information in the normal combustion range.

The received analog information {Ck ~ Cq} are again
converted to pressure information {P,, ~ P,} in the control

apparatus 200, as shown in FIG.20, by the following equation;
P = {(P,~P,,)/(Ck - Cq)}X(C - Ck)} + P,,.

Then, the ignition timing is changed from T to T + AT, where
AT = F X (P - Psm), F is a feedback gain constant, and Psm
is a target figure of cylinder pressure ratio in a normal

combustion state.

Thus, by retarding or advancing the ignition timing by a
certain crank angle AT in the normal pressure range {P,, ~
P,}, the engine can be effectively maintained to operate with
desired performance. The combustion control apparatus 200
always controls the combustion condition according to the
result of moment-to-moment diagnosis obtained by the
combustion diagnosis apparatus through changing the fuel

ignition timing of pilot fuel or gas fuel, or fuel injection
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of camtop crank angle is represented on the display 124. The thick line
part of each pressure-crank angle curve of four cylinders is witten to
the first ring nenory of the conbustion diagnosis side every tinme the
pressure is detected by the cylinder pressure detector(sensor). These
pressure-crank angle curves are transmtted on the signal transm ssion
wire 101 to the displaying apparatus 6 in such a way that the pressure of
each cylinder is retarded in phase fromthat of the cylinder of next
cylinder quabeitpy crank angle {al}, {a2}, {a3}, {ad4} respectively. They
are transmtted in serial order in the crank angle range of 720 of one
cycle, thus the small nunber of transm ssion wire 101 70 is effectively

xampl 6. 1 hd s EiPo Ry e hraBanEe s Bl th el kA RERLE T

exanpl e, pres €~ pOSsi e sigha

transm ssi Qi I'e aHYL Firly . 6SRENL 2| bOTAgY1 M A\ Rr iAAD r@ff editth &/ &loer1Ehe 5
representation in the last stage in the drawi ng shows the cylinder
pressure €urves3di.spl ayed on the oscillogragh 124 of the displaying
apparatus 6. As shown in the representation, each of the curves is shown
on the oscillogragh 124 of the displaying apparatus 6 at a spacing of

pressure valiye, £ 185 ,Gasy, 166p08IL oh Ol O of B BLESSW eppukes. as

the cylinder pre curves are very sim reali zing

this, the,gugnes ﬁleé%eﬁfoﬁh%%tq@?buééﬁoais@il%gﬂoﬁé xidesbYof ebakdi,ng in
phase by crank angles of {al}, {a2}, {a3}, {ad} respectively are advanced
by the sarembuabhkon diagnosis data and pressure waves.

FIG.25 shows an example of displayed combustion diagnosis
result. In the drawing, cylinder numbers #1 ~ # 18 are arranged
in columns, diagnosis categories are arranged in rows, and
the result of each diagnosis category for each cylinder
transmitted from the combustion diagnosis apparatus is
displayed by pertinent mark such as abnormal sensor (X),
abnormal maximum pressure P_(E), knock(K), high maximum
pressure P, (H), adequate maximum pressure P, (N), low maximum
pressure P, (L), flame quenching(Q), misfire (M), and reduced
compression pressure(C). These results are renewed per cycle

according to the diagnosis result.

Each mark of the diagnosis category is shown in blank letter
in a black rectangle so as to be easily recognized, as the

number of cylinders is large in this case.

FIG.26 shows the representation of the cylinder pressure
waves of each cylinder of a 4-cylinder engine in the display
and the process of transmitting the pressure waves from the

combustion diagnosis apparatus to the display, as an example
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angl es respectively and displayed with reference to the cam top crank
angl e of reference cam (for exanple, the inlet cam of #1 cylinder) with a
spaci ng of pressure value P. FIG 27 shows an exanpl e of data configuration
on the conbustion diagnosis apparatus side and displayi ng apparatus side
to performsaid displaying. First,-constituent elenents for data processing
on the conbustion diagnosis apparatus side will be explained. Aring
buffer nmenory 110 (rbuf 1) of the conbustion diagnosis apparatus side has
a nenory parh hon tiersrliizider tdvegtmen top 71 crank angl e of the reference
camand ring nenory parts for nmenorizing the pressure curves of #1 - #4
cylinders during at |east 7200 of one cycle or above, concretively during
several cycl.es. e-in ter 11 deternln t.he positio iting
the detect eﬁb%?ﬁefgrsélrﬁetﬂﬁv yFoﬁﬁlgrln ?—8‘%5"0?% 8e &9 18 t e(%rrgﬁk ngl e
detector greReher eae AWHERr &)1 ddde bSp BRIy J@fe%mﬁé Zbﬂgthl%e foll ative
angle information that are crank angFes {al - a4} fromthe camtop crank
angl e of theindeeseheehdah tbe prestard wavearkrasploanof oeasteyr egsiiee
curve. Reference nuneral 111 is a readout painter for reading fromthe
ring rrermF?epﬁF@?;ke%ﬂ&‘Elep?Es%%W Rt the Hodes ﬁ%h&%&%f-ﬁ%ﬁ@&%m on

d | f f t, th
Gata it etk RO LT PEICEeR UERGI 4L PR {RoPEVaas CpR

respectivghyieNext, constituent elenments for data processing on the

The pressure waves of four cylinders are shown in the
display 124 as shown in the last but one stage. The data is
transmitted from the combustion diagnosis apparatus 100 to
the displaying apparatus 6 in serial order, as there is no

relation between displaying and controlling of combustion.

Only the thick line part which is necessary for combustion
diagnosis in the pressure wave detected after the detection

of cam top crank angle 1is represented on the display 124.

The thick line part of each pressure-crank angle curve of
four cylinders is written to the first ring memory of the
combustion diagnosis side every time the pressure is detected
by the cylinder pressure detector (sensor) . These
pressure-crank angle curves are transmitted on the signal
transmission wire 101 to the displaying apparatus 6 in such
a way that the pressure of each cylinder is retarded in phase
from that of the cylinder of next cylinder number by crank
angle {al}, {a2}, (a3}, {a4} respectively. They are
transmitted in serial order in the crank angle range of 720°

of one cycle, thus the small number of transmission wire 101
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di spl ayi ng apparatus side wll be explained. A ring buffer nmenory 120
(rbuf2) of the displaying apparatus side has four ring nenory parts for
menori zing pressure curves, in which the pressure data of #1 - #4
cylinders sent fromthe conbustion diagnosis 100 side with crank angle
phase retarded by angle {al}, {a2}, {a3}, {a4d4} respectively are nenorized
in a certain area (Wen) in sequence with crank angl e phase advanced this
time by angle {al}, {a2}, {a3}, {a4} respectively. 72 Reference nuneral
121 is a ¢ idfffact poe hy ert f bt zel@t eX fritlieng ramsintiess ion indnye tic weitt €oi n t he
pressure data transmitted on the serial signal transmssion wire 101 with
crank angt@® ph8fe caavdncaroby Ayl e€xaainle {abhe PpasSpsurswaEpettPvely to

the ring nemory parts corresponding t.o #1 - i hders. . Ref ng
numeral | TS he FEaaBar SEBTED, e SderEAmt s L R 65 SOFRH out
the data {Lpomihg HLRO,TRIRLY 733°t SorCRREESRMAA Ng to #1 - #4 cylinders,
giving pressure spacing value R between eacCh pressure data. FIG 28 -
FIG 31 are flowharts for processing the pressure data for displaying.
FIG 28 is a crank angle interrupt handling flowhart on the copbustion
di agnosi s app&r ZERT e s dbidiendasit S§rge) 1nFLRe29rp¥ingnahpws

processin flowhart aon_the. co i on,.di S§S.Si d . I out
C ey - iithe gof EERARE BP b e RoN Ut A R Forf o in G FEOg8he
di spl ayi ngp 8pps¥ at&ﬁeslcﬂﬁéﬁdﬂﬁiﬁgceaypagaaud_e) 6.anfls Fkiodh | $na @herank
angle interrupt handling flowhart on the displaying apparatus side(data
recei vi ngrespoesentation, each of the curves is shown on the
oscillogragh 124 of the displaying apparatus 6 at a spacing
of pressure value 3 for easy recognition of all of the pressure

curves, as the cylinder pressure curves are very similar to

each other.

For realizing this, the curves sent from the combustion
diagnosis side by retarding in phase by crank angles of {al},
{a2}, {a3}, {a4d4} respectively are advanced by the same crank
angles respectively and displayed with reference to the cam
top crank angle of reference cam (for example, the inlet cam

of #1 cylinder) with a spacing of pressure value .

FIG.27 shows an example of data configuration on the
combustion diagnosis apparatus side and displaying apparatus

side to perform said displaying.

First,. constituent elements for data processing on the

combustion diagnosis apparatus side will be explained.

Aringbuffer memory 110 (rbufl) of the combustion diagnosis

apparatus side has a memory part for memorizing the cam top
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In FIG 28, the programis started with interrupt timng of the signal from
the crank angle detector (S20) , the wite-in pointer 113 is set to k(0O -
4) (S21), the detected camtop <crank angle of the reference camis witten
to the nmenory part of the ring buffer nenory rbufl for menorizing the cam
top crank (0 ) of the reference camwhen k = 0. Then the pressure data of
#1 - #4 cylinders are witten to the corresponding ring nenory part in
succession (S22). 73 Simlar operation is effected in the succeedi ng cycles
until thecwshkeahglpobiit €éher tiefeavarcd hmamsiazed of indememogy bakter foenory
rbufl. Wien the wite-in pointer 113 overrun the size of the ring buffer
nmemory rbBEROEE23ng the wressune PHiviRerof st nr tfhicybingsrs gurandt o
overwite fromthe i%Ltia# gart of the r%p nenong. FIG.2§ i s,a_nain
processi ngtf t8&€Rarelof QheCBEnbYSLFol® &i&%ﬁbsfg"ﬁﬁ%?hY% Ysi Q8E4REa

sendi ng- oyt &1-4¢) cyFhegwite-in pointer and readout pointer is set to O
(S30), after the Camtop crank angle of the reference camis detected
(S32), if nmenory area for nore than 1 cycle of crank angle (720 ) is
remaining in the wite-in nmenory_area of the ring buffer rbufl,g33), K is
set to 1 fo® ¥rig@imdepisspr 1¥?’a‘?ﬂ<t%ﬁ§+’éeﬁlt}i‘% Rosdd IR foroMr ke "8 ni ng
nmenory, a t he essyre_data o 1 cylki r.n Cr range
correspongﬁﬁgd?gegﬁg daﬁgﬁogfgmréﬁgecyngaggsﬁ#?Fég%gnd§%§0%g%gﬁaﬁﬁa
transm ssipanW hggiQl de@ ddt@ displ ayi ng apparatus 6. Then, k is increased

(S37), and when k does not exceeds the nunber of cylinders, crank angle
a2, a3, a4,--- is read
Reference numeral 112 is a memory for memorizing the
relative angle information that are crank angles {al ~ a4}
from the cam top crank angle of the reference cam to the start
crank angle of each pressure curve. Reference numeral 111 is
a readout pointer for reading from the ring memory parts each
pressure curve with the timing determined based on said
memorized angle information of {al ~ a4} in order to read out

the data with crank angle phase retarded by angle {al}, {a2},

{a3}, {a4} respectively.

