DESCRIPTION Title of the Invention FUEL QUALI TY DETERM NI NG METHQOD,
PROGRAM COVPUTER READABLE RECORDI NG MEDI UM WHI CH STORES THE PROGRAM AND
FUEL QUALI TY DETERM NATI ON DEVI CE Technical Field [0001] The
present invention relates to, for exanple, a fuel quality determ ning

nmet hod, a program a conputer reggaphepfef@rdi ng medi um which stores the
program and a fuel quality determ nation device which is used for

i nspecting quality of fuel (fuel oil) such as heavy oil used in a narine

di esel engi ne. Bag;%round Art [0002] Conventionally, as fuel for a
mari ne dhgsef thedgyeidiopdi esel fuel) used mainly in foreign-bound ships,

heavy oil is ug@ﬂg ' avitfopa i [ r oduced
along with refinlgékgix%¥%%g$%f ) ugﬁah%@%ne %iggéﬁﬁ%%gﬁ(ggﬁgﬁggﬂ?eferred
to as buRKADABIE RPOORPING MEDIUM WHICH STORES THE PROGRAM, AND

FUEL QUALITY DETERMINATION DEVICE

Technical Field
[0001]

The present invention relates to, for example, a fuel quality determining
method, a program, a computer readable recording medium which stores the program,
and a fuel quality determination device which is used for inspecting quality of fuel (fuel

oil) such as heavy oil used in a marine diesel engine.

Background Art
[0002]

Conventionally, as fuel for a marine diesel engine (diesel fuel) used mainly in
foreign-bound ships, heavy oil is used. Heavy fuel contains a high rate of residue oil
produced along with refining of crude oil. Such marine diesel fuel is also referred to
as bunker oil.

[0003]

Bunker oil contains a high rate of residue oil as described above and hence,
components of bunker oil differs depending on a method for refining crude oil, a
production site or the like and therefore quality of bunker oil is not uniform.
Accordingly, a foreign-bound ship which refuels (fuel oil) by stopping at ports of
countries other than ports of her own country receives refilling of fuel which differs in
quality according to country since a crude oil refining method or the like differs from
country to country. Further, depending on a country, there may be a case where a
foreign-bound ship refuel with very poor quality fuel. Particularly, with the
development of a technique for producing gasoline or the like from bunker oil by
refining recent years, there has been observed a tendency where quality of bunker oil is
lowered attributed to the extraction of gasoline from bunker oil.

[0004]



Bunker oil contains a high rate of residue oil as described above and
hence, conponents of bunker oil differs depending on a nethod for refining
crude oil, a production site or the like and therefore quality of bunker
oil is not uniform Accordingly, a foreign-bound ship which refuels (fuel
oil) by stopping at ports of countries other than ports of her own country

receives refillimg,Qfof Weh o [hlif! fie] BBt rbible ARFAHP 8% ShsRUNt Iy
since a crude oil refﬁningvﬁgigoé 1%1§?e61?ie dF fe?sﬁgro country to
country. Fartitiledy wdhpesghichtp emaineadiedet yngind)escaffomgyis memad aasacwhienest a

forei gn-bound ship refuel_w.th ver oor quality fuel. Particularly, wth
t he dgve! SHREREOYeS tieﬁmgdaé PhEORIBRLE YR B PRETORNDIRUAFS IEHE om
bunker  0i {, byigks @yhihck BRE) in xlgaféwh%{%nﬁbﬂ;@ﬁt Q‘éﬁ‘ Rh@P ﬁg«,rpy,ﬁﬂl fRe feﬁ@g@ncy

where quality of bunker oil “is lowered attributed to t extracti of
gasol i ne dorthat bdakage sich as [lO@94jd cracks occursRef areklil sgriwdetdf thecylindenrndjual ity
fuel causes traubles relating.to.an ine.. Particularly with respect to a
marine di eﬁcugﬁfg% Ry G FRHEnPIOT bl SR8iBs depmndiRsepn S8 Fetiee Gl dhBl es.

Scuf fing gshfephenonenon where a piston (piston ring) slides relative to a
cylinder (cylinder liner) in a state where a lubricant is in short supply
in the endlf% so that a damage such as flaws and cracks occurs on a wall

surface of the | i nder, . an hi s..scuf fi ng may caus | function of the
engi e depend: ng HrEHENEG b JORTRRGeCURIs SOMPUGHES, nd e SeSREoR R hani sm
that scufdfolih GesUeSistaficd BIMILRAGGH 0il 289 ohBGHIE $ta# 0P k2B ARG difoctiPEAL
resi stance of lubrication oil, an operation state of the engine, defective
mai nt enanoeintemandeer|thk bké & cosidérdé ned cassecaf dauseuotndehd soefingr eGoe obf
scuffing. One of i n causes of occurrence qf. scuffing is qual.ity, of fuel.
To be. morBIG G . CRRNRE L S HEGE o Gema o 5 Tad IAfteRPEte) WO o
combust i ofeCRAMHIBH qBAliA FusINgjeRd ifio RoRibusidn alchidl sRARPEMI S isRb:augneousl y
after the injection of fuel 1s finished and hence, there 1s no possibility
t hat the andidisappeay$ instiptanconslyafteyithe oyention of desles finishgl stdmenaedheredy! i nder .
To the contrary,..when fuel. has r.y .poor.. qual it a flame of, high

{enper at UFePGRIPHI I i ratet BRHFoBR Th et R BREBBHA PR Ehanber
renmai ns iy {HR&okirklyMvhin afel ﬁaé’\@elrk pobF iy, of flAn S ¥ hibHeEmpdrh@re tARKIG] ection
of fuel is finished and hence, the seizure of lubrication oil occurs

bet ween agepertadrbyatiigl Wjesyed inthea combustigh\chaigbet remaing is dluef Ficingty dfra will s

manner, scuffing _occurs e .to.worseni f Lubricatjon property in.an

engi ne. [V0066] oPa cy%nderv%geﬁ té%érfj?(ftvno?in%ﬁgfs #Blsﬁeéf@rfﬂ)ﬁ?rfc dﬁ{’%oSe 28bi ne can
be i nspeclpfcdtidn JUVARER, beb@nabpen At Sedecmgi @ﬁiﬁ%ﬁé&bﬂoescﬁﬁﬁlgbeln
obviated. Wth respect to the quality of fuel, ignitability is extrenely

i npor t ant thisimarer, e Bng peairedus to psseninpifdubricagien atppetty i athengitese where t he
fuel is qﬁbo¢pnited, t he conbustion does not start. However, w th respect
to bunker-oi1' (heavy oil), even when the conbustion starts once, there may

be a case wher e Wharyslitybof fubltoibe sapslicdiadian@ns@eEs bé apédedmthdvaides
drawback is brought about by a fact that bunker oil contains residue oil at
a hi gh rdbhe shevegaselionsd engisgvieovkirdcan baebvialed:s With reepast ithgheofuadiari ty of

bunker Oifluef?éiﬁt?:gili%g is%%x%‘e%ﬁr éo:rgéﬂt of pgaggl !éf‘ﬁ'eli.eﬁ%l.b“%%ris ieclzatue%%gresses'

[ 0007] I'e speci a resiau Ich™i's a produc roduced
when gasoht Rescl whe thatice ks hstdphikaiame @inhbRsn deedh@hstart. s Adsidwer, gt t he

resi due cannot be used as fuel.
respect to bunker oil (heavy oil), even when the combustion starts once, there may be a
case where combustibility in succeeding combustion is bad. This drawback is brought
about by a fact that bunker oil contains residue oil at a high rate as described above and
a fact that the lowering of quality of bunker oil caused by the extraction of gasoline
from bunker oil progresses.
[0007]

To be more specific, a residue which is a product produced when gasoline is

extracted from heavy oil has so high viscosity that the residue cannot be used as fuel.
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However, by m xing a byproduct which is produced along with the refining of
gasoline fromheavy oil into the residue, the adjustnent of viscosity of

t he resi due beconmes possible. Here, the byproduct neans an oil conponent
whi ch has | ow viscosity and exhibits poor ignitability and poor

conmbustibility.such.as h
Vi scosi tlg i abYJE{Xé%E %nyFqﬁ éﬁlc%ﬁ{%egtﬂmdlé Oq?s i nter orl?% OP% Eﬁ@ oi |
from Vmif%}ngr@ﬁﬁj' lofl€intcs tHeOfesi@xé,r @6 tadfhstrier & MEscobity gNithea bisidueyboandes

conmbustibility. [0008] In this manner, there is a case where bunker
oils corﬁﬂselb]@l y Here, flleg bypredyd deenns ep eyl i:qxnwﬁmswmch.f&ﬁ. PWBLIOENY ARt

conbusti i alth t hase oi S y cosity.
Accor di nd‘;hibltsﬁoor gmg&gpty 4}1% OtogCJbrgP g%ﬁ% eCh| ér%?%&lﬁﬁ%%héf ﬁgéq?dl 1§’of bunker
oi | basetdmﬁél' Mt $BOs \hycosﬁjaﬁﬁacf m&ﬁecw}ammnj{g e Hylpﬁ)dubike miBtlmke)rblmkér oib fuel so
that, originally, quality [!)unker oil such as ignitability and
conbust |%¢mlwlyds$ﬂ§ igp lﬁeowmaa@fl@atews aﬁ&my%blhg E’é‘grﬁ;ﬁﬁﬁéﬁt@ li¥f punker oil .
However ker oil which contains residue oil at a high rate has an
extrerrel[39 ?%;Irge nunber of carbon atons and hence, under a current
situation, theamnds yehserpthefoiRPORE Weefbunktakels @iniplétsiytdffnirealdagh
difficult. Accordi nglfy the current circunstance is that qtéal i ty of bunker
e

oi | cann@herhen | lsEpect égfﬁﬁé}blé‘é% angnicambystibility  alghaugh thepiirdi
As a met h%skaﬂt%py DRREGLING, AURLI LB, fUELiRYuRE Hatkioh B @g;gegumk there

have been nHI n quality 1s determ ne sed on a rate
of heat @eiigr &t hupReloy] B@E@uﬁt\fhmls@i slﬁemﬂc graﬂdvartﬁmﬂ]ﬂ{ed Binekee ofisfiely i s

determ ned based on a conbustion state of by .obser vij fl
gener at ¥ thﬁteﬁlgglﬁﬂlﬂ}h qe@rﬁs @Ebysr 81 sugheas lg{“(t}% and com uSUibﬂng %@L@‘gg‘?rer
met hod, %] ﬂ.{atédsb gg% ggn‘%@ R GeliE! IHIIHESH%@VLEUgumerf&ﬂwllﬁé\@ed on a

rate of gen ra |on on combustion of fuel, ‘a change in pressure
in a condumsdinoresicdhaotier aitigh eaté hed an sxtbamely ldrge nhmbemaxﬁmabnmabﬂny aaahal yzed
a rate of heat generation is C%Pcul at.ed based onﬁg%eﬁkstlgn of fu
combust i e HdEr HFures pitadiogs the pRRlEHS 5 SUBPRFIES ot % of heat

generat | &%ﬁacuﬁowe%‘éémlﬂgﬁoy ife dirfehnt &%&ﬁ&e%%e&@w gebaliel b8 cauRk bty of

fuel by estimating a nbusti on state of based on a change in pressure
in the cmaﬂsmsatdumﬂessbmﬂds::emlu{mm}bzbumt 01 the other hand, in the latter
met hod, @H%é]( in the nethod which determ nes quality based on a

conbust i ate of fuel, quality of fuel is evaluated by

As a method for inspecting quality of fuel by actually burning fuel, there have
been mainly known a method where quality is determined based on a rate of heat
generation by combustion of fuel, and a method where quality is determined based on a
combustion state of fuel by observing a flame generated along with combustion of fuel.
[0010]

In the former method, that is, in the method which determines quality of fuel
based on a rate of heat generation based on combustion of fuel, a change in pressure in a
combustion chamber where fuel is burnt is thermodynamically analyzed, a rate of heat
generation is calculated based on combustion of fuel, a combustion state of fuel is
estimated based on the calculateld rate of heat generation. However, it is difficult to
accurately determine quality of fuel by estimating a combustion state of fuel based on a
change in pressure in the combustion chamber.

[0611]
On the other hand, in the latter method, that is, in the method which

determines quality based on a combustion state of fuel, quality of fuel is evaluated by
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directly observing a conbustion state (flame) of fuel in a conbustion
chanber by a canera or the like through an observati on wi ndow. As such a
met hod where quality is determ ned based on a conbustion state of fuel

t here have been known techni ques disclosed in patent docunent 1 and patent
docunent 2, for exanple. [0012] The techni que di scl osed in patent
docunent ected
and is bd%ﬁ?ﬁ%%bgggggﬁgE&ﬁgﬁﬁﬁﬁéﬁﬁ%?ﬂg5§%g$gﬁ¥ﬁ%%q§) Eﬁ%@gﬁ&nﬁé‘gc%eedlng
manner afda@ierd orethe ilikp eabignan sbdetviitish@dnd@y. usRdsirRE adfethodiehereapt@ligeta on
good fuel which is obtained by nmeasurenent in advance and data on fuel
which is d&tr:r@ﬁ}f‘écba% el |Cﬁ§1§éttt0@dstatﬁé)fc%1ﬁlpéh@a hage bgeh kpowartedwiquss t o

determn t | . Further, the
Fechnt quaigiosyos el RERAERT S ERERHSLIN 5! X BlatE - T T oni t1 on

del ay (tuneuﬂrontlnjectlon of fuel to |gn|t|on) and a change in quantity of
light imrediately after starting conbustion are used as indices, and
grading of f ueI ¢ tepbp @Pﬁrﬂw&hS@ﬂgmmdtat%épc st il 52 feshpigne wharse lgagthgf such

i ndi ces. I t. ocunent
1 has a &{a%% ﬁm? dls |s éﬁgﬁlcﬂﬁ_Bﬁ%p&%%Hgﬁgﬁgﬁ#gﬁ§Q%§%#§81§B£n9
conbusti dn asiuat&dmfg rﬁmeier bfierafiglinjetion i figiskal istisedad & ldek) oid de@at on

determ ni ng %H%tlty of fuel in view of a cost or the like, Further t he
nunber ofeo@dtuelrwhichds abtamad By measPTemenbin adiencs andhdate onlpelowbish is myr t her

o et Wl Ifp R ARLIH0P 1d BEGHGIHED b NS ASAGLALALLhARLoP ! osed

in patent ocunent at ent” docunen are not ed on data
of ares waﬂn@bbﬁcmﬁusMMIagbtﬂﬁhdiy Beithag, thel&ichnlt;uamselb@dﬂﬁ pafenadb@meingn- bound
ship or the I|i Actual ly, the result of determ nation based aon the
convent i dnH @ &P;Pt e AgRiteR delay i(Emgdiom piertierept fueh to dgnitipn) @qdya in

G tati on PraropdE UB’B%%“H TP okt Sar R SRR i3 850006

and grading of fuel or determination of fuel quality is performed using such indices.
[0013]

However, the technique disclosed in patent document 1 has a drawback that it
is difficult for a camera for observing a combustion state of fuel to acquire sufficient
time resolution for determining quality of fuel in view of a cost or the like. Further,
the number of data for determining quality of fuel is not sufficient. Further,
conventional quality determinationé including the determinations disclosed in patent
document 1 and patent document 2 are not performed based on data of a result obtained
by actually using fuel in an engine of a foreign-bound ship or the like. Actually, the
result of determination based on the conventional quality determination is not sufficient
in reliability in actually using fuel on which the result of determination is obtained.
Citation List
Patent Document
[0014]

Patent document 1

JP-A-2001-329906
Patent document 2

Japanese Patent: 4105742
Summary of Invention

Technical Problem



Pat ent docunent 2 Japanese Patent: 4105742 Sunmary of Invention Techni cal
Probl em [0015]

above-nmenti oned drawbacks, and it is an object of the present invention to

provi de
t he non-
use of

quality

[ 0016]
i nventi
f uel

a fuel

The present invention has been nmade in view of the

qual ity determ ning method which can reflect the presence or

[Bé%ﬁence of occurrence of an engine trouble as a result of actual
fIHt hus enhancing reliability and accuracy of determ nation of

, a progha re&n@qmaéiﬁl%ﬁ RRAHAN erddeChr ¢idhg ofedik UiBovwBintdhtishal es t he
program and a fuel quality determnation device. Solution to Problem

drawbacks,farfcuéll isqaml obugct dé't ibe rrasonty imesnHonl tacrrovide iy fedd quaditipr esent

f d h d f d f
badtrgitag BEthstrh B e Reenit of O poRipr Sl PR | 1Y %%
CO”bUSt | Ane iR Reb3R e UM Mdthlescldfehel tN&MBARLing reliability and accuracy

of determination of quality, a program, a computer readable recording medium which

stores the program, and a fuel quality determination device.

Solution to Problem

[0016]

A fuel quality determining method according to the present invention is a fuel

quality determining method for determining quality of fuel based on a combustion state

of the fuel by injecting the fuel into a combustion chamber and burning the fuel,

wherein

a coordinate plane is provided in such a manner that the coordinate plane has

a coordinate axis which indicates a value of ignition delay which is a time from fuel

injection to fuel ignition and a coordinate axis which indicates a value of a flame spread

rate which is an increase rate of a flame from a point of time immediately after fuel is

ignited with respect to a plurality of fuels whose goodness and badness of quality

determined based on the presence or the non-presence of a combustion failure as a result

of an actual use of the fuels are already known,

a first range which is at least either one of a range where a value of the

ignition delay is smaller than a predetermined value with respect to the ignition delay

and a tange where the value of ignition delay is larger than a second predetermined

value which is larger than the predetermined value with respect to the ignition delay, the

first range being a range where goodness or badness of quality of fuel is univocally

decided based on the value of ignition delay, and a second range which is a range

between the predetermined value and the second predetermined value and in which the

goodness or badness of quality of fuel is not univocally decided based on the value of

the ignition delay are defined based on the distribution of the respective values on the

coordinate plane,

a determination reference which defines a range of values of the flame spread

rate indicative of good products corresponding to the values of the ignition delay on the

coordinate plane is used with respect to the flame spread rate within a range which
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a coordinate plane is provided in such a manner that the coordi nate pl ane
has a coordinate axis which indicates a value of ignition delay which is a
time fromfuel injection to fuel ignition and a coordinate axis which

i ndicates a value of a flame spread rate which is an increase rate of a
flame froma point of tinme inmediately after fuel is ignited with respect

based on T BeorhEhd RS ER S i APwr A Bl el R el 2

result ofmarisigt ual use of the fuels are already known, a first
range which is at least either one of a range where a value of the ignition
del ay is snal | erthe Halpe af pgroden delay nad theavalee of flameeppradtratecare meeabynd t i on

del ay and ran ere,the value of . ignition.delay is larger than a second
pr edet er rﬁvﬁléﬁesg‘gﬁ%ﬁmwgﬁ?ﬁlga? 3@8@3‘)%3#6%@6 redet ernined val ue with
respect to the ifghhldlienot@lael e fsl dnSibjdcangse feLMHEnS KASREMIMIELBogOOUNESS
or badness of quality of fuel is unlvocafly deci ded based on the val ue of

i gni ti on dednathe mpasuredsedendf thenigoitioni ddday &l withige regasenllehthan the

pr edet enni_n val u nd the second predeternm ned I and .in which the
goodness p&?‘?%eé.ﬁlﬁ%esdssvag'fe Yﬁfg’lni tﬁ?/ﬁfﬁ rﬁ"%&l ani%s:tﬁﬁg?aqﬁ% Pﬁ@fﬁ?lwqa@&i%@d)%%ed on
the val ugo@k delt@mir@diit dormiBk@¥adivBed efd MeduRasadeqtT thd fntlicht ddlufalion of
t he respective val ues on the coordinate plane, a determnation

r ef er enc evifiin etargstlpigesthan thersgeonsk prodateradnask valueswithiatlee Sist wage.mad e

i ndi cative of gog roducts corsrespondi,ng. t he.val ues of . the ignition

del ay on the cogggﬁh%ﬁ %ru%} 115 qfsfluﬂlgtg(ﬁ)?ﬁetg@fef‘g@ﬁﬁﬁm}‘gbj?cﬁgo P? gﬁt@“@ﬂ?‘iad rate
W thin a if deeaninbll Ghsedi cackhedies dr Mt e GRRduredRERe RATRNIANe §fteaddiaed failput i on
with respect to the plurality of materials, t he value of ignition

del ay andvithis theagensd mpdyat senee 9p pecpidange avithrthe detasinatipndefdiencespwntthe o f uel

which is I te.be determn s the quality of the fuel which
is an obj%%sg]{%g%%feuegg'}heerl%nﬁlgadggyzéel%se‘?ﬂ%nﬁgjc? 358%151 r\(%ﬂ%eh t he neasured val ue of
the ignit[poryjdel ay falls within a range smaller than the predeteunined

value within the first range, and the quality of the fuel which is an
obj ect to be detfErth§rnageqrdingetoethei sk avality wiigderminiag neeibhod e thal presest t he

igniti . v fals i1 i I : det i ned
Al v wi (h AL R pattepBlenadh AAgRRer SRR RR ek BECREREEARATHE ) of

‘the fuel sebimdhrdnge amdobhjrefderico b ddichr MdiRtksi the dRit@maARE R#ASEEeOBe Whet her
or not the neasured value of the flanme spread rate falls within the good
product rdisieyed pndbeencadipate plgnenandne det er mi nation reference when the

measur ed val ue ?EinttShGnitﬁé;ic%){)J@Fhageﬁgﬁgl\ﬁ% ;\91“;1? a% tdg&ﬁeé @g%eag%i)[g% Erﬁegaﬁed [0017]

Further, according tot etermning e present
i nvent i onahick of thefpsition dblag ahddie measaied veleeof flare wheairatdekithespédieo fi r st
range and tgl;e?second range and a_reference |ine which indicates the
det er mi ndb§ 6! Mt Entte oBisctdlioshs dgfernined bedisplypdiondhe cpprdmste plage as

measurement points.
[0018]

Further, according to the fuel quality determining method of the present
invention, it is preferable that in the case where the determination on whether or not the
measured value of fuel spread rate falls within the good product range is not possible
based on the determination reference, using the determination reference based on the
distribution obtained at a temperature lower than a temperature in the combustion
chamber when the distribution is obtained with respect to the plurality of fuels in the
case, the determination on whether or not the measured value of the flame spread rate
falls within the good product range is performed.