Next, constituent elements for data processing on the

displaying apparatus side will be explained.

Aringbuffer memory 120 (rbuf2) of the displaying apparatus
side has four ring memory parts for memorizing pressure curves,
in which the pressure data of #1 ~ #4 cylinders sent from the
combustion diagnosis 100 side with crank angle phase retarded
by angle {al}, {a2}, {a3}, (a4} respectively are memorized
in a certain area (wlen) in sequence with crank angle phase
advanced this time by angle ({al}, (a2}, (a3}, {ad}

respectively.
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out every tine k is increased by 1 to transmt successively the pressure
data of each cylinder to the displaying apparatus wth the crank angle
phase thereof retarded by the value of said corresponding crank angle
(S36). When k is equal to or succeeds the nunmber of cylinders (S38), next
wite-in area iptr is set to iptr++ (S39), if the wite-in 74 area is equal
to or larger than rdptr+ wen (area corresponding to the diagnosis range)
(S40), simlar operation is repeated to wite the data successively into
the still-unwitten area in the ring buffer rbufl. Wen wite-in area itpr
is smaller than rdptr+ wen iarea correspondi ng to the di agnosi s range),
iptr is set Refqupresruneniloddddi s @ wokkoripiRRi e Hor dagerpaptes

Lo o ankahbrachr EERERCRE bhEES B AR R bl Byl 2R, O

top crank egnce- cam cte cyfinder pressure

detect or dnhand crankiyngliet d8hemli @k idndh ere MM 280 £ Onk Rhginghbekf er
rbuf 1 in the conbustion diagnosis apparatus 100. Next, displaying

appar at usadvdecédabg argke viay} side)} milld3} bd aedplraisped:t iRed ey rionghieo

FIG 30, data interrupt is started every tine data, s received fromthe

si gnal t r &h8fi BEMER YwPed LR cqpagonding te- #h poitdt SYiid&KS t o i ptr (S50)
to wite each data of #1 - #4 cylinders to the corresponding ring nmenory
part of the ring buffer rbuf2(S50). After said data of #1 - #4 cylinder

a(rj e Wi fj ten Hdrd lhce HRe 01 U 1Ny dddqit Paufnde Wroredk Be2nBa ing
advanced to
the timing to read out the data from the ring memory parts
corresponding to #1 ~ #4 cylinders, giving pressure spacing

value B between each pressure data.

FIG.28 ~ FIG.31 are flowcharts for processing the pressure
data for displaying. FIG. 28 is a crank angle interrupt
handling flowchart on the combustion diagnosis apparatus
side (data sending-out side), FIG.29 is a main processing
flowchart on the combustion diagnosis side(data sending-out
side), FIG.30 is a data reception interrupt handling flowchart
on the displaying apparatus side(data receiving side), and
FIG.31 is a a crank angle interrupt handling flowchart on the

displaying apparatus side(data receiving side).

In FIG.28, the program is started with interrupt timing
of the signal from the crank angle detector (S20), thewrite-in
pointer 113 is set to k(0 ~ 4) (S21), the detected cam top
crank angle of the reference cam is written to the memory
part of the ring buffer memory rbufl for memorizing the cam
top crank (0° ) of the reference cam when k = 0. Then the
pressure data of #1 ~ #4 cylinders are written to the

corresponding ring memory part in succession (S22).
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iptr++ (S52) , and simlar operation is effected until all data of one
cycle are witten in (S53). Wien all the data are witten in, the wite-in
pointer 122 is again set to iptr to effect the witing-in of the next 75
cycle (S54) . Next, the main processing flow on the display side(data
receiving side) will be explained with reference to FIG 31. First, whether
the position of the wite-in pointer coincides or not wwth that of the
readout pointer is judged(S60), when coinciding, the position is advanced
by wwen and wait until full data of one cycle after detecting camtop
crank angle of the reference camis received(S66). Wien difference between
the menory Gdpdiay @PeFrAbiPPngs KEFRFLeBulHathEnFSUiFeee BREeCYERES

posi tion gggxii%ﬁ%:QIiQ@Jyﬁﬂp$@$>%}-rﬁggbggéktg%%(giégm%fegggu%%gginter

RDPTR}, 1. ning area o rrng fier menory 1s equa

| arger theprrbenhSRdry FBR fMeatiddn RUNWES i S IR SHER 8kt D13t Becg RNt OP
crank angle (S62) , and the data of #1 - #4 cylinders are read out from

t he correshpensiing of rdhereriorgy bydifieri memoery roud IbUSREN ,r bbe2¢ 868k -ivhen al |

the data (pressure curves_in the diagngsis rangg),, each data being the
pressur e-BPAAkSANGt andhigd lizeditedt (afh) Q@ QNRTHRGTE el RA LRLEAEh t he

pressure t eqi:nnj nt which is at a crank angle of relative
g¥%¥€i8? 2nl 91@3'%%m%¥§.

crank an nformation-al, a respectively fromthe camtop crank
angle of the reference cam are received, for exanple when the camtop

crank angle for the next cycle is detected, the
FIG.29 is a main processing flowchart of the combustion

diagnosis apparatus side(data sending-out side).

The write-in pointer and readout pointer is set to 0 (S30),
after the cam top crank angle of the reference cam is
detected (S32), if memory area for more than 1 cycle of crank
angle(720° ) is remaining in the write-in memory area of the
ring buffer rbufl (33), k is set to 1 for #1 cylinder(34),
crank angle al is read out from the timing memory, and the
pressure data of #1 cylinder in the crank angle range
corresponding to the diagnosis range is transmitted on the

signal transmission wire 101 to the displaying apparatus 6.

Then, k is increased (S37), and when k does not exceeds
the number of cylinders, crank angle a2, a3, a4, - is read
out every time k is increased by 1 to transmit successively
the pressure data of each cylinder to the displaying apparatus
with the crank angle phase thereof retarded by the value of

said corresponding crank angle (S36).

When k is equal to or succeeds the number of cylinders (S38),

next write-in area iptr is set to iptr++ (S39), if the write-in

74



pressure curves are displayed on the oscilloscope 124 of the displaying
apparatus with the pressure curve of each cylinder spaced by a pressure
value 76 After all the data of #1 - #4 cylinders are read out from iptr
area of the ring buffer rbuf2, readout area is advanced to iptr++(S65),
and simlar operation is effected until all the data during one cycle are
witten in the crank angle range w en. Then, whether the position of the
readout pointer coincides or not, if coinciding, the readout pointer is
advanced ayealieneqtialbs petlamger tthaB6tdp br teddaut( atree cat sesponhtiéngext

cycle. Industrial applicability As described in the fqregQing, according to
the presed® theddaanasis gangsitiiddlon HidHAGRS oPe4R tietdsel RREER®ddet ect s

cyl 1 ner By dcatrs, RS AD B EkE SR RAIT KR Ehe S Bh pflrs g ol ALY

cyl i nder pressure, f1aire "quén on-diagnosli's system

by di agnogh nth& @S bueFedskBar1t NewRERSSHT €e & 2hi OrHasiath 00 st Bradekect ed
cylinder pressure. Therefore, all categories necessary for conbustion

di agnosi sthaf miptint erleal (eorbustroaspagidnegcan e géaboossd bgngr) .,
apparatus_of sjnple constjitution and | ow cost. As the conmbustion di agnosis
i s ef fect BALByl $1s39y the& dRfriels’s (h% PERGES D 4L QVES WiHe 10T ituEPepFéBSure as

nmenti one gve, .t | ute value of the cylinder pressure is not
requiredébgg?egvgﬁu%ﬁé%gﬁﬁé output level fromthe cylinder pressure

detector totally decreases, normal conbustion diagnosing function can be
mai nt ai ned wi t hout reduction in
Thus, the pressure-crank angle data of each cylinder and

cam top crank angle of the reference cam detected by the
cylinder pressure detector 1 and crank angle detector 2 are
memorized to the ring buffer rbufl in the combustion diagnosis

apparatus 100.

Next, displaying apparatus side (data receiving side) will

be explained.

Referring to FIG.30, data interrupt is started every time
data is received from the signal transmission wire 101 (S504),
write-in pointer is set to iptr(S50) to write each data of
#1 ~ #4 cylinders to the corresponding ring memory part of

the ring buffer rbuf2(S50).

After said data of #1 ~ #4 cylinder are written in iptr
area of the ring buffer rbuf2, write-in area is advanced to
iptr++(S52), and similar operation is effected until all data

of one cycle are written in (S53).

When all the data are written in, the write-in pointer 122

is again set to iptr to effect the writing-in of the next
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accuracy. Accordingly, |ife expectancy of usage of the conbustion

di agnosi s system can be extended. 77 Further, highly accurate conbustion

di agnosi s can be possible by using the detected cylinder pressure signal
with only noise elimnated and conplicated conputation is not required,
so the efficiency of operation of conbustion diagnosis is increased. Yet
further, the conbustion diagnosis can be perforned directly by using only
the detected cylinder pressure, so highly accurate conbustion diagnosis is
possi bl e agdle 655p) ¢ neans (step) . Therefore, according to the present
invention, all the necessary conbustion diagnosis such as the occurrence
of knock, msfire, excessively high maxi mum cylinder pressure, and flane

Quench 0, SR BHLOER nPRREINS' by B A B AR RO,

detected w ay accuracy. ccording to

the presefdcdVERY OdePiREEL Boe 6OTDUSEH ORL th agEpsiente €bfrcsediby using
the standardi zed “cylinder pressure ratio d P/ A Po based on the pressure

di f ference Ipétrwagn whetbemcethed pressive RPfandhe refétence mpoestere Pb at
or before the beginning of conpression including inlet air pressure with
smal | fl RAIREISAS| PHr &dur ¥ith ethapp of ptheppreadouthePap8srat el 8yl i nder

pressure is,no ired. Therefqr ' ou m t he
cyl i nder J%C}%%éﬁégggétwglc brST Stlglﬂn%’dgﬁég:rebé)\é%eé(}r&?ggrae%‘géegC%o\rb%viég
di agnosi sak@nvie ReRfiar #ad1 HALALSE Y HHIRCHIE ACALEREY ing cam top

crank angle of the reference cam is received(S66).