[0019]

The program according to the present invention is a program for making a

6



poi nts on the coordi nate plane which are deci ded based on the neasured

val ues of the ignition delay and the neasured values of flane spread rate
with respect to the fuel which is an object to be determ ned be displ ayed
on the coordi nate plane as neasurenent points. [0018] Furt her,
accordi I Lt LRI NG . rese i.nvention,
it is ppfg)fn5 eﬁr?] 5%{%2(6{:%%&@?%@({%53%%@?%@%;?gﬂ%ﬁ%&?@}ﬁ%g{}?xgﬁ, gie @A&)gt{ er or not
t he measmalddg ttel asenpafer Exstutesthe etegs ofat e falls within the good product range
is not possible based on _the _determ nation reference, using the

det erni nation rRfeEHERAvAhuRdenition deladpad gl ol hailamaaucadrals Wihper at ur e
| ower t ] i hanber when the distribution is
obt ai neggﬁet@h‘t"?‘g%g%gw‘%l% ﬂ‘%ggﬁﬁﬁgﬁ?tﬁ%‘é@?‘ﬁe| s in the case, the

detem i nati on aletenwhmidpequatity oftthe fiked witkdisis ae dbjeal t de dbtetrhimed kamkwhar ead rate
falls within the good product range is perfqormed. [0019] The program

accor di rige tBeasHEdpyddent 'ﬁv‘@ﬁ‘t“ioangfi@_’ éalg% Gt ranEgK T tﬁ% ter
execut & dbgeiahier Rl hARRdL ek rﬂggl b/ HEhEhit BLAGy R WOfcl Hg,RY 00T am
maki ng t'he conputer execute the steps of: nmeasuring a val ue of

i gni ti omdeljent tabd deteeminet] bad ofheh hike fileasmecd paleadf igniteonvdddy falls patiint o t he

fuel which is an object to be deternined; s etermning quality of
the f uel TFTER 4t er&hﬂfbtﬁar SO e YR Hﬁh‘édﬂ@b‘b@l“*‘%ﬁ%ﬁmﬁﬁ’e asured val ue
of the ignition.gde PRY QPI%]-E,W |, B term ned
val ue within tggEé |?§%égdggggﬂ%nm§%ées?§rf%%n ng1 quatl ?t?%/etlof 19{{2%{18{3 \?A,hi ch is
an obj ectb Healdbemitetlcrasedhex wWhathemwbhenott the nneasad edlue alf tle: Bdme gpictd oate del ay

falls within .the range. |l arger than the second. predetern ned value w thin
the firsels e ﬂ%&god prodct FDEE r1r 35F a@f&oﬁﬁﬁé ¢ SetepuiHEeR r%lﬁrepﬁ% qual ity

of the fyel, WBhfAsiSd Muobi BEiodiforPGe1 et At WiGnbagedd pmgehet her or not the
nmeasured val ue of the flame spread rat'e falls wthin the good product range
in accor[@@dele with the determ nation reference when the nmeasured val ue of

the ignition dellh%yfué1aciu|aﬁty\,\éle;[thIInQn§tl%% e%flcc%na%cgrgﬂl%%b the present invention is a

fuel quality determination device which includes:

a combustion chamber in which fuel injected from an injection nozzle is
burnt;

a temperature adjustment means for adjusting a temperature in the combustion
chamber before the injecting the fuel into the combustion chamber by the injection
nozzle;

an injection control means for controlling the injection of the fuel by the
injection nozzle;

a light detecting means for detecting light of a flame generated by the
combustion of the fuel in the combustion chamber;

a combustion imaging means for acquiring continuous image data including a
manner of combustion of the fuel in the combustion chamber by imaging the inside of
the combustion chamber;

an ignition delay measurement means for measuring ignition delay which is a
time from the injection of the fuel by the injection nozzle to the ignition of the fuel
based on the detection of the light by the light detecting means;

a flame spread rate measurement means for measuring a flame spread rate

which is an increase rate of the flame immediately after the ignition of the fuel injected
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[ 0020] The fuel quality determ nation device according to the
present invention is a fuel quality determ nation device which includes: a
conmbusti on chanber in which fuel injected froman injection nozzle is
burnt ; a tenperature adjustnment neans for adjusting a tenperature
I n the conbustion chanber before the injecting the fuel into the conbustion
chanmber by 06, jePi&Ehb A BREE! R the image da@hchk&ChY AR &RiMuBbn RIS, f O
controlling thge?ﬂﬁ(ﬁgct%n of toﬁle ?dgllag%yathgm:ﬁnj ec}'tion nozzsl eI;1 Aifg a

| i ght detreednsyapdmeans for detecting light of a flame generated by the
conbustion of the fuel, in the conbustion chanber; a, conbustion

i magi ng means f 8P 2BRIYHS MR5RYS g@rffqtmgg iqﬁﬂgé%géfé%fqehb?ﬁﬁéi%hﬁnﬁﬁﬁﬁ of
conbust i Qp0f oA E i fridn ¢ tHeOBnARARERY Mhsh¥RRhD SelfiCarngé de of
t he con‘ous%‘%o(}lft cﬁéé]rtoern; H&a}ﬁﬁaﬁﬁgﬁgﬂfgm mln ?gl gy r?rgasur erreﬁt rregﬁgéfor
measur i ngnégoietli ealudebfythavhilahe | preadt irae  freesurécheédyi hedldnon spfeatiheaté uel by
the injection nozzle to the ignition of the fuel based on the detection of
t he | i ghtMEAPUEHENf NGRS #8E¥E i ng nmeans; a flanme spread rate

nmeasur enment nea ' I : ' ' | ease
measur ement f|a@ gl%a%sgsf%g Behvadds! 2 BBoraRhR2HIahAEE sWEH & Mnbrhef MhdiNRE €S

y after the ignition of the fuel injected
coordinate plane has a coordinate axis which indicates a value of ignition delay which is

a time from fuel injection to fuel ignition and a coordinate axis which indicates a value
of a flame spread rate which is an increase rate of a flame from a point of time
immediately after fuel is ignited with respect to a plurality of fuels whose goodness and
badness of quality determined based on the presence or the non-presence of a
combustion failure as a result of an actual use of the fuels are already determined,

the analysis means defines a first range which is at least either one of a range
where a value of the ignition delay is smaller than a predetermined value with respect to
the ignition delay and a range where the value of ignition delay is larger than a second
predetermined value which is larger than the predetermined value with respect to the
ignition delay and in which goodness or badness of quality of fuel is univocally decided
based on the value of ignition delay, and a second range which is a range between the
predetermined value and the second predetermined value and in which the goodness or
badness of guality of fuel is not univocally decided based on the value of the ignition
delay arc defined bascd on the distribution of the respective values on the coordinate
plane,

the analysis means uses a determination reference which defines a range of
values of the flame spread rate indicative of good products which correspond to the
values of the ignition delay on the coordinate plane with respect to the flame spread rate
within a range which includes the second range based on the distribution with respect to
the plurality of materials,

the analysis means sets a temperature in the combustion chamber to a
predetermined temperature by controlling the temperature adjustment means and the
injection control means, and injects fuel which is an object to be determined from the
injection nozzle and burns the fuel,

the analysis. means determines quality of the fuel which is an object to be

8



by the injection nozzle based on the inage data acquired by the conbustion
i magi ng neans; and an anal ysis neans for determning quality of the
fuel based on the neasured value of the ignition delay neasured by the
ignition delay neasurenent neans and the neasured value of the flame spread

rate neasured the fla spread rate asurene ns,..wherein
t he anal &r@l‘??gé?ggp‘?’w tggg“‘%&%‘grvﬂﬁlﬁﬁfg%p}giﬁé% eﬁ@%ﬂsymlﬁ rrlafl%eat t he
coor di na,2.11e}l aP8 m@&e@%e&ﬁﬁrngh mlaru_% wihia (M Fed radpdi 6 BSte@niM@ 1iQf of gni tion

delay which is a time fromfuel injection to fuel ignition and a coordinate
axi s whitbé fushditgelt Bsanachjedtue bofdetermirgdbad priwadhe areaswipd whlug of agnitiercr ease

rate of fl froma point of .ti i medi ate after. fuel,.is ignited with
respect C@Yaf%g? W%‘H% rg?gefn]ﬁ%ae’é ﬂW}gE% Segf%g ﬁéesdgle\é'ﬁ o dals SLtHp u]glis]f ty
deter m nggbddaggd on the presence or the non-presence of a conbustion
failure as a result of an actual use of the fuels are already determ ned,
the anal ysi s nmelenanatisis meansaletarmines gandesavhi birdness off the auslity eif threfuebne of a
range where a value of .the ignition delay is smaller than.a pre er m ned
Vel be wiEhich BvtibeSigo phdSiegiitier SRy ahs & TRLembARRa L GIEC !
bgnitiomded ayrd.d ¢ 98lls thAmnatneecons moadetangd nedadeatdaaceiiiah the | ar ger
than the predeterm ned value with respect to the ignition delay and in

whi ch gobtiredzation rofethmes svheh thpimeasuyedoyalpief thegemipy delay Ifgllsdwithindle based on
the value of, ignition delay, and a second range which is a range between
the predSP¥I4PHEY val ue and the second predeternined val ue and in which the
goodnessjpppipadness of quality of fuel is not univocally decided based on
the value of the ignition delay arc defined based on the distribution of
the respecti ve Ingheulss] gualithdetemonigigyise prepiding to the presephmveriny 18 means

d ' ' fer. whi def i . f he fl
pr ead BBt P aTeF S G abt et SRR A bR IRl B TRt ves of

the i gnifetdéhcdalndywhioh dBBn&ORE dirfiaheddhanthc Webdhdr Rageaid boefehmcé liaee spread
rate within a range which includes the second range based on the

di st ri buvhish indieatesrthe detexminatiarestopense amithy cesrdingtedrqng) and displays poigtpe
anal ysi s B2 E ot altaltlg TR cﬁmae;[réjﬁ%ci&le{a] Bl §1I?| HRURLABRAGARED BF tHeQefition
predeter?"n ned P B rolling np J E

enper ure py con e tenperature adjustnent neans

and the d&dnsesid 1O nt@Bikdvaleastlamadpred] £ad sithuedpendtoahe ikl ahichldpent to be
determ ned fromthe injection nozzle and burns the fuel, the anal ysis neans
det er m neljeqtiabs dstemtingdhen thesposginaghplpae agosaspeetent poiges- g

[0022]

In the fuel quality determining device according to the present invention, it is
preferable that the analysis means, in the case where the determination on whether or
not the measured value of fuel spread rate falls within the good product range is not
possible based on the determination reference, determine whether or not the measured
value of the flame spread rate falls _Within the good product range using the
determination reference based on the distribution obtained at a temperature lower than a
temperature in the combustion chamber when the distribution is obtained with respect to

the plurality of fuels .

Advantageous Effects of Invention
[0023]

According to the present invention, it is possible to reflect the presence or the
non-presence of occurrence of an engine trouble as a result of actual use of fuel thus

enhancing reliability and accuracy of determination of quality.
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det erm ned good when the neasured value of the ignition delay falls wthin
the range snaller than the predeterm ned value within the first range, and
determ nes quality of the fuel which is an object to be determ ned bad when
t he measured value of ignition delay falls within the range larger than the
second predeterm ned value within the first range; and t he anal ysi s
nmeans det erm nes goodness or badness of the quality of the fuel which is an
object to be determ ned based on whet her or not the neasured val ue of the
flame spreaelf Datdpfied dBDmmtihgsn t he good product range in accordance with
the determ nation reference when the nmeasured value of the ignition delay
falls w tl80%k he second range. [0021] In the fuel quality

determ ni ng devig ceor di t ps.es kN ] g r bl e
that the anal ysiP(sig'rrga?lés) fuﬁ%e%@ﬁ% uﬁdlg: 8\2& i qu%%{ugg?tbm zﬁeqdﬁéag{tgys a

r ef er enceddtdritgnatidinclavide htdeding heodd émpbodinagefdndprtdtar Beeaha. range and a
reference line which indicates the determ nation reference on the

coordi nat e pl and’ig-2nid adTieBISBYEIng s Herh SHIEHRLECHIBEN IR tHICAAPIGHRVERD ar e

deci ded b gﬁ sured values of the ignition delay and the neasured
val ues ofgfﬁjgbn@ﬂg%?%a ?‘ate with respect to the fuel which is an object to

be determ ned orFij.lkisaochswishavidgpl gash Fbcrovahuig@ il tipeiin peessird 02 2el
In the fuel quali tg/ﬁadeterm ni ng devi ce according to the present invention,
it is prahiselgirothmeonbustion shapbes igpiessed- n t he case where the

determ nati on oR;; -her_. . %EE val 0 p rate
falls withint hg: l%gﬁgbgr%%c%ﬂ%%ﬁrésgnﬁ n ‘gg%sagﬁﬁ“?}el %‘giséégh%rsld %fﬁ@ge if
det er m naguaatityreflighenoaghtddberby dcognbiegshel fuelr innixd cdnfittustie@shanedr.val ue of the

flame spread rate falls within the good product range using the
det erni nati on r &i@reliceViEWsBQWHE SHEINHPUS iMage dnagessHPEHBE the manies 9ber at ur e

| ower thap, utsﬁéwgfﬁ[e}‘ih‘?héﬂ)rﬁﬁﬁtﬁ? Usitd.On chanber when the distribution is
obtained wth respect to the plurality of fuels. Advantageous Effects of

I nventi on [ 0023]JFig. 6 is an exflaaatoek wigwt of 4 fuel fpuatse déteimmnptmethod adcordingossi bl e
to reflect the presence_or the non-presence of occurrence of an engine
troubl e d§°§eﬁg’g’8$¥n%‘¥ Ogﬁ?lﬁlﬁseﬂé’é"@ﬁo?-uel thus enhancing reliability and

accuracy of det g paji on Qb1 AR tew of the fuel quality determining method

according to one embodiment of the present invention.

Fig. 8 is a flowchart of the fuel quality determining method according to one

embodiment of the present invention.

Mode for carrying out the Invention
[0025]

According to the present invention, indices which respectively indicate
ignitability and combustibility of fuel are used, the determination references which are
based on measured data on fuels whose goodness or badness of quality is already
known through an actual use of the fuel are set in advance, and goodness or badness of
quality of fuel is evaluated or determined based on the determination references.
Hereinafter, an embodiment of the present invention is explained.

[0026]

As shown in Fig. 1, a fuel quality determination device 1 according to the
embodiment includes: a combustion chamber 2; an auxiliary combustion adjustment
part 3; a fuel supply part 4; photo sensors 5; a camera 6; and a control part 7.

[0027]
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Brief Description of Draw ngs [0024] Fig. 1 is a view show ng the
overall constitution of a fuel quality determ nation device according to
one enbodi nent of the present invention. Fig. 2 is a view showing a
graph expressing a change with tinme in pressure in a conbustion chanber.

Fig. 3 is a view show.ng a graph 1y ' | [ I re of
fuel injected %h‘foénq?u\ﬁ,\%mg%g%ﬁ?%rngﬂl%ﬁlg%bfg?ﬁ?g&%g%%ghsgngtidﬁ &1&&%}% 4 is a
Vi ew show ng @ne eM%adiilest, Othe acogibablior XpaRbET NYs Forhange 4 fixedianlirty of

| i ght brought about by conbustion of fuel in the conbustion chanber.

Fig. 5 icontiner dwvitigosmpreximeishy aulindsicalngiyeei sgths waphusien §BabE fdhner of

nmbust i f,tuel in th nb ' TR ' '
el anat PPt uhSorosnt AHHRV R AR R tgn is cliene Ll B rfRl e

embodi Mefitec@én.t NEhcoRSRBON $PEEO1D @ ¥ormed as a cylidgcal dpice ARIn@alianetory vi ew
of the fuel quality determ ning nmethod according to gne enbodi ment of the
present dfnlnunemd a height of Ejgmmg Tae gombygikarasianyrer his qopslituisdaasia v

determ nciorr]lgaitge?tn?a%g oft kel gli;l&lgasts?ahﬁgs% S%qull éﬁﬂﬁ)leqf the present invention.
[0028] |

An observation window 11 is provided to the combustion chamber 2. The
observation window 11 is a window provided for allowing the observation of the
manner of combustion of fuel in the combustion chamber 2 from the outside of the
combustion chamber 2. The observation window 11 is mounted on a peripheral wall
portion which forms the combustion space 10 in the approximately cylindrical
combustion chamber 2. The observation window 11 is formed such that the inside of
the combustion chamber 2 can be observed from the outside of the combustion chamber
2 through a quartz glass 12. The quartz glass 12 is mounted in the peripheral wall
portion which forms the combustion space 10.

[0029]

An injection nozzle 13 for injecting fuel into the combustion chamber 2 is
mounted on the combustion chamber 2. The injection nozzle 13 is mounted on an
upper portion of the combustion chamber 2 in a posture where an injection port is
directed downwardly so that the injection nozzle 13 injects fuel into the combustion
space 10 downwardly from above. In this manner, according to this embodiment, fuel
injected from the injection nozzle 13 is burnt in the combustion chamber 2.

[0030]

Further, an ignition plug 14 is mounted on the combustion chamber 2. The
ignition plug 14 is mounted on the peripheral wall portion which forms the combustion
space 10 in the combustion chamber 2, and the ignition plug 14 is connected to an
igniter not shown in the drawing. The ignition plug 14 is provided for igniting a
mixture gas supplied to the combustion chamber 2 from the auxiliary combustion
adjustment part 3 as described later. The manner of operation of the ignition plug 14 is
controlled by the control part 7.

[0031]
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LTI ], et

Mode for carrying out the Invention [0025] According to the present
i nvention, indices which respectively indicate ignitability and
conmbustibility of fuel are used, the determ nation references which are
based on neasured data on fuels whose goodness or badness of quality is

al ready known through an actual use of the fuel are set in advance, and

goodness or badngss.0f,nAUak{Yeisk 1%%%{; d&s%he@rgﬂggz?n%glgllt Fas ?&‘gﬁé %ﬂﬁ&ti%ﬁ‘sed on

the determ nati on references. reinafter, &an e present

i nvent i oncambex pliscoedctefl @0 ] combustion cifdnish@wn Ainrexhibgst cdntrdl vatiel 160gal ity
determ nation device 1 according to the enbodi nent includes: a conbustion

chamber 2OoWHe AR the Grhgust Grsuk: | desaharst ertiol palve 161s avalveforswigshipepart 4;

photo se : ]S?{Tg : 7 0 .

conbust i ge?]&é%aogghéi‘% 0 E{Sgnue ?&ﬁ%ﬁ%ﬁ&?éﬁ@ﬁﬁ%ﬁh}@*ﬁtﬁg égrw%la%]%af‘%erﬁl f(r:%r@nber 2.
In this etbadidestthe chaboatbubbinber T hadrhabn-2xhsust aawactheasthz dischege\vdl une
cont ai ner _havi ngésiéproxi mately cylindrical shape, and the conbustion

chanber 20 QuBK Eghigem thacemprstion chambrs 2s stoppid. ndieczhauskrantigl valve lon i s
al 1 gned Wt fobide A" b Cabinfl ! AL Qinediof GRHBY HARY tﬁ@ggga%f Pk, 187iRd as a

cylindrical” space having a dianeter 0 nm and a heéi nm
conbust i aenatdadberth corsbewips ichabead. as a cont ai ner made of netal such as
st ai nl ess el , for exanple. [0028] An observation wi ndow 11 is

provi ded [10@5% he conbusti on chanber 2. The observation w ndow 11 is a w ndow

provi ded for al ltgw . i.on: of e f i fuel
in the conbusti (;I‘ri:l‘é"g&g%%gﬁpgti? ﬁ%‘%@%hgﬂg&tﬁrg@f of tﬁéanggﬁg%s@g #%&nslt g‘ﬂ% er 2.
The obserwahtd bf) bifurdea ifith 4 satnmabetiedstgipal fefor padsatingvabturad disch@pe i ch
forms the canbusti on space 10 in the approximately cylindrjcal conbustion
chanber 212KRg UgHe ﬂ)ﬁ%%ﬁﬂ“ﬁﬁ%ﬁi@@@@ﬁﬁ@%h@&ﬂé@@% f3hest of t he

Combust! e tarinadutas bespbasail ] (Ale QMpLPe o Mitucat
peri pher dy thel forqedrdischargehofcd biuowt rgas tidn ¢hec corbbistion whambee? 1§ . the vacuum

pump 17, discharges the burnt gas in the combustion chamber 2 such that the retention

of a residue generated after combustion is prevented as much as possible.

[0033]

Open/close valves 18a, 18b for switching are mounted on the natural exhaust
pipe 15a and the forced exhaust pipe 15b which constitute the exhaust pipe 15
respectively. A burnt gas in the combustion chamber 2 is efficiently and speedily
discharged by an open/close control of these open/close valves 18a, 18b. The manner
of operation of the exhaust control valve 16 and the open/close valves 18a, 18b mounted
on the exhaust pipe 15 are controlled by the control part 7. Further, a safety valve 19
for ensuring safety under a situation where an atmospheric pressure in the combustion
chamber 2 or the like changes is provided to the combustion chamber 2.

[0034]

Further, a combustion-chamber-use thermometer 21 for measuring a
temperature in the combustion chamber 2, and a combustion-chamber-use pressure
gauge 22 for measuring pressure in the combustion chamber 2 are mounted on the
combustion chamber 2. The combustion-chamber-use thermometer 21 is a
thermocouple, for example, and the combustion-chamber-use pressure gauge 22 is a
pressure conversion element, for example.