When difference between the memory capacity of the ring
buffer rbufmax and difference {the position of write-in
pointer WTPTR - the position of the readout pointer RDPTR},
i.e. remaining area of the ring buffer memory is equal to or
larger than wlen(S6l), the readout pointer is matched with
the cam top crank angle(S62), and the data of #1 ~ #4 cylinders
are read out from the corresponding ring memory part in the

ring buffer rbuf2(S63).

When all the data (pressure curves in the diagnosis range),
each data being the pressure-crank angle curve in a certain
crank angle range wlen from the pressure wave data beginning
point which is at a crank angle of relative crank angle
information al, a2, ‘- respectively from the cam top crank
angle of the reference cam, are received, for example when
the cam top crank angle for the next cycle is detected, the
pressure curves are displayed on the oscilloscope 124 of the
displaying apparatus with the pressure curve of each cylinder

spaced by a pressure value .
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wi t hout reduction in accuracy thereof. 78 Further, according to the present
i nvention, by stopping the engine by allow ng the conbustion control
apparatus to activate the engine operation stopper when a diagnosis result
has been outputted fromthe conbustion diagnosis apparatus that the
standar di zed nmaxi mum pressure ratio APP/LPO is equal to or exceeds the
predeter m ned perm ssi bl e maxi num pressure ratio P,0, the detection of
excessively high maxi mum cylinder pressure and the action to deal with

t hat can be Afaken akladtHey datid otk ldel dy. cYRdnefearse arengiera lougalfags or
reduction, of engine durability due to the excessive high cylinder pressure
can be préRERtBEH ¢H e iYL Lo e . RMeEP e adi€andSr 8AYER SR8 mum

i PREARPO LS n § !
pressure £8tl§§§ﬁ?ég6é Toggg%gggggg&fagﬁrggggp.E% 8&f%%§%§p%nEQﬁ %g |nun1a

reference pr rati ion timng 1s retar by

certain ctpakiardldfind BaeCogbustd H8 WGt iaPPREaE tisnk ANEIe hge
st andar di zed maxi mum pressure rati oAPp/ APO is judged to be snmaller than

t he maxi nwhenef erence pressure ratio Pgh, the fuel ignitiontimngis
advanced by a certain crank angle by the conbustion control apparatus.
Therefore, the cylinder pressure is maintained bel ow the maxi numreference

pressure. anghdihie SXASShetnenal ne PELTOY PGS | fo B NLAASICLERLHAY T

Suppr essi on I'ncrease Ion O e Xcessl ve

conmbust i oprtrediperiat 86 enchditigr t haCted db g god ther REES@PAN LAY WQRn When a
di agnosi s result has been outputted fromthe conbustion diagnosis

appar at ustohia¢ kelogknbadstocsél rienl tnadonparhegldttee of the next cycle.

Industrial applicability

As described in the foregoing, according to the present
invention, the combustion diagnosis can be done which
detects the occurrence of knock, misfire, excessive elevation
of the maximum cylinder pressure, and flame quenching, with
a combustion diagnosis system by diagnosing combustion using
the pressure ratio based on the detected cylinder pressure.
Therefore, all categories necessary for combustion diagnosis
of an internal combustion engine can be performed by an

apparatus of simple constitution and low cost.

As the combustion diagnosis is effected by using the
pressure ratio based on the cylinder pressure as mentioned
above, the absolute value of the cylinder pressure is not
required. So, even when the output level from the cylinder
pressure detector totally decreases, normal combustion
diagnosing function can be maintained without reduction in
accuracy. Accordingly, life expectancy of usage of the

combustion diagnosis system can be extended.
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standar di zed maxi mum pressure ratio A Pp/ A Po with knock 79 threshold, the
knock is prevented without delay and with reliability by retarding the
fuel ignition timng by a certain crank angle through the conbustion
control apparatus, and the engine can always be operated in the high
performance range just before knock occurs. Further, according to the
present invention, when a diagnhosis result has been outputted fromthe
conbustion diagnosis apparatus that the nunber of continual cycles in

whi ch the standardi zed maxi mum pressure rati o APP/LPO reaches the
predeterm ned perm ssible pressure ratio of msfire  reaches the

pr edet er mi nERLFAVGH ssPBOE LunPEFUBRLEORERRAF 1) cIH2IRPRL$ u&aN nPEcti on

to the concer | i nder i | 1 ST rr [ t. of Thus,
the occurreneet e By il the Betdqrae v niBE BBt stabte faky, "ana
neasures gy bgotiakeninteated biad ROt t &8, cbhglitiatior 0ist aptt he
fuel injection to the concerned cylinder, through ich the operation of

t he ot herreqlinddys santhe cefifiniedcyw ¢fhowpendtimmced bgomhestonoer ned
cylinder. Further, according to the present invention, when a diagnosis
result ha@lip@Rasbat pgt L8FTRYhe conbustion diagnosis apparatus that the
st andar di zed nmaxi mum pressure ratio APP//P0O and conbustion pressure ratio
LP,/APO is equal to or smaller than perm ssible mninmmpressure ratio Pn

and perm ssidy erpressH ethat icdnfudlsdi r 81 8gnbeseEan’ e/, p@pdorbat

conmbustion pressure ratio AP2/QPo is equal to or larger than perm ssible

pressure dateotdfy blyamsiqgernohingtPel detebhéed cylinder pressure, so
highly accurate combustion diagnosis is possible with simple

means (step) .

Therefore, according to the present invention, all the
necessary combustion diagnosis such as the occurrence of
knock, misfire, excessively high maximum cylinder pressure,
and flame quenching can be performed, and reduction in engine
performance can be detected without delay and with high

accuracy.

Still further, according to the present invention, since
the combustion diagnosis is effected by using the standardized
cylinder pressure ratio AP/ AP, based on the pressure
difference between the concerned pressure P and a reference
pressure P, at or before the beginning of compression including
inlet air pressure with small fluctuation in pressure, i.e.
AP =P - P, , so the absolute cylinder pressure is not required.
Therefore, even when the output level from the cylinder
pressure detectors totally decrease or increase, normal
diagnosis can be performed, maintaining expected accuracy

without reduction in accuracy thereof.
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fuel injection to the concerned cylinder in which flame quenching has
occurred is increased. Thus, the occurrence 80 of flanme quenching is
detected with reliability without delay and neasures can be taken to deal
with the situation, that is, to increase the quantity of fuel injection to
the concerned cylinder, through which the continuation of msfire is
prevented and the operation of the other cylinders can be continued

wi t hout influenced by the concerned cylinder. Further, according to the
present invention, each of threshold values for conbustion diagnosis such
as perm ssible maxi mum cylinder pressure, permssible nininun1congression
pressure, pEMAREED EGHUEIRE W KR ACCIFRE i YRVeRELAR, BYehtPPRE Ean be

pressu PRSI | . it .
ond, engr ke TOPANEoRVeRALav IR B BERRMI o RUNLL QLo B R RR TR 1

t hr eshol dy ¥el ¥ete G RRgidd Upbed taes0s HbpPetoniedifidg i apabatiisngesandi ti ons
so that the engine is operated always near knocking limt, resulting in

hi ghl y actas aveecoobtiptitbrddifagmoshe. cembtusdrioracticaghogi $ capharptesent
i nvention, when a diagnosis result has been outputtig from the combustion
di agnosi sthpbdha g§apsardd 280 Magdmupy BEGPEr gt bl 0P JRpAsr AERalt he

fuel injeclig e&icré‘el'&%l gkeﬁQt‘f’%@ggg%@;‘iﬁgdcé%ﬁnEggrib% m@iﬁgfag&[lgrggsafﬁg[ ©

detector TS abnorma _ ain crank a “a sarety

range. Aff£fiolBe, MRS Ut Al &CI0F ks k8GN LU ghNRa t0RMSEy DDndeagnosi s

apparatus recovérs autonmatically nornmal operation and allows ~the

conbust i pressurelamppireabosivo bpeated e widshnbhbhy ¢an be taken exactly
without delay. Therefore, engine breakage or reduction of
engine durability due to the excessive high cylinder pressure

can be prevented with reliability.

Further, when the standardized maximum pressure ratio /
Pp/z]P0 is judged to be equal to or exceeds the maximum reference
pressure ratio P,, , the fuel ignition timing is retarded by
a certain crank angle by the combustion control apparatus.
When the standardized maximum pressure ratio 4P,/ AP, is judged
to be smaller than the maximum reference pressure ratio P,
the fuel ignition timing is advanced by a certain crank angle
by the combustion control apparatus. Therefore, the cylinder
pressure is maintained below the maximum reference pressure
and the expected engine performance is maintained resulting
in suppression of increased generation of NOx due to

excessively high combustion temperature.

Further, according to the present invention, when a
diagnosis result has been outputted from the combustion
diagnosis apparatus that knock has occurred by comparing the

standardized maximum pressure ratio AP,/ AP, with knock
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recover the normal injection timng of the concerned cylinder. Therefore,
when abnormality occurs in any of the cylinder 81 pressure detectors, the
pressure detector of the concerned cylinder is repaired or recovered while
the injection timng of the concerned cylinder is adjusted to a safe
timng for conbustion, and after the recovery of the pressure detector,
the normal conbustion control is recovered, so the abnornmal pressure
detector can be dealt with without halting the operation of the engine.
Further, abrestbid,tcheekpoekents ipnerdntoed whehootcuwalaceand wpabk

noi se, a break in wire, poor electric_ contact, etc. can be detected by

det ecti ngrﬂaéabllé§§éfr]%ysried%i’a‘{dl%éh@h%‘bﬂH@rﬁrt%ﬂfﬂérlgﬁé’& PHg Fﬁété‘llﬁ‘l nary

e O 1 Q1AW o (AU, (0 EBABLREBASULE cLhS SoENEERCR L S T e

to the change ov ressure

whet her thgg @hésgaheamas}@ts@t@g_e%taautindeuéam@ﬂ p8r fbehahicen rh@ger ank
angl e or not can be confirned herefore, the abnormality of cylinder

pressure glesecberforearknvekaiamies. aut omatically fromvarious facets, and
fast recovery of the pressure detector from abnormal state is possible
resulting in snooth conbustion diagnosis. Further, according to the present

vention, e AL dieoddidde Baphe | N ben | ermRLALKTn of i, PESSUT e

sensor and change over res re sensor not in uence t he
result ofgda ﬁBQS.'sSm@é’kﬁjl@bh@rs”%ééhe%u%@ﬁftt%ﬁ abpemMlhe CEBRBEEIAdN

failure in the cylinder pressure sensor, and a break in wire can be
det ect ed.diagnosis apparatus that the number of continual cycles in
which the standardized maximum pressure ratio 4P,/ 4P, reaches
the predetermined permissible pressure ratio of misfire
reaches the predetermined permissible number of continual
cycles, the fuel injection to the concerned cylinder in which
misfire has occurred is cut off. Thus, the occurrence of
misfire is detected with reliability without delay and
measures can be taken to deal with the situation, that is,
to stop the fuel injection to the concerned cylinder, through

which the operation of the other cylinders can be continued

without influenced by the concerned cylinder.