[0035]
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[ 0029] An injection nozzle 13 for injecting fuel into the
conbustion chanber 2 is nounted on the conbustion chanber 2. The injection
nozzle 13 is nounted on an upper portion of the conmbustion chanber 2 in a
posture where an injection port is directed dowmmwardly so that the

i njection nozz 13 .i.njects fuel J O. ' wpwar dl y
fronlabovg..InHSﬁF}ﬂhgﬁﬁgpﬁngﬁﬁh%&gﬁgm%gﬁgﬁfgggﬁ@%§§%§ﬁ$@£¢égwﬂﬁhjected

from t heyit®)igghdiap Hazmp&atlte,i $ poessie il ihe copipbuiaits an thbamheusizon [ 0030]
Further, an ignition plug 14 is nounted on_the conbustion chanber 2. The

i gni ti orchamber 24 Tioat e the camilisry Rempesiop sy ustmeRfl 1aripdradivsts dhrBbiebr ms t he

conbust i space 10 i t] i.gni.tlon plug 14
o Ronnetted 25 uhhsflot BB LR L SRARAIREY e A il bO Mehd i) 19 19
i s provigathukdn inghé EdmisusBonichdntsee 2gas supplied to the conbustion chanber 2

fromthe auxiliary conbustion adjustment part 3 as described |ater. The
manner dP0¥peration of the ignition plug 14 is controlled by the control

t 7. [0031 .- . : i -di [ b t
Gas i the conissiant HbaRlion AR Bhr B BOutR SOANL R B D o

An exhauslt ai@giost &BYleNabyseadio 32 s Thustjedmont gaeardxhinstetes phpejuktment lges exhaust
control valve 16 I1s a valve for switching a_state of the burnt %as bet ween

an exhaustdesphpsygeReinte thechnpitiegeny ik nixedyjagd Ha cgBIESholR RCIHIFERR of t he
nbust i h : - i th
burnt o tapPSR REbudh B4 BSR EXMAY SR, MISLEGE A BEtel o7

val ve 16 @hylemvgaied a faelt dae, atidds bodnectet! ta tlecrvnaasiiencimorter 2 throhgir an t he
exhaust pipe 15 is connected to the conbustion chanber 2. [0032] The
exhaust Phpene1zsisypplEping 3orti on t her eof downstream of the exhaust contro
val ve 1330§§furcated into a natural exhaust pipe 15a for perform ng natura
di schar maki ng use of a high pressure state in the conbustion chanber
2 and a f or ced Bxhauht apkifieryldimbusiiorpatjigmentygri osupptetirsaipestgentigps a vacuum

Combust | Bl HURBBE Bk R RTBROR PaEPG AR ge hrs BHRFE S5s | n t he
corbust | Shs BRI Ruateiily WIBIGE gl poh Rt sisuarasmaietad o o
combustion chamber 2 through the ethylene gas supply pipe 34. In this embodiment,
the adjustment gas supply pipe 33 and the ethylene gas supply pipe 34 are connected to
the combustion chamber 2 in a state where middle portions of these gas supply pipes 33,
34 are merged to each other.
[0038]
A mass flow controller 35 and a control valve 36 are mounted on both the
adjustment gas supply pipe 33 and the ethylene gas supply pipe 34. By the mass flow
controller 35 and the control valve 36 mounted on the adjustment gas supply pipe 33, a
flow rate of an adjustment gas supplied to the combustion chamber 2 from the
adjustment gas tank 31 can be adjusted. By the mass flow controller 35 and the
control valve 36 mounted on the ethylene gas supply pipe 34, a flow rate of an ethylene
gas supplied to the combustion chamber 2 from the ethylene gas tank 32 is adjusted.
The control valve 36 may be configured such that a control valve which is used in
common by an adjustment gas and an ethylene gas is provided to a pipe portion
downstream of a portion where the adjustment gas supply pipe 33 and the cthylene gas

supply pipe 34 are merged to each other.
[0039]
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Open/ cl ose val ves 18a, 18b for switching are nmounted on the natural exhaust
pi pe 15a and the forced exhaust pipe 15b which constitute the exhaust pipe
15 respectively. A burnt gas in the conbustion chanber 2 is efficiently and
speedi |y di scharged by an open/cl ose control of these open/close val ves
18a, 18b. The manner of operation of the exhaust control valve 16 and the

opeh l oee Val Ve Sy MPAL P LR ST L sRLRE cHEASLEEOM01 |0 b

the control part ensuri'ng ety under a

si tuat i onflowentes anc aljuesdespectiale $surthe icombigioosHatbei Qrbyc iRMsgliadyor the
| i ke changes is provided to the conpustion chanber 2. [0034]

Furt her, @eRwhen adighmenbapés. agecmixed warathere oyeen Ok aditegendNg) and

t enper at i 0 i r i on- er-use
pr cesur ¢ GeE loAISPETNER T, SRA0REr o MARAARER IRl RCORRATD 5%,

mount ed anibistico oidstidr AN eBaelju?mertigis GO BB UkdDin-the adidstinans ead tagk nomet er
21 is a thernocouple, for exanple, and the conbustion-chanber-use pressure
gauge 22 1ls for pragpleee adpmiasmyigsn heriagdis commositionaas|of 34ppoBsiygen and The

auxiIiaryfﬁggpﬂﬁ%%gpmqg&ystnent part 3 is configured to adjust an amnbi ent
state iné?udlng a“tenperature, a pressure and gas conponents in the

conmbusti orfoedgnber 2. That is, the auxiliary conbustion adjustnent part 3
adj usts an anbient state in the conbustion chanber 2 to a predeterm ned

state i n advancd DEyfueleHBRIN DR & SRBUSHED I supPbhckiorhsuasncsied b dhe el 2.
0036 . b ti ' 'y
gdjus%neﬁ¥m82%£$§ﬁﬂﬁé¥k2%{‘§ﬁpg¥ﬂﬁi%§@3322H§%ﬁ@ﬂgﬁgﬂ%ﬁgégﬁf%s?ﬁ%ﬁ?ﬂgas t ank

31 st or esupplygejtubiochiibs géise] nadtet10f T gelnarikd ostodes diliel vé be D@pectéds and xed,
and is cannected to the, conmbusti on chanber 2 through an adjustnent gas

suppl y pilp&omscietre the wiaciarnezde { hkough sfust sipphnpige gt ehbaldadhasiel fuel
gas, and.gugp@aﬂ%éo@g}i&soﬁ&m tﬁgggg&ﬁﬂm 5 AR ctiﬁl ngz?é“lgshn%‘ngﬁsl{giﬁttﬁé( pe gas

supply pip t 1s, the auxilrary co on adj ust nent
part 3 suppplygspeed?.adj ust nent gas in the adjustnment gas tank 31 into the
conbusti%ﬁ Eﬂanber 2 through the adjustnment gas supply pipe 33, and

suppl i es B thylene gas in the ethylene gas tank 32 into the conbustion

chamber 2 throughet gfﬁ_%luﬁgg¢g§§1 I ' LS ' t, the
adj ust nrent gas suggﬁy p? é 33 an fﬁ%ggﬁﬁgpgﬁguggg1§EB%$$EE| e Lﬁgge
connect edredetertnenaslo phassitre cande fanbeppl@ing ntha fiehte thdhdngectiord dlogzlpotl,i ons of

these gaSco?nlfJFr)&lsgr % ggcf a 3él p%élnpaéif “Fhregceo(i!nI;[rgssgl(:al %] isoéor;l%géted to the fuel tank
41 and pressurizes the inside of the fuel tank 41. The fuel pump 44 is mounted on the
fuel supply pipe 42, and forcibly feeds fuel supplied to the fuel supply pipe 42 from the
fuel tank 41 to the injection nozzle 13.
[0042]

The fuel pump 44 includes a piston 44a which is operated with working fluid,
and is operated with the supply of working fluid. The supply of working fluid to the
fuel pump 44 is performed by the constitution inchuding an oil pump 45 and an
accumulator 46. The oil pump 45 and the accumulator 46 are connected to the fuel
pump 44 through the electromagnetically operated valve 47.

[0043]

In the fuel supply part 4, fuel which is pressurized by the compressor 43 is
further pressurized by the piston 44a which receives working fluid pressurized by the
accumulator 46 and is pushed by working fluid, and is supplied to the injection nozzle
13. The operation of the electromagnetically operated valve 47 is controlled by the
control part 7. With the use of the fuel supply part 4 having the above-mentioned
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[ 0038] A mass flow controller 35 and a control valve 36 are nounted
on both the adjustnent gas supply pipe 33 and the ethyl ene gas supply pipe
34. By the mass flow controller 35 and the control valve 36 nounted on the
adj ust mrent gas supply pipe 33, a flowrate of an adjustnent gas supplied to

t he Conb%ﬁgﬁtﬁﬁ%lng@é;%%lg ?lrjg({t%gﬂé)tf Aq'j?E'ﬁLfﬁé 05Rbus8aR s{)aﬁ@ lﬁg‘gﬁlorﬁﬂ{é Hecadi ust ed.

By the nass e control nDunte on the

et hyl enencgale 1SUpphyirgd. pe 34, a flow rate of an ethylene gas supplied to the
conbustion chanber 2 fromthe ethyl ene gas tank 32 is adjusted. The control
val ve 3d0R#4 be configured such that a control valve which is used in

conmon by an a(iﬂuﬁﬁm; 'a}mgggpe%dﬁ)? lseﬁé}g,hg%gmhg%@ma%g%ﬁ yt% i pe

portion downstreéa tion where gas s pi pe 33 and
the et h)ﬁh}%ﬂﬁo@@&zzﬁﬂ@&lfmr@ltﬁmﬁ&ﬂ sapy partgeds tanreated totahemnedtRR3Brtion
In this manner, by supplying an adjustnent gas gnd anvgH yl epe_gas. whose

[

f|OM/raﬂ@@Mﬁﬂ@haéW%§m@dypg@ﬁ@dﬁ@ﬁb?yuvﬁpanpﬁ@e& bl wabasaareed py t he
| st t 02
auxi | i ar&{{o%g He éfrée?{? Yy &Eff?rg %ecﬁﬁnmiteagﬁ Qi X%’xh ML Garexygen (02),

ni trogen ene to each other at a

pr edet ermbineed omtte dran@éreisat ed in the conbustion chanber 2. As an

adj ustnent gas to be stored in the adjustnent gas tank 31, for exanple, an
adjustndﬁ %as havi ng the conposition rate of 34% of oxygen and 66% of

nitrogen is us?g’le eogu%@]sug%lybglpe 4he, fg%@usél‘m&lﬂb US P S nfe@8in gué ed to

supply fuel I nspect the’fu qual ity eternlnatlon device 1 to
t he insiwema@nnhefﬁﬂmhmbémgaﬁahﬁnheﬁmZQWWMHlmMEk:Ehmpiquﬂﬂmepmﬁmnéudes a
fuel tank 41. The fuel, tank 41 stores fuel t ns ect ed, is
connect e3fuEs S¢ r inﬁ?%&lflg@ﬁe%ﬁ?éueiéo Pﬁﬂ%“éFFP §ORbF 1 aﬁmnw%glﬁglwe That

i's, the f, eéugﬂié/ﬁ&%utse AnstpRid&sst yela 'tHénhQ@oufplémfo} %ﬂg‘m L, taatdhe

|nject|on nozzl roug the fuel supply pipe 4 [O The
fuel supfklugegressdreigacteifils,a @esstiveconversivn telenanh fﬁmxap‘rpéssurl zing fuel to a
predeternlqéd pressure and for supplying the fuel to the injection nozzle
13, a c ssor 43 and a fuel punp 44. The conpressor 43 is connected to

the fuel tank 4 30giPL&Isus '1§§§ovt1&% fop$tARiRd ahdGebbiglo Il%ﬁi%f‘lalﬂaﬁﬁge fuel
punp 44 is nounted on the fuel "supply pipe 4 and forcibly feeds fuel

suppl i edwhichtiheeferated silgngl yithicpabigionr offuchi fhgedombamstions ¢hangber Re ilmj ecti on
nozzle 1‘[]3&3 érggcﬁﬂnent, the photo sensor 5 is arranged at three positions in a spaced-apart
manner from each other in the vertical direction. In Fig. 1, for the sake of convenience
of explanation, the photo sensor 5 is shown in a state where the photo sensor 5 faces the
inside of the combustion chamber 2 through the observation window 11. In this
embodiment, however, the photo sensor 5 is provided in a mode where the photo sensor
5 is embedded into a peripheral wall portion which forms the combustion space 10 in
the combustion chamber 2, for example.
[0047]

 Adetection signal outpuited from the photo sensor 5 is inputted to the control
part 7. With the use of the photo sensor 5, time resolution in observing a combustion
state of fuel can be extremely easily enhanced, and a combustion state of fuel can be
accurately and surely measured. In this manner, according to this embodiment, the
photo sensor 5 functions as a light detecting means for detecting light of a flame
generated by combustion of fuel in the combustion chamber 2.  The mounting number

and the arrangement of the photo sensors 5 are not particularly limited.

[0048]
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The fuel punp 44 includes a piston 44a which is operated wi th working
fluid, and is operated with the supply of working fluid. The supply of
working fluid to the fuel punp 44 is performed by the constitution
including an oil punp 45 and an accunul ator 46. The oil punp 45 and the
accunul ator 46 are connected to the fuel punp 44 through the

el ectromagneti calpley.anes 3t 8 WhV&eéy v%c{eg%ﬁlera and is erv’j‘ﬂetdhﬁ)rfaﬁgléjriﬁg'ppl y

part 4, fuel which is pressurizZed by the conpressor 43 is furt

pr essur i ziethgbylatahen peahloustidd atarhoiCiuck mdke vembustiokichgmbéril. d reassurd Ged by
the accunul ator 46 and is pushed by workjn luid, and is supplied to the

i nj ect i onfSf6PRER 182 HHE Y P dbs GRgR @ﬁjéce%%%ﬂba%@tﬁa Wg@wﬁ% rihe ed

val ve 47 ichiGiaids Qlohfds DYaddnG00k EbnBtlcobulidnt NBinkSE: Rlhabide of He!

suppl y paf?n4 lav?%g tﬁeya ové%nentlone 8ong¥¥tu?§onPgtﬁ% SEJ%FS

i nj ecti onflahe foamdratedttyy thmbogivpust ifieh ispéke ecobbuktiamchinebérn} dbtdugh thezzl e 13

I's ensured. [0044] Further, a drain pipe 48 for discharging surplus
f uel frorﬁqﬁsﬁ‘gﬁu%%ﬁldi‘)@’d”t% aghpgh Imaeing 057 nozzl e 13 fromthe fuel supply
part 4 iqugﬂnected to a connection portion between the fuel supply pipe 42

and the injection nozzle 13. Fuel which is discharged through the drain
pi pe 48 is stor ésagndaa dequiiredtbartkhe d8nerdit io pewited osthe vahtve (Bl 4. s Imthint ed on

e 00N B, o 348k g o 85 L 6 PUBPYGPL FPuaeboR) 0%,
o el 1 G R o T A Ry cssure
f uel - use dhambeoZefeerevsty i0sSms.t hdnnthsomphmesr, hotordirgripl this embodilvent, ubt - use
Pressure gaude s Hndidnd o8 Lo iiusi o Mishins ey ShEh seqlidts SSATRS infagd *°!
data including the manner of combustion of fuel in the combustion chamber 2 by
imaging the inside of the combustion chamber 2.
[0050}
The mounting number and the arrangement of the cameras 6 are not
particularly limited. For example, by arranging the camera 6 at two portions, that is,
an upper position and a lower position with respect to the observation window 11, a
combustion state of fuel in the combustion chamber 2 can be observed in more detail,
Further, with respect to the arrangement relationship between the camera 6 and the
photo sensor 5, the photo sensor 5 is provided in a manner where, as described
previously, the photo sensor 5 is embedded in the peripheral wall portion of the
combustion chamber 2 or the like so that the photo sensor 5 is arranged in a state where
the photo sensor 5 does not interfere with an image imaged by the camera 6.
[0051]
The control part 7 controls respective parts of the fuel quality determination
device 1 based on a predetermined program. The control part 7 includes a storing part
which stores the program or the like, an arithmetic operation part which executes a
predetermined arithmetic operation in accordance with the program or the like, a storage
part which stores an arithmetic operation result or the like obtained by the arithmetic
operation part and the like. The control part 7 is a computer having the constitution
where a CPU(Central Processing Unit), a ROM(Read Only Memory), a RAM(Random

Access Memory) and the like are connected with each other through a bus or the like,

le



The photo sensor 5 is provided for receiving and detecting |light of a flane
which is generated al ong with conbustion of fuel in the conbustion chanber
2. In this enbodinent, the photo sensor 5 is arranged at three positions in
a spaced-apart manner from each other in the vertical direction. In Fig. 1,
for theiﬁﬁ&&mﬂﬁ conveni ence of explanation, the photo sensor 5 is shown in
a state ere ‘t he photo sensor 5 faces the inside of the conbustion chanber
2 througbosiie observation window 11. In this enbodi nent, however, the photo
sensor 5 is provided in a npde where the photo senggL_S i S enhedded into a

peri pheral wal IThgctantigh Pk énemeraias thsecBbustion | Ynitspde ehe cromppusion

conbust i : g ) . i I I

Qlai'p tment
out put t et Ialfrfﬁom ﬁéoﬁ%@%glgﬁg%@ c‘iogr% %%%%ﬁ %dé](lig tSn t}ﬁ]g%g%nﬁﬁ El%ﬁ{éi)gdr@ W?i Wth
t he use @it 4.heTlEhedmros @as OF p&forinsrm anabelsudfi faal, it dstke detegnimatanbiist i on
state of fuel can_be extrenely easjly enhanced, and a conbustign state of

fuel carfwbtyaglichbaied omdata (oEnged b e BP0 SARSCRPS AR B Il ng to
this e i 1 a |ight detecting neans
for deﬂg%e%ﬁﬁ?%%%ﬁngﬁ?fgﬁgﬁlgfelﬁg?%%%gﬂ%% &'sti on of fuel in the
conmbust i[gdsxjhanber 2. The nounting nunber and the arrangenent of the photo

sensors 5 are not particularly limted. [0048 . Th ra 6 1s a
hi gh- speed vi ddde ceansrh Pafd7i 40 PSR e dertsite a‘l?ﬁtﬁ%%tl?rhﬁgm%%ﬁ a
combust | ARREAYP Bimb! S, el bin Q'Eﬁ%“@%ffdg brGREEBRbudion IMENBRMB iRk | S
arranged in a state efe thé cafera aces the observation wi ndow 11 of

t he conbust ivdrere tenb@nb&tioandhambeag2 ss dilledmaehl peudovombwsta predéteamhined ng t he
behavi or of a flane generated by conmbustign of fuel K in .the conbustion
chanber BetHEAIgH RRETHURTY SPIPERF RYSWIIRE & Premikedeas s FRRBERY . [ 0049]
| mage dalgnBeal Pk Bl Bat RAeafs ik ORISR tihBnfRiGPthRRet 7. 1N

this enbodi nent, the canefa 6 "acquires 1nmage data at tinme 1 ntervals of

0. 5ns (8 by teemdingsthe alhtitryi ombibteoncalmstaet8 parteicpnd thdinitmmmdug b¥. conbust i on
in the i 85 e of the combustion chanber 2 for every 0.5ns. In this manner,
accordi r@ this enbodi nent, the canera 6 functions as a conbustion

| Magl ng neans %'H&%&%Qﬁé&ﬁé RO Y PAS 7] FRARNEANE thOFaMAAG chitolRRNNEr  Of
conmbustion of fuel in the conbustion chanber 2 by 1 nmaging the inside of the
conbust i ¥namhthebmntral v§le0350]in the auxiliFfeombustidmeardinsimisat paahd, supplies # angenent

of the caneras .6 are not particularl imted. For. exanple, by arranging
Che. cancRBTdcaynedBn R Geiiatydes nd b PrtElap i RAER o st

posi ti onpW iR §RSRRESN LRarhhe PRSAr3atians W pekellgasawhGBSEEPOS) at e of
fuel in the conbustion chanber 2 can be observed in nore detail. Further,

wi th respogen ON2)ndagthd epe tfedH4)r ot anikeh dtgcpich et ameelctdrminedmeicalnghand t he

h he .ph ' ided | ,
foscr i bad BrEU IR 2he. Thoraelnedy b hpeldd TRt o v
portion @f éthecrOmayShiOmhs RomMBastcA Chaktd 2if6emS et hatiliddpec@hBistosensor 5

is arranged in a state where the photo sensor 5 does not interfere with an
i mage i nadjestmpyt neled danint & time that the inside of the combustion chamber 2 is filled

with the premixed gas. The control part 7, after the supply of the gas into the

combustion chamber 2 is stopped, transmits a signal to an igniter which is connected to
the ignition plug 14 so as to operate the ignition plug 14 thus generating the combustion
of the premixed gas filled in the combustion chamber 2.

[0055]

A pressure in the combustion chamber 2 is increased by burning a premixed
gas in the combustion chamber 2. Fig. 2 shows a change with time of pressure in the
combustion chamber 2.  As shown in Fig. 2, a pressure in the combustion chamber 2 is
elevated at a stroke to a value Pmax from a state of a value PO due to the combustion of

the premixed gas. That is, a period depicted by symbol H in the graph shown in Fig. 2
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[ 0051] The control part 7 controls respective parts of the fuel
quality determ nation device 1 based on a predeterm ned program The
control part 7 includes a storing part which stores the programor the

li ke, an arithnetic operation part which executes a predeterm ned
arithmetic operation in accordance with the program or the like, a storage

part_uhi ohoshs SaHIAOP bl PRRLAE AohRMldn ki o hkfighlakagd by

the arithnmetic operation part and t I ke e contr
conput er thavombudthoa chandbts Emdompwgmre iratheRdgrCenticrathaftbec @9 iclegatdditd ) , a

ROM Read Only Y. n.do Access Menor nd the like are
connect edhfwelke a@ﬁfgﬁ%gﬁ tg;gﬁécwb‘fsﬁgnpg‘%éﬁ for exanple. [0052]

The contr g art 7 generates the conmbustion of fuel in the conbustion
chanber y ‘controlling the auxiliary conbustion adjustment part 3 and the
fuel supply par Bytburhhe merpiresmixe@@m iy tipe nfaaners pssudandl igsdencrafedfinehe t hat

i's, the det rm nat of . qual fuel based on data obtained hy.the
phot 0 serFé’Br uﬁtl%fhﬁf‘%rﬁé@ I Zameh éﬂlé em%ﬂirr%’ép%ef%%@t%@feﬁmr YR t‘]ﬂﬁel in

t he coan ngmggd @as g[rgggﬁl;ted such that eff QJEHEﬁ@;’hm%EﬁdJ air Féhe%t gr to

generatet eco ust 1 on- of eco stion Irst
brings t he thasoddustiort bimndmmmgfmmrts dbrappmmirﬁaté]rytﬂ% sHeree am/amcmnt kpé

conmbustion chapber 2 is filled with eudo air of pr edet er m ne essure
and a pr d3eEet rﬁorre%ptrae%@rarxae@ BVPHETh r‘lﬁé‘?‘?fr?}fi‘grﬂ&'é @ggsqoa%%eﬁ%us_ﬂ on
chanber %s s-ltiﬁgoig o 1]{39:ld Bf"raﬁjugtlﬂg RERLBALRS ahidGnPhETLYEA §2%n lab; u%ﬂﬁ?en@%%?ug 1on

chanber 2 by co l'in il1ary conbustion adjustnent part and t he
i gni ti on sabplgedlu.thé Grﬁkﬁlm}suon chamber Tofrtxm th@uwuhmtcombusnomrad]usnmm@brtﬁart 7,

by controlling the mass flow cqntroller 35 ndt control | ve 36 in the
DUt 1 v GRS FHioh PERjeEs e AUC A 25 Sapn e el Qb UPRHLd Rount o
adj ust m%ngﬁgn%p&laﬁlbgfgggﬁﬁrlmened anount of ethylene gas into the
conmbusti on cha thus generating a prem xed gas where oxygen (02),

ni trogen [082)] and ethyl ene (C2H4) are mi xed toget her at a predeterm ned

rate in the conbus ion. 2. The contr art 7.s of
[ he adl ust mone " auShgRR 1§ RATBCL ol i B HrRsRe abied RBishaR aRbaR L 1 om
the auxi li,qhy vﬁﬁ@?ﬁﬁ&'dﬁ@ t& el BB 0P Bf {he3préﬁ1x€d %Qé i%tgr&iually NBwibalut he

i nside of the conbustion chanber 2 is filled with the preni xed gas The
control para hé'at lafs edn tthis progsss whete theeprgssiré it thet bmnb@ttbmwamhemhaﬂber 2

S oL OPP kBT B B SNk o oA SR O RIERIE AR ™
conmbust i Qﬂnfﬁfg. t MRatls, /% &8flrol psrt 7 by &shtioNideBe GRABYSHY S £ Aparb@ate wWherd 0055]
the inside of the combustion chamber 2 is filled with pseudo air by controlling the
auxiliary combustion adjustment part 3 and the ignition plug 14, allows the injection of
fuel from the injection nozzle 13 at predetermined timings thus generating combustion
of fuel in the combustion chamber 2.
[0058]
To be more specific, in a process where a pressure in the combustion chamber
2 is lowered from the value Pmax, at a point of time that the pressure in the combustion
chamber 2 reaches a predetermined set pressure, the control part 7 performs a switching
control of the electromagnetically operated valve 47 thus operating the fuel pump 44
thus allowing the injection of fuel from the injection nozzle 13 into the combustion
chamber 2. In this embodiment, the injection of fuel from the injection nozzle 13 by
the control part 7 is executed at a point of time that a pressure in the combustion
chamber 2 reaches approximately 1.9MPa(Mega Pascal), for example. Further, in this

embodiment, an ambient state in the combustion chamber 2 is adjusted such that a
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A pressure in the conbustion chanber 2 is increased by burning a prem xed
gas in the conbustion chanber 2. Fig. 2 shows a change with tinme of
pressure in the conbustion chanber 2. As shown in Fig. 2, a pressure in the
conmbustion chanber 2 is elevated at a stroke to a value Pmax froma state

of a val 1 l ] i peri od
depr ot od DSy RE R S8 bABRTRHERRR S (eokidEulr SRRy 886 HP kit
conbust itaa presire th Bicembisioa chanbers) is appeivhaeyafoMPar em xed gas in the
conmbusti on chanber 2, and a pressure in the conbustion chanber 2 is

el evat ed®®lt he val ue Pmax fromthe value POin the first conbustion
period. [0056] " I ] | Didchbs PR <. pseudo
air is generat ga\ell lﬁljetcﬁegqégoﬁ%&%s%gﬁ%ﬁgtc%a%ag{rgeé?dff(ggt?ﬁ @Jéecﬂ%% I me%?g )

pr essur eselfagritstipaSintantiert 3tateOinahelcdrhibustibk ehahibdr Reandrientosaishisgas ofifiel adj ust ed
such that oxygen_existing in pseudo air generated in the conbustion chanber
2 anounti§ stagedpplgstheravarlsy, ip foprogqss wWhete BrepHt dhe SPFeionchAelt4 at i on of

oxygen) i @ox?érg&ﬂ,dtﬁ ik RANG ALedd ﬁﬁetcBﬁlprﬁHhU&hh{%.’ér 9*1999@& ?1} %Téox?ft' biably
adj ust ed by a jUS?I Hg a m Xl hg anount of oxygen 1 n an ad]us nt gas

suppl i edithe thdrearc andbiest istuie ctdhimhenz Rrefsugenct heteaperdtin@r iy the ndunstuston
adjustnent part. 3, a mxing ratjo between an adjustnent gas and an ethyl ene
gas suppiealck Bisiaught o dStaghWeish RpaRS g00gf n m@}anﬁ@n qf deyssipd fuel. AS
shown IUQF%% 2, a pressure in the conbustion chanber 2 which is el evated
to the ue Pmax due to the conbustion of the prem xed gas is gradually

| ower ed due to As Heatn lp§g. 2, nduehiosthpraodsstimhef ehd Iel pnjestsdrieorm rthe he
conmbustion chanber. 2 is |owered, fuel is buyrn y injecting fuel fromthe

b ,
i nj ect | ARG NE7218 L3 1 g sprBPRtiRR Che> é’Eesﬁ‘é‘J,e hibecemmistionart 7,
by contrglli t: : r I : L s f the
conbust i%ﬁlﬂgﬁg%ﬁgﬁelﬂ I lénl? #ﬁgg‘ﬁ\%ﬂ tipli)bggél}d‘gh%??ﬁﬁgwg%%ﬁ%:ﬂﬁ %dg}ﬁ%t%goguxi liary
conbust i chandey 215t gradiallydower@dandhathe in grgraphoshopiug Fig 2, alpkvod détheted nj ect i on
of fuel fromyt jnjection nozzle 13 at predeterm ned tjm.ngs thus

gener at iwgsmﬂ_ﬁ;% i@&ﬁa@ﬁ % eapq FOmRRSICR 5T i%ﬂ%ﬁaﬁrﬁ@?@w dsB8y of

To be nofe §PERI donfbustidh BndIR% S SnWNBE BrsRE 8RS BomBPudifdf GARBESDIION
chanber 2 is lowered fromthe value Pmax, at a point of tine that the

pr essur eéempotanéy dovdsertsdurong thisaadrad cembestioingzriadpr edet er ni ned set pressure,

t he cong[rogé part 7 performs a swtching control of the electromagnetically
oper ate Ve 47 thus operating the fuel punp 44 thus allow ng the

i njection of fughhifreMnbheud Rb 86Hua HAEZ LEmBdtibRiRahb& £ adhuplib@py chanber
2. In this enbodinment, the injection of fuel fromthe injection nozzle 13

by the chatfndl sypaht patidiresetaiednamen Fog.ni shéws ianehappatvith presefuiae in the
conbust| g EREIEE & eRELE ARTHERLTRLTOY b RPN TR bt on
chanber 2 (hereadlifies teelr&iehs thal infection pressure”).  The

fuel injection pressure is measured by the fuel-use pressure gauge 52 as described

previously. In Fig. 3, a time t0 is the initiation of fuel injection and a time tl is a finish

of fuel injection. The injection of fuel into the combustion chamber 2 is performed for

approximately 30ms.

[0062]

As shown in Fig. 3, the fuel injection pressure is elevated along with the start

of the fuel injection, is slightly lowered temporarily and, thereafter, is shifted at an

approximately fixed value (see the value Pc). Then, the fuel injection pressure is

sharply lowered from an approximately fixed state in response to generation of a control

signal indicative of the finish of injection of fuel to the electromagnetically operated

valve 47 or the like by the control part 7.
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LS

tenperature in the conbustion chanber 2 becones approximately 684K in a
state where the pressure in the conbustion chanber 2 is approxi mately

1. 9MPa. [ 0059] Fuel injected into the conbustion chanber 2 fromthe
injection nozzle 13 is self-ignited in an anbient state in the conbustion
chanber 2 and the conbustion of fuel is started. In other words, in a
process ﬁﬁg@ﬂ a pressure in the conbustion chanber 2 is | owered, the
injectio fuel into the conmbustion chanber 2 is started at a point of
time that an anth engraphahewsuahtigs 3a dpmessained by wet]epmﬂg atapeaivendatine

combusti on chamber is _hrou info.a state which brin nat ur al
i gni ti on #MOUNHPEE é@jr‘fH‘J’BTlons[%&B@]lnjeCtlon 18 shawng hoqG24 Re P&%mt?ﬁ%ﬂlg ® the

combusti Qi stioi Y5k, 1. BEf AR A biPuhBALS BRARDI Fuc Sibalidife

conbust i anber e pr ure Int |on ch

t enpor ar i dvrispredatietd cach athareitkds aqﬁpemelmtatw@/ smmessfavesfonm t Hleat dgrtheiftel on
chanmber 2 is gradually | owered. That hown.in Fi , a

peri od deq:siah%dftwlgfgwe evigd 4%3#%@%9%1@@@&3@%@89@% ﬂl@rre%ﬁg@&ﬁw chis
a corrbust gtrul) e guel in the conbustion chanber 2, and the pressure
in the co |on er 2 is tenporarily el evated durlng this second
conbust i qn()@ﬁrl od. [0061] In this manner, fuel to be burnt in the

combusti on chater, 2 i SRk bl B8 Al SHER b8 befeb iR °
i nj ected daf gaﬁoﬁ BFRI4E by ﬁé{ﬂ&%& ihd QI b e lﬁjleaﬁ;d T8 3l Rint 31

(herelnafte referred to as I njection pressure") fuél injection
pressur e tirse rthemshe dakl b;qebihum pressure decomesssn amargWIBZﬁ}aé @dasacrﬂnebﬁttl

previously, Ln Fi is the. . |t|at| n_of f ection and a
Pl e o1 iibjegtion mr&prsrolf el rgﬁﬁfifg%%%bfalﬁ* iSAE £ i MleFie Bhe
combusti %3&9&@% Imés 'danﬁgrsogem%@ hRs aRPreYl Hﬁé&ﬂo}i ﬁ@gﬁtre [9Q6ks the As
shown in Fi'g. 3, nﬁ inj'ection pressure IS elevated along with the
start of appeoximetely ir'n}@fcwtahm{sea walsd Pght Ihythmmm aceaqdmgauolthgfft@hdvahty

thereafter, is shifted gt an a f.i xed val ue e Pc).
Then. -t naldBRnap et o6 us SHPRSIEnE G By AR S E RO IR AR GRT mat of ¥
fi xed st al,&8h kd3p é&%p@l@qgeltlﬁegwr@gs[&n of a control signal i ndl catl ve of the

finish of inj ect| on of fuel the el ectromagnetically operated val ve 47 or
the |ike [B963]he control part 7

The control part 7 performs ‘discharges of a burnt gas in the combustion
chamber 2 after the combustion of fuel in the combustion chamber 2 is finished. The
control part 7, for discharging a burnt gas in the combustion chamber 2, performs the
discharge by opening the exhaust control valve 16 and the open/close valve 18a
mounted on the natural exhaust pipe 15a and performs the forced discharge by opening
the exhaust control valve 16 and the open/close valve 18b of the forced exhaust pipe
15b and by also operating the vacuum pump 17.

[0066]

As described above, in the fuel quality determination device 1 of this
embodiment, the auxiliary combustion adjustment part 3 functions as a temperature
adjustment means for adjusting a temperature in the combustion chamber 2 before the
injection of fuel performed by the injection nozzle 13.  Further, in the same fuel quality
determination device 1, the fuel supply part 4 also functions as an injection control
means for controiling injection of fuel performed by the injection nozzle 13.

[0067]

Using the fuel quality determination device 1 having the above-mentioned
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[ 0063] In a graph shown in Fig. 3, data obtained by overl appi ng
respective data anmounting to 30 repetitions of fuel injection is shown. As
can be understood fromthe graph shown in Fig. 3, the respective data
anounting 30 repeti tions of fuel inj ecti on are overl apped with each ot her

with the a tely sane vvav uel~qu
determ né’tn% nﬁ’f d%[eg%l&ﬁ l?résot%éle9< entperr}éogﬁlggum s ﬂel %lathw respect

to the fasdrmifihgGhdidl OF @5 emBodi@AOddes ignition deld; vﬂﬁcmrzﬁlﬁﬁ%(brﬁltﬁe
al though the fuel injection pressure varies slig i:llfor every injection of

fuel duriniegtien plefucbiy the egnitiereoisiugl andof ﬂ@rn@sprﬁ?da@m chfis Ry EICTqage Eipoi nt  of

the t uoroi i s GE g g PO R B AP T Sab K e

node i n thejfest elicotetespast nédtholli dredisdehbsdmanp er ivaely afftths fidiahdivel
i njection pressure becones the approxinmately fixed value (see value Pc). In
this nanmermeter ¢efedbhgot as tigritipy edelayuandieafiveetle ighitahtliton's dewoglant ivf t hi s

oot gl LISBlcSLOPSRNER HAEHE) OF SROHDSTA8] L2 B Mo BRRoE! to the

i nj on pressure con

di schar gesareéiereiteatio gas ﬂaﬂlengﬁeaé @4x0 gdi¢0iRe oh ama&nsu&lai bREr lgﬁlﬁoﬁ efrbusti on
of fuel 1n the conbustion cha 2 is finished. The control_ part 7, for

di schar giuplgs fogsechthugaesurately Hetcepimbisgqodness s kesnesof gyahgfeclt he di schar ge
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nount ed he natural exhaust pipe 15a and perforns the forced di scharge
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forced exhaus';k&ype 15b and ‘énpal so _operating the vacuum punp [ 0066]
As descrigpégn els 3 Hmengomy lwawrt ot deg é}Yn’ihﬁdflleéﬁm?jéW?&% 13 tefth% hi s
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terrperat means for 'ng a Int conbusti on
chanber ﬁjebeémmezztldﬂemljsmﬁedan aof)orhuef tiper thar f@d:lxﬂgyctéd]éronnﬂmchjamomozzl e
13. Further, in the sane fuel quality determ nati.on d vice 1, E& fuel
suppl y pazeles] Byjssignitegn i §hgs fued auality rﬁe@élplfﬁﬂo’&gﬁ‘fl%ﬁ ABRIPR At r ol | i ng

i njecti %e&hréd@th@@&ﬁtﬁﬂgﬁqﬁy the injection nozzle 13. [0067]
[0069]

The control part 7 measures the ignition delay based on a detection signal
inputted from the photo sensor 5. To be more specific, the control part 7, for example,
measures the start time of the injection of fuel by the injection nozzle 13 based on a
control signal or the like transmitted to the electromagnetically operated valve 47 for
operating the fuel pump 44 in injecting fuel from the injection nozzle 13. Further, the
control part 7 measures a point of time that light of a flame which is generated by
starting of combustion of fuel injected from the injection nozzle 13 is detected by the
photo sensor 5 based on an input signal from the photo sensor 5 is measured as a point
of time that fuel is ignited. The control part 7 measures ignition delay based on the
measured start time of the ignition of fuel and the measured point of time that fuel is
ignited.

[0070]

Fig. 4 shows one example of a change in quantity of light generated along
with the combustion of fuel which is detected by the photo sensor 5. In Fig. 4, a
period L1 from a time ta which is a point of time that the injection of fuel is started to a

time tb which is a point of time that the injection of fuel is finished is a fuel injection
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Using the fuel quality determ nation device 1 having the above-nentioned
constitution, the determnation of fuel quality is perfornmed. The fuel
quality determ ning nmethod of this enbodi ment uses ignition delay which is
atinme fromthe injection of fuel to the ignition of fuel and a flane
spread rate which is an increase rate of flanme froma point of tine

i mredi at el y. af t el 1S.i@n as..1 ndi e rdiag t quality
determ ni %logiat ﬁ[olﬁﬂ%f int %%gdpg%éﬁﬂﬁgﬁﬁtlé %ﬁﬁﬁ;ﬁgvﬁgﬁ 8,(1%121'?1? 3(‘:318 rr%ﬂ%fl Elg?dp%llr anet er
referred fieas whikh &sitaningdel ayhi¢ingigoadtity @ diighi gaedtedbl itliey phao iseipor Gagt i n
detei uiining goodness or badness of quality of fuel, in addition to this
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ignition delay is a tine fromthe injection of fuel by the_ injection nozzle
13 to thelgnigwntafdhelds ignidon delpat Jush ignitipprdelpy dringapidhis %fenghﬁn%f Hat the
injectio f the injection nozzle 13 is started to a point of tine
t hat fueﬁn?%fggﬁégq%pgg1the injection nozzle 13 is ignited. In the fuel

qual ity d@berjm nation device 1, the ignition delay is neasured by the
control part 7. [0069] The control part 7 neasures the ignition

del ay based on dndbisebansh e garairol pastit/tiegludesomtrdioptop®! EEn8ssigng To be
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operating the fuel punp 44 in injecting fuel fromthe injection nozzle 13.
Furt her, 3ShiEndinn deley paeqsurensmd Jupans 10T yupaniing ignifiant¢eldy begpet obfthg £ ane

which is &ﬁ&ﬁbﬁég§§Q¥g%g§?§gﬂgggkh&g@g&gh5pn of fuel injected fromthe

i njection nozz y the photo sensor 5 based on an i nput
signal fr@wvlhe photo sensor 5 is neasured as a point of tinme that fuel is

ignited. The control part. 7 measures ignition.delay based on the neasured
start time of tHB thl@ﬁm%oewe@ﬁa 3 L1&RC ShRae e guwel&egaﬁ AP Bhat 1 uel

IS i gni teghe DR of fuel qualityiGthe HeSROWE Sinf Ng&ohfh guantity
of Iight ge%eratgﬁlﬁ 3%8u%; ﬁ Pﬁee%%nbugﬁggk o] ueflmglgﬁﬂ?s ggtected by
t he phot oscsentisd cofibudtionfnigal pkriod fren b edint bf fime imenetiately affertheldbhignited poi nt
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is a change rate at which the flame is increased along with a lapse of time from a point
of time immediately after fuel is ignited. The flame spread rate is measured based on
tmage data oblained by imaging & (lame penerated by combustion of [uel.

[0073]

In the combustion chamber 2, with the clevation of a gas temperature of a
portion of ignited fuel, a gas around the portion is ignited. Diesel combustion
(combustion of diesel fuel) is a phenomenon where a flame grows due to such a chain
of the temperature elevation of the gas and the ignition of the gas. In the diesel
combustion, an ambient temperature is relatively important at a point of time that fuel is
firstly ignited. However, once the ignition of fuel starts, a temperature of an ambient
burnt gas becomes more important than the ambient temperature.

[0074]

In the fuel quality determination device 1 of this embodiment, the combustion

of fuel is the combustion in the combustion chamber 2 having a relatively large volume

and hence, a pressure in the combustion chamber 2 is not highly elevated during the
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period. Further, in a graph shown in Fig. 4, timng of fuel ignition
corresponds to a tinme tc which is timng at which a quantity of |ight
detected by the photo sensor 5 is rapidly increased after a point of tine
(tinme ta) at which the injection of fuel is started. Accordingly, in the
graph sho in Fi 4, a.perkod L2 fromdthe. ti ' Io .noi nt  of
e naorialrh it Ape L 8k BT TRt LReLABEe} e
timng off fhe hanide eom@lstibaak firfste@ni 1o ale dohayry, SHeh 4 @hhpdr@aredef ay is
measured as a length of time by the control part 7. [0071& In this
manner , anihicdntrtans jsolevard) atdmngedug of tecgas dhiaralpaglevatest dueee she haay

ignition del.ay based on a detecti,onysign i gr. the. p sensor
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measuring ignition delay based on the detection of light of a flame by the
phot o seirsed 18te) o G ]is relatively largely hpfucapesb by fhtempsraiyrg v B pakient at e
which is _used as a paranmeter in the determ nation of fuel quality is the
degree of*>spread of a flame in a transition region in a so-called
conbustiop7snitial period froma point of tine imediately after fuel is
ignited to a point of tinme that the flane becones stable. In_other words,
the flame spredd thatfeelj guatity Hetgreinaten dayicoti eh thipentbhodimentsthenapased
along with | e of tine fr [ f 1. j: [ uel is
igni ted.Splﬁ'?g 7 alrreanslf)“r:rggs rragft (gfn% glagrrlgaﬁs](%}?gadp %%Q%fd{‘%?&n‘%%@%‘é?g&ﬁﬁﬂi ned by
i magi ng ijekleas tengeaioathodyle Qb ustite@n b the Wadl.quh @efermination devive t he
conmbusti on chanber 2, with the el evation of a gas tenperature of a portion
of i gni t bdhe fiene spregshiateds surastredby theronsal Bt T-gni t ed. Di esel conbusti on
(conbust%ﬁ?]of di esel fuel) is a phenonenon where a flame grows due to such
a chain ?he tenperature elevation of the gas and the ignition of the
gas. In the di g3elcofipsipsstT mrasuds affrne spread rpebakdoa image édtainpueky
inmportant at_a point of_ time that fuel is firstly ignited. However, once
the i gni#emribefcamgs 6.5t B 0§ morerspagifieatur dlagte scadniiceribe GORF R8s’ becones

A BRI R R 0 it il
is the coibsttinninimediftelycdrbiist gition bafusbmj&tdddvam theanjeetiat nwveleyl . ar ge
\éfla\ljg?eg%gﬁﬁ I?ﬁ? %t ’rﬁgaegtr t%sa?l%%% !!x ?crrtiZh)eof%OfTa?llljeSitnl ilc‘:lrfllgg Ha%gi())gtrain%dlbif thg (t:antilérg hl'y
6, a change rate with time of the area A, that is, AA/At(cm2/sec) is calculated as a flame
spread rate. In this embodiment, the control part 7 measures a flame spread rate for
1.5ms from a point of time that fuel is ignited based on image data acquired by the
camera 6 at intervals of 0.5ms as described above.
[0077]
Accordingly, in this embodiment, the control part 7 measures a flame spread
rate based on 4 pieces of continuous image data in total constituted of image data at a
point of time where the ignition of fuel starts (0.0ms), image data at a point of time after
a lapse of 0.5ms from the start of the ignition of fuel, image data at a point of time after
a lapse of 1.0ms from the start of the ignition of fuel, and image data at a point of time
after a lapse of 1.5ms from the start of the ignition of fuel which are acquired by the
camera 6 at the intervals of 0.5ms. Then, an increase rate of an area of a flame in
image data at each point of time is measured as a flame spread rate.

[0078]

Here, the area of the flame in each image data is measured in such a manner
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conmbustion. The elevation of pressure is the elevation of approximtely 3%
at a point of time that the conbustion is finished. To the contrary, when a
tenperature of ambient burnt gas is elevated, a tenperature of the gas is

| ocally el evated due to the heat radiation and the heat transfer fromthe
flame so that the fuel is ignited. This ease of ignition of fuel leads to

t he good TR N fifusal.. |.S stihility. ad
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6. To be nore specific, as_a flanme spread rate, the control part 7 neasures
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froma pg’bﬁ%of time inmediately after the ignition of fuel injected from
the inje tlor] nozzle 13. That is, with respect to an area A (cnR) of a
flame in i mage Gaitds abhaéed dytrbhgrcAmhaled itheafuabiigeparatod midastringd e of
the area A that js, AN At(cnR/sec), is calculated as a flame spread rate.
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rate based on 4 pieces of continuous inage data in total constituted of

i mage datiBrage defa sbtagicddy the pEnHRS e the ignition of fuel starts (0.0ms),

i mage dat[g ﬂ;] a point of tinme after a lapse of 0.5ms fromthe start of the
ignition o? uel, image data at a point of tinme after a |lapse of 1.0nms from
the start of thénithinidntadiméntf seh, fland sprad)eatdah apaiad aaeodindn afcatéfne aft er

a lapse of 1.5ms fr the start_of the ignition_ of fuel which are acquired
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measur ed dfrigsitioh of foeretelifferent angles using plural sets of cameras. However, from a
viéwpoint that the measurement of a flame spread rate is performed with respect to an
initial stage of combustion of fuel, with the use of the spread rate of the
two-dimensional flame, it is possible to sufficiently cope with the spread rate of the
actual three-dimensional flame. Further, by adopting the spread rate of an area of the
two-dimensional flame as the flame spread rate, image data can be acquired by one set
of camera 6. Accordingly, the adoption of the spread rate of the two-dimensional
flame area contributes to the simplification of the constitution for imaging the
combustion of fuel.
[0081]

In the determination of fuel quality, the above-mentioned ignition delay is an

important parameter for evaluating ignitability of fuel. In an actual operation, in a
diesel engine, usually, it is considered that goodness or badness of ignitability of fuel
influences the performance of an engine, and the shorter ignition delay, the better
quality the fuel has. Further, it is also considered that fuel with an extremely long
ignition delay exhibits bad combustibility. However, there is a case where fuel with a

short ignition delay also has bad combustibility after ignition. That is, for example,

24



that, for exanple, imge data obtained by the canera 6 is subjected to

i mage processing such as binary processing so that a portion of the flane
in image data is extracted and the area of the flame is nmeasured based on
an area (for exanple, the nunber of pixels) of the portion of the flane.
Further, 28 HeIeEl WRE PRV QMsloh dasy hie aNRASHIRY ofahigndt &rihafs, spread
rate based on 4 pieces of image data, for exanple, an average val ue of
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rate meawudadentive qualapof fel.ch neasures a flame spread rate based on image
dat a obt h@gd by the canera 6. [0080] In this enbodi nent, as a
flame Sp@ rate, a spread rate of an area of a two-dinmensional flanme is
adopt ed. Howevethe réievan@X 88REn idnitaPYy R RATLMLiBLL T AR (& SBieed rate of
a three-dinensional flame as the flare spread rate by inmaging a manner of
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cope with the spread rate of the actual three-dinensional flanme Further, by
adopt i ngpreprstieyyesnedtively.e of an area of the two-di mensional flane as the

flame s Oﬁ rate, image data can be acquired by one set of canera 6.
Accor di ﬂ; y,” the adoption of the spread rate of the two-dinensional flanme
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conbustion of fuel. [0081 ] I'n the determnation of fuel quality,
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the better quality the fuel has. Further, it is also considered t%at f uel
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short i gffi} share tlebsiy ofidmeavifiogspdat 1d thy iéctivausing offiehnbusti on failure so
that it is difficult to generalize the evaluation or the determ nation of
goodness[08$4]badness of quality of fuel based on only whether ignition delay
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appearing timing and a manner of a change in an area of a flame from the ignition of the
fuel (the degrec of growth of the flame) shown in Fig. 5(a), the fuel A exhibits a
relatively short ignition delay so that the fuel A has good ignitability, and the fuel A has
a relatively large flame spread rate so that the fuel A has good combustibility. In this
manner, the fuel A having the good ignitability and good combustibility does not
generate a combustion failure as a result of an actual use thereof. That is, it is safe to
say that the fuel A is a good product.