Further, according to the present invention, when a
diagnosis result has been outputted from the combustion
diagnosis apparatus that the standardized maximum pressure
ratio AP,/ AP, and combustion pressure ratio AP,/AP, is equal
to or smaller than permissible minimum pressure ratio P, and
permissible pressure ratio of misfire P, respectively, and
that combustion pressure ratio AP,/AP, is equal to or larger
than permissible pressure ratio of flame quenching P, , the
fuel injection to the concerned cylinder in which flame

quenching has occurred is increased. Thus, the occurrence
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Further, according to the present invention, the detection 82 of knocking
state which has been difficult can be grasped indirectly by the ratio of
pressure differences as a neasure, and engine operation near knock limt
is always possible, resulting in increased engine efficiency. Further,
according to the present invention, even when the conbustion diagnosis
apparatus stops the operation due to failure, etc., the apparatus can be
recovered w thout stopping the engine, since in such a case the fuel

i gnition ¢f Milegne sruenethdmded stade e posdtwidrh safla afarl idgreushioort daleygh t he
conbustion control apparatus. Further, according to the present invention,

the nunbedndRe3pYREF CARNDRI &GN W SedetWideh Me ThbakirBn 8Ragnosi s
t us, i trol . LS. d i th
bl U5 4nd COTRLSLLEN AT OPRE S |5y EAURSC PBtgd i 1

convent i onal tion, n"WTe occur

i nfluencecyhenget,i s drirdigsl @Rlitn tohd heoct@neRidteth £YbENQEIsfbesi das, the
broken wire is abfe to be identified because the anal og value on the wire
becones peevehted and dthebedmengst ion nof cahegothesf aiilaignbsis. c@n bee
contrary, with conventional digital signal transm ssion w.yres, the

i denti fi ce®PbhANBEIpWKERWH rlélﬁg]su%rrﬁﬁ% Bl Ehe FgppRErnese Grldinfif% o t he
present invention, when any of the cylinder pressure sensors fails during
engi ne operation, the failed sensor can be replaced w thout stopping the

engi ne  opermidtHer FURLRSIdidGCOtdi tthd OptBeeRteSEMvehPYEA] | ®huch of

visualization of conbustion condition cﬁanging nonent -t o- nonent i s
threshold values for combustion diagnosis such as permissible
maximum cylinder pressure, permissible minimum compression
pressure, permissible pressure of knock, misfire, flame
quenching can be determined as a function of engine operating
conditions such as engine load, engine rotation speed, inlet
air temperature. Therefore, the threshold values can be
adjusted according to engine operating conditions so that the

engine is operated always near knocking limit, resulting in

highly accurate combustion diagnosis.

Further, according to the present invention, when a
diagnosis result has been outputted from the combustion
diagnosis apparatus that a cylinder pressure detector is
abnormal, the fuel injection timing of the concerned
cylinder of which the pressure detector is abnormal is
retarded by a certain crank angle to a safety range. After
the pressure detector is recovered, the combustion diagnosis
apparatus recovers automatically normal operation and allows
the combustion control apparatus to operate normally to

recover the normal injection timing of the concerned cylinder.

Therefore, when abnormality occurs in any of the cylinder
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83 possible. Particularly, it is possible to observe pressure curves of a
plurality of cylinders while diagnosing conbustion by tenporarily

menori zing the cylinder pressure data nmeasured overlapped with regard to
time in the conbustion diagnosis apparatus and then sending to the

di spl ayi ng apparatus in serial transm ssion. Further, by adopting stepless
control to effect feedback of the deviation in pressure fromthe target

val ue of cylinder pressure, and nore carefully thought out control is
possi bl e,preesukei dgtier tiowrst,hethe mrecas ek edgiect et f o €i eheycotherpeesent
invention is applicable not only to the gas_ engine ignited by torch

i gnition ®YlpnAsr isereRxpraf i narovated middidhes 1BIeCEiod tomang t ypes

O o S5LP 852U 80cohBEEARS SATIAL o S8 4T 25 AP B ol

engi nes e n-appa I'agrosi ng and
control | i ggms@geYshi, 08nafafedri themMmaloFpUtt koR grEkRarknabydcRery gas
engine which is constituted so that fuel gas is mxed with air and burned
in the cothesioomaclhhztewst henecombheo ki ni e qorvean elbd;sca thyl ahdermplessur e
detector for detecting the pressure _in_said conbustion chanber,

nmeans( st epyeFsRrealdafiestoy A8 R i gedttt HQ%XW%H’Puéth%%?n%rZ%ure PP

to the conpressi.qn pr, re or. pressures PO at one or a plurality of
predeterngﬁgaag%gﬁkggﬁgﬁéi%?qﬁé;'conpression stroke (PP/PO which is the
maxi mum pressure ratio

Further, according to the present invention, the
occurrence of spark noise, a break in wire, poor electric
contact, etc. can be detected by detecting the pressure signal
overshooting or undershooting the ordinary maximum or minimum
value of cylinder pressure, the occurrence of drift due to
the change over time of the pressure detector can be detected,
and whether the pressure is detected without deviation in

relation to crank angle or not can be confirmed.

Therefore, the abnormality of cylinder pressure detector
can be detected automatically from various facets, and fast
recovery of the pressure detector from abnormal state is

possible resulting in smooth combustion diagnosis.

Further, according to the present invention, the drift due
to the change in the temperature of the pressure sensor and
change over time of the pressure sensor does not influence
the result of diagnosis, and abnormalities such as abnormal
combustion, failure in the cylinder pressure sensor, and a

break in wire can be detected.

Further, according to the present invention, the detection
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fromcylinder pressure detected by said cylinder pressure detector, a
nmeans(step) for conparing the maxi mumpressure ratio (PP/PO wth the
pressure ratios predeterm ned stepwi se for each category of diagnosis
(hereafter referred to as threshold pressure ratio), and a neans (step)
for diagnosing the condition of conmbustion such as the cylinder pressure
condition in said conbustion chanber by judging fromthe result of said
conparison. 2. An apparatus for diagnosing and controlling conbustion of
an internaf koobkshgonteng mhizh im<lleeen ldivfiéceln saind bd hyesspeéd
pressure ratjio is changed as a function of engine operating conditions

i ncl udi ng-eHgF eet 1 Bl thFgFABLPOR BTG SR EG L LaHPIGR 2R SaR MR PERat ur e.
3. An appaar{ci"té‘ﬁ%{eé?ésQFQQQ%E!O’P}QII%%\%??@%QQ%@9%%%2@%}53{15 ngsgfbigternal

conbust i on engi noclaim i's providéd which

j udges thatsdhei §§nbHSt heRehSeddMyiTR aheicSahdy maxi mum pressure ratio
(PP/Po) is equal to or exceeds a predeterm ned maxi nrum perm ssi bl e
pressure ratio P,0 or when the nunber of operation cycles Nh when said

maxi num pressure ratio (PP/Po) is equal to qor exceeds the predeterm ned
pressure rafMEtpgc (pccogding fReHhemussePh Pt SVSTorNERCEREs t he

pernismlgg%gﬁpgfg NH?F%hosf%'ﬁﬂﬁgﬁggh hgtgpg)tﬁe %%%g%ﬁyéﬁyﬁhéOEO

di agnosi ng” an ontro ng -conb I'on” o an- rnternal < i on engi ne as

in clai mdai Whes Lt A ,MERBSapdSt £l s icanb & Heldy e £ ik HEUeSs t HSping

conpression pressure Po is abnormal when said conpression pressure Po at a
the engine, since in such a case the fuel ignition timing is
retarded to a position safe for combustion through the

combustion control apparatus.

Further, according to the present invention, the number
of signal transmission wires between the combustion diagnosis
apparatus and combustion control apparatus 1is reduced
compared with the conventional method of connection, and if
a break in wire occurs, the influence thereof is limited only
to the concerned cylinder; besides, the broken wire is able
to be identified because the analog value on the wire becomes
zero level which belongs to no category of diagnosis. On the
contrary, with conventional digital signal transmission

wires, the identification of broken wire is impossible.

Further, according to the present invention, when any of
the cylinder pressure sensors fails during engine operation,
the failed sensor can be replaced without stopping the engine

operation.

Further, according to the present invention, visualization

of combustion condition changing moment-to-moment 1is
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predeterm ned crank angle in the conpression stroke is equal to or |ower
than the predeterm ned perm ssible conpression pressure Pco, (i . e .
when P0O0) 5. An apparatus for diagnosing and controlling conbustion of an
i nternal conmbustion engine as in claim1, wherein a neans (step) is

provi ded which judges that knock has occurred in the conbustion chanber
when the nunber of cycles Sn in which said maxi num pressure ratio (PP/ Po)
is equal to or exceeds the predeterm ned perm ssible pressure ratio of
knock Ph2pésséble . .wikramtRRR@ErIBh2)it nis pdessdbleytof obyekes pmetslsargast i s
equal to or exceeds the perm ssible nunber Snoégi . e . , when Sn> Sno)

6. An app8ihares 3op Fd]i‘ébﬁ‘rgﬁ)ﬁ(j’faﬁﬂlbﬁﬁ?ﬁl"mh]ge RIFRAS 1619 6PMPRS tlfPer nal

combust i i ne . | aim L, rej i X for
col oo at |y THSEEPL LD ARl e nd RECL ) PRl Ao SEEe B REBREREY

conpr essi §lepPlapHEHe walt WP HRYFEAHE SE e afn ac1é esehph st ned ahaghkoan@ e in
the conpression stroke (PP/Po) , the pressures being determ ned based on

t he pressappsratieseatnsl themsasendyhgnder theeskiaml aleiret appagatusndfst ep)
for calculating the ratio of the pressure Pl at a predeterm ned crank
angle in ?ﬁélégnﬁﬁ§ﬁﬁﬂ+%ﬁ%%&e to said pressure Po at a predeternined
crank angle in the conpression stroke (P1/Po) which is the conbustion
pressure ratio, and a neans(step) which judges that mi sfire has occurred

when said Wﬂ‘t_fﬂ@ﬁ:PVWSAd@pE_ﬂHI;Osf)ef)P@SisScﬁﬂt'let 800k fEbRkl Eeedbark t he
predeterm ned m ni num perm ssi bl e pressure ratio P'(i.e.
of the deviation in pressure from the target value of cylinder
pressure, and more carefully thought out control is possible,
resulting in further increased engine efficiency.
The present invention is applicable not only to the gas
engine ignited by torch ignition of pilot fuel explained in
the embodiments but also to all types of reciprocating

internal combustion engine such as other type of gas engines

and diesel engines.
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when PP/ Po: P'") and at the sane tinme said conbustion pressure ratio
(P1/Po) is equal to or smaller than the predeterm ned perm ssible pressure
ratio P. of msfire (i.e., when P1/Po < pn) 7. An apparatus for diagnosing
and controlling conbustion of an internal conbustion engine as in claim1,
wherein are provided;, a neans (step) for calculating the ratio of the

| oner side pressure P2 in the conbustion stroke |ower than said pressure
P1 at a predeterm ned crank angle in the conbustion stroke to said
pressure Po at a predeterm ned craniCIIMS: in the conpression stroke