[0085]

Fig. 5(b) shows image data on fuel B. As can be understood from the flame
appearing timing and a manner of a change in an area of a flame from the ignition of the
fuel (the degree of growth of the flame) shown in Fig. 5(b), although the fucl B exhibits
a relatively long ignition delay so that the fuel B has bad ignitability, the fuel B has a
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The rel evance between ignitability and conbustibility of fuel and the
presence or non-presence of the conbustion failure is explained using an
exanple of a result of an analysis shown in Fig. 5, In this enbodinent, the
analysis is carried out with respect to four kinds of fuels (fuel A fuel

B, fuel C and fuel D) having typical properties respectively. [0083]

Fig 5(a) b9tifdig 1aieé Hantcespaet lanely abew Mhél Bl REaoalcosdbimligus It maged
i mages (inmage data) in total (for 20ms) including images at the tine of
i gni ti on mdnneyéhe funl B ivédrosoignitsbilignis bhd rleconugithibity 18 seodbdnegingbeensiate he
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portion iahgo%a diFpged i mage expresses a frame portion and a black portion
i ndi cates a background. Further, inmage data shown in Fig. 5(a) to Fig. 5(d)
share t hd0@3G]s of time with respect to the injection timng of fuel. [0084]

Fig. 5(a) shows_i ata.on fuel A, C b d f fl
appearing tim nglggﬁgségﬂﬂﬁ%?geo‘?a%%o% ﬁéeﬁ?e i %?% bgpuenaglis{og)gqﬁng%e@ #‘lir}ﬁ% tﬁgﬁe
Lgnition a%?eatrfh% tfrh'i%%aﬁ@l henHRer 8 é}fan?é P& ofthi@arhd OB the Rewon of thé 9.
5(a), the ' tuel "A exhibits a relatively short ignition delay so that the
fuel A hdselgtwdidgmyeiafaipwihtof thafiamehdomndh Fig. 369, dﬂm@gh{chev%wc CERIGHES f | ane

spread rate, so that the.fuel. A has,. goo i i |i - 1p thi er, the
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it is safe to Say that the fuel Ais a good product. [0085] ig.
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5(b), al tiouoh 4 bt fri@lctB exhibits a relatively long ignition delay so that

the fuel B has bad ignitability, the fuel B has a relatively large flane
spread rd088%o that the fuel B has good conbustibility. In this manner, the

el B whose | 00 0] ik Bl GRTRUAL L kb gpEGRon Rl |
to say thgpedriiy tirdil aBdlaSn@ngoeth Ea@ge i an 4r808fd flame from the ignition of the
fuel (the degree of growth of the flame) shown in Fig. 5(d), the fuel D exhibits a
relatively long ignition delay so that the fuel D has bad ignitability, and the fuel D has a
relatively small flame spread rate so that the fuel D has bad combustibility. In this
manner, the fuel C having bad ignitability and bad combustibility generates a
combustion failure as a result of an actual use thereof. That is, it is safe to say that the
fuel D is a bad product.
0088]

As can be understood from the above-mentioned example of the result of the
analysis, there is the case where although ignitability is good (although the ignition
delay is short), combustibility after the ignition is bad so that the fuel has a problem.
To the contrary, there is the case where although ignitability is bad (although the
ignition delay is long), combustibility after the ignition is good so that the fuel does not
have a problem. Accordingly, there are cases where goodness or badness of quality of
fuel cannot be always accurately evaluated or determined based on only the goodness or
badness of ignitability, that is, only the length of the ignition delay. In view of the

above, in the fuel quality determination method according to this embodiment, in

addition to the ignition delay, a flame spread rate which is indicative of combustibility
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Fig. 5(c) shows inmage data on fuel C. As can be understood fromthe flane
appearing timng and a manner of a change in an area of a flane fromthe
ignition of the fuel (the degree of gromh of the flane) shown in Fig.
5(c), although the fuel C exhibits a relatively short ignition delay so
that theyfmelis Gdas. good ignitability, the fuel Chas a relatively small
flame spread rate so that the fuel C has bad conbustibility. In this
manner, [0889F uel C whose ignitability is good but conbustibility is bad
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vi ew of the. ve, .in.the fuel ality.determ nation nmethod according to
Uhie ontidriStiorerebitie oot of PRLbdsts ¥ nehMuBtiop Pt AREbERRaNGE 1o o
whi ch i sfuehigltcik icebadtionmasi®bd Ditlus byimied tHeUBdl, ifl @9 RRE. delP@8Rlion

In the fuel quality detelm nation device 1, the determ nation of fuel
qual i ty Tekrenses whisadihyha KHetegsinehon rskrence Fasiition delay t ansh adedcayd and a
flame sp . : t.1.Sn: 4 he.co . rt 1.hel S s _descri bed
previ ous#@%g?é]ag%o urrffce{P %lg ﬁa‘?hlf)llziarl 1 th%o(?ét&n%{algﬁfqnnﬁétr nec(éi féglgt fiqaéﬁe a%rgﬁ(; fd t he

f unct i onalrepporidirfean theeesuy binfe idnetidd @@y, spread rate, and al so includes the
functional ﬁart for detellnining quality of fuel based on the ignition
del ay and%PHe f1anme spread rate which are neasured by the respective

functional partse il Ylehn BN ofoldlod REARUCL (ALY ARTELILARLL QP devi ce

1 of this enbodine e con par unctions ds an afalysi's neans for
det er m rivadgesgudiquality of fialéd uliesatly docidedreasdivad wbleud iglitibgaélky amnd del ay and
a nmeasured value of flanme spread rate which are neasured by the respective
funct i orssFonshrange vtl‘@ggg?odness or badness of quality of fuel is not univocally decided

based on the value of the ignition delay with respect to the ignition delay. The first

determination reference, from a viewpoint that fuet is a good product when the value of

the ignition delay is apparently small and the fuel is a bad product when the value of the

ignition delay is apparently large to the contrary, defines at least one out of a range

where a value of ignition delay is smaller than a predetermined value and a range where

the value of the ignition delay is larger than a predetermined value from other ranges

with respect to the value of the ignition delay.

[0092]

'To be more specific, the first determination reference, for example, as shown

in Fig. 6, defines a range where the value of the ignition delay is 3ms or less (sec a
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The fuel quality determ nation nethod according to this enbodi nent is
provided for determning quality of fuel based on a conbustion state of
fuel by injecting fuel into the conbustion chanber 2 thus burning the fuel,
and uses a first determ nation reference which is the determ nation
reference for ignition delay and a second determ nation reference which is

the deterginatlle? ‘f’f ﬁ{éfézf]ng;lgg ‘[3%186011}15 R 2P H?c%%nirti?fl Qe 62PBPHIORI(sE® the

val ue of the 1gnition _ e first determ_r_latlon
r ef er ences Wéfrémeding 12) us ther finmganph eind agenginebae tie radnetibe adnigemiiéiay of

fuel 1s univocally decided hased on a I f ignition delay.and a second
Fange. vihdr € JeMass §hd aiies o Cep ) 08 oF 8 SPQRh S 0y VBLa 1y
deci ded AT | . g

eci ded R F%‘)%Q WlhtﬁgbetthEé %Lsaltﬁ% é’g{ﬂé% %ﬁxﬂoﬂr&efzﬂy%‘ 3458 loR Yes¥ thdighfifRefelayt i shdie

ignition de nation’reference, froma viewpoint that
fuel is aoghadthprfacuista pehpitodectvaherebofoddvess gnbadness dedefity of fggbas ent |y
smal | and the fuel .is a had product en .t he val of .the.ignition delay is
appar ent |yavosalle degidgd, v rﬂlrtg‘? {Angg &f eﬁeeg“‘ea‘{all}ee‘?ﬁlle"e tl%flel%f lsaérpﬁﬁbe wher e

a val ue %ogegfﬂeti%@ﬂ?ﬂgglﬁ i R)In%@@ltlllﬁﬁ:het RRDisth RLeselsd MiRby R YRalapdra range

wher e t he val ue nition delay 1s larger than a prédetermned val ue
f r om ot hahe firhigamivichhy desgeict to the value of the ignition delay. [0092]
To be nor ecific, the first determination reference, for exanple, as
shown in [Ep%ﬁ 6, defines a range where the value of the ignition delay is

3ms or |ess (seqg seddmlielefMrndtioR §efliohcd ke bARAYH tHE Qf@ritiuien \GEhviRIcOf t he

ignition delay is ons or nore (see a reference line 72) as the first range,
and a r arfeigniionaieldyeandaialeesodf flimme isgreiad irae with agspee toor plurdlign ofdeland | ess

t han 6nms (see s ol Si).as the second.range, That jS, in t ra wher e
t he val ue"(“}éﬁsetg‘?)ég‘%ﬁﬁpf :béfhlea%i)ﬂ@u%%éy §;h;§et 119%5%5 a feﬁﬂft iOBﬁPtaF%‘rﬁ]le'ﬁsglo fs short
so that thesf uply bShawsaBoRERALIEENYBE HEP: A0RINEREdiRkte BamASHhieh igwal i ty

ig.
of fuel i's Univocall y deci ded, \Mﬁli le in the range where the value of the
i gni ti on aetdiyate sxBrivdioativeorieyaludseofiignitivh clalageindye sesond peprdimateras bhe f uel

N
di stri butheRisgibidhWeSaREs bﬂih;lgti%rﬁﬂoﬂ 8LI18Y afdWalvél stemard sprbalmteSiPER@n I at e

with respect to a plurality o uel s whose goodness or badness of quality

i s det er mihd cagrdmategdamet 6bf an actual use of the fuels. Fig. 6 shows a
coordi nat[gJ {9)% ane 60 having a first coordinate axis 61 which is a coordinate
axi s indilP9?the of val ues of ignition delay and a second coordinate axis 62

which is a coor diypafigribution drndiueabi e igfitivadidlgsaef vaudslddmenspprad raat e.  One
exanpl e of the distribution of values of the ignition delay and val ues of
flame sprieate digiabutionselfovier erame wevutinmf @oplianblaged fgoosjues of the

ignition delay and values of flame spread rate measured by the fuel quality
determination device 1 of this embodiment with respect to a large number of (a large
kinds of) fuels whose goodness or badness of quality is already determined as a result of
an actual use of the fuels. Hereinafter, data indicative of the distribution of values of
the ignition delay and values of flame spread rate shown in Fig. 6 is referred to as
“distribution data”.

[0095]

Goodness or badness of guality which is known in advance with respect to
respective fuels whose ignition delay and flame spread rate are to be measured for
acquiring distribution data is based on the presence or non-presence of combustion
failures when the fuels are actually used as fuels for an engine.  The distribution data
according to this example is a measurement result of ignition delays and flame spread

rates of fuels where the presence or non-presence of a combustion failure is known.

28



The distribution of values of the ignition delay and values of flanme spread
rate is the distribution of, for exanple, neasurenent points obtained from
values of the ignition delay and values of flanme spread rate neasured by
the fuel quality determ nation device 1 of this enbodinment with respect to
a large mgober of (a large kinds of) fuels whose goodness or badness of
quality is dlready determ ned as a result of an actual use of the fuels.
Her ei naft er, ddtha distdbumnidae dfownhie Hg.gi sidate dmned wherh thesnedsutehent gni ti on

del ay an alues of fIarre read r S is referred to as
G ot 1§ DR iEaGerRcleyORAme Spread o5 10E TbPOEEIASE BITREI Y whi oh | s
known i %ﬁ&g%ngl%swré ih El?é@@rﬁl’&ush@n rc%%ﬁﬁ@ﬂ bve 1fanebs M AS@mipBRAkl-L 9 thel ay and

flame spread rate are to be neasured for acquiring di strlbutlon data is
based orcontteisporesleamder Gris tdBKpr élseltacésmfounmﬂatstsh@wnfllaithlréeé‘-Mbhack he fuels

are actually used as fuels far. an engi ne di stri but (;ordlng
to this &%{ﬁ’ﬂ}c@eﬁga@ @@Er‘@%‘hf’mr@é’ Iptroq}lmsl Ri%P HSH)é‘Itlﬁﬁ‘éreg rre spr ead
rates Of(bfa‘éﬁltﬁar}%fh@rlﬁhéﬁt% d&’taeéf?fh%l% Wil 2Rl §aRIeR (RimBusaoRBHRd Qé?né ai lure
is known [0 The distribution data shown in Fig. 6 is data

obt ai nedpredest). t Abe distrsmtienelata agtondheg uoghIStelxmnpk&ahelyéesadmw én APrearspleead r at es

of fuels erf.arnmed in an, apbi.ent inth

combust &fﬁ%lpﬁ)a%%} arg 80831’“%1%55% éaﬁg) %%8]}{\23 61 E ?%‘éelll H{fg‘satr? gﬁdchanber
2 i's 648 odkdis (tcgﬁlb%tﬁ)tnrfhm; gata shown in Fig. 6, " (bl ack dot)

i ndi cat es data on fuels which are good products (no conbustl on failure),

and "A" [0BPEck tr| angle) indicates data on fuels which are bad products

nmbust f ] t t.ribut di to thi
xampl o 1 nol uadd Tae o BHEIAIS Brfy BT R rdRBe 5 (o)
and dat ayRée b eagmltﬁﬁbwocwﬂl&lewblaq@a@h%tﬂ@ac{haf P dbebigstion aripee tdue o f ai | ure)
(" ). [0097] "A" (white triangle) in the distribution

data i ndlv@ht}egfcfaftla(nwnlﬁmm@m@blélt)érﬁseﬁgﬁﬁéf of @ntﬂcéuad)cl@@urcﬁ iyels. t dhey reason
ot her t stion.failure due.to

conbust | GNFPRG SR bABURR S € ofiGut T e LR Beoviighie on
data accge aa@grordactg KIAS)ﬁ%ﬂﬂ@ﬁﬁluté@@tlﬁﬁi‘@&n&%ﬁﬂm@%ﬂ&lﬁ@@' es of fuels which
are bad [%roducts ) having failures other than conbustion failure.

[ 0098] 098] In such distribution data, data on respecti ve sanples is

di stributed on Iﬁ&%&l}g%%tr?bur%g)&ldde[% a@a%a 091 tel) ec dé \éamﬁgs q? Ff‘nl? c;fwﬁ\?tmﬂl data on

good products an cts. ch are

good pr oghsedigate pRinbi6d i aenﬁ@mdﬁﬁmer Bhreken dm Ioh ig0td pridays hed dghahibug¢l y short
and a flame spread rate is rel atlvely Iarge whil e fuels which are bad

pr oduct sPres¥fthi t Thinanplias derdyelomdic f1ggoed arpdyets eyhidy the leaderay yheeng and a
flame Sp';gﬁﬂl%nrc% a?/ ik ‘?elﬁtﬂe‘?}t bVl Yo M alre spread rate is relatively large, while fuels

which are bad products exhibit the tendency where ignition delay is relatively long and
a flame spread rate is relatively small.
[0099]

Accordingly, in the distribution data shown in Fig. 6, to focus on the
distribution of data with respect to ignition delay (the distribution of the data in the first

SG Y

coordinate axis 61 direction), data on good products (“e”) is mainly distributed on a
side where the ignition delay is short (left side), and data on bad products (“A™) is
mainly distributed on a side where the ignition delay is long (right side). However, in
the range where goodness or badness of quality is not univocally decided based on a
value of the ignition delay, that is, in the second range defined in accordance with the
first determination reference described previously (see symbol S1), data on good

products and data on bad products are present in mixture irrespective of the value of the
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[ 0099] Accordingly, in the distribution data shown in Fig. 6, to
focus on the distribution of data wth respect to ignition delay (the
distribution of the data in the first coordinate axis 61 direction), data
on good products ("*") is mainly distributed on a side where the ignition
delay is short (left side), and data on bad products ("A") is mainly
distribugggﬁgﬂd@aﬁide where the ignition delay is long (right side).
However, 1'n the range where goodness or badness of quality is not

uni vocal I[§1@Hci ded based on a value of the ignition delay, that is, in the

second range defined | ccqrdapce,.wi.t h.the first determ nat.ion reference
descri bed previ5&%&?‘f@ngygnﬁbﬁ?§H$?&§§Pﬁﬁﬁﬁﬁﬁﬁ@ﬁ”b?ﬁhﬁt?%‘5%8082%% on bad
product s A&RbRidGSE Hatd &ﬁﬁ}[réﬁbbﬁt% b flapeRprdal ¥ae Ohe URAiMRbH O ee ddiein theni tion

del ay. [0100] . ) e other hand, in the distribution data shown in
Fig. 6, tsecdmbusrdinatehsisdi2sdirdcion), dataoh gat areducts (Fa¥piemrainly distfibeipd spr ead

rate (the distributign gf the datag i.n,the, second .coordi nate, axi s ,6

e ecti o & S e S feomt Sfised Se i ey TRg s, ard opint b ehadds, g
wher e t hg«l"95ensp e adiAlal drSa kidk $ehetdHBR Flantel Pedad rads SRkIR (1BWeP@de)pr oduct s
("A") is mainly distributed on a side where the flane spread rate is snall

(1 ower siAaprdinglyoenithglopordimte iphane od} avhicht expsespe teodishitetor dsteedbes t he

di stribution ta, .the second determ natiop reference is .S o]

def 1 ne. a FEIER BT dGadehras of SR I Bhnd § FaPT IS ARAIRARE BRLAS o
the dist T&%‘éh'f@ﬁbﬁf prddidls Biked @AGhS AREWLSH 3N datd a0l PRedichy AdUGESomi thin a
range whi ch includes at |east the second range with respect to ignition

del ay. [ Om@ijroducts within a rangeswhighneqludes gt flegstitheoteconbrangniviiflorespret 4, f or
exanple,.infthﬁapistribution data shown in Fig. 6, data on fuel which has a
short igrPHH8A“G&ay of approxinmately 3 to 4ns and appears as a good
product ipj@ppearance includes data on a bad product ("A") which exhibits

bad conbustibility so that the fuel causes a conbustion failure _even in an
actual ship. Tolr Hids sunreraioyfocunemthsrignitien defay.ciar prepnple.dnitymhdistyibugeg

act ual | 4 j _ .
appear ancitt SoridndRe S us) ol R FRRIBL TR e R AP bRty 3
conbust i birhd ind &Pehbat atdbed brrlcdoeppavincedudada daadils badprotiadt(UAE) even in

an actual shinp. ﬁ@cordingly,_a_boundar%aby whi ch a good, product region and
a bad provligh exki§its had pembestibiity sothatike Bishcaiisahr SOPbEHoNBLMEIEN AR t he
distributjo ta f I I C i al ia an
e ual - sripeah i 18 e B i S dRTRRLR SHERT M pdiBph ey P 2
act ual shipprdSmaely Gifis hitbaresnd adetighrbdicnal ippeartiadecineindes ddtHadd dlgood

As shown in Fig, 6, in the distribution data accordin t& t hi s enbodi nment,
t he secorriodist dr onghichrexhiiisr gaedecqmbustibilifs so that the diel ¢qendnog £ayss &h

defi nes i g t :Nro . i i : egi on
wher o dar St ML AR @ AcGOPHP] CAUGHSnRea SoShdark Wy SehiBd oBo 0O O
i ne 81 hasdidiesgiasidd aead prollua addienart defihddiar the aockdinavweylahd Gcbasadibn on) on

t he coordi nate pl ane 60. ) ) ) . )
the distribution of data on fuels which generate a combustion failure in an actual ship

and fuels which do not generate a combustion failure in an actual ship is set as the
second determination reference.
[0102}

As shown in Fig. 6, in the distribution data according to this embodiment, the
second determination reference is set as a straight line 81 which defines a region where
data on good products are distributed and a region where data on bad products are
distributed. In this example, the straight line 81 has the positive inclination (rightward
and upward inclination) on the coordinate plane 60.

[0103]

With respect to the second range (see symbol S1) which is set in accordance
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[0103] Wth respect to the second range (see synbol Si) which is set in
accordance wth the first determ nation reference on the coordi nate pl ane
60, a region on an upper side of the straight Iine 81 which constitutes the
second determi nation reference (a side where a flane spread rate is |arge)
is a good.

d i-on. i L QUer S| h
<t ai onovi MBS oS ERRRR AR ke o e Po TR VAR ) EHop R el 1

product ¢&0ORe cirABBEIne $HehBichabnalieds R debendsdetainiiiitiohireferaBde (#sidaii t ably
set either as the good product region (range) or the bad product region

(r ange) . wheyg @4Jame spread rajgsis dxpe)als AePod HBIAICt Fegighirangeiyini msgion Qg
straight, | ine 81 ich. stigute e ] i f ce
defi nes,loggrsalge (%t %%u%g?@p %nleb%lt an%d%ggl giseo%?lggl BI E’%%Piq%@q%fs Rj?ﬂjefssg\%ﬁose
goodnes Syrfiiudd ashi@pGaite) O Udbrie! 3h @t£ofl eleataighelinas] & suftahly setafithanasahé ual use
of the fuels, wthin a range which includes the second range (see synbol
Si) set goedasedicHession (FneR) eibe pad produdregion (fAREON ref erence, a range of
val ues O[Iq 8 flame spread rate indicative of good products which correspond
to a val é@f ignition delay with respect to a flane spread rate Wth
respect to dat asplatadenood, ih s Embadisehgiis saatkhy Hhaigb whichfdoasttutepr ead
rates of the respective sanples which constitute the distributjon data, by
usi ng arthaveqoaddeizaninetion refeeiesdohnss bpisd o e distibyiion datapn 2RI t he
det er mi ngtd an i I W ] '

ot or encd R HESLERRMeL AR TERTGRIY &0 RmmaETATd AR BEM AR,

det er m ngft therfuslef @iRMCE raid Wwhich sedtaded tHe tsedontd nangao(see afmbein8E) sdiich ar e

used in the determ nation of goodness, or badness rgf qualfjté of fueql.lj are set

and st orasgoidaneegwiihdle first dpleraipation referspee, 2 BRgR PlwduesPithHangspreadial i ty

det erm nat i on: ' f ' ' T ' Gt RERL 7

whi ch fu%?:et ﬁ@ hcgﬁgéé %? ﬁ‘—émg g%d}fgl%s‘%ngggdg E?%on&(i{%i&r r‘{‘lhlr%llfa notgfh? ]ﬁlgleg uc{gl%:yt y of fuel

as descrichedt abeVangedpesadi ars Wieh gapenes slatansh vdleesbaftigesionalelaysahdty of

fuel usi n? the first determ ng}li on reference and. the secggd det er.m nation
L

r ef er encelugseidigme spread rategof dhereppeshve sHBPlES HiHaheoBFELRS A5 REPRY i ni ng
quality f usi ng f i 1 0] h i
b it 5SRO Wil B alK AR URE PR Ol U
det er m nadtératinafonf acetiracqy an atoprdance it éeisechndedetgrmfination| rgferance abm de of
ignition delay and a value of a flame spread rate (AA/ At val ue) of fuel
whi ch iserﬁ'ﬁnﬁ%‘j‘ ect to be determ ned are neasured. That is, here, the steps
of neasugjmg] the value of the ignition delay and the value of the flane
spread rate of fuel which is an object to

As described above, the first determination reference and the second

determination reference which are used in the determination of goodness or badness of
quality of fuel are set and stored in advance in the control part 7 provided to the fuel
quality determination device 1 of this embodiment. That is, the control part 7 which
functions as the analysis means for determining the quality of fuel as described above
determines the goodness and the badness of quality of fuel using the first determination
reference and the second determination reference.
[0106]

Hereinafter, one example of steps of determining quality of fuel using the fuel
quality determining method of this embodiment is explained in conjunction with Fig. 6
to Fig. 8. In the determination of fuel quality in this embodiment, firstly, a value of
ignition delay and a value of a flame spread rate (AA/At value) of fuel which is an
object to be determined are measured. That is, here, the steps of measuring the value

of the ignition delay and the value of the {lame spread rate of fuel which is an object to

31



be determ ned are performed (Fig. 8, S10). [0107] That is, in the
fuel quality determnnation device 1, in neasuring the ignition delay and
the flame spread rate, the control part 7 controls the auxiliary conbustion
adjustnment part 3 and the thel supply part 4 so that a tenperature in the
conbustion chanber 2 is set to a predeterm ned tenperature and fuel which
i's an objec . 5;1]']# iSeldpcted fromthe injection nozzle 13 and
is burnt.}?e eéélﬁlll?ﬁeaq‘ggﬁft’fro ﬁggﬁg r@asures the ignition delay and the
flame spri@ad7jrate with respect to the fuel which is injected fromthe
injection nozzle_ 13 and is _the gbject to be determ ned. The neasurenent of
the ignition dell@pt i theduel qurtits detepinatianedarigen] . g dpperingothe HEmtgR|  whi ch
is an obj ] i b i o .
subat ant) Sy L8, SEhPERATTa S Ioh S RE: /oo RRL Bk Gbustion 1 ¢ e
time of clijaimenmgpati 3tand bhd fueh sdgdla . paftOL B hat a temperatute ihehedadratustioat i on of
fuel quality accordi ng[:; to this enbodi nent, next, when a, neasured val ue of
the igni t4'8MbEELY Sehie & Rpdsiermined fenpergtungand; fieh pehénbyisnate oficehta Be fir st
det er m nat.ion:r.eaf: ; i f ich is an
obj ect tgéebég&l ee?g?%ﬁ%hgﬁj frgﬁﬁg?gﬁ%nuﬁ%gggzggga%ﬁfsgooghetg)séergrth {)%bglkrgg\g&%f

qual i ty of mbasakesdhé enitiomedtldynaraicthe fldmeGpreadl tdie Wit rkipest tonbenfiel whighds a
first step, of determni ning goodness gor badness of quality is perforpmed as
fol | ows. RSiEd; 9%?&%@%&&9@?? Jal e & ﬂilf‘gr‘?i%ielcbrﬁocf& dgterained wihhin a
range snablghhRAR of i GHRIE! g L G il bfer 1 S
determ er}g t&raet t 8 qua |t§) o@%g?d/%?%ﬁﬁ\% é&lae%d gﬁfﬁé%ﬂ%gp%cg@%?%eep}% ned is
good, whiwlechizem ¢Hject iebs detennivied isepeformepdirt aroambiehtayaté abbssntialishequah r ange

| arger than a second predeterm ned val ue ich is larger. than the,

predet er 5 BPTYAPRISTHE ihie ¢ ‘%SPP%FE%IB% ai fhejtancyal Sbtaningadistibition e
quality qQfyfile! which is an object to be determned is bad (Fig. 8, S20).
[ 0109] As shown in Fig. 6, in this enbodi nent, when a neasured

val ue of [DYe8]ti on delay falls within a range of 3ns or less which is

T N St B S 1 e
det er m negmiSuAIPAIENbE %e%éiﬁﬁ{)]n abldy RANCHithihta fifst &g@@ T ABHiah B lyith e thel is

a good product. On the other hand,” when a nmeasured~val ue of i1gnition delay
falls w tiirstndetermamaimnotiegamse.ogoodness onfbaddess of quadityidBtirel whidheis fanrobfect ange i n

the sane nner (see .a asur nt point 92 indicated by a star ol ,
For examiP el SERE G s STETLT, POEd TLEoRfeh of SadesbfLabaiy Perel
det er m negidr®iRAPA 8&dokdankONGiRTEE HRACARINgE.! HeredG! BFH HEA of NRlerilfng uel is
a bad product. In this exanple, with respect to the neasured val ue of

i gni tion geilegss oBriwdness ddfquably msperfoempd @sldokows. nélthay &, vdienamchessed s

defined av%l&eho isgl% i%pldde aryet%ﬁg E‘;Jit%nng (il'ar}/gael slrjr?a'ller than a predetermined value within

the first range, it is determined that the quality of fuel which is an object to be
determined is good, while when the measured value of ignition delay falls within a
range larger than a second predetermined value which is larger than the predetermined
value within the first range, it is determined that the quality of fuel which is an object to
be determined is bad (Fig. 8, $20).
[0109]

As shown in Fig. 6, in this embodiment, when a measured value of ignition
delay falls within a range of 3ms or less which is included in the first range (see a
measurement point 91 indicated by a star symbol, for example), the ignition delay of
fuel which is an object to be determined is apparently short and hence, it is determined
that the fuel is a good product. On the other hand, when a measured value of ignition

delay falls within a range of 6éms or more which is included in the first range in the
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[0110] On the other hand, when a neasured val ue of ignition delay
falls within the second range in accordance with the first determ nation
ref erence, goodness or badness of quality of fuel which is an object to be
determned is determ ned based on whether or not a measured value of a

fl |1 AT : [ ith th
ame spreadnh e ek rﬁ%a‘éfureﬂfeﬂt girc%%li'% arsgd?gg%a'g& ?&Ce%ﬁg{%‘ighé’“ €

second determ nation reference. at 1s, here, nd step et erm ni ng
goodnessigoitiohalttaysd fodl whiel istan dfjedt webe gepanédrsrmpdarsnitihldnhahd Muer, t he

nmeasured. value of ignitjon delay falls within the second range, goodness or
badness fiS §&igIm gl?atfth*“eE“e&m étPadsPrapichh) Wcthis SUPIcIerh e tp dhe

determ gaﬁ?@e&l@mﬂmﬁgﬁ Hel%,d%'ﬂgis HBEnIBASH @ggéﬁ%’#ﬁe@{mﬁﬂ%{lﬂ ls@H3Gs Spr ead

rate falls wthin the good produ range In a ce wt e second

det er m nddfined as icecenderédeiqgmi®d vaB@) . [0111] As shown in Fig. 6,
in this @q‘g di mrent, when a neasured value of ignition delay falls within
the rang nore than 3ns and | ess than 6ns (see synbol SI) which is the

second range, thedeliRiMpat igﬁ%h gfm& BS5fe UF i@ﬂﬁ@ﬁaélag?ffalwitmmh@; f uel

is perfornmed using the stral ine 81 which constitutes the secon
det er m napomhraneé er aworlandowiih thofist dgernihation ieferdrive, gaghess oo rbadiess

coor di nat .ane. 6 re the.ignition delay falls within the second range,
when a v %@ilmofff}l%ﬁ%@w@&&%ﬂ%?@ beafqterming detarige beseil an dheflict A
ref er encgt 0 nidagursd "ah@hde hiMend é%x‘éé{ﬁ el 11 Qﬁ&&@%oﬁ%ddﬁﬂoﬁﬁéﬁ fdkd @

reference (see nmeasurenent point 93 I ndicated by a Star” synbol, “for
exanpl e)gccordanee wéheherisevedd tdetminatibn whfeehcd.s Erat odjherst, atsecdyel step ©f mi ned i s

d product. [0112 the other. hand. in,th i th
Coar i neSeTEi g Btihe o beieess Gk a Woksy i BT Heh Uha gadBhd r ange,
when t hem¥albgl Qflud dE8RIHBRERY ﬂéi?st m@hhé séohBirthR, SEBhE& orANSRs Wt D

reference to the straight line is the second determ nation
r ef er encqualiseef frshwhrobnenn opgichto Bt détadhioed eddddgrmandst based piydicthef or

exampl e i is determ ned.t hat fuel ich.is.an gbhject, to.be determned is
R <)t et RTLE SF e Rimg Hiread e ik Sifty ) 450 il rie B e of
qual ity gkofddfle Wih BRIEQRBR (¥ itaien ¢aBhed (m%a.rst, S3o).n the fuel quality

S

determ nati on device 1. The above-nenti oned eps of determining quality of
fuel canfOdéllperfornmed by naking the control part 7 execute a predeterm ned
program This installed in the.control

part 7 froma g%sg%[?ﬁénﬂ, iglfﬁeﬁggg’bﬁ%etﬁ%g%%&’gﬁ"ﬁ%{tﬁ%&% %%ﬁélﬁregsv aléle(ﬂgiwnf or

exanpl e. ddiSL b within the range of more than 3ms and less than 6ms (see symbol S1) which
is the second range, the determination of goodness or badness of quality of fuel is
performed using the straight line 81 which constitutes the second determination
reference. To be more specific, in the region on the coordinate plane 60 where the
ignition delay falls within the second range, when a value of flame spread rate falls
within a larger range with reference to the straight line 81 which is the second
determination reference (see mecasurement point 93 indicated by a star symbol, for
example), it is determined that fuel which is an object to be determined is a good
product.
[0112]

On the other hand, in the region on the coordinate plane 60 where the ignition

delay falls within the second range, when the value of flame spread rate falls within a
smaller range with reference to the straight line 81 which is the second determination
reference (see measurement point 94 indicated by a star symbol, for example), it is

determined that fuel which is an object to be determined is a bad product.
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In this enbodinment, with respect to the first determ nation reference used
for determning quality of file!, adopted is the nethod where the first
range where goodness or badness of quality of fuel is univocally decided
based on whether or not a value of ignition delay is 3nms or |ess or 6ns or
nore. However, setting of the first range is not limted to the setting
adopt ed H@ligms enbodi nent. As the first range, for exanple, only the range
on the side ere the value of the ignition delay is apparently large (for
exanpl e, a rang&uoch déeEnmaticmoYocinesnirpativss pAqditpnf fuskisgiediormedkbe t he

value of the ignition delay is apparently small (for anpl e, a range of
3ns or | d88)coptpl past ddp the (fE?LIS‘]“a%PY deteml%'ﬁlqnh@evﬁfﬁ ﬁer%ﬁ%g&"eﬂﬁﬁmwgﬁ e where

t he val ue LN i t he
rst r s el Yl 9 5 e tiertRed by HglBHE TR Con R, et 1 s
uni vocal | exechete iadeeletedrimed frogran g & hihprogranh may dk weprogratthwhichns tristatlediel ay i s
| ess than 6ns (a range of O to 6ns) hecones t.he second éan%e Iﬁ\ﬂg{@}éhe
second denéhqFomEdl BArT / dFaR agomprier seadableyecopting mediunpsich asi PPk ter
case, the%);gxrygnlgplg\here the value of the ignition delay is 3nms or less, for
exanpl e, becones the first range where the fact that fuel is a good product
i s univocf@lt4} deci ded. Al so the range where the value of the ignition delay

exceeds 3 becqs, LG SESSI NSNS ARSI S BURITHOR ., o,
set bas edde?anﬁﬁiggghaﬁy Io® Rl AR pted hthe infethdd\hdrk i fidefaBb gk RBak&S er ence
may be set 1n advance correspoﬂ Ing to a tenperature in the conbustion
chanber 2orosadhéss dfiguelityfafi fuelkismpivecably témded tsedign bdsddr onndi avalupwli on

data, or the first determnation referen may be set .hased on distribution
data i (108 e iR AES R HCT8 oI tor Gr TR Ra FORE CEAE GCEnE] BEoY]
Accor di ngjihBed Qghggét&ﬁ%d@ttéﬁﬂ 11k efb8HinfA! | Aythe BirdthheC e @LAHBIR] orfigscr i bed
above, by 1 ntroducing e paraneter referred to as flanme spread rate

i ndi cat i vihe ohngroomdist silde | wheye itherweliua tof| the agrigeon idghay tis eppatntiuddrgs Kfoaddi ti on

to paraneter referred as igniition delay indicative of i.gnitability of
fuelo as afWiek Apge ?#1@“%9%?\%@?&?“3?g’f’ﬁél%?o(wbﬁgtsfdgnw%elr%#% \atluef et?‘“?y
quality Oiglnftfaﬁldef?a?ri's alﬁaagénﬁ%ﬁﬂnf(fc%mﬁﬁl@, $12688 of 3M@br leSs) chiBé kaabi 1 ity and

conmbustibrlity of "fuel and hence, determnation of quality can be perforned
wi t h hi gh[0d¢Eluracy. Further, the determi nation references with respect to

(st ribut ron” ddahS Grmet erer i tendeabiedd ek St SfREdeRRo R Bk G kB s, &
ship or therd f&%x@tﬁﬁle%éd%ni@@ il first rahge fvaerRG: WhatJaesllyodetétingdl ®anfelski on

failure occurs and hence, the goodness or badness of conbustibility which
i s | ar gel y badiperdant istuniywetnassided. bhldmabsrapge gdwrd the wiuer efethedgnitipe

explicitly evaluated thus enhancing. reliabil.i of det erm nat.i

qual 1 ¢y, | SRR G SRS B ok s b et o SR Sl
accor di ngqdi@niibitonaehedicaaitetl SOpNRE deeehhdEdnithe et cgeodBessccanterbadness
of quality of fuel can be distinguished fromeach other by the addition of

a result b el ofathedgnisionadetayals Jme oedessulir sexamplop hgreges heshifsh range

hni cal d i . i
Stare of YEE M rucPRTRELE S o QuuSRRY By Raly TEHRY B Bl BHAL' O g

I N pressufhg viaThedf foh @Blag RapRAs 38K bebendsith€secbhé range Whatythekecond
determ nation of fuel quality can be enhanced. Further, in setting the

det er ni nadétemipatfosretansciisch respect to ignition delay and a flanme spread
rate, by 'tdlgﬁ]easi ng the nunber of data with respect to sanple data

(di stributi data) of fuel whose goodness or badness of quality is already
known, the accurgeyfirefdedimisigionrdiersaté ARy baBctRsehhiadiseibutids dsles cThhed
above, according to the determ nation of fuel quality according to this
enbodi ments; tb%é%ptr dsisromation t1eferensn- Preskncet ¢ asvaifer 6pEesPeRdiBg ©ngi ne
troubl e ich is bragught ,a t n - U fuel . cted on
t he deter AR 1 e?c &t b“%ﬁ‘g Flfgynb%ﬁ "?ﬁgﬁeﬁé{(e, ?ﬁreé?{areqp;fea&f 1}:11?){1 'iff’)cgn gégggur acy
of det er nhpaistribuioh dedadd thy fitstBetbenigid@@edlence may be set based on distribution

data in the same manner as the second determination reference.

[0117]
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[0119] In the fuel quality determ ning nmethod according to this
enbodi nent descri bed above, as determ nation references, two determ nation
references, that is, the first determ nation reference which is the
determ nation reference with respect to ignition delay and the second
deter mnatlon IGLELANCE tﬂ@'dganhﬁmagﬁoﬁﬁ{ GEAINRGh Bl ERbEEARGE W hp ed ESpect
to the flanme sprea e correspondi ng le of Ignition d are

used. Haweverby eittoduting meopmﬂnaat earfafiraam an fisiespad rmymbﬁam&edf as the
determ nati on_reference. In this case, onl y fuel whose a

measur edcOPHILEEbiBEY lmjﬁfr‘dtl"%t%lﬁ aé@r wltf(él pisfug Wrﬁdﬁlté’ﬂrtaﬁﬁ%‘nwtférr slegsddnass or
e BB AUl inBeah N it BE YA oh HREL I8 uleedREfoR DAk OP] ot

to be deferm ne t1 on oodness or ness using the

second dghehusticakiaen of dhel qualityas ek cdﬁtm piappdd fionr &bibr sidese, thanid, f uel s
ot her than such a fuel are not used as an object to be determ ned in the

det er m ﬂ&ﬂh‘%hﬂl%fm@oé‘éfﬁ@é%lbﬂﬁy H%fdﬂ’é]s@ﬁsheﬁ@e t rtergunation : ﬂ}‘%}ﬂyr@eﬁ?‘%nce. I'n
other Y Mrmbdy emgﬁ rORRG, ielodiahddon SREEIL Willdrgdhogl, when a
e VAN £ on f

measur afls W n a range corresp Ing to a
case \Ahagmubh deifay raﬁcﬂ adlatrersmaaatrate arer f based oa sisplesiach (disébutioaldata3 ofxcl uded
from an ob]:qect to be determ ned in advance or in tﬁ(g above- t| oned steps
of det erf¥f Wgclaa%ﬂ gotyallyrusedidn an-prgine; QraSHJPt?ﬁ Ged eand.wﬂf ich it is

above- ”%Elhc?@ﬁgt tgfcoﬁ%hﬁgﬂ iRg ogglaé hﬁc}’h %ftgigkeoﬁeésvortuae%éssspnd

det erm nation o goo ness or ness s perforne
det erm rtmmbmmﬂmhtygwmdh%lmgaty fehdiaetss go{adﬂeﬁﬁ]}r badness of qualithef fwel earsheci fi c,

as shown in Fig en a neasured.val ue o niti elay falls within
the rang“é‘PBFlﬂﬁﬁr‘s’alB?teql Wwargllﬁmwgéete Ingjen ?ﬁo Q@ﬁyrange and when a
rreasureot pdue of ignition delay falls within the range of 6ms or nore

which is |n |l uded in the first range, fuel with which the ignition delay is
measured is exd’lanﬁtalﬁr]fyrthmdatermbjaéom of fuebquzd'ﬂay acaurdiegl td this dyebafi@mentris nat i on

of goodness ss of quali of f Th n.these .c t he
goodness"%@w‘aq?é‘&?fg %6 Qﬂg&?ﬁstas’?dg%d‘?‘ﬁép ‘éalmﬁl %’FLF?WL%I@’&F’E%HS@ﬁ}%nce t he
above- rflgﬁl%ﬁbﬁﬁie%dmﬁaﬁtdfar}es% H0sNARH AacRABPASH fgasqugbédr&m?fto fuel
using the first detemillation reference is not Pperforned 01

Then, V\hemh a togaat Exture| apenpafed tgri ¢dngentaelbmefhall| whend & lsbmbbstmnsstatond
range, t he seca&d determ t| on refer enccﬁ1 as the determ nation

ref er enc ISLSHTAEE e & RIF ¢ a&@@?fﬁ?]tlo(?el?aé? PR SRS B BASEHEL N &t r ai ght

l'i ne 81)eon9ﬁ@fﬂ&@§§an%er%dn@ﬁ§e ahe Qu@lrhdyoOetérghatidl GthfubB q@itplhest to be
determned is determ ned based on whet her or not a neasured val ue of a

fl ame spmbagcedat Euftiadr] & wettihg rthey duemtgmabfm ae@cﬁmdeqom@umpw o tiphigomanner ,
only fue (h)eé\/\hos oodness. or

fiad b ¥
deci ded S5CEREn AR aR i e Decaror g et adia i SRRt te g o Y
obj ect t@ubeiigdabeidH OR8 dfTubinghdletoabimadabi @mféés GORANGSS beadialdRRgs Usi ng

the determ nation

the accuracy of the determination can be enhanced. As described above, according to
the determination of fuel quality according to this embodiment, the presence or the
non-presence of occurrence of an engine trouble which is brought about by an actual use
of fuel can be reflected on the determination of fuel quality and hence, the reliability
and accuracy of determination of quality can be enhanced.
[0119]

In the fuel quality determining method according to this embodiment
described above, as determination references, two determination references, that is, the
first determination reference which is the determination reference with respect to

ignition delay and the second determination reference which is the determination

reference with respect to the flame spread rate corresponding to a value of ignition delay
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reference (second determ nation reference). By adopting such a nethod,
processing in the determ nation of goodness or badness of quality of fuel
can be sinplified. [0123] Further, in the determ nation of fuel
quality according to this enbodi nent, the detect iination of fuel quality
can be al so perforned based on distribution data acquired in a pl urality of
different,, r t cause
conbust i bi %ﬁ{%@(?ﬁgﬁvép% dthﬁr('aletete:?ﬁ}d ?Q@Hﬁajlﬂéwrr t ve afy Pgwgsg?fl i nfluenced
by the t algperaidtiona refereane.anbi ent gas as descri bed previously. [0124]

To be nore specific, the lower the tenperature in the conbustion chanber 2,
t he Iarge{m% e tendency where fuel is determned as a good product and the
tendency where f : d he

ani €1 on dol ay Ands e P HRIRA0ES kalae REREUE Lo UG AZRRE i 0
clearly dusgd wherefoodnase gt badneds gfopalipr effuel is mndnmoafaﬂgldamdecﬂ ivadd ps oduct s
fromeach other based on djstributiaon dataf In other words, the hi gher t he
t enper at PHTF ihee ElsmBUET Brihe felRpuRaon qligeorisse of riessising thpgecond

di stincti d

pr oducts asegﬁa\ﬁ%‘ral F%%Erﬁlc gﬁh%nrae%tm%gggg%rfg%ﬂ% %Jfgg?e g Qéﬁe{ g@%}%f‘%& y, in
t he case asheaoeudet! aks an dbfckt wubd ddtansedd of tht deteaminiatich d@gc&)rdnessatnbadnesef erence
based on distrihution data _obtain a state reatenp in the
Conbust | G HEETBNAOn EEIPIGE n 1] e%ewa{dareth%vaé?ww PebisEed on
the secongdslfhffahbd \Whal &N EAREINAIRE BPELIAITREI0RE vAfhih Merange
determ nation referencé base Stl’l utio ataotaln In a state
wher e t hecoresgrexdatgutoea i casd Imélemoﬂieuﬁtst dateohmabien r&ferenca i4 esqierthe dued ik oner

t han t he cetal t enper. at ur 0126 hows di stributi ndata
obt ai ned $%f “éﬁdgfﬁﬁ}aéh? J%%ffg e\slﬁ é\d’é‘rf’é]é@ﬁﬁeé’rq%ﬂle O¥GRsHEPReY SR R 2

'S 1. ONPaycani Ak QIRRGAMIRRL! IS CATBNS ELNiE IRRRSo AndrbioRE ;ﬂa@

own in Fig. I's data of a case eretesa fuel is
used and dchemambg gnality efrﬁmlanﬂwﬁlel sncctrtde:lemmmmnon@nﬁ gotrnebeor BidnsssrBigat i vel y

PO W GRSk SIS BRI Po tobnd 2 Bl Ut Ton data shown i

[0121]

To be more specific, as shown in Fig. 6, when a measﬁred value of ignition
delay falls within the range of 3ms or less which is included in the first range, and when
a measured value of ignition delay falls within the range of 6ms or more which is
included in the first range, fuel with which the ignition delay is measured is excluded
from an object to be determined in the determination of goodness or badness of quality
of fuel. That is, in these cases, the goodness or badness of quality of fuel is unmivocally
decided and hence, the above-mentioned determination of goodness or badness of
quality of fuel using the first determination reference is not performed.