P2/ Po, and a neans(step) which judges that flane quenching has occurred in
t he conbustion chanber when said maxi mum pressure ratio is equal to or

snaller t an, th eter ro I re 0 :
o ., wheh: B £ R U o e e S
or srral ! e&nt{‘ﬁﬂerﬁﬂﬁ Ebﬁéﬁts%&@nn%d”ﬂrfé M. N6 1% § Sk by &s pep§SHEEWh@ENhO P. oOf
87 msfire (i.e., when Pp/Po: Pn), and the conbustion pressure ratio P2/ Po
is equal ts® mn$'a:c’getedhao tinet pirel sy blis priessluimweg thr atliroahal bofnedane
qguenching, (i when P2/ Po? Pm) 8. A nethod of diagnosing. and

control | iHg EBﬁbG@WhHﬁth“aﬁhqmﬁ%ﬁrﬁﬂeE%anE?FShneﬁﬁen€99¥ﬂqﬁﬁﬂg a gas

onal e i S SRIELT LULed 30 LURE uS) 85 R IO WAD RLLsgidburned

in erein i aghosi gondi ti on
of conbust{hogaif EBRLERFAWH icHhdw@Aper such as cylinder pressure

condition is perfornmed in such a manner in

a means (step) for calculating the ratio of the maximum
cylinder pressure P, to the compression pressure or pressures
P, at one or a plurality of predetermined crank angle in the
compression stroke (P /P,) which is the maximum pressure ratio
from cylinder pressure detected by said cylinder pressure
detector,

a means(step) for comparing the maximum pressure ratio
(P,/P,) with the pressure ratios predetermined stepwise for
each category of diagnosis (hereafter referred to as threshold
pressure ratio), and

a means (step) for diagnosing the condition of combustion

such as the cylinder pressure condition in said combustion

chamber by judging from the result of said comparison.

2. An apparatus for diagnosing and controlling combustion of
an internal combustion engine as in claim 1, wherein said
threshold pressure ratio is changed as a function of engine
operating conditions including engine load, engine rotation

speed, and inlet air temperature.

3. An apparatus for diagnosing and controlling combustion of

an internal combustion engine as in claim 1, wherein a
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whi ch the pressure in the conbustion chanber is detected, the pressure
difference AP between the detected pressure P and reference pressure Pb
which is the pressure at or before the begi nning of conpression including
inlet air pressure ( 4 P=P-Pb) is calculated for every crank angle, and
standardi zed pressure ratio which is the ratio of said pressure difference
AP to the pressure difference APO i.e. d P/ 4 Po, 4 Po being the pressure
di fference between the pressure Po at one or a plurality of predeterm ned
crank angheansiistbe)cosppessidedstwhakd andgsai thaef ehencempnessomneiBb (4
Po=P-Pb), is used for the diagnosis of the conmbustion,6 conditions such as

t he condi 2PRATrBALcyReRdE? i} Mk iRF QLR difduis? |/ BRarfe €9V L AOnet hod

00 (1 2Or Sk At AR Qa b L B8 ERERIRX SRR o I LHELD B UL RER o0 N

as in claf sal 1Ze ressure ra 0O I n the

cylinder ps o£QmRa edehlilibkReo Pl i dRldy I L HELAIH Red SheRwnga for
each catedory of diagnosis (hereafter referred to as threshold 88 pressure

rati o), apdeshereesatio df 48X icoswaal sanorexmeadsidhedpfedeteeminede or a
plurality of cycles to diagnose the condi;ion of conbustion in the
combust i OPTeRERBEIT&ER Pradic @l i ithReN BebBeTr Bnd ohdiSGUS. t2®@ T RXABEASA of

di agnosi ng,_ and controll.ing canbustion,of an_.internal, conbustion engi ne as
in clai mgr,lemﬁgﬂlilﬁstl eleendllmﬁli)eer isf&sfwst(%me)éd \"/\'Atlleerr;ll' Z\{ai:d Nst'andar di zed pressure
rati o AP/ APO at the maxi num cylinder pressure Pp, that is the standardi zed

4. An apparatus for diagnosing and controlling combustion of
an internal combustion engine as in claim 1, wherein a means
(step) is provided which judges the compression pressure P,
is abnormal when said compression pressure P, at a
predetermined crank angle in the compression stroke is equal
to or lower than the predetermined permissible compression

pressure P,, (i.e., when P;=P_).

5. An apparatus for diagnosing and controlling combustion of
an internal combustion engine as in claim 1, wherein a means
(step) is provided which judges that knock has occurred in
the combustion chamber when the number of cycles S, in which
said maximum pressure ratio (P,/P,) is equal to or exceeds the
predetermined permissible pressure ratio of knock P,, (i.e.,
when P,/P,2 P,,) in a plurality of cycles in the past is equal

to or exceeds the permissible number S, (i.e., when S ,2S,).

6. An apparatus for diagnosing and controlling combustion of
an internal combustion engine as in claim 1, wherein are
provided;

a means (step) for calculating the ratio of the maximum

cylinder pressure P, to the compression pressure or pressures
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maxi mum pressure ratio APP/APO, is equal to or exceeds the predeterm ned
perm ssi bl e maxi num pressure ratio PPO (i.e., when APP/ APO PPO 11. A

met hod of di agnosing and controlling conbustion of an internal conbustion
engine as in claim9, wherein fuel ignitiontimng is retarded by a
certain crank angl e when said standardized maxi num pressure rati o APP/ APO
is equal to or exceeds the predeterm ned maxi num reference pressure ratio
Psh (i.e., when APP/ APO?Psh), and fuel ignition timng is advanced by a
certain crark angreddtsrsned s¢ camiarangbe imaxheucoppessaienr atrokaPP/ APO
is equal to or below the predeterm ned mninumreference pressure ratio

Ps ’m() i.e., %ﬂ&ﬂ » APPE @S $84Y5es Pring AstrsaiordPagResthdPENRTESAPESS i ng
¢ i, R . oo o wheretm th
COMUST1 O ggd'b“ g:,[?“l%i .%&@%’éééogr%?gws agtle%t% arm erein the

engine i8S S?Sp Sai o pressur erence O’at the pr edet er mi ned

crank angl e 4 mdd¥es @%@??S%anau@&aﬂi&gem rd©i®rosnehkepribanrihe
predeterm ned perm ssible conpression pressure difference PcO (i.e., when
APO < Pc(Cp, .at8% I@redetetrnodedf caiaajgnesigig dnd dontcohbuagiconbtisbken of an
i nternal conbustion engine as in claim9, wherein the fuel _ignition timng
i s retarded Byl OHASHUSrBnidtardyl REGARRCIRLaedsChalk RBSHE iR ﬁ'g‘ﬁu

pressure .0 APR/ APQ. I g . ©XC h : ]
erm oo branBressael Prreitr T 4P iR (F8 ‘enb "EoREREE ShTbRBRsurg ) 1y
A met hod phtdbagaasi ng and control ling conbustion of an internal
conbustion engine as in claim9, wherein msfire

a means (step) which judges that misfire has occurred when

said maximum pressure ratio P,/P, is equal to or smaller than
the predetermined minimum permissible pressure ratioP, (i.e.,
when P,/P,= P,) and at the same time said combustion pressure
ratio (P,/P,) is equal to or smaller than the predetermined
permissible pressure ratio P, of misfire (i.e., when P,/P,

=pP).

7. An apparatus for diagnosing and controlling combustion of
an internal combustion engine as in claim 1, wherein are
provided;

a means (step) for calculating the ratio of the lower side
pressure P, in the combustion stroke lower than said pressure
P, at a predetermined crank angle in the combustion stroke
to said pressure P, at a predetermined crank angle in the
compression stroke P,/P,, and

a means(step) which Jjudges that flame quenching has
occurred in the combustion chamber when said maximum pressure
ratio is equal to or smaller than the predetermined minimum
permissible pressure ratio P, (i.e., when P,/P,= P,), said
combustion pressure ratio P,/P, is equal to or smaller than

the predetermined minimum permissible pressure ratio P, of
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is judged to have occurred in the conbustion chanber and the fuel
injection for the cylinder in which msfire is judged to have occurred is
shut of f when said standardi zed nmaxi num pressure ratio APp/QPo is equal to
or below the predetermi ned m ninum perm ssible pressure ratio P" of
msfire (i . e. , when APP/APC< P') . 15. A nethod of diagnosing and
controlling conbustion of an internal conbustion engine as in claim?9,
wherein flanme quenching is judged to have occurred and the fuel injection

quantity figfike cyléndeshén WYRIE fPane aqitenth rgpnitau g tidgedoré oshage
occurred is increased when said standardized paxinum pressure ratio
APP/ APO a&iftk kP §vARdaBdr 2edl donBistaBve pridsdyftbe P%’E%SAP?MF@%S‘EH%

conbusti on stroke are ual to or, snall|er tha perm ssi bl e
pressure 119 é’“ 8ﬁdf§gm SR D L leﬁé’ r E of— m’g}l re

respectively (i.e., when APP/ A0 < P" andA PP/APO < Pm) and a standardi zed
conbustion pressure ratio AP2/APO is |arger than perm ssible pressure
rati o P8 ofA frietnheod ueficti agno9@ng6and mﬂﬂhnwhﬁinﬁenpmbu$@ﬁandotoanrolIing
conmbustion of an. internal conbustion engine as in claim9, wherein the
standardh%%%?%%@%S%%?EuﬁFé§§uP§gﬂ&ﬁ<}WQHHQ}WQ1%ﬂ%ﬂ?n%ﬁgkn%ﬁ?hlﬁhelﬁf sai d

per i ssi bl & (XL IVOLPLESSLE F31 QPP IRUMI: yelie Baf gl mmu TN

reference pressure I‘aIO perm ssi pressure I‘aIOO
pressure ¢yl ichbudi S6hEhafber PREPLSSI PhErPLASEHECAT a§hOs0E mfsfhée Pm

and perm ssible pressure ratio of flanme quenching Pm, and these threshold
pressurecandxmlamdofheombM§M¥nn(Nnpﬂhﬁsuombdstﬁenemhamhﬁr such as
cylinder pressure condition is performed in such a manner in
which
the pressure in the combustion chamber is detected,
the pressure difference /P between the detected pressure
P and reference pressure P, which is the pressure at or before
the beginning of compression including inlet air pressure (/4
P=P-P,) is calculated for every crank angle, and
standardized pressure ratio which is the ratio of said
pressure difference AP to the pressure difference AP, i.e.
Ap/ Ap,, AP, being the pressure difference between the
pressure P, at one or a plurality of predetermined crank angle
in the compression stroke and said reference pressure P, (4
pP,=P-P,), is used for the diagnosis of the combustion
conditions such as the condition of cylinder pressure in the

combustion chamber.

9. A method of diagnosing and controlling combustion of an
internal combustion engine as in claim 8, wherein said
standardized pressure ratio AP/ AP, in the cylinder is
compared with the pressure ratio predetermined stepwise for

each category of diagnosis (hereafter referred to as threshold
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cited in claim12 are variable as function of engine |oad or engine
rotati on speed or engine operating conditions including inlet air
tenperature. 17. A nethod of diagnosing and controlling conbustion of an

i nternal conbustion engine including a gas engine which is constituted so
that fuel gas is mxed with air and burned in the conmbustion chanber
there, wherein, when abnornmality is detected concerning a cylinder
pressure detector which detects the pressure in a conbustion chanber and

i nputs itpreesulme coabis)i omndadgiesi seappdr avfis,saihed fogelpagrdan ods tim ng
of the concerned cylinder of which the qyllnder res ure detector is

abnor mal gaﬂéﬁ&?@egoﬁyeXeEXr?%?noEﬁ%ﬁﬁ- ey ¢ ﬁopS%P9P8ﬁefor
combust! OPnbNEBHAN +3 50T O Tl AR b‘ésWﬂ biNcREREAE S uch
conmbusti on con includi ng e control o I gni |on I 'mng of engi ne

fuel andagu@blhmdgﬁIpﬁégﬁﬁﬂ@lédﬁ&iﬂﬁbﬁdlng pilot fuel) , and after said
pressure detector is recovered by replacenent or repair thereof, said

conmbustion control apparatus is allowed to return to norrmal operation to
restore the f uel %gnltlon timng, of the concerned cylinder to norma

timng. 910182 mekBefoat @lagaaﬁagsn@naneoeaﬁpnl&lﬂgngomqrbr?fofanan
internal ¢omBUSLH OQoﬁga's@giﬁh”&La ggaoél%agls%' Qhe n]gus thcoaﬁy it ed so

that fuel "gas is mXx urne ion chanber

there, \Ah%eseo@pahumbh%aqfd lé't%‘ilﬁiar‘?:fl%l{‘%f@éé&ﬁ’eaf&ti.éldﬂ@q/ﬂﬂﬂ at
predeterm ned crank angle range in suction - conbustion stroke, and when

t he condi thenmaatimusufdyildinie anyressuneé Phe tidnmtlas)fthbnetafadau:yilwdl nues
for
maximum pressure ratio AP,/AP,, is equal to or exceeds the

predetermined permissible maximum pressure ratio P, (i.e.,

when AP,/ AP,2ZP

11. A method of diagnosing and controlling combustion of an
internal combustion engine as in claim 9, wherein fuel
ignition timing is retarded by a certain crank angle when said
standardized maximum pressure ratio AP,/AP, is equal to or
exceeds the predetermined maximum reference pressure ratio
P,, (i.e., when AP,/ AP,2P,), and fuel ignition timing is
advanced by a certain crank angle when said standardized
maximum pressure ratio AP,/AP, is equal to or below the
predetermined minimum reference pressure ratio P,, (i.e., when

AP,/ AP, =P,,).

12. A method of diagnosing and controlling combustion of an
internal combustion engine as in claim 9, wherein the engine
is stopped when said pressure difference A P, at the
predetermined crank angle in the compression stroke is equal
to or smaller than the predetermined permissible compression

pressure difference P, (i.e., when AP, = P_).
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a predetermned plurality of nunmber of cycles i, the cylinder pressure
detector is judged to be abnormal. 19. A nethod of diagnosing and
controlling conbustion of an internal conbustion engine as in claim 18,
wherein said plurality of steps for judging abnormality conprises; (a) a
step for judgi ng whether the detected pressure by the cylinder pressure
detector 1 is within the pressure range PTa - PTb or not during whole
crank angl e of one cycle, (b) a step for judgi ng whether the detected
pressure is wthin the pressure range PSb(perm ssible maxi muminl et
pressure) - Psa(permssible mnimuminl et pressure) or not .in the suction

stroke, (}3- A St edrof (R HeC HhRE hRd cFAmkE ahyEBIPFAREUSE 1ORe O En@Ri num
PP, | it hi . | i t ti
pressur € lﬁé%?%%&n%?gbé%glﬁéﬁg%g§%% %Frgﬂggéaﬁﬂggg;gﬁﬁgkggﬁ 9h8°?§8§ I on

range Aa - a’step fof judgin e standard

devi ationj @hi £i8nlt SnPhgRasteRadhiedesy d certhfB chdhk SMyréwdkrPhhig+31
***) Pbj |, pb being reference pressure at or before the beginning of

conpr essi svandekddized malkdtmuai prErssase ecatso s/ LP,t hanegpaédebeprmi ned
val ue Eor not. 92 20. An apparatus for diagnosing and controlling
conbust i oPXC8edantPAt BFRAPtESHHNST A BHG HLIH A IRFFGTR FASIenBrn@Fwhi ch

is constitute uch that fue i ixed with air and burned in the
conbustio%n%ﬁgngér?‘Whg% Ph‘g%g%%?bé% éﬁf a cylinder pressure detector for
detecting the pressure in said conbustion chanber, a crank angl e detector
for detecting crank rotation angles

14. A method of diagnosing and controlling combustion of an

internal combustion engine as in claim 9, wherein misfire
is judged to have occurred in the combustion chamber and the
fuel injection for the cylinder in which misfire is judged
to have occurred is shut off when said standardized maximum
pressure ratio AP, /AP, is equal to or below the predetermined
minimum permissible pressure ratio P, of misfire ( i.e., when

AP,/ AP,< P,) .

15. A method of diagnosing and controlling combustion of an
internal combustion engine as in claim 9, wherein flame
quenching is judged to have occurred and the fuel injection
quantity for the cylinder in which flame quenching is judged
to have occurred is increased when said standardized maximum
pressure ratio AP,/ AP, and a standardized combustion pressure
ratio AP,/ AP, in the combustion stroke are equal to or smaller
than the minimum permissible pressure ratio P, and permissible
pressure ratio P, of misfire respectively (i.e., when APP/
AP, = P, andAP,/ AP,= P,) and a standardized combustion
pressure ratio AP,/AP, is larger than permissible pressure

ratio P,; of flame quenching.
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of the engine, a neans(step) for calculating the pressure difference
bet ween detected cylinder pressure P and the reference pressure Pb at or

before the begi nning of conpression including

4 P

inlet pressure (QP=P-Pb)

fromthe cylinder pressure detected by said cylinder pressure detector for

every crank angl e,

ratio

a nmeans (step) for calculating standardi zed pressure

which is the ratio of said pressure difference AP to the pressure

difference APO, i.e. AP/ APO, APO being the pressure difference between the
pressure Fo. & methat of gliw@iesingfangreneteshi hed comhksamgheefiﬂnthe
conpre55|on stroke and said reference gressure Pb ( dPo=P- Pb)

means( st eg)tERaY i SIS AhecBGAGRL | D

3 corBi®titn  ¥heredd tTﬂ’ée

cyl i nder g ﬁéﬁ&an%%gghgg?ggeds%gg@ﬁe cIFHRIDET 2l 0G 51

standardlze

pressure ra a co UStI on con

apparaYus for

control | igke tdie s&£0dNpSEh08sEBNE b QAmAM PRe settiene a1 d [t basa#imimt he

result

of the conbustion condition diagnosis outputted fFom t he

conbust i oralwadP4,i off disagmosi srearsn¢st ppesste Aatdgparpeusissible
di agnosi ng and controlllgghconbustlon of an internal canbustion_en

i n cl ai mEX£SSkeR diat

Bﬁﬁ?}s?uzor{mdi"a‘@%ﬁ%esofdb%ﬁ &tk q 8T gRbef

ne as
with a

93 _means é5t8§%m§851 EEQ% '9a§&8ﬂ9€%ﬂ¢5§ﬁ% mL”yHH SEmpLsipiati o

APPI APO wi"t'h

m ne maxi mum perm SsS

out put ti qgrésh@f@sybtl@f offh& 1 AU SOFh in@ N $ala¢1dcwﬂwélmr@9m1al
apparatus is provided with a

pressure ratios and the compression pressure difference P
cited in claim 12 are variable as function of engine load or
engine rotation speed or engine operating conditions

including inlet air temperature.

17. A method of diagnosing and controlling combustion of an
internal combustion engine including a gas engine which is
constituted so that fuel gas is mixed with air and burned in
the combustion chamber there, wherein, when abnormality is
detected concerning a cylinder pressure detector which
detects the pressure in a combustion chamber and inputs it
to the combustion diagnosis apparatus, the fuel ignition
timing of the concerned cylinder of which the cylinder
pressure detector is abnormal is retarded by a certain crank
angle to a safety position for combustion through a combustion
control apparatus which performs combustion <control
including the controlling of ignition timing of engine fuel
and fuel injection quantity (including pilot fuel), and after
said pressure detector is recovered by replacement or repair
thereof, said combustion control apparatus is allowed to
return to normal operation to restore the fuel ignition timing

of the concerned cylinder to normal timing.
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means (step) for actuating the engine stopper to stop the engine when said
result of conparison outputted fromthe conbustion diagnosis apparatus is
APPI APO ~!'l PPO* 22. An apparatus for diagnosing and controlling conbustion
of an internal conbustion engine as in claim20, wherein said conbustion

di agnosi s apparatus is provided with a mneans (step) for conparing said

st andar di zed nmaxi num pressure ratio APPIAPO with the maxi mumvalue P., h
of maxi mum reference pressure ratio and with the m ninumvalue P., of

maxi num reference pressure ratio and outputting the result of the

conparison, and said_conbustion control apparatus is provided wwth a

means( st eb§ - Mo ERed dP h A 13ENPFANY| 3Rt TR FEC b LpGeFOMPREEIAME TpP ot f uel
by a certaj Kk nt es, i d ksqQn. i PRI_APO >
P/ n and 100 aihane AR YR il s Lting b Cuf P RELBE b B T nen
the resul ¢oRbtisatddCoBPERAEOMES M APRI%dU Witd3 aiAN adRPBLE N fiar

di agnosi ng and controlling conbustion of an internal conbustion engine as
in clai mgfe etmpbeshisai dhenbbusthemedi aghesesnapprlatrediity pfokidds with a
means (steg) for conparing said standardi zed nmaxi num pressure ratio

APPI APO wPt RRIRF T etfeY &tif ABHIBE 1R asPhPdepperined crapk @net® 5fNRFkock and

j udgi ng that kpeck has gged waen 34, sal d standardl zed feel gymgressur e

ratio APPr S eaual exceeds sdi d permss € pressure ratio Ph2

of knock, sapgieahg §AYDYALI R £RAtkDhdIPHArMHSrh81REQVELREiWIER @For
means(step) for retarding the fuel ignition timng by a
a predetermined plurality of number of cycles i, the cylinder

pressure detector is judged to be abnormal.