[0122]

Then, when a measured value of ignition delay falls within the second range,
~ using the second determination reference as the determination reference, in accordance
with the second determination reference (straight line 81), goodness or badness of
quality of fuel which is an object to be determined is determined based on whether or
not a measured value of a flame spread rate falls within a range of a good product. In
this manner, only fuel whose goodness or badness of quality of fuel cannoi be
univocally decided based on a measured value of ignition delay can be used as an object

to be determined in the determination of goodness or badness using the determination
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[0127] When the deteimnation of fuel quality according to this
enbodi nent is perfonled in the environnent where the distribution data
shown in Fig. 7 is acquired, firstly, as the first determ nation
reference, for exanple, a range where a value of the ignition delay is 4ns
or nore |:ne. ' et pol. ] ?H%% val ue of
t he ignF%%%%még%géﬁgﬁgﬁh#ﬁgﬁég%&k%cghe J%@b&%?%ﬁﬂggﬂghag jecgﬁﬁggbe

det er m Reéldétermdinmioar ofiEobEnesh ockudsessast qaplitgioé fitel yard engmptified.i on del ay, it is
determ ned that quality of the fuel exhibiting such a value of ignition

del ay i 40b3d. [0128] On the other hand, when the measured ignition
delay with res t Lch elolE . ] i ess than
ams.in the di SERrBLR bk T 5 A0 ARLErly b AiRod, SR BRI o

r ef er engRisnkiielfioh of 5@l qaality ven bt nhbghifolmakb82d of distritxaiopldata dcguinged. | n
this exanple, the straight Iine 82 has the positive iﬂcl'ng%io (rightward
and upwdRd Pheality 2| bgreahtensraes ripieaite s corebusion shamkersane adher as

t he stra| | i 1. ' j i ' ]

dot er m riser s cpBputRy gk Syhdirad Ml ds KMSKI bR, IGeRBaBIMe | o o)

i s used ta@péhrirs eCandnisietigaranadscribed mbevesige, data on good fuel is

i ncluded in _a bad product region (a region below the straight |line 82) (see
dat a Da,l0B¥ for exanple). That is, in the distribution data obtained in a
state where an i r [ PSR

relatively higg%g%c &§§$§gﬁﬁfﬁégﬁﬁfﬁ§3% f&g&ggggﬁg&ﬁetegﬁgﬁgﬁygﬁz?eference
i s diffithelldrgerathd térieney whyrebfehiscdesemitiel & a gped praduof aminthadtadeicuse of

fuel (the presence or the non-presence of combustion failure) i ot

suffi ci ey fpedris é’@feé‘a!ne[i(ﬁfﬁ_)]’a‘{ product Wip ZBPEFn| §e gl _}&‘i“attﬂ? but i on
data Shofd Qofhd raf 4t AGHU! e pdsBBIIRY SlelinAdioBuioh RAdL ¥ gbod he T uel
is perforned BS|ng the distributi'on data acquired at a relatively |ow

t enper atproduct64@K) rediavwnfl bad Fogucts frofocachxathygl esed on tivéitdition datsut illon dat a
shown in Fig. 6, as described previously, the .tenden ere fuel is

det er ni rfﬁherag"_oéfisgég%lqw}t?ﬂd ‘?_%‘E‘_Her_taﬁﬁe (B nidtE e MRS EST: C%‘E?I’\Qi 2’ &5 B9 ned as a
bad pr 00&(&;18 fihle! e ' BSRRAIN bR thd RLiAELAY SN Brlubl 3B BPTGAch babed ar e

| ar ge an ence, it I1s possible to clearly distinguish a region of a good
product mnduds besgd on dotritaitivadatarbederoes. f r om each ot her based on distribution
dat a. Aﬁ@&é ingly, in the distribution data acquired in a state where a

t enper at i n the conbustion chanber 2 is relatively high tenperature as

shown in Fig. 7Accgﬁf-iﬁ’%l N GRAGsPHVBEGE & diFREI €Al oPthe sBRUndfRler@katiBhe) Whi ch
are positioned belowthe straight |ine 82 which constitutes the second

det er ni nafdrenver lefsed encdistoihutidre deteorttiined én pl sinle Bleraretepwsratitsngdhabove t he

strai ght colnllbrh%tigr:ll' Cl\'ll\glllll]f():erll 2 is a certain temperature, the determination based on the second

determination reference may be performed based on the determination reference based
on distribution data obtained in a state where the temperature in the combustion
chamber 2 is a temperature lower than the certain temperature.

[0126]

Fig. 7 shows distribution data obtained in an ambient state where a pressure in
the combustion chamber 2 is 1.9MPa and a temperature in the combustion chamber 2 is
684K. The distribution data shown in Fig. 7 is data of a case where the same fuel is
used and the ambient temperature in the combustion chamber 2 is relatively high with
respect to the relationship with the distribution data shown in Fig. 6.

[0127]
When the determination of fuel quality according to this embodiment is

performed in the environment where the distribution data shown in Fig. 7 is acquired,
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constitutes the second determ nation reference on the coordi nate pl ane 60,
that is, in the region of good products as shown in Fig. 6 due to | owering
.of the tenperature in the conbustion chanmber 2. [0131] Accordi ngly,
when it is difficult to set the second determ nation reference based on the
distribution data acquired in a state where a tenperature in the conbustion

chanber  2qi8, 8, CAE kNS &@érpg;é?egmgefzp%mhp@rgea @rﬁ%%ewégﬁ%%i&rﬁ #ation

f-sﬁ%, , A

whet her or not a neasured va l'ane s ad s wthin the
above- menighitioadela®ds dims or agejseofefgond Incadytist.i Mactontante mdakilred he
second deter m'%ntﬁt iLon.reference cannot be_ perforned), the determnation of

fuel qual Y&lYe plsthp agitinmmisdas §ith gespee tithedpefi wheh Brimrabjest Enbeeddiararepddn t he
di stri butj j L e r. ature.
't he carat of o, 3L B afforchely ABRE M Coc 28 1 RRI AU Bl AR
nmeasur ed thguel eoibil@gayicivg Vilue esipatiiontdelay i§ bwl. which is an object to be
determned is less than 4ns in the distribution data shown in Fig. 7, the
det er mi nalléd of f uel quality is performed using the first determ nation
reference and t C igq’ ;Q i r [ i de ased on
the distributi on%}lglfeaeﬂg oan%ﬁcﬁn 1 g. © %%’g%?rlg%ﬁﬁﬁvﬁégag{]gﬁéerﬁ%g?{e%aﬂ@

t enper at uwkich fis thebectnoutst dedsindieini d¢ss Zhars4me | iatthe disyribudvn dihtshowaspect to

the first_determ nation reference, a comon first determ nation reference
may be us@g ﬁnﬁ%@orgl IFPARLIOP TRfEICrs MBIt set éﬁﬁ@ﬁgﬁwilbh%q o 49 XD
conmbust i : i 1 L . [hAg to

i st buts o agg s el b b ABIE a9kt 00 Jclh e BRI AR AT,

I n this nepweed indlinatidrd chethe cobrdataicopland 60 irethequamiei thannze a© thii m@igho lihdi S
enmbodi rrenéal, in t,hg,c%se _V\gere the determ gati on whet her or not a neasured
val ue of & shoamendiig avhich penstiitesthgpecand delemael By isERIRICer ange based on t he
strai ght fdyifg 82 which constitutes the second determ nation reference
cannot be perforned, the determ nati on whether or not the neasured val ue of
a flame spread fHavevegl Whennithehstmaightghod 8fr mduetl asatigesavayd kietepairatomed

based on the straight |ine.81. whic onstitutes the.second.deferm pation
ref er encereF‘ﬁ‘ie%EC@f?tg é’ﬂc%m\%i ]iuﬁll’tsﬂé‘d&a%‘f 1 B&’f‘é d’ﬁO‘f}‘&f éegé‘B’c H8 59‘_"’ ¢
t enper at %ﬁggﬁfl&iﬁ)e $29V8Ee BRAMDA HETPSF %&%ﬁ@giﬁﬁ%ﬁi id, Nntle GRADHRI @a Chanmber

2 when the distribution data 1's obtai ne S a case. Here, the case
wher e t heohd@het m mastaterwhdretdneambienn timmratemsinr thd combbustiod charfhban® ispr ead
rate falls wthin . a good product. rapge in accordance with the second

et or m ndelRe dver shes diRoreibes BEMEsPiIE JrRdmemtop tcicgasn Sial ase
wher e datadoRedoasy BE QOMEE Syetah deddt oD ARGalt e Jfi el %lﬁé)gregéiﬁmreﬁe are
present bel ow the straight line 82 which constitutes the Second

det er mi natdnepresentepemebustonl glord) reabt pniigicotls Irsflecfedr exanpl e. [ 0133]

In this ﬁ???(ﬁr in the determnation of file! quality according to this
enbodi ment’, " t'he | ower the tenperature in the conbustion chanber 2, the nore
clear the distingh@hddet WaaN theh@istitttibh Ristd So@f idatig ons 3ReG:&S, qdeict s and
the distribution of data on bad products on the distribution data becones.
From t he dbtemindbioniobaudiy af tieduel i$ perfirgred @sing therdigfribution data geqgiredat® say

that the | r._the tenperat i.n.the combustjon chanbe he.spal l er the
i ncl i nat i%ﬁﬂ%‘?lytlﬂ‘g tg’{npng'abﬂ? %m qu“@hmiog‘tg)sgt%ﬁfx?‘ﬂggge@bﬁ? %éw}lﬂ&?'lati on

r ef er encedaesHo: @95 4, B3 descRibad BrlulRC ARBEndAtY WAMGTIEING dSRARME as
determnation reference is set as a straight line on the coordinate plane
60 in t hisgedioedyeeand thefendsaeonwliendverisiletatmioed aed badproductanitthesgect ur ve,

or may betoalgrlli%:igr? d‘éﬁ%{ca?lddaehénqg Sépr%ag’ lrzgg %(rje fa?g i hence, it is possible to clearly

distinguish a region of a good product and a region of a bad product from each other
based on distribution data. Accordingly, in the distribution data acquired in a state
where a temperature in the combustion chamber 2 is relatively high temperature as
shown in Fig. 7, data on good products (see data Da, Db, for example) which are
positioned below the straight line 82 which constitutes the second determination

reference on the coordinate plane 60 are positioned above the straight line 81 which

38



[ 0134] Further, a plurality of first determ nation references and a
plurality of second determ nation references may be set in advance for
respective tenperatures in the conbustion chanber 2 based on distribution
data acquired in a plurality of different tenperature states in the
combust i c%ﬂstﬁﬁlgghﬁ:rseg?ndl Roedr B iSRS ErerchB o RIHY Bbtdidat®plahé 681 hAEE ShMaL i on
references and the plurality of second determ nation references which are
set for regispeftgové ptaiupsraatshpes in FFig. fedoonwblgstcriog of antserpefitaeen tlsed such
that, for Fg)ﬁatgagﬁl(gl,%he tenperatures in the conbustion chanber 2 when the
di st ri bUPreNS Ff&etting the respective deternination references is
acquire Opﬁqomes a tenperature equal to or closest to the tenperatures in
t he conbustion chanmber 2 when fuel which is an object to be determined is
burnt. [0135] Accordinglylovieenpita rlifficelt db ek thenseeong delefimatidty refsience

di stribytiopn data.shown in Fig..6 and Fig., 7, two sets.of determn.nation

ref erenc? e‘{;?%&"?glﬂs.t%ﬁ]é’f’ ata acgpiged iy a %?teg@(eéer#%ef%weﬁ%ﬂ&@ﬁﬁjé‘gh%nsi sting
of the fipbshedetes MbRah bAdiclehfl-aNERpantid Nehseho N ARIRLS Bakinenof ef erence
corresponding to the distribution daFa (Fig. 6) acquired in a state where

t he t enpetatmeeuiad tdhe chatflaste spneachandtlls vitlgn dhe ebaeimettipnedregienper at ur e

of 648K, an ot her set of determ nation reference consisting of the first
det e m HEERSHO) SBTERTE SR e E T T S H e OB el i catnol

cor r espapdidighrin@d) e isidihtn dnfudRhdlitg & erfofhedGlitor e deRrinatig € Where
a tenperature inthe conbustion chanber 2 is a relatively high tenperature

of 684K rafegersetbaséhem thenrlismibubien fdptasacquised piri iempayaturefasyesriban susl 4 he
second deternjnation,reference correspondi ng to .t di.st r,ibut Lon, data at
the rel dE798 ?'ov&_‘lttgfﬁﬁﬁea?ﬂﬁ? éﬁtgﬁjﬂé‘gﬁ gat?h%_o{”gr?ﬁgﬁgt hra@_di]ﬁgt ?rewé?ﬂ‘rbust i on
chanber ReahrelilghitibhBelf wiH-8ipR& th Agudualich\Riadbjdet Aberlk@fiinddds kes
determned is adjusted to a relatively low tenperature (648K). In the sane

manner, thireAmshe the distribiéoe datarshoivorinfag.ef.dhe detgpingtien gb&ushgualdy é% ni nat i on
reference correspondin o the distribution dat t the relativel.y high

t enper atl?firtg’nﬁ?‘g ‘%é‘kgd ,ﬂ"? tfgStt élﬁ%gpgltaﬁ?lé rielrpler?rﬁg %%C%ﬁ%tsleg?{ldc ﬁlg% ern%ﬁg%t t he
time of RrrdtcBvHidedre WBEiEEH bdse@bn B At bliorDentsl SHRFinNEE, 6 scquikdigi£d to a
relatively high tenperature (684K). [0136] As descri bed above, by

usi ng arndate gihetergytetriperaitae én Hierrpmbyatiore¢hanise @ is wlatiyehtlgwni NYith Feapect
det erm nat | f . the .quali f fuyel ' . inth
oo B R T a 5 R bl ls! NS PR R pn Tk GORE A B 7 P

qual i ty @ed ahengarguantasicdterehOtedpbrature states iffuhd bsthbustion chenb@t2 ori nat i on
of fuel quality acc_ordi%g to this enbodinment, it is preferable that the
first defiisi ndeeplieniiopetelewness saarcenvadigednddgathafinpndetaom r BERIENE e f or

perform r 'n&l' of fuel quality, and neasurenent points which
constitu lglp%gtlggrgté% ta %%?h respect to fuel which is an object to be

det er mi n@d3zlre di spl ayed by a predeterm ned display neans.

In this manner, in the determination of fuel quality according to this
embodiment, in the case where the determination whether or not a measured value of a
flame spread rate falls within a good product range based on the straight line 82 which
constitutes the second determination reference cannot be performed, the determination
whether or not the measured value of a flame spread rate falls within a good product
range may be performed based on the straight line 81 which constitutes the second
determination reference in accordance with the distribution data obtained at a
temperature(648K) lower than a temperature (684K) in the combustion chamber 2 when
the distribution data is obtained in such a case. Here, the case where the determination
whether or not a measured value of a flame spread rate falls within a good product range

in accordance with the second determination reference cannot be performed means, for
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[0138] In this enbodi nent, as shown in Fig. 6, on the coordinate

pl ane 60 which has the first coordinate axis 61 indicative of a val ue of
ignition delay and the second coordinate axis 62 indicative of a value of a
flame spread rate, the reference lines 71, 72 indicative of the first
determ nation reference and the straight line 81 which is a reference line
i ndi cativy, ] I i a

r ef erenceegﬁ [ g’é Q?f?@%ﬁ%@f&n&(}clﬁigﬂg\?g@%#@ﬁ{ge( %g%gé?é@mﬂfﬁgﬁeb%&%g@%e%ce are
r ef er enceart iresnivibelhy dief istraighh éiné | 82s whidingenséinded e smoonddictcamgmtiokur t her ,
poi nts on the coordi ng%(g | ane 6% whi ch are deci ded based on a neasured

val ue of EREENCHA FFSH P’%Vloé‘ﬁléf’ hEeX48RiSur ed val ue of the flane spread rate
wi th respggszito fuel which is an object to be determned are displayed as
measurenent points 91, 92, 93, and 94. Further, also in Fig. 7, in the sane
manner as Fi g. 6n thive nramher, einc ¢hel idaterridBaiiondi cdatiiel equafityt hecdrdingt to this
determ nation.reference agd the straight line 82 which_ is a reference |line

i ndi cat i VENRIIRRY: LB [ tasiRT AU Ahe comdiishiarsehamber ? B Jpag clsi he
coor di nat &l AL b&Weef Hc NGHbuRA S iPbh SRR HOAIH DAtG: BsANRER oPliigh are

deci ded based on a neasured val ue of |gn|ti3ﬁ del ay and a neasured val ue of
a flame sprissidroducts ow the disspeon date begemewhi Kiom the distrithjtivotdatacshben in

det er mi i spl ayed t points. [0139] For. such
G spl 2y, 108D ABITIBI Tufidl oy Bavt ARt RE DO EBD Rt Bt i BoEAR s

enbodi Menthandsr ShWrhdleFii® intlindtRB COME"BhighTihe GHidlFlsudess adigbh@y _part
8 for displaying the coordinate plane 60 shown in Fig. 6 and Fig. 7. That

is, the dlesypmanatiparefegerdespl thescooodingth eplamob@ibeedneespl avitro6gh thehsecond er ence
lines (reference. line 71 and the |ike) indicatjve of .the first . .
det er mi na‘{ei?%ﬁm? BriEHEEand ¥hés raeftééflé}i’?cﬁnq Pﬂeth? SPPUings piainﬁeé%in st he

l'ike) i ndipgiddiMEntOthel fRoRE GLRENIRIEE TRANLO hdyehEheRE, RNHaRlbe Bhep! ays
poi nts on the coordinate plane 60 which are déci ded based on neasured

val ues ofwhighidefinns adddsag regeh.neasur ed val ues of a flane spread rate with
respect ;@% el which is an object to be determ ned as neasurenent points
(nmeasure h point 91 and the like). [0140] As the display part 8

which the contr ghyrBal b plurli®§, of FirSttci@Rliatidh $PleAMcERAAS: SluedlitRdf Secbhdui d
crystal display attached to a conputer, a display connected to an external

devi ce, aleGRMifagignhisthecncay mabby sot in eldeaticsi fon respeetiveetemypetatiss sdtie [ 0141]

In this nmanner. b r f 1 ng the display, of the first defermnation

ref er ence™ &S?%xg%%e%ﬁg g}é%egr '%ﬁttnibSﬁo? élﬁt@raézﬂglée gt 2 ebtlrgjlt'l% #ﬂ%ﬁeﬁﬁ%dpess
or badnesgmpérafitd@lstates i@f the Udnbabebrd Beangbed . aYin Qhis NERAS Whe PREI R0 MERt W t h
respect to fuel which is an object to be determ ned, a result of

det er mi nadetesmingtion geferegoed andythe alralisy efsdcpyd detstmainptjongiefspnegs whightdter | by
performn e _above-nentiaoned .di spl a it ssi,bl e .10, acqui.r ot only
Phe reoul et on°mararss TERbRIE if B8 Btbutlon SR8 ot st M6 HE BFso°the

rel ati onsdafphe tiveRmpeii@urtd rSthe dohdisiomedtagiber 2Hvifeanae dREbutibe defcend
determ nation reference with the nmeasurenent points and hence, quality of

fuel can SsBingVthe trepective determinglienrivrancestis aaquirpd bedomes afpmpprafiecqusbl -~ whi ch
wher eby (OSSR aR o iAo A AR b BohBBhisblets W FRINTRA R
per f or medbbject to be determined is burnt.
[0135]
To explain the above more specifically using distribution data shown in Fig. 6
and Fig. 7, two sets of determination references are set. That is, one set of
determination references consisting of the first determination reference and the second
determination reference corresponding to the distribution data (Fig. 6) acquired in a
state where the temperature in the combustion chamber 2 is a relatively low temperature

of 648K, and another set of determination reference consisting of the first determination

reference and the second determination reference corresponding to the distribution data
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[0142] Further, in the display part 8, the distribution data shown in Fig.

6 or Fig. 7 are also suitably displayed. Due to such a display, the

rel ati onshi p between data on fuel whose ignition delay, flane spread rate
and the presence or the non-presence of conbustion failure are known and

data on 4

1 Quited &Y 2201ske Avhdra T BRdte iR e Q:Bmtbnalo%bémbe} 9 Re,

det er m ne can be grasped and hence, the nore detailed analysis of the fuel
whi ch i gehtivelyj kigh tempbratutetdr 4ke dire ant. bellpar fvdrenedie 1B 48fermination

enbodi nment. of thg resen({ |nvent|onﬁ¥\h|ch has begin gxg}l ai.n ﬂ her tof ore,
fuel whi'GFTFEeZAD HH wepnd detpanipaiom TSRl icerEiPeading ¢, ‘{ %) for a
mari ne eﬁ@h@&lanidewﬁwtembé}ﬁmpé £88RLa, Y RHpeRfurt $n mre%ﬂﬁbﬁst%nihaﬁﬁal £ 10

i nspection of quality of liquid fuel such as biodiesel fuel, alcoholic fuel

or ot heratgha it diCbimalg ﬁesﬁudlewhpbtls aheelpedyas dat dMMemiciSLmﬂnlmgaddaoeesel fuel .