19. A method of diagnosing and controlling combustion of an
internal combustion engine as in claim 18, wherein said
plurality of steps for judging abnormality comprises;

(a) a step for judging whether the detected pressure by
the cylinder pressure detector 1 is within the pressure range
PTa ~ PTb or not during whole crank angle of one cycle,

(b) a step for judging whether the detected pressure is
within the pressure range PSb(permissible maximum inlet
pressure) ~ Psa(permissible minimum inlet pressure) or not
in the suction stroke,

(c) a step for judging whether crank angle Ppang at the
maximum pressure P, is within the crank angle range
corresponding to combustion range Aa ~ Ab or not, and

(d) a step for judging whether the standard deviation of
P,’s of past n cycles, i.e.{Pby_,.;, Pby..., Pb; .. -, Pbj}, pb
being reference pressure at or before the beginning of

compression including inlet air pressure, is smaller than

predetermined value ¢ or not.
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certain crank angle upon receipt of judgenent signal of the occurrence of
knock from said conbustion diagnosis apparatus. 24. An apparatus for

di agnosi ng and controlling conbustion of an internal conbustion engi ne as
in claim20, wherein said conbustion diagnosis apparatus is provided with a
means (step) for conparing said standardi zed nmaxi mum pressure ratio A PPIA
Po with the predeterm ned perm ssible pressure ratio of msfire and
judging that m sfire has occurred in the conbustion chanber when said

st andar di2ed amxapparptessive diagnosAnp/andl Ponts egualg toommpushibher t han

the mnimum perm ssible pressure ratio Pn of msfire, and said conpustion
control apbaratnsergaadr 6omBEg tiPPheRILRBAIRCIYEERY & GRS BPOLRG BREChhe f uel

cont ol @pbaat 08 <F8pr 69TABE ChPPHoRd  Ear “Bhe 1
| Uigorent -4 CRRE Lt G vl Bpfe Ede DIy &F RERCSTLE SO AR BEERLE' ©

j udgenent € “occur ce of S aratus

di agnosi ngn apkle COBMPALLIBA CHBRIEY Ovh&fe R ApEeppayiaerhustion engine as
in claim22, wherein said conbustion diagnosis apparatus is provided with a
means( st ep) af ayloutdart tpngssuyeddetrentosi doal deftedisl ngpctthe reneesvfef | ane
guenching in the conbustion chamber when said standardi zed maxi num
pressure ¥atFdiAd PpRPYSHd onFIRMR{Tndar di zed conbustion pressure ratio d

PL A PO N o BRanROURYPL! RIY SLLOK G S Bt TR S EQg%ktpst%&%sghghssmm mum
pressure ratio and”pérmi sSibl'e pressure ratio Pmo ame 9 uenchi ng
respecti vef yrR8dealihBe sanme tine a standardized conbustion pressure ratio
AP2/ APO i s equal to or exceeds the perm ssible pressure ratio Pm , and

a means (step) for calculating the pressure difference /

P between detected cylinder pressure P and the reference
pressure P, at or before the beginning of compression including
inlet pressure(/P=P-P,) from the cylinder pressure detected
by said cylinder pressure detector for every crank angle,

a means (step) for calculating standardized pressure ratio
which is the ratio of said pressure difference AP to the
pressure difference AP, i.e. Ap/AP,, AP, being the pressure
difference between the pressure P, at one or a plurality of
predetermined crank angles in the compression stroke and said
reference pressure P, (AP,=P-P,),

a means (step) for diagnosing the condition of combustion
such as the cylinder pressure condition in said combustion
chamber using said standardized pressure ratio Ap/AP,, and

a combustion control apparatus for controlling the
combustion condition of the engine on the basis of the result
of the combustion condition diagnosis outputted from the

combustion condition diagnosis means (step).

21. An apparatus for diagnosing and controlling combustion
of an internal combustion engine as in claim 20, wherein

said combustion diagnosis apparatus is provided with a
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sai d conmbustion control apparatus is provided with a neans(step) for
increasing the quantity of fuel(including pilot fuel to be injected to the
sub- conbusti on chanber) injected to the cylinder in which flame quenching
has occurred upon receipt of the occurrence of flane quenching. 26. An
apparatus for diagnosing and controlling conbustion of an internal
conbustion engine including a gas engine which 1is constituted so that fuel
gas is mxed with air and burned in the conbustion chanber, wherein are
provi ded;meacylshdp) HHoessmmm digiestdd sbandetrddzietymahémpmegsaseuren said
conbustion chanber, a crank angle detector for detecting crank rotation
angl e ofTa®Eo edltfiafed Pa Wé&ﬁs@%ﬁﬂﬂr?@ﬁt%éPéHPQtWﬁ&%ﬂﬂ?FP%%%h?élH#Fference

O Doty BFRSEEEUAA OV ie N8B0 RIGAIU £ (M LBEL EILLABCE AL EPSHAE FD 2!

or befor eginning of° conpressi on | uding "I nlet pres P- Pb)
fromcyligggr pressure detected by said cylinder pressure detector for
every crank angle in said conbustion crank angle range, a neans (step) for
cal cul at i ng sstiahdaoubred ipnessomerot iappastatohs i 4 st herowidedofwisth da
pressure difference AP to the ressure difference APQO . e. AP/4P8, APO
beingtrm@%ﬁ%§éﬁF§P)mﬁqgﬂ%ﬁEﬁﬁgéPﬂeéﬁetm§?ﬁ%%sﬁF8p98raF9Mﬁ¥?P Lhe

P e enereRhinl! BHSLCTMI ORI ERATE 39 Eonod 1 060 COMEITAR] BLoRKEnand sald

r ef e_r ence f essure a Co Ion di _ag 0S|I S appar at us
provi ded ¥bhbudt 28nPHESYHOR iadNalfth VAL E 2085 CABYEpME NE Beans(step) for

22. An apparatus for diagnosing and controlling combustion
of an internal combustion engine as in claim 20, wherein

said combustion diagnosis apparatus is provided with a
means (step) for comparing said standardized maximum pressure
ratio AP,/ AP, with the maximum value P, of maximum reference
pressure ratio and with the minimum value P;, of maximum
reference pressure ratio and outputting the result of the
comparison, and

said combustion control apparatus is provided with a
means (step) for retarding the ignition timing of fuel
including pilot fuel by a certain crank angle when the result
of said comparison is AP,/AP, > P, and for advancing the
ignition timing by a certain crank angle when the result of

said comparison is AP,/ApP, = P,.

23. An apparatus for diagnosing and controlling combustion
of an internal combustion engine as in claim 20, wherein

said combustion diagnosis apparatus is provided with a
means (step) for comparing said standardized maximum pressure
ratio AP,/ AP, with the predetermined permissible pressure

ratio P,, of knock and judging that knock has occurred when

94



outputting at least a part of the result of diagnosis as anal og

i nformati on when di agnosi ng the condition of conbustion such as cylinder
pressure condition in said conbustion chanber using said standardized
cylinder pressure ratio AP/ ZPO, and a conbustion control apparatus for
controlling the conbustion condition of the engine by reconverting the
analog information outputted from said conbustion diagnosis apparatus to
pressure information. 27. An apparatus for diagnosing and controlling
conbust i ogaiafswandaiéinatl maxbuenhipre esgraerasi o e} /Adm 36, egerleite  t he
ignition timng of fuel including pilot fuel or quantity of fuel injection
i s controPF RFPAREE %ﬁl@H@eﬁmhﬁﬁb§E§ PESEFHETeoratAe Bre8SukBOLkHofREL i on

reconverted Jrom 82id,a13l80 chRERETRI Al £8.s A ANBALALHR LT 45 ) agnos! ng

and control I'i'ng ¢ stion anrnte engrne as in claim
26, “herQMQaﬁQ?stégmmﬁﬁfOBetér@ﬁ%@ﬂQQQQ gletihe fast SoRf teaghd beshol d
val ue determ ned tfor each diagnosis category information using said

st andar di cedtpiessuaskrahgded4uppbd Pecenpsapd prnddementi sednadr adk thrgl e
range of conbustion. 29. An apparatus for diagnosing and controlling
conbust i oRCCBFTERCER B KRQIC K ERBIIIE b CompUTE 1o A agPeShS2ePPdkerdsn said
threshol d val ues determ ned for every diagnosis category information are
determ ned so that the | evel of each threshold decreases stepw se, and

informatigg, Of\ndé%ﬁ;gﬁrﬁ'ﬁhsdif%&”@iia%nd‘sﬁﬂrﬂﬂ(?{rtﬁ C@dh eo | udggdcbibdistienent
t hreshol d | evel . 30. An apparatus for diagnosing and controlling
conbusti oof an internal combustion engine as in claim 20, wherein
said combustion diagnosis apparatus is provided with a
means (step) for comparing said standardized maximum pressure
ratio AP,/ AP, with the predetermined permissible pressure
ratio of misfire and judging that misfire has occurred in the
combustion chamber when said standardized maximum pressure
ratio AP,/ AP, is equal to or smaller than the minimum
permissible pressure ratio P, of misfire, and
said combustion control apparatus is provided with a
means (step) for cutting off the fuel injection to the cylinder

in which misfire has occurred upon receipt of judgement signal

of the occurrence of misfire.

25. An apparatus for diagnosing and controlling combustion
of an internal combustion engine as in claim 22, wherein

said combustion diagnosis apparatus is provided with a
means (step) for outputting a Jjudgement signal of the
occurrence of flame quenching in the combustion chamber when
said standardized maximum pressure ratio AP,/ AP, and a
standardized combustion pressure ratio AP,/ AP, in the
combustion stroke are smaller than the permissible minimum

pressure ratio P, and permissible pressure ratio P, of flame
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of an internal conbustion engine as in claim?26, wherein a pressure
detection range is determ ne near the crank angle of maxi mum conbustion
pressure, the threshold for each diagnosis category information is Ppo and
Phi for abnormal Pmax, Ph2 for knock, Pn for msfire and flame quenchi ng,
and the level of each threshold val ue being decreased in orderly sequence
of Pn ~Psl ~Psh< Ph2 < Phi <Ppo 31. An apparatus for diagnosing and
controlling conbustion of an internal conbustion engine as in claim 26,
wherei n gugnah$ngf rebpecedwletl yofandl sagnddies famemstine eal $tandahdized

conbustion di agnosis apparatus to the conbustion control apparatus are
conposed @PMawatbgn| RYeFsuUrangabaeBrnadEy 1 2\RIuak §10 AcRXEESGF0ENE

category is_detetrmned. t cr e stepw s so that the information of
differentp%ﬁ?éﬁg%gthggﬁgégﬁﬁaggﬁ:ﬂfggfihi%gged by the anal og | evel on the

combusti on Gt OkomBRABRRBNUScShELo1 3Aprfir APPA AlsUSp £V ideagneisimgaand
controlling conbustion of an internal conbustion engine as in claim 31,

wher ei n sméans éntkpy Iferelindmrashnd dbhedagnddity ot efjoel ésnatuddeger mi ned
so that the level for transnmtting the information of dja nogis category

of nor mal PEbfBustEdn @ b 18IF6ERE drirdthen stRe ComRN S T t RRAMBEE) s, the
SRl on S IPDSTLY O . .
ers Tor SUEER 4190 s AE TSR, ] BPIORL TR

pre_ssure OI’_ ( essi on ressure, e f €
engi ne coggbhi pBEedpta @ HAuSEint® Y8l BeamenghiegheridgLvel  range, and

the levels for transmtting the information of a 98 msfire, flane
quenchi ng, abnornmal sensor, a break in wre,
26. An apparatus for diagnosing and controlling combustion
of an internal combustion engine including a gas engine which
is constituted so that fuel gas is mixed with air and burned
in the combustion chamber, wherein are provided;

a cylinder pressure detector for detecting the pressure
in said combustion chamber,

a crank angle detector for detecting crank rotation angle
of the engine,

a means (step) for calculating the pressure difference /
P between detected cylinder pressure P and the reference
pressure P, at or before the beginning of compression including
inlet pressure(AP=P-P,) from cylinder pressure detected by
said cylinder pressure detector for every crank angle in said
combustion crank angle range,

a means (step) for calculating standardized pressure ratio
which is the ratio of said pressure difference AP to the
pressure difference AP,, i.e. AP/ AP,, AP, being the pressure
difference between the pressure P, at one or a plurality of
predetermined crank angles in the compression stroke and said
reference pressure P, (/AP,=P-P,),

a combustion diagnosis apparatus provided with a
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and so on, that are generally experienced in an individual cylinder, are
set to values in |lower |evel range. 33. An apparatus for diagnosing and
controlling conbustion of an internal conbustion engine as in claim 26,
wherein, when the range of normal conbustion pressure or pressure ratio

of each cylinder, the pressure or pressure ratio being between the
threshold for knock and that for flame quenching, is transmtted to the
conbustion control apparatus side in analog |evel, the pressure (pressure
rati o) i pmagwierd fanahogt epiredsaganal egpnivenrdlirgy gnaleaos ( esephdi nfowi t h t he
pressure (pressure ratio) and the steplessly controlled analog signal is
transm t tBHRWE §hed @dnbadeitoh Péditt ?Slt}%?pﬁﬁﬁélﬁl‘}sogiddégrﬁﬁlﬁﬁsa%%?‘%‘ﬁus for

di agnosi nj%g@g%%fglérﬁodéﬂeilﬂgi 'Caglpog$£lié<£a heOfco?iI&iithto%r g%l c88HH§§E'o91pse§89' ne as

inclaim 0g ‘signal” transm sSron w

COfreSpOQQin%yiPndéfep@B@E%&éﬁcdﬁﬁiﬁi@ﬁSiﬂrQa@@n@%ﬁbﬂkﬂﬁﬁﬂW@Wahbér
|

conbusti on agnosi s apparatus and conbustion control apparatus, the
di agnosi sugiasglidaicd strardanidl zed iy sendat praesure tdiei d ol Py A, amadog
| evel s each determned to decrease in stepwi se for each diagnosis

category, afd BPEHNSSIOCaCOIdEPY s FARRFAL S e BLEPt bANBr etBEires or
pressure rat.ios, correspondi t n V. i S . J e he
correspoﬁﬁﬂﬁﬁu%ﬁh?géxnﬁgy% g%ﬁ”fﬁggé%%ggg%?@ﬁE%&ﬁ%ﬁ%#qgggé?g%dgngggé. 35.
An appar atpigo fR4t bAINeSItRe tard Coftdm| | 589dCorBEP s orPf @lagnbeiBal
conbustion engine including a gas engine which is conposed so that fuel
gas is mamphyathsato poebsurer ned @atmiéns conbusti on chanber, provided
with a cylinder pressure

27. An apparatus for diagnosing and controlling combustion

of an internal combustion engine as in claim 26, wherein

the ignition timing of fuel including pilot fuel or quantity

of fuel injection is controlled based on the diagnosis result

of the pressure information reconverted from said analog

information.

28. An apparatus for diagnosing and controlling combustion
of an internal combustion engine as in claim 26, wherein the
combustion is diagnosed on the basis of each threshold value
determined for each diagnosis category information using said
standardized pressure ratio AP/ AP, in said predetermined

crank angle range of combustion.

29. An apparatus for diagnosing and controlling combustion
of an internal combustion engine as in claim 26, wherein said
threshold values determined for every diagnosis category
information are determined so that the level of each threshold
decreases stepwise, and information of different diagnosis

category can be judged in different threshold level.
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detector to detect the pressure in the conbustion chanber,
detector to detect the crank rotation angle of the engine,

a crank angle
and a

di spl ayi ng apparatus to display the cylinder pressure curve, wherein a

first ring nmenory for nmenorizing the camtop crank angle of

a reference

cam and the cylinder pressure-crank angle curve 1is provided on the
di agnosi s apparatus side, a second ring nmenory for nenorizing the cylinder

pressure-crank angle curve in a certain crank angl e range of

each cyl i nder

and a single displaying part are provided on the displaying apparatus
side, the first ring nennrg on the diagnosis side has a neans (step) to
%
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menory in the determ ned area corresponding to each cylinder, and the

pressur e-ef anlaxdmngire combestdonal pregbunder he rtdawshmitd f fom tdach
determ ned area of the second ring nenory and thesezgressure curves are
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witten into the first ring nenory on the diagnosis apparatus side in

synchr onigaitp ore »i,thp} I Brask PangEe at the

31. An apparatus for diagnosing and controlling combustion

of an internal combustion engine as in claim 26,

wherein

signals of the result of diagnosis transmitted from the

combustion diagnosis apparatus to the combustion

control

apparatus are composed of analog levels, and each analog level

for each diagnosis category is determined to decrease stepwise

so that the information of different category is able to be

discriminated by the analog level on the combustion control

apparatus side.

32. An apparatus for diagnosing and controlling combustion

of an internal combustion engine as in claim 31, wherein said

analog levels for each of diagnosis categories are determined

so that the level for transmitting the information of

diagnosis category of normal combustion state is positioned

in the middle of the levels, the levels for transmitting the

information of abnormal maximum c¢ylinder pressure or

compression pressure, etc., which are generally related to

engine conditions as a whole, are set to values in higher level

range, and the levels for transmitting the information of a
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100 noment -t o-nmonment detection of the pressure with the cylinder pressure
detector(sensor), on the other hand, said cylinder pressure-crank angle
curves of all cylinder are witten in the second ring nenory after the cam
top crank angle of the next cycle after the previous cycle (720 ) is
conpleted, is detected, and the nenorized pressure curves are represented
on a single displaying part. 101

misfire, flame quenching, abnormal sensor, a break in wire,
and so on, that are generally experienced in an individual

cylinder, are set to values in lower level range.

33. An apparatus for diagnosing and controlling combustion
of an internal combustion engine as in claim 26, wherein,
when the range of normal combustion pressure or pressure ratio
of each cylinder, the pressure or pressure ratio being between
the threshold for knock and that for flame quenching, is
transmitted to the combustion control apparatus side in analog
level, the pressure(pressure ratio) is converted in stepless
analog level signal corresponding with the pressure (pressure
ratio) and the steplessly controlled analog signal is

transmitted to the combustion control apparatus side.

34. An apparatus for diagnosing and controlling combustion
of an internal combustion engine as in claim 26, wherein a
number of analog signal transmission wires corresponding to
the number of cylinders are connected between the combustion
diagnosis apparatus and combustion control apparatus, the
diagnosis result is transmitted in serial order in the form
of analog levels each determined to decrease in stepwise for
each diagnosis category, and diagnosis category is judged or
the combustion pressures or pressure ratios corresponding to
analog levels is judged based on the corresponding analog

level on the combustion control apparatus side.

35. An apparatus for diagnosing and controlling combustion
of an internal combustion engine including a gas engine which

is composed so that fuel gas is mixed with air to be burned
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in its combustion chamber, provided with a cylinder pressure
detector to detect the pressure in the combustion chamber,
a crank angle detector to detect the crank rotation angle of
the engine, and a displaying apparatus to display the cylinder
pressure curve, wherein

a first ring memory for memorizing the cam top crank angle
of a reference cam and the cylinder pressure-crank angle curve
is provided on the diagnosis apparatus side,

a second ring memory for memorizing the cylinder
pressure-crank angle curve in a certain crank angle range of
each cylinder and a single displaying part are provided on
the displaying apparatus side,

the first ring memory on the diagnosis side has a
means (step) to start the programby the interrupt of the signal
from the crank angle detector after the detection of the cam
top crank angle of the reference cam and write in the cylinder
pressure wave form, which indicates combustion condition, at
a certain interval of crank angle to the ring memory in the
determined area corresponding to each cylinder, and

the pressure-crank angle curves of all cylinder are read
out from the determined area of the second ring memory and
these pressure curves are displayed on said single displaying
part with the pressure curves shifted so that each curve does

not overlaps.

36. An apparatus for diagnosing and controlling combustion
of an internal combustion engine as in claim 33, wherein the
cylinder pressure-crank angle curves of all cylinders are
written into the first ring memory on the diagnosis apparatus

side in synchronization with the crank angle at the
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moment-to-moment detection of the pressure with the cylinder
pressure detector (sensor), on the other hand, said cylinder
pressure-crank angle curves of all cylinder are written in
the second ring memory after the cam top crank angle of the
next cycle after the previous cycle (720° ) is completed, is
detected, and the memorized pressure curves are represented

on a single displaying part.
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