Accor di ot broadl y devel ' tech |
r b witAlvehdSularRetn R ah 1 e tihe iadh b Pebabfild o ar i ne
engi neerfgfgerdck ahg ﬂ&rseeoﬁfﬁ&&@fmlﬁﬁlon%wré}%@ rcbﬁgs;%h@ihg 1o bRedi QFiBMssH Bigns Li st]

[0144]

1: fuel quality determ nation device mbusti on chanber
at the relatively high temperature are used, the temperature in the combustion chamber 2

at the time of burning fuel which is an object to be determined is adjusted to a relatively
high temperature (684K).
[0136]

As described above, by using and setting the determination reference for
performing the determination of the quality of fuel corresponding to a temperature in
the combustion chamber 2, the reliability and accuracy of determination of quality can
be more enhanced.

[0137]

Further, in the determination of fuel quality according to this embodiment, it
is preferable that the first determination reference and the second determination
reference for performing the determination of fuel quality, and measurement points
which constitute measured data with respect to fuel which is an object to be determined
are displayed by a predetermined display means.

[0138]

In this embodiment, as shown in Fig. 6, on the coordinate plane 60 which has
the first coordinate axts 61 indicative of a value of ignition delay and the second
coordinate axis 62 indicative of a value of a flame spread rate, the reference lines 71, 72
indicative of the first determination reference and the straight line 81 which is a
reference line indicative of the second determination reference are displayed. The
reference lines 71, 72 indicative of the first determination reference are reference lines
which define the first range and the second range. Further, points on the coordinate
plane 60 which are decided based on a measured value of the ignition delay and the
measured value of the flame spread rate with respect to fuel which is an object to be
determined are displayed as measurement points 91, 92, 93, and 94. Further, also in

Fig. 7, in the same manner as Fig. 6, the reference line 73 indicative of the first
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3: auxiliary combustion adjustment part (tenperature adjustnment neans) 4:
ply part (injection control neans) 5. photo sensor (light detecting

fuel sup

neans) 6:

del ay ne
nmeans)

i ne indi
(referen

canmera (conbustion imagi ng neans) 7: control part (ignition
asurenent neans, flame spread rate neasurenent neans, analysis

8: display part 13: injection nozzle 71: reference line (reference

| foit Fﬁﬁ}&tlﬁh Strefiel %ﬁcﬂ ¥t t '11?15 KO ENGEN is’Z refbRh&! BRC Rdidafife of

ce nelnlcatlng

etel mnation reference) 81l: straight

i ne

(r ef er enake kdcoad idedimiabiingrefeensedare displaybd at itloencaoedisate plany 691, Fogtherg3, 94:
measur enent poi

points onntﬁ'le coordinate plane 60 which are decided based on a measured value of
ignition delay and a measured value of a flame spread rate with respect to fuel which is
an object to be determined are displayed as measurement points.

[0139]

For such a display, in the fuel quality determination device 1 according to this
embodiment, as shown in Fig. 1, the control part 7 includes a display part 8 for
displaying the coordinate plane 60 shown in Fig. 6 and Fig. 7. That is, the display part
8 displays, on the coordinate plane 60, the reference lines (reference line 71 and the
like) indicative of the first determination reference and the reference line (straight line
81 or the like) indicative of the second determination reference, and also displays points
on the coordinate plane 60 which are decided based on measured values of ignition
delay and measured values of a flame spread rate with respect to fuel which is an object
to be determined as measurement points (measurement point 91 and the like).

[0140]

As the display part 8 which the control part 7 has, a suitable display means
such as a liquid crystal display attached to a computer, a display connected to an
external device, a CRT (cathode ray tube) or television receiver set is used. |
[0141]

In this manner, by performing the display of the first determination reference
and the second determination reference for determining goodness or badness of quality
of fuel and the display of measurement points with respect to fuel which is an object to
be determined, a result of determination of fuel quality can be casily visually grasped.
Further, by performing the above-mentioned display, it is possible to acquire not only
the result of determination of goodness or badness of quality but also the relationship
between the first determination reference and the second determination reference with
the measurement points and hence, quality of fuel can be evaluated from a viewpoint of
the level at which the fuel which is an object to be determined exhibits ignitability and
combustibility whereby (upon which) classification of fuel by grade or the like can be
performed.

[0142]
Further, in the display part 8, the distribution data shown in Fig. 6 or Fig. 7
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[ CLAIMB] [C aim1] A fuel quality determ ning nmethod for

determ ning quality of fuel based on a conbustion state of the fuel by
injecting the fuel into a conbustion chanber and burning the fuel, wherein
a coordinate plane is provided in such a manner that the coordi nate pl ane
has a coge difdahfayl dspMiean DAEIGRLES 2 A; Ofe1d 3R jchis a
time from fuel ui ﬁ' gct?ﬁgﬁlet o fuel igni '?i (ﬁﬂﬁ ea ecoorﬂ?%%’?ﬁ%?bsémm ch

i ndi cat eschwhateugnsionalddyafiemsprpesnd miwt sxdwthie ghicsecacaor thearomamesenad ef of a
flame froma poinpt, of tinme i iately after fuel is ignited with respect
to a pl UPHTEGOR ke k%ﬂ%?ﬂ@ga@r@s@m&ﬂa dla fad f?ﬂmﬁ‘qipaﬁdtr_wecféftt%? i ned
based onyi&g iPbEIEBTENES cda R DAPRBRS BELR, B nfor€ APRHS] MRy s{A HE RieftS @
result of "an actual use of the fuels are al reaéy known, a first
range whwhilh issanatbj¢ot frsbe ddterhenedoree tefpedformasige where a val ue of the ignition
delay is Tnﬁller than a predeterm ned value with respect to the ignition
del ay an[(g% range where the value of ignition delay is |arger than a second
predeterm ned VAlHe Whb&himbs bRAMEE HrtRAN ikNBH0 SYRER AT DRI ¥GhikBeqV th
respect to the ignition delay, the first range being a range ere goodness
or badnédssetoforguatli whicbfis fanedbjdcs torriewdptainineddis alieket filpd Sbdhken otihéorval ue of

ignition del ay, .and SEeco range .whi ch i.s, a range,.between the
o oot or e N Phah BEGTE MRaeh i WORLS RRICR A neReoar ef t he

goodnes sylitheFdnfihief s a biodidbl fikehlchBolRAhelRionRe @i{ﬁtuetft%qufegidgés ed on
the value of the ignition delay are defined based on the distribution of

t he respestioteum-vaskd duclmclwbng clggsdi fizle plceordingly, the presntétwentiomas i on

ref er ence i C efipes a.ran f values of the fla sprea at e

i cat s GeMY Gotbhl 385 PBER et ety eloetali b e sSah e = ¢ on

del ay OmdcBRasRaElhdAariRé 8lfndepink $RMA W 4 RedRfREdnlRetiRErElgame spread rate
within a range which includes the second range based on the distribution

wi t h resiBetarencs Sigrs Ipstliral ity of materials, the value of ignition
del ay an[(a M]e value of flanme spread rate are neasured with respect to fuel
which is %m obj ect to be determ ned, the quality of the fuel which

i's an obj:ggd] qh@ﬁtpele@ghﬁ{aﬂj)@ggvi&es det erm ned good when the neasured val ue of
the ignition delay falls within a range smaller than the predeterm ned
val ue wi%Kkpmbpsiontchpmberr ange, and the quality of the fuel which is an

iO lg) ]n |e'?|t O;ﬁ &gﬁgg& c%lrn} él@ﬁgn aitcﬁusqgltegtrprgﬁ%e%lp%?gmvéﬁqa%?us%rrrllgnt %%%ﬁs"jr ed value of the
4: fuel supply part (injection control means)
5: photo sensor (light detecting means)
6: camera (combustion imaging means)
7: control part (ignition delay measurement means, flame spread rate measurement
means, analysis means)
8: display part
13: injection nozzle
71: reference line (reference line indicating first determination reference)
72: reference line (reference line indicating first determination reference)

81: straight line (reference line indicating second determination reference)

91, 92, 93, 94: measurement point
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within a range larger than the second predeterm ned value within the first
range, and goodness or badness of quality of the fuel which is an
object to be determned is determ ned based on whether or not the neasured
value of the flame spread rate falls within the good product range in
accordance with the determ nation reference when the neasured val ue of the
ignitionaehaygialls within the second range. [C aim 2] The fuel
quality Jeternining met hod according to claim1l, wherein a reference |line
whi ch def[Chest ltihe first range and the second range and a reference line

whi ch indicates  the determ nation reference are.displ.ayed.on,the coordinate
pl ane, and A R‘elp‘é‘?aﬁr%é H%)tﬁm?lﬁﬁlgp‘?}f)tﬁlﬁ‘ii ﬁ(gtcgate&ng}.}gg \ﬂﬁ?@% Og fEl %%:el%d)él o based
on the W%ﬁigﬁ&fbn@até%f ol Gl tyoniddiap @elfey e ol BsmbBasH BEmbad e of
flame spread rate wth respect "'to’the fuel which is an object to be

<[1I(at ermi n]ebuirmingt}@ifspﬂ whedion t he coordi nate plane as neasurenent points.
aim3 The fuel quality determnin thod according to claiml
or claim 2, V\heF‘é?Pﬂr%i“ﬁ‘tef n?:é?s@mv'\ﬂ)‘/ilg‘?én ?‘H’g] adg?rg}eﬂ]?kﬁéﬁ,eo%mécﬁn%g &rr not
the nmeasur gfhr¥iahiexnf whits!ingiRkBad vafleCofl @hitionWeld)i Whithgs ganse poadfet range
is not possible based on the determ nation reference, using the

det er m natjectinmr offecldguitioh asd d covrditate afiiswhichundieatesobyalbmele Beme spréaber at ur e

| th t. f in the combuysti the di Stribution i
obt ai ned HFCHIFBETHCECRaSS R Bl A aTr oA REdu e PHocuael Sttt on 1s
fglt f'smmnf}%;::i% AthWagile ko Qr plaRtitf e fIMaSWdRE dodlnRs %dtmnggsmqlmﬁid rate

n the good product range is perforned. [C ai m4lg,r
pr ogr am fdstermiredrigsal ot presenagos dgt montpresehgepf yermbusiion &ibrassa wgulket hod

deser e oLl M FeRRPUBRTREMR, e Comeut er exeete the steps of

with respect to,tf@: taiek Wiikk s iaf 1@t eMhe? Wnet F Hearthet Whdte nedalue of the
ignition delay is smaller than a predetermined value with respect to the ignition delay
and a range where the value of ignition delay is larger than a second predetermined
value which is larger than the predetermined value With respect to the ignition delay, the
first range being a range where goodness or badness of quality of fuel is univocally
decided based on the value of ignition delay, and a second range which is a range
between the predetermined value and the second predetermined value and in which the
goodness or badness of quality of fuel is not univocally decided based on the value of
the ignition delay are defined based on the distribution of the respective values on the
coordinate plane,

a determination reference which defines a range of values of the flame spread
rate indicative of good products corresponding to the values of the ignition delay on the
coordinate plane is used with respect to the flame spread rate within a range which
includes the second range based on the distribution with respect to the plurality of
materials,

the value of ignition delay and the value of flame spread rate are measured
with respect to fuel which is an object to be determined,

the quality of the fuel which is an object to be determined is determined good
when the measured value of the ignition delay falls within a range smaller than the
predetermined value within the first range, and the quality of the fuel which is an object

to be determined is determined bad when the measured value of the ignition delay falls
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determning quality of the fuel which is an object to be determ ned good
when the neasured value of the ignition delay falls within the range
smal l er than the predeternmined value within the first range, and

determ ning quality of the fuel which is an object to be determ ned bad
when th | gpltd f -t b | ar ger

t han thgwggig(?#gﬁ%rle gitjglraﬁ%]ée @e\)/ﬁé% I%gdéém%ﬁ%d ‘?alﬁlkees‘%v%lg?ﬁ é:%lrﬁg%?égﬁggdet e?m’ ni ng
goodness or badoedissobr bdiacgud]qutityaff thdel whichwharcdbjes tabe dberained t 0 be
det erm ned based _on whet her or not the nmeasured value of the fla spread

rate falFselrpied bated gosketheauret thedpepsuied value st GwRTRdG fte falls

determ | - - K | § & ' i ay falls
W R C R B A T R i e 2o o ng
medi um i memniadhval e phognaivndiebg rfhlhedithin ted siconddrange.r ecorded. [T aim 6] A
fuel quality determ nation device conprising: a conbustion chanber in which
fuel inj&dt®H2krom an injection nozzle is burnt:

The fuel quality determining method according to claim 1, wherein a

reference line which defines the first range and the second range and a reference line

which indicates the determination reference are displayed on the coordinate plane, and
points on the coordinate plane which are decided based on the measured

values of the ignition delay and the measured values of flame spread rate with respect to

the fuel which is an object to be determined are displayed on the coordinate plane as

measurement points.

[Claim 3]

The fuel quality determining method according to claim 1 or claim 2, wherein
in the case where the determination on whether or not the measured value of fuel spread
rate falls within the good product range is not possible based on the determination
reference, using the determination reference based on the distribution obtained at a
temperature lower than a temperature in the combustion chamber when the distribution
is obtained with respect to the plurality of fuels in the case, the determination on
whether or not the measured value of the flame spread rate falls within the good product
range is performed.

[Claim 4]

A program for making a computer execute the fuel quality determining
method described in claim 1, the program making the computer execute the steps of:

measuring a value of ignition delay and the value of the flame spread rate with
respect to the fuel which is an object to be determined;

determining quality of the fuel which is an object to be determined good when
the measured value of the ignition delay falls within the range smaller than the
predetermined value within the first range, and determining quality of the fuel which is
an object to be determined bad when the measured value of ignition delay falls within
the range larger than the second predetermined value within the first range; and

determining goodness or badness of the quality of the fuel which is an object
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a tenperature adjustnment neans for adjusting a tenperature in the
conbustion chanber before the injecting the fuel into the conbustion
chanber by the injection nozzle; an injection control neans for
controlling the injection of the fuel by the injection nozzle; a
l'ight detecting means for detecting light of a flane generated by the
combust | g ff aefdihiddidlastd! oh hoARIBHAL! @B IS Value of the flafle SRERNSAE ON

i magi ng nmeans for acquiring continuous I nmage data i1 ncluding a manner of
conbust i ohllofwithive thicigbod praduet mmgbuﬂtaooﬁrdammﬁh thy detemgimgoh heferemse de of

t he conbusti on chanber an i measyr enent neans for
measur | ngwr@ntb rreﬁseeqlaﬁ}umfr@ﬁfgrgﬂ%%q tLﬂf F&rﬁ% CPSHOBEWR- of the fuel by
thelnje :ﬂozzletothelgnltlon of the fuel based on the detection of
the |ight by the |ight detecting neans; a flame spread rate

nmeasur enent nmeads céraputoe asidable gea@rdibhgneedsipn eéadyhiiel ehenbiogtam slesumibedidn ease
rate of the flame i diately after the ignition of the fuel injected by

t he |njed%@8h ﬁd?%nggased on the image data acquired by the conbustion

i magi ng ggﬁﬁﬁl and an analysis neans for determning quality of the
fuel bas on the measured value of the ignition delay neasured by the
ignition del ay meﬁshmmnmmdaamanﬁummﬁwmheom@asuged val ue of the flanme spread
rate nmeasured by the flane. s aJggead r sure means, mherelq .

the analysis mednSRUsUPYLE o tiR BICpRIcd e R BGHEASORAE ¢ he
coordrnaﬁgm&lane has a coordi nate axis which indicates a value of ignition
delay which is a tine fromfuel injection to fuel ignition and a

coordi nat e axi s awbmpératuncladjedtasntanseak fiex alfusing haﬂ:mpes@tutmid thatmenbusiiolh i s an

i ncrease rat flane.fr.om oi,nt, of ti y, after fuel is
| Gni tod HERDFQSHEE Uomieingrt T 1ot i B iRGE, ChOu e e iitThess o
qual ity degLekm ned based on the presence or the non-presence of a

conbusti on ?gllure as a result of an actual use of the fuels are al ready
det er m ned, an injection control means for controlling the injection of the fuel by the

injection nozzle;

a light detecting means for detecting light of a flame generated by the
combustion of the fuel in the combustion chamber;

a combustion imaging means for acquiring continuous image data including a
manner of combustion of the fuel in the combustion chamber by imaging the inside of
the combustion chamber;

an ignition delay measurement means for measuring ignition delay which is a
time from the injection of the fuel by the injection nozzle to the ignition of the fuel
based on the detection of the light by the light detecting means;

a flame spread rate measurement means for measuring a flame spread rate
which is an increase rate of the flame immediately after the ignition of the fuel injected
by the injection nozzle based on the image data acquired by the combustion imaging
means; and

an analysis means for determining quality of the fuel based on the measured
value of the ignition delay measured by the ignition delay measurement means and the
measured value of the flame spread rate measured by the flame spread rate
measurement means, wherein

the analysis means provides a coordinate plane in such a manner that the

coordinate plane has a coordinate axis which indicates a value of ignition delay which is
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t he anal ysis neans defines a first range which is at |east either one of a
range where a value of the ignition delay is smaller than a predeterm ned
value with respect to the ignition delay and a range where the val ue of
ignition deI ay is larger than a second predeterm ned val ue which is |arger
than the, I : in

whi ch goo ness o?dpégﬁg%l\ség tg uéqnl%rpfl%@%%f&%0&8143%6&&%?%%29%9%%%5&229based on
t he val ugf offlangnipreah raelelich andnanseesenchte afigeflamke chomsa aomangeitbet ween

the predeterm ned value, and the second redeterm | ue a ich the
goodnes simygpediatgiyadier BF?EWSWQ wisk rqsa%qtt ﬂ'B lﬂﬁmf%%%ﬁ&}s%@eaaféaaﬁ sed on
the val Ugglss! B dulfly! ORLABkaYARLE o%einen%%sg?c%eer Qe titR Hbshed ython of

t he respective val ue the coordi nate plane, e anal ysi s neans
uses a demehslinafilore ase:flemrmfemvdomahusﬂ:eif theefieh arr@aimdoﬂewahmed;, of the flane
spread rate ing‘lcatlve of roduct s V\:thf‘hCOl’l’es qQnd to the val ues of

the ignition d f‘a?“%’ff”t%%cﬁ&%& Tl mngnvhieh 1§ ot Lapleither 8ng He? ¥aP85e spr ead
rate withpg.g VaftRes tméﬂigﬁﬂlohra%i gqge&n&m t%cepﬁ‘édét&‘ﬁﬂﬁe&)@a?ﬁéjwﬁﬂ résﬁaect o
distribution w respect to the plurality of materials,

anal ysi stheg@arisors d¢lgy and emqu@eamarethemaﬂttaeofagnibloatdekam ig ltfag,mehan osa:ond

predet er m ned t.enper.ature controll e tenperature, adju t means
and the Prﬁil‘w’é‘?:‘?rflﬁ?r}PE@H‘i P’ﬁlwhné‘alﬁ%ger thag t:hﬁj%é%‘{g rTB cwlq1§ei£ﬁ°tot81 €t to be
det er m nggioh QR4 g%d PRt QIRQL Bk BadtRek Muaﬁqxéf%élqghmcany decidbine

analy5|s means détermnes quality of the fuel which is an object to be
det erm nlm#e@ooaﬁm/\mme vhenmessdalag aud hisecand rahw whichtis emml ywéeal the wi t hi n

the range smal | er ant predet erm ned v e W f|r range, and
ot el - redutgmned VA1at atchbeRsemampeaetansihyalts Hid i i Selddsthesh 3 ba
when t hepRaguWies @J Steruef lslrgﬁlumv%amﬁh&mefda&e{séd Yh Y Palbd6f f.h%rlgﬁtlbﬁr ger
than the second predeterm ned value Within the first range;

anal ysi sdelmans difined hasrdsorgbedhigsbuliem bhtheasspeofive hduepuen Heycastdindte f uel
which is an object to be determ ned based on whet her or not the neasured
val ue of PR flane spread rate falls within the good product range in
accordance W t ¢ BgalydehRiahd LRatd @femahe&iRNGe R NWhIDE dBRAGUL Rthg¥alfue of

the ignition delay falls within the second range. [C aim 7] The fuel
qual ity veuesrof Whﬁrﬂg,mmmwrwi sase ondicatiyetad golodi pro@uctspivdichi ¢oreeheongntgl fisi s means

ot  nes eyt el REhorlih AR DG & EhEERESeheal i o

i ndi cat eqjthiae MBECHAICAIAOdEsRE RICBRAL RINGE bésf&ﬂ 0BaR¢ distutophaheespridodi spl ays
poi nts on the coordi nate pl ane which are deci ded based on the neasured

val ues ofhetphualityof niagaviadiel ay and the neasured val ues of flane spread rate
Wi th respect to[ht ha(?lafc %'%l m\A'g'ﬁs S t.L, S %}P@Q!ﬂ%ﬁe 115 cfhg Og’l%ﬂlgt JH @ﬁg‘nﬁ)& fohg

coordi nate pl ane”as neasUrenen
predetermined temperature by controlhng the temperature adjustment means and the

t he

injection control means, and injects fuel which is an object to be determined from the
injection nozzle and burns the fuel,

the analysis means determines quality of the fuel which is an object to be
determined good when the measured value of the ignition delay falls within the range
smaller than the predetermined value within the first range, and determines quality of
the fuel which is an object to be determined bad when the measured value of ignition
delay falls within the range larger than the second predetermined value within the first
range; and

the analysis means determines goodness or badness of the quality of the fuel
which is an object to be determined based on whether or not the measured value of the

flame spread rate falls within the good product range in accordance with the
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[ Cl ai m 8] The fuel quality determ ning nethod according to claim®6
or claim?7, wherein the analysis neans, in the case where the determ nation
on whether or not the measured val ue of fuel spread rate falls within the
good product range is not possible based on the determ nation reference,
determ nes whether or not the nmeasured value of the flame spread rate falls
within thegeatahdeifinct 308 HEheakievAal 8F HNBAIioR Bl mIEanAARed on
the distribution obtained at a tenperature |ower 1han a tenperature in the
conbust i alecatbrbge. when the distribution is obtained with respect to the

plurali ty[c?g:imfﬂel S.

The fuel quality determining device according to claim 6, wherein the
analysis means further comprises: a display part which displays a reference line which
defines the first range and the second range and a reference line which indicates the
determination reference on the coordinate plane, and displays points on the coordinate

- plane which are decided based on the measured values of the ignition delay and the
measured values of flame spread rate with respect to the fuel which is an object to be
determined on the coordinate plane as measurement points.

[Claim 8] _

The fuel quality determining method according to claim 6 or claim 7, wherein
the analysis means, in the case where the determination on whether or not the measured
value of fuel spread rate falls within the good product range is not possible based on the
determination reference, determines whether or not the measured value of the flame
spread rate falls within the good product range using the determination reference based
on the distribution obtained at a temperature lower than a temperéture in the combustion

chamber when the distribution is obtained with respect to the plurality of fuels .

48



